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Introduction

Human exploitation of biodiversity and conservation: a question of balance?

The sustainable use of the components of biodiversity is one of the three key
objectives of the 1992 Convention on Biological Diversity'. But this far from a
new idea. The need to strike a balance between human utilization and con-
servation is at the heart of the UNESCO Man and the Biosphere (MAB)
Programme launched in 1971; there are now 482 Biosphere Reserves in 102
countries,““living laboratories for people and nature”. Is not the key to con-
serving biodiversity long-term securing the commitment of those who use it?
Local peoples are the front-line of the exploitation vs. conservation conflict,
whether in Amazonas, Kalimantan, the Pacific North-West, or the Camarge.
Sound conservation practice has to be recognized as beneficial and im-
plemented by the people who use it from subsistence farmers to skiers and
pharmaceutical bioprospectors. Fortunately, there is now a hightened concern
over biodiversity conservation and the state of the environment than ever
before. Voluntary groups undertake work to protect endangered species, create
and maintain new biodiversity reserves, and prevent the destruction of natural
habitats. But, more critically, the numbers of conservation- and en-
vironmentally-aware has passed a‘“tipping point” and is influencing policy
from the global to the local level.

At the same time, indigenous peoples utilize enormous numbers of plants,
fungi, and fish particularly for foods and medicines. This has to be allowed for
in conservation planning, and is a source of potentially new food sources. The
world’s staple foods, of which potatoes and rice are prime examples, were first
exploited by indigenous groups. Yet over-exploitation can drive species to-
wards extinction, from tigers in south-east Asia to North Sea Cod, the South
Indian Lady’s Slipper orchid and Giant Pitcher plants, and even perhaps to
Matsutake mushrooms. Use of particular species has to be monitored and
controlled, and fortunately such cases are increasingly the subject of interna-
tional agreements, for example under the Convention on Trade in Endangered
Species of Wild Fauna and Flora (CITES).

The range of issues of concern on this theme is enormous, and this issue
gathers together a wide range of papers submitted to Biodiversity and

' The other two are the conservation of biological diversity, and the equitable sharing of benefits
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Conservation, contributions addressing diverse aspects of front-line human
involvement in biodiversity exploitation and conservation. Collectively, they
provide a snap-shot of on-going action and state-of-the-art research, and as
such it is envisaged that having these together in one number of the journal will
be particularly convenient to those running courses including biodiversity and/
or conservation issues, and to advanced students and researchers working in
related fields. The scope of the included papers embraces cases involving, birds,
crop plants, invertebrates, land use changes, livestock, mammals, marine or-
ganisms, and medicinal plants. Issues related to the importance of gardens,
hedges and green lanes, housing developments, hunting, invasive species, local
community involvement, sacred groves, socioeconomic factors, and trade.
Examples presented here come from studies in 17 countries including ones in
Africa, Asia, Europe, and North and South America.

In my experience, specialists on one group of organisms can find solutions or
approaches to problems they are addressing by looking at the methods used in
other groups of organisms. This compilation provides an opportunity to see a
wide range of original papers in which methodologies that may be pertinent to,
or have analogues with, research in another, and hopefully stimulate research
in this critical aspect of the conservation of biodiversity. Advances in science
paradigms in a particular field are commonly a result of knowledge transfer
from one area to another, and I learnt long ago that this is especially relevant in
issues related to biodiversity and conservation studies where so many papers
are embedded in organismal focussed journals. Indeed, this is why I have found
Biodiversity and Conservation of such value to me personally in my own work
on fungi since it was launched in 1992.

The papers included here on topical cases will I hope stimulate your thoughts
and future work programmes. Collectively such work is critical to attainting a
sustainable balance between the conservation and sustainable exploitation of
biodiversity, and ultimately a positive prognosis for the long-term prospects for
human societies on planet Earth.

DAVID L. HAWKSWORTH
The Yellow House, Calle Aguila 12,
Colonia La Maliciosa,

Mataelpino, Madrid 28492, Spain.
E-mail: myconova@terra.es
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Abstract Demographic and socioeconomic factors of individual people and households may have
significant impacts on their environment, which in turn may affect the spatio-temporal dynamics of
wildlife habitat and local biodiversity. In the Wolong Nature Reserve (China) for giant panda
conservation, local households live a rural lifestyle that has caused forest degradation by activities
such as cutting fuelwood. Based on field data and a spatial agent-based model that integrates cross-
scale data and cross-discipline models, we examine how panda habitat would respond to changes in
a set of socioeconomic and demographic factors individually, and under a conservation scenario
and a development scenario (setting factors to values that would benefit or degrade habitat,
respectively). The model simulates each family member’s life history (including needs, attitudes,
and activities) and the household agents’ interactions with each other and with the environment
through their activities over 30 years. Our simulations show that among all the factors under
consideration, providing cheaper electricity and changing the age structure through increasing
marriage age or prolonging the interval between consecutive births could change habitat quantity
significantly (at o = 0.05 level); and the differences in panda habitat between the two scenarios
escalate over time. In addition to benefiting local policy-making, this study provides a new ap-
proach to studying human—environment interactions from the perspectives of individual needs and
decisions.

Introduction

Human activities have radically altered the earth’s surface, oceans, and
atmosphere, especially over the past 200 years (Turner 1990), which reminds
the current generation of the warning by Malthus that unrestrained population
growth would eventually be limited by fixed natural resources (Malthus 1798).
To address this serious situation, many researchers have called for efforts to
study effects of human activities upon the environment. In particular, changes
in human demographic and socioeconomic factors (e.g., public policy) have
exerted great impacts on the environment and need to be paid more attention
(e.g., Pebley 1998; Liu et al. 1999a; Liu 2001; Lambin 2003). Pebley (1998)
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suggested that environmental issues (such as effects of demographic variables
on environmental outcomes) become one of the mainstream topics in
demography rather than peripheral topics as in the past.

An increasing number of researchers, including ecologists, geographers,
sociologists, and demographers, have conducted studies to understand human—
environment interactions (e.g., Liu et al. 1999a; Perz 2001; Axinn and Barber
2003). However, there are few studies of the impacts of socioeconomic and
demographic factors on the environment at an individual or household level in
a spatially explicit manner, partially due to the complexities of many social or
individual choices in the coupled society-biodiversity systems (United States
National Research Council 1999). Such systems usually have variant socio-
economic, demographic, and/or biodiversity factors, coupled with many
nonlinear relationships and heterogeneous spatial structures.

Drastic socioeconomic and demographic changes that have occurred in
China over the last 2 decades may provide excellent opportunities (sometimes
challenges) for researchers focusing on human-environment interactions.
First, China has implemented an increasingly strict policy of family planning
to curb its rapidly growing population. The ‘later, longer, and fewer’ (wan xi
shao) campaign, implemented since the late 1970s, encouraged (required in
some sense) couples to bear children at an older age (later), prolong the
interval between two consecutive births if more than one child is allowed
(longer), and have as fewer children as possible (fewer). This plan later
developed into the more strict one-child policy (Feng and Hao 1992). As a
result, China’s total fertility rate (TFR) dropped greatly from 3.0 in 1979
(Hussain 2002) to 1.8 in the early 1990s, and could be as low as 1.6 in the
near future (Wong 2001). Due to the big population base, China’s total
population reached 1.24 billion in 2000 (Liang and Ma in press) in spite of
this decreasing fertility.

In addition to changes in population size, China’s population structure has
changed substantially, characterized by a decreased proportion of children
(0—-14) and an increased proportion of working-age (15-64 years old) groups
over the past 3 decades (Hussain 2002). In parallel with this trend, another
important phenomenon is the decline in household size, which has significant
implications because smaller household size would cause higher per capita
resource consumption (Liu et al. 2003a). Traditionally, Chinese people have
been accustomed to a lifestyle of many generations under one roof (Liu et al.
1999a, 2001; An et al. 2003a), but this tradition has been increasingly chal-
lenged by the younger generation. In rural areas of China, the patrilineal
extended family is still the prevailing order, and the majority of the elderly
people tend to live with their children, with sons in particular (Cooney and Shi
1987). The research by An et al. (2003a), however, has shown that though the
young adults care about the adverse effects associated with leaving their
parental homes (such as housework and taking care of young children), many
of them still prefer to live independently as long as resources (land and timber
in particular) allow them to do so.
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As the Chinese economy grows rapidly, cities continue to have a rising
demand for migrant labor, resulting in a rapid rise of floating population
(temporary migrants who stay at their places of destination over 6 months
without permanent household registration status) that flows mostly from rural
areas to coastal regions (Liang 2001). The floating population is estimated to
be over 79 million in 2000, accounting for 6.34% of China’s total population
(Liang and Ma in press). On the one hand, this type of migration has pro-
vided a timely outlet for rural surplus labor and an opportunity for many
farmers to earn much higher incomes than their original subsistence farming.
On the other hand, it has led to a separation of temporary migrants’ actual
residence from their de jure residence (Yang 2000), which may affect both the
destination and origin communities in many aspects such as environmental
quality.

All the above-mentioned facts, to varying degrees, may have implications for
biodiversity conservation. We are interested in how changes in some demo-
graphic features (e.g., age structure, fertility) and socioeconomic factors in a
specific area could lead to changes in local biodiversity over time in a spatially
explicit manner. A piecemeal treatment is obviously not effective because the
underlying mechanisms and interrelationships among different subsystems are
ignored or not paid sufficient attention. On the contrary, it is necessary to
integrate various parts together and consider the interactions among various
systems while developing policies or taking actions for conservation purposes.
In this context, the questions of interest in this study include: (1) What
demographic/socioeconomic factors would have significant impacts on the
dynamics of local biodiversity? (2) Given changes in one factor or a combi-
nation of factors, how would local biodiversity respond accordingly over time
and space?

Methods
Study site

An excellent site for studying these issues is the Wolong Nature Reserve
(Figure 1). Designated in 1963 with an area of 200 km? and expanded to
approximately 2,000 km? in 1975, Wolong Nature Reserve has a human set-
tlement comprised primarily (approximately 75%) of Tibetan residents. The
giant panda (Ailuropoda melanoleuca) has declined substantially in the reserve
from 145 animals in 1974 (Schaller et al. 1985) to 72 in 1986 (China’s Ministry
of Forestry and World Wildlife Fund 1989) partly due to serious habitat
degradation resulting from human deforestation. In addition to dislodging
pandas from human residence areas, local inhabitants cut wood from sur-
rounding forests for cooking and heating their households, while pandas de-
pend on most of these forests as cover, shelter, and their understory bamboo as
staple food (Liu et al. 2001). The past two decades have witnessed a continued
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Figure 1. The location and elevation of Wolong Nature Reserve in China. The unit of elevation is
meter.

increase in annual fuelwood consumption (from 4,000 to 10,000 m?), which has
caused a reduction of over 20,000 ha of panda habitat (Liu et al. 1999a). Panda
habitat is used as an indicator of local biodiversity because over 2,200 animal/
insect species and 4,000 plant species cohabit with the giant pandas in the
reserve (Wolong Nature Reserve 1987).

The human population has increased at a rapid rate of 69% (from 2560
people in 1975 to 4320 people in 1998) despite the nationwide ‘wan, xi, shao’
campaign and the later one-child policy. Wolong Nature Reserve, as a rural
area mostly composed of minority groups and a ‘flagship’ reserve in China,
enjoys some special policies. For instance, it allowed three children per couple,
especially in some remote areas in the reserve. Its fertility was 2.5 between 1975
and 1999 (Liu et al. 1999a). However, recent years have seen a draconian policy
of two children per couple, even for minority groups in remote areas. Paral-
leling the increase in population, the number of households has escalated at an
even higher rate (124%, from 421 households in 1975 to 942 households in
1998). The population age structure in Wolong, as in the entire country, has
been characterized by an increased proportion of working-age (Figure 2a
and b). It is reported that the more young adults live in Wolong, the more
forest may be cut down and more habitat may be degraded (Liu et al. 1999a).
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(a) Age and Sex Structure in 1982 (b) Age and Sex Structure in 2000
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Figure 2. (a) Age and sex structure in 1982. (b) Age and sex structure in 2000. (c) Number of
mothers who give birth to their youngest children at varying ages.

Temporary migration has occurred in Wolong as in other rural areas,
characterized by the following facts. First, there are much fewer local residents
(compared to other regions) who have temporary jobs in cities, which may arise
from its special standing as a nature reserve. For instance, local people enjoy
some special benefits (subsidies and lower taxes) and have less motivation to
migrate to cities. Second, the rapidly growing local eco-tourism (centered on
watching pandas in the reserve’s breeding center) has provided some job
opportunities for local residents. For instance, some young people work in
local restaurants, some sell tourism souvenirs, and some collect Chinese
medicine herbs and sell them to tourists. Last, most of the temporary workers
with jobs in cities come back for the Chinese new year (spring festival), and
some to help in agriculturally busy months. Therefore, these types of people are
still considered as local population in this study because our major concern is
the use of resources (land and forest in particular), and these people are still
entitled to land and participate in most of the local resource use activities such
as fuelwood collection and farming.
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Some people (including a portion of these temporary workers) marry people
in cities or other rural areas and move out permanently. This is the major form
of out-migration in Wolong. Another form of out-migration is through young
people’s education: when young people who go to colleges or technical schools
find jobs in cities after graduation, they settle down elsewhere (Liu et al.
1999a). According to Liu et al. (2001), elder people in Wolong do not want to
relocate due to various reasons such as lack of skills to make a living in other
areas and an inability to adapt to the outside environment. However, they
encourage their children or grandchildren to emigrate through obtaining
higher education. On the other hand, a small number of outside people move
into the reserve each year and obtain permanent residence through marriage.

The local residents follow a rural lifestyle, characterized by satisfying their
subsistence needs directly from, forests and cropland. They grow potatoes and
corn primarily for pig fodders, and raise pigs for consumption and sale to
tourists. Because of their belief that pig fodder should be well cooked prior to
feeding pigs, they use a large portion of their fuelwood to cook pig fodder each
year. Electricity, the likely substitute for fuelwood, is subject to problems such
as relatively high price, unstable quality, and some degree of safety concerns.
Our study of switch probabilities under different socioeconomic conditions
shows that lowering price, increasing voltage, and decreasing outage frequency
can encourage local residents to use electricity as a substitute for fuelwood,
thus reducing forest degradation (An et al. 2002).

Model

With an excellent study site and a wealth of data (see Section ‘Data preparation
and integration’), we have developed an Integrative Model for Simulating

Contextual Factors II

N
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Figure 3. Model structure of IMSHED (modified from An et al. 2003b).
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Household and Ecosystem Dynamics (IMSHED; see An et al. 2003b), which
studies many complexities in the coupled human—environment system of
Wolong by integrating agent-based modeling (ABM), traditional equation-
based models, and geographic information systems (GIS). ABM is a
methodology that predicts or explains emergent phenomena by tracking mul-
tiple microlevel ‘agents’ that constitute or at least impact the system behavior
observed at higher levels (Jiang and Gimblett 2002). Agents, usually with some
degree of self-awareness, intelligence, autonomous behavior, and knowledge of
the environment and other agents, adjust their own actions in response to
changes in the environmental or other agents’ behavior (Lim et al. 2002).

The model structure is illustrated in Figure 3. IMSHED views individual
persons, households, and land pixels as discrete agents or objects. The layer of
dashed households in the dashed box represents households in the Wolong
landscape at a past time, while the layer of solid ones represents households in
the same landscape but at a later time (our introduction focuses on this layer).
All the existing households come from the past and will move into the future,
and many events (listed below) could happen during this process.

Birth and death

Based on the current family planning policy (2.0 children/couple) and our field
observations (e.g., many couples prefer more than 2 children, but usually not
more than 5), we set the average fertility to be 2.5 children/woman, while
allowing couples to have 0, 1, 2, 3, 4, and 5 children with varying probabilities
(for details see An et al. 2003b). When a specific female under consideration
reaches a certain age (22, the average age at first marriage; see Hussain 2002)
and finds a spouse (see Marriage below), she can give birth to a number of
children (the number set by fertility as mentioned above) at appropriate times:
the birth time of her first child is set by a parameter first kid interval, and the
birth time of her other children (if possible) is set by a parameter birth interval
(the time between two consecutive children).

People in Wolong at different age groups face different mortality rates (An
et al. 2001). If the random number generator creates a number smaller than
mortality rate corresponding to the age group that the person belongs to, he/
she dies; otherwise the person survives and moves to the next year.

Marriage

Marriages occur when people reach 22 or above with a decreasing probability
as they become older. When a female or male chooses to marry a person within
the reserve, the resultant household location differs, and the specific rules are
explained later in ‘Household dynamics’. On a yearly basis, all the people are
categorized into four groups: (1) young group for those under 22 years old and
unmarried people (males and females), (2) single male group for all single males
over 22 years old, (3) single female group for all single females over 22 years
old, and (4) married group for all females and males who have spouses with
them.
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Migration

Based on the migration situation as mentioned in Section ‘Study site’, we
consider three types of migrations: (1) local people marry people outside the
reserve (usually people in richer areas) and move out permanently, (2) people
outside the reserve marry local people and move into the reserve, and (3) young
people go to college and reside elsewhere after graduation. Other types of
migrations into Wolong are not allowed by law and local policy to conserve the
giant panda. We use stochastic processes to control the number of out-mi-
grants and in-migrants: if the random number generator produces a number
smaller than any of the rates below in a given year, then the associated event
would occur for that specific person under consideration.

The following rates control migrations in the model. (1) College attendance
rate: the ratio between the number of people who go to college and the total
number of people between 16 and 22 years of age in a given year. (2) Female
marry-out rate: the ratio between the number of females between 22 and
30 years old who move outside the reserve through marriage and the total
number of females between 22 and 30 years old in a given year. We use 22 as
the lower limit because it is the average marriage age, and 30 as the upper limit
because most of the people who migrate through marriage are young people
not older than 30 years old (An, field observations). Some females marry
people outside the reserve through a social network as mentioned above, e.g.,
introduction by relatives who migrated earlier. This is also true for other
migration types as follows. (3) Male marry-out rate: the ratio between the
number of males between 22 and 30 years old who move outside the reserve
through marriage and the total number of males between 22 and 30 years old
in a given year. (4) Female marry-in rate: the ratio between the number of
males of 22 and 30 years old who bring outside females into the reserve
through marriage and the total number of males of 22-30 years old in a given
year. (5) Male marry-in rate: the ratio between the number of females of 22 and
30 years old who bring outside males into the reserve through marriage and the
total number of males of 22-30 years old people in a given year.

Household dynamics

A parameter leave-home intention controls whether a ‘parental-home dweller’
establishes a new household after marriage. The parental-home dweller may be
(1) a male who has no siblings, (2) a male who has only female siblings, (3) a
male who is the youngest male sibling among brothers, (4) a female who has no
siblings, or (5) a female who has only female siblings and is the youngest
among these female siblings. We do not consider such situations as single-
mothers or divorces because they are not that common in Wolong (An, field
observations). Leave-home intention is determined or influenced by a set of
psychosocial factors, including resource availability (primarily land and tim-
ber) and demographic structure of the parental household (An et al. 2003a). If
a person is not a parental-home dweller, he/she leaves the parental home and
establishes his/her own household after marriage; if he/she is, he/she does so
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with the probability specified by the parameter leave-home intention (with the
default of 0.42 based on our field data). The new household is located in the
vicinity of the parental household (the distance between the two households is
controlled by a parameter with the default of 800 m) with appropriate eleva-
tion and slope (not over 2610 m and 37°, respectively, based on our field data).

The model updates the household dynamics (size and structure) at a yearly
basis. Household size increases or decreases when people move into or out of
the household under consideration through processes as described above (e.g.,
birth, death, move-in or move-out through marriage). When the number of
people in a household becomes zero (for reasons like death and out-migration),
the corresponding household becomes dissolved and removed from the model.

Resource demand

Given household structure and dynamics thus determined at each time step, the
model predicts its fuelwood demand and probability to switch from fuelwood
to electricity by a number of socioeconomic and demographic factors (An et al.
2001, 2002). The fuelwood demand for a household consists of three compo-
nents: (1) fuelwood for cooking, which is a function of household size and
calculated annually, (2) fuelwood for heating, which depends on if there is a
senior person (60+ years old) in the household because a household with a
senior person has to heat for a longer period of time in winter, and (3) fuel-
wood for cooking pig fodder, which is a function of land area for corn. This
dependence on the area of corn land arises from the local lifestyle: local people
use as much land as possible to grow corn (usually intercropped with potato),
and cook the corn and potato using fuelwood to feed pigs and sell the extra
pork or bacon (besides their own consumption) to tourists and local
restaurants.

The probability of switching from fuelwood to electricity is determined by
age, gender, and education of the household head, household annual income,
current and hypothetical electricity prices, outage frequency levels, voltage
levels, and so on (An et al. 2002). These variables are either updated yearly
(e.g., age), remain unchanged (e.g., gender), or act as parameters subject to
changes (e.g., outage frequency levels) in model tests or simulations.

Human—environment interactions

The interactions between humans and the environment are realized through
fuelwood collection, as shown by the two horizontal block arrows in Figure 3.
On the one hand, the trees on the landscape, given no human interference,
grow and die by themselves. On the other hand, a household, given a certain
amount of fuelwood demand, goes to a certain pixel to cut fuelwood. Because
of ineffective enforcement of the habitat restriction policy (e.g., caused by the
difficulty in monitoring due to the complex topographic conditions) and the
common property nature of the forests, the model only considers geography of
the forests in determining fuelwood collection sites. Specifically, it calculates
the cost-distances (geographical distances corrected by slope) of all the
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locations within a certain buffer distance, and chooses the one with the smallest
cost-distance.

Contextual factors

Government policies (e.g., fertility and migration regulations in the reserve)
and environmental factors (e.g., tree species, volume, and growth rate in each
pixel) play an important role in affecting the above human—environment sys-
tem. Based on our goal in this study, we only focus on how policies in relation
to the socioeconomic and demographic factors (Table 1) could be used to affect
panda habitat through processes such as household formation and demand for
electricity. Later in Section ‘Simulations’ we will show how we simulate the
panda habitat dynamics by changing these factors.

Table 1. Two-sample paired ¢-test (« = 0.95) results in population size, number of households
and panda habitat in response to changes in the socioeconomic and demographic factors (the
numbers are values of ¢ statistic; double asterisks stand for significance at 0.95 level, and single
asterisk at 0.90 level).

Scenario Variable Value Population Number of Panda
size households habitat
(km?)
Status quo 1 Baseline - - -
Socioeconomic S2 Electricity ~ 0.05 Yuan —0.02 -1.5 —30.29**
price decline
S3 Electricity ~ One level 0.20 —1.86 —1.06
voltage increase
level
S4 Electricity ~ One level —0.33 —0.08 —18.38%*
outage decrease
level
S5 Leaving 042 — 0.63 —0.20 —10.50%** 6.17**
parental
home
intention
Demographic D2 Fertility 2.5 — 3.5 —24 .48%* —1.40%** 0.57
D3 Marriage 22 — 28 9.80** 3.69%* —2.76*
age (year)
D4 Birth 35 - 55 1.55 —1.51 —5.05%*
interval
(year)
D5 Upper 55 — 35 4. 15%* —1.39 —0.96
birth age
(year)
D6 College 1.92% — 5.76%  30.36** 9.49%* -1.73
attendence  (16-20 youth)
rate (%)
D7 Female 0.28% — 20% 9.72%x* 9.97** —1.49
marry-out

rate (%)
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Data preparation and integration

Our data used for model construction consist of the 1996 agricultural census
data (Wolong Nature Reserve 1996) and 2000 population census data (Wolong
Nature Reserve 2000). All these individual-based data are arranged by
household, covering all rural people in the reserve, including name, ID of the
household a resident belongs to, gender, age, education, kinship relation to the
household head, and so on. But the 1996 data do not have interpersonal
relations relative to the household head as the 2000 data do; we derive these
relations based on the data in 2000, as shown below.

Based on the relations between individuals in the 2000 data, we derive the
relations for the 1996 data. For example, household A had four individuals in
2000, and they were the household head, his wife, a child of 3 years old, and the
household head’s father. In 1996, there were also four individuals — but a
woman 3 years younger than the household head with the same family name,
not the child, was in the household. So we assume that the child was not born
yet, and the woman was the sister of the household head who moved out of
the household (or died) between 1996 and 2000. We are also interested in the
reason why she was no longer in the household any more. It could be that she
(1) moved out of the household and was relocated in another household in the
reserve through marriage; (2) moved out of the reserve through marriage; (3)
died; or (4) went to college. Only situation (1) can be determined based on our
available population data of Wolong because the same person should be still
registered in the reserve even though she was in another household. Situations
(2), (3), and (4) are more difficult to address, though. We put all the people
similar to this situation together (e.g., 30 people in total), and then used the
age-based mortality rates to determine how many of them may have died, and
used the rate of going to college to determine how many may have gone to
college. The remaining number should be the number of people who went
outside the reserve through marriage.

In this manner, we calculate the annual probabilities that a male would
migrate into Wolong through marriage, that a female would migrate into
Wolong through marriage, that a male would migrate to the outside of Wo-
long, and that a female would migrate outside Wolong between 1996 and 2000.
The four rates thus derived, 0.043, 0.19, 0.043, and 0.28%, respectively, are
used later in simulation.

Model test

We test our model by structural verification and empirical validation. For
easiness of explanation, we still follow the traditional terms of verification and
validation regardless of the debate about whether models (especially in com-
plex systems) can be truly verified or validated (e.g., Oreskes et al. 1994; Rykiel
1996). Simply put, a verified and validated model is the one we fail to falsify
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using our available data and methods. Because the model has a number of
stochastic processes, we run the model 30 times and compute the averages for
each test or simulation. The length of demographic tests or simulations is
normally 30 years for one run, though we run some simulations for 50 years to
allow for some demographic factors’ impacts to be demonstrated. For the
socioeconomic simulations, we run the model over 20 years because such a
time span is sufficient for the factors to exhibit their impacts on panda habitat.

The structural verification refers to the following processes: (1) the model
passes both extreme tests (individual parameters taking maximal and minimal
values) and combined extreme tests (a set of parameters taking maximal or
minimal values simultaneously; these parameters are the most sensitive ones
based on our sensitivity analysis, see details in An et al. 2003b); (2) the model
gives expected spatial patterns of households and panda habitat over time
under different scenarios; (3) the model gives stable but slowly increasing
standard deviations in predicted panda habitat, number of households, and
population size, and forms confidence envelops (¢« = 95%) with increasingly
wider opening. This phenomenon is reasonable because uncertainties in
demographic, socioeconomic, and ecological subsystems normally increase
with time.

The empirical validation refers to: (1) our predicted rate of habitat loss is
1.45 km?/year, very close to the rate of 123 km?/year derived from findings of
other researchers (Laurie and Pan 1991); (2) the paired two-sample z-test
(o = 95%) between the predicted and observed population size from 1997 to
2003 gives a p-value of 0.88; and (3) the paired t-test between the predicted and
observed household number from 1997 to 2000 gives a p-value of 0.89. The last
two t-tests fail to reject the null hypothesis that the difference between the
predicated and observed population sizes (or household number) is zero. In
summary, the model works well and gives us reasonable confidence for later
simulation and analysis.

Simulations

We simulate the impacts of socioeconomic factors for 20 years, and those for
demographic factors for 30 years (Table 1). Two reasons account for doing so:
(1) we have found that changes in many demographic factors require a longer
time to impact panda habitat (An et al. 2003b). (2) Theoretically, 30 years
could allow the young children (e.g., under 5 years old) to grow up and
experience nearly all the important events, such as going; to college and getting
married. In some situations where two generations are theoretically needed to
examine the associated effects, we conduct the simulations for 50 years. For
instance, if we increase the time (years) between births of two consecutive
siblings, it lakes time for the birth-delayed sibling to experience all the possible
events (e.g., going to college, deciding to leave parental household) and affect
changes in habitat through increased/decreased fuelwood demand over time.
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Electricity factors (price, outage level, and voltage level) are found to be
significant in affecting fuelwood demand, and the default values for each
household are set to be equal to the current values of these variables based on
our survey data in 1999 (An et al. 2002). To test how changes in these three
variables would impact panda habitat, we set a 0.05 Yuan (it represents a
moderate change based on current electricity price) decrease for electricity price,
a one level increase for voltage level (no more than level 2, the highest level in
our study), and a one-level decrease for outage level (no less than 0; 0 for low, 1
for medium, and 2 for high for both voltage and outage levels). Also significant
is the variable leave-home intention: the default value is set to be 0.42 based on
our data, indicating that 42% of the ‘parental-home dwellers’ (See Section
‘Model’ under ‘Household dynamics’) would prefer to live separately. As a
consequence of the decline in fertility, the proportion of elderly people will grow
(Zimmer and Kwong 2003). Together with an increasing preference for initi-
ating their own households, the pattern of an aging population (Figure 2a, b)
may offset the decreasing trend in the number of households induced by the
lowered fertility. We set the value of this parameter to be 0.63 (a 50% increase
from the default value of 0.42) and test how the number of households and
panda habitat would respond to this change.

A few demographic factors are worth testing for their potential impacts on
panda habitat. One of them is total fertility rate (TFR) because controlling
fertility is a major policy in China to control population. The default value is
set to be 2.5 children per couple (Liu et al. 1999a). We change it to 3.5 for a
lesser control, which could be caused by an ineffective government imple-
mentation of the policy. The motivation for more children lies in the fact that
the more children a couple has, the more financial and instrumental (e.g.,
assistance to conduct daily house chore) support they may obtain from their
children when they become old because there is no insurance or pension system
for farmers in China (Zimmer and Kwong 2003).

In addition to fertility, a few other factors could affect population dynamics
and panda habitat accordingly. (1) Marriage age: the higher the marriage age,
the fewer births within a certain period of time given the same fertility rates.
We change its value from the default (i.e., 22) to 28 years old, which is con-
sistent with the ‘later’ component of the ‘later, longer, and fewer’ campaign.
Some other developing countries (such as India; see Sushama 1996) have used
this approach to curb population increase. (2) Birth interval (time interval
between births of two consecutive siblings): the longer this interval, the fewer
births within a certain period of time given the same fertility rates. This con-
forms to the ‘longer’ component of the ‘later, longer, and fewer’ campaign. We
set its default to be 3.5 based on our data, and change it to 5.5 years as a policy
test. (3) Upper birth age: as indicated by Figure 2c, the majority of the females
have given birth to their last children prior to 50, so 50 is the default value for
the maximal age to give births. However, as economic incentives and technical
supports (such as contraceptives) are implemented, this number may undergo
great decline. As such, we change it from 50 to 40.
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Table 2. Definition of desirable and undesirable scenarios.

Factors Variable Desirable scenario Undesirable scenario
Socioeconomic Electricity price 0.05 Yuan decline 0.05 Yuan increase
Outage levels One level decrease One level increase
Voltage levels One level increase One level decrease
Leaving parental 042 — 0.21 042 — 095
home intention
(probability)
Demographic College attendance 1.92 — 30% 1.92 —» 0.0%
rate (%) (16-20 years old youth)
Female marry-out 0.28 — 20% 0.28 — 0.0%
rate (%)
Fertility 25 - 1.5 25 - 5
Birth interval (year) 35 - 55 35 - 15
Marriage age (year) 22 — 28 22

The first numbers in the spaces below are the default values in the model, and the second values are
those used in the associated scenarios.

Migration could also affect local population dynamics and household
dynamics. First, we consider college attendance rate by changing it from 0.0192
to 0.05 to reflect a policy of more investment on local education in the hope of
relocating more young people in the future. Second, we consider female marry-
out rate (Table 1): we change it from 0.0028 to 0.20 to represent a possible
social change that more local females would be attracted to marry people
outside the reserve for purposes such as higher education opportunities and
living standards.

In addition to studying the impacts of individual factors described above, we
examine two scenarios, considering all of the above factors simultaneously: a
desirable scenario with the factors taking values that would benefit panda
habitat, and an undesirable scenario with the factors taking values that would
degrade panda habitat. Table 2 summarizes what these two scenarios include.
Doing so may provide some insight into the range of possible trajectories of
panda habitat change.

Results

With changes in five socioeconomic factors (Table 1), the predicted popula-
tion sizes do not have significant changes (Figure 4a). However, scenario S5
(an increase of leaving parental home intention) has a significant impact on
the number of housecholds (Figure 4b). Regarding panda habitat, only sce-
nario S3 (a one level increase in electricity voltage level) does not cause
significant changes (Figure 4c). Changes of demographic factors, except sce-
nario D4 (an increase in birth interval from 3.5 to 5.5 years), have significant
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Figure 4. (a) Predicted population size, (b) number of households, and (c) the total amount of
panda habitat under five socioeconomic scenarios (see Table 1 for definition of these scenarios).
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Figure 5. (a) Predicted population size, (b) the number of households, and (c) the total amount of
panda habitat under seven demographic scenarios (see Table 1 for the definition of these scenarios).
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Figure 6. Predicted (a) population size, (b) number of households, and (c) amount of panda
habitat over time under status quo scenario, desirable scenario, and undesirable scenario. For
definition of desirable and undesirable scenarios, see text in Section ‘Simulations’.

impacts on human population size (Figure 5a). Scenarios D4 and D5 (an
increase in upper birth age from 55 to 35; (Figure 5b), however, do not have
significant impacts on the number of households. Regarding impacts on
habitat, only scenarios D3 (an increase of marriage age from 22 to 28 years
old) and D4 are significant at the 90 and 95% significance levels, respectively,
though the absolute magnitudes are relatively small, ranging from 1.0 to
2.0 km? . The other four scenarios have not significantly changed the amount
of panda habitat (Figure 5c).

The desirable and undesirable scenarios show that (1) the differences be-
tween the impacts on population size, number of households, and panda
habitat between these two scenarios become increasingly large with time
(Figure 6), and (2) At the end of 2026, there could be a difference of approx-
imately 5550 people, 1100 households, and 54 km?® panda habitat between
these two scenarios. When the spatial distributions of panda habitat and
households are considered (Figure 7), it is clearer to see the impacts caused by
demographic and socioeconornic factors. Figure 7 shows that with outward
expansion of households, the habitat is lost and fragmented over time. In
addition, the spatio-temporal dynamics of panda habitat could differ sub-
stantially due to different values of the socioeconomic and demographic
parameters in the two scenarios.
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Figure 7. Snapshots of the spatio-temporal dynamics of panda habitat and households in 1996,
2011, and 2026 under conservation and development scenarios.

Conclusion and discussions

The above analyses show that socioeconomic factors play a very important role
in affecting the spatio-temporal patterns of panda habitat, while some demo-
graphic factors do not have significant impacts on the panda habitat over
30 years. This phenomenon may arise from the cumulative effects of some
demographic changes because the longer the time frame, the more differences
will be made in human population size or number of households, and thus the
more differences are likely to occur in panda habitat. From Figure 6(c), we can
see an increasing difference in the impact of human factors between the two
scenarios. This escalating-impact trend should be true for the four insignificant
factors (D2, D5, D6, and D7) individually as time moves on. For instance, we
run the model over a span of 40 years by setting upper birth age (D5) at
35 years old. It turns out that the average amount of panda habitat is
565.10 km?, and the increase is significant at the 5% level compared to the
baseline situation (564.15 km?). On the other hand, the magnitude of habitat
changes (approximately 1 km? over 40 years) in relation to the baseline situ-
ation may seem insubstantial when the distribution of panda habitat is not
considered. Pandas usually prefer those areas that humans also tend to visit for
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fuelwood collection. So this decrease in habitat may occur in the panda’s
preferable habitat, which may considerably threaten panda survival.

In this study, we treat many demographic factors as exogenous factors
(i.e., not explained or predicted by other factors). An example is fertility,
which could be affected by many other socioeconomic and demographic fac-
tors as well. For instance, female education, economic equity (e.g., job
opportunities) between males and females, household income, and financial
equality between rich and poor households could affect fertility rates to
varying extent (Daily 1996). In microeconomics where the concept of house-
hold production function is introduced and used, the incomes and time value
of household members are combined to produce an array of commodities that
yield utilities and welfare. As economy grows and the value of human time
rises, households tend to have fewer but ‘higher-quality’ children who receive
better health care and higher education (e.g., Schultz 1981). Household in-
come, though a parameter included in the model, is not used in our simula-
tions due to lack of household income data, though it is reported to be an
important factor in determining many household decisions regarding fertility
(e.g., Klawon and Tiefenthaler 2001) and land use (Perz 2001). In the future,
inclusion of this factor may improve the analyses. However, as Wolong is a
nature reserve where the primary goal is to protect giant pandas, other
endangered species, and the associated ecosystems, economic growth should be
encouraged elsewhere.

