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Wetlands support livelihoods of communities living around them as in the Nyando Papyrus Wetland in
Kenya. The Nyando Papyrus Wetlands provide multiple resources hence there are multiple uses and
users who often overlap spatially and seasonally causing conflicts. More claims are being exerted on
these wetland resources from different sides and institutional levels with different actors. The actors
involved refer to various legal systems and mechanisms, and frequently create new hybrid law as in the
case in the Nyando papyrus wetlands. These institutions, in various degrees of transformation, still
have an important role in determining how resources are used. The objective of this study is to find out
about the institutions affecting wetland resource use in the past and in the present and to determine the
dynamics of specific natural resource-related institutions in four sub-locations in the Nyando Papyrus
Wetlands, Kenya. The study shows that there is legal pluralism in the Nyando Wetlands, which requires
synergy for sustainable livelihoods in the local communities and for ecosystem management.

Key words: Nyando Papyrus Wetlands, legal pluralism, institutions.

INTRODUCTION

Wetlands comprise of a number of physical, biological
and chemical components that yield numerous benefits,
which provide both direct and indirect services of value to
humans such as wildlife, fisheries and forest resources
(Denny, 1997; Carter, 1996; Bergstrom and Brazee, 1991).
They also perform important ecological functions such as
flood control, shoreline stabilization, water purification
and the preservation of biodiversity (Millennium Ecosystem
Assessment, 2005). As environmental degradation of
farmlands and population pressure in rural areas force

more people to seek livelihood strategies other than
agricultural ones, the use of wetlands for harvesting of
wetland resources has increased all over Africa. As many
governments have failed to recognize the significance of
local wetland services and indeed the value of wetland
functions, they have stimulated rather than mitigated or
prevented the intensification of wetland exploitation to
improve livelihoods for riparian communities (Wee and
Heyzer, 1995; IWMI, 2006; Bikangaga et al., 2007).
Increasingly
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therefore, there is evidence that exploitation and transfor-
mation is exceeding the potential for the sustainable use
of wetlands, resulting in degradation and the loss of lively-
hood benefits for all (Millennium Ecosystem Assessment,
2005).

To conserve wetlands properly, it is important to
understand the institutions that govern their use and
management, and the activities and behaviour of human
societies within and around those wetlands, and to devise
ways to address processes, activities and behaviour that
have a deleterious effect on their survival and sustained
use through adapted management and use.

One important question of course is what constitutes
the ‘proper use' of wetlands. In the framework of this
paper, it is necessary to start from the assumption that
the definition of proper management differs per stakeholder
or user, over time and from one geographical location to
the next. We can only give a very general and flexible
definition therefore of what constitutes proper use, and
although various frameworks have been proposed, one
important description is related to the Ramsar convention
(Ostrovskaya et al., 2012). The Ramsar convention refers
to ‘wise use', and defines this as 'maintaining their ecological
character, achieved through the implementation of
ecosystem approaches within the context of sustainable
development' (Ramsar handbook 1, 2007). This mainly
shifts the problem to the next level, as this ‘ecological
character' is also a variable characteristic. However,
described systematically, it can thus serve as one
particular type of ‘proper use'.

The institutions needed for this ‘proper use' have been
for a long time seen to be either informal or formal.
Informal institutions are also called traditional ones. They
are local, culturally determined and part of the social and
historic background of a people and/or area. Formal
institutions are often initiated by a national government;
they are law-based and often go back to Colonial origins.
There are however a number of problems with this
dichotomy. The most important one is that these two
types of institutions exist together, at the same time and
place (Kemerink et al., 2013). The situation is one of legal
pluralism rather than either one or the other, with very
clear categories of institutions belonging to either formal
or informal institutions. According to Quinne et al. (2007)
and Ostrom (1990, 2000) institutional design or
institutional crafting in this perspective is an impossible
goal. There is no clear-cut and rational way of organizing
a set of institutions of very different character, depending
on how strong the institutions that existed were, and how
strong any new institutions that have come in are given
that they can be traditional/informal, or formal. In this
respect, we arrive at an institutional map, with very many
different colours, shades of colours and mixed colours.

This paper departs from the idea that the reality of the
institutional landscape on the ground shows a diverse
pattern of institutions. Cleaver uses the concept of
Institutional Bricolage (Cleaver, 2001) Kemerink and
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others adopted the concept of legal pluralism (Kemerink
et al., 2013; Bavinck et al., 2012; Von Benda Beckman et
al., 2009). In this paper we adopt the former, normative
institutional, framework as the most relevant. Legal
pluralism is the interaction of different normative frame-
works within the same space. These spaces can be
socio-politically orindeed geographically defined (Kemerink
et al.,, 2013, Von Benda Beckman et al.,, 2009). These
normative frameworks are the result of the interaction of
people and their environment thus described as sets of
rules and regulations, norms and expectations, in one
word, institutions, that regulate this interaction.

Within the present study therefore, we use the concept
of institutions as describing sets of norms, rules and
systems of values (North, 1990) that control, organize,
imprint a pattern on and shape the behaviour of actors
during their interaction with each other and the environment
to satisfy their requirements of life (Vatn, 2005). As stated
above, we can distinguish formal and informal institutions,
but we want to make it clear from the start that these are
convenient constructions, used to describe normative
frameworks in an analytical framework. In reality, as we
imply with the use of the legal pluralist concept, these
‘pure' versions of normative frameworks hardly exist.
They are in constant flux, change depending on local
population dynamics, and changes in the environment,
and because of intrusions from other legal frameworks.
They are hybrid, a situation described as institutional
pluralism.

Therefore having said that, informal institutions are
socially shared rules, usually unwritten, created, communi-
cated and socially enforced outside of officially sanctioned
channels. Informal institutions are as well-known as are
formal rules, but they are not laid down in writing and
tend to be more persistent (North, 1997). Although,
commonly accepted throughout the community, practices
related to informal institutions are not officially established.
Defined as openly codified, established formal institutions
are communicated through channels that are widely
accepted as official, written form, supported by legally
recognized actors/ entities rather than socially defined
categories (Helmke and Levitsky, 2004).

Turning now to the context of the Nyando Wetland, we
establish that formal and informal institutions do exist, but
that a plethora of hybrid institutions has developed
through the interacting normative frameworks, reacting to
changes in the community and environment. Taking the
pre-colonial situation as a reference point (as a construct
used for this discussion, we do not want to be so
presumptuous as to state that we know the informal
normative framework prevalent at the time in detail),
changes in resource use did lead to a significant
transformation in informal institutions present at that time.
These institutions, in various degrees of transformation,
still have an important role in determining how resources
are used. Some of the factors that have caused changes
in traditional institutions in the Nyando Papyrus Wetlands
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include ecological drivers: droughts and floods, and
changing vegetation because of changing climate. Others
are more human-driven: human population growth, comer-
cialization of the use of natural resources, changes in
religious characteristics and changes in governance
situations. Inthe past, most communities exploited wetlands
for consumption rather than for commodities exchange
and/or money. This scenario is changing with increasing
commercialization of wetland resources. Papyrus wetlands
support the livelihoods of millions of people by providing
food, construction materials, clean water and other benefits.

One last and important issue that pervades this process
is the issue of informal and formal normative frameworks
having completely different sets of characteristics. However,
for an entirely different context, namely the USA, Arnold
and Gunderson (2012) have pointed at the fact that these
two normative frameworks have different characteristics.
USA laws are not well adapted to the ever-changing
ecological and social systems. This formal maladaptive
framework is characterized as narrow in its description of
goals, monocentric, unimodal and fragmented, inflexible
and based on a rational, linear and legal-centralist way of
thinking (Arnold and Gunderson, 2012). This may, as a
thought experiment, be set against local informal frame-
works which may be characterized as more adaptable,
inherently flexible, holistic and with multiple goals, and
above all: legally pluralistic with negative feedback loops
when resource use is threatening sustainability of the
socio-ecological system. Even when this is not applicable
to all institutions (we will discuss this below), these two
sets of frameworks have indeed many of the prescribed
characteristics. This juxtaposition has inspired Scott (1998)
to study the impact of bureaucracy and ‘high-modernist'
ideology, linked with the power of the state, onthe necessary
role of local knowledge and expertise. Those newly
introduced, inflexible normative frameworks can damage
and even eliminate the structure on which a socio-
ecological system rests. On the other hand, they can
assist such a system to adapt to new and strange
development for which the local framework was never
going to be sufficient.

The point is of course that both systems rest on a
power structure in the respective societies in which they
developed. Their functional merging may strengthen this
power position of old and new (or merged) elites alike,
and when the resulting normative framework does not
lead to the required flexible set of institutions, it may be
both more damaging to the socio-ecological situation in
the long run, and more persistent in its characteristics.
The challenge in any real practical situation, such as the
Nyando Wetland, is to see how flexibility can be
maintained, while at the same time emergent institutions
can be supported to provide a long-term assurance of
sustainable use of wetland resources.

The objective of this study therefore was to examine

the institutions that govern wetland resource use in
Nyando wetland. Specific objectives were: (1) to describe

the use of wetland resources in Nyando wetland by local
communities; (2) to describe the current institutions
controlling wetland resource use; (3) to link the two issues
to come to an understanding of the causal linkages
between these institutions and use practices. All these
are discussed in the context of sustainability of resource
use, and from there derive recommendations for
management policy.

The study area

The Nyando Papyrus Wetland near the city of Kisumu on
the shores of Lake Victoria in western Kenya is a typical
example of exploited papyrus wetlands that are very
common in the Lake Victoria Basin and in other parts of
central, eastern and southern Africa (van Dam et al.,
2011). The Nyando Wetland is a swamp situated at the
mouth of the Nyando River between Nyakach Bay and
the Kano Plains (0°11'- 0 °19'S/34°47'-34°57'E). The
Nyando River is the major source of water of this wetland
but additional waters come from the seasonal Asawo,
Nyatini, Ombeyi and Awach-Kano River. Three ecological
zones found in the wetland are permanent swamps,
seasonal swamps and floodplains (Wakwabi et al., 2006).

The permanent swamp has hydric soils dominated by
papyrus throughout the year. They are valuable ecosystems
and are of significance particularly to the biota and water
quality of the lake where they are situated. In the past,
these wetlands supplied sand, clay, papyrus, fuel wood,
herbs, and water. Wetlands were infused with a cultural
significance and were also used for livestock grazing,
hunting, fishing and the provision of grass for thatching
houses. Traditional uses were sustainable under low
population densities and had self-regulatory systems
(Hongo and Masking, 2001; Dixon and Wood, 2003;
Kipkemboi, 2006; Adede, 2008). However, use patterns
have changed over the years.

The vast majority of the population in this area belongs
to the Luo ethnic group, the only Nilotic group in Kenya
(Adamson, 1967). They speak the Dholuo language,
which belongs to the Western Nilotic branch of the Nilo-
Saharan language family. Amongst the Luo, the family is
part of a larger group of families called Dhoot or clan,
which combines to form a Luo sub-group or ogendni.
Several ogendni (plural for oganda) form piny (meaning a
country or nation). According to the Luo, the Dhoot (clan)
is a group of people united by kinship relationships even
if this kinship-based bond is only symbolic in nature. The
present day Kenya Luo consist of about 25 ogendni (the
opinion of the members as to the definition of an ogendni
differs and so does the number identified), each composed
of various clans and sub-clans. Two Luo ogendni, the
Nyakach and the Kano, are the predominant occupants
of the study area.

The Luo were predominantly polygamous and the
number of wives and children was a sign of wealth and
prestige. They also practiced levirate marriage, in which
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Figure 1. Map showing the study area.

a distant cousin or younger brother might enter into a
union with the widow(s) of the deceased cousin or
brother to help socialize children and continue child
bearing on behalf of the deceased (Potash, 1986). The
Luo live in family compounds, with strict dwelling
arrangements that delineate seniority amongst wives and
their children. There is also a strict seniority as far as
brothers' domestic career is concerned; a younger
brother could not marry unless his elder brothers were
married first.

The above social arrangements and institutions, briefly
described, already suggest that very inflexible arrange-
ments and institutions (around seniority in marriage and
the location of the house in particular) were combined
with very flexible institutions of the levirate and woman-
woman marriage, to absorb incidental and unfavorable
crises situations that would threaten the local and regional
socio-economic fabric if arranged too stringently.

METHODOLOGYS

The study carried out between October 2009 and May 2011 was in
four sub-locations in Nyando wetland: Ogenya, Kakola Ombaka,
Jimo Middle and West Kabodho, Kenya (Figure 1), with a population
density of 153, 704, 131, and 225 persons per km?, respectively.

To be able to meet the objectives of the study, data were both
qualitative (on community institutions) and quantitative data (on
personal normative frameworks and on resource use). Collection of
qualitative data was through key informant interviews and focus
group discussions. Quantitative data were collected using a
household survey with 411 respondents in four transects in the area
(Figure 1).

Key informants were people with particular knowledge and
understanding of the wetland, its resource users and their
problems. The total number of interviews held were 30 and included
men and women engaged in fishing and fish trade, harvesting and
sale of papyrus mats and sand, officers from government
departments, parastatals, and civil society organizations working in
the area. The key informant interviews included children who were
heads of homes. Topics discussed covered old informal institutions
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that guided wetland resource use, new formal and current hybrid
institutions, and the reasons for ‘institutional pluralization' taking
place. Discussions included trends and changes in resource use
within the Nyando wetlands, Kenya. The results from the key-
informant interviews (KII) shows that respondents from government
departments, parastatals and civil society organizations did not
have knowledge of traditional and hybrid institutions since most of
them are employed and may not be originally from the area.

The focus group discussions conducted were 13 and these
contributed to a better understanding of data from the quantitative
survey, triangulating these findings, and to obtain insights into
perceptions, needs, problems, beliefs, practices and institutions
related to them. The participants interviewed in the focus group
discussions comprised both males and females as mixed groups
who use a particular resource and drawn from different age groups.
Coded verbatim transcripts of information from the focus group
discussions and key informants interviews was analyzed using
Atlas.ti (Scientific Software Development GmbH, Berlin) to obtain
insight in similarities and develop trends.

The data from the survey used to obtain information on the
personal belief systems of the respondents and on their reasons for
conforming or not conforming to informal institutions that guided
wetland resource use, and on the wetland use was analyzed using
Statistical Package for Social Sciences (SPSS, IBM Corporation,
New York) to generate frequencies and cross tabulations.

Household composition: The key to institutions for access

There were a total of 411 respondents with transects 1, 2, 3, and 4
having 102, 98, 103 and 108 respondents, respectively. Figure 2
shows the sexes of the respondents by transect. As suggested
above, household composition and in particular whether a
household is male headed, female headed or actually child headed
(a recent phenomenon), is crucial for the understanding of
household access to resources, and the degree in which a
household is dependent on these (common property) wetland
resources. Linking informal, formal and hybrid institutions to
resource access and the impact of these institutions on access
explains why certain resources are likely to be overused. For

example, certain resources are only accessible to men, or women
may have access to them only when not on their menstrual cycle.
Children hardly ever have access to any resources until they have
fulfilled certain obligations or reached a certain legal age. The age
of respondents is shown in Figure 3. However, things are changing:
women now have access to fisheries resources and land when they
are single mothers, a consequence of formal regulations, based on
the new constitution.

