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FOREWORD
A regional workshop on "Invasiye Species in Eastern Afiica" was held at the Nairobi headquarters of the
International Centre oflnsect Physiology and Ecology (ICIPE) on 5-6 July 1999 to bring together
professionals from conservation, agriculture, forestry, research, land management, academia, infonnation
technology, and the legal and policy fields, to explore the current status of invasive species in the region.
The workshop, which focused on four countries (Ethiopia, Kenya, Tam.ania and Uganda), was funded by
UNEP and IDRC, and co-sponsored by the National Museums ofKenya, World Conservation Union
(IUCN), CAB International, Kenya Wildlife Service, EAFRINET (the regional unit ofBioNet
International), Global Invasive Species Programme and Makerere University (Uganda).
Invasive species, which are usually alien or non indigenous species, are of great interest to agriculture,
forestry, environment, and wildlife conservation agencies, as ·well as academia and the business
community. Irivasive species can impact the stability of both agricultural and natural habitats, they are
one ofthe greatest threats to long tenn conservation ofbiological diversity, they can impact on human
health and cultural values, and they can have dramatic economic C'onsequences.
Activities undertaken during the two days included the workshop itself, which was attended by more than
70 people, from 41 different institutions, including participants from Ethiopia, Kenya, Tanzania, and
Uganda and speakers from Kenya, Tanzania, Uganda, South Africa, Mauritius, Malawi, and the UK; an
Information Fair that provided workshop participants with information and materials related to invasive
species from more than a dozen groups; a Public Lecture and Panel Discussion held at the National
Museums of Kenya, that provided a forum for increasing public awareness of invasive species issues; and
the collecti9n of anecdotal information from participants to produce a Preliminary Survey of Invasive
Species in Eastern Africa.
In addition to this printed proceedings, information from the workshop and related activities is also
available on Internet at <www.icipe.org/invasive> and in a video tape produced by National Museums of
Kenya.

WORKSHOP OVERVIEW
Elizabeth E. Lyons
International Centre of Insect Physiology and Ecology (lCIPE)
Box 30772, Nairobi, Kenya
Present address: National Science Foundation, 420 1 Wilson Boulevard, Arlington, Virginia 22230,
USA elyons@nsf.gov

SUMMARY
A regional workshop on "Invasive Species in Eastem Africa" was held at the Nairobi headquarters of
the Intemational Centre of Insect Physiology and Ecology (JCIPE) on 5-6 July 1999 to bring together
professionals from conservation, agriculture, forestry, research, land management, academia,
information technology, and the legal and policy fields, to explore the current status of invasive
species in the region. The workshop, which focused on four countries (Ethiopia, Kenya, Tanzania and
Uganda), served as part of IClPE's community ou treach programme, and also part of the lCIPE
Biodiversity and Conservation Programme's contribution to conserving biodiversi ty within the
region.
Activities undertaken during the two days included the workshop itself, which was attended by more
than 70 people, from 41 different institutions, including participants from Ethiopia, Kenya, Tanzania,
and Uganda and speakers from Kenya, Tanzania, Uganda, South Africa, Mauritius, Malawi, and the
UK (A participant list is provided in Appendix L; the workshop program is in Appendix 2); an
Information Fair that provided workshop participants with information and/or matctials related to
invasive species from more than a dozen groups; a Public Lecwre/Panel Discussion held al lhe
National Museums of Kenya, attended by I00- 120 people. that provided a forum for increasing public
awareness of invasive species issues; and the collection of anecdotal information from participants to
produce a Preliminary Survey of Invasive Species in Eastern Africa.