Our findings in this research are consistent with those of other researchers.
First, as indicated by Liu et al. (1999a), human demographic factors (age
structures in particular) play an important role in affecting biodiversity con-
servation in the long term. In our case, a decline in fertility or an increase in
marriage age would save panda habitat in the long run. Second, migration
(especially through higher education) is an ecologically effective, economically
efficient, and socially acceptable approach to conserving wildlife habitat or
biodiversity in a broader sense (Liu et al. 1999a). Our results show that an
increase in college attendance rate would make substantial differences in panda
habitat over 30 years. In the long run, it is worth considering other types of
out-migrations aside from what have been included in this research (i.e.,
migration through marriage and education) because more young people may
join the floating population in cities. As the economy in urban areas further
grows, more migrants (including local residents in Wolong) may be attracted
for higher incomes. Last, non-family organizations or services (electricity
subsidy and assistance in our case) can reduce direct consumption of natural
resources and could be integrated into programs in environmental protection
and biodiversity conservation (Axinn and Barber 2003). We have shown that in
the short run, providing subsidies for the use of electricity and increasing the
quality of electricity would work well in conserving panda habitat.

Additionally, our findings suggest that family planning (e.g., controls in
marriage age and birth time between consecutive children) is very important in
conserving natural resources and thus has critical significance in human—
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environment studies. This finding also has great policy implications in a
developing rural setting such as Wolong, where people still follow a subsis-
tence-oriented lifestyle and need more children as labor force. It may encounter
social resistance if a policy of strict birth control (e.g., one child per couple) is
implemented. However, policies encouraging later marriage and longer birth
interval between children should have more public acceptance, especially when
economic incentives (such as electricity subsidy or tax reduction) are tied to
such a family planning program.

Based on the findings from our research and other studies, we recommend
that a program for providing electricity subsidy and assistance and a policy of
out-migration through higher education be implemented and initiated for
panda conservation while the existing family planning policy continues to be
monitored and implemented. While our research is in progress, the reserve
government has built a new hydropower plant, and we hope cheaper electricity
could be provided for local people. Aside from such practical purposes, this
research is also oriented towards using an integrated approach to explore the
impacts of socioeconomic and demographic factors on the environment. As is
often the case in many other places or for other purposes such as protection of
other species, complexities in many coupled society—biodiversity systems have
kept some socioeconomic and demographic factors (often intertwined) and
their interactions from being explicitly studied. Though socioeconomic and
demographic factors and their specific interactions may differ from place to
place, the perspectives and methods used in this research could still be useful.
For more effective and efficient biodiversity conservation, it is crucially
important, thus highly recommended, that socioeconomic and demographic
factors, along with more individual-level information if possible, be integrated
into more research and conservation activities.
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Abstract. Bird species richness (S) and numbers (N) were studied in the breeding season in housing
developments of different ages in a small English town and compared with village sites, urban green
corridors and adjacent arable farmland. S and N were highest in village and green corridor sites. S
in urban plots ranged from 13 to 18 species, similar to farmland, but N was much lower in
farmland. Marked differences in the number of individual species between plots were recorded. S
and N were independent of age of development and area of gardens within plots but both were
correlated with the area of greenspace. Greenspace alone and combined with gardens was corre-
lated with the numbers of several individual species. The results are discussed in relation to
proposed new large-scale housing developments in England.

Introduction

It is now well known that bird populations on farmland in the UK have
suffered major declines over the past two decades (Fuller et al. 1995; Siriwar-
dena et al. 1998). Some species which have largely disappeared from farmland
in eastern England, such as the thrushes, appear to be thriving in the built
environment (Mason 1998, 2000, 2003), while it has been estimated that hab-
itats associated with human habitation hold more than 20% of the total
population of some species in Britain (Gregory and Baillie 1998). Nevertheless,
two typically urban species, starling Sturnus vulgaris and house sparrow Passer
domesticus, have been added to the red list of birds of conservation concern in
the UK because of strong population declines (Gregory et al. 2003). However
there has been very little study of the bird communities and populations within
towns, or of the factors that might influence them (Marzluff et al. 1998;
Clergeau et al. 1998; Niemeld 1999). This is surprising in view of the fact that
the built environment occupies 14% of the land surface of England, 10% being
classified as urban. Furthermore there are intense development pressures facing
regions such as southeast England. For example, it is proposed to build
120,000 new homes along the Thames estuary (some 75 km southwest of the
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study area reported here) over the next 13 years to relieve housing shortage in
the London area. Many more developments are planned in England, including
the creation of new towns. While at first glance such urban development might
seem inimical to the conservation of birds, it might, if properly designed,
greatly increase avian diversity compared to that currently supported by the
intensely managed farmland that surrounds the majority of English towns.

I report here on avian species richness and numbers in various urban
developments of different ages in a small coastal town in eastern England and
relate differences between them to several attributes of the built environment.
In addition, I examine the role of garden area and the area of open space in
developments in relation to avian richness and numbers. Comparisons are
made with village sites (where individual gardens are often large), urban green
corridors (which may provide additional habitat to enhance urban bird
diversity) and adjacent farmland (on which future housing projects will be
developed). The results may go some way to inform the design of new devel-
opments in enhancing avian diversity.

Study area and methods

The study area was centred on the coastal town of Harwich, Essex, eastern
England (51°56’N, 1°18’E), with a human population of 17,000 (39 persons/ha).
The 12 urban study plots were a subset of those studied by Mason (2003) and
represented two of each type and age of building development, the categories
determined from the local plan of Tendring District Council (Table 1). Formed
from the coalescence of two settlements, the town has two centres, one primarily

Table 1. Statistics of the study plots containing housing.

Development type Code Area Percent House
(ha) density/ha
Garden Greenspace Total
Historic/Victorian terrace HV1 16.1 26.2 4.0 303 524
Historic/Victorian terrace HV2 162 27.0 1.3 29.2  38.6
Town centre TCl 9.3 5.5 7.1 12.6  48.8
Town centre TC2 9.9 163 0 16.3  28.8
Interwar, predominantly semi-detached IW1 9.7 769 6.6 83.6 17.1
Interwar, predominantly semi-detached IW2 19.6 64.0 3.6 67.6 11.5
Bungalows (interwar) BDI1 8.6 66.6 1.9 68.5 299
Bungalows (1990s) BD2 73 278 53.0 80.8 238
Post-war suburban (1960s/70s) SI1 31,0 55.8 19.3 75.1 344
Post-war suburban (1960s/70s) SI2 8.2 60.5 10.9 714 399
1990s NIl 34 631 3.9 67.0 35.7
1990s NI2 85 742 12.7 869 21.2
Village VIl 514 58.6 33.8 92.4 43
Village VI2 159 418 50.3 92.1 4.7
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of medieval construction, the other Victorian. Of the urban green corridors, one
(plot code GR1) consisted of scrub of various ages, with mature trees and rough
grassland, some on a steep slope, between a 1960s housing development (SI2) and
an industrial area; the level ground of this plot is ear-marked for development.
The other green corridor (GR2) is a narrow strip of grassland and scrub between
two 1960s developments, used to take storm-water drainage. The two villages,
Bradfield (VI1) and Ramsey (VI2), were 8 km and 0.5 km respectively from the
edge of the town. The two predominantly arable farmland areas (AR1 and AR2)
were within 3 km of the edge of the town.

Transects, of variable lengths (500-1700 m, depending on the area of
development) were walked on three occasions (in the second half of April, first
half of May and second half of May/first week of June) in 2003. All birds seen
(excluding gulls and over-flying individuals) were counted. Starlings were not
counted during the final survey as young had fledged and were ranging widely.
Species richness (S) was taken as the total of the number of species seen during
the three surveys. The number of each species on transects was taken as the
largest count recorded from the three surveys, adjusted to birds/km. These
were summed to give the total number of individuals (N).

For each built development, the percentage of the area occupied by gardens
and greenspace was measured from large-scale maps. Greenspace consisted of
areas within developments of mown grass, with shrubberies and scattered trees,
but excluded any parks/recreation grounds adjacent to developments. In vil-
lages, horse-pasture within the built envelope was included within greenspace.
The density of houses was also determined (Table 1). The area occupied by the
hard surfaces of roads was excluded from the total plot area prior to calculations
on the basis that it offered neither feeding nor nesting opportunities for birds.

Within the 14 built study plots (urban plus village), relationships between S,
N, the numbers of individual species and the percentages of the plot occupied
by gardens (G), by open greenspace (O), by total garden plus greenspace
(O + G) and with house density (D) were examined using Spearman rank
correlation.

Biomass can be used as a measure of the dominance of individual species
within developments. Average weights of birds were taken from Hickling
(1983) and multiplied by the number of individuals/km to give an estimate of
biomass.

Results

There was no relationship between species richness (S) or the total number of
birds/km (N) and the length of transect in either the built study plots (r; = 0.12,
— 0.15 respectively, n = 14, ns) or in all study plots (r, = 0.03, — 0.27
respectively, n = 18, ns). Similarly there was no relationship between S or N
and the area of development (r; = 0.45, 0.18 respectively, n = 14, ns). Thus
both S and N were independent of transect length and plot area.
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A complete list of species recorded, including scientific names and the plots
in which they occurred is given in Appendix 1. Species richness and number of
birds/km in the different plots is shown in Figure 1. S was highest in the
villages (21, 28 species) and urban green corridors (23, 24). Within the town S
ranged from 13 to 18 species, similar to that in farmland (14, 16). N was
greatest in the villages (123, 158 birds/km) and lowest in farmland (26, 31),
historic/Victorian (43, 55) and town centre (53, 58). Apart from swift and
house martin, nesting on buildings, all species recorded within urban devel-
opments were resident species or short-distance migrants such as goldfinch.
Both village and urban green corridor plots included small numbers of five
long-distance summer visitors.

The numbers of the five most widespread species within the different
developments are shown in Figure 2. Marked differences were recorded. The
highest densities of house sparrows were found in interwar (30, 31 birds/km)
and 1960s/70s (28, 28) developments and in villages (27, 43), while lowest
densities were in 1990s developments (2, 10). The numbers of starlings were less
clearly associated with development. Highest densities were in one each of the
interwar (24), 1960s/70s (28) and 1990s (32) and 1990s bungalow (46) devel-
opments, with lowest numbers in the other (interwar) bungalow (4) and his-
toric/Victorian (13, 14) developments. The highest densities appeared to be
associated with houses with non-functional chimneys.
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Figure 1. Species richness and total number of birds recorded in individual plots (see Table 1 for
plot codes and description of plots).
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Figure 2. Numbers of the five most common bird species in the 14 built plots (see Table 1 for plot
codes).

Of other birds nesting on buildings, feral pigeons were found only in historic/
Victorian and town centres, outnumbering woodpigeons in the latter. Swifts
were found only in historic/Victorian terrace and town centre sites, and in one
of the villages. The density of house martins was markedly higher in village
plots, and they were not recorded at all in town centre, bungalow developments
or 1960s/70s housing.

The highest numbers of collared doves were in village (18, 24 birds/km) and
1960s/70s (14, 16) developments, with lowest numbers in historic/Victorian (7,
9), inter-war (6, 8) and 1990s (4, 8) developments (Figure 2). Woodpigeon
numbers were highest in village (11, 12) and 1990s (11, 12) developments, with
fewest birds in historic/Victorian (4, 6) and town centre (3, 6) developments.
The smallest numbers of blackbirds were located in historic/Victorian (2, 6)
and town centres (4, 5) with most in bungalow (20, 37) and 1960s/70s (20, 23)
developments and single 1990s (22) and village (25) sites.

Song thrushes were absent from historic/Victorian and town centres and
were most numerous in the village sites. There were eight other species that
occurred in at least 12 of the 14 built sites (Appendix 1). Of these, wren, robin,
blue tit, great tit, chaffinch and greenfinch were more numerous in the village
sites. Dunnock achieved higher densities in the two bungalow sites and single
1960s/70s, 1990s and village sites. There was no obvious pattern in the distri-
bution of magpies, which may have been entering developments to forage.
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In terms of biomass, woodpigeon was the dominant species in all but two
developments, where collared dove was the dominant species. Woodpigeon
biomass ranged from 15.1 to 56.8% of total biomass (average 34.1%,n = 14).
The Columbidae (pigeons and doves) as a group made up 43.6-65.3% of the
total bird biomass (average 55.9%).

The two green corridors introduced species into the urban environment that
were not recorded in the built sites. These comprised mallard, moorhen,
pheasant, turtle dove, four warblers and bullfinch. Four species were found in
the farmland plots that did not occur elsewhere: red-legged partridge, skylark,
yellowhammer and corn bunting. The densities of all other species on farmland
were lower than recorded in other plots.

Within the 12 urban plots there was no relationship between age of devel-
opment and either S or N (ry, = 0.16, — 0.51 respectively, ns). Neither S nor N
was related to percentage of plots occupied by gardens (G) (rs = — 0.24, 0.24
respectively, ns). Feral pigeon and swift were significantly negatively associated
with G (r¢ = — 0.71, — 0.77 respectively, p < 0.01). Sixteen of 17 other
species were positively associated with G but none approached significance.
However, if the village sites were excluded, greenfinch showed a significant
positive relationship with G (r; = 0.66, p < 0.05).

There were significant relationships between S and the percentage of plots
occupied by open greenspace (O), and between N and O, O + G and house
density (D) (Table 2). The relationship between N and O is shown in Figure 3,
and between N and D in Figure 4. Feral pigeon and swift were negatively
associated with O and O + G, and positively with D, though only those with
O + G were significant. All other species showed positive association with O
and O + G, six significantly with O and 10 species with O + G (Table 2).
Nineteen species showed negative correlations with D, six of them significant.
The two characteristic urban species, house sparrow and starling, showed no
relation between numbers and the habitat variables, though if village sites were
excluded starlings were positively associated with O and O + G (ry = 0.59,
0.62 respectively, p < 0.05).

It has been suggested that pigeon and doves could be implicated in the
decline of house sparrows through competition for food (Summers-Smith
2003). A negative correlation between house sparrow numbers and those of
pigeons and doves might therefore be expected. The numbers of house spar-
rows was positively correlated with numbers of collared doves (r; = 0.61,
p < 0.05) in the built study plots, and independent of numbers of feral pigeons
(re = — 0.49, ns), woodpigeons (r; = 0.38, ns) and combined doves and
pigeons (rs = 0.31, ns).

Discussion

Some studies have shown that progressive urbanization often leads to biotic
homogenization (e.g. McKinney and Lockwood 2001; Crooks et al. 2004),
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Table 2. Spearman rank correlations between birds (numbers/km) and proportion of Greenspace
(O), Greenspace + Garden (O + G) and House density (D) within developments.

Species Greenspace (O) Total open space (O + G) House density (D)
Feral pigeon —0.35 — 0.68%* 0.33
Woodpigeon 0.65% 0.68* — 0.53*
Collared dove 0.36 0.45 —0.33
Swift —0.37 10.61 0.32
House martin 0.26 0.24 —0.28
Wren 0.41 0.70** — 0.73**
Dunnock 0.48 0.54%* —0.16
Robin 0.68%* 0.72%* —0.39
Blackbird 0.64* 0.72%* —043
Song thrush 0.58* 0.69* - 0.50
Blue tit 0.48 0.64* — 0.72%*
Great tit 0.43 0.44 — 041
Magpie 0.01 0.21 — 0.06
Carrion crow 0.15 0.18 —0.33
Starling 0.36 0.29 —0.20
House sparrow 0.34 0.37 — 045
Chaffinch 0.52 0.58* — 0.63*
Greenfinch 0.76** 0.60* - 0.71*
Goldfinch 0.57* 0.77** — 0.55*%
S 0.56* 0.49 —0.32
N 0.86%* 0.86%* — 0.64*

*p < 0.05; **p < 0.01.

whereby a few widespread and successful species replace a diverse avifauna.
Such studies, though, have examined the spread of towns into natural habitats.
In the present study, the hinterland was modified for agriculture many cen-
turies ago and is currently farmed so intensively that few species thrive, the
built environment providing a better habitat for the majority of species.

Villages had the highest diversity and density of breeding birds, while bird
density was markedly higher in urban developments than in farmland,
though species richness was similar in the two habitats. There was no
apparent decline in species richness with degree of urbanization, as reported
for example by Clergeau et al. (1998). This may have been due to the rela-
tively small size of Harwich compared to the cities of Rennes and Quebec
studied by Clergau et al. and even housing in the most urbanized plots had
some garden area and open space. Harwich is, however, typical of many
small towns across England.

Farmland held four species not occurring in other study plots but of species
occurring across habitats, farmland had the lowest numbers. Residential areas
are likely to provide both greater structural diversity and greater diversity of
feeding opportunities (Blair 1996). Three of the five commonest species on
urban plots were not recorded in farmland — collared dove, starling and house
sparrow. Urban green corridors also held more species and higher numbers of
birds than all sites other than villages.
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Figure 3. Relationships between the total numbers of birds (N) recorded in built plots and per-
centage of greenspace (O).

Both house sparrow and starling are currently red-listed, their populations
having declined by more than 50% in the last 25 years (Gregory et al. 2003).
Both primarily use buildings for nesting. The decline in house sparrows has
occurred in both rural (Hole et al. 2002) and urban areas (Bland 1998; Dott
and Brown 2000; Summers-Smith 2003). In the present study villages had the
highest densities of house sparrows, as also suggested by the questionnaire
survey of Wotton et al. (2002). Within the town the highest densities of house
sparrows were found in interwar and post-war developments, with fewest in the
most modern developments, a pattern similar to that found in Bristol (Bland
1998). House Sparrow density was not significantly related to any of the
habitat variables, suggesting that the availability of suitable sites in buildings
for nesting may be the most important factor in determining numbers. Some
earlier studies have suggested that building design could be modified to exclude
house sparrows and starlings (Lancaster and Rees 1979; Beissinger and
Osborne 1982). Clearly in Great Britain the opposite approach may now be
required. It has been suggested that competition with doves and pigeons for
food might be a contributory factor in house sparrow declines (Summers-Smith
2003). The lack of any negative relationship between house sparrow numbers
and those of columbid populations, separately or combined, does not lend
support to this hypothesis.
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Figure 4. Relationships between the total numbers of birds (N) recorded in built plots and house
density (D).

The preference of starlings for old houses, as found by Wotton et al. (2002),
was not apparent in the present survey, with Victorian developments having
relatively few birds. Similarly villages were not especially favoured. Starlings
primarily forage in areas of short grass (Bruun and Smith 2003) and numbers
were positively associated with greenspace within developments, but only if
village sites were excluded; presumably there were suitable feeding sites on
farmland close to, but outside of, the village envelope. Three other species used
buildings for nesting — feral pigeon, swift and house martin. Feral pigeons were
restricted to town centre and historic/Victorian sites and swifts were largely so,
with a single village plot being utilized, while house martins were mainly village
nesters. The preferences for older houses by swifts and village sites by house
martins largely confirm the pattern reported by Wotton et al. (2002).

The majority of other species in the urban environment are birds of wood-
land or open country. Some species, such as song thrush and blackbird, have
largely disappeared from farmland (Mason 1998, 2000) and the present study
confirms this situation, with song thrush being absent from farmland and
blackbird scarcer here than in all other plots. Song thrushes were most
numerous in village and urban green corridor plots. The importance of gar-
dens, especially in villages, for this species is increasingly recognized (Mason
2000; Peach et al. 2002; Snow 2003).
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It was notable that, apart from swift and house martin, exploiting buildings
as nest sites and feeding aerially, there were no summer migrants present in
urban plots, while, apart from swallow with behaviour similar to the previous
two species, migrants were scarce in village plots. O’Connor (1985) has argued
that migrants are competitively inferior to residents so that habitat use is
restricted when resident populations are high. Within residential areas, artifi-
cial feeding in winter may buffer resident populations against inclement
conditions, thus excluding migrants.

While artificial feeding will be beneficial to many bird species in towns (Cowie
and Hinsley 1988), a number of features may mitigate against success. Predation
by domestic cats may be of especial importance (Churcher and Lawton 1987,
Lepczyk et al. 2003). There are estimated to be some 9 million cats in Great
Britain, by far the most abundant carnivore in the country, killing an estimated
27 million birds each year (Woods et al. 2003). This loss, together with factors
such as disturbance by humans (Fernandez-Juricic 2000; Fernandez-Juricic and
Telleria 2000), intensive use of pesticides (Ansell et al. 2001), and poor quality of
food before the breeding season (Solonen 2001) may all influence success. De-
spite this the high densities of some species in residential areas compared with
other habitats, especially farmland, suggest that the benefits of living in close
proximity to humans may outweigh the costs (Mason 2003).

There were no consistent patterns of S in urban sites, but distinct dif-
ferences in N. Surprisingly, N does not appear to be influenced by the area
occupied by gardens considered alone within developments. This differs from
the findings of Mason (2003) for blackbirds in the same general study area.
However the present study excluded surveys of urban residential areas with
very large garden plots because these will not be a feature of future urban
developments. Average garden size in the urban plots ranged from 0.001 ha
(town centre) to 0.06 ha (interwar housing), based on the dwelling density
and proportion of plot devoted to gardens (Table 1). Village gardens aver-
aged 0.09 and 0.14 ha in the two plots, considerably larger than urban
gardens. Much has been written about the value of gardens as bird habitats
and the way they can be enhanced for birds (e.g. Cannon 1998, 1999) and
much of the information on the value of gardens as been gained from those
with an interest in birds and catering for their needs (Cannon 1998). Indi-
vidual gardens will, of course, vary greatly in the amount and structure of
vegetation they contain and the way in which they are managed, influencing
their suitability to individual bird species. Such features were not measured
in this study. Differences in structure and management might tend to be
repeated, more or less, across developments, depending for example on the
general level of affluence within its community. Small gardens will suffer a
much greater general level of disturbance from householders, their children
and pets, than large gardens, likely reducing breeding success, feeding
opportunities, and increasing predation.

Bird numbers overall (N) were strongly associated with the area of com-
munal greenspace within developments, and with combined greenspace and
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gardens. None of these greenspace areas consisted of parks in the traditional
sense, parks being especially important to enhancing avian diversity within
towns (Fernandez-Juricic and Jokiméki 2001). The significance of O + G for
blackbird confirms the observations of Mason (2003), while the relative
importance of O and O + G varied between species.

New housing developments in the UK are built at an average density of 22
dwellings per ha (DEFRA 2001). It is estimated that an additional 4.4 million
houses will be required by 2016. The two 1990s developments in this study,
with housing densities of 21 and 36 dwellings/ha (excluding roads), are likely to
be fairly typical of future developments. Plot NI2, with the lower housing
density had 17 species of birds and a relatively high total number of birds, both
of which may increase as the development matures. This plot is characterized
by greenspace areas of communal mown grass, shrubberies and trees. An
examination of Figure 3 would suggest that a housing density of 22 dwellings/
ha, combined with greenspace of at least 20% (excluding road area) would
result in good numbers of a typical range of some 16—18 species of birds, which
will not be unduly influenced by the current propensity for small gardens. The
two areas of green corridors added additional species to the urban bird com-
munity which did not occur in built developments, including two species cur-
rently red-listed as of conservation concern in the UK — turtle dove and
bullfinch (Gregory et al. 2003). Often such areas develop on brownfield sites
previously used for industrial purposes and are frequently considered by
planners as ideal sites for development. Such sites need evaluation for their
nature conservation potential as development plans are formulated. Natural
habitat (woodland patches, isolated mature trees etc.) should be retained
(Beissinger and Osborne 1982; Moore 1990; Mortberg and Wallentinus 2000)
and indeed linked by corridors to open country. Site specific actions can
provide diverse habitats which will increase bird diversity (Clergeau et al.
2001).

In conclusion, new and large housing developments are inevitable. The built
environment has the potential to hold greater biodiversity than the arable
farmland it will largely replace in lowland England. However to achieve this
diversity, wildlife conservationists must insist on being involved from the
earliest stages of planning so that valuable sites are retained and new ones are
created within the housing matrix, to the benefit of both wildlife and the future
human inhabitants.

Appendix 1. Bird species recorded on study plots.

Species Plots recorded in
Mallard Anas platyrhynchos GR2
Sparrowhawk Accipiter nisus HVI, VI2
Red-legged Partridge Alectoris rufa AR2
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Appendix 1. Continued.

Species

Plots recorded in

Pheasant Phasianus colchicus
Moorhen Gallinula chloropus
Feral pigeon Columba livia

Stock dove Columba oenas
Woodpigeon Columba palumbus
Collared dove Streptopelia decaocto
Turtle dove Streptopelia turtur
Swift Apus apus

Green woodpecker Picus viridis
Skylark Alauda arvensis

Swallow Hirundo rustica

House martin Delichon urbica
Wren Troglodytes troglodytes
Dunnock Prunella modularis
Robin Erithacus rubecula
Blackbird Turdus merula

Song thrush Turdus philomelos
Mistle thrush Turdus viscivorus
Lesser whitethroat Sylvia curruca
Whitethroat Sylvia communis
Blackcap Sylvia atricapilla
Chiftchaft Phylloscopus collybita
Goldcrest Regulus regulus

Spotted flycatcher Muscicapa striata
Long-tailed tit Aegithalos caudatus
Blue tit Parus caeruleus

Great tit Parus major

Magpie Pica pica

Jackdaw Corvus monedula
Carrion crow Corvus corone
Starling Sturnus vulgaris

House sparrow Passer domesticus
Chaffinch Fringilla coelebs
Greenfinch Carduelis chloris
Goldfinch Carduelis carduelis
Linnet Carduelis cannabina
Bullfinch Pyrrhula pyrrhula
Yellowhammer Emberiza citrinella
Corn bunting Miliaria calandra

VI1, GR1, AR1, AR2

GR2, AR1

HVI1, TCI1, TC2

V11

All plots

All plots except AR1, AR2
VII, GR1, GR2

HV1, HV2, TC1, TC2, VII
BD2, VII, GR1

ARI1, AR2

VII, VI2

HVI1, NI2, IWI, VII, VI2
All plots

All plots except NI1, ARI, AR2

All plots except NI1, TC1, IW2, AR1, AR2
All plots

NI2, IW2, SI1, SI2, VII, VI2, GRI, GR2
VII, VI2, GR2

GRI, GR2, AR2

VI1, VI2, GR1, ARI1, AR2

GRI1, GR2

VII, GR1, GR2

VII

VI1

NII, GR1, GR2, AR2

All plots

All plots except BDI1, SI2

All plots except TCI1, VI1

VI1

All plots except NI, NI2, IW2, GR1, GR2, AR2
All plots except AR1, AR2

All plots except AR1, AR2

All plots except HV2, NI1, SI2

All plots except AR1, AR2

NI, NI2, TC1, IW1, BDI1, BD2, SI1, VII, VI2, GR2
NI2, BD2, SI1, GR1, AR1

GRI1

ARI1, AR2

ARI1, AR2

Plot codes as in Table, plus green corridor plots (GR1, GR2) and farmland plots (AR1, AR2).
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Abstract. Fonio millet (Digitaria exilis Stapf, Digitaria iburua Stapf) is known in Togo far
several centuries and has played a strategic role in the household food security mainly in rural
areas. Using Participatory Research Appraisal (PRA) tools and techniques, 55 villages ran-
domly selected in the two production zones of Togo were surveyed to document the ethno-
botanical and indigenous knowledge related to its production, diversity, use and conservation.
For all of the ethnic groups involved in fonio production in Togo (Akposso and Akébou in the
south; Losso-Nawda, Lamba, Tamberma, Tchokossi and Gangan in the north), the crop has a
high sociocultural value. The fonio genetic diversity being managed by the farmers seems
important as 42 landraces were recorded. Two lines of origin that contributed to this current
genetic diversity (local domestication or introduction from neighbouring countries) were re-
ported by the farmers. Cooking qualities, growth cycle, colour and size of the grains are the
main criteria used by farmers to describe varieties. According to farmers, fonio production and
diversity are being regressing because of several constraints of which the most important are
lack of adequate harvest, threshing and processing technologies and development of pests and
diseases. The important ethnobotanical and indigenous data recorded will be useful in accessing
the genetic diversity of the crop in Togo and in defining appropriate strategies for its conser-
vation on farm.

Introduction

The cosmopolitan genus Digitaria (Gramineae, Poaceae) includes 230 species
that are widely distributed in the tropics and in the subtropics (Clayton and
Renvoze 1986). Among them, Digitaria exilis and D. iburua, known respec-
tively as white and black fonio, are domesticated and cultivated in West Africa
(Portéres 1976) where they are staple food for several millions of people.
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According to Bezpaly (1984) and Vietmeyer et al. (1996), the total area culti-
vated by year is estimated at about 300,000 ha. Fonio is one of the most
nutritious and best-tasting of African cereals (Jideani 1990). Its seeds are rich
in methionine and cystine, two vital amino acids in human nutrition that are
lacking in some major cereals such as rice, wheat, sorghum, barley and rye
(Vietmeyer et al. 1996). The crop withstands drought and floods and flourishes
in poor soils. Therefore, it has a potential of playing future role in agriculture
and food security in West-Africa. However, this potential cannot be exploited
to advantage if the basic information related to the production, use and
diversity are not well understood.

In Togo, a long history of cultivation and tradition coupled with high
landraces diversity (19 ecotypes reported by Clément and Leblanc 1984) of
fonio has surely led to important amount of indigenous knowledge. Be-
cause of scientific neglect, this has never been documented for use by
scientific research and development agencies. In order to fill this gap, a
survey was conducted throughout the production zones of the country.
The study mainly aimed at understanding the socio-economic character-
istics of the producers; the agricultural practices used; the production
constraints; the landraces diversity, origin, naming, traditional description
and classification; the indigenous uses and the traditional diversity man-
agement and conservation practices. The finding reported here will further
guide genetic diversity studies on this crop and help formulating sustain-
able promotion and conservation strategies, both in situ (on-farm) as well
as ex situ.

Methodology

Fifty-five villages randomly selected in the two fonio production zones of the
country were surveyed in 2003 (Figure 1). Main criteria used for selecting
villages are production, ethnic group and cultural value. Randomness was
practiced after selecting the villages that met these criteria. Data were collected
during expeditions from the different sites (villages) through the study. Par-
ticipatory Research Appraisal (PRA) tools and techniques (direct observation,
focus group and individual discussions, field visits, administration of ques-
tionnaire, etc.) was used, following Guarino and Friis-Hansen (1995) and
Christinck et al. (2000). Interviews were conducted with the help of translators
from each area. Four-hundred and eighty-seven randomly selected producers
(seven to nine males and females per village) were surveyed in the different
production zones.

Information collected were related to the socio-economic characteristics of
the producers, the agricultural practices, the production constraints, the
existing landraces (diversity, origin, naming, traditional description, and clas-
sification) and their traditional management, conservation and uses.
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Figure 1. Fonio producing zones and villages surveyed during the study in Togo.
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Results and discussions
Current status of fonio production in Togo

In Togo, fonio millet is produced in three administrative regions organised in
two zones: Kara and Savanes regions in the north and Plateaux region in the
south (Figure 1). Information (unpublished data) gathered from the National
Office of Agricultural Statistics and Documentation of Togo (DSID) places
fonio in fifth position among cereal crops after maize, sorghum, pearl millet
and rice. The evolution of its production was erratic during the last 20 years
when considering the total area cultivated (Figure 2). Since 1996, the total
area devoted to the crop has regularly declined (Figure 2) at an average rate
of 17% a year. Hence, only 3521 ha were recorded in year 2000 against
11136 ha in 1996.

According to the discussion we had with the farmers during the survey, three
major reasons were presented to explain this worrying situation. These are:
poor market demand, difficult production and post harvest processing, and
rural depopulation. In the northern production zone, many farmers have
completely or partially replaced fonio by maize (recently introduced by the
national agricultural extension services) for its higher yield and easier pro-
duction, harvesting, processing and commercialising. In the southern produc-
tion zone, the reduction of labour supply has led many elder producers to
abandon this high labour-consuming fonio crop and devoting themselves to
other cash income crops (coffee, cacao, banana, etc.) they normally produce
along with fonio as secondary crops.

Contrary to the general situation, fonio production is still very active in
certain villages (Défalé and Kadjala in the north; Eliko, Edoko and Ouanibe¢ in
the south) where it remains the major food and has a higher sociocultural
value.

Characteristics of the fonio producers

Among the 487 farmers interviewed, 11 (2.3%) were less than 30 years old, 196
(40.2%) were in the age group of 30-50 years and 280 (57.4%) were above
50 years old. They belong to seven ethnic groups (Akposso and Akébou in the
south; Losso-Nawda, Lamba, Tamberma, Tchokossi and Gangan in the north)
of which two (Akposso and Lamba) are known as the most important pro-
ducers (Adoukonou-Sagbadja et al. 2003).

Fonio growers encountered have very low educational level. Most of them
(63.3%) have never been to school, only 9.1% have reached secondary school
and the remaining (27.6%) have been to primary school. The great majority
(96.7%) of them have farming as the main occupation. Only few farmers
(3.3%) are civil servants. A little more than two-thirds (67.8%) of the fonio
producers encountered were animists and about one-third (32.2%) were
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Figure 2. Evolution of area devoted to fonio cultivation in the three administrative regions.

Christians. Such predominance of animists is not surprising as in Togo the crop
is associated with numerous traditional beliefs.

Although fonio is known as men crop, an important proportion (39.1%) of
women (members or heads of household) where found among the growers.
Women heads of household are either widows or divorced.

Agricultural practices

In Togo, fonio is mainly cultivated in marginal, mountainous and hilly zones
and on sandy, poor and degraded soils. Many farmers (51.7% of respondents)
used rotation cropping system in which fonio, which is more adapted to poor
soils, occupies mostly the last place after maize and pearl millet or sorghum. In
spite of its high adaptability to poor soils, fonio is rarely cultivated successively
more than twice in the same field. Generally, field previously cultivated in fonio
is allowed to fallow for 1-2 years. The field left fallow develops weeds and
serves as pasture land for livestock in the north (ethnic zones Tamberma and
Tchokossi).

In the majority (78.1%) of the fields visited, fonio was found in pure culture.
In some cases, fonio was grown in association with other crops such as
Bambara groundnut, pigeon pea, pearl millet, sorghum, cassava and okra. In
these associations, fonio was the main crop. In only rare case (Tamberma
tribe), fonio and pearl millet seeds were directly mixed and sown together:
fonio will be harvested first and the pearl millet later.

The sowing time varies among producing zones and depends on the onset of
the rainy season. Seed broadcast is the unique sowing method used by the
farmers. No fertilizers and pesticides are used by the farmers as fonio flourishes
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in poor soils and is, in general, resistant to pests and diseases. In contrast, more
attention is paid to weeding because fonio plants are low weed competitors. In
most of the cases, weeds are removed (manually) four to five weeks after
sowing. The harvest which is the most labour consuming activity occurs be-
tween August and October. The harvesting methods vary with the producing
zones and the ethnic groups. With the Akposso and Akébou ethnic groups in
the south, mature fonio plants are uprooted while in the north, traditional
tools (home knives and sickles) are used by farmers to cut straw with mature
panicles during harvesting. The Lamba tribe straw cutters for example, use a
special craft thimble made with a particular variety of calabash to protect their
index fingers against injuries.

Threshing method used to extract grains after harvesting also depends on the
producing zones. In the south, fonio is threshed by beating the straw while in
the north grains are extracted by trampling dry straw. Because of the intense
sunshine during the harvesting period, threshing is done overnight. After
threshing, grains are dried 3—4 days and stored in barn. According to farmers
the storage duration is about 5-10 years but the seed viability (germination
rate) decreases considerably after 2 years of storage.

Gender role in fonio production

Male and female farmers contribute differently to fonio production activities
(Table 1): 50% of the activities (weeding, collecting panicles after harvesting,
threshing by trampling, cleaning, drying, processing, and selling) are exclu-
sively done by women while only 14.28% (harvesting and threshing by beating)
are exclusively done by men. Therefore, women contribute much more to the
activities than men. According to farmers, men do most work that needs more

Table 1. Gender importance in fonio production activities.

Activities Male Female
Land preparation High Low
Broadcasting (sowing) High Medium
Weeding None High
Harvesting (cutting or uprooting) High None
Collecting harvested fonio None High
Threshing by beating (south) High None
Threshing by trampling (north) None High
Cleaning None High
Transporting High High
Drying None High
Keeping seeds for next season High Low
Storing for consumption Low High
Processing None High
Selling (in market) None High
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Table 2. Major constraints reported in fonio production in Togo (% of responses).

Constraints Men (%) Women (%)
Lack of improved harvesting technologies 62.5 2.6

Lack of modern tools for post-harvest processing 10.8 64.2
Insufficient knowledge in weeding system 1.3 11.1

Pests development 15.2 3.7
Attack by wild animals (birds, rats) 0.3 0.5
Insufficient rainfall 9.1 32
Decline of the traditional self-help groups 10.8 6.8

Lack of organised market 2.0 79

Total 100 100

strength and energy while activities that need more skills and patience are
mostly left to women. Because the crop is labour consuming, farmers having
large fields of fonio and household of small size always call for assistance. The
lack of financial means for labour hiring coupled with task distribution has led
to the development of both men and women self-help groups mainly for
weeding and harvesting.

Production constraints

The major constraints reported by farmers are summarised, according to
gender, in Table 2. For the majority of men (62.5% of responses), lack of
improved harvesting technologies was the most important followed by devel-
opment of insect pests management (15.2% of responses). For women, the
most important constraints were the inexistence of modern tools for post-
harvest processing (64.2% of responses) and the insufficient knowledge in
weeding systems (11.1% of responses). This gender differences in appreciating
constraints in fonio production confirms the distribution of tasks according to
the sex as described above. Among the other constraints reported, pest
development was the most prominent. Two insects (not found during the
survey) that cause at times severe leaf and stem damages in the fields were
pointed out by farmers for whom the promotion of the crop should necessarily
pass through the improvement of the constraints.