Figure 4 shows that 70% of the households in transect 1 were
headed by males, 72% in transect 2, 71% in transect 3 and 69% in
transect 4 respectively, while 25% were headed by females in
transect 1, 24% in transects 2 and 4, and 26% in transect 3
respectively. In households where the husbands worked away from
home or were incapacitated, females were responsible for running
affairs at home and taking decisions (male headed, female
managed households). In transect 1, the respondents in male
headed- female run households was 4% while transect 2 had 2%,
Transect 3 had 3 and transect 4 had 6%, respectively. Child-headed
homes are a minority at only 1%. However, this is a telling increase,
as they did not exist before. Their prevalence is a result of the
decline in the strength of traditional institutions, the weakening of
kinship networks and in the duty to absorb remnants of households
when crises have struck. These crises relate to the increase in
deaths associated with HIV/AIDS and the impossibility to absorb
remnants of surviving household members due to over-burdened
livelihood options. The last dimension: being a monogamous or
polygamous household, is still very important: 44% of male-headed
households and slightly more than 13 percent of female-headed
households were polygamous. Only 0.2% of the female-headed
homes were in a levirate union (Figure 5).

The increase in deaths resulting from HIV/AIDS-related diseases
has profoundly affected nearly all forms of household capital,
livelihood social networks, and household access to community
assets. This is leading to increased household vulnerability,
particularly if the deceased was a productive adult household
member (Haddad and Gillespie, 2001; Yamano and Jayne, 2004),
and the remainder of the household does not have the level of
access the former head of the household had. Death or illness
caused by HIV-AIDS affects almost 90% of the households in the
Nyando wetlands as reported by the key informant interviews.
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Ecological conditions

According to 60% of the key informants interviewed, the main factors
associated with the historical decline of some fish populations in the
Nyando Papyrus Wetlands are interference of spawning and rearing
habitat and blockage of adult passage to suitable spawning and
rearing areas. Other factors that may affect population abundance
include diversion of juveniles off the primary migration path, fishing
ofjuvenilesindiversions, toxicdischarge to therivers, and uncontrolled
fishing in the lake. Temperature is a primary factor influencing the
breeding and survival of Protopterus aethiopicus (Kamongo) which
breeds in shallow pools of water in the wetlands.

In transect 1 (Ogenya), the ecological gradient is characterized
by cropland with settlement, sugarcane, papyrus and a channel
(Aguko) which is suffocated by water hyacinth that joins the lake.
The socio-economic activities in the site include farming, fishing,
harvesting papyrus and making mats. In this transect, the wetland
is influenced by the lake. In transect 2 (Kakola Ombaka), the
wetland is influenced by western distributary of the Nyando River.
The ecological gradient starts from irrigated rice fields, sugarcane
and food crops to the wetlands along the river. The major crops
grown in this area are maize and sugarcane. Socio-economic
activities include livestock grazing, farming, fishing and papyrus
harvesting. The ecological gradient in Transect 3 (Jimo Middle)
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starts with the floodplain on the left bank which is colonized by
indigenous herbs, invasive plant species and occasional wetland
vegetation especially during flooding. The wetland is found on the
right bank. The area appears to be rich in avifauna some of which
nest, feed and rest along the river and especially where human
disturbance is minimal. There is also diverse fish species that are
found in the river and numerous hippo pools. The main socio-
economic activities on left side of the river are cattle grazing, fishing
and on the right side lies the wetlands in which the main socio-
economic activities include crop farming, cattle grazing, fishing,
harvesting wetland products and brewing of local brew (Chang’aa).
Transect 4 (West Kabodho) has mostly sandy soils and the
vegetation is characterized by euphorbia, cactus and Lantana
camara. Some of the socio economic activities include fishing,
wetland farming, petty trade along the landing beaches, grazing of
livestock and harvesting of wetland products.

Wetland resource use

Products harvested from the Nyando papyrus wetlands include fish,
plants, birds, wildlife and insects used for food, medicine, building
materials and livestock feed. Figure 6 shows that 88% of the
respondents harvest wetland products and 70% use the harvested
products for both commercial and subsistence use. Only 4% use

the products exclusively for commercial purposes. There are several
ways of grouping wetland resources based on use for subsistence
or commercial purposes, use for building and making of handicrafts,
as fodder, as medicinal plants or as vegetables (Figure 7). These
resources are accessible to all types of households but exclusion of
groups of people at various times happens due to institutions
governing wetland resource use. Outsiders are locked out from
accessing certain resources such as land, and in West Kabodho,
where harvesting of papyrus is by clans, it is not easy for outsiders
to get access.

Both men and women harvest plants for building and making of
handicrafts which include Cynodon prescostalgi, Cyperus papyrus,
Phragmites mauritaianus, Pycreus nitidus and Sesbania seban.
Women harvest plants such as Aspilia sp., Rhynchosia sp.,
Harmania uhligii, loomea wrightii, Tragia insuavis and Tristemma
incompletum used for medicinal purposes and as vegetables. Men
harvest plants such as Echinochloa pyramidalis and Vigna luteola
used as feed supplements for livestock. The plants harvested as
vegetables include Amaranthus spinosa, Cleome gynandra,
Corchorus tridens, Ipomea aquatic and Solanum nigram. Cyperus
papyrus provides art and craft making materials such as mats,
baskets, chairs, tables, beds and building materials. It is the most
important natural wetland product harvested in the Nyando
wetlands, the percentage of respondents harvesting different parts
and stages of papyrus is shown in Figure 8.
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The types of fish commonly caught in the Nyando wetland area
include Clarias gariepinus (locally called mumi, okong' or nyapus
depending on size), Clarias werneri, Labeo sp., Lates niloticus,
Oreochromis niloticus, Protopterus sp., Rastrioneobola argentea,
Schilbe sp. and Synodontis sp.

Fish such as C. gariepinus fingerlings (nyapus) are also used as
fish bait for the Nile perch fishery and thus are interesting for
commercial purposes hence attracting external players who more
often than not engage in bad fishing practices. Furthermore, there
are several small fish species such as Mormyrus sp. and Oyuso,
used by the local poor population for food and sales. Figure 9
shows the types of fish species commonly caught by respondents
in the Nyando papyrus wetlands, Kenya.

Although not formally protected as Important Bird Areas (IBAs),
the wetland is also an important habitat to endangered bird species,
and has some habitats crucial for their survival. There are
numerous important endemic bird species, many valued by local
people and tourists alike.

Wildlife commonly used for food includes hippo (Hippopotamus
amphibius), hare (Lepus microtis) and sitatunga (Tragecephalus
spekeii). Other species reported to occur are mammals such as
otters and mongoose as well as reptiles including snakes (e.g. the
African rock python Python sebae). Crocodiles (Crocodylus niloticus)
have declined in numbers over time and now are quite rare in the
area. Found in the Nyando papyrus wetlands are numerous insect
larvae, earthworms and adult insects used as fish bait.

Land in the wetlands is also an important resource since it is
fertle and has high water retention capacity suitable for crop
production, especially during the dry season. The local communities
grow a variety of crops for subsistence and commercial purposes.

Common crops grown are high value fruits and vegetables, maize,
rice, pulses and sugarcane.

Institutions and resource use for local livelihoods
Institutions governing the fisheries sector

The artisanal wetland fishery is an important activity. Within the
informal normative framework, their exploitation has been largely
male dominated, and thus male headed households dominate their
access. Traditional dugout fishing boats or papyrus rafts (in Dholuo:
odesso) and different fishing gears are used including the irreversible
fish traps (osadhi) (Figure 10) and fish spears (bidhi).

Male dominance in fishing is partly rationalized based on the
physical strength needed to stay overnight on the open waters,
which women are assumed not to have, hence women are not
allowed to stay out at night. Another reason for excluding women
from open lake fishing is their vulnerability to sexual abuse by men.
Other reasons include the fact that men have more resources like
money to buy fishing boats and fishing gears whereas women can
only afford the less expensive traditional fishing gears. Results from
the household survey show that 5% of the women and 2% of the
youths own boats and fishing nets and different types of fishing
gears with the youth taking to illegal methods of fishing using
mosquito nets and also the modified traditional traps. All Kil
reported that although in the Nyando wetland, women still do not
engage in open lake fishing and none of the fishing boat owners
employ women as crew members, they now can own boats. In
other places, the change in gender-based restrictions to livelihood
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Figure 9. Types of fish harvested by respondents in the Nyando wetland, Kenya.

Figure 10. Traditional fishing traps from left ounga, sienyo and osadhi.

capitals, is mostly caused by poverty as a consequence of increasing Notwithstanding, some form of fisheries is also accessible to women.
numbers of male-less households, women are increasingly employed The most common fishing gears for women are the wide-mouthed
as crew members in fishing vessels that go out on the open lake. one-sided traps ounga and sienyo (Figure 10). The method of using
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these fishing gears is called teng'o, usually done in shallow waters
after the floods recede. It is likely to be close to home and does not
necessitate a stay over at night. However, the fish catch per unit of
effort is lower, and hence income from sale of such fish is usually
lower.

Some forms of fisheries are accessible to both men and women,
especially when there do not seem to be the possibility of
competition for scarce fish. Both men and women use sienyo to fish
in freshly flooded waters which carry with it large numbers of fish,
especially Clarias sp. (mumi). The method of digging out mudfish
using a hoe called kunya is more popular during the dry season.
While men made ounga and sienyo, women owned and used them.
In contrast, men made fishing boats and rafts, spears and the
irreversible trap (osadhi), and in the past men were the exclusive
owners and users of fishing boats. Women were restricted from
open lake fishing hence were not allowed to own fishing boats.

Results from Kl show that 50% of respondents agree that
women are now actively catching and trading in C. gariepinus
fingerlings, used as bait for Nile perch fishing especially in Transect
4 (West Kabodho). In areas occupied by the water hyacinth, women
stand in the water for hours searching for these fingerlings. On the
one hand, this has allowed women access to income from fish
resources in the wetland, but on the other hand, it has causes
stress on their livelihood practices and results, as they do not have
any protective gears. Consequently, they suffer from health and
occupational risks including snakebites and diseases such as
schistosomiasis, malaria, foot rot and other skin diseases. All
traditional herbalists been interviewed confirmed that there is an
increased number of women seeking their services due to injuries
suffered as a result of catching C. gariepinus fingerlings. The
related costs of treatment should be taken into account if the net
benefits in economic terms are calculated.

Furthermore, results from the survey show that 40% of the
respondents reported that christianity has changed the belief
systems and suppressed related customs that previously restricted
the use of certain fishing gears. These groups of people prefer to
conduct prayers instead of engaging in traditional practices such as
cleansing of new boats before being released into the lake or
performing cleansing rites when a corpse is found while fishing. In
the past, informal institutions regulated the fisheries sector in a
variety of ways. Results from FGDs and KIll show that there were
prohibitions from catching immature fish of any species and when
caught accidently these were put back into the water to enable
them to grow to maturity. The traditional fishing gears were to catch
only mature fish while allowing the juveniles to pass through the
open spaces. Discussions held with key informants further indicate
that fishing was traditionally prohibited in known fish breeding and
spawning grounds in the wetlands and places like Kusa, Sango,
Rachuonyo and Gode Ariyo. Folklore about harmful wildlife and
diseases were used to scare people from venturing into these areas
to fish. In addition, fishing was traditionally restricted between
February and August since this coincided with the main cropping
season. This ensured that people put concerted efforts on farming
giving time for fish to breed and grow hence safeguarding the
fisheries sector. In the current wetland fishery, the situation has
changed with the introduction of fishing nets in the 1970s. Fishing is
carried out in the traditionally restricted areas with all sites used as
landing beaches, a situation brought about by increased demand
for fish both locally and internationally (SOFIA, 2010).

Sixty percent of the fishermen interviewed reported that they no
longer return juvenile fish into the water since they are selling them
as bait or as food in the case of young Nile perch (locally called
tede or ondhedhe). Despite government prohibition and scouting,
75% of the fishermen interviewed reported that they use
unauthorized fishing gears such as fishing nets with undersized
openings and do not observe the closed seasons due to poor
enforcement of laws. Bribery of fisheries officers by some rich boat
owners was reported by 30% of the key informants and this is

frustrating efforts of beach management units (BMU) to enforce the
use of correct fishing gears since the illegal fishing nets have bigger
catches since they catch fish indiscriminately. Results from FGDs
show that antagonistic relationships within families have also
prevented BMU officials from working effectively especially when
taking disciplinary action on relatives.

The reasons behind these changes are numerous, but an
important driving force of change is the new nation-wide formal
institutional arrangement developed by the Ministry of Fisheries
Development for the governance of fisheries. This change according
to key informants is important since enforcement is by government
machinery. These include the Fisheries (Prohibitions) Regulations
2003 and the Fisheries (Beach Management Units) Regulations
2007.

The Fisheries (Prohibitions) Regulations 2003 aims to curb
destructive fishing methods, by prohibiting fishing for, landing,
processing, moving of and trading in Nile perch (L. niloticus) of a
total length which is less than 85 cm, from the Kenya waters of
Lake Victoria. Also, fishing for, landing, processing, moving of or
trading in Rastrineobola argentea (Omena) fish from the Kenya
waters of Lake Victoria during the closed season (1% April to 31st
July each year) is prohibited.

In 2007, the Fisheries (Beach Management Units) Regulations
brought into operation Beach Management Units (BMUs) for co-
management of fisheries resources between the government and
fishing communities where communities play a key role in resource
management, allocation and decision making in order to enhance
compliance and reduce costs. The main aim was to decentralize
development and enforcement of fisheries polices. The role of
BMUs is law enforcement: registration of boats, enforcement of
gear regulations and protection of fishing grounds; beach
development: fish bandas and sanitation; collection of fisheries
data; conflict resolution and welfare matters and handling
emergencies. The government on the other hand is responsible for
building capacity of these new institutions through training in
fisheries management, environment protection and financial
management. Results from Kll and FGDs show that in the Nyando
wetland, all landing beaches have BMUs with democratically
elected officials of which at least one third are women, as stipulated
in the regulations. Despite the efforts of the government to
empower women in the fisheries sector through the BMUs, their
contribution in decision making is very limited and they only serve to
meet the requirements for registration of the BMU. Results from all
the Klls interviewed and FGDs conducted showed that no woman
has ever held the post of chairperson or secretary in any BMU
within the Nyando wetlands. This shows that incorporating women
in BMUs does not translate to them having more authority as stated
by Mayoux (1995), Cleaver (1999), Nightingale (2011) and
Zwarteveen (2012) who suggest that more complex and profound
processes of social structures and agency shape gender relations.

Registration of new boats and fishing nets with the BMU is
necessary before being licensed. Regulations prohibit persons
below the age of 18 years from fishing in the open lake. The
regulations include mechanisms for sharing fish proceeds among
boat owners and crew members as well as rules for fish trade at the
beach. For instance, 30% of the proceeds of gill net (rimba or sarip)
fishing should go to the crew, the boat owner taking 70% of the
proceeds. Fish sales at the beach give priority to people buying for
home consumption, those with disabilities and women with infants
before sale to traders. The arrangement prohibits selling fish at
night, on the lake and on beaches other than where the boat is
registered. It also prohibits catching undersized fish, stealing of fish
and gears, fighting and drunkenness while fishing.