BACKGROUND
When ICJPE's Biodiversity and Conservation Programme was started in 1998, the issue of invasive
species was identified as an area where ICIPE could make a signilicanl contribution within Eastern
Africa. In early 1999 lCIPE staff contacted individuals within the region to gather information on the
status of inva<>ive species knowledge and needs in the region, and then began to organize the
workshop. A Steering Committee for the workshop was assembled and met several times to provide
input on the format and focus of the workshop, as well as on possible participants, speakers, and
donors.
ICIPE staff also contacted the Global Invasive Species Programme (G ISP), which had just undertaken
a programme to increase awareness of the invasive species problem in developing countries. At a
GISP/SCOPE meeting in Paris in April 1999, the ICIPE workshop was endorsed by GISP because it
fit within GISP's global awareness-raising efforts.
During the organization of the workshop, it was decided that EAFRINET should be invited to
participate in order to foster linkages between the systematic!: community and invasive species
professionals. EAFRlNET welcomed the chance to bring their expertise to bear on these issues and
many EAFRINET members from the region participated, as did individuals from institutions that had
served as resources for·EAFRINET.

WORKSHOP
Day 1 M. 5 July 1999
On the first tlay of the workshop, Dr. Hans Herren, Direclor General of ICIPE, welcomed the
participants. Dr. Scott MiiJer then gave introductory remarks in which he described how different

international treaties and conventions were relevant to the control of invasive species and then defined
some of the terms used in invasive species work.
The keynote speech was given by Professor Jeff Waage, Head of Biological Pest Management for
CAB International Bioscience in the UK and also on the Executive Committee of the Global Invasive
Species Programme. Dr. Waage described the global nature of the invasive species problem, the
challenges presented by invasive species to national, regional and global ecosystems and
political/economic systems, and the role that the GISP might play in controlling invasive species.
Two talks on national invasive species programmes followed. Dr. Wilson Songa of the Kenya Plant
Health Inspectorate Service described legal and policy aspects of invasive species, with particular
reference to the Kenyan quarantine system. After his talk he invited Dr. Okaasai Opolot, head of the
Ugandan Phytosanitary and Quarantine Services to briefly comment on how Uganda quarantine
system operated with respect to invasive species and Dr. Opolot kindly obliged. Dr. Christo Marais
then described how South Africa, having determined the high cost of water-consuming invasive plants
in the dry Cape regions, had started the Working for Water Programme. Because this programme
employs thousands of people from poor communities to remove invasive plants, it not only reduces
the damage done by invasive species, but iL also provides economic and social benefits by helping to
alleviate poveny and empower communities.
Two speakers then addressed the economic, legal and policy dimensions of invasive species. Victor
Kasulo of York University, UK. and Malawi described economic dimensions of invasive species,
touching upon some of the economic and social costs, the types of incentives that can be used to
change individual and institutional behavior, and the possible role that donors can play in establishing
sustainable invasive species programmes. Vishnu Tezoo (and co-author Yousoof Mungroo) of the
Mauritius National Parks and Conservation Service then described how Mauritius, an island with long
experience with invasive species, had set up programmes to control invas ive species. He described a
variety of approaches, including the active removal and continued exclusion invasive species from a
set of small reserves on the island.
The afternoon ended with a session moderated by Dr. Richard Bagine of the Kenya Wildlife Service
in which country-based working groups discussed the status of invasive species within protected areas
in each country, as well as which ecosystems in those countries were most vulnerable to invasive
spec1es.