Folk taxonomy and landraces diversity

In all the producing zones explored, the crop was designated by a generic name
(Table 3). These generic names which vary with the ethnic groups mainly
highlight the origin of the crop (food from the bush, bush grains for birds) and
the quality of the food (good food, small quantity for enough food) it gives
(Table 3).
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Table 3. Generic names of fonio within the different ethnic groups in Togo.

Ethnic group Generic name of fonio millet Meaning of the name

Akposso Ova A new food from the bush
Lamba Afiohoun —

Losso Nawda Kafia / Figm Small quantity for enough food
Bassar* Ipibim (Ipi) Bush grains for bird
Tamberma Iponaka —

Tchokossi Ounvoni Good food from the bush
Gangan Ifi —

Mina, Ewe* Woxeé, Gbekoui Bush grains for bird

*doesn’t cultivate fonio

In total, forty-two fonio landraces, traditionally classified in three groups
according to the growth cycle (early maturing, intermediates and late matur-
ing), were identified in all the different agro-ecological and ethnic zones sur-
veyed (Table 4). To describe and name landraces, farmers use diverse traits.
These are related to the growth habit (height and vigour) of the plant, the
colour of the shoot, leaves and young panicles, seed characteristics (colour,
size, form, brightness and hardness), the growth cycle, and the organoleptic
characters. The meanings of local names of most of the landraces were
presented in Table 4.

From name meaning and key agro-morphological traits of the landraces
(Table 4), it appeared that Lamba (northern zone) and Akposso (southern
zone) ethnic zones are the richest in landraces’ diversity. On the other hand, the
northern production zone with 33 landraces out of the 42 reported by farmers
is the part of the country where most of the landraces diversity is concentrated.
This finding is in agreement with the report of Portéres (1955, 1976) according
to which this zone of Togo is one of the important centres of diversification of
fonio in West-Africa.

The value of folk taxonomy in plant genetic resources conservation was
highlighted by many authors (Van Oosterhout 1990; Berlin 1992; Uguru 1998;
Sambatti et al. 2001). Recognising the names farmers give to varieties and
understanding the traditional system of classification (folk taxonomic classifi-
cation) are important because the ‘farmer-named variety’ is the unit that
farmers manage and select over time and the skills with which farmers rec-
ognize and manage a given amount of diversity may have important evolu-
tionary consequences for the crop.

Origin of the landraces

Following Dalziel (1937), Henrard (1950), Portéres (1976), Zeven and de Wet
(1982), Haq and Ogbe (1995), and Hilu et al. (1997), fonio millet is indigenous
to West Africa. Based on the discussion we had with farmers, two schools of
thought contribute to explain the current genetic diversity found in Togo
(figure 3). For the farmers of the first school, the existing fonio landraces were
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Figure 3. Proposed origins of fonio germplasm cultivated in Togo.

formerly domesticated locally around the mountains of Ouali (near Atakpamé
in the South) and Défalé (Doufelgou district in the North) by Akposso and
Lamba ancestors who respectively occupied these sites. According to them,
wild species known as ‘Birds’ fonio’ (Djighla and Ovahoui in Akposso, Séhia in
Akébou, Léto and Kanéra in Lamba, Gniwinou in Nawuda, and Oudjaloun in
Gangan) and consumed in the past as food by the hunters during long hunting
trips were used and still exist in the bush (savannah or ancient fallow).

For the farmers of the second school of thought landraces were introduced to
Togo from the neighbouring countries (Burkina Faso, Benin, Ghana and Cote
d’Ivoire). Three lines of introductions linked to the peoples’ immigration and
establishment were reported. The first line was Burkina Faso — Benin — Togo
and concerns the ethnic group Tamberma (equivalent of Otamari in the north-
west of Benin) located at Nadoba in the north-east of Togo (Figure 3). Farmers
reported that ancestors of Tamberna people came from Dinaba in Burkina Faso
with some fonio landraces and first established themselves respectively at Cobly
and Boukoumbé in Benin before entering Togo by Nadoba where they are since
established. The second introduction line reported was linked to the immigra-
tion of Gangan people originated from the south of Burkina Faso. With their
series of landraces, these people would have entered Togo by Dapaong in the
North (Figure 3) and established themselves in the region of Gando (North).
Tchokossi ethnic group established in Mango region was concerned with the
third introduction line reported. Their ancestors would be some Baoulé of Cote
d’Ivoire who came to Togo via Ghana with their fonio landraces.

Taking into account the two types of explanation, one can hypothesise
that fonio landraces cultivated in Togo are derived from both indigenous

[49]



2390

domestications and introductions from neighbouring countries (Burkina Faso,
Benin, Ghana and Céte d’Ivoire). Similar situation was reported with yam
which is also indigenous of the region (Dansi et al. 1999; Dumont and Vernier
2000; Mignouna and Dansi 2003). The historical-ethnobotanical meanings of
the generic names given to the crop (Table 3) are in favour of the domestica-
tion hypothesis. According to Portéres (1976), this domestication occurred in
many regions of West-Africa. Therefore, landraces introduced in Togo, as
reported by farmers, were also probably domesticated in their countries of
origin. A germplasm survey is being organised to identify and collect (with
farmers’ collaboration) the related wild species of fonio, as these may be
sources of useful genes for the genetic improvement of the crop.

Indigenous uses
Fonio as religious and cultural crop

Like yam in West-Africa (Orkwor 1998) and taro in Hawaii (Matthews 1998),
fonio has an important religious and cultural value for its producers. In all the
communities surveyed, fonio is the food eaten during the traditional ceremo-
nies. In Akposso and Akébou communities some rituals should be done before
sowing, harvesting and eating the new harvested fonio. In these two commu-
nities, an important traditional festival called Ovazu takes place each year to
celebrate their multi-secular cultural links with this crop. In Lamba and
Tamberma communities, fonio grains are the most important ingredients in
women initiation ceremonies and for the traditional baptism of newborn child.
It also plays an important role in the wedding process. To request young
woman’s hand, a given quantity of fonio should be sent by the man to the
family in law. The bigger the quantity of fonio offered, the most sincere and
valuable is the bridegroom.

In Akposso and Akébou communities, newly married couple should take
together fonio food during the first wedding night and this is done with rituals
placed under the auspices of an ancestral fetish named Kolissa. This ceremony
is seen as a contract of fidelity of the lady to her new husband, and of the man
to his family in law. The fetish Kolissa is chosen because peoples of these
communities believe that fonio was a gift of that ancestral divinity to their
ancestors. In fact, according to the history, it is Kolissa that indicated bush
fonio to their ancestors as good food. This last information is another element
that is in favour of the domestication hypothesis highlighted above.

Fonio as food

Fonio is essentially cultivated for home consumption. It is the staple food crop
for most of the ethnic groups surveyed. In Akposso and Lamba communities,
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fonio can be eaten three-times a day in various ways. It is also the most
important meal used during celebrations or when having guests to lunch or
diner. Five different fonio-based diets were recorded during the survey and
described in Table 5. The most popular fonio food reported by the farmers
(78.2% of respondents) was ‘Fonio-beans’ or Ay¢ in Akposso language. It is the
dish mostly prepared at special occasions for chiefs, dignitaries or guests. The
next common fonio meals are fonio couscous (60.5% of respondents), ‘fonio-
rice’ (59.1% of respondents) and fonio porridge (42.7% of respondents). Fonio
paste (23.6% of respondents) was mostly consumed in the northern zone. In
this zone, fonio is also used, solely or in mixture with sorghum, pearl millet and
rarely maize to prepare the local beer named Tchoukoutou. As in the tradition
high quality Tchoukoutou is produced only with sorghum, fonio-based
Tchoukoutou is seen as low quality drink and is specially prepared for, and use
as drink by the farmers (hired labour or self-help group) during the harvest.

Fonio as medicine

According to farmers, fonio has some medicinal values. It is used to treat or
eliminate blood clots resulting from accidents and roughed up injuries or
accumulated in the uterus after women deliveries (12.3% of respondents).
Fonio is also used to treat chronic diarrhoea (5.7% of respondents), loss of
appetite (5.7% of respondents), dysentery (2.3% of respondents), chickenpox
(2.3% of respondents), stomach-ache (1.1% of respondents), and asthma
(1.1% of respondents). Some people consider fonio as useful diet for those
suffering from diabetes.

Other uses

Fonio’s straw is used as a fodder for ruminants, mainly sheep, cattle and goat.
It is also used in protecting plant nursery against sun, making mattresses and
hay, confecting kitchen, barn roof and jars and in building walls. Some farmers
use the ash of the straw as potash for cooking. Some (5% of respondents) also
reported the use of fonio grains in feeding poultry, especially young Guinea
fowl. According to them, a daily feeding of young guinea Fowl with fonio
grains orients their sex differentiation in favour of male.

Traditional conservation of fonio biodiversity on farm

At the household or farmer level, the number of landraces maintained varies
from one to three. In the entire producing zone explored, 85% of the farmers
produced only one variety, 10% cultivated two varieties and only 5% had three

varieties.
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Each year, farmers’ decision-making in the choice of how many and which
varieties to grow is influenced by diverse socioeconomic (food availability in
the barns, availability of labour), agronomic (grow cycle, yield, easiness in
processing, cooking qualities, ability of supporting late harvesting) and cultural
(use for special ceremonies as in the case of landrace Vitchi in Akposso tribe)
factors. Because early maturing landraces mature during the rainy period and
must be harvested immediately, farmers producing several crops and having
insufficient labour, generally adopt late maturing landraces. Farmers who grew
two to three landraces used different fields or different plots within the same
field.

Varieties are either inherited from parents and conserved with great care
(87.4% of the respondents) or obtained from friends (8% of the respondents)
or from local markets (4.6% of the respondents). Each of the households
interviewed was self-sufficient in term of seeds. Each year, a certain quantity of
seeds is determined per variety and retained on farm from the new harvest to
serve for the next sowing. Selected seeds are sun dried and stored in granaries
in specific storing jars (that will store up to 50 kg of grains) or in calabashes.
According to farmers, fonio seeds longevity in the traditional storage system is
about 10 years.

Nowadays, young farmers are less and less taking an interest in fonio as its
production, harvest and processing are tedious. Consequently, the risk to see
the crop disappeared in Togo in the forthcoming 20 years rise up on the
horizon if nothing is done. It is therefore urgent to develop strategies that will
promote its production and ensure the sustainable conservation of its genetic
diversity both ex situ and in situ.

Conclusion

In Togo, a long history of fonio cultivation and tradition coupled with high
landraces diversity has led to important amount of indigenous knowledge. For
the producers, fonio is more than a staple food crop. Its production and
consumption are highly linked to the socio-cultural live of the people. Because
of diverse constraints, production of fonio millet is decreasing. For the crop to
be promoted there is a need to develop modern harvesting technologies and
provide women with adequate husking machine. To complement the ex situ
conservation of the collected germplasm, on farm conservation strategies
should be developed. For this to be sustainable, in-depth studies are needed to
define its scientific basis.
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Abstract. Contrary to much supposition, recent studies, typically at global and continent-wide
scales, have documented a positive relationship between spatial variations in human density and
species richness of selected groups of vertebrates. How widely this pattern generalises remains
unknown, and particularly how well it extends to analyses at the extent of a country and at
reasonably fine spatial resolution, and to regions with well-developed mechanised agricultural
infrastructure. Here, we demonstrate that there is a positive relationship between human density
and mammal species richness across Mexico, and that this appears to follow from similar patterns
between spatial environmental variation (particularly net primary productivity, precipitation and
temperature) and both human density and mammal species richness. These results have some
potentially important implications for conservation planning in the region, particularly given that
optimal complementary sets of areas to represent all mammal species in Mexico tend to lie in areas
of disproportionately high human density.

Introduction

The on-going regional and global decline in native biodiversity is, ultimately,
associated with growth in the human population and the enterprise that sus-
tains it, particularly that which leads to habitat destruction, fragmentation and
degradation (Ehrlich 1995; Hannah et al. 1995; Kerr and Currie 1995; Cincotta
et al. 2000; Liu et al. 2001; Fairbanks et al. 2002). Whilst the large ‘ecological
footprint’ of components of this population is important, generating pressures
in areas often far removed from where the people responsible reside (Rees
2001; Wackernagel et al. 2002), the extent of the conflicts between people and
other species also depends in large part on the degree to which spatially they
co-occur. If areas of high human density coincide with those containing a high
richness of other species, conservation conflicts are likely to be severe. If,
however, there is limited overlap between the two then human development
activities may compromise the persistence of other species to a lesser extent.
Evidence as to the relationship between the spatial distribution of people and
components of biodiversity is mixed. On the one hand, a number of studies
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have demonstrated that at local-scales (e.g. areas of the size of a protected area
of fine-resolution mapping unit) the abundance and/or occurrence of individ-
ual species or groups of species declines with increasing human density (e.g.
Hoare and du Toit 1999; Thompson and Jones 1999; Brashares et al. 2001;
Harcourt et al. 2001; Parks and Harcourt 2002; Walsh et al. 2003). Unsur-
prisingly, high human densities and the persistence of many native species,
particularly those of large body size, are mutually exclusive. On the other hand,
other studies, conducted at more regional scales (e.g. using nations or coarse-
resolution mapping units), have documented broad positive relationships
between human densities and the native species richness of particular groups of
organisms (Hunter and Yonzon 1993; Fjeldsa and Rahbek 1998; Balmford et
al. 2001; McKinney 2001; Araujo 2003; Luck et al. 2004; Real et. al. 2003).
Here, species richness and human density tend to be higher in the same areas,
arguably because they have historically responded to the same environmental
factors, particularly net primary productivity; high productivity provides a
larger resource base enabling more species to persist in an area, and may also
have proven attractive for the establishment and enabled the subsequent
growth of human populations.

Investigations of the broad relationships between human activity and species
richness have principally concerned the Old World (but see Dobson et al.
1997), where the history of human occupation is much longer, and have seldom
been undertaken at the within-country scale, nor at a data resolution partic-
ularly close to that employed even for broad scale conservation planning efforts
(but see Chown et al. 2003). This is significant given recent concerns that
existing conservation areas, and those which are high priorities for designation
as such, may be located in areas of unusually high human population density
(Musters et al. 2000; Harcourt et al. 2001; Parks and Harcourt 2002; Chown
et al. 2003). In this paper, we address these gaps, in examining relationships
between the spatial variation in the distributions of mammal species richness,
human population density, landscape transformation, and conservation areas
in Mexico.

The mammals of Mexico make an interesting case study for several reasons.
First, the high climatic diversity, and complex topography and geological
history, have resulted in Mexico having some of the highest levels of extant
species richness and endemism of any country in the world (10% of global
biodiversity; Mittermeier et al. 1999). Its mammal fauna ranks second in
species richness at the global level (Mittermeier et al. 1999), comprising 525
species of which 30% are endemic to the country (Ceballos et al. 2002). Second,
a large number of these species have extremely narrow distributions, 131 of all
species occur in areas of less than 114,000 km? (Arita et al. 1997). Third, the
rest of the mammal fauna shares Mexico with a population of over 98 million
people, and includes one of the largest urban settlements (Mexico City) any-
where. Fourth, Mexico has a well-studied history of anthropogenic occupation
(Sanders 1979; Bradbury 1982; Butzer and Butzer 1997; Challenger 1998;
Grove 2000; Whitmore and Turner 2001).
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Methods
Data

Information on mammal distribution was obtained from the National
Information System on Mexico’s Biodiversity compiled by the Mexican
Commission on Biodiversity (CONABIO, http://www.conabio.gob.mx).
This database used as a starting point the maps of Hall (1981), at a spatial
resolution of a half-degree (measures on average 53.25 km on each side),
but updating the information with new taxonomic and distributional data
published up to the end of 2000 (Arita et al. 1997; Reid 1997; Wilson and
Ruff 1999; Ceballos et al. 2002). Although reserves are almost invariably
smaller in extent than entire half-degree grid cells, often substantially so,
this resolution can usefully be used to seek out areas in need of conser-
vation attention (Chown et al. 2003; Larsen and Rahbek 2003). For the
purpose of this study, the analyses were restricted to land mammals, with
introduced and insular species excluded. We also omitted coastal cells with
less than 25% land area to avoid confounding the influence of area
with other effects. A total of 423 mammal species were analysed within a
grid of 705 cells.

For each grid cell we distinguished nine categories: (i) the total number of
mammal species (out of a possible 423); (ii) the number of threatened species
[subsuming all species categorised as vulnerable, endangered, or critical by
IUCN (2000); 41 species]; (iii) the 25% most range restricted species (106
species); (iv) the 25% most range widespread species (106 species); (v) the
number of endemic species (restricted to Mexican territory; 112 species), and
(vi-ix) the numbers of species in each of four separate body mass categories
(Ist: 0.002-0.016; 2nd: 0.017-0.040; 3rd: 0.041-0.254, 4th: 0.269-587.52 kg,
respectively), based on the quartiles of the body mass distribution (body mass
information from Silva and Downing 1995; Reid 1997; Wilson and Ruff 1999;
~106 possible species in each category), and for convenience labelled mass 1
(quartile 1) through to mass 4 (quartile 4).

For each grid cell, values of net primary productivity, precipitation, and
temperature were calculated, these three variables having been widely recog-
nized as biologically important influences on levels of species richness (see
Currie 1991; O’Brien 1998; Kerr and Currie 1999; Gaston 2000; Morin 2000;
van Rensburg et al. 2002). The mean annual monthly values of precipitation
(mm yr~') and temperature (°C) were derived from data from many meteo-
rological stations (n = 5181, Quintas 2000), data on mean annual net primary
productivity (g C m 2 year ') were derived from the GPPDI global model
(Zheng et al. 2001).

Human population density data were obtained from the most recent Mexi-
can population census (INEGI 2001), comprising the numbers of people in all
human settlements (cities, towns and villages). A settlement was classified as
lying within a given grid cell if the majority of its area fell within that cell, and
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the population size of all settlements within that cell were summed. The
intersections were carried out using ArcView GIS 3.2a.

The percentage of current land-cover that has been markedly transformed by
human activities was determined for each grid cell by summing the areas of five
land-cover classes: forest plantations, cultivated lands, urban areas, degraded
lands and water bodies. The data were taken from The National Forest
Inventory (SEMARNAT 2000), and were based on digital aerial photographs
and seasonally standardised Landsat TM (at 1:125,000 scale) satellite imagery
captured primarily during 1999-2000.

Data on the size (km?), geographic limits and shape of 96 protected areas
(the vast majority of significant areas) in Mexico, were provided by the Na-
tional Institute of Ecology (INE, http://www.ine.gob.mx). Most of these pro-
tected areas correspond to IUCN categories I, I, IV and IX, these being strict
nature reserves, national parks, managed nature reserve/wildlife sanctuaries,
and biosphere reserves, respectively. These areas were mapped using ArcView
3.2a.

To evaluate the level of human presence bordering existing designated
conservation areas, we delineated a buffer 50 km wide around each of the 96
protected areas and then calculated a mean human population density (indi-
viduals.km ) in these 50-km zones. The 50-km buffer was traced using the
buffer facility of ArcView 3.2a.

Analyses

Human population density, rare and threatened species richness, and protected
area size were all logarithmically (base 10) transformed, and percentage of land
transformation was square root transformed, for analysis.

Spatial structure in the data was explored by determining autocorrelograms
for each of the major variables in the analyses. Moran’s I was calculated for 15
equal-distance classes of about 213 km in width, and spatial correlograms were
produced and tested for significant spatial dependence. Since the study covered
a relatively large geographic area, grid cell coordinates were not treated as
Cartesian coordinates when measuring distances between them. Instead, dis-
tances along great circles were calculated to take into account the curvature of
the earth’s surface. Bonferroni’s correction for multiple comparisons was used
in assessing overall correlogram significance.

We report the results of two sets of analyses of the relationship amongst
mammal species richness, human population density, environmental and
landscape variables, both conducted in SAS (version 8.2). Initially, we con-
ducted analyses assuming an independent errors model using the PROC
GLM procedure. Spatial autocorrelation may, however, systematically
invalidate the assumption of independent errors, distorting classical tests of
association and rendering correlation coefficients, regression slopes and
associated significance tests very misleading (Clifford et al. 1989; Cressie
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1991; Legendre 1993; Lennon 2000; Legendre et al. 2002). To avoid this, a
second set of analyses was conducted using the PROC MIXED procedure to
implement spatial correlation models (Littell et al. 1996). Our spatial models
assumed an exponential covariance structure as this gave a better fit to the
null model than five alternative covariance structures: spherical, gaussian,
linear, linear log and power.

As a measure of the pattern of complementarity (sensu Williams 2001)
exhibited by the mammal fauna in Mexico, we identified a set of optimal
solutions to the integer linear programming problem of minimising the number
of grid cells such that each species is represented in at least one grid cell in the
region (Underhill 1994); this is intended as a basis for exploring the issue of
complementarity, and not to imply that such representation would be adequate
for many purposes. This was done using the CPLEX optimisation software
(ILOG 2001). In the present case, numerous equally optimal solutions exist for
this problem, and the specific solution found depends on the order in which
variables (cells) are introduced. To avoid repeated selection of the same solu-
tions, each time one was sought an additional restriction was added to the
problem that excluded the solution previously found (Rodrigues et al. 2000).
This procedure obtains a random set of optimal solutions without replacement.
Then, we explored the flexibility (Rodrigues et al. 2000) for minimizing the
human population within the complementary networks, by determining whe-
ther the complementary cells contained greater human population densities
than expected by chance. The human population density for all the optimal set
solutions representing all species was calculated and then these values were
compared with the mean human population density found for 10,000 sets (each
consisting of the same number of cells as the complementary sets that represent
each mammal species at least once) of randomly selected grid cells.

Results
Spatial variation

Spatial autocorrelograms for mammal species richness, human population
density, and the environmental variables exhibited overall statistical signifi-
cance and statistical significance at most lag distances (Figure 1). Autocorre-
lation for overall mammal species richness and the environmental variables
declined steeply with increasing lag distances. Initially strong positive values
rapidly became negative, but with some up-turn towards the longest lag dis-
tances. Autocorrelations for human population density and land transforma-
tion showed a much shallower pattern of decline towards longer lag distances,
becoming positive again at the longest lag distances, likely reflecting similarly
low densities of people and their impacts in the most distantly separated areas
of Mexico Figure 2 illustrates the spatial distribution patterns of the main
variables across Mexico.
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Spatial autocorrelograms of Mammal species and environmental variables across
Mexico Distance class values represent maximum distances between pairs of points within each
213 km distance class Sequential Bonferroni correction was applied at o = 0.001 to evaluate the
statistical significance of each value of Moran’s I and the overall significance of each autocorre-

logram All autocorrelograms proved statistically significant overall, and filled data points represent
statistically significant values.
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Mammals are more speciose in the southern part of Mexico, with high
richness elsewhere tending to follow the distribution of tropical moist forest.
Areas of lowest richness lie in the Baja California Peninsula and the Sonora
desert. Endemic and rare species are generally concentrated in areas with
intermediate values of overall species richness. The most endemic rich areas lie
along the Trans-Mexican Volcanic Belt and the Pacific tropical lowlands of
western Mexico, while the most endemic-poor are in the Sonora and
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Figure 2. Patterns of distribution of main variables measured in the study. Darker colours
correspond to higher values.
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Chihuahua deserts and the east slopes of the Sierra Madre Oriental. Rare
species are concentrated in the dry deciduous forest on the Pacific coast and
montane forest along the Trans-Mexican Volcanic Belt.

The density of the human population across Mexico is highly variable (which
is considered to be one of the country’s population problems). Whilst the na-
tional average density is ¢ 50 persons km 2, there are areas with densities of <1
persons km 2, and others, particularly in the central Mexican basins, with
densities of > 3000 persons km 2. The northern parts of the country, covering
big parts of the Sonora and Chihuahua deserts and particularly the Baja Cal-
ifornia peninsula, have the lowest population densities.

Net primary productivity declines northwards from an average of about
1500 g C m~? year~' on the southern border of Mexico to below 3 g C m >
year~! on the northern border. Precipitation shows similar trends. The driest
part of Mexico is the north-west in the interior basins of Chihuahua and
Coahuila and, more particularly, in Sonora and Baja California; the Altar and
Vizcaino regions (which form part of the Sonora desert) are bone dry and as
hot as anywhere on the American continent. Most of the tropical lowlands
have mean annual temperatures of over 23 °C and are virtually frost-free. The
cold land is typically over 2000 m and includes the volcanic highlands of
central Mexico, the southern part of the Sierra Madre Oriental, extensive parts
of the Sierra Madre Occidental and the higher ranges of Chiapas and Oaxaca.
The intermediate zone lying roughly between 1000 and 2000 m is the most
densely settled of the altitudinal zones, with daily temperatures ranging
through 10 °C and rarely suffering frost or very high evaporation rates.

Land transformation has been at its most extensive across the central
Mexican basins and the highlands and lowlands of the Gulf of Mexico. The
most intensively cultivated areas are within the Bajio region, and the states of
Tlaxcala, Puebla and Veracruz in which more than three-fourths of the lands
are cropland.

Patterns of covariation

Assuming an independent errors model, total mammal species richness across
Mexico is positively related to levels of net primary productivity, precipitation
and temperature (Table 1, Figure 3). Inclusion of a quadratic term increases
the explained variance in each case, but most markedly for precipitation, and
there is no evidence that the relationships exhibit a decline phase. This is almost
invariably true also of the subsets of mammal species (Table 1; threatened,
endemic, rare, common, and in different mass categories). The weakest rela-
tionships are typically exhibited by the endemic, rare and common species,
when these are analysed separately, suggesting that the relationships for total
mammal species richness are dependent on the mix of species with different
spatial distributions.
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Figure 3. Relationships between net primary productivity and (a) total mammal species richness
and (b) log;o human population density.

Controlling for the effects of spatial autocorrelation typically weakens the
relationships between mammal species richness and net primary productivity,
precipitation or temperature markedly (Table 1). For total species richness
these remain statistically significant, but for some combinations of subsets of
the mammal assemblage and environmental variables this is not the case. In
particular, for threatened species and those of intermediate body mass previ-
ously statistically significant relationships are rendered non-significant when
controlling for spatial autocorrelation.

As with total mammal species richness, human population density exhibits
positive relationships with the environmental variables, whether or not spatial
autocorrelation is controlled for (Table 1), although the highest human pop-
ulation densities tend to be associated with somewhat lower levels of net pri-
mary productivity than are the highest levels of species richness (Figure 3). In
consequence, total mammal species richness and human population density are
positively related, using an independent errors model and a model controlling
for spatial autocorrelation, with some improvement in model fit with the
inclusion of a quadratic term (and no evidence for a decline phase; Table 2,
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Figure 4. Log-log relationship between total mammal species richness and human population
density.

Figure 4). Using an independent errors model, the species richness of subsets of
the mammal assemblage is also always significantly positively related to human
population density, although in three cases (threatened species and species in
two of the mass categories) these relationships lose their statistical significance
when controlling for spatial autocorrelation (Table 2).

Patterns of land transformation across Mexico are positively associated with
levels of human population density (> = 0.21; AIC = 1517.6, F = 13.29,
p < 0.01). This is reflected in typically marked positive relationships between
the overall numbers of mammal species, the numbers in different subsets of the
assemblage, and the level of land transformation (Table 2), with a similar
pattern of degradation of these relationships when spatial autocorrelation is
controlled for.

Conservation areas

A total of 92 grid cells form part of one or more of each of 100 optimal
solutions, each requiring 38 grid cells, to the problem of representing each
mammal species in at least one grid cell across Mexico. In the optimal com-
plementarity sets, human population density can vary between 52.9 and 69.4
persons km 2, values significantly higher than expected from a random selec-
tion of sites (44.9-46.1 persons km 2, limits of the 95% confidence interval for
the 10,000 random draws of 38 cells).

Most existing designated Mexican protected areas are not situated in regions
of lower than national average human density (¢ 50 persons km~2). The size of
protected areas is negatively correlated with human population density, such
that small-protected areas are more likely than are large protected areas to be
located in regions of high human population density (> = — 0.29, p < 0.001;
Figure 5).
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Figure 5. Logj, area of 96 Mexican designated protected areas in relation to log;, human pop-
ulation density within a 50 km buffer zone.

Discussion

In keeping with previous analyses at coarser resolutions and/or in other bi-
ogeographic regions of the world (see Introduction for references), spatial
variation in the species richness of mammals across Mexico is positively cor-
related with spatial variation in the numbers of people. That is, on average,
areas in which there are more mammal species also tend to have more people.
The existence of broadly similar relationships of both mammal species richness
and human population density with environmental variables supports the
argument that the covariation between mammal species richness and human
density is a consequence of them responding in similar ways to spatial variation
in environmental conditions (Table 1, Figure 3).

It has been argued that positive relationships between numbers of people
and patterns of species richness are likely to be more characteristic of regions in
which human populations are more dependent on the exploitation of local
resources for subsistence agriculture, and therefore more tightly associated
with natural patterns of resource provision, than those with a well-developed
mechanized agricultural infrastructure (Huston 1993, 2001). However, Mexico
has just such a well-developed infrastructure, including extensive areas of
intensive agriculture (FAO 2000) and clearly this is not sufficient entirely to
disrupt the relationship between human density and mammal species richness
at the spatial resolution examined herein. Indeed, the variation about this
relationship might be significantly reduced were it possible to improve on the
quality of the estimation of the density of humans in different areas.

One explanation for this result is that whilst a well-developed mechanized
agricultural infrastructure reduces the immediate dependency of human pop-
ulations on natural resource provision, and enables production of substantial
quantities of foodstuffs from areas where previously this may not have been
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possible, in the main such an infrastructure is employed in those same areas
that historically tended to provide the greatest natural resource provision. If
this is so, then the positive relationship between mammal species richness and
human density has persisted in Mexico despite the long history of human
occupation of the region, the extensive (and sometimes sophisticated) land
transformation that accompanied this, and the ebbs and flows in this trans-
formation associated with the rise and fall of a number of major civilisations.
Historical demographic research has estimated that before European conquest,
the Mexican population may already have exceeded 20 million people and was
larger than that of any other comparable American area (Fox 1971). Central
Mexico alone may have had a pre-Columbian population of 11 million people
(Fox 1971; Zambardino 1980).

Why has the relationship between mammal species richness and human
density persisted in the face of such human population pressures, and the
associated land transformation? There are two possible reasons. First, there
may be sufficient habitat heterogeneity even at a half-degree resolution to
enable such persistence (Redford and Dinerstein 1994), with highly disturbed
areas residing alongside much less disturbed ones. The complex topography of
Mexico would certainly promote such an effect. This is especially true, for
example, of the Mexican Mesa Central where highly fertile agricultural lands,
large human settlements, and mountains systems lie in close proximity (Butzer
and Butzer 1997). In such a circumstance, one might have imagined that small-
bodied, and therefore typically less space demanding, species of mammals
would be more likely to exhibit a positive species richness-human density
relationship, and large-bodied species requiring large home ranges would be
less likely to do so. However, there is no evidence for a simple effect of body
size on the likelihood of observing such a relationship for the mammals of
Mexico, with all body size classes exhibiting a species richness-human density
and a species richness-land transformation relationship when treating data
points as independent, and only one of the intermediate body size classes
exhibiting a species richness-human density relationship and the smallest and
an intermediate body size class exhibiting a species richness-land transforma-
tion relationship when controlling for spatial autocorrelation (Table 2).

With this first explanation, the species richness-human density relationship
has been an inevitable consequence of patterns of human population estab-
lishment and growth, from perhaps before these populations had a major
influence on patterns of occurrence of other mammal species (see Woodroffe
2000). The relationship has persisted probably because mammal richness has
been depressed across much of the breadth of human densities, and not simply
at the highest levels. Some of the largest mammals have suffered massive
reductions in their geographic ranges in Mexico in recent history (e.g. black
bear, Ursus americanus and bison, Bison bison) and others have undergone
regional extinction (e.g. grey wolf, Canis lupus). This depression, perhaps
particularly at higher human densities, is likely to be more marked than por-
trayed in the analyses here, as these take no account of the population viability
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of each species in different areas, nor of possible more recent changes in dis-
tributions.

The second possible reason that a positive species richness-human density
relationship might have persisted is that extant Mexican mammals have a
reasonably high resilience to human activities, with those that did not do so
having already been lost. Such filtering effects have been argued to have given
rise to, for example, the otherwise counter-intuitive observation that Pacific
islands with longer histories of human occupation often tend at present to have
fewer threatened species (Pimm et al. 1995). In this connection, it is noteworthy
that when accounting for spatial autocorrelation, there is no relationship be-
tween the species richness of threatened mammals and human density across
Mexico.

The positive relationship between mammal species richness and human
population density suggests that the conservation of mammals in Mexico may
face greater conflicts than might otherwise be the case. Although patterns of
complementarity and species richness need not coincide, this inference is
confirmed by considering the distribution of those areas that would be required
simply to represent each of the mammal species by at least one spatial
occurrence. These have significantly higher human densities than would be
expected by chance. Turning to protected areas that have already been desig-
nated, underlines this message further. These also lie in areas with dispro-
portionately high human population densities. Moreover, the smaller the
protected area the higher the human density in the surrounding lands (Fig-
ure 5; see Park and Harcourt 2002 and references therein), suggesting that not
only do small protected areas suffer from increased external pressures because
of their high perimeter to area ratios, but they may suffer disproportionately
because the potential external pressures are much more intense (Harcourt et al.
2001).

In conclusion, the results reported here demonstrate that positive relation-
ships between human density and species richness (i) are not restricted to the
Old World but are also exhibited in the New World, where the history of
human occupation is much shorter, (ii) are exhibited at a within-country scale,
(ii1) are exhibited at a finer data resolution than that employed in the majority
of previous studies, and (iv) may have significant implications for conservation
planning in Mexico.
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Abstract. Domestic gardens associated with residential zones form a major component of
undeveloped land in towns and cities. Such gardens may play a vital role in maintaining biodi-
versity in urban areas, but explanations for the variation in the richness of species assemblages in
gardens are lacking. We report the results from a case study of 12 invertebrate groups in 61
domestic gardens in the city of Sheffield, UK. The mean number of species within a taxon, recorded
per garden, was no greater than 3, 10, and 20 species in litter, pitfall trap and Malaise trap samples,
respectively. Relatively speciose groups exhibited high turnover between gardens, with typically
50% of the group occurring only once. In contrast, several species-poor taxa were virtually
ubiquitous. Species richness was analysed by multiple regression and hierarchical zree analysis in
relation to garden and landscape variables. In general, the two methods of analysis corroborated
one another. In total, 22 explanatory variables entered into regression models, although 12 of them
only did so once. The amount of variation in species richness explained in models was generally
quite high, with the factors involved operating over a range of scales. However, the patterns that
emerged were not consistent across taxa. The most important predictors of species richness, of
relevance to land use planners, were components of garden vegetation, especially the abundance of
trees. Likely reasons for inconsistencies in the relationships are discussed in the context of sampling
and species biology.

Introduction

Urbanisation causes wholesale transformation of the local environment,
affecting it at a fundamental level by altering habitat, climate, hydrology, and
primary production (Sukopp and Starfinger 1999; Kinzig and Grove 2001). An
important consequence is change in the composition of species assemblages.
Urbanisation generally reduces native species richness across plant and animal
taxa (Blair 1996; Denys and Schmidt 1998; Roy et al. 1999; Germaine and
Wakeling 2001), although certain groups may be favoured by the creation of
novel habitats (e.g. lichens, Gilbert 1990; ground beetles, Eversham et al. 1996)
and overall biodiversity may be enhanced by the presence of alien species
(Pysek 1993).

Undeveloped land in towns and cities, generically termed ‘green space’,
supports vegetation and ‘unsealed’ surfaces, and it can ameliorate the detri-
mental effects of urbanisation on species assemblages by preserving or creating
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habitat, and by maintaining corridors for movement through the urban matrix.
Domestic gardens associated with residential zones form a major component of
urban green space. The few estimates available for UK cities indicate that
domestic gardens comprise 19-27% of the entire urban area (Gaston et al. in
press b), therefore they may play a critical role in maintaining biodiversity in
such regions (e.g. Owen 1991; Miotk 1996; Saville 1997; Owen 2002). With the
exception of birds (BTO Garden BirdWatch scheme, Cannon 2000) evidence is
limited when trying to explain variation in the richness of garden assemblages.
It is either based on long-term data from single gardens (e.g. Allen 1964; Smith
1989; Owen 1991) or on short term data from multiple gardens for a very
restricted range of taxa (e.g. Davis 1978; Vickery 1995; Bailey et al. 1998). In
order to understand the contributions of different factors related to species
richness in urban gardens it is necessary to sample a suite of gardens and taxa
simultancously.