Some formal institutions conflict with the traditional norms and
practices. Traditionally, institutions prohibited any form of fishing in
the open lake from April to August, whereas The Fisheries
(Prohibitions) Regulations 2003 recognizes the closed season
between April and July but only for open lake fishing of omena.



Some rules and regulations however do not conflict with traditional
norms, but are not effective either. For instance, youth below the
age of 18 still go fishing and some of them have lost their lives in
the process. The Standard Newspaper reporter Buluma on December
16, 2012 wrote a story on the situation as follows:

"A fishing adventure turned tragic after six fishermen died
when a boat they were in capsized at Bumbe beach in Lake
Victoria on Saturday evening. The six were part of a seven-
man team that included a 16-year-old boy hired by a local
fisherman to help pull fishing nets locally referred as ‘Egogo'.
... The victims whose aged between 16 and 21 years had
been warned against fishing in the lake because they did not
have valid permits that allow them to fish".

In the FGDs, 50% of the respondents reported that for fear of
arrest, the young fishers are now using modified traditional fishing
gears, which have smaller openings hence potentially, as equally
destructive as the undersized fishing nets. They argue that such a
method helps evade new government enforcement institutions as
the law does not clearly address their use and only addresses the
use of fishing nets and vessels as was repeated in all four FGDs
conducted with fisher folk and fish traders. The BMU rule has
shortcomings in its effort to contain corruption too, since fishermen
can bribe fisheries scouts to avoid arrests and persist in harmful
fishing practices.

The changing institutional landscape introduces new rules and
regulations and these have modified the prevalent informal rules,
but have not yet given the power to relevant actors to control the
enforcement of these hybrid rules and regulations. On the contrary,
where previously informally controlled common property resources
existed, they have taken away from those relevant actors the
capacity to develop new enforcement measures or to implement the
old ones, effectively creating open access resources.

Institutions governing harvesting and use of papyrus

Several traditional institutions govern harvesting and use of wetland
plants, a key activity for the livelihoods of the local communities.
Key informants reported that women and youths were prohibited
from going deep into the wetland because of the risks involved in
harvesting of papyrus and other wetland vegetation. Moreover, it
was also not allowed to harvest wetland plants when the crops
were still in the field and during heavy rains or floods. Men are the
main custodians of natural wetland vegetation and are responsible
for its harvesting and protection. Traditionally, men who built houses
and granaries harvested vegetation. They also used papyrus
products for making ropes (for fishing and livestock tethering), fish
traps and baskets. While working in the wetlands, men harvest and
eat papyrus rhizomes (omundo) as a source of energy and they
monitor any bad practices that may destroy papyrus in the
wetlands. Women use papyrus to make mats, pot-holding rings
(tach) and cooking materials.

Although, traditionally done only by adult men, nowadays women
and young people are also involved in harvesting of papyrus for
home use. Around the wetland, the percentage of women
harvesting papyrus was 37 while 19 engaged in harvesting other
products. Amongst the women were 8.5% not harvesting any
wetland products, whereas 20.7% of the men engaged in papyrus
harvesting while 11.2% harvested other wetland products with 3.9%
not harvesting any wetland products. The local community
considers papyrus as a common property since anybody can find
and harvest it without any restrictions. Perceived as abundant,
papyrus and other wetland resources are exploited limitlessly.
However, the local communities acknowledge a decline in the
quantity of the papyrus stocks due to population pressure resulting
in burning and clearing for farming, and negative attitudes that do
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not allow for sustainable use of this important natural resource. Due
to increasing pressure and overdependence on papyrus, the
riparian communities developed local informal institutions, which
have been in place from the mid-1990s.

The emergence of child-headed homes with no sources of
income has forced the heads of these poverty-stricken families into
papyrus harvesting. Poverty is also driving children and youths into
harvesting papyrus especially during the school holidays. Prohibited
from harvesting papyrus are expectant and lactating women.

Institutions governing wildlife management

Many folk tales are told to younger generations about wildlife. The
hippo respected is culturally amongst the Luo communities who live
in wetlands and frequently interact with them. Hippos are believed
to be of human spirit and associated with the heritage of some local
communities which prohibit their killing. Although the Kenyan law
prohibits hunting hippos, their meat remains a delicacy among
many local people. The skin is thick and used for making whips.
Hunted for meat despite a ban, is the sitatunga also a delicacy
among the Luo.

With the introduction of the Wildlife (Conservation and
Management) Act CAP 376 in 1985, there are now harsh penalties
for those who kill wildlife and this has made people refrain from
hunting. Part IV, Section 22 (1 And 2) prohibits unlicensed hunting
of wild animals and is meant to protect wildlife. There is however
illegal hunting of sitatunga for game meat. This often goes
unnoticed since the sitatunga is small and its meat easily sneaked
out of the wetland. There is the belief that the hippo is a spirit which
is respected and strong; hence, the traditional institutions regarding
consumption of hippo meat are still strictly adhered to.

Institutions governing farming

Both subsistence and commercial farming are a major occupation
for local residents and for people coming from as far as 20 km
inland. The seasonal swamps are cleared and farmed during the
dry season when water recedes, while farming in the hinterland
commences with the onset of the long rains (this is the main
cropping season). During the main cropping season, numerous clan
and household institutions exist that govern an orderly sequence of
ploughing, planting, weeding and harvesting of the crops. There are
also institutions that regulate grazing of livestock during the
cropping and dry seasons. All these institutions were set to ensure
food security for all throughout the year and to minimize land and
wetland degradation. During the main cropping season, people
were restricted from going to the lake to allow for concentrated
efforts on food production.

Over time, the traditional subsistence farming in wetland areas,
which was small-scale and did not destroy the ecosystem, has
changed to commercial culture of sugarcane, rice, fruit and
vegetables. The high water table and hydric soils have encouraged
cultivation even during dry seasons. In the past, sweet potatoes
and cassava were the crops planted in the wetlands but this
changed with the introduction of new crops such as butternut,
kales, tomatoes, sweet pepper and watermelons. Traditional
institutions, which controlled farming in the wetlands, have also
changed and are hardly obeyed by farmers, some of whom are
from other parts of the country and have encroached to make a
profit from commercial farming. There are also formal institutions
that govern the land and land use, including agricultural,
environmental and planning legislation.

DISCUSSION

Access and control of wetland resources is shaped by the
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intersection of various institutions and the relationships of
power and authority that exist between them (Maconachie,
2008). Institutions are often multi-functional, semi-opaque
and contingent. They are shaped by historic factors, by
the power relations which prevail in social life and by
world views which incorporate the roles of the human,
natural resources and the supernatural (Cleaver and
Franks, 2005). Institutions can be shaped or crafted by
external intervention and, providing due attention is paid
to the structures (rules and roles) and norms (relations of
trust and co-operation) contained within them, then collec-
tively beneficial outcomes may be achieved (Uphoff and
Wijayaratna, 2000). Human adaptation refers to both
biological and cultural processes that enable a population
to survive and reproduce within a given or changing
environment (Joralemon, 2010). There have been eco-
logical, economic, demographic and social changes
taking placeinthe Nyando papyrus wetlands. The existence
of several actors, at various organizational levels, managing
the same natural resource, results in a redundancy in
governance. This is generally criticized in policy analysis,
although it has been defended in the management of
complex adaptive systems like wetland ecosystems (Low
et al., 2003), which require institutional flexibility. In
response to these changes taking place, there have been
changes in the context of legal arrangements (formal
institutions) as well as social norms and conventions
(informal institutions. In the Nyando papyrus wetlands,
institutions can be broadly categorized as traditional,
local informal, government or co-management.

Traditional institutions are those that are embedded in
the Luo culture and comprise of norms and taboos based
on indigenous belief systems of the Luo people.
Customary governance through sanctions, which are
punishments for those who disobey, enforces traditional
institutions. Traditional institutions in local communities
indicate the pattern of power distribution and the amount
of influence exerted by each actor in the community in
the course of decision making and activities related to
wetland resource use. In the Nyando papyrus wetland,
categorization of traditional institutions can be based on
who has to abide by the respective institution. There are
general institutions to be followed by children, men,
women and the youth, whereas some have to be followed
by specific groups, that is, children, men, women or the
youth. The general institutions are those related to death,
order, and/or seniority and those based on myths. Myths
are passed down through generations by strong oral
traditions, and these play a significant role in the psyche
of people. Though mythology is seeded in the mysterious
realm, helps to adapt human behavior to the demands
and offerings of the environment and conservation. As such,
mythology still plays a role in rural African communities
including the Luo of Kenya. There are institutions based
on myths affecting the use of resources such as
farmlands, fish, papyrus and wildlife (Cohen, 1969).

Put in place with British Colonization, a centralized

system of government is added to traditional systems of
governance. Christianity and formal education now
regarded as ‘frontline civilization' made African ways of
doing things seen as primitive, archaic and regrettably
unacceptableinthe public domain. The impact of christianity
has been the most important single factor in the process
ofwesternizationinmany parts of Africa. Western education,
involving literacy and the mastery of a European language,
became the condition for entry into the modern sector.
For most of the colonial period, education was in the
hands of the christian missionaries, who sought not only
to convert Africans but also to inculcate western values.
Christianity challenged traditional belief systems and
institutions and promoted the diffusion of new ideas and
modes of life (Arowolo, 2010).

The local institutions, which are crafted by the community
have helped fill the gaps created by the poor performance
of public systems of governance and are enforced by
local sanctions. Resource use often overlaps spatially
and seasonally causing resource use conflicts. The local
institutions were crafted to guide the changing scenarios
in resource use in the same space, for example, the
grazing livestock on harvested papyrus. As Babin and
Bertrand (1998) put it: "It is extremely unusual for a single
area to have only one use or user, or to be used for only
one period of the year, and the opposite is more generally
the case: a combined plurality of simultaneous and/or
successive uses by different users, each of whom is
subject to precise rules regarding access and use, and
may or may not have management or decision-making
power over the resources of the area in question."

Local institutions are specific to a location and also to a
resource and are enforced by community mechanisms. In
the West Kabodho sub-location, papyrus is harvested
according to clans and therefore it is easier to exclude
outsiders than in the other sub-locations. This is also due
to the fact that there were more respondents involved in
papyrus harvesting in West Kabodho than in any other
sub-location. Local institutions are usually rooted in
community social capital, rather than depending on
external top-down decision-making processes. They are
regarded as important ‘buffering’ mechanisms that
promote sustainability and resilience at the environment-
society interface (Mazzucato and Niemeijer, 2002).

Government institutions comprise of laws, policies,
rules and regulations, enforced by government officers.

These formal institutions have not been successful due
to inadequate staff on the ground. In Kenya, formal state
institutions, dealing with wetlands may be weak and
fragile due to the sectorial nature of these institutions and
the lack of clear policy guidelines as to who is responsible
for wetlands. The main institutional arrangements that are
relevant to wetlands in Kenya include but are not limited
to The Agriculture (Basic land usage) Rules L.N.26/1965,
Environmental Management Act (EMCA 1999); Wildlife
(Conservation and Management) Chapter 376; Water Act
2002; Physical planning Act Chapter 286; Forestry Act No
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nature of legislature inscribed under various Acts for
wetland conservation and management is problematic
because responsibility is diffused to several unrelated
and uncoordinated departments resulting in jurisdictional
overlaps and conflicts.

The government institutions around land have brought
about many social changes and increased women’s land
rights which in the past were insecure since they only
had usufructuary rights and did not enjoy the rights of
ownership or disposition. Amongst the Luo, land tenure
was corporately held through patrilineages and not
individually alienable. The family enjoyed security of
tenure through membership of the particular lineage of
the family’s male head. Although women could not inherit
land, they held positions of structural significance,
serving as the medium through which individual rights
passed to their sons (Mackenzie, 1989). This has now
changed with land adjudication and after the introduction
of title deeds, more women increasingly became land-
owners.

Land adjudication has, however, disadvantaged
foreigners (Jodak) assimilated into the community. They
were normally assigned land by clan elders but with the
individualization of title deeds the rights of Jodak to
access land are adversely affected (Karanja, 1991). It
has also disadvantaged women who raised different
crops in small parcels of land, which were scattered over
a wide area. This was a form of ensuring food security
lest there was pest invasion, storm, localized natural
disaster or crop failure (Pala, 1983).

The co-management institutions such as the Beach
Management Units (BMU) are largely enforced at local
level by the community and have had a good degree of
success in institutions and the way the work can be
analyzed in terms of output and appropriateness. Thus,
the most successful co-management institutions in the
Nyando papyrus wetland in terms of output have been
the Fisheries (Beach Management Units) Regulations,
2007. Enforced jointly by the community through the
BMU officials and by the government through the
fisheries officers, the latter play an advisory and
supervisory role. However, it should be noted that due to
the complex nature of formal institutions, transparency
and accountability is undermined therefore, despite
formation of BMUs, illegal and destructive methods of
fishing are still used. These include using clubs and
cutlasses to cut and Kill fish; clearing wetland vegetation
to catch all stages of fish; scaring off hippos to give way
for fishing; using mosquito nets to catch juvenile fish; and
the use of poisonous bait. It is difficult to control fishing
along the Nyando River and in the wetlands since there
are different types of fishing activities taking place there
including sport fishing by young men and children and
because fishing activities are open for all people within
the Nyando papyrus wetland and for those from outside
the area.
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Demographic changes due to increased commerciali-
zation of wetland resources such as papyrus and fish and
the demand for food and grazing land during the dry
season has seen an influx of people into the Nyando
Papyrus Wetland. Over the last century, there has been a
rapid increase in population within the Nyando River
basin establishment and expansion of urban centers. The
small land parcels are an indication of the high rate of
land fragmentation that is associated with increased
population size and the number of households that need
to survive on the wetlands. The increase in the population
density within the perimeter of the wetland can also be
attributed to the fact that these wetland areas had fertile
soils and had lots of moisture especially during the dry
season (Maithya et al., 2011). The total catch, the variety
of fish caught and the average size of fish has seriously
declined because of an increasing number of fishers and
fishing boats. The total catch, variety of fish caught and
size of fish caught have also declined due to overfishing.

The sub locations in the study Ogenya (Transect 1),
Kakola Ombaka (Transect 2) Jimo middle (Transect 3)
and West Kabodho (Transect 4) have a population
density of 153, 704, 131 and 225 persons per km?,
respectively. Almost two thirds of the respondents in
FGDs agreed that the high population has resulted in
deterioration of quality of the water in the Nyando
papyrus wetlands owing to industrial waste, household
waste, sewage and pollution from engine boats which
consequently impacts on the ecological functions of the
wetland.

The post-election violence experienced in Kenya in
2008 and other forms of political instability have also
caused people who were employed in affected parts of
the country to migrate back into the Nyando papyrus
wetland area, to temporarily or permanently seek income
from fisheries and other wetland resources. In areas
where farmers had undergone a number of harvest
failures, and where availability of and access to land had
become scarce, members of farming households are
turning to fisheries. Thus, households previously labeled
as farming households have become fisher folk and
fishing communities with income from fisheries becoming
the main source of sustenance (FAO, 1998).