Day 2 -- 6 July 1999
The second day of the workshop started with presentations by the four country-based working groups
(their reports are given in Appendices 3-6). These repmts showed striking similarities among the
countries in pointing out that both in protected areas and elsewhere, there is a need for more
information and research on invasive species, for more capacity building at several levels, for better
national and regional policy and associated enforcement, and underlying all of the other needs, a need
for more funding and government commitment to controlling invasive specjes.
Four case studies on invasive species in Eastern Africa were then presented:
I) Dr. Timothy Twongo of the Fisheries Research Institute of Uganda spoke on invasive species of
the water environment and described the impact and control options for plant and animal invaders
in aquatic habitats.
2) Geoffrey Mungal of the National Museums of Kenya (NMK) described how herbarium records,
such as those at NMK's East Africa Herbarium, can be used to track both recent and historical
movement of invasive plant species.
3) Dr. Waweru Gitonga of the Kenya Agricultural Research Institute described his institution's
efforts to control invasive aquatic weeds, including preemptive efforts that include obtaining
biological control agents for aquatic weeds that are not yet in Kenya but have been invasive
problems elsewhere.
4) Josephine Songa (and co-author William Overholt) of JCIPE described the ecology and dispersal
of an agricultural invasive pest, the stem borer, Chilo patellus, providing insight into how nonagricultural alien insect pests might invade an area.
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Professor Jeff Waage of CAB! then gave a brief presentation in which he described the toolkits and
associated case studies under preparation by GISP members. One toolkit will provide strategies and a
database as part of an early warning system, while the other will provide strategies for developing
national policies in the area of invasive species.
During the final session of the workshop, participants turned their attention to shaping future efforts to
control invasive species in Eastern Africa. Four working groups were assembled on the basis of
participants' interests and a brief report was presented for each of the following working groups
(reports in Appendices 7-10):

1)
2)
3)
4)

The Role of EAFRINET in the Fight Against Invasive Species
Strengthening Research and Research Links on Invasive Species
Coordinating Regional Efforts to Control Invasive Species
Capacity Building and Implementation in Invasive Species Programmes

Final Discussion: Although the purpose of the workshop was awareness raising and not the creation
of specific recommendations, several clear conclusions could be drawn from the final discussion and
from the workshop as a whole:
1)
There are many invasive species in Eastern Africa, and there now exists in Eastern Africa
considerable knowledge about invasive species. However, that knowledge is often not sufficient for
management purposes. To effectively control invasive species in the region, much more information
is needed about which invasive species are now in the region, where they are, their rate of spread, and
the nature and fate of control efforts.
.
2)
There must be better systems of communication about invasive species both within countries as
well as among countries. ihese linkages should bring together land managers and researchers so that
the research serves the stakeholders' needs.
3)
There now exists in Eastern Africa the capacity to identify and, in some cases, control invasive
species. In order to strengthen that capacity, there must be additional attention directed to conducting
research on invasive species, to developing systems to monitor invasive species, and to training
personnel to control invasive species. All of these require political will and funding. Better estimates
of the ecological, social and economic costs of invasive species, as well as the benefits of pl'OgJ:"ammes
to control them, may help marshal that political will and subsequent financial S}lpport.
4)
There is sumcient knowledge, enthusiasm and ideas to carry forward an invasive species
initiative within Eastem Africa and the group present at the workshop forms a loose network for
supporting such an effort. At the workshop EAFRINET volunteered to serve as a coordinating focal
point for any group or groups that want to pursue national and or regional projects on invasive
species.

INFORMATION FAIR
On the fu·st evening of the work~hop there was a reception at ICIPE in honour of the workshop
participants. During the reception there was an Information Fair during which guests examined recent
journal articles on invasive species, as well as publications, CD-ROMs, and other mateJ:"ial provided
by ICIPE Science Press, the Global Invasive Species Programme, the Fisheries Research Institute of
Uganda, CAB International, the Lake Naivasha Riparian Association, the US Forest Service and the
Kenya Forest Health Unit, BIONET International, the Kenya Agricultural Research Institute, the
Government of South Africa, rhe Kenya Plant Health Inspectorate Service, South Africa's Working
for Water Programme, FAO Global Plant and Pest Information System (GPPIS) and The World
Conservation Union (IUCN).