Previous studies in urban environments have demonstrated that the features
of habitat patches, such as their size (McGeoch and Chown 1997; Miyashita
et al. 1998) and degree of isolation (Soulé et al. 1988; Denys and Schmidt 1998;
Fernandez-Juricic 2000) are significant factors in determining species richness.
Conditions surrounding patches, such as building density, are also influential
factors (Jokimdki 1999; Germaine and Wakeling 2001). In the case of urban
domestic gardens, it is difficult to predict what the relative roles of ‘internal’
and ‘external’ factors may be, since gardens are managed at an individual level,
yet they form interconnected tracts of green space. Therefore gardens differ
essentially from other components of green space because they constitute much
of the urban matrix, rather than existing as isolated patches of habitat.

In this paper we investigate the factors associated with variation in inver-
tebrate species richness in urban domestic gardens, using the city of Sheffield as
a case study. This study constitutes part of the Biodiversity of Urban Gardens
in Sheffield (BUGS) project, a wider investigation of the resource that domestic
gardens provide for biodiversity and ecosystem functioning (Gaston et al. in
press b; Smith et al. in press), the factors that influence the levels of biodiversity
associated with different gardens (Thompson et al. 2003, 2004), and ways in
which features of gardens can be manipulated to enhance biodiversity (Gaston
et al. in press a).

Methods

Study site

The city of Sheffield, South Yorkshire, UK (53° 23’ N, 1° 28" W; OS grid
reference SK 38) lies in the centre of England; it is largely surrounded by
agricultural land, except where the urban area merges with that of Rotherham

to the north-east. The administrative boundaries of the city enclose an area of
more than 360 km?, including farmland and a portion of the Peak District
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National Park. The study was carried out in the rear gardens (hereafter called
‘gardens’) of 61 private, owner-occupied houses in the predominantly urban-
ised region of the city (about 143 km?, defined as those 1 km x 1 km cells
having more than 25% coverage by residential or industrial zones, as judged by
eye from Ordnance Survey 1:25000 scale maps) (Figure 1). The study focussed
on rear gardens, which form the major garden component of most properties.

Sixty-one gardens were selected from a pool of 161 householders derived
from contacts among ancillary, clerical and academic staff at the University of
Sheffield, and from members of the public at lectures or displays. This
approach was chosen due to the great difficulty in the alternative of recruiting
householders at random who were both sympathetic to research being con-
ducted in their gardens, and able to offer daytime access. Our method also
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Figure 1. Map of the locations of the 61 study gardens in the predominantly urban area (heavy
dashed line) of Sheffield, in relation to zones with >50% industrial/commercial use (cross-
hatching), principal rivers, and the adjoining town of Rotheram to the north-east (light dashed
outline). The shaded square indicates 1 km? of the central business district, centred on the city hall.
Map axes represent distances (m) on the Ordnance Survey National Grid; the map covers 20 km by
20 km.
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enabled us to maximise variation in the environmental axes of interest,
e.g. house age, garden size, and location across the urban area. Housing was
characterised as terraced (two or more adjoining dwellings), semi-detached
(one adjoining dwelling), and detached (no adjoining dwellings); they com-
prised 16, 56, and 28% of the sample, respectively (compared to a random
sample of 50, 44, and 6% (n = 218) taken from all Sheffield gardens, Gaston
et al. in press b). Rear gardens ranged from 32-940 m” in area and their
associated properties ranged from 5-165 years in age. Altitude was recorded to
the nearest 10 m, from Ordnance Survey 1:50,000 scale maps, and gardens
ranged between 40 and 250 m above sea level.

Recording garden characteristics

Rear gardens were surveyed between July and September 2000. Principal
dimensions were measured to the nearest 0.5 m, and a scale plan was drawn
of each garden; this included the side portion on properties occupying corner
plots. The plan incorporated boundaries (and their construction), buildings
within the garden, and all forms of land use, of which 22 were recognised
(Smith et al. ms.). The areas of each type of land use, and the lengths of
linear features, were estimated from the plan. Distance to the centre of the
nearest 1 km x 1 km cell having less than 25% coverage by residential or
industrial zones was measured. Information on garden management and the
intentional provision of resources for wildlife (‘wildlife gardening’) was
gathered from garden owners using a questionnaire (see Appendix 1 for
details).

Recording the garden flora and vegetation

A complete list was made of all vascular plant taxa during the garden
survey, and each taxon was allocated to alien or native categories
(nomenclature and status followed Stace (1997) where possible, otherwise
Wright (1984)). Some plants were allocated to the native taxon (e.g. Primula
vulgaris, Aquilegia vulgaris), even though many garden plants are of hybrid
origin. Cultivars were not considered as separate taxa. Although the timing
of the survey meant that some strict vernals (e.g. Anemone blanda) were
missed, the remains of Hyacinthoides, Narcissus and Tulipa spp. were still
visible. Measures of vegetation structure were produced by estimating the
area covered by a canopy in the following height classes: <0.5 m, 0.5-1 m,
1-2 m, 2-3 m, and >3 m. The classes were mutually exclusive, and incor-
porated tree canopies (including those overhanging from outside the garden)
but omitted mown lawn. The number of trees taller than 2 m was also
recorded.
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Garden measurements using a Geographic Information System (GIS)

The following variables were measured for each property using Ordnance
Survey digital ‘Land-line Plus’ (1:1250) maps, imported to an ArcView GIS
(Environmental Systems Research Institute, Inc.): total plot area, house area,
and total garden area (calculated as the area of the plot excluding the house).
A series of variables for land use surrounding each garden was also created.
A circular area of 10,000 m> (1 ha, radius c. 56 m), centred on each garden,
was believed sufficient to sample the local land uses that might exert an effect
on the invertebrates recorded in a garden; this scale of sampling was also
adequate in detecting changes in housing density. The variables were: number
of houses (where more than half of the area of the house was covered), area of
road and pavement, area of buildings, area of gardens (plots minus houses),
and area of land not in the former categories. Within a 10,000 m? (1 ha) square
plot centred on each garden, two other measures of local green space were
taken from 1:1250 scale aerial photographs (‘Cities Revealed’, The Geolnfor-
mation Group, Cambridge, UK): the area of the contiguous block of green
space in which the survey garden lay, and the total ground area of green space
in the quadrat (non-built up, unmetalled ground, including gardens, parks,
waste ground, woodland and landscaping).

Human population density was measured using POPSURF data at a 200 m
grid cell resolution, based on 1991 UK population census data (Martin and
Tate 1997). The value of the cell in which a garden lay was used as a measure of
local population density. For three gardens where data were missing, a value
was calculated from a bilinear interpolation of the four nearest cells.

Species sampling

The taxa studied in gardens were limited to those that could be identified by the
appropriate specialists, or for which reference specimens could be checked.

Leaf-mining insects

This guild of insects was recorded during the inventory of garden plants, in 56
out of the 61 gardens; species were identified from characteristics of the mine,
and by rearing adults. Tree species were included by searching foliage up to
c. 2 m from the ground.

Pitfall trapping

White, disposable plastic coffee cups, 110 mm high and 70 mm wide at the rim,
were used for pitfall traps. They were placed in triplicate in the cultivated
borders of each of 60 out of the 61 gardens, as widely spaced as practicable. In
one garden without borders, traps were placed along the boundary, which
comprised fencing and a hedge. Each trap was half-filled with 50% alcohol,
rather than ethylene glycol, due to the risk of being found by pets or children.
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When in use, each trap was covered with a ply-board rain shield, positioned
20 mm above the rim of the trap. Traps were opened for the first 2 weeks of
each month, June to October inclusive in 2000, resulting in a total of 15
samples (3 locations X 5 months) for each garden.

Litter sampling

Samples of leaf litter and organic debris were collected in triplicate from each
of the 61 gardens between the end of July and mid-September 2000. Each
sample was taken from a cultivated border, in a circular area of c. 20 cm
diameter, to a depth of c¢. 5 cm, and samples within gardens were collected as
far apart as possible. The surface substrate was collected if no litter was
present. In one garden without borders, the samples were taken from the base
of a boundary hedge. Organisms were extracted from the samples using Tull-
gren funnels, and collected into 70% ethyl alcohol. Organisms that remained in
the dried litter samples, in particular snails, were recovered by hand searching.

Malaise trapping

Single Malaise traps (white roof, black walls) were erected in 16 out of the 60
gardens in order to sample flying insects (although samples also contained
substantial numbers of arachnids); traps were placed in gardens where
householders were willing to accommodate them, and those gardens spanned
the range of property sizes. Malaise traps were located in as standardised a
manner as possible in each garden: at the edge of the lawn, with their long axis
perpendicular to a border. The traps were operated for the first two weeks of
June, July and September 2000 and invertebrates were collected in 70% ethyl
alcohol.

Litter, pitfall and Malaise sampling were all selected for their efficiency in
gathering standardised data for a wide range of taxa, across a large number of
gardens simultaneously. They sampled species richness per unit area (species
density; for Malaise traps, based on the area of netting obstructing insect flight
paths), although in the cases of pitfall and Malaise traps the area would have
varied according to the differential mobilities of the sampled faunas.
Nevertheless, the methods remained comparable between gardens because the
sampling locations and habitat were similar. With certain exceptions (such as
leaf-miners — see above) sampling total garden richness requires considerable
resources, can be hard to standardise, and would have been difficult to achieve
for the large number of gardens in the survey. However, the scales at which
species richness was measured for each group need to be borne in mind when
considering the results.

Analyses

We attempted to control the number of independent variables of possible
importance by removing closely correlated, and hence redundant, variables.
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In each case we retained the variable with the clearer potential biological role,
or for which we were most confident of the measurement process. We reduced
the number of variables to 32, but a principal components analysis on these
failed to reduce the data usefully; nine principal components were required to
account for 75% of the variance, and the influences of the original variables on
components were typically small (correlation of <0.3). Although this number
of variables was not ideal for model fitting, the aim of the analysis was to
identify what, if any, associations occurred between garden environments and
species richness, and whether general patterns appeared across different groups
of organisms. In addition, the independent variables (excluding positional
variables) were checked for evidence of spatial autocorrelation, but there was
no consistent pattern for gardens close to each other being more similar than
those which were far apart.

The rigour of the analysis was increased by using two modelling approaches
and observing how closely the results compared. We used multiple regression
and binary recursive partitioning (tree modelling — see below) to provide
descriptive models of the relationships between the richness of each group of
organisms and the independent variables describing environmental character-
istics. The generality of these relationships and the existence of causal mech-
anisms remain to be explored.

Stepwise multiple regression was used to examine which environmental
factors accounted for variation in species richness within each taxonomic
group (see Appendix 1 for the list of factors). Five of the independent variables
had missing values for a few observations; if these factors failed to enter initial
models they were removed in order to maximise degrees of freedom. Data from
triplicate samples (pitfall traps and litter samples) were pooled for each garden,
and data for all methods were pooled across months. The data for centipedes,
millipedes and woodlice, and for spiders, harvestmen and pseudoscorpions
were combined, because the number of species per garden was too low to
analyse when the taxa were treated individually (Table 1). Similarly, data from
litter samples and pitfall traps were amalgamated within a taxon where the
number of species was low. The two methods both sampled the ground-
dwelling assemblage, and sampling effort within methods was identical across
gardens. Whilst none of these data pooling steps was ideal, it was preferable to
analyse the data at the most practicable level possible rather than discard
significant parts of the sampled taxa.

The values of dependent variables were, when necessary, logarithmically
transformed for analyses in order to homogenise variances and normalise
residuals. The areas of gardens and their internal land uses, of GIS-derived
variables, lengths of internal walls and hedges, and proportions were loga-
rithmically, or arcsine-square root, transformed to linearise the relationship
with the dependent variable.

Tree models (Crawley 2002; denoted free for clarity) were used to check the
robustness of our inferences from multiple regression. 7Tree models are well
suited to situations where explanatory effects may be contingent, and effects are
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Table 1. Invertebrate taxa recorded from (a) litter samples (61 gardens), (b) pitfall traps (60 gar-
dens), and (c) Malaise traps (16 gardens).

Taxon No. of No. of Mean no. Minimum no. Maximum no.
individuals species of species of species of species
garden™! garden™! garden™!

(a) Litter samples

Beetles 254 62 2.4 0 8
Slugs 60 4 0.7 0 3
Snails 581 17 2.8 0 8
Spiders 224 20 0.77 0 3
Harvestmen 50 7 0.44 0 2
Pseudoscorpions 16 3 0.23 0 2
Centipedes 89 6 0.80 0 3
Millipedes 249 10 1.3 0 4
Woodlice 3941 8 2.6 0 S
(b) Pitfall traps

Beetles 4329 139 9.4 2 20
Slugs 3416 13 4.9 1 7
Snails 436 13 4.2 0 10
Spiders 842 57 5.1 1 15
Harvestmen 413 14 1.6 0 4
Pseudoscorpions 1 1 0.02 0 1
Centipedes 40 5 1.2 0 3
Millipedes 87 9 1.9 0 6
Woodlice 7903 8 3.4 1 6
(c) Malaise traps

Beetles 672 147 19.9 11 45
Spiders 338 39 6.1 2 11
Harvestmen 56 4 1.0 0 3
Bumblebees 1131 9 6.0 4 8
Sawflies 372 37 7.8 3 17
Craneflies 645 47 10.3 4 17
True bugs 1223 81 13.9 9 20
Solitary bees 80 21 2.8 0 11
Solitary wasps 61 20 2.4 0 10

not simple linear responses. The process involved a sequential binary parti-
tioning of the data with respect to the independent variables. The independent
variable explaining the maximum deviance was selected first, and the data were
split into two subgroups at a threshold value of this variable, such that the split
gave the best reduction of total deviance in the group. This process was then
repeated for each of the two subgroups, again selecting from all the indepen-
dent variables, and continued with each successive subgroup until a group
contained too few data to be further partitioned. Here we consider only the
most important independent variables in each tree model, generally the results
of the first two partitions (producing up to four groups, although partitioning
sometimes stopped before).
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Results

The same nine principal higher taxa were identified from litter samples and
pitfall traps, based on 5464 and 17467 specimens, respectively; nine main taxa
were identified in Malaise traps, based on 4578 individuals (Table 1). Species
richness was generally low, compared to what might have been expected from
garden faunal lists (e.g. Owen 1991): the mean number of species, within a
taxon, recorded per garden was no greater than 3, 10, and 20 species in litter,
pitfall and Malaise samples, respectively. Indeed, the maximum number of
species per taxon in a garden never exceeded 8, 20, and 45 in litter, pitfall and
Malaise samples, respectively.

The number of species recorded per garden was generally low compared to
the species list summed over all gardens (e.g. spiders and beetles in pitfall traps
and litter samples, Table 1), indicating high turnover in species composition
between gardens. In taxa where more than 19 species were recorded, around a
half of those species occurred in just a single garden — for pitfall plus litter
(Figure 2): beetles 48%; spiders 42%; and in malaise traps (Figure 3): spiders
62%, craneflies 46%, sawflies 53%, true bugs 43%, solitary bees 57%, and
solitary wasps 45%. In contrast, many members of relatively species-poor taxa
were widely distributed across gardens, e.g. isopods and molluscs in pitfall and
litter samples (Figure 2), and bumblebees in Malaise traps (Figure 3).

Leaf-mining insects ( Arthropoda, Insecta: Diptera, Lepidoptera, Coleoptera,
Hymenoptera)

Fifty-four leaf-mining species were recorded across 56 gardens, occurring on
104 plant taxa. The leaf-miner species were represented by flies (Diptera,
55.5%), moths (Lepidoptera, 33.3%), sawflies (Hymenoptera, Symphyta:
9.26%), and beetles (Coleoptera, 1.85%).

The number of trees >2 m high in a garden explained 73% of the total vari-
ation in leaf-miner species richness; this was more than 10 times the variation as
for other factors (Figure 4, Table 2). The tree analysis corroborated the above
result: the primary split occurred for canopy vegetation above 2 m high, a mea-
sure which reflects well the canopy contributed by trees. The data were separated
into groups above and below 47.5 m? of canopy > 2 m, with means of 12.1 and
4.2 leaf-mining species, respectively. The latter group was further split along the
variable for vegetation >2 m (means of 5.3 and 2.9 species above and below
10.5 m?), whilst the former split on the proportion of boundary that abutted
green space (means of 13.6 and 7.6 species above and below a threshold of 78%).

Beetles (Arthropoda, Insecta: Coleoptera)

The model for combined pitfall trap and litter sample data (Table 2) indicated
that positive relationships with beetle species richness were, most importantly,
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Figure 2. Species occupancy across gardens for taxa sampled by pitfall traps and in litter (com-
bined data), for (a) beetles, (b) centipedes, (c¢) millipedes, (d) isopods, (e) spiders, (f) harvestmen, (g)
pseudoscorpions, (h) slugs, (i) snails. The x-axis shows number of gardens, and the y-axis shows the
number of species. Note that the y-axis scale is not constant.

the number of trees, then the presence of composting; house age and garden
area were both negatively related to species richness. The significance of trees
was supported by the tree analysis. This separated observations unevenly along
the axis of canopy vegetation >2 m high (closely correlated to the number of
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Figure 3. Species occupancy across gardens for taxa sampled by Malaise traps, for (a) beetles, (b)
spiders, (c) harvestmen, (d) crane flies, (e) sawflies (f) true bugs, (g) solitary bees, (h) solitary wasps,
(i) bumble bees. The x-axis shows number of gardens, and the y-axis shows the number of species.
Note that the y-axis scale is not constant.

(85]



(a) 0.8 - leaf-mining insects (b) 11 bumblebees
g'j T . 051
-7 [
8 021 g o
-
£ 04 o
© = 0.5
T 02 @
@ 2
2 04 g 11
g 06 @ s
? 08 e o hd
-1 T T T ] -2 T T T T T T 1
-1 -0.5 0 05 1 -6 -4 2 0 2 4 6 8
Number of trees Index of management intensity

(c) 87  solitary bees (d) 104 solitary wasps

Species richness
S AV oNv »r oo
Species richness
AN O N B O ®

-0.4 -0.2 0 0.2 0.4 -60 -30 0 30 60
Plant taxon richness House age

Figure 4. Partial leverage plots (SAS 8.1, SAS Institute Inc., Cary, NC, USA) showing examples
of relationships between species richness and internal garden characteristics: (a) leaf-mining insects
and number of trees >2 m high, (b) bumblebees and an index of management intensity, (c) solitary
bees and floral taxon richness, and (d) solitary wasps and house age. Plots are derived from stepwise
multiple regression models (Table 2) where the x-axis represents the residuals of the explanatory
variable from a model that regresses that explanatory variable on the remaining explanatory
variables. The y-axis represents the residuals of the dependent variable calculated from a model
with the explanatory variable (of the x-axis) omitted.

trees), into a small group below 6.9 m? in extent (a terminal node, mean 6.3
beetle species) and a larger one, above (mean 12.3 species). The latter further
subdivided into groups with, respectively, means of 20.0 and 11.4 species within
and beyond a threshold of 0.86 km to the urban edge.

Considering the data from pitfall traps alone, greater variation in beetle
species richness was explained (36%, Table 2). The number of trees >2 m high
in a garden was also the dominant factor, but stronger than in the previous
model. Further, the remaining factors of importance were different: negative
influence due to the area of hard surfaces within the garden, and a positive
effect of the extent of surrounding green space.

A substantial proportion of variation in beetle species richness in Malaise
traps (84%) was explained by position on an easterly axis, the presence of
composting, and to a lesser extent, the length of a garden’s boundary shared by
neighbouring gardens (Figure 5, Table 2). The primary, and only, split in the
tree analysis occurred for local human population density above and below
14.8 people ha™', for which respective group means were 14.6 and 25 beetle
species (i.e. higher richness was associated with gardens in less densely popu-
lated locations).
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Figure 5. Partial leverage plots (SAS 8.1, SAS Institute Inc., Cary, NC, USA) showing examples
of relationships between species richness and features of the environment external to gardens: (a)
beetles in Malaise traps and the distance east, (b) arachnids in Malaise traps and altitude, (c)
bumblebees and the area of green space in the surrounding 1 ha, and (d) solitary bees and the
number of houses in the surrounding 1 ha. Plot axes derived as for Figure 4.

Arachnids ( Arthropoda, Arachnida: Aranea, Opiliones, and Pseudoscorpiones)

Little of the variation in arachnid species richness was explained — either for
pitfall trap data alone (9%), or for combined pitfall and litter data (10%) —
being positively related only to the area of hard surfaces in a garden (Table 2).
This was confirmed by the primary split of the tree analysis on the same
variable, above and below 38.5 m> of hard surface, with respective group
means of 9.4 and 6.2 arachnid species. The former group split further into
subsets with means of 13.2 and 8.3 species below and above 48 m? of vegeta-
tion under 2 m high. The group associated with relatively less hard surface
subdivided into sets with means of 4.9 and 8.0 species below and above
5333 m? of gardens in the surrounding 1 ha.

Arachnid species richness in Malaise traps was related positively to the
structural diversity of the vegetation and strongly, negatively to altitude
(Figure 35, table 2). The tree analysis revealed a single, primary split for extent
of canopy vegetation more than 2 m high, at 54.0 m? . However, the means for
the two groups were contrary to what might be expected if arachnid species
richness was related to the extent of available canopy habitat: with means of
7.8 species below the split, and only 4.2 above.
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Slugs and snails (Mollusca: Gastropoda)

Combined data from pitfall traps and litter samples for slugs showed that
species richness was related to factors internal and external to gardens
(Table 2). Positive relationships with the perimeter—area ratio of the garden
(which is greater in small gardens) and local human population density suggest
a general effect of the housing environment. Further, species richness was
higher in younger housing. Within gardens, slug species richness was positively
related to the presence of composting, the length of walls, and an index of
wildlife gardening. Local human population density also featured as the pri-
mary split in the tree analysis, at virtually the same place as for beetles in
Malaise traps (14.5 people ha™'). Species richness was marginally greater at
higher population densities: a group mean of 5.4 species compared to 4.4 below
the split. Both of these groups then split unevenly on the variable east, and in
each case the smaller, more westerly set had slightly higher species richness
(lower population group: 5.5 compared to 4.1 species; higher population
group: 6.2 compared to 5.0 species).

The length of walls was the only explanatory factor common to slug and
snail species richness. However, length of walls accounted for less than half
the snail species richness variation as explained by the number of trees.
Small positive and negative effects were exerted, respectively, by altitude and
the intensity of garden management (Table 2). The tree analysis reiterated
the significance of number of trees: the relatively small number of gardens
which contained more than 17.5 trees possessed nearly double the number
of species — 6.2 vs. 3.6. The latter group split further on an easterly axis,
with gardens to the west and east having means of 6.2 and 3.3 species,
respectively.

Centipedes, millipedes and woodlice ( Arthropoda: Chilopoda, Diplopoda and
Crustacea (Isopoda) )

Little variation was explained in the combined data for centipedes, millipedes
and woodlice, the only relationships being positive ones for altitude, and
more importantly, the extent of canopy above 2 m (Table 2). The tree
analysis indicated that species richness was greater in gardens to the west
(mean 7.6 species) than to the east (mean 5.6 species); this corroborates the
regression analysis, since altitude and distance west are positively correlated
(r =0.64, n = 59, p < 0.001). The westerly gardens then subdivided along a
northerly axis, with group means of 6.9 species to the south and 9.1 to the
north. The easterly gardens split into sets with means of 6.8 and 5.0 species
above and below a threshold garden management index of 11.5, i.e. relatively
intensively managed gardens in the east of Sheffield supported marginally
more species.
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Bumblebees ( Arthropoda, Insecta, Hymenoptera: Apidae)

Bumblebee species richness from Malaise traps was strongly positively related
to habitat diversity in gardens, and strongly negatively related to the intensity
of garden management; the area of surrounding green space was an additional
positive correlate (Figures 4 and 5, Table 2). The sole split in the tree analysis
was for habitat diversity too, with a mean species richness of 7.0 in relatively
diverse gardens compared to 5.6 in relatively homogeneous ones.

Sawflies (Arthropoda, Insecta, Hymenoptera: Symphyta)

The distance north was the most important (positive) predictor of sawfly
species richness, accounting for 52% of the variation explained by the model.
Species richness was also positively related to the area of lawn in a garden, and
there was weak evidence for a negative effect the further a garden occurred
from the edge of the urban area (Table 2). The free analysis indicated a split
above and below an alien floral richness of 50.4 taxa, with means of 11.0 and
5.86 sawfly species for respective groups.

Craneflies ( Arthropoda, Insecta, Diptera: Tipulidae, Pediciidae, Limoniidae and
Ptychopteridae)

Cranefly species richness was related positively to the presence of ponds, and to
a lesser extent, negatively to human population density (Table 2). As for the
tree analysis for sawflies, cranefly species richness was greater in gardens with
more alien plant taxa (14.3 cranefly species above a split of 43.9 plant taxa, and
6.8 species below).

True bugs (Arthropoda, Insecta: Hemiptera, excluding Sternorrhyncha)

A negative effect of altitude was the only factor associated with species richness
in true bugs (Table 2), although the sole split in the tree analysis was for the
number of trees. Below 14.9 trees the group mean was 15.1 species, whereas
above the split the mean number of species was only 11.8.

Solitary bees (Arthropoda, Insecta, Hymenoptera: Apoidea)

The species richness of solitary bees was positively related, in order of strength,
to the taxon richness of garden plants (Figure 4), the number of surrounding
houses (Figure 5), and (marginally) to the extent of canopy vegetation below

2 m high (Table 2). The importance of the garden flora was supported by a
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single primary split in the zree analysis, where above and below a threshold of
50.4 native taxa, gardens had means of 3.8 and 1.0 species, respectively.

Solitary wasps ( Arthropoda, Insecta, Hymenoptera: Sphecoidea, Vespoidea)

Solitary wasp species richness was positively related to house age and the
distance east (Figure 4, Table 2). However, the tree analysis gave the same
result as for solitary bees: a single primary split for native plant richness, with
means of 2.3 and 0.4 wasp species above and below 43.9 plant taxa.

Discussion

The results from 16 analyses of 12 invertebrate groups showed that both fac-
tors within, and external to, gardens were significantly related to species
richness within gardens. In total, 22 explanatory variables entered into stepwise
regression models, although 12 of them only did so once. The amount of
variation in species richness explained in models was generally reasonably high
(Table 2), especially for data based on Malaise traps, where it ranged from
22-88%. However, consistent patterns did not emerge for the effects of factors
across taxa, and in some cases relationships existed in opposite directions for
different taxa (e.g. the length of walls, and altitude).

The factors external to gardens operated across a range of scales. Beetle and
sawfly species richness in Malaise traps were associated with garden position
on east-west and north-south axes, respectively, representing spatial correla-
tions occurring over more than 10 km. Such broad influence has been shown
for bird assemblages on an urban gradient, independently of the effect of
habitat (Cooper 2002). There was evidence for a very general environmental
effect of altitude in 5 out of the 16 analyses, although it only possessed a
strong (negative) relationship with the species richness of arachnids caught in
Malaise traps. Decreasing altitude was given as the cause for butterfly species
richness to increase with urbanisation, across the Greater Manchester con-
urbation, since species-poor uplands bounded the urban area (Hardy and
Dennis 1999).

At a more local scale, the quantity of green space in the surrounding 1 ha
(including garden habitats) was related to the species richness of beetles in
pitfall traps and bumble bees, whilst no variation was explained by the area of
gardens alone. The extent of urban cover (i.e. built or sealed surfaces) has been
widely cited as having a negative effect upon native species richness: at local
scales in butterflies (Blair and Launer 1997; Hardy and Dennis 1999), birds in
urban parks (Jokimidki 1999), lizards in residential areas (Germaine and
Wakeling 2001), and ground beetles in urban London (Davis 1978). In the
present study, effects of other measures of urban cover were also apparent.
Local human population density correlated with slug species richness positively
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and craneflies negatively, although number of houses (in the surrounding 1 ha)
was positively associated with solitary bee richness.

It is striking that several important aspects of the garden environment did
not appear prominently in the analyses. Overall plant taxon richness, habitat
diversity and structural diversity of the vegetation did so only once, and the
number of alien or native plant species only in tree analyses. Even so, other
features of garden vegetation were significant, particularly the number of trees
>2 m high. Tree species supported 35% of the leaf-miners recorded, therefore
gardens containing more tree specimens were more likely to harbour suitable
hosts. As the number of trees and total garden plant richness are positively
correlated, via their relationships with garden size (unpublished data), then
trees probably also captured variation in the number of other plant hosts. In
this respect, garden area indirectly influences the resources available to certain
invertebrate guilds. While the richness of solitary bees was strongly related to
plant taxon richness (most likely due to the wider range of floral resources
available), this feature of gardens need not necessarily be restricted by size, as
planting is under the control of garden owners.

Of the internal garden features related to invertebrate species richness, not
all have obvious associations with particular taxa. It is likely that some factors
are correlated with other features of real significance. For example, the influ-
ence of canopy >2 m high on centipedes, millipedes and woodlice could be
construed as a variety of effects, such as provision of shade and litter. The
presence of composting as a factor is readily explicable for beetle richness in
Malaise traps, since compost heaps provide specialised microhabitats and
resources in gardens (@degaard and Temmeras 2000); but explanations for the
relationship between compost heaps and the richness of leaf-mining insects; the
richness of arachnids and the area of hard surfaces; between the richness of
sawflies and the area of lawn, and between cranefly richness and the presence of
ponds, are not at all obvious. The occurrence of such associations, for which
mechanisms are difficult to suggest, reinforces the caution necessary in spec-
ulating about the causality of both these relationships and also those for which
plausible causal links can be postulated. As emphasised initially this is, nec-
essarily, an exploratory analysis documenting the patterns among richness and
features of the garden environment, and there remains much work to be done
to test the generality and causality in these patterns.

Perhaps the most striking feature of the results is the variation among
taxa in the variables with which species richness is associated. There are a
number of reasons why this might be the case. It is of course possible that a
few of the apparent associations are chance results; many variables are
examined, and some of the relationships are weak. We chose not to try to
control for the number of comparisons since, firstly, we were more inter-
ested in examining the full range of associations and their relative strengths,
and secondly, the conceptual and methodological uncertainties with
techniques for doing this would have resulted in us making arbitrary
judgements about how to apply such corrections (e.g. see Moran 2003). One
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consequence of this approach is that the weaker results must be viewed with
some caution.

However, even among the stronger relationships, there is considerable var-
iation in the factors involved and the direction of the association. The most
obvious reason for this is that different factors are important for different
groups of organisms. This could be as a result of the spatial scale at which the
environment is likely to affect them (and at which we sampled), and of course
the biological characteristics of the different taxa.

The autecology of most invertebrates is so poorly resolved that it is rarely
known what resources species are using in gardens, and whether they occur as
permanent residents, are using gardens for important stages of their life his-
tories, or if they are simply casual or accidental visitors. For example, the high
occupancy of gardens by most of the bumblebees recorded suggested that, even
if they rarely nest in such habitats (Owen 1991), they are very mobile and
readily exploit gardens. The availability of nectar resources and potential nest
sites would explain the observed association of bumblebees to the amount of
green space surrounding the garden. However, it is not clear why they were
related negatively to the index of management intensity within gardens (being
mobile, temporary visitors), or positively to land use diversity, which was
largely unrelated to their resource requirements. Ironically, ground-active
arachnids, centipedes, millipedes and woodlice are easily recognised as garden
residents, yet their species richness’ were poorly explained by variables
describing the environments within the gardens where they were found.

In addition, the scale at which each sampling method operated will interact
with the spatial scale at which species are using gardens, potentially contrib-
uting further to the variation in explanatory factors. Pitfall trapping and litter
sampling were effective at relatively small scales, at the sampling point itself, or
in its immediate vicinity. Thus the taxa that such methods sampled — typically
woodlice, millipedes, centipedes, and ground-dwelling beetles, arachnids and
molluscs — would have been expected to reflect local factors. In contrast,
Malaise traps sampled a predominantly aerial fauna (presumably derived from
a wider area than the garden itself), so that the recorded taxa should have
reflected broader-scale factors. Indeed, for explanatory models of taxa sampled
by Malaise traps, the most important relationships were with external garden
factors in half of such models; in contrast, for taxa sampled by other methods,
the more significant relationships all existed with factors internal to the garden
(Table 2).

We believe that this potential combination of factors differing in importance
to different taxa, and the differing scales at which they utilise garden envi-
ronments, probably underpins much of the variation in the variables that
feature in the results. However, we would also stress that this applies whether
or not the taxon is responding to the variable we measured, or to one or more
other factors with which that variable is associated.

A final observation is that this study differed in two important ways from
those that have explicitly addressed the effect of urbanisation on species
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richness: first, it was based largely in residential zones and thus probably
captured a smaller range of landscape variation than do studies of urban
gradients (e.g. Blair 1996; McGeoch and Chown 1997; Germaine and Wakeling
2001). The latter seek to maximise the range of degree of urbanisation, from
truly rural sites or nature reserves to the central business district, so that effects
relating to urban cover should be more pronounced. Second, the analysis of
habitat or resource fragments, be they host plants (Denys and Schmidt 1998),
encapsulated semi-natural vegetation (Soulé et al. 1988; Miyashita et al. 1998,
Honnay et al. 1999) or other green space (Jokiméki 1999), has emphasised the
roles of isolation and fragment area on species assemblages. These assemblages
are considered scarce in the surrounding urban matrix, and therefore governed
by extinction and colonisation processes at the scale of the patch. In contrast,
urban gardens characteristically form much of the matrix of residential zones,
and are connected over large areas. Therefore invertebrates in a particular
garden should reflect the species pool outside the boundaries of that garden
better than if it was an isolated habitat fragment. For example, in Davis’ (1978)
study of ground beetles in gardens in London, the effect of distance to the
urban edge was lost when the amount of open space in the surrounding 1 km
radius was considered. In the present study, there was only evidence for a weak
relationship with garden area in one of the five ground-active taxa studied
(beetles in pitfall and litter samples, for which the sampling was spatially
related to a garden’s area); yet this actually showed a negative correlation with
garden area. Similarly, proximity to the urban edge was weakly associated with
only one taxon — sawflies, in which species richness declined away from the
countryside.

In conclusion, the lack of evidence for general correlates of invertebrate
species richness in urban gardens reinforces the view that different invertebrate
taxa respond to specific resource requirements, both within and around gar-
dens. Urban domestic gardens differ from other types of urban green space
because they constitute the urban matrix, rather than being fragments within it.
Therefore recommendations to enhance the quality of garden habitats for
urban biodiversity may best be focussed upon their configuration in the urban
area, to ensure that green space is distributed throughout the urban zone.
If specific garden features are to be encouraged for invertebrates, then vege-
tation — especially tree cover — is likely to provide benefits for the widest range
of taxa. Since tree cover is positively associated with garden size (Smith et al. in
press), then attention should be given to providing sufficient garden space in
new residential developments.
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Appendix 1. Independent variables used in analyses of species richness (see
Methods)

One richness of higher plant taxa in garden; 2 richness of alien higher plant
taxa in garden; 3 richness of native higher plant taxa in garden; 4 distance east,
Ordnance Survey National Grid map coordinate; 5 distance north, Ordnance
Survey National Grid map coordinate; 6 age of house calculated in 2000; 7
altitude, m above sea level; 8 rural proximity: distance in km from centre of
nearest 1 km cell with <25% urban land use; 9 habitat diversity: Simpson’s
diversity index for land uses in each garden; 10 structural diversity: Simpson’s
diversity index for vegetation canopy cover classes: <0.5 m, 0.5-1 m, 1-2 m,
2-3m, and >3 m in each garden; 11 area of rear garden in m?; 12 perimeter—
area ratio: ratio of ‘exposed’ (i.e. excluding perimeter along rear of house)
garden perimeter to garden area; 13 area of grass in rear garden (cut + uncut
portions); 14 area of non-grass green space in rear garden (grass paths +
cultivated border + vegetable patch + neglected/uncultivated); 15 area of
hard surfaces in rear garden (hard paths + patios + green house + sheds +
garage + decking); 16 presence of ponds in a rear garden (scored 1 or 0); 17
presence of compost bins or heaps in a rear garden (scored 1 or 0); 18 area of
vegetation canopy 0—2 m (excluding mown grass); 19 area of vegetation canopy
>2 m; 20 no. of trees >2 m tall in rear garden; 21 exposed perimeter length of
rear garden (i.e. excluding perimeter along rear of house); 22 length of hedges
in rear garden, m; 23 length of walls in rear garden, m; 24 length of garden
boundary abutting other gardens, m; 25 human population density (no.
40 x 10* m™2, or 4 ha™"), POPSURF 1991 census data. Recorded from GIS, for
1 ha circular plot centred on survey garden: 26 no. of houses (where > half of
property is included), 27 area of domestic gardens, 28 arca of all green space,
29 area of contiguous green space fragment; 30 management intensity index-
summation of following values of management variables, data from ques-
tionnaire: (a) index of intensity of weeding (weak 1-5 strong), (b) index of
intensity of pruning vegetation (weak 1-5 strong); (c) index of intensity of
watering borders (weak 1-5 strong), (d) removing dead flower heads (scored 1
or 0), (e) collecting fallen leaves in autumn (scored 1 or 0), (f) use of fertiliser in
garden (scored 1 or 0), (g) use of herbicides in garden (scored 1 or 0), (h) use of
pesticides in garden (scored 1 or 0); 31 use of slug pellets (scored 1 or 0, used in
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analyses of molluscs only); 32 wildlife management index-summation of fol-
lowing wildlife gardening variables, data from questionnaire: (a) bird feeding
(scored 1 or 0), (b) provision of nest box for birds (scored 1 or 0), (c) other
management specifically to attract wildlife (scored 1 or 0).
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Abstract. Sacred groves are forest patches conserved by the local people intertwined with their
socio-cultural and religious practice. These groves harbour rich biodiversity and play a significant
role in the conservation of biodiversity. Population structure and regeneration status of woody
species were studied during 2001-2002 in the four sacred groves of Manipur, a state in north east
India. A total of 96 woody species was recorded from the four groves, the highest being
Konthoujam Lairembi sacred grove (55 species) and lowest in Heingang Marjing sacred grove
having 42 species. The density—diameter distribution of woody species in the four groves showed
highest stand density and species richness in the lowest girth class (30-60 cm) and decreased in
the succeeding girth classes. Overall population structure of the groves based on the number of
tree seedlings, saplings and adults, displayed a greater proportion of seedlings followed by
saplings and adults while for the selected tree species it varied seasonally and recruitment of
species increased during rainy season attaining peak during June. Regeneration status of the four
sacred groves based on strength of different age groups in their population showed good
regeneration. High occurrence of ‘additional species’ to the groves may be due to the invasion
through dispersal from other areas. Possibly, the prevailing favourable microenvironmental
conditions contributed to their establishment and growth in the groves. Absence of seedlings and
saplings of some of the species in the groves may be due to their poor seed germination and
establishment of seedlings in the forest.