This mobility has also has increased the spread of
HIV/AIDS amongst the fishing community leading to an
increased number of and female-headed and child headed
homes. The HIV/AIDS scourge has caused a decline in
literacy levels as a result of school dropout due to poor
health, lack of resources, care of the sick, etc. The co-
management institutions and by-laws of BMU’s have tried
to some degree to address the issues of HIV/AIDs and
sanitation along beaches. Local community institutions
have also relaxed rules on harvesting of papyrus to allow
needy children over 14 years of age to engage in papyrus
harvesting during school holidays as reported by respon-
dents in the FGDs.

Despite the fact that some of these traditional
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institutions cannot keep pace with the ecological, economic,
demographic and social changes taking place in the
Nyando papyrus wetlands, some persist and are still in
use. The local institutions are flexible and also change
with the changing situations experienced in the Nyando
papyrus wetlands. Local community institutions as trade-
tional institutions are discriminatory, particularly towards
women. This is because of their child bearing role hence
they are considered as weak for example men who go
fishing eat the most palatable parts of fish while the
women and children eat the less palatable parts since
fishing is considered as hard work. Women are also
prohibited from performing certain tasks in fishing and
farming during their menstrual periods when they are
considered unclean. The diffuse nature of government
legislature on wetlands makes traditional and local
informal institutions to persist and retain legitimacy within
the Nyando wetlands. Choices for livelihood strategies in
the Nyando papyrus wetlands are offered by institutions
and by the condition of ecosystem services. Local
institutions that are flexible and are enforced by local
sanctions therefore protect ecosystem integrity and
contribute positively to long-term human well-being.
There is a need to develop a fine interplay between
formal and informal institutions in order to safeguard
wetland based livelihoods in the Nyando Papyrus
wetlands.

Conclusions

To get a better grip on management of wetland resources,
Cleaver (2001) talks of institutional bricolage which is a
process by which people consciously and unconsciously
draw on existing social and cultural arrangements to
shape institutions in response to changing situations. The
institutions that result are a mix of ‘modern' and
‘traditional’, formal' and ‘informal’. The bricoleurs are the
different resource users in the wetlands, the external
factors such as traders, government, etc. who come up
with institutions to guide resource use and access. It has
been noted that in the Nyando papyrus wetland, hybrid
institutions help to enforce natural resource management
at the local level and therefore, there should be synergy
and co-operation between the formal and informal
systems.

In line with the different orientations of the relevant
institutions and programmes in the various sectors, the
government may adopt a nationwide strategy that
envisions diversified approaches to wetland conservation
and management. A new, diversified vision for wetland
conservation and management is needed- one that
nevertheless takes into account the legal pluralism in the
Nyando papyrus wetlands. It is recommended that
implementation of these solutions should engage
participation of the local community based on their socio-
cultural beliefs that enhance conservation. Different
communities hold beliefs and have different views on the

relationship between humans and nature. Therefore, the
views and attitudes of the local communities should be
taken into account in the formulation of conservation
measures and policies
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Historically speaking, ‘ecology’ today is an interdisciplinary as well as complex science. Modern
ecology characterises more facts than possibly known. Any ecologist is today a specialist, with
favourite and specialised questions. And hence, there are different sub-disciplines in ecology with its
own set of concept(s) and all try to unify looking only at ‘ecology’. Moreover, it is now an established
fact, that plants and animals both exhibit behaviour, but plant behaviour is most often examined in the
context of its morphological growth. And behaviour is in part, the ability to respond rapidly and
reversibly in response to environmental stimuli during the life time of an individual. Hence, the main
objective of writing this paper is to trace and better synthesize, “Jahangir’'s method of observation and
approaches to investigation of Kashmir ecology”, in order to gain more from the past in the present
about: how man should communicate better with other living things of different species.
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INTRODUCTION:

Ecology today is an interdisciplinary as well as complex
science. Modern ecology characterises more facts than
possibly known. Any ecologist is today a specialist, with
favourite and specialised questions. And hence, there are
different sub-disciplines in ecology with its own set of
concepts and all try to unify looking only at ‘ecology’. The
term ecology was first coined by Reiter (1885) followed
by Haeckel (1886), who defined ecology as the science
that is concerned with ‘all the relations of animals and
plants to one another and to the outer world’. Haeckel
was followed by Elton (1927), who defined ecology as

‘scientific natural history’. And, Elton was followed by
Woodbury (1955) who defined ecology ‘as a science
which investigates organisms (species of all kind) in
relation to their environment; a philosophy in which the
world of life is interpreted in terms of natural processes’
(Subrahmanyam and Sambamurty, 2004, pp. 1-4). But,
all definitions rest on the fact that the natural environment
itself consists of two broadly distinguishable sectors: the
inanimate and the animate. The inanimate (‘the outer
world’) includes the earth’s structure with which geology
and physical geography deal. The animate (comprising
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all levels of ‘organisms’) include all plant and animal
species (the ‘flora and fauna’ of formal usage), whose
study is often described by the term ‘natural history’,
which, however, usually excludes from its purview, the
human and the domesticated species (Habib, 2010,
p.20).

As of now, the much established shows goes that,
plants and animals exhibit behaviour, but plant behaviour
is most often examined in the context of its morphological
growth. And, behaviour is in part, the ability to respond
rapidly and reversibly in response to environmental
stimuli during the life time of an individual. Interestingly,
here it bears to mention that, Jahangir's own-way of
study on the eco-morphology, anatomy and behaviour of
the different species has covered one important aspect of
them in relation to their basic environment. He has
sought to examine the ‘environmental influences’ upon
the ‘species’ in order to understand and explain the ‘study
of structure and function of nature’.

SOURCE AND METHODOLOGY

The Mughals’ had a flourishing tradition of history writing
(Thackston, 1999, p. xxi). And our best textual source on
Jahangir is Jahangir himself in his Jahangirnama, an
autobiography in which he reveals his multi-faceted
persona as a sovereign, naturalist-cum-ecologist,
aesthete, hunter, patron of the arts and collector
(Jahangir, 1624; Khan, 1864). The importance and
complexity of this text begins only now to be fully
understood by modern historians, has been earlier
pointed out by Lefevre-Agrati, and subsequently
highlighted by Ebba Koch (Koch, 2009, p. 298). Indeed,
the interdisciplinary discourse between natural scientists
and art historians is brought about by Jahangir himself to
explain the advantages of a combined method, written
and visual, in representing natural phenomena, and sees
in it an improvement of his ancestor Babur's approach
(Koch, 2009, p. 298). Ebba Koch (2009) goes on to point
out that: scientists have explored the Jahangirnama for
its observation(s) on geology and biology (botany,
ornithology and zoology). Whereas, art historians have
analysed how Jahangir directed his artists to turn his
observations of natural phenomena into nature studies
(Koch, 2009, p. 297). If we consider Jahangir's
methodology, we will find that, as a scientist, he has a
selective approach; he investigates, observes, records,
depicts, measures, enumerates and tests what he
considers as noteworthy and outstanding (Koch, 2009, p.
298). All of which shows that, he was fond of “scientific”
experiments of his own devising. For example, he
debunked the accepted reason for the mountain sheep’s
pugnacity, he tested the reported efficacy of bitumen for
broken bones on a chicken and found that it had none; he
took an active interest in animal husbandry and goat
breeding; he determined the gestation periods for
elephants with nearly correct results; and he examined a
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lion’s and wolf’s livers to see whether their gall bladders
were inside or outside the liver as a measure of courage
(Thackston, 1999, p. xxiv).

JAHANGIR’S METHOD OF OBSERVATION AND
APPROACHES TO INVESTIGATION OF SOME
MAMMALS AND BIRDS IN KASHMIR

Nur-ud-din Muhammad Jahangir (August 30, 1569-29
October, 1627) was the fourth Mughal Emperor from
1605 until his death in 1627. Jahangir was the eldest son
of Mughal Emperor Akbar and was declared successor to
his father from an early age. Jahangir built on his father’s
foundations of excellent administration. And, he
possessed sensitivity to nature, acute perception of
human character, and an artistic sensibility, all of which
took him to be an outstanding personality (Jahangir,
1624; Khan, 1864, p.1-3; Thackston, 1999, pp. xix, Xxiii,
4). Despite the fact that, the geographical and
topographical out-look of Kashmir resembles too much
that of Central-Asia, and the valley of Kashmir exhibits
both rich floral and faunal diversity, Jahangir's own-way
of observation and approaches to investigation of
Kashmir ecology is in itself an endeavour of his scientific
study.

Here much need is to go with the above discussion in
order to trace and better synthesize, the ‘anatomical’,
‘behavioural’ and ‘morphological’ aspects of some
mammals and birds that Jahangir himself had gone on
observing, investigating and recording in Kashmir. The
complete list of quotations (as examples) below is from
Jahangir himself. He says:

Wild ram: “I [Jahangir]* have frequently heard from the
hunter that, at a certain time a warm develops in the
horns of the wild ram which irritates him into fighting
with his kind and that if he finds no rival, he strikes his
head against a tree or a rock to allay the irritation. After
investigation, the warm was found in the horns of the
female sheep also, and since the female would not
fight (on that account) the story does not seem to be
based on truth” (Alvi and Rahman, 1968, pp. 20-21)°.
Ibex: “The Ibex, which is brought from Bhakkar and the
hills of Garmser, is extremely good-looking, but it has
little wool. Animals that thrive in the mountains have a lot
of hair and are ugly due to the severity of the cold and
snow. The Kashmiris call the Ibex, Kayl/ Kail (Jahangir,
1624; Khan, 1864, p. 302; Alvi and Rahman®, 1968, pp.
28-30; Thackston, 1999, p. 335). During these days

"In all the quotations “I” represents Jahangir henceforth

Alvi and Rahman identify this mammal as Oviscyclaceros hutton.
According to them, it is known as Shapo and Sha (male) and Shamo
(female) in Ladakh.

*They identify this mammal as Capra sibirica and it is known as kayl in
Kashmir, Sakin (male) and Dabmo/ Danmo (female) in Ladakh.
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Sayyid Bayazid Bukhari®, the commander of the Bhakkar
garrison, sent as a gift, an Ibex he had captured young in
the mountains and reared in his house. It was viewed and
| liked it a lot. 1 had seen many markhor goats and
mountain rams domestically reared, but | had not seen an
Ibex so reared. | ordered to keep it with a Barbary goat so
that they would mate and produce offspring. Without
exaggeration, it was beyond comparison with a markhor
or a mountain ram. Sayyid Bayazid was promoted to the
rank of 1000/700” (Jahangir, 1624; Khan, 1864, p. 284;
Thackston, 1999, p. 318).

Papiha: “In Hindustan, there is a bird called Papiha. It
has a beautiful voice, and during the monsoon season it
sings heart-rending laments. Just as the cuckoo lays its
eggs in a raven’s nest, and the raven raises the young as
its own, in Kashmir, the papiha was seen to have laid its
eggs in a ghawghai’'s nest, and the ghawghai raised the
chicks” (Jahangir, 1624; Khan, 1864, p. 309; Alvi and
Rahman, 1968, p. 80, Thackston, 1999, p. 342).

Humay: “Prior to this, it had been repeatedly reported
that there was an animal known as the humay in the Pir-
Panjal Mountains, and the people of that region said that
it fed on small bones. It could often be seen flying
through the air, and it rarely alighted. In as much as His
Majesty [Jahangir] was very much inclined to investigate
the truth of this report, it was ordered that any of the
scouts who shot such a bird would be rewarded with a
thousand rupees. By chance, Jamal Khan Qaravul shot
one with a musket and brought it to the Emperor's
presence. Since it had been wounded in the leg, it was
brought to the Emperor alive and healthy. He ordered its
crop inspected to find out what it ate. When the crop was
opened, small bones came out of its gullet, just as the
people of the mountains had said that its food consisted
of small bones and that it always flew in the air with its
gaze upon the earth, and wherever it spotted a bone, it
would pick it up in its beak, fly away, and cast it onto a
rock to break it into little pieces. Then it would pick at it
and eat it. In this case, the prevailing opinion was that
this was the famous humay. Really, the humay is
superior to all birds because it eats bones and harms no
creature. Its head and beak looked like a buzzard’s, but a
buzzard’s head has no feathers while this one had black
feathers. In the Emperor’s presence it weighed 415 tolas,
which is equivalent to 1,037 (1/2) mithcals®™ (Jahangir,
1624; Khan, 1864, pp. 398-99; Alvi and Rahman®, 1968,
pp. 85-87; Thackston, 1999, pp. 434-35).

Jan Bahman: “Baso, the Zamindar of Talwara brought
for my inspection a bird the people of the hills call Jan
Bahman. lIts tail is like that of a girgavul, which is also
called tazarv [pheasant]. In colour, it is exactly like a
female girgavul, but its body is larger by a ratio of ten to

“Sayyid Bayazid Bukhari, was governor of the province of Thatta, and was
awarded the title of Mustafa Khan. The Emperor Jahangir, promoted him
to the rank of 1000/700, for that he brought a rarity to Jahangir, liked

®One mithcal= 4.6 grams (i.e., 0.161 ounce).

®They identify this bird as Gypaetusbarbatushemachalnus (Lammergeier).

fifteen. Around this bird’s eyes is red, while around a
pheasant’s eyes is white. Baso, reported that, this bird
lives in snowy mountains and eats grass and herbs”

(Jahangir, 1624; Khan, 1864, p. 338; Alvi and
Rahman’, 1968, pp. 61-63; Thackston, 1999, p. 372).

Sonlu: “One of the birds seen in the hill country is the
horned pheasant, which the Kashmiris’ call Sonlu. It is an
inch smaller than a peahen. The tail and both wings are
blackish, rather like the wings of a bustard, and have
white spots. The belly up to the breast is black with white
spots, and in some places there are red spots too. The
ends of the legs are a brilliant, beautiful fiery red. From
the tip of its beak to the front of the neck is also shiny
black, and on top of its head are two fleshy turquoise
coloured horns. Around its eyes and mouth the skin is
red, and its crop is a piece of round skin about the size of
two palms. In the middle of that skin is a violet coloured
patch the size of a hand with turquoise-coloured spots,
and turquoise-coloured spots around it too consisting of
eight plumes, and around those is a line two fingers wide
that is peach-blossom red. Around that is another
turquoise-coloured line. Its feet are also red. | ordered to
weigh it alive, and it was 152 tolas. And, after being killed
and cleaned, it weighed 139 tolas” (Jahangir, 1624;
Khan, 1864, pp. 338-39; Alvi and Rahman®, 1968, pp. 60-
61; Thackston, 1999, p. 372).

Gil-Char’d: “In the stream, | saw a bird that looks like a
starling. A starling is black in colour and has white spots,
while this one was the colour of a nightingale with white
spots. It dives under the water, stays under for a while,
and comes up somewhere else. | ordered two or three of
them are caught and brought to me so that | could see
whether the feet were webbed like a duck’s or open like
other birds of the field. Two of them were caught and
brought. One died immediately, and the other remained a
day. Its feet were not webbed like a duck’s. | ordered
Master Nadirulasri Mansur the painter to draw its
likeness. The Kashmiris call them gil-char’d, that is, water
starlings” (Jahangir, 1624; Khan, 1864, pp. 305-6; Alvi
and Rahman®, 1968, pp. 78-79; Thackston, 1999, p. 339).

Pooth: “Another is the zarrin bird, which the inhabitants
of Lahore called shan and the Kashmiris call Pooth. In
colour it is something like peacock’s breast. It has a tuft
on top of its head and its tail is yellow, the length of four
or five fingers, like the long feathers of peacock. Its body
is equal in size to a goose, although a goose’s neck is
long and ill-proportioned, while the zarrin’s is short and
elegant. My brother, Shah Abbas, had requested [for] a
zarrin. And, several were sent with an emissary”
(Jahangir, 1624; Khan, 1864, p. 339; Alvi and Rahman™®,

"They identify this bird as Tetraogallushimalayensis (Himalayan Snow-
Cock). It is known as Gurka-kao in Kashmir.

®They identify this bird as Tragopanmelanocephalus (Horned Pheasant). It
is known as Sonlu in Kashmir

*They identify this bird as Ciacluscinclus (Dipper)

“They identify this bird as Lophophorus impejanus lathan (Impeyan
Pheasant). According to them, it is known as Jungli Mohr in Kashmir.
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Vernacular name

English name

Scientific name

Suh (in Kashmir)

Rama Hun (in Kashmir)
Jangli Dand

Ha’angul (in Kashmir)

Hiran
Neelgau
Botakhar

Riyang (in Ladakh/Khargosh in
other parts of Kashmir)

Eeh (in Ladakh)
JangliBeror
Susmar

NA*

Yellow Lion Pantheraleo

Leopard FelisPardus

Wolf Canis lupus

Wild Ox Bosaurochi/Bosurus
Black Antelope Antilopecervicapra
Chikara Antelope Antilopechikara

Hog Deer Hyelaphusporcinus
Nilgai Bosephalustragocamelus
Wild ass Equushemionus

Hare (woolly)

Lepusoiostolus

Lynx Felis lynx

Jungle Cat Felischaus

Lizard Acanthodoctylus(sp)
Porcupine. Hystricomorfhystricidae
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*Not available.

1968, pp. 56-57; Thackston, 1999, pp. 372-73).

Markhor goat: “The Shinwari Afghans brought a
hunted markhor goat the like of which | had never heard
of or imagined. | ordered the painters to draw a likeness
of this animal. It weighed four Hindustani mounds. The
horns measured one and a half yards’, by the yard stick”
(Alvi and Rahman'!, 1968, p. 22).

Bustard and crane: “It is an amazing thing that in all
birds the windpipe, which the Turks call Chanaq, goes
straight from the top of the neck of the crop, while in the
bustard, unlike any other bird, there is a single windpipe
from the top of the throat from a distance of four fingers,
then it splits in two and goes to the crop. At the point at
which it forks there is a blockage, like a knot, that can be
felt with the hand. In the crane, it is even stranger, for its
windpipe twists like a snake through the bones of the
chest and passes to the root of the tail, and then it turns
around and comes back to the throat. There were thought
to be two kinds of bustard, one black and spotted and the
other dun coloured. Recently, it was learnt that they are
not two types: the spotted black one is male and the dun
coloured one is female. The proof was that testicles were
found in the spotted one and eggs in the dun-coloured
one. And, the experiment was made repeatedly”
(Jahangir, 1624; Khan, 1864, p. 379; Thackston, 1999, p.
416).

Fish: “It is well known that the fish of Anantnag spring
are blind. | stopped a moment at the spring and cast a
net in. Twelve fish were caught in the net. Three of them
were blind, and the other nine had eyes. Apparently, the

YThey identify this mammal as Capra megaceros hutton (Wild Goat). It
according to them is known as Markhor in Kashmir, and Rawche (Female)
and Rapoche (Male) in Ladakh.

water of this spring has the influence of making the fish
blind” (Jahangir, 1624; Khan, 1864, p. 314; Thackston,
1999, p. 346).

Interestingly, Jahangir also does mention about the
carnivorous and herbivorous animals, especially those of
which he could not come across in Kashmir. According to
him, these animals do not belong and/or exist in this
habitat (most probably, he was confused)*?. The list he
provides goes is as shown in Table 1 (Jahangir, 1624;
Khan, 1864, p. 311; Bernier, 1983, pp. 395-396;
Lawrence, 1895, pp. 108-117; Thackston, 1999, p. 344).

It is very important to note that, Jahangir also records a
list of the birds he found in Kashmir. He also adds to our
information that, since the name(s) of some of these birds
are not known in Persia-(they do not even exist in
Persia), they have been written in Hindi. The list of the
birds recorded by Jahangir goes are as shown in Table 2
(Jahangir, 1624"; Khan, 1864, p. 311; Lawrence, 1895,
pp. 117-115; Alvi and Rahman, 1968, pp. 88-90;
Thackston, 1999, p. 344).

2t appears that, Jahangir seems to be confused while recording a list of
the animals (especially those of which) he had not found in Kashmir.
Because, it has been reported that, some of the carnivorous and
herbivorous animals such as: leopard, antelope, wolf, hare, the lynx, wild
ass and porcupine are quite possible to exist in Kashmir during that period
also, and many of them are existing in Kashmir even today. See also,
Bernier, Travels in the Mogul empire, trans. A. Constable, (Revised by V.
A. Smith), Reprint: Delhi, 1983, pp. 395-396; And also, Walter Lawrence,
The valley of Kashmir, (London, 1895), 2nd ed. Srinagar, 2005, pp. 108-
117. For identifying these animals with scientific and vernacular names, |
sought the help of some teachers, and research scholars pursuing research
in Wild-Life Department of Aligarh Muslim University, Aligarh.
BInterestingly, the underlined birds are never heard to exist in Kashmir
which Jahangir records to be found in. Here, (H) stands for Hindi and (P)
stands for Persian.
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Table 2. List of the birds.

Vernacular name

English name

Species or genus only

Kulang (p)
Saras (H)

Taus (P)
Charz (P)
Laglag (H)
Tughdari (P)
Taghdagh (H)
Karwanak (P)
Zardpilak (P)
Nugra (P)
Hawasil (P)
Qaz (P)
Konkla (H)
Durraj (P)
Sharak (P)
Nolsurkh (P)
Haryal (H)
Dheek (H)
Quail (H)
Shakar-khwara (P)
Mahokah (P)
Mahalat (H)
Hans (H)
Kalchidri (H)
Tatiri (H)
Bachirm (P)
Lelorah (H)
Makshah (P)
Taglah (P)
Musichah (P)

Lord Lilford’ Crane
Sarus Crane
Peacock™

Bustard

Stork

Great Bustard
Lesser Bustard
Stone-curlew
Grey-headed Bunting
White-legged courser
Pelican

Goose

European Cuckoo
Partridge

Starling

Red-crested Pochard
Green pigeon
Adjutant

Indian cuckoo
Sunbird
Crow-pheasant

Tree pie

Bar-headed goose
Black robin

Lapwing/ Sandpiper
NA

Shrike

NA

NA

Wood-pegion

Gruslilfordi
Grusantigoneantigone.
Pavocristatus

Otis (sp)-

Ciconia (sp).

Otis tarda

Otis tetrax
Burhinusoedicnemus
Emberizaarcuata
Cursoriuscoromandalicus
Pelecanusphilipensis
Anser (sp).
Cuculuscanorus
Perdix(sp); Francolinus (sp).
Sturnus (sp).
Brantarufina

Treron (sp).
Leptoptilos (sp).
Coturnix (sp).
Nectarina (sp).
Centropus (sp).
Dendrocittaformosac
Anserindicus

Petroica traverse
Vanellus/Tringa (sp).

Lanius (sp).

Columba hodgsoni

FLOWER PLANTS: SOME NOTES ON MORPHOLOGY
AND BEHAVIOUR

Jahangir’s botanical interests were primarily horticultural.
Alvi and Rahman, best elaborate this phenomenon of
Jahangir in the words they write: “Jahangir tells us of
having made it possible to cultivate high altitude trees like
the cypress, juniper, pine and the jawanesesandal tree in
the plains of India. He laid out some beautiful gardens.
He compares the fruits and grains of various regions and
notes down average and record weights of some of the
specimens. Unfortunately, most of his paintings of flower
plants have been destroyed by the passage of time. The
extent of this loss can be imagined from the fact, that of
the more than a hundred paintings of Kashmir flowers,

“Here underline shows that, this bird does not exist in Kashmir. Jahangir
seems to be confused while recording the list.

painted by Mansur alone, not one has survived to this
day”(Alvi and Rahman, 1968, p. 6).

Moreover, at about the earliest botanical illustrations,
Ebba Koch proposes to remind that, Ustad Mansur’s
famous Tulips, c. 1620, at the Maulana Azad Library,
Aligarh Muslim University, could possibly be the earliest
botanical illustration of TulipaLinifolia Regel (Figure 1),
1884 (Koch, 2009, p. 309). She further adds that, it grows
in western Central Asia, reaching into the Himalayas in
Kashmir and North India, Mansur renders correctly the
undulating leaves, and the broad glowing red petals that
abruptly contract to a fine point and curve outward, all
characteristic of the species (Koch, 2009, pp. 309-313).
Another favourite of the Mughals, says Ebba Koch, was
Fritillaria imperialis, or crown imperial. Jahangir described
one (along with some other species) he saw during a trip
to Kashmir in March 1620, and in this context, also
comments on the problem of methodology in assessing
his material (Koch, 2009, p. 313). For example, Jahangir



Figure 1. Tulips, signed Mansur, c. 1620, opaque
water colour on paper, Maulana Azad Library, Aligarh
Muslim University, Aligarh. (Adapted from S. P. Verma,
Mughal Painter of Flora and Fauna Ustad Mansur,
Plate XI. Verma identifies this flower as Tulipa
clusiana, but, Koch rightly argues that it fits the
description of Tulipa linifolia better).

writes: “In some near place of Bambyar15 there was one
strange flower in particular with an odd shape. It had five
or six orange coloured flowers blooming with their heads
down, and several leaves were poking out from inside the
flowers. It was something like a pine apple. The name of
this flower is bulanik. There was another flower like the
boni, and around it were the tiny flowers shaped and
coloured like jasmine. Some were blue and others were
pink with a yellow spot in the middle. It is extremely nice
looking and harmonious. Its name is ledor posh™. The
flowers of Kashmir are beyond counting or enumeration.
Which ones shall | write about? How many can one write
about? Only that which are really special can be
recorded” (Jahangir, 1624; Khan, 1864, p. 294; Alvi and
Rahman'’, 1968, p. 100; Thackston, 1999, pp. 327-328;
Koch, 2009, p. 309).

Thus, it bears to mention that Jahangir qualifies as a
keen researcher and finest observer of the flowers of
Kashmir, too. And keeping the accuracy at that, he
records many of the examples (describing physical
appearance and behaviour of the flower plants) with
which we can go as under:

*Name of a place in Kashmir

SFlower named in Kashmiri language

"They have described this flower as Fritillaria imperialis (Crowned
Imperial lily) and the other as Thistle.
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Lotus, lily and the black bee: “The lotus flower is larger
than the water lily, and it is pink. | saw many lotuses in
Kashmir with a hundred petals. It is a fact that lotus
opens by day and closes into a bud by night; whereas the
water lily is vice-versa. The black bee, (the people of
India call Bhaunra), always alights on both these flowers
and goes inside to suck the nectar inside them. The lotus
flower often closes up and traps the Bhaunra inside for
the whole night. It also happens with the water lily. But
when they open, it comes out and flies away. Because
the black bee is a constant visitor to these flowers, the
Hindi poets consider it to be like the nightingale in love
with the rose, and they produce marvellous poetic
conceits based on it” (Jahangir, 1624; Khan, 1864, p.
204; Alvi and Rahman, 1968, p. 96; Thackston, 1999, p.
239).

Tulip and jasmine flowers: “In the Fifteenth Regnal
year, the tulips in Kashmir bloomed exceptionally well in
the palace garden and on the roof of the congregational
Mosque. There is abundant blue jasmine in the gardens,
and the white jasmine, which the people of India call
chambeli, is fragrant. Another variety is the colour of
sandalwood, and it too looks very beautiful and occurs
only in Kashmir. Red roses of several varieties were
seen, and one was very fragrant. There is another
sandal-wood coloured flower whose fragrance is
extremely subtle and fine. It is something like a red rose,
and its bush also resembles the rose. There are two sorts
of lilies. The one that grows in gardens is very tall and
green in colour, the other grows in fields. Although its
colour is less vibrant, but, it is fragrant. The jafari flower
grows large and is fragrant, and its bush gets taller than a
man. Some years, however, when it gets large and sets
flowers, it is caught by worms that spin something like a
spider's web over the leaves, destroying them and
desiccating the bush. It happened this year also. The
flowers seen in the summer pastures of Kashmir are
beyond enumeration. Those drawn by Master Nadirul’asri
Mansur, the painter, number more than a hundred”
(Jahangir, 1624; Khan, 1864, pp. 299-300; Thackston,
1999, pp. 332-333).

Hollyhock: “In this land [Kashmir] | saw a flower fiery red
and shaped like a marshmallow flower, but smaller in
size. So many flowers had blossomed next to each other,
that from a distance, it looked like one flower. The tree is
the size of an apricot tree. There were also many wild
violets growing on the mountain slopes. They were
extremely fragrant and their colour was lighter than that
of a normal violet” (Jahangir, 1624; Khan, 1864, p. 289;
Alvi and Rahman®®, 1968, p. 98; Thackston, 1999, p.
323).

Saffron flower: About saffron flower, Jahangir, records a
surprising observation he passed through. He says: “When
the river [Bahat] reaches Pampur, ten kos from the city, it
increases. All the saffron of Kashmir is produced here.

They identify this flower as Althea oficinalis (Hollyhock).
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Table 3. Flower plants.

Vernacular name

English name

Species or genus only

Gul-i Bulanik Crowned Imperial Lily Fritillariaimperialis
Lidarposh Thistle Centaureasolstitialis
Arghwan-i Zard Buttercup Ranunculus (sp).
Nargis Narcissus Narcissus poeticus
Banafshah Violet flower Viola odorata
Gul-i Badam Almond flower Prunusamygdalus/ .
Amygdaluscommunis
Gul-i Shaftalu Peach flower Prunuspersica
YasmanKabud Lit. Blue Jasmine Jasminum (sp).
YasmanSafaid Jasmine white Jasminumpubescens
YasmanSandali Sandal coloured Jasmine  Jasminum (sp).
Nilofer Lotus Namphaeastellata
Kanwal Indian Lotus Nymphaeapurpurea
Gul-i Surkh Rose Rosa (sp).
Susan Iris Iris persica

It is not known whether so much saffron is produced
anywhere else in the whole world. Every year five
hundred Indian maunds, (which is the equivalent of four
thousand Persian maunds), of saffron are produced. |
once came to this land with my exalted father during the
saffron flowering season. With all other flowers in the
world, first is the stalk, and then the leaves and flowers
are produced. The saffron flower is just the opposite:
when the stalk is up four fingers from the dry earth, an
iris-coloured flower with four petals blossoms. In the
middle of the flower are four filaments as orange as a
safflower and as long as one finger joint. This is the
saffron. It grows in un-ploughed, un-watered earth in the
midst of clouds. In some places, the saffron fields extend
for a kos, and in others for half a kos. It looks better from
a distance. At the time of picking, all my inmates got
headaches from the intense smell. | got a headache too. |
asked the Kashmiris- who were picking the flowers, how
they were. And, from their answer, it was obvious that, it
had never occurred to them in all their lives to have a
headache” (Jahangir, 1624; Khan, 1864, p. 45; Alvi and
Rahman®®, 1968, pp. 91-93; Thackston, 1999, p. 70).