Introduction

Sacred groves are forest patches rich in biodiversity, manifested by a range of
traditions and cultural values of the indigenous people who protect the groves
with the beliefs in nature worship inherited from their ancestors. They act as
reservoirs of much local biodiversity preserving unique flora and fauna. The
biological resources make indirect contributions to the welfare and stability of
the local environment. Various medicinal plants are found abundantly in
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sacred groves and they are the vital source of wild cultivars and diverse gene
pool. It is because of the local people and their strong socio-religious beliefs
and taboos the conservation and protection of the groves is possible. As a
result, sacred groves can help in assessing the potential values of forest
communities of degraded ecosystem or man made forest.

The major component for the formation of forest communities is the
woody species. The nature of forest communities largely depends on the
ecological characteristics in sites, species diversity and regeneration status of
species. Microenvironmental factors vary with seasonal changes which affect
the growth stage i.e. seedling, sapling and young trees of the plant commu-
nities that maintain the population structure of any forest. Hence, it becomes
an important issue to understand the tree diversity, population structure and
regeneration status of forest communities for the maintenance of both nat-
ural and control forest. The satisfactory natural regeneration behaviour of
the forests largely depends on population structure characterized by the
production and germination of seed, establishment of seedlings and saplings
in the forest (Rao 1988). Complete absence of seedlings and saplings of tree
species in a forest indicates poor regeneration, while presence of sufficient
number of young individuals in a given species population indicates suc-
cessful regeneration (Saxena and Singh 1984). However, the presence of
sufficient number of seedlings, saplings and young trees is greatly influenced
by interaction of biotic and abiotic factors of the environment (Boring et al.
1981; Aksamit and Irving 1984). While several authors have predicted
regeneration status of tree species based on the age and diameter structure of
their population (Marks 1974; Bormann and Likens 1979; Veblen et al. 1979;
Bhuyan et al. 2003). Various studies on population structure and regenera-
tion status have been carried out by many workers in different forest eco-
systems (Pritts and Hancock 1983; Saxena et al. 1984; Khan et al. 1987;
Ashton and Hall 1992; Cao et al. 1996; Gunatilleke et al. 2001; Uma Shankar
2001). Tree population structure and its implication for their regeneration has
been studied in different forest communities of India e.g. Garhwal (Baduni
and Sharma 2001; Bhandari 2003), Himachal Pradesh (Sood and Bhatia
1991), Western Himalayas (Pande et al. 2002), Western Ghats (Parthasarathy
2001) and north eastern region (Yadava et al. 1991; Maram and Khan 1998;
Bhuyan et al. 2002, 2003).

Studies on population structure and regeneration pattern of tree species in
sacred groves are limited (Khan et al. 1986, 1987; Rao et al. 1990; Barik et al.
1996; Mishra et al. 2003). Though phytosociological and ethnobotanical
investigations (Khumbongmayum et al. 2004, in press) have been carried out in
sacred groves of Manipur, the studies on population structure and regeneration
status are lacking in these groves which harbours rich biodiversity and diverse
gene pool of many forest species. Therefore, an attempt has been made to study
the population structure and regeneration status of woody species in the four
selected sacred groves of Manipur viz., Konthoujam Lairembi, Mahabali,
Langol Thongak Lairembi and Heingang Marjing groves.
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Study sites

The state of Manipur is situated in the extreme northeastern corner of India
and lies between 23°50'-25°42" N latitudes and 92°58'— 94°45" E longitudes. It
is centrally located on the eastern arm of the Himalaya which separates India
from Myanmar. Four sacred groves were selected in Imphal East and Imphal
West districts on the basis of size, vegetation and location. The selected sacred
groves are situated between 23°50-25°41” N latitudes and 93°2'-94°47" E
longitudes and they all have sub-tropical forests as their dominant vegetation.
Two groves namely, Konthoujam Lairembi and Mahabali are located in valley
and the other two groves, Langol Thongak Lairembi and Heingang Marjing,
are located in hills. The four groves represent a rich vegetation of economic
and medicinally important plant species which have been conserved and pro-
tected imbued with the religious beliefs and taboos of the local people. The
Konthoujam Lairembi sacred grove is situated in the Konthoujam village,
about 11 km west of the valley area of Imphal city. It lies at the elevation of
711 m, covering an area of ca. 1.41 ha. The Mahabali sacred grove is situated
in the midst of Imphal city at 710 m altitude covering ca. 5.05 ha. The Langol
Thongak Lairembi sacred grove is located in the Langol hill ranges about 5 km
northwest of Imphal city covering ca. 5.05 ha. The altitude ranges from 800 m
at the foot hills to 1050 m at the peak. The Heingang Marjing sacred grove is
located in the Heingang village, to the north of Imphal city, at the elevation of
834 m covering an area of ca. 7.08 ha. Furthermore, the selected four sacred
groves are least disturbed and protected by regulating the human interferences
through religious proscription and prescription. Therefore, regeneration pro-
cess of woody layer mainly depends on forest microclimate which in turn,
might be altered due to various physico-chemical variables and seasonal
changes.

In all the four sacred groves four layers of vertical stratification were observed.
In Konthoujam Lairembi sacred grove, Ficus benjamina and Saprosma sp. were
the dominant species and canopy is closed to each other while Persea sp. and
Ficus glomerata dominate in the Mahabali sacred grove and the canopy of the
topstorey layer is sparse. The two sacred groves located in the hill ranges are
dominated by the Pinus kesiya and canopy coverage is relatively closed.

The climate of the study area is monsoonal with warm moist summer and
cool dry winter. During the study period (2001-2002), the mean maximum
temperature varied from 22 °C (January) to 30 °C (August) and mean mini-
mum temperature varied from 5 °C (January) to 23 °C (July). The average
relative humidity ranged from 58% (March) to 82% (October). The mean
monthly rainfall was minimum in December (2.5 mm) and maximum in June
(236 mm). The average annual rainfall was 1482 mm.

The soil of the two sacred groves situated in the plains is blackish in colour
while it is yellowish red to reddish brown in the other two sacred groves which
are located in hilly area. The soil is alluvial in nature and its texture is loamy
sand. The soil is acidic with pH ranging from 5.4 to 6.59. The organic carbon
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content ranged from 4.85% to 5.37% while the total Kjeldhal nitrogen (TKN)
ranged from 0.01% to 0.04%. In general the soils are poor in nitrogen.

Methods

Population structure of all the woody species occurring in each sacred grove
was studied during 2001-2002 using quadrat method. For this purpose forty
quadrats of 10 m x 10 m were laid randomly in each grove. Species were
identified and density of all the individuals of seedlings ( < 20 cm height) and
saplings ( <30 cm collar circumference at the base and > 20 cm in height) of all
the tree species were determined. While for trees (=30 cm girth at breast height
of 1.37 m), density and basal area of each individual was recorded. Similarity
index (community coefficient) of woody species among the four sacred groves
was calculated following the formula given by Jaccard (1912).

Ci=jl(a+ b))
Where ‘j’ is the number of species common to both stands, ‘a’ is the number of
species in stand A and ‘b’ is the number of species in stand B.

Ten important tree species, Marlea begoniaefolia, Eugenia praecox, Litsea
polyantha, Persea sp., Heptapleurum hypoleucum, Oroxylum indicum, Saprosma
sp., Wendlandia tinctoria, Quercus serrata and Litsea sebifera were selected
from the four sacred groves for studying detailed population structure. Among
the 10 species, two (Eugenia praecox and Litsea polyantha) were common to the
four groves. Population structure of the selected tree species was studied in
each grove during December, 2001, May, 2002 and October, 2002 by periodic
determination of densities of the individuals belonging to three different cat-
egories viz., seedlings, saplings and trees. Relative proportion (%) of the dif-
ferent diameter groups i.e. seedlings, saplings and trees, to the density of a
given species or to total density of tree species in a stand was calculated and
figures were drawn, with seedling population at the base of the bar.

Regeneration status of species was determined based on population size of
seedlings and saplings (Khan et al. 1987; Uma Shankar 2001; Bhuyan et al. 2003):
good regeneration, if seedlings > saplings > adults; fair regeneration, if seed-
lings > or < saplings < adults; poor regeneration, if the species survives only
in sapling stage, but no seedlings (saplings may be <, > or = adults). If a
species is present only in adult form it is considered as not regenerating. Species is
considered as ‘new’ if the species has no adults but only seedlings or saplings.

Results
Woody species composition

A total of 96 woody species were recorded in the four groves. The Kon-
thoujam Lairembi sacred grove recorded maximum (55) tree species followed
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by Heingang Marjing sacred grove (42 species) and Mahabali and Langol
Thongak Lairembi sacred groves which had 38 species each. The calculated
similarity index (community coefficient) of woody species among the sacred
groves is given in Table 1. The highest similarity index value (0.35) was
recorded between Langol Thongak Lairembi and Heingang Marjing sacred
groves and lowest in between Mahabali and Heingang Marjing sacred groves
(0.04). Out of the 10 species selected for studying their population structure,
two species (Eugenia praecox and Litsea polyantha) were common to the
four groves. Marlea begoniaefolia was common in both the groves located in
the plains ie. Konthoujam Lairembi and Mahabali sacred groves.
Heptapleurum hypoleucum and Saprosma sp. are exclusive to the Konthoujam
Lairembi sacred grove, while Persea sp. was exclusive to Mahabali sacred
grove. Wendlandia tinctoria, Quercus serrata and Litsea sebifera were com-
mon to both the groves located in the hills namely, Langol Thongak Laire-
mbi sacred grove and Heingang Marjing sacred groves. The total density per
hectare of all seedlings, saplings and trees taken together ranged from 6353 in
the Langol Thongak Lairembi sacred grove to 12192 in the Konthoujam
Lairembi sacred grove (Table 2).

Girth class-wise species richness, tree density and basal area

The highest stand density and species richness of the woody species in four
groves were recorded in the lowest girth class (30-60 cm). Stand density and
species richness consistently decreased with increase in girth from 30—60 cm to
>210 cm (Figure 1). In Langol Thongak Lairembi and Heingang Marjing
sacred groves no tree was recorded in the girth class 180-210 cm. The highest
contribution of stand density per girth class to total density for each grove was
recorded in 30-60 cm girth class and maximum stand density (59.05%) was
recorded in Langol Thongak Lairembi sacred grove, followed by Konthoujam
Lairembi (55.43%), Mahabali (39%) and Heingang Marjing (38.81%). The
basal area was maximum (44.63 m® ha~') in the highest girth class (>210 cm)
at Mahabali and lowest in Heingang Marjing (1.15 m® ha™'). The basal area
distribution in different girth classes in two groves located in the plain area
showed a similar pattern, and likewise the pattern shown by the two groves in
the hills was also similar (Figure 1).

Table 1. Similarity index (community coefficient) of woody species among the four selected sacred
groves.

Sacred groves Mahabali Langol Thongak Lairembi Heingang Marjing
Konthoujam Lairembi 0.19 0.13 0.12
Mahabali 0.05 0.04
Langol Thongak Lairembi 0.35
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Figure 1. Density ha™! (m), species richness (A) and basal area (X; m? ha™!) of woody species in
different girth classes in the four sacred groves.

Population structure of woody species
The population structure of woody species in terms of the proportion of

seedlings, saplings and adults in the four groves varied greatly (Figure 2). The
relative proportion of seedlings ranged from 72% in Konthoujam Lairembi
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Figure 2. Population structure of all the woody species taken together in the four sacred groves of
Manipur in December 2001. Total density of a particular grove is shown at the top of the corre-
sponding bar. I — Konthoujam Lairembi sacred grove; II — Mahabali sacred grove; III — Langol
Thongak Lairembi sacred grove and IV — Heingang Marjing sacred grove.
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sacred grove to 51% in Heingang Marjing sacred grove. The highest per-
centage of adults was recorded in Langol Thongak Lairembi sacred grove
(16%) and lowest in Konthoujam Lairembi sacred grove (3%).

The population structure of selected tree species in the concerned groves
showed that seedlings constituted about 79% of the total density (3640 ha™")
in Konthoujam Lairembi sacred grove, followed by 68% each in Mahabali
(total density 1784 ha—') and Langol Thongak Lairembi (total density
1303 ha™') and 56% in Heingang Marjing (total density 1586 ha~'). Density—
diameter distribution in terms of seedlings, saplings and adults trees of selected
tree species (Figure 3a and b) in the four groves indicates the higher proportion
of seedlings than the saplings and trees except for Marlea begoniaefolia and
Litsea polyantha in Konthoujam Lairembi sacred grove, Eugenia praecox in
Mahabali, and Wendlandia tinctoria in Langol Thongak Lairembi and
Heingang Marjing. Saprosma sp. in Konthoujam Lairembi had maximum
(89%) seedling population and Wendlandia tinctoria in Langol Thongak
Lairembi recorded minimum proportion of seedling population (16-34% of
the total population).

During May (beginning of the rainy season in Manipur) seedling population
of all the selected species in the studied groves was greater as compared to the
other seasons except for Litsea polyantha in Konthoujam Lairembi and
Mahabali sacred groves, Litsea sebifera in Langol Thongak Lairembi grove,
and Litsea sebifera and Wendlandia tinctoria in Heingang Marjing which
showed maximum seedling population in December. In general, seedling
population size decreased substantially after the rainy season.

Sapling population did not show marked seasonal variation in density.
Sapling population of Marlea begoniaefolia and Litsea polyantha in
Konthoujam Lairembi and Wendlandia tinctoria in Langol Thongak Lairembi
and Heingang Marjing groves was higher than the seedling population. Total
sapling density per hectare was 645 in Konthoujam Lairembi, 499 in Heingang
Marjing, 422 in Mahabali and 331 in Langol Thongak Lairembi sacred grove.

Adult tree population of Saprosma sp. and Eugenia praecox in Konthoujam
Lairembi was very low. No adult individual of Eugenia praecox was recorded
in the Mahabali sacred grove and the same was true for Litsea sebifera in the
Langol Thongak Lairembi sacred grove.

Regeneration status of woody species

In Konthoujam Lairembi sacred grove, out of the 55 species, 15% showed
good regeneration, 22% fair, 22% poor and 16% were not regenerating, while
14 species (25%) were represented only by seedlings or saplings. The species
falling under the last category were regarded as the new arrivals in this grove.
In Mahabali grove out of 38 species, 7 (19%) showed good regeneration, while
6 (16%) and 5 (13%) species exhibited fair and poor regeneration, respectively.
Two species (5%) showed no regeneration and 18 species (47%) were ‘new’ to
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(a) Population structure of the selected woody species in the Konthoujam Lairembi sacred
grove and Mahabali sacred grove. Percentages of the total density as seedlings (W), saplings (W) and
trees (M) are given. Total density of a particular species is shown at the top of the corresponding bar;
(b) Population structure of the selected woody species in the Langol Thongak Lairembi sacred grove
and Heingang Marjing sacred grove. Percentages of the total density as seedlings (M), saplings (M) and
trees (M) are given. Total density of a particular species is shown at the top of the corresponding bar.
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this grove. Among the 38 species in Langol Thongak Lairembi, 9 species (24%)
showed poor regeneration, while 7 (18%) species each showed good regener-
ation (proportion of seedlings > saplings > adults) and fair regeneration
(proportion of seedlings >or < saplings < adults). Fourteen species (37%)
were newly recruited to the grove, while one species (3%) did not show
regeneration. In Heingang Marjing out of 42 species, 7 species (17%) exhibited
good regeneration, 11 species (26%) exhibited fair regeneration and 12 species
(29%) showed poor regeneration. Eleven species (26%) were categorised as
new arrivals, and one species (2%) was found not regenerating (Table 2).

Discussion
Girth class-wise species richness, tree density and basal area

An analysis of population structure of woody species in the groves, based on
the girth classes, shows that the abundance of a large number of tree species is
stable. It was observed that about 50% of tree species showed reduced abun-
dance in the succeeding girth classes. However, a drastic decrease in abundance
was observed with increase in girth beyond a particular stage. The absence of a
certain girth class e.g. 180-120 cm in Langol Thongak Lairembi grove and
Heingang Marjing groves may indicate an interruption in the regeneration,
resulting from the changing microclimatic conditions (Bankoti et al. 1986). The
high value of basal area in the highest girth class in the Mahabali sacred grove
could be attributed to the presence of Ficus species, which had big trees with
large basal area. Langol Thongak Lairembi and Heingang Marjing groves
recorded the lowest basal area in the highest girth class as compared to the
other groves located in the plain area, which may be due to the dominance of
Pinus kesiya trees having less girth in the groves located in the hilly area. There
was a gradual decrease in species diversity and density with increase in girth
class which is in conformity with the studies in the Western Ghats, India
(Pascal and Pelisseir 1996; Parthasarathy and Karthikeyan 1997), Malaysia
(Manokaran and LaFrankie 1990; Newbery et al. 1992), Costa Rica
(Lieberman et al. 1985; Nadkarni et al. 1995), New Guinea (Paijmans 1970)
and New Caledonia (Jeffre and Veillon 1990). These observations indicate that
the groves have the potential of successful regeneration through seeds.

Population structure and regeneration status of woody species

The future community structure and regeneration status of the species could be
predicted from the relative proportion of seedlings and saplings in the total
populations of various species in the forest. The overall population structure of
woody species in the four groves showed that contribution of seedlings to the
total population was highest followed by saplings and trees. It shows
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regeneration of woody species in the four sacred groves is good and the future
communities may be sustained. The differences in relative proportion of
seedlings, saplings and trees among the four groves may be due to the inter-
active influence of an array of biotic and abiotic factors. In general, regener-
ation of species is affected by anthropogenic factors (Khan and Tripathi 1989;
Sukumar et al. 1994; Barik et al. 1996) and natural phenomena (Welden et al.
1991).

Variation in the population structure of selected tree species in the four
groves may be attributed to the differences in their habitat and prevailing
microenvironmental factors. Jones et al. (1994) reported that seedling layer in
various forests, differs in composition from their respective overstories. Tall
height with relatively close canopy layer of the grove may favour germination
of seeds and establishment of the seedlings and saplings. According to Espelta
et al. (1995), canopy closure seems to promote seedling germination through
changes in the environmental conditions on the forest floor, which might be
related to decreasing radiation and water evaporation. The presence of greater
number of seedlings may be ascribed to the availability of microsites, which
facilitates regeneration through germination of large number of tree seeds.
Tripathi and Khan (1990) stated that microsite characteristics of forest floor
and microenvironmental conditions under the forest canopy also influence the
regeneration of trees by seeds. Many workers have reported that tree species
are able to survive and grow at reduced light intensities under the forest canopy
(Atzet and Waring 1970; Emmingham and Waring 1977; Minore 1998). On the
contrary, many workers have shown that open canopy may favour germination
and seedling establishment through increased solar radiation on the forest floor
and consequently increase in surface temperature, and reduced competition
from the canopy layer (Khan et al. 1987; Srinivas 1992). While the reduction of
seedling population in the four groves during the dry winter season may be due
to adverse effects of soil moisture stress and unfavourable temperatures on
survival of tree seedlings. Similar results have also been reported by several
workers (Perira and Kozlowski 1977; Schulte and Marshall 1983; Kumar et al.
1994). Khan et al. (1986) also reported that survival of tree seedlings was
lowest during the winter season in tropical deciduous and sub-tropical forests
of Meghalaya state in India.

The low sapling population of selected species in the four groves despite the
presence of high number of seedlings (except in case of Marlea begoniaefolia
and Litsea polyantha in Konthoujam Lairembi grove and Wendlandia tinctoria
in Langol Thongak Lairembi and Heingang Marjing groves) may be attributed
to the adverse impact of environmental factors prevalent during the sapling
growth. The greater populations of saplings of Marlea begoniaefolia, Litsea
polyantha (Konthoujam Lairembi sacred grove) and Wendlandia tinctoria
(Langol Thongak Lairembi and Heingang Marjing grove) than their seedlings
could not be explained, however, it may be due to the poor seed set and seed
germination. On the other hand, the species may also suffer high mortality at
the seed/seedling stage due to herbivores and thus regeneration of such species
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may be periodic. The greater number of saplings clearly indicates that these
species will persist and may determine the composition of future vegetation of
the groves (Swaine and Hall 1988; Jayasingham and Vivekanantharaja 1994).
Swaine and Hall (1988) stated that higher number of saplings alone may not
represent future composition, because over a period environmental changes
could nullify the effect. However, in the absence of catastrophic events the
saplings will gradually form future crowns. Presence of species that are rep-
resented only by adults e.g. Eugenia praecox and Litsea sebifera without any
seedlings and saplings may be due to their poor seed set, germination and
establishment of seedlings in the forest. Species diversity and population
structure will be stable or reduced and regeneration potential will be negligible
if the number of species represented only by adults becomes higher in any
forest.

Woody species represented only by their seedlings and saplings without any
adult individuals were high in the four groves which indicate that large number
of species were new colonizers in the groves and have managed to reach there
due to invasion of ‘new’ species through seed dispersal from other areas.
Invasion of new species to the groves may be regarded as a possible factor to
the co-existence of the tree species.

The overall population structure of selected woody species reveals that
seedling populations dominate tree populations and the fluctuation in popu-
lation density in various seasons is related to the prevailing environmental
factors. Germination of freshly dispersed seeds is high for most of the species
during the monsoon season. Therefore, recruitment of all the species increased
during the rainy season attaining peak during June, which is the wettest month.
Similar observations have been reported in tropical dry forest at Pinkwae,
Ghana (Lieberman and Li 1992; Swaine et al. 1990). The four groves showed
good regeneration and exhibited high proportion of ‘new’ species facilitated by
the dispersal of seed from the nearby forests and receiving favourable micro-
environmental conditions for their germination and establishment of seedlings.
It may be concluded that tree species richness and stand density decrease
gradually with the increase in girth classes in the four groves. Moreover, the
four groves reveals good regeneration and exemplify regeneration of tree
species is largely depended on the prevailing environmental factors, and if the
existing ecological factors are not jeopardized the future maintenance of the
tree species in the groves will be sustained. However, differences in regeneration
behaviour of various species would determine the structure and dynamics of
the groves.

Acknowledgements
The work was supported by a research grant to M L K from G. B. Pant
Institute of Himalayan Environment and Development, Almora, Uttranchal,

India. Kh Ashalata Devi is thankful to Council of Scientific and Industrial

[113]



2454

Research, New Delhi, India for Senior Research Fellowship. Ashalata has been
greatly benefited by a course on ‘Applied Research Methods and Approaches
in Biodiversity Conservation® organized by Ashoka Trust for Research in
Ecology and the Environment, Bangalore, India.

References

Aksamit S.E. and Irving F.D. 1984. Prescribed burning for lowland black spruce regeneration in
Northern Minnesota. Can. J. Forest Res. 14: 107-113.

Ashton P.S. and Hall P. 1992. Comparisons of structure among mixed dipterocarp forests of north-
western Borneo. J. Ecol. 80: 459-481.

Atzet T. and Waring R.H. 1970. Selective filtering of light by coniferous forests and minimum light
energy requirements for regeneration. Can. J. Bot. 48: 2163-2167.

Baduni N.P. and Sharma C.M. 2001. Population structure and community analysis on different
aspects of Sal savanna forest type in outer Garhwal Himalaya. Indian Forester 127(9): 1001—
1011.

Bankoti T.N.S., Melkania Uma and Saxena A.K. 1986. Vegetation analysis, an altitudinal gradient
in Kumaun Himalaya. Indian J. Ecol. 13: 211-221.

Barik S.K., Rao P., Tripathi R.S. and Pandey H.N. 1996. Dynamics of tree seedling population in a
humid subtropical forest of northeast India as related to disturbances. Can. J. Forest Res. 26:
584-589.

Bhandari B.S. 2003. Blue pine (Pinus wallichiana) forest stands of Garhwal Himalaya: composi-
tion, population structure and diversity. J. Trop. Forest Sci. 15(1): 26-36.

Bhuyan P., Khan M.L. and Tripathi R.S. 2002. Regeneration status and population structure of
Rudraksh (Elaeocarpus ganitrus Roxb.) in relation to cultural disturbances in tropical wet
evergreen forest of Arunachal Pradesh. Curr. Sci. 83(11): 1391-1394.

Bhuyan P., Khan M.L. and Tripathi R.S. 2003. Tree diversity and population structure in
undisturbed and human-impacted stands of tropical wet evergreen forest in Arunachal Pradesh,
Eastern Himalayas India. Biodivers. Conserv. 12(8): 1753-1773.

Boring L.R., Monk C.D. and Swank W.T. 1981. Early regeneration of a clear cut southern
Appalachian forest. Ecology 62: 1244-1253.

Bormann F.H. and Likens G.E. 1979. Pattern and Process in a Forested Ecosystem. Springer-
Verlag, New York, USA.

Cao M., Zhang J.H., Feng Z., Deng J. and Deng X. 1996. Tree species composition of a seasonal
rain forest in Xishuangbanna, South West China. Trop. Ecol. 37(2): 183-192.

Emmingham W.H. and Waring R.H. 1977. An index of photosynthesis for comparing forest in
Western Oregon. Can. J. Forest Res. 7: 165-174.

Espelta J.M., Riba M. and Retana J. 1995. Patterns of seedling recruitment in host — Mediterra-
nean Quercus ilex forests influenced by canopy development. J. Veg. Sci. 6: 465-472.

Gunatilleke C.V.S., Weerasekera N., Gunatilake I.A.U.N. and Kathriarachchi H.S. 2001. The role
of dipterocarps, their population structures and spatial distributions in the forest dynamics plot
a Sinharaja, Sri Lanka. In: Ganeshaiah K.N., Uma Shaanker R. and Bawa K.S. (eds), Tropical
Ecosystem: Structure, Diversity, and Human Welfare, Proceedings of the International Con-
ference on Tropical Ecosystems. Oxford & IBH Publishing, New Delhi, pp. 591-594.

Jaccard P. 1912. The distribution of the flora of the alpine zone. New Phytol. 11: 48-50.

Jayasingham T. and Vivekanantharaja S. 1994. Vegetation survey of the Wasgomuvaoya National
Park Sri Lanka: analysis of the Wasgomuvaoya forest. Vegetatio 113: 1-8.

Jeffre T. and Veillon J.M. 1990. Etude floristique et structure de deux forests denses humides sur
roches ultrabasiques en Nouvelle-Caledonie. Bulletin de la Museum Nationale Histoire Natur-
alle, Paris 12(B): 243-273.

Jones R.H., Sharitz R.R., Dixon P.M., Segal D.S. and Schneider R.L. 1994. Woody plant
regeneration in four floodplain forests. Ecol. Monogr. 64: 345-367.

[114]



2455

Khan M.L. and Tripathi R.S. 1989. Effects of stump diameter, stump height and sprout density
on the sprout growth of four tree species in burnt and unburnt forest plots. Acta Oecol.
10(4): 303-316.

Khan M.L., Rai J.P.N. and Tripathi R.S. 1986. Regeneration and survival of tree seedlings and
sprouts in tropical deciduous and sub-tropical forests of Meghalaya, India. Forest Ecol. Manag.
14: 293-304.

Khan M.L., Rai J.P.N. and Tripathi R.S. 1987. Population structure of some tree species in
disturbed and protected sub-tropical forests of north-east India. Acta Oecol-Oec. Appl. 8(3):
247-255.

Khumbongmayum A.D., Khan M.L. and Tripathi R.S. 2004. Sacred groves of Manipur: ideal
centres for biodiversity conservation. Curr. Sci. 87(4): 430—433.

Khumbongmayum A.D., Khan M.L. and Tripathi R.S. Sacred groves of Manipur, northeast India:
biodiversity value, status and strategies for their conservation. Biodivers. Conserv. (In press).
Kumar R., Singh A.K. and Abbas S.G. 1994. Change in population structure of some dominant

tree species of dry Peninsular Sal Forest. Indian Forester 120: 343-348.

Lieberman D. and Li M. 1992. Seedling recruitment patterns in a tropical dry forest in Ghana. J.
Veg. Sci. 3: 375-382.

Lieberman D., Lieberman M., Hartshorn G.S. and Peralta R. 1985. Growth rates and age-size
relationships of tropical wet forest trees in Costa Rica. J. Trop. Ecol. 1: 97-109.

Manokaran N. and LaFrankie J.V.Jr. 1990. Stand structure of Pasoh Forest reserve, a lowland rain
forest in peninsular Malaysia. J. Trop. Forest Sci. 3: 14-24.

Maram Kuba M. and Khan M.L. 1998. Regeneration status of trees in various categories of forests
in Manipur. J. Hill Res. 11(2): 178-182.

Marks P.I. 1974. The role of pine cherry (Prunus pensylvania L.) in the maintenance of stability in
northern hardwood ecosystems. Ecol. Monogr. 44: 73-88.

Mishra B.P., Tripathi R.S., Tripathi O.P. and Pandey H.N. 2003. Effects of disturbance on the
regeneration of four dominant and economically important woody species in a broad-leaved
subtropical humid forest of Meghalaya, north east India. Curr. Sci. 84(11): 1449-1453.

Minore D. 1998. Effects of light intensity and temperature on the growth of Douglasfir and incense-
cedar seedlings. Forest Sci. 34: 215-233.

Nadkarni N.M., Matelson T.J. and Haber W.A. 1995. Structural characteristics and floristic
composition of a neotopical cloud forest. Monteverde, Costa Rica. J. Trop. Ecol. 11: 481-495.

Newbery D., McC E.J.F., Campbell Y.F., Lee CF Ridsdale and Still M.J. 1992. Primary lowland
dipterocarp forest at Danum valley. Sabah. Malayisa: Structure, relative abundance and family
composition. Proc. Trans. Roy. Soc. London 335: 341-356.

Paijmans K. 1970. An analysis of four tropical rain forest sites in New Guinea. J. Ecol. 58: 77-101.

Pande P.K., Negi J.D.S. and Sharma S.C. 2002. Plant species diversity, composition, gradient
analysis and regeneration behaviour of some tree species in a moist temperate western Hima-
layan forest ecosystem. Indian Forester 128(8): 869-886.

Parthasarathy N. 2001. Changes in forest composition and structure in three sites of tropical
evergreen forest around Sengaltheri, Western Ghats. Curr. Sci. 80(3): 389-393.

Parthasarathy N. and Karthikeyan R. 1997. Biodiversity and population density of woody species
in a tropical evergreen forest in Courtallum reserve, Western Ghats, India. Trop. Ecol. 38(2):
297-306.

Pascal J.P. and Pelissier R. 1996. Structure and floristic composition of tropical evergreen forest in
southern India. J. Trop. Ecol. 12: 95-218.

Perira J.S. and Kozlwski T.T. 1977. Water relations and drought resistance of young
Pinus banksiana and Pinus resinosa plantation trees. Can. J. Forest Res. 7: 132-137.

Pritts M.P. and Hancock J.E. 1983. The effect of population structure on growth patterns of the
weedy goldenrod Solidago paucifios culose. Can. J. Bot. 61: 1955-1958.

Rao P.B. 1988. Effects of environmental factors on germination and seedling growth in
Querscus floribunda and Cupressus torulosa, tree species of central Himalaya. Ann. Bot. 61:
531-540.

[115]



2456

Rao P.B., Barik S.K., Pandey H.N. and Tripathi R.S. 1990. Community composition and tree
population structure in a sub-tropical broad-leaved forest along a disturbance gradient. Vege-
tatio 88: 151-162.

Saxena A.K. and Singh J.S. 1984. Tree population structure of certain Himalayan forest associa-
tions and implications concerning their future composition. Vegetatio 58: 61-69.

Saxena A.K., Singh S.P. and Singh J.S. 1984. Population structure of forest of Kumaon Himalaya:
implications for management. J. Environ. Manag. 19: 307-324.

Schulte P.J. and Marshall P.E. 1983. Growth and water relations of black locust and Pine seedlings
exposed to controlled water-stress. Can. J. Forest Res. 13: 334-338.

Sood V. and Bhatia Monik 1991. Population structure and regeneration status of tree species in
forests around Shimla, Himachal Pradesh. Van Vigyan 29(4): 223-229.

Srinivas C. 1992. Plant Biomass, Net Primary Productivity and Nutrient Cycling in Oak
Quercus serrata Thumb. Forests of Manipur. Ph. D. thesis, Manipur University, Manipur, India.

Sukumar R., Suresh H.S., Dattaraja H.S. and Joshi N.V. 1994. In: Dallmeier F. and Comiskey J.A.
(eds), Forest Biodiversity Research-Monitoring and Modeling, Conceptual Background to Old
World Case Studies. Parthenon publishing, 1 pp.529-540.

Swaine M.D. and Hall J.B. 1988. The mosaic theory of forest regeneration and the determination
of forest composition in Ghana. J. Trop. Ecol. 4: 253-269.

Swaine M.D., Lieberman D. and Hall J.B. 1990. Structure and dynamics in a tropical dry forest in
Ghana. Vegetatio 88: 31-51.

Tripathi R.S. and Khan M.L. 1990. Effects of seed weight and microsite characteristics on ger-
mination and seedlings fitness in two species of Quercus in a subtropical wet hill forest. Oikos 57:
289-296.

Uma Shankar 2001. A case study of high tree diversity in a sal (Shorea robusta)- Dominated
lowland forest of Eastern Himalaya: Floristic composition, regeneration and conservation. Curr.
Sci. 81: 776-786.

Veblen T.T., Ashton D.H. and Schlegel F.J. 1979. Tree regeneration strategies in lowland
Nothofagus dominated forest in South-Central Chile. J. Biogeogr. 6: 329-340.

Welden C.W., Hewett S.W., Hubbell S.P. and Foster R.B. 1991. Sapling survival, growth and
recruitment: relationship to canopy height in a neotropical forest. Ecology 72: 35-50.

Yadava P.S., Singh E.J. and Soreishang K.A.S. 1991. Tree population structure of sub-tropical
forests of Manipur, North Eastern India and implications for their regeneration. In: Rajwar G.S.
(ed.), Advances in Himalayan ecology. Today and Tomorrows Printers & Publishers, New Delhi,
pp. 13-23.

[116]



Biodiversity and Conservation (2006) 15:2457-2475 © Springer 2005
DOI 10.1007/s10531-004-7179-y

A numeric index to establish conservation priorities
for medicinal plants in the Paravachasca Valley,
Cordoba, Argentina

G.J. MARTINEZ"*, AM. PLANCHUELO>**, E. FUENTES? and

M. OJEDA?

IFellowship recipient SECYT — UNCordoba, Argentina, Gervasio Méndez 2453, Parque Corema,
5009, Cérdoba; *Facultad de Ciencias Agropecuarias, UNCordoba, Casilla de Correo 509, 5000,
Cérdoba, Argentina; *Member of CONICET: *Authors for correspondence (e-mails: gustmart
@yahoo.com, planch@crean.agro.uncor.edu; phone|fax: + 54-351-4334118)

Received 24 June 2003; accepted in revised form 23 November 2004

Key words: Conservation priorities, Conservation priority index, Cordoba Argentina, Medicinal
plants

Abstract. Medicinal plant extraction is a relevant issue in the province of Cordoba, Argentina. A
quantitative methodology is proposed for the evaluation of conservation priorities for species used
in popular medicine in the Paravachasca Valley, Cordoba. Qualitative attributes were surveyed
through the knowledge and perception of local communities. Species are ranked by their index of
conservation priority (ICP) values. This index takes into consideration the following data: harvest,
abundance, propagation method, origin and commercial demand of species in the area. Among the
native species prioritized for conservation are Minthostachys mollis, Hedeoma multiflora, Julocroton
argenteus, Baccharis crispa, Trixis divaricata subsp. discolor, Passiflora caerulea, Usnea spp. and
Equisetum giganteum.