And, in their work, Alvi and Rahman (1968, pp. 100-
102), have scientifically classified all those flowers of
Kashmir, which Jahangir himself had gone on observing
and recording. The same list of the flower plants is given
in Table 3.

FRUIT TREES IN KASHMIR: SOME SIGNIFICANT
NOTES OF JAHANGIR

Interestingly, Emperor Jahangir had also been keenly

YThey identify this flower as Crocus sativus linn (Saffron), and in
Kashmir it is known as Zaaff’ran.

observing and investigating the fruit trees of Kashmir. His
scientific observation bears typical example of the fact
that he records, measures, counts and gives a logical
comparison of the fruits he had eaten before. Say for
instance, he writes: “Before his Majesty Arsh-Ashyani’s
reign [Akbar], there [Kashmir] were absolutely no
cherries. Muhammad Quli Afshar brought them from
Kabul and grafted them. Now there are ten or fifteen fruit-
bearing trees. There were also a few trees of grafted
apricots. The same person spread grafting throughout the
land, and they are now abundant. The Kashmiri apricot
really grows well. There was a tree in Shahrara Garden in
Kabul called the Mirza’i, which bore better fruit than any
we had ever eaten. In Kashmir, there are several of such
trees in the gardens. The pears are of the finest sort,
better than those of Kabul and Badakhshan, and almost
as good as the pears of Samarkand. The Kashmiri apple
is renowned for being good, but the guavas are middling.
Grapes are abundant, though most of them are sour and
inferior. The pomegranates are not so great.
Watermelons grow very well, and Persian melons get
extremely sweet and aromatic. Mostly, however, when
they ripen they get worms inside that spoil them.
Occasionally, when they escape being wormy, they are
extremely fine. Since there are no black mulberries, there
are fields of ordinary mulberries. At the base of every
mulberry tree climbs a grape vine. The mulberries are not
edible, only those from a few trees that have been grafted
in gardens are edible” (Jahangir, 1624; Khan, 1864, p.
300; Thackston, 1999, p. 333). He further adds to our
information that, the earliest fruit to mature in Kashmir is
the Ashkin. It is smaller than a sour cherry, it is much
better in terms of flavour and delicacy. | commanded that
henceforth the Ashkin should be called Khoshkin.
Apparently it also grows in the mountainous regions of
Badakhshan and Khurasan, where the people call it



Table 4. Fruit trees.

Vernacular name

English name

Species or genus only

Shah Alu Sweet cherry Prunusavium
ZardAlu Apricot Prunusarmeniaca
Naspati Peer Pyruscommunis
Saib Apple Malussylvestris
Amrud Guava Psidium guava
Angur Grape Vitisvinifera
Anar Pomegranate Punicagranatum
Tarbuz Water-melon Citrullus vulgaris
Kharpuzah Melon Cucumismelo
Tut Mulberry Morus alba
Ashkin Straw-berry Fragariavesca
AluBalu Sour cherry Prunuscerassus

Najmad. The largest ones weight is half a mithcal
(Jahangir, 1624; Khan, 1864, p. 306; Alvi and Rahman,
1968%°, p. 108, Thackston, 1999, p. 340). The cherries in
the Nurafza garden, says Jahangir, appeared to be about
the size of a chickpea on the fourth of Urdibihisht [April
14]. By the twenty-seventh [May 17], they changed
colour, and on the fifteenth of Khurdad they were
perfectly ripe and the first crop was taken in. The cherry
to my taste is the most delicious of all fruits. Four trees
had borne fruits in Nurafza Garden. | named one of them
Shirinbar [of sweet fruit], the second Khoshguvar [of good
taste], the third which produced the most fruit of all,
Purbar [full of fruit], and the fourth, which had the least
fruit, Kambar [of little fruit]. One tree in Khurram’s Garden
had borne fruit, and | named it Shahwar [kingly]. There
was a sapling in Ishratafza Garden | named Nawbar
[newly bearing]. The cherries of Kashmir are not inferior
to those of Kabul, in-fact, they are even larger. The
biggest ones weighed a tank and five surkhs. From the
four trees in the Nurafza Garden fifteen hundred cherries
were picked, and from all others, five hundred. | ordered
the officials of Kashmir to have cherry trees grafted in
most of the gardens and let them to propagate (Jahangir,
1624; Khan, 1864, pp. 306-07; Thackston, 1999, p. 340-
41).

And, on the account of Jahangir’s significant notes, Alvi
and Rahman (1968, pp. 106-08), have further
scientifically classified these fruit trees of Kashmir (Table
4).

CONCLUSION

Indeed, much that has been presented in this paper will
remain fragmentary, but, this paper, as proposed, will
work as a key concept to the further study of what has
been paid a little attention so far. The extra-ordinary
qualities of Emperor Jahangir are positive inspirations to

PThey have described this fruit as Fragaria vesca (straw-berry).
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explore further in his field of science in general and his
ecological concerns, in particular, as they promise very
much possibilities of not only being historically important,
but, permanently relevant which may have escaped the
analytical eye so far. Perhaps, most importantly, the
constant mobility of Jahangir’s royal court offered him the
opportunity of satisfying his ‘scientific passion’ almost
daily.

What is now set forth as an ideal is that, the existence
of the largest possible number of species (viz., birds,
animals, plants, and etcetera) is considered an indicator
of the ecological health of an area and these in
combination are an essential part of the aesthetic life-
scape of humans. It was, in-fact, Emperor Jahangir
whose own-way of observation and approaches to
investigation (whether anatomical, behavioural and/or
morphological) of different species’ brought us to gain
more about: how the natural environment in different
ways attracts man, and how man in turn by his concerns
was thinking of the biodiversity in several ways in the
past. Including how man should communicate better with
other living things of different species.

It was, Reiter and Haeckel, in late 19" Century, who
acquainted us with the concept of, ‘ecology’ in general,
and now, by others, ‘behavioural’ and ‘morphological’
ecology as specialised branch(s) in particular, yet,
equally it appears that, Jahangir, was no less than a
person-of-having also ‘deep sense of sensitivity’ towards
nature. Needless to put that he was acquainted with the
concept of ‘ecology’ before, though in a different manner.
Interestingly, the only demerit covered him was his habit
of hunting inherited from his predecessors’ which unlike
others brought him close to the set procedure of knowing
‘anatomical structure’ of the different species, he did. As
it goes that, the ‘ecologists’, today observe nature,
conduct experiments and construct mathematical models,
thus my findings about Jahangir would not go wrong
proposing that, he had also been observing, conducting
and experimenting all, long ago in some significant
manner. Or, briefing in other words is to theorise that,
Jahangir had some greater scientific bent of mind than
any other contemporary ruler of his period in and around.
As of now, he is very much in the know that he was a
naturalist, but his environmental concerns and scientific
notes on ‘behavioural’ and ‘morphological’ ecology of
different species, proves that he was no less than a
person as an ‘ecologist’ who lived in the past for the use
of the present. And all this showcase that, he was not
only an Emperor, but was many men rolled into one.
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The present study was an attempt to assess and evaluate the distribution, diversity and occurrence of
spider community in Gulmarg Wildlife Sanctuary. India has 59 of the 110 spider families and at least,
1442 formally described species of the 39,000 known worldwide. Documenting spider assemblages
assumes greater importance in the context of current rate of loss and degradation of forests which is
known to have detrimental effect on many invertebrate groups. In order to assess the diversity and
distribution of spiders at four sites during the months of May, June, July, October and December 2012,
standard protocol was used to collect the spider community across the study area. The spider
community was found to be represented by 18 taxa. Araneidae was dominant family followed by
Lycosidae, Linyphiidae, Pholcidae, Salticidae, Sparassidae and Clubionidae. Differences in vegetation
cover or human use showed variation in diversity and composition of spiders between different sites.
Forest sites showed relatively higher diversity as compared to meadow sites.

Key words: Spider community, diversity, Araneidae, Gulmarg.

INTRODUCTION

Spiders form a diverse group of invertebrates in varied
ecosystems and are known to be sensitive indicators of
environmental change (Hodge and Vink, 2010). India has
59 of the 110 spider families and at least 1442 formally
described species of the 39,000 known worldwide (Siliwal
et al., 2009). Spiders also have an added advantage of
being conspicuous, amenable to capture by relatively
cheap, easily deployable and replicable techniques.
These attributes make spiders as a group, suitable for
statistical appraisal, comparisons and monitoring of sites
or habitats. Arachnids are an important albeit poorly

studied group of arthropods that play a significant role in
the regulation of other invertebrate populations in most
ecosystems (Russell-Smith, 1999). Spiders, which globally
include about 42,055 described species (Platnick, 2011),
are estimated to be about 60,000-170,000 species
(Coddington and Levi, 1991). They include a significant
portion of the terrestrial arthropod diversity, being one of
the dominant macro invertebrate predator groups in
terrestrial environments (35 - 95%) (Specht and Dondale,
1960; Van Hook, 1971; Moulder and Reichle, 1972;
Edwards et al., 1976).

*Corresponding author. E-mail: wilderness4@gmail.com. Tel: +919018448827 or 9419458248.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License

4.0International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

82 J. Ecol. Nat. Environ.

Spiders are copious in both natural and cultivated
environments, in which their average annual abundance
ranges from 50 to 150 individuals per square meter but
can periodically reach maximal densities of more than
1000 individuals per square meter (Pearse, 1946; Duffey,
1962). They occupy a wide range of spatial and temporal
niches, exhibit taxon and guild responses to environ-
mental change, extreme sensitivity to small changes in
habitat structure, primarily vegetation complexity and
microclimate characteristics (Uetz, 1991). Furthermore,
strong associations exist between plant architecture and
species that capture prey without webs (Duffey, 1962;
Uetz, 1991). Spiders respond distinctly to altered litter
depth, and structural complexity and nutrient content of
litter (Uetz, 1991; Bultman and Uetz, 1982). They employ
a remarkable variety of predation strategies. As they are
generalist predators, they are of immense economic
importance to man because of their ability to suppress
pest abundance in agro ecosystems. The population
densities and species abundance of spider communities
in agricultural fields can be as high as that in natural
ecosystems (Riechert, 1981). In spite of this, they have
not been treated as an important biological control agent
since very little is known of the ecological role of spiders
in pest control (Riechert and Lockley, 1984). Spiders
regulate decomposer populations (Clarke and Grant,
1968) and by doing so, they influence ecosystem
functioning (Lawrence and Wise, 2000, 2004). Their high
biomass also makes them a critical resource for larger
forest predators such as salamanders, small mammals
and birds. Spiders can be used as successful biological
indicators to assess the ‘health’ of an ecosystem because
they can be easily identified and are differentially
responsive to natural and anthropogenic disturbances
(Pearce and Venier, 2006). For a species to be identified
as an effective ecological indicator, it must meet the
primary criteria of being feasible and cost effective to
sample, easily and reliably identified, functionally
significant, and have ability to respond to disturbance in a
consistent manner. Spiders readily meet the first three
criteria. Their high relative abundance, ease of collection
and diversity in habitat preferences and foraging
strategies allow for effective monitoring of site differences
(Yen, 1995). Many studies have widely recommended the
potential of spiders as bioindicators (Duchesne and
McAlpine, 1993; Niemela et al., 1993; Beaudry et al.,
1997; Atlegrim et al., 1997; Churchill, 1997; Duchesne et
al., 1999; Bromham et al., 1999; Werner and Raffa, 2000;
Heyborne et al., 2003). This paper intends to study the
diversity of spiders at different vegetation types.

MATERIALS AND METHODS
Study area

The study was conducted at Gulmarg (Figure 1), Gulmarg literally
means ‘meadow of flowers’. Gulmarg is a town, a hill station and

Kashmir's premier ski resort. It is located 56 km south west of
Srinagar. Gulmarg’s legendary beauty, prime location and proximity
to Srinagar naturally make it one of the premier charming luxury hill
resorts in the country. The study sites selected had relatively
different vegetation and anthropogenic impacts. Site-1 represented
Drang Forest with geographical coordinates of N 34° 02' 04.0" and
E 74° 24" 25" and an elevation of about 2328 m. The site was
having dominant tree cover of Pinus wallichiana and Picea
smithiana, while Taxus baccata was less prominent. The prominent
shrubs were Viburnum grandiflora and Geranum wallicianum. Site-2
represented Drang Meadow (N 34° 03' 35.7" and E 74° 25’ 31.7";
Elevation 2328 m). It was dominated by herbaceous vegetation but
witnessed grazing and anthropogenic activities. Site-3 represented
Gulmarg Forest (N 34° 02' 41.6" and E 74° 23' 09.3"; Elevation
2684 m). This site had a mixed type of vegetation dominated by
Populous migra, Rolinia pseudacacia and dotted with P. wallichiana
trees also. Site-4 represented Gulmarg meadow (N 34° 02' 51.6"
and E 74° 23' 09.3"; Elevation 2687 m).

Spiders have been sampled using many methods, each with its
own limitations, such as direct searches, pitfall traps, canopy
fogging, vegetation beating, litter shifting or extraction, sweap net
and suction sampling (Churchill and Arthru, 1999). Established
sampling protocols for spider collection (Sorensen et al., 2002)
were adopted in different sampling plots. The study was carried out
using belt transects vegetation beating, pitfall traps and leaf litter
extraction. Pitfall traps method was used to capture the spiders
(Curtis, 1980; Kitching et al., 2000). The belt transects were of 10 m
length and 2 m width with sampling restricted to the maximum
height of 1 m. At each site, exercise was conducted for 30 min.
Vegetation beating method is employed to collect spiders living in
the shrub, high herb vegetation, bushes and small trees and
branches (Coddington et al., 1996; Coddington and Levi, 1991).
Spiders were collected by beating the vegetation with a stick and
collecting the samples on a cloth (1 m?. The spiders were
preserved in different vials filled with ethyl alcohol (75-80%) and
marked using a piece of paper with the sample number.

Statistical analysis

No single index encompasses all characteristics of an ideal index,
that is, high discriminate ability, low sensitivity to a sample size, and
ease in calculation (Margurran, 1988). Therefore an observation of
the different indices reflecting species evenness, dominance and
diversity heterogeneity provide some valid viewpoints. Shannon’s
index of diversity (Price, 1997) reflects both evenness and richness
(Colwell and Huston, 1991) and is commonly used in diversity
studies (Krebs, 1989). It is calculated as H = —Y(ni/N)Ln(ni/N); i
=1-n; where n is the number of species and Pi is the proportion of
the ith species in the total. Index of dominance is calculated as
= Y (ni/N)? where ni is the number of individuals of a species and
N is the total number of individuals of all species. Evenness
indicates the degree of homogeneity in abundance between
species and is based on the Shannon index of diversity. Shannon
evenness [E = H/Hmax = H/INS; where H is the Shannon diversity
index and S the number of species in the community] ranges from 0
to 1.

RESULTS
Taxonomical diversity
The spider community (order Araneae) was found to be

represented by 18 taxa. Araneidae was a dominant family
followed by Lycosidae, Linyphiidae, Pholcidae, Salticidae,



Mansoor et al 83

74°23'0"E
i

74°23'30"E 74°24'0"E
i i

74°22°0"E 74°22'30"E
" L
34°4°30"N+
34°4"0"N+
34°3"30"N+
Legend
34°3'0"N- [ Gulmarg
34°2°30"N+
T T

IKilometers
1

Figure 1. Satellite image of the study area (Gulmarg).

Table 1. Monthly variation in spider community density (Ind./m?) at site | from May 2012-

December 2012.

S/IN  Taxa May June July October December Mean (n))
Site | (Drang Forest)
1 Lycosa sp. 6 4 0 0 1 2.2
2 Araneus sp. 2 4 4 3 2 3
3 Obscuriphantes sp. 0 2 0 0 0 0.4
4 Stegodyphus sp. 0 1 0 3 0 0.8
5 Sparassus sp. 0 0 2 4 0 1.2
6 Lepthyphantes sp. 0 0 1 0 0 0.2
7 Pholcus sp. 2 1 2 0 0 1
8 Microlinphia sp. 0 0 0 6 0 1.2
9 Pardosa sp. 0 0 0 2 1 0.6
Total 10 12 9 18 4 10.6

Sparassidae and Clubionidae. Among the four sites
selected, site | (Drang forest) showed the maximum
number of taxa followed by site Ill (Gulmarg Forest), Il
(Drang meadow) and IV (Gulmarg meadow). At site |
(Drang Forest) Araneus sp. was found to be dominant
taxa throughout the study period. Araneus sp. recorded
its maximum density (4 individual/mz) in the month of July
2012 and lowered to 2 individual/m® in the month of
December 2012. While the Lepthyphantes sp. was least
dominant at site | having a maximum density (1

individual/mz) in the month of July and was not recorded
in the month of December (Table 1). At site Il (Drang
Meadow) Lycosa sp. and Padosa sp. were two dominant
taxa throughout the sampling. In the month of June,
Lycosa sp. showed the highest dominance (10
individuals/mz) and was totally absent in the month of
July. While Salticus sp. and Thomisius sp. were present
only in the month of December (Table 2). At site llI
(Gulmarg Forest), Lycosa sp. was found to be dominant
taxa throughout the study period. In the month of June,
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Table 2. Monthly variation in spider community density (Ind. /m?) at site Il from May

2012-December 2012.

SIN  Taxa May June July October December Mean (nj)
Site Il (Drang Meadow)

1 Lycosa sp. 4 10 0 2 4 4

2 Pardosa sp. 4 6 0 4 0 2.8

3 Microlinphia sp. 0 0 3 4 0 1.4

4 Salticus sp. 0 0 0 4 0 0.8

5 Thomisius sp 0 0 0 6 0 1.2
Total 8 16 3 20 4 10.2

Table 3.Monthly Variation in Spider Community Density (Ind./m?) at Site |1l from May 2012-December 2012.

SIN Taxa May June July October December Mean (n;)
Site Il (Gulmarg Forest)
1 Lycosa sp. 3 4 2 1 1 2.2
2 Araneus sp. 2 2 4 2 1 2.2
3 Clubiona sp. 1 0 2 0 0 0.6
4 Dictyna sp. 2 0 2 0 0 0.8
5 Microlinyphia sp. 0 0 2 0 0 0.4
6 Salticus sp. 0 0 4 0 0 0.8
7 Loxosceles sp. 0 0 4 0 0 0.8
8 Pholcus sp. 1 2 3 1 0 1.4
Total 9 8 23 4 2 9.2
Table 4. Monthly variation in spider community density (Ind./m?) at site IV from May
2012-December 2012.
SIN Taxa May June July October December Mean (nj)
Site IV (Gulmarg Meadow)
1 Lycosa sp. 15 2 2 1 0 4
2 Pardosa sp. 4 4 6 2 0 3.2
Total 19 6 8 3 0 7.2
Lycosa sp. showed the highest dominance (4 maximum density (4 individual/mz) in the month of July

individual/m?) and lowest (1 individual/m?) in the month of
December. While Clubiona sp. was least dominant at site
Il having a maximum density (2 individuals/m®) in the
month of July and lowered to 0 individual/m® in the month
of December (Table 3). At site IV (Gulmarg Meadow),
only Lycosa sp. and Pardosa sp. were observed, out of
which Lycosa sp. was found to be more dominant. In the
month of May, Lzycosa sp. showed the highest dominance
(15 individual/m®) but no individuals were recorded during
December. Pardosa sp. was dominant in the month of
July (6 individual/m?) while no individuals were encountered
in the month of December (Table 4). At site | (Drang
Forest), Araneus sp. was found to be dominant taxa
throughout the study period. Araneus sp. recorded its

2012 and lowered to 2 individual/m?® in the month of
December 2012. While Lepthyphantes sp. was least
dominant at site | having a maximum density 1
individual/m? in the month of July and was not recorded in
the month of December.

At site Il (Drang Meadow), Lycosa sp. and Padosa sp.
were two dominant taxa throughout the sampling. In the
month of June, Lycosa sp. showed the highest dominance
(20 individual/mz) and was totally absent in the month of
July. While Salticus sp. and Thomisius sp. were present
only in the month of December.

At site Il (Gulmarg Forest), Lycosa sp. was found to be
dominant taxa throughout the study period. In the month
of June, Lycosa sp. showed the highest dominance



(4 individual/m® and lowest (1 individual/m® in the
month of December. While Clubiona sp. was least dominant
at site 3 having a maximum density (2 individual/mz) in
the month of July and was absent in the month of June,
October and December.

At site IV (Gulmarg Meadow), only Lycosa sp. and
Pardosa sp. were observed, out of which Lycosa sp. was
found to be more dominant. In the month of May, Lycosa
sp. showed the highest dominance (15 individual/m*) and
lowered to O individual/m® in the month of December.
While Pardosa sp. was dominant in the month of July (6
individual/m®) and lowered to 0 individual/m? in the month
of October and December.

Araneus sp. and Lycosa sp. were two dominant taxa
throughout the study period; they are cosmopolitan in
distribution and have high species diversity. However, the
families like Lycosidae and Araneidae are more tolerant
and overcome harsh climatic conditions and can survive
in low temperature.

Also, site | (Drang forest) has high diversity than site Il
(Gulmarg forest), this may be due to the fact that the site
| is away from the dwelling areas and its natural
conditions while the site Il which is a tourist spot is in a
relatively more stress.

Also site Il (Drang meadow) showed high diversity than
site IV (Gulmarg meadow), the reason may be that in site
IV, there is high anthropogenic and more biotic
interferences taking place.

DISCUSSION

Spider community of the study area was found to be

represented by 18 genera belonging to order Araneae.
Araneidae was the dominant family followed by
Lycosidae, Linyphiidae, Pholcidae, Salticidae, Sparassidae
and Clubionidae. Among arthropods, spiders are the
most abundant predators in many terrestrial ecosystems,
playing an important role in ecosystem functioning
throughout habitats (Van Hook, 1971). While spiders in
forest ecosystems contribute to the maintenance of insect
community equilibrium, the distribution of species and the
composition of assemblages are significantly influenced
by environmental conditions (Ziesche and Roth, 2008).
Spiders seem well suited to discriminate habitat type and
quality, since they play important role as diverse and
abundant invertebrate predators in terrestrial ecosystems.
Despite their ecological role in many ecosystems, high
diversity, documented threats and the known imperilment
of some species, spiders have received little attention
from the conservation community (Skerl, 1999). While
this lack of attention may be related to negative public
attitudes towards spiders (Kellert, 1986), a paucity of
compiled information on spider conservation status and
distribution may be a more important issue. However, it is
important that imperiled and vulnerable spiders and other
invertebrates are not left out of conservation planning
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efforts, as they may have unique ecological requirements
or require particular site selection and management
activities.

The diversity of spiders in the two forest sites was
noted to be higher as compared to the two meadow sites.
This may be due to the increased anthropogenic stress in
the meadow areas which lead to the decrease in
biodiversity and also the less availability of food in the
meadow. Meadows are open areas in which there are
high chances of predation. There are several other
environmental factors that may also affect spider species
diversity such as, spatial heterogeneity, competition,
predation, habitat type, environmental stability and
productivity (Rosenzweig, 1995). On the other hand,
forests have large number of microhabitats which help
spiders to escape there predators. Availability of food
also effects diversity. In forests, food is available in
abundance which is another reason why forests show
high diversity as compared to meadow.

Also, the results showed that the number of individuals
recorded from the sampling sites linearly decreased with
the increasing altitude and also found that the family
diversity showed a constant negative value with altitude.
As spiders are sensitive to even small changes in the
environment especially vegetation topography and
climatic changes, patterns of linear decline may also be
probably related to more severe climatic conditions
terrain and landscape of study site. Similar results of
spider abundance and declining linearly with elevation
were observed in the studies of Otto and Swenson (1982)
and McCoy (1990). Diversity is supposed to peak at mid
elevation via primary productivity, which is considered to
peak at mid elevations. The study provides information
on spider community in different ecosystems and the
effects of both biotic and a biotic factors, as well as
anthropogenic impacts on diversity and distribution of
these spiders. Different sites with differences in either
vegetation cover or human use showed variation in
diversity and composition of spiders. The number of
individuals recorded from the sampling sites linearly
decreased with the increasing altitude and also found that
the family diversity showed a constant negative value
with altitude. As was observed from the results of the
study, altitude, habitat type and temperature play an
important role in distribution and composition of spiders.
Forests showed highest diversity as compared to
meadow.

Gulmarg Wild Life sanctuary is interestingly diverse in
spider fauna. During study, it was found that there have
been less attention towards spiders in the state and
therefore similar research in other parts of the Kashmir
valley will surely provide information in this direction. It is
also important to note that spider fauna is ubiquitous in
nature and their diversity cannot be explained by
guantifying one aspect of the environment. It does
depend on many other factors or a combination of
factors, apart from altitudinal variation and habitat
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structure. Looking into these factors would surely bring in
more interesting results which can be relevant for
maintenance and management of spider diversity of this
region.
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Rwampara hills located in South Western Uganda have long been subjected to intensive degradation
due to increased human activities. The hills have been left bare as a result of vegetation clearing for
agricultural land, charcoal burning and grazing. In 1998, the National Environmental Management
Authority (NEMA) attempted to restore the degraded hilly areas with the aim of establishing the
restoration potential. With the cooperation of the local people, NEMA set aside some parts of the hills to
allow natural regeneration, while another parts were planted with exotic tree species mainly Eucalyptus
spp. and Pinus patula. This paper presents findings of an assessment on the level of indigenous
vegetation regeneration in the three zones namely; restored, planted and areas undergoing degradation
due to grazing. The indigenous vegetation was sampled using nested quadrats set along line transects.
The results indicate that species richness was different among the three habitat types with the highest
number (17 species) recorded in the degraded (grazing) area, followed by the restored area (12 species)
and the plantation had the least (10 species). Species density was highest in the restored zone
(289.83/ha) and least (80.2/ha) in the plantation zone. The most common indigenous tree species
regenerating in all the three study zones were; Olea europaea subsp. africana, Albizia adiathifolia and
Markhamia lutea.

Key words: Degraded hills, vegetation regeneration, Western Uganda.

INTRODUCTION

Increased human activities such as agriculture, grazing,
firewood collection and charcoal burning aimed atimproving
livelihoods has caused severe land degradation of marginal
lands, especially in hilly areas of western Uganda.
Population increase and economic growth are primarily
the driving forces behind degradation of these marginal
lands (Olson and Berry, 2003).

The Rwampara hills in Western Uganda have a long
history of land degradation. Past land use patterns and

disturbance regimes have had a profound effect on the
abundance, distribution and diversity of vegetation in the
area. Due to severe effects of degradation, the area has
become prone to agents of erosion. In 1998, the National
Environment Management Authority (NEMA) initiated a
program to restore the degraded ecosystem of Rwampara
hills, with an aim of curbing soil erosion and increase its
biological productivity and, local economic benefits and
environmental services. Some local farmers volunteered
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Figure 1. The study area in Rwampara County, South Western Uganda.

portions of their land for the restoration purpose. These
portions were set to regenerate naturally, while other
parts were planted with eucalyptus and pine. This paper
presents the ecological data on a decade of vegetation
restoration in the degraded areas of Rwampara hills in
western Uganda.

MATERIALS AND METHODS
Study area

Mbarara district in Western Uganda comprises of Rwampara
County. The district is located at Latitude:-0.6132; Longitude:
30.6582 (Figure 1). The landscape consists of rolling hills
intercepted by long, but shallow valleys with wetlands occurring in
the valleys. According to the National Population and Housing
Census of 2002, Rwampara County has a population of 132,802
and a land area of 659.8 km?. The area receives a moderate rainfall
throughout the year with an average rainfall of 1200 m and
temperatures ranging from 17 to 30°C. Two rainy seasons occur in
the area from March to May and September to December, while the
dry spells are experienced from December to February and June to
August. The relative humidity ranges from 80-90% in the mornings
and 48-60% in the evenings throughout the year.

The vegetation in the area consists of ever green and broad
leaves, characteristics of medium attitude tropical rain forests. The
current vegetation is dominated by indigenous and exotic tree
species. The land has been subjected to intensive agricultural
activities, mainly banana cultivation and livestock farming.

Vegetation sampling

Vegetation sampling was conducted in the three zones namely;
degraded, restored and plantation zones. A stratified random
sampling method was applied within the three zones. The principle
of stratification was that the vegetation of the area under investi-
gation was divided up before samples are chosen on the basis of
major and usually obvious variations within the habitat (Kent and
Coker 1996). The reason for this method of stratification was to
sample zones of vegetation subject to different gradients and
management regimes.

The vegetation was sampled using nested quadrats set along
line transects as described in Kent and Coker (1996). The transect
lines were set in the three vegetation zones namely; restored zone,
degraded zone and plantation zones. A total of 12 line transects,
each measuring 100 m long were positioned in such a way that
they ran from the bottom of the hill to the top, so as to sample
different vegetation starata. Systematic sampling which involved the
location of nested sampling points at regular intervals was
employed (Kent and Coker, 1996). In each line transect, a series of
nested plots were established in an alternating left and right as
employed by Kasenene (1987) and Lejju (1999). A series of 15 x 15
m plots were set up at regular intervals of 20 m apart using a
measuring tape. Within each plot of 15 x 15m, a series of nested
guadrat measuring 10 x 10 m, followed by 5 x 5 m and 2 x 2 m
were established to enumerate trees of different size classes that
occupy different vegetation strata. Large tree size class measuring
2= 15 cm dbh (1.3 m) were sampled in 15 x 15 m plot, followed by
small trees (dbh 10 -< 15 cm) sampled in 10 m x 10 m plots. Poles
(5 — <10 cm, dbh) and saplings (dbh 2 - <5 cm) were sampled in 5 x
5 m plot, whereas seedlings (< 2 cm) were sampled from 1 x 1 m
plots.
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Table 1. Species richness, R and Shannon Diversity Indices (H) of trees of different size-classes recorded in

Restored, Degraded and plantation zones.