Introduction

The resurgence of phytotherapy and herbal medicines for health care, has
generated an international concern, regarding the increasing threat to
medicinal plants as they are permanently removed from their natural habitat
(FAO 1996). According to the United Nations Environmental Program
(UNEP 1992) the estimated value of pharmaceutical material derived from
medicinal plants in the Southern Hemisphere ranges between 35 and
47 billion dollars per year. On the other hand, the social value in the con-
servation of these resources greatly exceeds the benefits derived from its
commercial value as pharmacological products (Mendelsohn and Balick
1995).

The recent increase in the commercialization of medicinal species has lead
to a more intensive harvesting of wild plants, ignoring conservation practices
consequently, in situ conservation was established as priority all across the
world (Williams et al. 2000). Many approaches have been taking into account
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to evaluate conservation issues of medicinal plants, such as, quantitative
ecological surveys (Voeks 1996; Caniago and Siebert 1998; Tran et al. 2001)
and distribution patterns of rare and endangered species (Kala 2000). Also,
geographic information system (GIS) applications and eco-distribution
mapping (Rai et al. 2000), as well as, conservation priorities based on indices
(Dhar et al. 2000) were achieved. On the other hand, Hall and Bawa (1993),
Walker et al. (1995) and Lykke (1998) reported the trends of vegetation
changes, taking into account the knowledge and perception of biodiversity by
local communities. This latter approach allows setting priorities for species
conservation (Hellier et al. 1999); and management practices (Badola 1998;
Bolling and Schulte 1999).

According to the World Conservation Union (IUCN), more than 20,000
species of plants are used for medicinal purposes and nearly half of that
number are potentially threatened by over-harvesting or by the loss of their
habitat. Although one-fourth of the 250,000 species known wide world is
found in Latin—America (Elisabetsky and Costa-Campos 1996), information
concerning endangered species for that region is scarce (Lucas and Synge
1978; Davies et al. 1986). A partial list of endangered and threatened plant
for Argentina, can be found in De la Sota (1977), Cabrera (1977), Noher de
Halac et al. (1985), Delucchi and Correa (1992), Planchuelo (2000) and
Vischi et al. (2004) but the records about medicinal flora is scarce. In the
Province of Cordoba, the available information for medicinal plants are
found in Bocco et al. (1997), Nuiiez and Cantero (2000), Lagrotteria et al.
(1986, 1987a, b), Rodriguez et al. (1992) and Lagrotteria and Affolter
(1999). The major users of this resource are diverse industries, such as:
‘yerba mate’ processors, aperitif beverage distilleries, as well as, laboratories
for medicinal, perfumery, cosmetology and aromatherapy products. Dried
plants are also marketed in pharmacies, herbalist and dietary product shops
that sell the processed plant in several ways and quantities. In addition, the
absence of a legal framework regulating germplasm management has gen-
erated a reduction in the number of medicinal plant populations, loss of
genetic diversity and the degradation of their habitats (Lopez 1996). As
Guarino (1995) pointed out there is a close relationship between biological
and cultural diversity, therefore the loss of genetic diversity tends to be
accompanied by a loss of knowledge in relation to plant uses and properties
(Benz et al. 2000). At this point, it is essential to establish rapid methods
for assessing the trends of vegetation changes, taking into account the
knowledge and perception of biodiversity and the uses of medicinal plants
by local communities (Hall and Bawa 1993; Walker et al. 1995; Lykke
1998).

The objective of this paper was to develop an evaluation index to establish
priorities in conservation practices, using the available bibliographic
information, field surveys and the perception and knowledge of people from
local communities in relation to distribution, sources and uses of medicinal
plants in the Paravachasca Valley of Cordoba, Argentina.
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Materials and methods
Study area

The Paravachasca Valley is part of the Santa Maria Department in the central
region of the Province of Cordoba (Figure 1). It is located between 31°30” and
31°32" S and between 64°05” and 64°35” W, from the eastern slopes of the
Sierra Chica to an imaginary line drawn approximately between the popula-
tions of Bouwer, La Cruz, Malaguefio and Los Molinos river. It extends
through foothills in a marginal depression of the hills where the altitude ranges
between 300 and 1000 m above sea level. The annual mean temperature is
around 16 °C and the annual rainfall in the area ranges from 700 to 900 mm
concentrated in summer months (December—March).

Figure 1. Location of the Paravachasca Valley.
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The relicts of natural vegetation belong to the phytogeographic provinces
‘Espinal’ and ‘Chaqueiia’ (Cabrera 1971, 1976, 1994) this later with the district of
‘Bosque Serrano’ and ‘Romerillal’ (Luti et al. 1979). The ‘Espinal’ is a mixing
xerophytes arboreal vegetation with species from the Chaquefia province and
grasses from the ‘pampas steppe’ (Luti et al. 1979) The ‘Bosque Serrano’
develops between 500 and 1350 m in altitude with several layers of vegetation
and the ‘Romerillal’ develops in open and rocky sectors, spreading up to 1700 m
above sea level (Luti et al. 1979; Gorgas and Tassile 2001). Although, the agri-
cultural development has modified most of the flora, relicts arboreal vegetation
are still present with trees such Prosopis alba and P. nigra, Aspidosperma que-
bracho-blanco, Celtis tala, Acacia caven, Geoffroea decorticans together with
aromatic shrubs such Lippia turbinata, Minthostachys mollis and Aloysia gra-
tissima (Gorgas and Tassile 2001).

From a social-cultural point of view, tourism is one of the main economic
activities of the region, due to the beauty of the landscape and the presence of
historic sites of natives Comechingon settlements and Jesuit buildings. The
most important urban areas are Alta Gracia (37,284 inhabitants),
Despefiaderos (4728 inhabitants), San Agustin (2284 inhabitants), Villa An-
isacate (1509 inhabitants) and several others communities with less than 1500
inhabitants.

The population composition in the Paravachasca Valley is heterogeneous.
Native peasants, European immigrants and city dwellers coming from the
province’s capital or other urban districts have settled in the region. The
information in this work was obtained from the families of native peasants.
The culture of Argentina’s native peasants is the product of different dynamic
syntheses that developed in the past 500 years. It is characterized by the per-
manence of European beliefs and practices, both from the Conquistadors’ and
Colonial times as well as from the past two centuries immigrants, with some
fragmented indigenous elements (Idoyaga Molina 2001).

Peasant income come from both seasonal tourism-associated services and
beef cattle raising. Collecting and selling herbs provide an extra income
(Martinez 2003). Rural and city high schools have educational programs in
tourism management and food production.

Data collection

Data sets were developed from questionnaires filled by selected informants
about the knowledge, uses and commercial trade of medicinal plants, as well as
from an exhaustive literature review and field surveys (Martinez 2003).

The families of 40 students from the three rural high school in the area, that
in previous studies (Martinez et al. 2003) proved to be familiar with medicinal
flora, were asked to complete a questionnaire about the following: names of
plants used as medicinal herb; an estimation of their abundance by meaning of
the accessibility to be collected in the area; the quantity of each plant collected
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from the field; the characteristics of the place from where the plant was col-
lected (field, home gardens); the season and method of harvesting; the parts of
the plant used, the method and reason for its use and the amount of trade in a
year. Also, a sample of each plant mentioned on the list was requested, as
recommended by Bocco et al. (1997). This information was supplemented,
following the methodology of Alexiades (1996a, b) and Caniago and Siebert
(1998), with field observations and semi-structured interviews of 25 qualified
informants (professional collectors, merchants, dealers and owner of herbal
shops and pharmacies) from the area. The criteria to select the informants
were: no less than 20 years of residence in the study area or region; three or
more years of experience in collecting and/or selling herbs; ability to recognize
species in the field and experience in the use of medicinal plants. Information
concerning the extraction trends, demand and commercial unit (weight or
volume) for each species was obtained using a qualitative and quantitative
methodology, which recur to consensus reflected by the frequencies of re-
sponses in the surveys as proposed by Noher de Halac et al. (1985), Lagrotteria
et al. (1987a), Rodriguez et al. (1992) and Nalvarte et al. (1999).

The recognition of the medicinal plants reported in the surveys was done in
the field, together with the informant. All plants were identified using the
available Floras and the appropriate botanical references. Plant identification
was confirmed at genus, species and infraspecific level by a Taxonomist and the
specimens collected are deposited in the Herbarium ACOR. The information
gathered for each species was recorded in a filing card shown in Table 1.

Determination of the ICP

An ICP was developed to establish conservation priorities of medicinal plants.
The index takes into account references information, data from interviews and

Table 1. Example of filling card for species of medicinal interest based on surveys.

Common name

Family and scientific name

Biological categories: Non cultivated native/Cultivated native/Introduced non cultivated/Introduced
cultivated

Place of collection and herbarium number of voucher specimens.

Medicinal use.

Number of times mentioned.

Code of informants and surveys.

Methods of obtaining the plant: Purchase or cultivated plot/Family gardens|Field extraction.
Abundance in the area: Abundant/Moderately abundant/Not abundant or rare.

Who collects: Family members/Local collectors| Tourists or foreigner collectors.

Why is it collected: Household use/Product elaboration| Retail sale/Stocking and wholesale.
Method of collection: Whole plant including roots or larges branches and sprouts/Only part of the
plant without roots, larges branches or sprouts.

Commercialization categories: Very high demand/High demad|Moderately demand|Low demand or
not negotiable.
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field surveys. It relates biological aspects of the species (propagation or
reproduction strategies, origin and distribution of the taxon) with information
about abundance (extracted from references, field survey, as well as, the per-
ception of local people expressed as accessibility) and social-economic
parameters (extraction methods, plant harvested destination, commercial de-
mand) obtained from interviews. The index was develop using similar attri-
butes as the ones proposed by Dhar et al. (2000) in setting priorities for
conservation of medicinal plants for the Indian Himalayas.

The ICP of each species was determined through the sequence and meth-
odology provided in Table 2 and by the following equation:

ICP = (ROA x RCD x RPV) % 100/ > (ROA x RCD x RPV),

where ROA = Range of origin for the area (Scale of 1-4), RCD = Range of
commercial demand (Scale of 1-4), RPV = Range of perceived vulnerability
(Scale of 1-18).

Range of origin of the species for the area (ROA)

The species were classified according to their origin or biological categories
(Planchuelo et al. 2003) and following the status indicated by Zuloaga et al.
(1994), Zuloaga and Morrone (1996a, b, 1999). The attribute of being a non-
cultivated native species was considered the most sensitive to the impact of
environment changes in the growing area, therefore it was assigned the highest
value of the scale (ROA = 4). According to this criterion of vulnerability,
values were assigned in decreasing order: cultivated native species (ROA = 3),
introduced non-cultivated species (ROA = 2) and introduced cultivated spe-
cies (ROA = 1).

Range of commercial demand (RCD)

A commercial unit (weight or volume) was identified for each species men-
tioned in the surveys to herb collectors, retail sellers and herb products shops.
Retail sales are small volumes of dried and chopped herbs of about 50—
100 g per bag. To classify species according to their demand, the total number
of commercial unit traded in a year, for each species, were ranked from highest
demand on top to lowest demand on bottom and grouped into four categories
of commercial demand (CD). The grouping criteria was based on partition of
the complete list of species in four intervals with amplitude calculates as (Max
CD - Min CD)/4. Each category of commercial demand was assigned a
numerical value, as follows: very high demand (VHD) first group from the
top = RCD 4, high demand (HD) second group from the top = RCD 3,
medium demand (MD) thirst group from the top = RCD 2, and low demand
or not commercial (LD) the last group from the top = RCD 1.
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Range of perceived vulnerability (RPV)

To allocate this range a data matrix was used with three attributes assigned for
each species: abundance, form of propagation and harvesting impact.

Two steps were needed to establish the RPV. The first step was to compute
the attributes and the second step was to make the data matrix and assign the
RPYV to each species. The attributes were obtained as follows:

Abundance

Three categories of abundance were considered using the information obtained
from ‘Flora Fanerogmica Argentina’ (Pro Flora 1994-2001), and bibliography
such Luti et al. (1979), Cantero et al. (1996), Bocco et al. (1997), Cantero et al.
(1998a, b), Nufiez and Cantero (2000) and Gorgas and Tassile (2001). Also,
herbarium specimens surveys (ACOR and CORD), data from surveys applied
to the families of students and qualified informant and field evaluation were
performed. Strategies to evaluated abundance of wild species in the field were
taken from Fuentes and Planchuelo (2000) and Planchuelo (2000) and pres-
ence/absence information were recorded for cultivated species in each home-
gardens.

To assign each species to a corresponding category, a quantification pro-
cedure was used. From each source of information a value of 5 (Ra) was
assigned when a species was considered rare, restricted or was present in less
than 20% of home-gardens. A value of 3 (Ma) was assigned to moderately
abundance or when its grows in between 20 and 50% of home-gardens and a
value of 1 (Aa) was assigned when was considered abundant or accesible in the
area or was recorded as growing in 50% or more of the home-gardens.

With the data extracted from all the sources the average was calculated for
each species. The mean value was categorized in the following way: >4
(Ra), = <4 >2 (Ma) and = <2 (Aa).

Form of propagation

Information from an exhaustive literature survey as well as field observation
were used to established the form of propagation for each species. Following
the criterion proposed by Dhar et al. (2000) the species reproductive plasticity
was considered in two categories: Unique (Up) when the species, in its natural
environment, has only one form of reproduction (seeds in monocots and di-
cots), and Multiple (Mp) when the species has more that one way of repro-
duction, for example, seeds and vegetative organs. The species with only one
form of reproductive method were considered more vulnerable.

Harvesting impact

Supported by the information obtained from the surveys which consider per-
son who collects, harvest destination and harvesting method, three harvesting
impact categories were considered: Destructive (Dh), Moderate (Mh) and
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Sustainable (Sh). To obtain the category value the following procedure was
developed. At first the harvesting evaluator index (HEI), the weighting factor
(WF) and the weighted harvesting index (WHI) were obtained and then with
all the data the three harvesting impact categories were established.

The following considerations were done for this index:

Harvesting evaluator index (HEI)
It was calculated with the following equation:

HEI = CI + HDI + HMI,

where CI = Collector index, HDI = Harvest destination index,
HMI = Harvesting method index. Each one of the indexes was calculated as
follows

Collector index (CI). This index expresses the destructive impact from each
kind of collector generates by harvesting the species considered. It is calculated
by an equation with the following components: the numerator is the sum of the
different types of collectors mentioned in the surveys, where each one of them is
multiplied by a coefficient that varies depending on the impact caused by the
harvesting method. The denominator is the sum of the total number of times
each type of collector was mentioned in the surveys. The values attributed to
each type of collector were based on the information provided in the interviews
and in field survey with the collectors using the methodology of Bocco et al.
(1997). It was considered that local families (F) harvest plants only when
needed, because this was always associated with household use, therefore they
were assigned a coefficient of lesser destructive impact, equivalent to 0.5. The
collectors (C) harvest plants regularly as a means of income, with the pre-
caution of preserving plants in the field for their reproduction and for future
harvests, therefore an intermediate impact coefficient equal to 1, was assigned.
The extractions done by tourists or foreigner collectors (T), do not follow any
preservation concepts, consequently they received the highest impact coefficient
number of 1.5. The CI is expressed as follows:

Cl=(05«F+C+15«T)/(F+C+T)

Harvest destination index (HDI). The HDI expresses the importance of the
different destinations of the harvested plants. The following destinations were
considered: minimum household use (HU), product elaboration for families
uses, not for sale (PE), retail sale (RS) and stocking and wholesale (WS). The
numerator of the equation is the sum of each one of the destinations, which
have been multiplied by a coefficient. The coefficients range in value from 1, for
the destinations which require the highest amount of plants, consequently have
the highest destructive impact (WS); 0.5 for those of intermediate amount of
plant and lesser impact (PE and RS) and 0 for those of low or null impact (HU)
because the amount of plants involve is very small. The denominator is the sum

[125]



2466

of the total number of times that each of the components was mentioned in the
surveys. The HDI is expressed as follows:

HDI = (0.5 % RS + 0.5 * PE + WS)/(HU + RS + PE + WS)

Harvesting method index (HMI). The HMI assesses the impact of plant
harvesting methods. If harvesting takes place in a natural vegetation area and
the method consists of pulling out the whole plant including its root or by
cutting large branches and sprouts which prevents plant regeneration (IR), the
coeflicient assigned was equal to 1. In case harvesting is also from natural field
but takes only small part of the plant, leaving the roots, the large branches and
the sprouts intact (WR), the assigned coefficient was 0.5. If the species were
obtained from a home garden or a cultivated plot (GC), the assigned coefficient
was 0. The HMI is expressed as follows:

HMI = IR 4 0.5 « WR /(IR + WR + GC)

Considering all of the individual index components, the resulting equation
for the HEI is:

HEI =[(0.5*F+T+1.5%«C)/(F+ T+ C)]
+[(0.5%x RS + 0.5« PE + WS)/(HU + RS + PE + WS)]
+[IR + 0.5 % WR/(IR + WR + GC)]

Weighting factor (WF)

A WF to account for the relationship between the number of times of different
destinations for each species were mentioned in the surveys and the total number
of destinations for all the species cited, was developed as follows:

WF = (HU + RS + PE + WS) % 100/ Y “(HU + RS + PE + WS),

where HU = Household use, PE = Product elaboration, RS = Retail sale,
WS = Stocking and wholesale.

Weighted harvesting index (WHI)

The WHI evaluated the impact of harvesting of each species in relation to the
impact of the total number of species considered in the study. It is expressed by
the following equation:

WHI = HEI x WF,

where HEI = Harvesting evaluator index, WF = Weighting factor. Three
harvesting impact categories were determined. The WHI values were ranked
(highest to lowest) and grouped into three harvesting categories: destructive
(Dh), moderate (Mh) and sustainable (Sh). The grouping criteria was based on
partition of the complete list of species in three intervals with amplitude cal-
culated as (Max WHI — Min WHI)/3.
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The second step to assign the RPV to each species was to organize the data
matrix by combining the different categories for the three harvesting attributes
(Dh, Mh, Sh), abundance (Aa, Ma, Ra) and propagation methods (Mp, Up).
The RPV was assigned as a number, from 18 (higher sensitivity) to 1 (less
sensitivity), as is shown in Table 3.

Results

Figure 2 shows the percentages of lichens and pteridophytes and flowering
plants for the 84 species mentioned in the surveys, grouped according to their
taxonomic group, habit and biological categories. It can be observed that
pteridophytes and lichens are less than 5% and the major groups are flowering
plants from which herbaceous species represented 42%, shrubs represented
38% and trees 15% of total species mentioned. In relation to the biological
categories, all pteridophytes and lichens are native non-cultivated, also to this
category belongs a high percentage of shrubs and herbaceous flowering plants.
The cultivated natives are represented only by trees and shrubs, the cultivated
introduced are present in more than 5% in all groups of flowering plants and
the non cultivated introduced are about 10% of the herbs and 2% of the
shrubs.

Table 4 shows the RPV, the RCD and the ROA of each species, ordered in
decreasing ICP values and grouped according to their habit. In general, con-
sidering all habits, native non-cultivated species had the highest values of RPV.

Table 3. Structure of the matrix for the RPV.

RPV Harvesting Abundance Propagation
18 Dh Ra Up
17 Dh Ra Mp
16 Dh Ma Up
15 Dh Ma Mp
14 Dh Aa Up
13 Dh Aa Mp
12 Mh Ra Up
11 Mh Ra Mp
10 Mh Ma Up
9 Mh Ma Mp
8 Mh Aa Up
7 Mh Aa Mp
6 Sh Ra Up
5 Sh Ra Mp
4 Sh Ma Up
3 Sh Ma Mp
2 Sh Aa Up
1 Sh Aa Mp
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Figure 2. Percentages of species classified by taxonomic group and habit and grouping in four
biological categories. Lich. = lichens; Pterid. = pteridophytes; Flow. Plants = flowering plants.

Table 4. Medicinal plants grouped according to habits and ordering in decreasing values of the

ICP.

Species RPV RDC ROA ICP

Trees
Geoffroea decorticans (Gillies ex Hook. and Arn.) Burkart 10 2 4 1.92
Celtis tala Gillies ex Planch. 6 1 4 0.58
Bauhinia forficata subsp. pruinosa (Vogel) Fortunato and Wunderlin 4 2 3 0.58
Tilia spp. 7 3 1 0.50
Jodina rhombifolia(Hook. and Arn.) Reissek 31 4 0.29
Acacia caven (Molina) Molina 301 4 0.29
Schinus areira L. 31 3 0.22
Eriobotrya japonica (Thunb.) Lindl. 3 3 1 0.22
Eucalyptus cinerea F. Muell. ex Bentham 7 1 1 0.17
Fraxinus spp. 6 1 1 0.14
Morus alba L. 5 1 1 0.12
Morus nigra L. 5 1 1 0.12
Salix babilonica L. 1 1 1 0.02

Shrubs
Minthostachys mollis Griseb. 14 4 4 5.38
Julocroton argenteus (L.) Didr. 18 3 4 5.19
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Species

RPV RDC ROA ICP

Baccharis crispa Spreng.
Trixis divaricata subsp. discolor (D. Don) Katinas
Aloysia gratissima (Gillies and Hook.) Tronc.
Lippia turbinata Griseb.
Baccharis articulata (Lam.) Pers.
Phacelia pinnatifida Griseb. ex Wedd.
Jungia polita Griseb.
Croton serpyllifolius Baill.
Aloysia polystachya (Griseb.) Moldenke
Achryrocline satureioides (Lam.) DC.
Dolichandra cynanchoides Cham.
Ligaria coneifolia (Ruiz and Pav.) Tiegh
Aloysia citriodora Palau
Buddleja cordobensis Griseb.
Sphaeralcea cordobensis Krapov.
Ephedra spp. (E. triandra Tul. emend. J.H. Hunz./E. ochreata Miers)
Colletia spinosissima J.F. Gmel.
Croton hirtus L’ Heér.
Heimia salicifolia (Kunth) Link
Margyricarpus pinnatus (Lam.) Kuntze
Porlieria microphylla (Baill.) Descole, O’Donell and Lourteig
Gnaphalium gaudichaudianum DC.
Schinus longifolia (Lindl.) Speg.
Pyracantha coccinea M. Roem.
Aloe spp. (Aloe saponaria (Aiton) Haw./Aloe sp.)
Ruta chalepensis L.
Punica granatum L.
Salvia officinalis L.
Laurus nobilis L.
Rosmarinus officinalis L.
Herbs
Hedeoma multiflora Benth.
Passiflora caerulea L.
Scoparia montevidensis (Spreng.) R.E. Fr.
Solanum sisymbriifolium Lam.
Cuphea glutinosa Cham. and Schltdl.
Gaillardia megapotamica var. scabiosoides (Arn. ex DC.) Baker
Chenopodium ambrosioides L.
Guilleminea densa (Willd. ex Roem. and Schult.) Moq.
Plantago major L.
Tagetes minuta L.
Urtica urens L.

Mentha spp. (Mentha spicatal Mentha X piperita v. citrata (Ehrh.) Briq.)

Marrubium vulgare L.

Euphorbia serpens Kunth

Xanthium spinosum var. spinosum L.
Foeniculum vulgare Mill.

Coronopus didymus (L.) Sm.

16 3
16
14
14
14
10
10
10
8
14
4
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4.61
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4.04
4.04
4.04
2.88
2.88
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0.38
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Table 4. Continued.

Species RPV RDC ROA ICP
Pluchea sagittalis (Lam.) Cabrera 6 1 4 0.58
Malva spp. (M. parviflora L./M. sylvestris L.) 7 3 1 0.50
Argemone subfusiformis G.B. Ownbey 4 1 4 0.38
Verbena litoralis Kunth 4 1 4 0.38
Conyza bonariensis (L.) Cronquist 4 1 4 0.38
Parthenium hysterophorus L. 3 1 4 0.29
Amaranthus quitensis Kunth I 2 4 0.19
Mimulus glabratus Kunth 2 1 4 0.19
Capsella bursa-pastoris (L.) Medik 31 2 0.14
Chenopodium album L. 3 1 2 0.14
Taraxacum officinale Weber ex F.H. Wigg. I 2 2 0.10
Ambrosia tenuifolia Spreng. 1 1 4 0.10
Melissa officinalis L. 2 1 2 0.10
Mentha rotundifolia (L.) Huds. 2 1 2 0.10
Thymus vulgaris L. 31 1 0.07
Ocimum basilicum L. 31 1 0.07
Artemisia spp. (A. absinthium/A. verlotiorum Lamotte) I 1 1 0.02
Origanum vulgare L. 1 1 1 0.02

Horsetails, ferns and lichens
Usnea spp. (U. amblyoclada/U. subflorida 14 3 4 4.04
Equisetum giganteum L. 14 3 4 4.04
Anemia tomentosa var. tomentosa (Savigny) Sw. 10 2 4 1.92
Adiantum spp.(A. raddianum C. Presl/A. thalictroides Willd. ex Schltdl.) 6 1 4 0.58

Trees have the lowest ICP, being the highest value 1.92 for Geoffroea decort-
icans.

Considering the values of ICP (in brackets) of the species surveyed we
point out the priorities for conservation as follows: For natives plants (ROA
4), the highest priorities in conservation practices must be for the following
shrubs: Minthostachys mollis (5.38), Julocroton argenteus (5.19), Baccharis
crispa (4.61), Trixis divaricata subsp. discolor (4.61), Aloysia gratissima
(4.04), Lippia turbinata (4.04) and Baccahris articulata (4.04) and for two
herbs, Hedeoma multiflora (5.19) and Passiflora caerulea (4.61), one lichen
Usnea spp. (4.04) and one pteridophyte (horsetails) Equisetum giganteum
(4.04). Also some attention in conservation practices needs to be given to all
others natives species which ICP values are between 5 and 2. For native
cultivated species (ROA 3), the highest priorities in conservation practices
should be for the sub shrubs Aloysia polystachya (1.73) and Aloysia citrio-
dora (1.01). For introduced non cultivated species (ROA 2) and introduced
cultivated species (ROA 1) the ICP values are in general too low to be
considered priorities for conservation practices. For those categories the
species with highest ICP values are: Urtica urens (1.06), Marrubium vulgare
(0.86), Foeniculum vulgare (0.58) for ROA2 and Mentha spp. (0.94) and
Malva spp. (0.50) for ROA 1.
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Discussion and conclusions

We established a methodology to assign conservation priorities to medicinal
plants. Our results show that the major group of plants used in folk
medicine are non-cultivated native species while Dhar et al. (2000) showed
that wild-cultivated forms which accounted for more than 52% of the ‘use
value index’ (UVI). Another difference is that they limited the study to
species used by the pharmaceutical industry and we evaluated also other
destinations of the collected plants such household use, product elaboration
for peasant families, retail sale and stocking and wholesale. In this case, the
harvest destination index, no treated by the others authors, is a good
indicator of the destructive impact of collecting natives plants in the field,
because introduced medicinal species are mainly cultivated and obtained
directly from home-gardens.

This work is the first quantitative approach which includes, through ICP,
the most important steps to develop a list of endangered or threatened
plants such the one proposed by Cunningham (1997). Althought there are
many local floras, checklists, monographic reviews and ecological studies
that provide information about abundance of natives species for Cordoba,
there are few documents treating the risk of extinction (Noher de Halac et
al. 1985; Vischi et al. 2004) as in this paper. Lucas and Synge (1978)
indicated a lack of field studies to included species from Argentina in the
IUCN Plant Red Data Book (Lucas and Synge 1978) and in fact there is
not a National Red Data Book for Argentina (Davies et al. 1986).

Some agreement were observed between our list of species with high ICPs
such as Minthostachys mollis, Hedeoma multiflora, Lippia turbinata, Equise-
tum giganteum and Baccharis crispa and the species mentioned to be pro-
tected, due to their extraction and use levels, in the provincial district of Rio
Cuarto (Southern Coérdoba) by Bocco et al. (1997). Also, Aloysia gratissima
and Lippia turbinata are included in the list of 20 endangered native
medicinal species mentioned for other areas of the Province of Coérdoba by
Lagrotteria et al. (1987a) and Lagrotteria and Affolter (1999). Moreover
Minthostachys mollis, is considered a threatened medicinal species by a
private organization such as Wildlife Argentine Foundation and Equisetum
giganteum was settled as an endangered species by De la Sota (1977).

We pointed out a number of medicinal plants that could be threatened
with extinction in the short or medium term such as Julocroton argenteus,
Trixis divaricata subsp. discolor and Phacelia pinnatifida which were not
mentioned by other authors (Lagrotteria et al. 1987a; Bocco 1996; La-
grotteria and Affolter 1999).

Recently, new studies and activities related to adjustment, spreading and
assessment of germplasm of some species prioritized for conservation in this
work have been documented for Minthostachys mollis (Ojeda et al. 1998,
2001; Ojeda 2004), Achyrocline satureioides (Nobile et al. 1999), Hedeoma
multiflora (Martinez and Fernandez 1998) and Passiflora caerulea (Martinez
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2003; Mediondo et al. 2003). However, there is a need for additional re-
search in medicinal plant ecology. The list of species and priorities intro-
duced here will allow to orientate and define the type of ecological research,
as well as the contribution to perform local conservation activities.

Finally, this study set the bases for new approaches to development others
indexes based on information from people participation and ethnographical
studies promoting environmental conservation activities (Martin 2000) such as
community herbariums, botanical gardens and local germplasm banks (Cubero
1990). This research may result effective, not only for conservation of native
species, but also to preserve local conservation practices (Gomez Ocampo
1981; Benz et al. 2000). The native species treated in this research are good
representatives of the flora of Cérdoba and the central region of Argentina,
therefore, the IPC values and range of vulnerability for each species can be
applied for a larger area in order to make recommendation at provincial and
national level for environmental preservation practices.
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Abstract. Ethnozoological research was conducted to gather information on the hunting activities
and their relevance for the subsistence of local people in 8 villages around the game reserve of Gile,
Mozambique. Two series of data were gathered by questionnaires to: (a) 510 householders from
eight villages located in the outskirts of the Reserve; (b) 10 hunters from the village of Gile, the
main centre of the study area. Several hunting techniques were recorded: spears, nets, traps
(including gin-traps) and wildfires, while the use of guns did not appear relevant. The importance of
subsistence hunting for local people was underlined by the high percentage of respondents who
declared that they usually conduct this activity and sell bushmeat. The proportion of hunters per
village was related to the village size but not to its geographical location of villages and the
household composition. A positive relationship existed between the proportion of hunters, crop
production and fishing activities, indicating that hunting is part of an integrated system of sub-
sistence activities. Most animals harvested were mammals (89.5%, of which 46.7% were ungulates)
and most were captured within the Reserve (96%). A higher percentage of animals was sold (56%),
representing a relevant income source for the villagers. Small animals were mainly captured by
traps during solitary hunting, medium-sized animals in collective net hunting; larger prey were
captured by gin-traps adopted by both solitary and collective hunting. In the diet of the local people
wild animals represented a higher protein source than domestic animals.

Introduction

In tropical Africa the meat of wild animals represents an important part of the
staple diet of hundreds of thousands of people, as well as a remarkable source
of income for rural hunters (Bellamy 1993; Carpaneto 1994; Carpaneto and
Fusari 2000; Colell et al. 1994; Fa et al. 1995; Fa and Garcia Yuste 2001;
FitzGibbon et al. 1995; Kock 1995; Lahm 1993; Wilkie et al. 1992; Ziegler
1996). Recent data reveal that bushmeat harvests are unsustainable in several
African countries (Alvard et al. 1997; Fa and Peres 2001; Fa and Garcia Yuste
2001; Barnes 2002; Bennett et al. 2003; Ling et al. 2003; Robinson and Bennet
2003). This situation is particularly severe especially where rural people hunt
within poorly managed protected areas.

In this paper, we studied the impact of hunting in the game reserve of Gile
(GRG@G), Zambezia Province, Mozambique. This Reserve, first established on
1932, suffered since 1982 from a decrease in management and lack of financial
resources, owing to civil war. The result was a drastic decline in staff, including
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rangers, and patrol activities. This situation and the accompanying rapid
worsening of human life conditions, encouraged an increased exploitation of
natural resources in the protected area (Chande et al. 1997; Carpaneto, 2001).
The understanding of how local dwellers exploit indigenous resources was
considered essential to develop an appropriate conservation strategy and to
ensure a food supply for local population. In this optic, the aim of the present
work was to assess the extent of subsistence hunting activities in the sur-
roundings of the protected area and their relevance for rural livelihood.

The present paper is the first study on bushmeat exploitation in Mozambique
and represents an important contribution to the knowledge of this growing
activity that is going to evolve from subsistence to market. Mozambique is one of
the poorest countries of Africa and it is not surprising that people will take
advantage of any opportunity to earn money. After the devastation of 16 years of
civil war, Mozambique is undergoing a rapid transformation and also susbsis-
tence activities may change into a trade opportunity. Despite the Mozambique’s
wildlife was decimated during the war, poaching continues to occur throughout
the country and is becoming an easy source of income. The quantitative data
emerging from the present research may provide wildlife managers and conser-
vation officers a tool for assessing the extent of bushmeat trade in the country.
Through a quantitative description of bushmeat harvest, the present paper at-
tempts to look at the correlations between hunting and other activities of the
villagers, so that predicting models of wildlife exploitation in changing rural
economies could be developed in the future.

Study area
Geographic location and local people

The GRG is located in the north-eastern part of Zambezia Province. It repre-
sents, together with the Niassa game reserve and the Quirimbas National Park,
one of the most important protected areas in Mozambique north of the Zambezi
River (Figure 1). Originally, the Reserve extended over an area of approximately
5000 km?, and was mainly created to protect black rhinos and elephants, but also
for professional and sport hunting to other large game, such as antelopes and
buffaloes. Despite the intended protection regime, the black rhino was eradicated
from the area by 1973 (Dutton et al. 1973), and elephants were reduced to very
low densities (Martines and Ntumi 2002). In 1960, the GRG was reduced to its
actual size of 2100 km?, because a large buffer zone, in the northern part of the
Reserve, was abandoned owing to the impossibility of governmental authorities
to manage the area. The GRG is included in the Districts of Gile (154,988
inhabitants, population density 15.4/km?) and Pebane (150,538 inhabitants,
population density 15.8/km?). Both districts experience high rates of population
growth: Gile (4.9%) and Pebane (3.3%), which led to an estimated 202,668 and
189,883 inhabitants in 2010 respectively (INE 1997).
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Figure 1. Location of the study area: the game reserve of Gile, Zambezia, Mozambique.

Most people in the northern sector of the Zambezia Province belong to the
Lomwé¢ tribe, one of the 20 ethnic groups recognized in Mozambique. Other
ethnic groups in the area are the Chuabo, the larger group within the province,
and the Macua, mainly settled along the coast. Both the Lomwé and Chuabo are
essentially Catholics; however, because of the strong influence of the Swahili
culture, most people living on the coast (both Lomwé and Macua) are Muslims.

Most households in Gile District and in the interior of Pebane District
depend on subsistence agriculture (Galego and Rasul 2001). Local farmers
practise slash-and-burn agriculture producing cassava, maize, rice, sweet
potatoes, groundnuts and beans as staple foods. Sunflower, sesame, and
cashew nuts (Anacardium occidentale) are important cash crops. Nonetheless,
their annual production is limited: an average household produces around
60 kg of sunflower, 39 kg sesame and 168 kg cashew nuts, of which 25%, 38%
and 79% are respectively sold, and the remainder consumed or used to pay
labour (Galego and Rasul 2001). During the study period, crop traders from
Nampula, a town north of the study area, bought sunflower, sesame and
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cashew nuts for 0.20-0.40 USD per kg. Hence, an average household would
earn about 49 USD per year from cash crops. In the area, the only off-farm
profit opportunities available to most households, apart from trading bush-
meat, are informal, e.g. sale of traditional drinks or temporary labour in
neighbours’ fields. Animal husbandry, even if limited by diseases, represented
an important protein source. An average household owned 7.7 pigeons, 3.3
goats, 2.5 pigs, 6.4 chickens, 2.6 ducks, 2.7 guineafowl, and 3 rabbits (Galego
and Rasul 2001). Cattle is very scarce due to poor pasture, occurrence of tsetse
fly, and lack of knowledge of cattle rearing by local people. Hence, subsistence
patterns and livelihood strategies are largely based on the exploitation of
several non-timber forest products (NTFPs), among which bushmeat is
essential (ITUCN 1998; Carpaneto 2001; Fusari 2002; Galego 2002).

Climate, landscape and vegetation

The study area is 100-200 m above sea level and lies within Walter’s tropical
summer-rainfall climatic zone (see White 1983), with a distinct wet period
between November and April and a dry period through the other 6 months
(May—October). Annual rainfall is around 800-1000 mm. The maximum
average temperature is 35.7 °C, at the onset of the rainy season, and a mini-
mum is 13.5 °C during the dry season. The landscape is characterized by a
gently sloping plain and several granite outcrops (inselbergs) that emerge from
woodland. The area has a complex river system with three major watercourses
and numerous small permanent or seasonal streams.

A mosaic of deciduous woodland (miombo) and savannah patches charac-
terizes the vegetation within the Reserve. The miombo, classified as closed
forest, open forest and woodland according to different canopy cover (DNFFB
1995; Trollope and Trollope 2002; Martines and Ntumi 2002), is dominated by
Brachystegia spiciformis, B. boehmii, Julbernardia globiflora and Pterocarpus
angolensis. Other common trees are: Afzelia quanzensis, Albizia versicolor,
Annona senegalensis, Burkea africana, Millettia stuhlmannii, Strychnos spp.,
and Swartzia madagascariensis. Savannah patches consist of edaphic grass-
lands (dambos) that cover seasonally waterlogged depressions and which
harbour some rich and diverse herbaceous communities with Stipa sp.,
Schizachyrium jeffreysii, Eragrostis spp., and sedges (Cyperaceae). Human
activities have modified the landscape around villages, because slash-and-burn
practice for field cleaning and fuel wood exploitation have reduced conspicu-
ously the tree vegetation.

Hunting methods
AK-47 machineguns were still common in the area as a legacy from the long
civil war. However, their use has decreased due to the high cost and/or scarcity

of cartridges, as well as the low numbers of large mammals. Trapping is thus
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the commonest hunting technique. Neck and leg snares (mranko or muraho) are
frequently used and hand-made from natural fibres. They allow the capture of
small antelopes, hares, small and medium mammals but also game birds.
Another trap (nicolope) consists of a trunk hanging on a wire and placed along
the track of an animal, to catch small to medium size mammals and game
birds. Pitfall traps (intchepe) are not common in the study area, but are used
occasionally and prepared by arming the bottom of large holes dug in the
ground with several iron-tip spears (nevaka). Gin-traps (rapito or langa),
introduced by the Portuguese colonists, are widespread and intensively used in
the study area. These iron-made traps with a jaw-edge, manufactured locally
with the leaf springs of old vehicles, allow the capture of mammals of varying
size from hares to large ungulates. Netting is conducted by groups ranging
from three/five hunters to entire households, including women and children.
Nets are still made from natural fibres, although some are made of synthetic
materials; lengths vary from 15 m to 35 m, height is normally 1.5 m (Carpa-
neto 2001).

Fire is used to directly kill small animals that live on the ground (small
rodents, elephant shrews and reptiles such as monitors and tortoises), or to
detect their dens. Burning is also used to clear ground from grass and bushy
vegetation and facilitate both trapping and netting. Hunting with fire was
essentially practised at the end of the dry season (September—November), be-
cause of high temperatures and drought which facilitate burning, but also on
account of the large amount of fuel biomass represented by leaf litter and
standing grass. Extended and repeated fires occur annually, with serious effects
on the vegetation at GRG (Trollope and Trollope 2002; van Aarde 2002),
despite the important ecological role of fire in miombo environments
(Chidumayo 1997).

Methods

The first data set was collected during a 5 month period between June and
October 2001, in eight villages close to the GRG: the nearest Namurrua
(0.5 km), the more distant Mucurepa (20 km). Six villages are located within
the Gile District: Gile (Gile administrative department, population = 13,198);
Moriha, Mucurepa and Naeche (Naeche administrative department, popula-
tion = 3319); Namurrua and Nanhope (Nanhope administrative department,
population = 7492). The other two villages were in Pebane District: Etaga
(Mihecue administrative department, population = 4227); and Nassile (Na-
manipe administrative department, population = 2805). It is important to
note that there were no human settlements within the GRG (demographic data
are from INE 1997).

Although the study was designed to apply a questionnaire per household and
100 questionnaires per each village (800 in total), only 510 questionnaires were
completed (64%). This was because many householders refused to respond
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because they were worried by questions regarding hunting, which they con-
ducted illicitly. The sample represents ca. 5% of the 9700 estimated households
in the studied administrative departments.

Questionnaires were used to collect data related to hunting activities: (1) age
of the householder; (2) household composition; (3) the five most hunted ani-
mals; (4) use of each species (personal consumption and/or sale); (5) eventual
market price of each species. We asked respondents to use vernacular names of
animals in Elomwé language to avoid taxonomic misinterpretation (Carpaneto
2001). When possible, remains or entire animal carcasses were examined.
However, some records were difficult to assign to species level, so these were
classed according to order, family or subfamily. Such difficulties are because,
for some taxonomic groups, villagers used the same vernacular name to indi-
cate different species, or because some taxonomic groups were of difficult
identification (small rodents and elephant shrews).

We evaluated the proportion of householders who declared that they har-
vested game, by using multiple regression analyses, considering as possible
predictors the following groups of variables: (a) distance of each village from
the Reserve border, the distance of each village from Gile (the main human
settlement of the study area), the distance of each village from the nearest
village (these two variables were considered a measure of remoteness); (b) the
size of each village classified according to an ordinal scale (score from 1 to §;
the exact numbers of inhabitants were not available), (c) household composi-
tion, i.e. the average number of household’s members, proportions of males,
females and children; (d) proportion of respondents who declared that they
produce from a maximum of 5 to a minimum of 2 crops.

To assess the level of game harvesting in the area, further quantitative data
were gathered by interviewing 10 collaborative hunters during 4 months
(April-July 2002). For each hunter, a questionnaire was completed approxi-
mately every 10 days to monitor their hunting activities by gathering the fol-
lowing information: (1) animals captured; (2) weapon used for each quarry; (3)
hunting period for each quarry (day/night); (4) hunting location for each
quarry (inside/outside the Reserve); (5) use of each quarry (personal con-
sumption and/or sale); and (6) eventual market price of each quarry. This
sample was not included in the previous one, and the data were analysed
separately.

Means are reported with £ 1 S.D. Regression analyses were performed with
the least square methods and percentages were normalized with an arcsine
transformation.

Results
A total of 510 questionnaires were completed in the eight study villages, an
average of 64.5 per village. All respondents were males, with an average age of

39.4 + 3.3. Average number of members per household was five. For the 10
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hunters of Gile, whose activities were monitored during a 4 month period, the
average age was 38.3 = 16.1 and the number of household members was
59 + 32.

Hunting activity

Subsistence hunting (ossaia) proved to be an important activity for Lomwé
people. During the study period, 416 respondents (81.6%) declared that they
harvested game. The highest hunting activity was recorded in the village of
Mucurepa (100%), Nassile (98.3%) and Moriha (89.9%), the lowest in Nan-
hope (72.6%) (Table 1). There were highly significant differences among vil-
lages in the number of respondents who declared that they harvested game
(Goodness of fit test, y> = 26.55, p < 0.01, d.f. = 7). However, the geo-
graphical location of villages and their distance from the Reserve did not
influence the extent of hunting activities in the study area. Instead, the village
dimension proved to be a significant predictor of the proportion of hunters in
each village (R*> = 0.726, Fi¢ = 15928, p = 0.007). In particular, there was a
negative relationship between village size and proportion of hunters: the
smaller the village, the larger the proportion of hunters recorded (Figure 2).
Household size and composition, did not correlate with proportion of hunters.
However, the percentage of respondents who produced 5 crops was a signifi-
cant predictor (R? = 0.522, Fi6 = 6.562, p = 0.43), indicating a positive
relationship between hunting and crop production as non-alternative liveli-
hood strategies (Figure 3).

We used data from a previous study in the area (Fusari 2002), considering
possible relationships between hunting activities and two further important
livelihood strategies for local populations: trade of cultivated products and fish
exploitation. The following correlations (Spearman coefficient) were observed:
(1) a significant positive correlation between hunters and respondents who

Table 1. Householders who harvested game in eight villages of the study area. N = householders
interviewed; H = householders who declared that they harvested game; 7' = householders who
declared that they have sold bushmeat; D = Distance from Reserve border (km); G = Distance
from Gile village (km).

Villages N H % T % of N % of H D (km) G (km)
Etaga 90 71 78.9 31 34.4 43.7 10 40
Gile 51 41 80.4 38 74.5 92.7 12 -
Moriha 49 44 89.8 31 63.3 70.5 1 24
Mucurepa 24 24 100 24 100 100 20 25
Naeche 87 68 78.2 38 43.7 55.9 5 7
Namurrua 88 65 73.9 29 33.0 44.6 0.5 31
Nanhope 62 45 72.6 31 50.0 68.9 11 18
Nassile 59 58 98.3 43 72.9 74.1 7 48
Total 510 416 81.6 265 52.0 63.7
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Figure 2. Relation between the percentage of hunters and village size.

harvest freshwater fish (r; = 0.762, p < 0.05); (2) a significant positive cor-
relation between bushmeat sellers and respondents who harvest freshwater fish
(rs = 0.738, p < 0.05). No significant correlation was detected between
hunting activities (including bushmeat trade) and crop trade.

Species hunted

Houscholders reported that the most commonly harvested species are: (1)
common duiker (Sylvicapra grimmia), declared by 299 hunters (74%); (2)
larger cane rat (Thryonomys swinderianus), 272 hunters (67.3%); (3) two species
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Figure 3. Relation between the percentage of hunters and crop producers.
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of hares (Lepus saxatilis and Pronolagus crassicaudatus), 268 hunters (52.5%);
(4) giant pouched rat (Cricetomys gambianus), 190 hunters (37.3%); (5) banded
mongoose (Mungos mungo), 120 hunters (23.5%). Another 15 species or tax-
onomic groups of vertebrates (11 mammals, 2 birds and 2 reptiles) were hunted
(Table 2). Highly significant differences were recorded among villages in the
number of respondents who declared that they hunted a given species (common
duiker, y* = 80.83, p < 0.01, d.f. = 7; larger cane rat, y> = 42.80, p < 0.01,
df. = 7; hares, x> = 10339, p< 0.01, d.f. =7; giant pouched rat
¥ = 5747, p < 001, d.f. = 7; banded mongoose, y* = 47.25, p < 0.01,
d.f. = 7), as reported in Figure 4. The proportion of householders declaring to
exploit any species was not related to the geographical location of the village or
to its size.

The off-take of the 10 hunters from Gile consisted of 257 animals,
25.7 £ 6.1 per hunter (range 21). A total of 230 mammals (89.5%), 19 reptiles
(7.5%), and 8 birds (3%) were hunted. Almost half of captures were ungulates
(46.7%) (Table 3). Duikers and suni represented by far the most captured
species (21%); in particular, the common duiker was the main prey (12.8% of
total). Large rodents (larger cane rat and giant pouched rat) were the second
most harvested category (11.3%), followed by the yellow baboon Papio cy-
nocephalus (10.2%), hares (7.8%), and southern reedbuck Redunca arundinum
(7.4%). Each hunter monthly harvested 6.4 £ 1.5 animals (range 5.2) of which
63% have a biomass higher than 5 kg, and 37% were antelopes.

The bushmeat trade

In the study area, to elude surveillance of the governmental authorities, hunters
conducted a hidden bushmeat trade. Bushmeat was sold at village level, simply
informing other villagers of game availability. No important trade of bushmeat
to the major centres of Nampula and Quelimane was detected. Some 265
householders declared to have sold bushmeat (52% of respondents, 63.7% of
hunters). The highest percentage of sellers was recorded in Mucurepa (100%)
and Gile (74.5%, 92.7%), whereas the lowest percentage was recorded in Etaga
(34.4%, 43.7%) (Table 1). Differences recorded among villages were highly
significant (> = 57.05, p < 0.01, d.f. = 7). The distance between villages was
significantly positively correlated with the percentage of bushmeat sellers
(R* = 0.661, Fig = 11.692, p = 0.14) (Figure 5). Both village size and
household composition were not significant predictors. Instead, percentage of
respondents who cultivated five crops was correlated with bushmeat trade in
each village (R* = 0.510, Fi6 = 6.247, p = 0.47) (Figure 6). Respondents
reported five species or groups of species most commonly commercialised:
larger cane rat (34.3% of hunters) for an average price of 0.73 £ 0.43 USD per
specimen; hares (29.3%), for an average price of 0.78 £+ 0.07 USD per spec-
imen; common duiker (19.4%) for an average price of 0.75 £+ 0.1 USD per kg;
giant pouched rat (18.9%) for an average price of 0.46 = 0.12 USD per
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Figure 4. Differences between villages in the percentage of hunters who declared that they exploit
a given species.

specimen; southern reedbuck (5.7%) for an average price of 0.97 + 0.18 USD
per kg (Table 4). For a comparison, during our surveys, the price for poultry
was 1.3 USD per specimen.

According to the data gathered from 10 hunters of Gile, most quarry was
sold (56%), whereas the remainder (44%) was consumed. An average hunter
earned circa 29 USD from selling bushmeat over the four month study period.
This income was relevant if we consider that the income of an average
household per year from crop trade was 49 USD.

Hunting methods

Animals were captured/killed using five different methods: nets (40%, used by
8 hunters); traps (25%, 4 hunters); gin-traps (20%, 5 hunters); spears (12%, 9
hunters), and guns (2.3%, 1 hunter). Two hunters used simultaneously 4
methods, three hunters used 3 methods, four hunters used 2 methods and one
hunter use only 1 method (traps). Only one hunter used a lent gun during a
single beat. Spears and gin-traps were usually bought from local artisans
whereas nets and snares were self-made. The proportion of animals captured
during the day (53%) and the night (47%) was very similar. Most animals
(96%) was captured within the Reserve.

Netting and trapping activities (including gin-traps) were conducted in
groups that varied between 10 and 30 people. Off-take from netting and
trapping was shared out among the group members following a complicated
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Figure 5. Relation between the percentage of bushmeat traders and the distances between villages.

system of traditional rules (see: Carpaneto 2001, for ethnological details). An
average group of 20 hunters captured 24.1 + 6.7 animals, of which 15 £+ 5.8
animals were caught by nets and traps, and 10.6 £ 5.5 by gin-traps. The off-
take of an average hunter operating in a group was 4.3 + 3.8 animals of
which: 0.7 £ 0.3 animals captured with nets and various traps; 0.5 = 0.3
animals captured with gin-traps; 3.8 + 3.7 animals with spears. On the other
hand, an average hunter who only operated by himself captured 29.3 + 2.5
animals over the same period, using mainly snares and sometimes a spear.
Highly significant differences between hunters were recorded in the average

Bushmeat traders %

100

80

60

40

20
0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95

Producers of 5 crops

Figure 6. Relation between the percentage of bushmeat traders and crop producers.
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number of animals captured (One-way ANOVA, Fy 197 = 30.9, p < 0.01).
Numerically, the average off-take of a solitary hunter was more than six times
the off-take of a group-operating hunter. Nevertheless, collective hunting al-
lowed the capture of larger animals, e.g. large ungulates, whereas solitary
hunters obtained mostly small animals, such as rodents, hares, small antelopes,
birds and tortoises. A biomass comparison between the booty of solitary and
collective hunting, based on the animal weight reported by several authors
(Skinner and Smithers 1990; Kingdon 1997; Bothma 2002) showed that the
prey body mass was always higher from the latter (Table 5). However, in the
study area hunters operated either in-group or alone. We did not consider in
the previous analyses the off-take obtained with the gun (2.3% of total) be-
cause only one hunter (who was not the owner of the weapon) used it during
only one hunting beat. Moreover, no one of the 510 householders reported to
use guns, highlighting its scarce relevance as hunting tool.

Discussion

In many African countries, bushmeat is largely traded and represents a primary
source of income for rural people (Juste et al. 1995). In recent years, there was a
progressive and important transition from subsistence to commercial hunting,
essentially because of the increase in human population density, the modern-
isation of hunting techniques and a greater accessibility to remote forest areas
(Wilkie and Carpenter 1999; Fa and Garcia Yuste 2001). In this context, the
present study underlines the importance of subsistence hunting and bushmeat
trade for villagers settled around GRG. This protected area is threatened by
the increasing rural population, the persistent lack of management and a better
accessibility to the forested area, due to the construction and/or rehabilitation
of roads for logging and mining.

Results of the regression analyses showed that the proportion of householders
who declared to have harvested game is not correlated to the geographical
location of the village but is inversely correlated with village size. These results
can be explained as follows: (1) the distance from the Reserve border did not
prevent hunting because of the importance given to this activity; (2) hunting
expeditions are arranged by villagers who spend several days within the Reserve

Table 5. Number and percentage of animals captured over four months during solitary and
collective hunting, in relation to their body mass (animal mass was obtained from Skinner and
Smithers 1990; Kingdon 1997; Bothma 2002).

Body mass Solitary hunting Collective hunting Total

Less than 5 kg 53 (60.2%) 42 (24.9%) 95 (36.9%)
Between 5 and 30 kg 17 (19.3%) 79 (46.7%) 96 (37.4%)
More than 30 kg 18 (20.5%) 48 (28.4%) 66 (25.7%)

Total 88 (100%) 169 (100%) 257 (100%)
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hunting and smoking bushmeat; (3) large villages offer alternative livelihood
strategies such as trade and labour, whereas small villages are more dependent on
natural resources including bushmeat; (4) the depletion of game around large
villages induced a decrease in hunting activity because it became unprofitable.
However, the proportion of hunters in each village was positively correlated to
crop production. Such a result led us to consider that: (1) hunting is not an
alternative to agricultural production because crops, such as starch foods and
vegetables, cannot replace meat protein; (2) an increase in crop production may
facilitate the purchase of hunting equipments (cartridges, gin-traps and nets).
Most villagers interviewed (78.5%) hunted and fished, revealing the importance
of these activities that appeared to be not alternative but complementary.

The species most commonly harvested by householders were all mammals
and included antelopes, hares, large rodents and carnivores (mongooses). The
geographical location of villages and their size were not correlated with
proportions hunted of each species, which can be ascribed to the different
hunting techniques adopted. Within his four month booty, an average hunter
secured 2.9 wild ungulates (antelopes and wild pigs), the equivalent of 50% of
domestic ungulates (goats and pigs) kept by an average householder. Thus,
wild meat was the main animal protein source for local people during the
study period.

According to data gathered from all householders and ten Gile hunters, the
four most captured species were also the most traded. The remoteness of a
village was associated with a more intensive bushmeat trade: small and remote
villages did not offer alternative activities to generate money. A further
explanation is given by the surplus of game hunters harvested from these less
inhabited areas. The bushmeat trade was positively correlated with crop pro-
duction, once more underlying that hunting and agricultural development were
not alternative strategies for subsistence in the study area. The profits obtained
by the ten hunters of Gile during four months (circa 29 USD) revealed that
bushmeat trade was probably the most relevant income source for local people,
exceeding the revenue derived from crop trade on annual basis (circa 49 USD).
The use of firearms has declined mainly because of the high cost of cartridges
and maintenance. Hunters almost exclusively used nets and traps (including
gin-traps) either alone or in a group. Lone hunters captured a higher pro-
portion of small animals but les medium-sized animals, in contrast to hunters
who operated in group, while the proportion of larger animals was similar. In
fact, small animals were mainly captured by traps adopted in great number
during solitary hunting; many medium-sized animals were captured in collec-
tive net hunting; larger mammals were captured by gin traps used during both
solitary and collective hunting. Hence, local hunters adopted both strategies, to
increase diversity of preys and their body mass range. According to the ten
hunters from Gile, 96% of the animals was captured within the Reserve,
revealing the importance of the protected area as a source of bushmeat for
rural people, but at the same time, underlining the threat represented by
subsistence hunting for wildlife conservation.
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Conclusions

The patterns of wildlife exploitation derived from the present research are
likely valid for all the rural communities close to and within miombo
woodland ecosystems in Zambezia. Hunting is an important livelihood
strategy for people and bushmeat represents the major animal protein supply,
owing to scarcity of domestic animals. Local hunters adopt essentially trap-
ping techniques and collective net hunting. Gin-traps are largely used and
destructive, but the use of fire-weapons declined. The results indicate that
smaller the village, higher is the proportion of hunters. Hence, patrolling
activities for poaching control should be mainly conducted in small villages.
As hunting activity is not dependent on the distance between villages and the
Reserve borders, all the householders within a radius of 20 km need to be
considered as possible harvesters of faunal resources within protected areas.
Moreover, our data show that hunting activities and bushmeat trade are not
alternative to agriculture practices as livelihood strategies. The results indicate
that a mere increase of crop production in the study area (pursued by many
conservation projects as a strategy to diminish the impact of subsistence
hunting) would not produce an effective decrease of bushmeat exploitation.
Wildlife represents the most relevant protein source for the villagers and also
an important income for local bushmeat traders. An average bushmeat trader
can earn a relevant income, larger than crop trader, because the off-farm
profit opportunities are practically inexistent. To prevent wildlife exploitation
other ways should be explored, e.g. to assess the potentiality of local pastures
for cattle grazing out of the protected areas, and to develop projects for
improving the people’s knowledge of cattle rearing. All these considerations
should be taken into account by the reserve authorities of Zambezia’s pro-
tected areas and NGOs, for planning future projects of sustainable
development.
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Abstract. Catch monitoring and surveys were used to assess the seahorse trade in Vietnam. Despite
low daily catch rates, potentially 6.5t of dried seahorses (~2.2 million seahorses) were taken
annually as bycatch by trawlers operating out of five coastal provinces of Vietnam. Individual
seahorse catches were collated by a few local buyers, who supplied wholesalers in three major
markets: Ho Chi Minh City, Hai Phong City and Da Nang. Domestic consumption was small and
most seahorses were exported, generally through unofficial and unregulated channels across the
northern border into Guangxi province of China. Overall, the seahorse trade was of low economic
value to Vietnam, but may constitute an important source of income to upper level buyers and
exporters. Most fishers and buyers surveyed reported that seahorse catch had declined over time.
This paper should help in meeting the new CITES requirements — through implementation of an
Appendix II listing in 2004 — that all international trade in seahorses must be monitored and
managed for sustainability.

Introduction

Seahorses (genus Hippocampus) are rarely subject to fisheries management or
monitoring, despite an international trade that consumes millions of these
fishes, dried for use in traditional medicine (TM) and as curios, and live for
display in aquaria (Vincent 1996). Seahorses are caught, directly or indirectly,
in fisheries around the world, ranging from small-scale hand collectors to by-
catch in commercial shrimp trawlers (Vincent 1996). The trade, therefore, is
often diffuse and difficult to track, involving many participants over many
regions. Moreover, these fisheries are often considered small-scale, both in
terms of catch volumes and economic value, and are rarely of concern to
traditional fisheries management bodies. Seahorses are also emblematic of
many other species threatened by small-scale fisheries for markets such as
traditional medicines, aquarium species, and luxury foods (Wood 1985; Lau
and Parry-Jones 1999; Sadovy and Vincent 2002; Pajaro et al. 2004). The high
value placed on some of these species, and the fact that value may increase with
rarity, provides increased incentives for over-exploitation (Sadovy and
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Vincent 2002). These fisheries may also generate high economic value for low
volume and contribute much needed income for local communities in devel-
oping nations (Pajaro et al. 1997; Sadovy and Vincent 2002).

Official statistics and trade surveys have highlighted an increased pressure
on global seahorse populations. The global trade in seahorses increased
from the 1980s, in part due to increased demand created by economic
growth in Asia, and in part due to increased supply of seahorses from
bycatch in the world’s growing trawl fisheries (Vincent 1996). Surveys of
fishers have suggested that seahorse populations have declined during this
time in at least some areas of the world (Vincent 1996). In addition, these
fishes are threatened by degradation of their sensitive coral, seagrass and
mangrove habitats (Hodgson 1999). In May 2004, in recognition of threats
to their conservation status, seahorses were added to Appendix II of the
Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES). Signatories to the convention are now compelled
to monitor international trade and source countries will need to ensure that
exports are non-detrimental to the long-term persistence of wild
populations.

Vietnam is reportedly a supplier of dried seahorses, although little is
known about the nature and size of the trade, or the status of its seahorse
populations. Unregulated (by)catch and export of seahorses was previously
reported for Vietnam, though such data rarely showed up in official Cus-
toms records of the main dried seahorses importing nations (Vincent 1996).
Past surveys suggested most of the trade went unrecorded across the
northern border into China (Vincent 1996). A large, and often unregulated,
trade of other wildlife across the Vietnam border into China, particularly to
the province of Guangxi, has been documented (Li Wenjun et al. 1996; Li
Yiming and Li Dianmo 1998).

There are seven species of seahorses known from Vietnam’s waters, based
on the recently revised morphological and genetic taxonomy of Vietnamese
seahorses (Lourie et al. 1999a), which may still not be definitive. As a genus,
seahorses live among seagrasses (7Thalassia spp.) and corals and in estuaries
along the coast of Vietnam (Dao Xuan Loc and Hoang Phi 1991). All
seahorse species were marketable but here the focus is on the three species
that were most widely encountered in trade; Hippocampus spinosissimus,
H. trimaculatus and H. kuda. The species now identified as H. spinosissimus
was previously and incorrectly called H. histrix in most publications (e.g.
Truong Si Ky and Ton Nu My Nga 1995; Do Huu Hoang et al. 1998). The
Red Data Book lists four seahorse species as Vulnerable in Vietnam [Hip-
pocampus histrix (may be H. spinosissimus), H. kelloggi, H. kuda and
H. trimaculatus] (Ministry of Science, Technology, and Environment 1992).

We here report on the structure, potential magnitude and significance of the
Vietnamese catch and trade of seahorses, in order to guide directions for
management, particularly in light of the new CITES requirements.
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Methods

Information on the Vietnam seahorse fishery was collected from three sources;
(1) biological measurements of a sample of seahorses landed at Cua Be estuary
(Khanh Hoa province), (2) informal fishery and trade surveys and (3) catch
monitoring. Results from these sources were combined to give an overall
picture of the Vietnam seahorse fishery from landings through domestic trade
to exports.

Biological measurements

A sample of seahorses, landed as bycatch at Cua Be (located within the larger
city of Nha Trang, Khanh Hoa province), were measured (wet) to obtain
biological information (Figure 1). The data for H. spinosissimus and
H. trimaculatus were derived from the period June 1995 to May 1996 and thus
represented an annual sampling. So few H. kuda were landed as bycatch that
we extended our measurements from June 1995 to March 1998. Seahorse

CHINA /
(Guangxi) ~

Gulf of
Thailand

Figure 1. Map of Vietnam showing study locations and sites mentioned in text.
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standard length (SL), the total length from the snout tip to where the opercular
ridge and mid-line meet to the tail tip, was measured with calipers (Lourie et al.
1999b). Weight (Wt) was measured for freshly caught seahorses.

Fishery and trade surveys

Between 1995 and 1999, two Vietnamese biologists conducted semi-structured,
informal interviews with 206 fishers and 95 buyers in a total of 10 provinces
(Figure 1), asking about the seahorse species caught, catch locations, trade
routes, volumes caught (traded), prices and temporal trends in supply. Addi-
tional information was obtained from interviews with fisheries scientists and
casual surveys of traditional medicine and marine products shops. Data were
supplemented with reports from trade interviews and Customs data from other
countries.

Surveys were used to produce (a) a qualitative description of the seahorse
fishery and trade, (b) quantitative estimates of trade volumes and prices and (c)
a description of the perceived temporal trend in seahorse landings. The
informal nature of the surveys made it difficult to collect quantitative data
rigorously, as not all respondents were asked, or chose to respond, to all
questions. Where quantitative data are presented, sample sizes indicating the
number of respondents are provided. No attempt was made to address possible
sources of error or bias in survey responses, such that data provide only a
preliminary description of the Vietnam seahorse trade.

Catch monitoring

The diffuse and unregulated nature of the Vietnam fishery complicated our
survey with many small, unregistered vessels operating out of many ports along
the coastline of Vietnam. For this study we focused on the bottom trawl
‘fishery’, consisting of a widespread fleet of differing vessel and net size, but
with reportedly common fishing areas, depths, times and target species. At the
time of survey, most vessels encountered were engaged in bottom trawling (Do
Huu Hoang pers. obs.).

From initial trade and fishery interviews, four main ports for seahorse
landings (in four provinces) were identified for direct bycatch monitoring; Phan
Thiet (Binh Thuan), Rach Gia (Kien Giang), Ganh Hao (Bac Lieu) and Song
Doc (Ca Mau) (Figure 1). Ports were surveyed from 2 to 4 occasions (see
Table 1 for exact years for each port) between 1995 and 1999. On each visit, the
researchers visited as many trawlers as possible, while vessels were unloading
their catch after returning to port. Researchers recorded the number of sea-
horses taken as bycatch and retained by fishers.

Recorded landings and reported trip durations were used to calculate catch
per unit effort (CPUE) (seahorses day ' boat™'). Mean catch per unit effort
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Table 1. Catch per unit effort (CPUE) + standard error (seahorses day ! boat™!), number of boats
monitored (n) and reported total provincial fleet size for four provinces in southern Vietnam.

Year Binh Thuan Ca Mau Bac Lieu Kien Giang

CPUE n Fleet CPUE n Fleet CPUE n Fleet CPUE n  Fleet

1995 0.35+£0.10 94 5370 2.13+£0.15 17 2799
1996 1.08+0.28 51 5370 0.80+£0.19 15 314 2.50+0.13 16 355 1.90+0.10 19 3037
1997 0.33+£0.12 18 400 1.43+0.33 15 450 2.11+0.37 19 2962
1998 0.25+0.15 15 500 3018
1999 1.34+0.11 12 200 1.76+0.46 17

(C) for the monitored port was assumed to be representative of the entire
province and was extrapolated to estimate total annual bycatch using reported
provincial fleet sizes (F) (Vietnam Fishery Service data) and a measure of
annual vessel effort (E), taken from Project Seahorse surveys, of 20 days per
month x 10 months per year = 200 days per year. A constant effort was
assumed for all provinces and years. Total seahorse bycatch (B) for each
province (i) and year (f) was calculated as

Bit:Cit'Fit'E (1)

This calculation resulted in the number of seahorses, which was then
converted to kilograms using a value of 350 dried seahorses per kg, an
average value obtained in global trade surveys (unpubl. data). Small vari-
ations in CPUE may be magnified by the large extrapolation, resulting in
highly variable estimates of total catch. So for each extrapolation, a range
was calculated using the 95% confidence limits for the observed Cj, in order
to provide an indication of the potential effect of variation in C on the total
bycatch estimates.

Estimates of catch volumes must be interpreted cautiously due to the large
extrapolations involved and the unknown sources of variation. Provincial
estimates were based on a fleet size taken from government records and a
constant fishing effort from surveys, both of unknown accuracy and variation.
Government records were more likely to underestimate fleet sizes as the
number of registered vessels at any port was generally less than the actual
number operating (Do Huu Hoang pers. obs). Variation in CPUE rates among
ports within a province was not quantified and we cannot be certain our
monitored ports were representative of the entire province. Confidence limits
provided reflect only variation in observed daily catch rates at monitored ports.
Catch estimates are meant to assess the potential magnitude of the trade rather
than be estimates of the actual annual landings. Due to the high level of
uncertainty, we have not attempted to infer temporal trends in catch estimates
and individual years are used as replicates to calculate average annual catch for
each province.
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Results
Description of seahorse fishery from surveys and biological monitoring

Three main species were identified by the authors in the bycatch of Vietnamese
trawlers at Cua Be; Hippocampus spinosissimus (n = 552, SL
+sd = 128.3£26.7 mm, Wt+sd = 6.8+4.2 g), H. trimaculatus (n = 606,
SL+sd = 133.3+19.8 mm, Wt+xsd = 6.5+4.1 g) and H. kuda (n = 65,
SL+sd = 131.0+25.6 mm, Wt+sd = 6.5+4.0 g). Pregnant males of all
three species were caught during all months, indicating year round breeding for
the species, although any given individual may have bred for only part of each
year.

The vast majority of landed seahorses was reportedly obtained as bycatch by
trawlers targeting shrimp and demersal fish in inshore waters (less than 30—
50 m deep) at night, according to interviews with fishers. Peak catch was
reportedly between January and September. Trawl fishers in most ports in
southern and central Vietnam, operating in the South China Sea or Gulf of
Thailand, identified H. trimaculatus as the most commonly caught seahorse,
followed by H. spinosissimus. Biological monitoring at Cua Be estuary, how-
ever, encountered relatively equal numbers of the two species (H. trimacula-
tus = 606; H. spinosissimus = 552). Only fishers based in Ha Tien (Kien
Giang province) reported catching large numbers of H. kuda, mainly near the
border with Cambodia. Few seahorses were reported in bycatch of trawlers
operating in the Gulf of Tonkin in northern Vietnam. A small number of
seahorses, mostly H. kuda, were hand-caught by swimmers or divers, often
adolescents out to collect anything of value in estuaries, such as near Cua Be.

Catch monitoring rates and volumes

Despite low individual CPUE rates, the total fishery may have landed
tonnes of seahorses annually in southern and central Vietnam. Individual
trawlers caught on average <1 to slightly more than 2 seahorses per day
(Table 1). Catch rates were highest for trawlers in the most southern
provinces of Bac Lieu and Kien Giang, though still only at 1-2 seahorses
per day (Table 1). However, given the large fleets reportedly operating,
particularly for Kien Giang and Binh Thuan, there was potential to land
large volumes of seahorses annually (Table 2). Overall provincial averages
(and 95% CI), calculated from annual estimates of bycatch, were summed
to produce an estimate of average total catch. Monitoring in four provinces
suggested a combined average annual bycatch of 5900 kg (3227-8559 kg)
(Table 2). In addition, earlier catch monitoring recorded annual bycatch of
500-600 kg in Khanh Hoa province (Vincent 1996), resulting in the esti-
mated total bycatch of 6.5t, or 2,275,000 individuals per year for five
provinces.
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Table 2. Mean annual seahorse bycatch and 95% confidence intervals (kg dried weight) for four
provinces in southern Vietnam, and the provincial average and 95% confidence intervals calculated
for all years monitored.

Year Binh Thuan Ca Mau Bac Lieu Kien Giang

Mean 95% CI Mean 95% CI  Mean 95% CI  Mean 95% CI

1995 1074 483-1665 3407 2930-3884
1996 3314 1647-4981 144 76-211 507 455-559 3297 2947-3648
1997 75 21-130 368 204-532 3575 23624787
1998 71 0-154

1999 153 138-178 3035 14784593
Provincial 2194 0-4389 110 41-179 275 79441 3329 3107-3550

Data were extrapolated from CPUE rates observed in catch monitoring to the total provincial fleet.

Unknown volumes of seahorses were caught incidentally in other southern
and central provinces. Direct catch monitoring was conducted in only 5 of 23
coastal provinces. Fishers, however, reported bycatch and trade of seahorses in
Quang Nam (n = 8), Phu Yen (n = 12), Thua Thien (n = 11), and Vung Tau
provinces (n = 2), albeit in lower numbers (CPUE = 0.13-0.88 seahorses
day ! boat™!). Buyers in Da Nang (Quang Nam province) also cited the
province of Binh Dinh as a source of seahorses. Fishers (# = 2) in the southern
province of Tra Vinh gave questionably high bycatch rates (50 seahorses day '
boat'), but reported no trade in seahorses.

Trade routes from surveys

Dried seahorses caught in southern and central Vietnam were sent to three
major markets within Vietnam; Ho Chi Minh City (HCMC), Hai Phong City
and Da Nang, primarily for export to China (Table 3). The trade was generally
concentrated through a small number of upper level buyers, who purchased
from lower level local buyers or directly from fishers, and in turn supplied
exporters. The main buyers in Khanh Hoa and Binh Thuan sent seahorses to
all three markets, as well as possibly exporting directly to China. Most sea-
horses caught in Kien Giang and neighbouring Bac Lieu and Ca Mau,
apparently went through one of three upper level buyers in Kien Giang, before
being sent to Ho Chi Minh City. Buyers in Kien Giang, however, cited in-
creased instances of agents from Ho Chi Minh coming to buy directly from
fishers. Some seahorses from Bac Lieu and Ca Mau were also sent to buyers in
Vung Tau province or directly to exporters in Ho Chi Minh or Hai Phong.
Buyers in Vung Tau and reportedly those in Binh Dinh sent seahorses to
Da Nang.

Few exporters (n = 6) were located during surveys, but those interviewed
listed mainland China as the main destination for their dried seahorses.
Buyers in Bac Lieu also stated they sold to Taiwanese operating out of Da
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Nang, and Taiwan Customs listed limited imports from Vietnam;
121 £111 kg per year between 1990 and 2002 (Republic of China (Taiwan)
Statistics). Reciprocally, survey participants in China (n = 12) cited Vietnam
as the major source for dried seahorses in interviews conducted in 1999 and
2000 (Project Seahorse, unpubl. data). Importers in Hong Kong and Taiwan
also cited Vietnam as a source of dried seahorses in trade surveys conducted
in those areas (Vincent 1996), though Vietnam was not listed in official
Customs data for Hong Kong . Most seahorses sent to China were reportedly
traded across the border at Mong Cai into Guangxi province or transferred
to Chinese fishing vessels at sea. The trade reportedly began in 1988 but only
became legal following the normalization of relations between China and
Vietnam in 1991. Most trade remained ‘unofficial’ in that it was conducted
among individual enterprises rather than through Government companies.