Diameter size-classes (dbh)

Study site Diversity indices Seedlings  Sapling Poles Small tree  Large trees
(<2cm) (2-<5cm) (5-<10cm) (10-<15cm) (215cm)

Restored R 12 12 6 4 1

H 1.85 1.89 1.15 1.09 0.00
Degraded R 12 12 7 8 1

H 2.26 251 1.78 1.99 0.00
Plantation R 10 7 1 0 0

H 2.07 1.68 0.00 0.00 0.00

*R= Species richness, H = Diversity index.

Species diversity and richness

Plant species diversity was calculated from Shannon’s diversity
index, H = —% piloge piwhere Pi = is the proportion of each species
in the sample (Bibi and Ali, 2013). Species richness, R was
calculated as measure of the number of species found in a sample
or zone.

Important value index (IVI)

To obtain importance value index, the frequency, density, and
dominance of each species was determined in each zone. Then, IVI
was calculated as;

Importance value = Relative frequency + Relative density + Relative
dominance

Where;

Relative frequency: Number of occurrences of one species as a
percentage of the total number of occurrences of all species.
Relative density: Number of individuals of one species as a
percentage of the total number of individuals of all species.

Relative basal area (dominance): Total basal area of one species
as a percentage of the total basal area of all species.

Absolute density: This was determined by summing up the
number of individuals found in each plot and divide by the number
of plots. Average species density = (density in plot 1) + (density in
plot 2) + (density in plot X) /total number of plots.

RESULTS
Species richness and diversity

Species richness and diversity indices of different
diameter size classes in the three vegetation zones are
presented in Table 1. The results show that in the
restored area, species richness ranged from 1 species for
large tree size class = 15 cm dbh to 12 species for
seedlings and poles (Table 1). Similarly in the degraded
area, species richness ranged from 1 species for large
trees to 12 species for seedlings and poles. However, in

the plantation zone, the highest number of species (10)
was recorded for seedlings and none for small trees and
large trees.

The Shannon diversity index, H of restored zone was
highest (1.89) in saplings (2-< 5 cm dbh) followed by
seedlings (1.85) and lowest (0.00) in large trees (=15 cm,
dbh), while in the degraded zone, the H' values ranged
from 1.78 for poles (5-< 10 cm, dbh) to 2.51 for seedlings
(<2 cm dbh). In the plantation zone the diversity index
ranged from 1.68 to 2.07.

Among the three vegetation zones, the degraded zone
is more diverse (2.51) for saplings than the restored
(1.89) and plantation (1.68). Generally, the seedlings
(dbh <2 cm) recorded the highest diversity indices, and
large trees had the least diversity in all the three study
sites.

Tree densities (No/ha) of different size classes

The log density stand curves of different size-classes in
plantation, restored and degraded zones are presented in
Figure 2. There was a general decrease in log density for
all the tree size classes in all the three habitats from
seedlings to large trees. In the restored and degraded
areas, the log density decrease was gradual, while in the
plantation zone, the log density decreased sharply to
zero at poles.

Absolute density of tree species in different study
zones

The absolute density (No/ha) of tree species recorded in
degraded, restored and plantation zones are presented in
Table 3. Markhamia lutea (had the highest density
(1076/ha) in the restored zone followed by Albizia
adiathifolia (705/ha) and Olea europaea subsp. africana
(600/ha). Within the degraded zone, Tetrochidium
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didymostemon had the highest density (64/ha) followed
by Senna didymobotrya (957/ha) and Cordia africana
(55/ha). In the plantation zone, Olea europaea subsp.
africana had the highest density (190/ha) followed by A.
adiathifolia (17/ha) and Solanecio manii (117/ha). Three
species namely; O. europaea subsp. african, A.
adiathifolia and M. lutea occurred in the three zones with
M. lutea contributing the highest density (38/ha) in the
restored zone, while A. adiathifolia had the least density
(7/ha) recorded in the degraded zone. Generally the
restored zone had the highest tree density compared to
the plantation and degraded zones (H=17.12, df=2,
P=0.000) (Table 2).

Principal component scatter diagram in Figure 3 was
used to explain the species density in the restored,
plantation and degraded zone. As you move towards the
right hand side, there is less disturbance and hence high
plant densities while as you move towards the left hand
side, there is high disturbance and hence lower densities
but many varieties of plant species.

Importance Value Indices (IVI) for tree species

Importance value indices (IVI) calculated from relative
densities, relative frequency and relative dominance for
all the tree species recorded in the natural, degraded and
plantation zones are presented in Table 3. In restored
zone, O. europaea subsp. Africana had the highest
importance value (271.2) followed by A. adiathifolia
(147.1) and M. lutea (105.4). Whereas in the degraded
zone, A. adiathifolia had the highest 1VI (127.1) followed
by Croton sylvaticus (96.8) and Cordia Africana (50.3),
while in the plantation, O. europaea subsp. africana had

the highest VI (222.1) followed by A. adiathifolia (66.5)
and M. lutea (47.3).

DISCUSSION

The higher values of species richness recorded in the
degraded area in comparison with restored and plantation
zones are an indication of high levels of regeneration
following disturbance in the degraded hills. The study
also indicated that following disturbance, re-growth of
new species, which are either from the soil seed store or
are dispersed into the site from the outside, occurred
efficiently.

Bazzaz (1984) stated that most disturbances create
highly heterogeneous habitats that recruit different
species and play out different growth scenarios. Some of
the agents of disturbances in the study area included
fires, overgrazing and cultivation and this caused the
creation of gaps. Lamb (1990) found that forests are
subject to a number of naturally occurring disturbances
that produce a range of different sized gaps (spaces).
This led to creation of space for new tree species.

The lower species richness observed in the restored
zone compared to the degraded zone could be due to the
slow regeneration rates of some species. Studies by
Hooper et al. (2004) noted that fire significantly affected
species composition and decreased species richness
because most species had either their resprouting ability
or seed germination inhibited by fire and this could be the
case in the restored area. This is in agreement with
studies done by Uhl et al. (1988) and Nepstad et al.
(1990). Restoration in the area that begun 10 years back
after several agents of disturbances, the zone consists of
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Table 2. Absolute densities (No/ha) recorded in the restored, degraded and plantation zones.

Species

Restored Zone

Degraded Zone Plantation zone

Olea europaea subsp. Africana

Albizia adiathifolia (Schumach.) W.F. Wight
Markhamia lutea (Benth.) K. Schum
Syzygium cordatum Hochst.ex Krauss
Acacia hockii De Wild

Peddiea fischeri Engl.

Pittosporum spathicalyx De Wild.

Myriathus holstii Engl.

Bridelia micrantha(Hochst.) Baill

Solanecio manii (Hook.f.) C.Jeffery
Allophylus macrobotrys Gilg.

Olea welwitschii(Knobl.) Gilg& Schellenb
Sapium ellipticum(Hochst. Ex Krauss) Pax
Albizia coriaria Welw.ex Oliv

Senna didymobotrya (Fresen.)lrwin & Barneby
Antiaris toxicoria(Rump h.ex Pers.) Lesch.
Polyscias fulva(Hiern) Harms

Cyphomandra batacea F |. Neotrop.Monogr.
Macaranga kilimandscharica Pax

Senna bicapsularis(L.) Roxb

Maes lanceolata Forsk.

Albizia gumefera Welw.ex Oliv

Cordia Africana Burm.f.

Vernonia amygdalina Del.

Erythrina abyssinica Lam. Ex DC

Ficus natelensis Hochst.

Acanthus pubescens(Thomson ex Oliv.) Engl.
Tetrochidiumdidymostemon (Baill.) Pax & K.Hoffm.
Diospyros abyssinica(Hiern) F. White

Croton sylvaticus Hochst.

Ficus natelensis Hochst.

Acanthus pubescens(Thomson ex Oliv.) Eng
Tetrochidiumdidymostemon (Baill.) Pax & K.Hoffm
Diospyros abyssinica(Hiern) F. White

Croton sylvaticus Hochst.

Total

600 12 190
705 7 162
1076 38 110
112 - 76

46 - -
219 - -
129 - 45
205 - -

76 - -
217 - 117

60 - -

33 - -

- 31 -
- 45 -
- 57 -
- - 29
- - 21
- - 7
- - 45
- 21 -
- 2 -
- 26 -
- 55 -
- 52 -
- 48 -
- 17 -
- 19 -
- 64 -
- 48 -
- 43 -
17 -
- 19 -
- 64 -
- 48 -
43
289.83 34.41 80.2

mostly secondary species. Species regenerated from
seeds but primary species owed their presence in
regeneration to their ability to reproduce vegetatively.
Some seeds require fires to break their dormancy and if
the rains come soon after, this enables regeneration.
Species richness was low in restored zone because
some species like O. europea subsp. africana have a
slow growth rate.

However, the low number of species obtained in the
plantation zone could be attributed to suppression of
indigenous trees by the eucalyptus trees. This agrees
with results obtained by Lejju (1999) that eucalyptus
suppresses the growth of native species, hence the

reason for low species richness.

In general, the regeneration pattern of tree species
varied in each study site and human disturbance could
have influenced seed dispersal mechanism, fruiting,
germination and regeneration of tree species.

The degraded zone was more diverse and showed
higher equitability than other areas. The high diversity of
indigenous tree species in the lower size classes
(seedlings and saplings) for all the three study sites is an
indicator of regeneration. Large size classes showed
lower diversity and density indicating low survival rate of
seedlings into the large size class. This is in agreement
with the results obtained by Grubb (1977) and Lejju
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Table 3. Importance value indices for tree species recorded in the restored, degraded and

plantation zones.

Tree species

Importance value indices

Restored zone Degraded zone Plantation zone

Olea europaea subsp. africana 271.2
Albizia adiathifolia 147.1
Markhamia lutea 105.4
Syzygium cordatum 125
Acacia hockii 6.64
Peddiea fischeri 20.5
Pittosporum spathicalyx 135
Myriathus holstii 19.8
Bridelia micrantha 8.5

Solanecio manii 30.6
Allophylus macrobotrys 38.6
Olea welwitschii 25.7

Sapium ellipticum -
Albizia coriaria -
Senna didymobotrya -
Antiaris toxicoria -
Polyscias fulva -
Cyphomandra batacea -
Macaranga kilimandscharica -
Senna bicapsularis -
Maes lanceolata -
Albizia gumefera -
Cordia africana -
Vernonia amygdalina -
Erythrina abyssinica -
Ficus natelensis -
Acanthus pubescens -
Tetrochidium didymostemon -
Diospyros abyssinica -
Croton sylvaticus -

9.3 2221
127.1 66.5
27.1 47.3

- 34.5
- 27.1
- 52.1

35.0 -
42.8 -
36.3 -

- 8.2
- 3.34
- 28.7
- 10.0

13.6 -
10.9 -
294 -
50.3 -
33.4 -
62.9 -
32.3 -
28.1 -
38.4 -
26.3 -
96.8 -

(1999) who pointed out that the younger size class is
usually numerous compared to the older size class. This
is due to the fact that mortality rate is high in early stages
of life because of predation, desiccation and competition
as well as removal by human activities.

Janzen and Vazquez-Yanes (1978) stated that on
tropical mainland, more than 90% of all tree species have
more than 50% of their seeds killed by animals and fungi
between fruit set and seed germination. Some seeds land
in places where the seedlings have no chance of survival
and so a few may reach maturity. On the other hand,
lower number of large trees recorded in the degraded
area could probably be due to selective removal of some
trees during harvesting, while the low diversity of large
size class trees in the restored area could be due to
dominance caused by some species.

Bawa (1983) pointed out that tree species in a tropical

rainforest display much variation in timing, duration and
frequency of flowering and this could be the case in
Rwampara. Species vary considerably in duration of
flowering which extends from a few days in some species
to several months in others. Lower diversity of large size
classes in the plantation zone could be attributed to
suppression by eucalyptus and Pinus patula in the area.
It could be that the gaps are small and so the shade
intolerant species begin to die as soon as maturation
starts.

Rwampara hilly areashave been influenced by human
activities such as agriculture and fire. High abundance of
some tree species suggests a form of dispersal and plant
utilization. For instance, O. europea subsp. africana, M.
lutea and Tetrochidium didymostemon were highly
abundant in the restored, plantation and degraded zones
respectively. Plants become established either from the
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Figure 3. A principal component analysis (PCA) diagrams showing the absolute densities of plant species in the study area.

seedling pool, soil seed store, vegetative re-growth and
dispersed seeds. Olea europea subsp. africana can
regenerate from wildings and seedlings and M. lutea from
wildings, seedlings and cuttings.

Several tree species like Sampium ellipticum, M. lutea,
Peddiea fischeri and Pittosporum spathicalyx. had
several seed or fruit dispersal mechanisms and they may
also regenerate from coppice or root suckers apart from
wildlings, direct sowing and seedlings.

O. europea subsp. africana and Albizia adiathifolia had
the lowest densities in the degraded area compared to
the restored and plantation areas. Olea europea subsp.
africana is highly used by the local community for
firewood, charcoal, medicine, poles, walking sticks, tool
handles and environmental purposes such as soll
conservation and this could be the reason why it is low in
the degraded area. Olea europea subsp. africana is also
a slow growing tree so once it is harvested; it takes long
to re-grow (Katende et al., 1995). Currently the restored
and plantation zones are restricted from harvesting.

Maesa lanceolata had the lowest density in the
degraded area than other species yet it is a fast growing
tree. This could be attributed to the rate it is harvested
since the local people use it to treat diseases like ulcers,
diarrhoea and febrile convulsions in children. Some
species like Olea europea subsp. africana and Peddiea
fischeri are slow growing yet are highly diverse in

restored and plantation zones. This could be because
both restored and plantation zones are restricted from
harvesting, hence allowing them time to regenerate.

Polyscias fulva had the lowest density in the plantation
zone yet it is a fast growing tree species. The reason for
this is that it is highly harvested for firewood, timber, and
bee hive making. Polyscias fulva is a light demanding
species (Omeja et al., 2001) but being in the plantation
zone it is shedded and so its growth is suppressed.

Vegetation sampling from the study indicated a high
number of indigenous tree species in the lower size-class
in all the study sites. Large size class trees had low
densities and this could be due to the low survival rate of
seedlings into large trees. Hartshorn (1978) and Schulz
(1960) have shown that size class distribution of tree
diameters of tropical forests show a reverse J-shape or
negative exponential distribution which is in agreement
with the results of this study.

The high densities of seedlings of exotic species are an
indication of higher initial recruitment in the lower size
class (Richards, 1966). The fewer numbers of large size-
class could be due to the high rate of larger tree
harvesting by local people. Lejju (1999) also observed a
similar trend of size class distribution in Mgahinga Gorilla
National Park. The high densities of seedlings in all the
three zones indicated the importance of the presence of
propagules in determining the composition of early
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successional communities and their establishment.

Conclusion

The regeneration pattern of the indigenous tree species
in Rwampara hills varied in each study site because of
human disturbance which could have influenced seed
dispersal mechanism, fruiting, germination and regenera-
tion of tree species. The indigenous and exotic trees are
very essential to the rural people and this was recognized
from the resources harvested.
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