Domestic consumption from surveys

Small numbers of seahorses were consumed in Vietnam as traditional medi-
cines, to cure general health problems and impotence and as an aphrodisiac.
Seahorses and their derived products were sold through Traditional Chinese
Medicine (TCM) outlets in Hanoi, Ho Chi Minh City and Quang Ninh City,
and in the dry marine product market in Ninh Trang. Seahorses were also sold
domestically as tonics, reportedly in order to assist the kidneys and invigorate
general health (which often means the same thing in TCM), increase sexual
potency and cure rheumatism and lumbago. Seahorses for tonic purposes were
either sold fermented in alcohol in commercially prepared, ready-made tonics,
or live for incorporation into alcohol-based tonics at home. The shops sur-
veyed reported small annual sales, combined for a total annual domestic
consumption of only 103-121 kg (Table 4). While more markets and shops
may sell seahorses in Vietnam, surveys indicated that most seahorses landed
were exported rather than consumed domestically.

Table 4. Domestic sales of dried seahorses based on surveys of retailers located in four major
markets, showing estimated number of shops selling dried seahorses reported average sales per
shop and calculated total annual sales for the city.

City Shops (n) Sales per shop (kg per annum) Total Annual Sales (kg)
Ho Chi Minh City 25-30 0.5-1 12.5-30

Hanoi 11 0.4-0.5 4.4-5.5

Quang Ninh City 8 2 16

Nha Trang 28 2.5 70

Total 103-121
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Export volumes from surveys

The vast majority of seahorses traded were reportedly exported. Total trade
volume within Vietnam can therefore serve as an estimate of annual exports.
While trade initially went through a large number of lower buyers, it was gen-
erally concentrated through a few upper level buyers in each province. There-
fore, the total annual volume of the dried seahorse trade was estimated from the
reported volumes of the upper level buyers identified in the source provinces who
sent seahorses to exporters, Upper level buyers located in Kien Giang, Vung
Tau, Khanh Hoa and Binh Thuan reported no trade amongst themselves so
their volumes can be considered independent and may be summed (Table 3).
Trade from Bac Lieu and Ca Mau was excluded from the total to avoid
duplication, as an unknown portion may have gone to the buyers in Kien Giang
and Vung Tau, though some went directly to exporters. For each province, we
used the buyers’ volumes from the most recent year. Annual values were not
compared as the number of buyers surveyed varied among years, either because
of changes in trade participation or in sampling effectiveness.

Upper level buyers (n = 20) sent an estimated 2348-4658 kg of dried
seahorses each year to the main exporting centres (Table 3). Buyers in Kien
Giang and Binh Thuan reported the largest volumes (Table 3), consistent with
the provinces’ respective estimated bycatch volumes (Table 2). The total volume
traded by interviewed buyers was of a similar magnitude as the estimated total
annual bycatch in the five provinces monitored (3700-9100 kg).

Annual export volumes (1540-1750 kg) calculated from exporters’ infor-
mation (n = 6) were considerably lower than volumes calculated from buyers’
information (Table 3), probably because we didn’t locate all exporters.

Economic values from surveys

Seahorses from Vietnam were considered high quality by TCM practitioners in
other Asian countries because of their smoothness (Vincent 1996). Prices paid
to fishers depended on size and type but were generally low and apparently
declined during the study period (Table 5), for unknown reasons. Overall,
trawl fishers were not particularly interested in seahorses, as the small catches
contributed less than 5% of the trawlers’ annual income, according to surveys,
though divers targeting seahorses reported earning up to 35% of their annual
income from seahorses.

On average, primary buyer maximum sell prices were 27% higher (range 0—
100%) than the maximum prices (per kg) paid to fishers for the same area and
year (Table 5). The reported prices paid to buyers at Ganh Hao Port in 1998
and 1999 were suspect as they were below the reported price paid to fishers.
The decline in fisher sell price was mirrored in buyer sell price. The decline was
most apparent in Rach Gia Port (Kien Giang) and Ganh Hao (Bac Lieu), the
sites with the longest monitoring periods (Table 5). Upper level buyers who
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Table 6. Seahorse products for sale in Vietnam located during trade surveys, with description and
retail prices with year located.

Product Description (no. seahorses) VND1000 US$ Year
B6 Than Tinh H. sp. (2); small 80 7.30 1995
Ruou hai ma H. trimaculatus(1)& ginseng 28 2.50 1996
Seahorse tonics H. sp. (4); 90-115 mm 22.5 1.73 1998
H. sp. (2); 135-170 mm 35 2.69 1998
H. sp. (2); >170 mm 85 6.75 1998
Live seahorses H. kuda (2); 150 mm 40 3.57 1996
H. kuda (2) 40-50 3.08-3.85 1998
Dead seahorses H. kuda (2) 20-25 1.79-2.23 1996
H. kuda (2) 25-35 1.92-2.69 1998

Exchange rates for one US$ were VND11,000 in 1996 and VND13,000 in 1998.

sold to exporters in main centres reported receiving similar prices to the pri-
mary buyers, though with a wide range in price based on size (Table 5).

Although seahorses were of low value to fishers, they collectively provided
sufficient income to make purchase by higher-level buyers worthwhile. Using
the average annual catch of seahorses (6500 kg) and the range of reported
value per kg paid to upper level buyers (VND300-1500 kg~ "), the total value
of the seahorse trade may have been as much as VND2-10 billion
(US$170,000-962,000) per year. The range of reported values excludes the
largest, rarely encountered, size class > 15 cm, for which upper level buyers
were reportedly paid VND300,000-1,600,000 kg~! (US$26-148 kg™ 1).

At the domestic retail level, individual seahorses sold in elixirs or live for
tonics fetched considerably higher values than paid to fishers. Retail prices for
seahorse products ranged between VND 20,000 and 85,000 (Table 6). Species
identified were H. trimaculatus and H. kuda, suggesting local sources, though
identification was not possible for some products.

Temporal trends in catch from surveys

Fishers were asked to describe and quantify temporal changes in the number of
seahorses landed. The majority of fishers who responded (n = 122 of 143) re-
ported that seahorse catches had declined over the last 2-5 years. A small number
reported stable catches (n = 14), while only fishers in Ganh Hao (Bac Lieu)
reported an increase in catch (n = 7). Most of those reporting a decline (n = 89
of 122) estimated a 30-60% decrease in seahorse catch in 2-5 years. Buyers also
reported decreases in seahorse availability (n = 21 of 27) in most regions, with
the exception being Ganh Hao (Bac Lieu) where buyers reported increased
(n = 2) or stable supplies (n = 1). During surveys in 1996, we encountered
buyers in Da Nang who had ceased trading seahorses when supplies were unable
to meet demand from Taiwan. The majority of fishers (n = 89 of 102) and buyers
(n = 16 of 19) reported no change in the size of seahorses caught.
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Discussion

Low seahorse bycatch rates in southern and central Vietnam, magnified by
large fishing effort, supported a commercial export of dried seahorses. This
trade went unrecorded and unregulated through unofficial channels into
China. Although no fisheries-independent data existed, fishers and buyers
reported a decline in seahorse catch rates during the 1990s. The apparently
large seahorse trade stresses the need for monitoring and evaluation of
sample seahorse populations, fisheries and trades in order to meet CITES
responsibilities for sustainable exports.

Individual bycatch rates for seahorses were low, with catch restricted pri-
marily to the southern and central portions of Vietnam. On a daily basis only
a few seahorses, predominately H. spinosissimus and H. trimaculatus, were
taken in near shore trawl fisheries, with low numbers potentially reflecting the
low density and patchy distribution observed for many seahorse species
(Foster and Vincent 2004). Seahorse landings showed geographic variation,
on a broad scale, with most landed in the southern and central provinces and
reportedly few from the northern provinces. Whether this reflects a variation
in seahorse abundance/distribution or a variation in fishing method is un-
known.

Despite small individual catches, our estimates suggest that total landings
and exports of dried seahorses may have measured tonnes annually (even
without comprehensive surveys), albeit based on a large extrapolation to a
total fishing effort value of unknown accuracy. The relative agreement in
magnitude between estimates from catch monitoring and trade surveys pro-
vided some level of cross-validation. Moreover, our estimate was consistent
with records of trade from neighbouring countries. Customs data from Taiwan
and Hong Kong, for instance, document tonnes of dried seahorses originating
from Thailand, the vast majority of which were taken as bycatch in trawlers
(Vincent 1996). Vietnam’s estimated seahorse bycatch would place it in the top
five for global production of dried seahorses, with Thailand, Philippines, India,
and Indonesia, according to trade surveys conducted (Project Seahorse, un-
publ. data).

Exporting seahorses was a relatively new activity for Vietnam, probably
arising from a coincidence between increased supply and opening of markets in
the 1980s and 1990s. Total fishery production from Vietnam increased 250%
from 1980 to 2001 (FAO statistics) as a result of fleet expansion and gear
improvements mostly inshore (Ministry of Fisheries 1996). This increased
trawling effort will have lead to increased seahorse bycatch. Around the same
time, normalization of relations between China and Vietnam in the late 1980s
and early 1990s, opened an export market for dried seahorses and other marine
products (Li Yiming and Li Dinamo 1998). Most exports from Vietnam
reportedly went to China, although the absence of Vietnam as a source country
in official Chinese Customs data supports the conviction that most trade was
unofficial and unreported. Guangxi province, cited as the main entry point to
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China, is known to engage in substantial unregulated trade in wildlife from
Vietnam (Li Wenjun et al. 1996; Li Yiming and Li Dinamo 1998).

This study provides no direct measure of the population status of seahorses
in Vietnam, and no independent population assessments have ever been con-
ducted. There was, however, strong agreement among fishers and buyers sur-
veyed in Vietnam, and indeed around the world (Vincent 1996), that seahorse
catches have declined. Declining catch rates, however, are indicators, not
proof, of population declines. Moreover, assigning the portion of the decline
due to fishing is complicated by other threats, including habitat destruction and
pollution, Over-exploitation, along with habitat loss, was frequently cited for
similar declines reported by fishers in other parts of Asia (Vincent 1996).

This paper provides information needed for implementation of the CITES
Appendix II listing for seahorses in Vietnam. A recent review of Vietnam’s
fishery policies found no measures for the implementation of multilateral
environmental agreements such as CITES (Tuan 2003). Unregulated trades
have been cited as a concern for other species of wildlife (Le Dien Duc and
Broad 1995; Li Wenjun et al. 1996; Li Yiming and Li Dinamo 1998) with as
many as 190 vertebrate species traded across the Vietnam—China border,
including species listed on CITES (Appendix I and II and under China’s
Wildlife Protection Law (Li Yiming and Li Dinamo 1998). With the listing of
seahorses on CITES Appendix II, both China and Vietnam (as signatories),
have responsibilities to monitor the trade. Identifying marine product
exporters and importers in the trade routes reported here will be an important
step in regulating that trade. Additionally it may benefit other species of
concern to CITES often traded along with seahorses; such as shark (fin) and
sea cucumbers, for which CITES has been evaluating options.

From a conservation perspective, non-selective trawling, rather than trade
per se, posed the greatest threat to seahorse populations in Vietnam. Reg-
ulation, or even cessation, of the trade would do little to reduce seahorse
landings. The CITES listing covers only the international trade in seahorses
and provides no mechanism to address domestic trade or bycatch issues.
Overall, seahorses were recorded in bycatch in more than 20 countries world
wide (Project Seahorse, unpubl. data), and most seahorses in trade probably
came from bycatch (Vincent 1996). Concerns have been raised about other
rare bycatch species (Milton 2001; Stobutzki et al. 2001a, b), and the Code
of Conduct for Responsible Fisheries (FAO 1995) requires consideration of
the sustainability of all bycatch species. Devices designed for the prevention
of bycatch, where employed, have shown mixed results, generally being more
successful for large bodied or highly mobile species (Broadhurst 2000). It
may, in any case, be difficult to engender much change in Vietnamese
trawling for the sake of seahorses alone, given how few are caught and how
little they are worth.

Significant numbers of seahorses were caught and traded in Vietnam, pri-
marily from bycatch, without any monitoring or consideration of the effects on
wild populations. While this exploitation creates a direct pressure on seahorse
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populations, it is also emblematic of problems facing many other species taken
in unregulated fisheries (e.g. for traditional medicines, aquarium) or as by-
catch. In this, seahorses may serve as a case-study for the effects of bycatch on
small, less-studied species; their distinctive shape makes it possible to track
incidental landings, their relatively sedentary behaviour facilitates population
census, and their CITES status mandates formal attention to their status.
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Abstract. Domestic gardens associated with residential zones form a major component of vege-
tated land in towns and cities. Such gardens may play a vital role in maintaining biodiversity in
urban areas, but variation in the abundance of organisms in gardens has been little explored. We
report the results from a case study of 61 domestic gardens in the city of Sheffield, UK. Across 22
invertebrate groups, the median number of individuals recorded per garden was 49, 178, and 1012
in litter collections, pitfall and Malaise trap samples, respectively. Abundance was analysed by
stepwise multiple regression and hierarchical tree analysis in relation to garden and landscape
variables. The amount of variation explained in regression models ranged from 4 to 56%, for data
based on pitfall and litter samples, and from 16 to 92% for data from Malaise traps. In total, 31 out
of 36 explanatory variables entered into stepwise regression models, and 29 of them did so more
than once. Although there was strong evidence only for approximately half of such relationships, in
these cases the two methods of analysis corroborated one another. General correlates of inverte-
brate abundance were lacking, and likely reasons for inconsistencies in the relationships are dis-
cussed in the context of sampling and species biology. Correlates of the greatest significance
occurred at both landscape (e.g. altitude) and garden scales (e.g. area of canopy vegetation). These
factors were associated with species richness as well as abundance.

Introduction

Urbanisation causes wholescale transformation of the local environment,
through its impact upon natural vegetation, climate, hydrology, and primary
production (Sukopp and Starfinger 1999; Kinzig and Grove 2001). The scale of
urbanisation is great: urban areas cover about 4% of the Earth’s land surface,
more than 4.71 million km? (UNDP, UNEP, World Bank & WRI 2000) —
roughly equivalent to 19 times the area of the UK, or half that of the
USA. Urbanisation is also accelerating worldwide (particularly in global bio-
diversity hotspots, Liu et al. 2003), therefore comprehending its effects, and
consequently reducing its impact, are important goals for ecologists and
conservationists.

The consequences of urbanisation include changes in the richness, compo-
sition, and individual species’ abundance of animal and plant assemblages.
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Urbanisation generally reduces native species richness across taxa (e.g. Blair
and Launer 1997; Denys and Schmidt 1998; Thompson and Jones 1999;
Germaine and Wakeling 2001), although certain groups may be favoured by
the creation of novel habitats (e.g. Gilbert 1990; Eversham et al. 1996).
Urbanisation tends to increase the proportion of alien species in an assemblage
(Roy et al. 1999) with the effect that overall biodiversity may even be enhanced
(Pysek 1993; Blair 1996).

Land in towns and cities that supports vegetation and has freely draining
surfaces, generically termed ‘green space’, can reduce the impact of urbanisa-
tion. Green space has the potential to lessen detrimental effects on species
assemblages by preserving or creating habitat, and by retaining corridors
through the urban matrix. A major component of urban green space is formed
by domestic gardens associated with residential zones. The few estimates
available for UK cities indicate that domestic gardens comprise 19-27% of the
entire urban area (Gaston et al. in press), therefore they may play a critical role
in maintaining biodiversity in such regions.

Domestic gardens can contain rich plant and animal assemblages (e.g. Owen
1991; Miotk 1996; Saville 1997), but with the exception of birds (BTO Garden
BirdWatch scheme, Cannon 2000), the factors related to variation in biodi-
versity remain poorly understood; studies have focussed on either single gar-
dens (e.g. Allen 1964; Smith 1989; Owen 1991) or a small number of taxa (e.g.
Davis 1978; Vickery 1995; Bailey et al. 1998). It is difficult to predict what the
relative roles of ‘internal’ and ‘external’ factors may be for biodiversity, since
gardens are managed at an individual level, and vary widely in land cover
composition and management intensity (e.g. ‘cleanliness’). At the same time,
gardens form interconnected tracts of green space, so that they are also
influenced by the configuration of vegetated land at a wider scale. Thus gardens
differ essentially from isolated patches of green space — the subject of many
previous studies of urban biodiversity (e.g. McGeoch and Chown 1997; Mi-
yashita 1998; Denys and Schmidt 1998) — because they constitute much of the
urban matrix. Here we report results from a systematic assessment of patterns
in invertebrate abundance across a substantial sample of domestic gardens in a
major city in the UK, encompassing variation in urban location, density of the
built environment and garden age, size and management.

This work is part of a larger study, the Biodiversity of Urban Gardens in
Sheffield (BUGS) project, an investigation of the resource that domestic gar-
dens provide for biodiversity and ecosystem functioning (Gaston et al. in press;
Smith et al. in press a), the factors that influence the levels of plant biodiversity
associated with different gardens (Thompson et al. 2003, 2004) and ways in
which features of gardens can be manipulated to enhance biodiversity (Gaston
et al. 2005). We have examined patterns in invertebrate biodiversity in terms of
both richness, mainly at the species level (the subject of a companion paper:
Smith et al. in press b) and abundance of major taxonomic groups, the subject
of this report.
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Knowledge of abundance is relevant to understanding biodiversity for sev-
eral reasons. First, abundance and richness are rarely independent, and the
persistence of species, or their extent of distribution is often related to their
local abundance (Soulé et al. 1988; Denys and Schmidt 1998; Gaston et al.
2000). Second, variation in the total abundance of a taxonomic group is likely
to partly reflect the suitability of a habitat, or the availability of resources, for
the group’s constituent species. Thus abundance may provide useful infor-
mation about the role of gardens for particular taxa. Third, in terms of eco-
logical function, it is likely that the abundance of groups (in addition to species
richness) will significantly influence their contribution to particular ‘ecological
services” (e.g. pest control, pollination, litter breakdown), and hence the
importance of those processes in gardens (Loreau et al. 2002). Fourth, one,
possibly unique aspect of garden biodiversity is that most owners will come
into their closest contact with wildlife via the garden; therefore what occurs in
gardens has great potential to influence people’s appreciation of their local
environment (Cannon 1999). For many people their perception of garden
wildlife will be strongly influenced by the occurrence of the most abundant
(and obvious) groups (e.g. bumblebees), while the often subtle differences be-
tween species may go unnoticed. A final, pragmatic reason is that for many
groups of invertebrates, the resolution of large quantities of sampled material
to species level may involve a disproportionate effort, or even be impossible
(for example with immature specimens). Therefore examination of abundance
data provides a way of exploring the role of gardens as a habitat even for
groups which lack full information on species richness.

Methods
Study site

The city of Sheffield, South Yorkshire, UK (53°23" N, 1°28” W; Ordnance Survey
(O.S.) grid reference SK 38) lies in the centre of England; it is largely surrounded
by agricultural land, except where the urban area merges with that of Rother-
ham to the north-east. The administrative boundaries of the city enclose an area
of more than 360 km?, including farmland and a portion of the Peak District
National Park. The study was carried out in the rear gardens (hereafter called
‘gardens’) of private, owner-occupied houses in the predominantly urbanised
region of the city (about 143 km?, defined as those 1 km x 1 km cells having
more than 25% coverage by residential or industrial zones, as judged from O.S.
1:25,000 scale maps, Figure 1). The study focussed on rear gardens because they
formed the major garden component of most properties.

Sixty-one gardens were selected as a stratified sample from a convenience
sample of 161 householders derived from contacts among ancillary, clerical and
academic staff at the University of Sheffield, and from members of the public at
lectures or displays (see Discussion about potential sources of bias). This
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Figure 1. Map of the locations of the 61 study gardens in the predominantly urban area (heavy
dashed line) of Sheffield, in relation to zones with > 50% industrial/commercial use (cross-hatching),
principal rivers, and the adjoining town of Rotheram to the north-east (light dashed outline). The
shaded square indicates 1 km? of the central business district, centred on the city hall. Map axes
represent distances (m) on the Ordinance Survey national grid; the map covers 20 km by 20 km.

approach was chosen due to the great difficulty in the alternative of recruiting
householders at random who were both sympathetic to research being conducted
in their gardens, and able to offer daytime access. The sample size was the
maximum permitted by the constraints of other aspects of the project (e.g. faunal
sampling). By stratifying the sample along key axes of interest — house age and
garden size —and selecting values along the entire length of each axis, our method
enabled us to explore the influence on landcover composition of such axes, over
their full ranges of variation. By this means the results from the study could be
generalised to culturally similar areas in the UK even if the distribution of garden
sizes differed. House age, approximate garden size, and location were the sole
information used in generating the garden sample. Rear gardens ranged from 32
to 940 m? in area and their associated properties ranged from 5 to 165 years in
age. Blocks of apartments were excluded from the study because they generally
lacked private gardens.

Recording garden characteristics

Rear gardens were surveyed between July and September 2000. Principal
dimensions were measured to the nearest 0.5 m, and a scale plan was drawn of
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each garden; this included the side portion on properties occupying corner
plots. The plan incorporated boundaries (and their construction), buildings
within the garden, and all forms of land use. The areas of each type of land use,
and the lengths of linear features, were then estimated from the plan. Distance
to the centre of the nearest 1 kmx1 km cell having less than 25% coverage by
residential or industrial zones was measured. Information on garden man-
agement and the intentional provision of resources for wildlife (‘wildlife gar-
dening’) was gathered from garden owners using a questionnaire (see Appendix
A for details). Altitude was recorded to the nearest 10 m, from O.S. 1:50,000
scale maps, and houses ranged between 40 and 250 m above sea level.

Recording vegetation

A complete list was made of all vascular plant taxa during the garden survey,
and each taxon was allocated to alien or native categories (nomenclature and
status followed Stace (1997) where possible, otherwise Wright 1984). Some
plants were allocated to the native taxon (e.g. Primula vulgaris, Aquilegia
vulgaris), even though many garden plants are of hybrid origin. Cultivars were
not considered as separate taxa. Although the timing of the survey meant that
some strict vernals (e.g. Anemone blanda) were missed, the remains of
Hyacinthoides, Narcissus and Tulipa spp. were still visible. Measures of vege-
tation structure were produced by estimating the area covered by a canopy in
the following height classes: <0.5, 0.5-1, 1-2, 2-3, and >3 m. The classes were
mutually exclusive, and incorporated tree canopies (including those over-
hanging from outside the garden) but omitted mown lawn. The number of trees
taller than 2 m was also recorded.

Garden measurements using digital data

The following variables were measured for each property using Ordnance
Survey digital ‘Land-line Plus’ (1:1250) maps, imported to an ArcView GIS
(Environmental Systems Research Institute, Inc.): total plot area, house area,
and total garden area (calculated as the area of the plot excluding the house). A
series of variables for land use surrounding each garden was also created.
Measured for a circular area of 10,000 m? (1 ha) centred on each garden, the
variables were: number of houses (where more than half of the area of the
house was covered), area of roads, arca of buildings, area of gardens (plots
minus houses), and area of land not in the former categories. Within a
10,000 m? (1 ha) square plot centred on each garden, two other measures of
local green space were taken from 1:1250 scale aerial photographs (‘Cities
Revealed’, The Geolnformation Group, Cambridge, UK): the area of the
contiguous block of green space in which the survey garden lay, and the total
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ground area of green space in the quadrat (non-built up, unmetalled ground,
including gardens, parks, waste ground, woodland and landscaping).

Human population density was measured using POPSURF data at a 200 m
grid cell resolution, based on 1991 UK population census data (Martin and
Tate 1997). The value of the cell in which a garden lay was used as a measure of
local population density. For three gardens where data were missing, a value
was calculated from a bilinear interpolation of the four nearest cells.

Invertebrate sampling

Indices of the relative abundance of organisms in gardens (hereafter referred to
as abundance) were measured by three methods, selected on the basis of their
efficiency in gathering broadly comparable data for a wide range of taxa, across
a large number of gardens simultaneously. These measures of abundance were
valid for drawing comparisons between gardens, within taxa, where the sam-
pled substrates were similar.

Pitfall trapping

White, disposable plastic coffee cups, 110 mm high and 70 mm wide at the rim,
were used for pitfall traps. They were placed in triplicate in the cultivated
borders of each of 60 out of the 61 gardens, as widely spaced as practicable. In
one garden without borders, traps were placed along the boundary, which
comprised fencing and a hedge. Each trap was half-filled with 50% alcohol,
rather than ethylene glycol, due to the risk of being found by pets or children.
When in use, each trap was covered with a ply-board rain shield, positioned
20 mm above the rim of the trap. Traps were run for 2 weeks at the beginning
of each month, from June to October inclusive in 2000, resulting in a total of 15
samples for each garden.

Litter sampling

Samples of leaf litter and organic debris were collected in triplicate from each
of the 61 gardens, on a single occasion between the end of July and mid-
September 2000. Each sample was taken from a cultivated border, in a circular
area of ca. 20 cm diameter, to a depth of ca. 5 cm, and samples within gardens
were collected as far apart as possible. The surface substrate was collected if no
litter was present. In one garden without borders, the samples were taken from
the base of a boundary hedge. Organisms were extracted from the samples
using Tullgren funnels, and collected into 70% ethyl alcohol. Organisms that
remained in the dried litter samples, in particular snails, were recovered by
hand searching.

Malaise trapping
Single Malaise traps (white roof, black walls) were erected in 16 out of the 61

gardens in order to sample flying insects (although samples also contained
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substantial numbers of arachnids); traps were placed in gardens that spanned
the range of property sizes. Malaise traps were located in as standardised a
manner as possible in each garden: at the edge of the lawn, with their long axis
perpendicular to a border. The traps were operated for the first 2 weeks of
June, July and September 2000 and invertebrates were collected in 70% ethyl
alcohol.

The taxa sorted from samples were limited to those that could be easily
allocated to a group without optical aids, or which would not have taken
excessive time to extract; thus true fly (Diptera), springtail and mite families
were largely excluded. Sorted specimens were generally grouped by family or
order.

Analyses

As is often the case with analyses of this exploratory nature, there was a
substantial number of independent variables of possible interest or importance.
We examined our data for redundancy, and were able to remove a modest
number of intercorrelated variables; in each case the retained variable had a
clearer potential biological role, or had been measured with greater confidence.
This enabled us to reduce the number of variables to 36, but further reductions
would have become increasingly arbitrary as the pattern of intercorrelation was
rather diffuse. This was reflected in the failure of a principal components
analysis of the remaining independent variables to achieve useful reduction of
the data.

In addition, the independent variables (excluding positional variables) were
examined for evidence of spatial autocorrelation, but there was little evidence
of anything other than weak, and idiosyncratic patterns. Essentially, there was
no consistent pattern of gardens in close proximity being more similar in their
characteristics than those which were far apart.

Whilst acknowledging that this left rather more variables than is ideal for
model fitting, the approach to the analysis was exploratory: the primary aim
was to identify what, if any, associations occurred between garden envi-
ronments and relative abundance, and what evidence there was for general
patterns across different groups of organisms. We chose not to try to
control for the number of comparisons since, firstly, we were more inter-
ested in examining the full range of associations and their relative strengths;
and secondly, the conceptual and methodological uncertainties with tech-
niques for doing this would have resulted in arbitrary judgements as to how
to apply such corrections (e.g. see Moran 2003). One consequence of this
approach is that the weaker results must be viewed cautiously, and they are
only presented in tables to give an overview. We used both multiple
regression and tree modelling (binary recursive partitioning) to provide
descriptive models of the relationships between the abundance of each
group of organisms and the independent variables describing environmental
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characteristics. We are not suggesting that the models produced were either
the only, or the best, for explaining the abundance of each group. However,
for the first time they do provide a test of which types of garden features
may be related to the abundance of various animal groups. The generality
of these relationships and the existence of causal mechanisms remain to be
explored.

Stepwise multiple regression was used to explore which environmental
factors accounted for variation in abundance within each taxonomic group
(see Appendix A for the list of factors). Data from triplicate samples (pitfall
traps and litter samples) were pooled within each method, for each garden.
Also, data were pooled across sampling times for pitfall and Malaise trap
samples. Thus each taxon had one observation per sampling method in each
garden, and each sampling method was analysed separately. For some
sampling methods certain taxa were not analysed due to the small number
of individuals. For example, although ants can form an important compo-
nent of the invertebrate fauna in urban environments (Gibb and Hochuli
2002), they were omitted from the present study because they were absent
from 65% of gardens, with only four gardens returning more than 20
individuals. Due to their numerical dominance in pitfall traps, and to their
well-known ecology, ground beetles (Carabidae) were treated separately
from other beetles.

Five of the independent variables had missing values for a few observa-
tions; if these factors failed to enter initial models they were removed in
order to maximise degrees of freedom. The values of dependent variables
were, when necessary, logarithmically transformed for analyses in order to
homogenise variances and normalise residuals. Similarly, the areas of gar-
dens and their internal land uses, of GIS-derived variables, lengths of
internal walls and hedges, and proportions were logarithmically or arcsine
square root transformed in order to linearise the relationship with the
dependent variable.

Tree models (Crawley 2002; denoted tree for clarity) were used to check the
robustness of our inferences from multiple regression. Tree models are well
suited to situations where explanatory effects may be contingent, and effects are
not simple linear responses. The process involved a sequential binary parti-
tioning of the data with respect to the independent variables. The independent
variable explaining the maximum deviance was selected first, and the data were
split into two subgroups at a threshold value of this variable, such that the split
gave the best reduction of total deviance in the group. This process was then
repeated for each of the two subgroups, again selecting from all the indepen-
dent variables, and continued with each successive subgroup until a group
contained too few data to be further partitioned. Here we consider only the
most important independent variables in each tree model, generally the results
of the first two partitions (producing up to four groups, although partitioning
sometimes stopped before). Fitting tree models was carried out using the tree
package in R (Thaka & Gentleman 1996).
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Results

Twenty-two different invertebrate taxa were sorted across three sampling
methods. The same nine taxa were identified from litter samples and pitfall
traps, based on 5448 and 17,466 specimens respectively; 16 taxa were identified
in Malaise traps, based on 15,570 individuals (Table 1). The median number of
individuals recorded per garden (across taxa, for sorted groups) was 49, 178,

Table 1. Relative abundances of individuals from 22 different invertebrate taxa, and percentage
occupancy of gardens, recorded in (panel a) litter samples — 61 gardens, (panel b) pitfall traps — 60
gardens, and (panel c¢) Malaise traps — 16 gardens.

% gardens Sum Mean Median Minimum Maximum

Panel a: litter samples

Woodlice 100 3941 65.7 42.5 1 334
Snails 90.2 581 9.52 8 0 47
Millipedes 70.5 249 4.08 2 0 33
Beetles (others) 90.0 237 3.88 2 0 28
Spiders 90.2 224 3.67 3 0 20
Centipedes 60.6 89 1.46 1 0 9
Slugs 42.6 60 0.98 0 0 12
Harvestmen 36.0 50 0.82 0 0 6
Beetles (Carabidae) 16.6 17 0.28 0 0 4
Panel b: pitfall traps

Woodlice 100 7903 132 70 4 1293
Slugs 100 3416 56.9 49 1 355
Beetles (Carabidae) 93.3 3144 52.4 27.5 0 272
Beetles (others) 100 1185 19.8 12.0 1 316
Spiders 100 842 14.0 10.0 1 67
Snails 83.3 436 7.27 4.5 0 59
Harvestmen 83.3 413 6.88 4 0 49
Millipedes 55.0 87 1.45 1 0 11
Centipedes 433 40 0.67 0 0 7
Panel c: Malaise traps

Parasitoid wasps 100 3655 228.4 204.5 97 440
Hoverflies 100 2345 146.6 142.5 47 421
Moths 100 2080 130.0 101.5 45 317
True bugs 100 1223 76.4 62.0 25 288
Soldier-flies 93.8 1159 72.4 57.5 0 248
Bumble bees 100 1131 70.7 52.0 10 246
Social wasps 100 856 53.5 30.0 6 236
Beetles 100 672 42.0 36.5 14 100
Craneflies 100 645 40.3 32,5 5 82
Long-legged-flies 100 621 38.8 30.5 3 187
Sawflies 100 372 23.2 17.5 4 60
Spiders 100 338 21.1 17.5 6 47
Dance-flies 93.8 274 17.1 8.5 0 118
Solitary bees 75.0 80 5.00 2 0 27
Solitary wasps 81.2 61 3.81 2 0 21
Harvestmen 62.5 58 3.63 1.5 0 15
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and 1012 in litter, pitfall and Malaise trap samples, respectively. Woodlice
dominated the samples of ground-dwelling organisms. Comprising 72.3% of
the total sorted litter samples, they were more than six times as abundant as the
next taxon, snails; woodlice formed 45.2% of the total sorted pitfall samples,
and were approximately four times more numerous than beetles or slugs. As
might be expected from the mobility of organisms, pitfall traps recorded more
individuals than litter samples in all sorted taxa except snails, centipedes, and
millipedes. Flies were the dominant group in Malaise trap samples even before
sorting (32.4% of the sorted catch, with hoverflies alone forming 15.1%), al-
though parasitoid wasps were also strongly represented, accounting for 23.5%
of the total sorted catch. In the following sections each invertebrate taxon is
treated in turn, with results from regression analyses followed by those from
the tree models.

Beetles (Arthropoda, Insecta: Coleoptera)

Ground beetles (Carabidae). Abundance of ground beetles in pitfall traps was
positively related to the area of green space surrounding a garden, followed by
the number of trees; habitat diversity was negatively related (Table 2, panel a).
This result was partially reflected in the tree analysis (Table): the primary split
was on the contiguous area of green space in which the garden lay, with
secondary splits on garden ‘permeability’ (i.e. percentage of boundary not
comprising walls) and number of alien plant taxa (panel a of Tables 3 and 4).

Beetles other than Carabidae. No variables entered the model for other
beetles based solely on litter sampling. For pitfall traps, the only significant
factor common to the regression on ground beetles was the area of green space,
although the area of vegetation canopy above 2 m was also positively associ-
ated (and this variable is closely correlated to number of trees). The richness of
native plant taxa, number of surrounding houses, and intensity of garden
management were further positively associated with non-Carabidae abun-
dance; distance on a northerly axis and area of hard surfaces in a garden were
negatively related (Table 2, panel a). The area of canopy above 2 m high was
also the primary split in the free analysis, and the higher group only further
subdivided on the area of hard surfaces (panel a of Tables 3 and 4). For beetles
in Malaise traps, a negative relationship with altitude was the sole factor in the
model, accounting for over half the variation in abundance (Table 2, panel b).
This relationship was corroborated by the tree analysis, where altitude was also
the only split (panel b of Tables 3 and 4).

Spiders (Arthropoda, Arachnida: Aranea)

Less than 10% of the variation in spider abundance was explained by the
multiple regression, either for litter or pitfall data. Single factors entered each
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model: the proportion of vegetative material in litter samples for the former,
and area of surrounding gardens for the latter (Table 2, panel a). For the tree
analyses, the primary split for spiders in litter was the area of canopy above
2 m high; thereafter, the lower group divided on the size of the green space
fragment. Concerning spiders in pitfall traps, data split on garden permeability,
with the upper group further dividing on house age (panel a of Tables 3 and 4).

A strong, negative association with altitude, and a weaker positive rela-
tionship with length of garden walls, accounted for more than half the varia-
tion in spider abundance in Malaise trap samples (Table 2, panel b); altitude
contributed 97% of that explained. The sole split in the tree analysis was on the
garden perimeter—area ratio (panel b of Tables 3 and 4).

Harvestmen (Arthropoda, Arachnida: Opiliones)

The abundance of harvestmen in litter samples was related positively to garden
size, proportion of permeable boundary and house age, but negatively to
altitude. Only marginally significant factors entered the model based on pitfall
samples (Table 2, panel a). In the tree analyses, harvestmen in litter were
associated positively with area of vegetation above a level of 2 m; secondary
splits were on the area of green space in the garden and the length of boundary
abutting other gardens (panel a of Tables 3 and 4). For pitfall samples, har-
vestmen were more abundant in gardens with smaller proportions of boundary
abutting green space. Native plant taxon richness and altitude formed the
secondary splits (panel a of Tables 3 and 4). A greater proportion of the
variation in abundance was explained for harvestmen in Malaise trap samples.
Variation was positively related to the areas of lawn and vegetation canopy
below 2 m and negatively to the area of surrounding gardens (Table 2, panel
b). The latter result was corroborated by the free analysis, with harvestmen
being more abundant at sites with a smaller area of surrounding gardens (panel
b of Tables 3 and 4).

Slugs (Mollusca: Gastropoda)

The abundance of slugs in pitfall traps was strongly positively related to the
area of vegetation canopy above 2 m in height, and to the richness of alien
plant taxa; the area of hard surfaces was strongly negatively related (Table 2,
panel a). According to the tree analysis, slug abundance declined in gardens to
the east, with data then splitting on the area of canopy above 2 m high and the
structural diversity of the vegetation (panel a of Tables 3 and 4).

Snails (Mollusca: Gastropoda)

Models for snails in pitfall traps and litter explained very similar degrees of
variation, and included relatively large numbers of factors (Table 2, panel a).
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