PUBLIC LECTURE AND PANEL DISCUSSION
On July 6 at 16:30 hours in the Louis B. Leakey Auditorium at the National Museurps of Kenya, Dr.
Helida Oyieke, Deputy Director, Biodiversity Centre, NMK, introduced the public speaker, Professor
Michael Samways of the University of Natal, South Africa. Dr. Sam ways, whose ralk. was entitled
"Alien Invasive Species and Ecosystem Agony", spoke on the ecological and societal complexities of
3

the invasive species problem, both within countries as well as around the world. The lecture and
subsequent panel was well attended, with 100· 120 people in the audience. Dr. Samways' lecture was
followed by a panel presentation. Each panelist briefl);' described appropriate strategies for national,
regional or global strategies to stop invasive species. A lively question and answer session followed as
the audience peppered the panel with questions. The panelists were: Dr. Helida Oyieke, NMK
(moderator); Professor Michael Samways, University of Natal, South Africa; Dr. Bernard Irigia,
Kenya Wildlife Service; Dr. Timothy Twongo, Fisheries Research Institute of Uganda; Dr. Okaasai
Opolot, 0 ganda Phytosanitary and Quarantine Services; Dr. Gert Willemse, South African Ministry
of Environmental Affairs and Tourism; Dr. Geoffrey Howard, IUCN, East Africa Regional Office;
and Professor Jeff Waage, CABI, UK.

PRELIMINARY SURVEY OF INVASIVE SPECIES IN EASTERN AFRICA
Many of the workshop participants returned our survey and shared their perceptions on invasive
species in the regions where they work. 38 different invasive species were reported from within the
four country region, falling into the following taxa: 21 plants, 5 vertebrates, 9 insects, I other
invertebrate, and 2 microorganisms.
Several general conclusions can be drawn: there are many invasive species in the region, some new,
some old, some under control, some not. Eastern Africa has considerable expertise on invasive
species and in some cases the infrastructure necessary to control invasive species is also present, but
too often the state of knowledge and the status of research, monitoring, and control efforts are
severely lacking. The countries in the region share many invasive species and tbe shared species may
serve as a basis for building local, national and regional cooperation. Finally the survey is quit~
preliminary but should nonetheless serve to challenge Eastern Africans to expand, confirm andfor
modify the information it contains. Even in its cuJ.Tent state, the survey may also be valuable·in the
ongoing efforts to garner political and budget support for initiatives against invasive species.

OUTPUTS OF THE WORKSHOP
In addition to this published proceedings, the proceedings are available on the ICIPE web site
(www.icipe.orgfinvasive) and a video tape of highlights of the talks was prepared by NMK. Copies of
the video tape, along with other information, are being distributed to key institutions in each country.

ACCOMPLISHMENTS OF THE WORKSHOP
The workshop succeeded in:
bringing together a diverse set of regional professionals who deal with invasive species and
linking them in a loose network and providing them with contact infonnation for all workshop
participants;
raising participants' awareness of the complexity of invasive species problems by presenting a
stimulating set of presentations;
improving regional and national linkages by giving participants the chance to work in working
groups on issues of common concern;
collecting information for the preliminary survey of invasive species in Eastern Africa;
linking the EAFRINET community of systematists with people working on invasive species
problems. Not only were there discussions of projects that EAFRINET could do to assist the
efforts of this community (e.g., a handbook on Invasive Animals of Eastern Africa), but
EAFRINET, with its nascent network structure, volunteered to serve in a coordinating role as the
group moves forward with new initiatives. (EAFRINET is the eastern African unit of BioNet
International).
focusing anention on the status of invasive species in protected areas in the region;
identifying specific ecosystems in each country that are likely to be vulnerable to invasive
species;
providing participants with a wide range of material on invasive species from many sources
during the lnfonnation Fair;
bringing issues of invasive species to the attention of a large public audience during the Public
LeCture and Panel Discussion;
incr~asing the ability of the workshop to continue to raise awareness by assembling ami
4

distributing workshop information kits to 3-5 institutions in each country;
setting up a web page to· publish the workshop proceedings, making the proceedings, as well as
related material, available to a broad range of stakeholders in the region;
generating, during the final discussion session of the workshop, several avenues for next steps in
organizing national and regional efforts against invasive species.
The purpose of the workshop was an educational one and by almost any standards it succeeded in
accomplishing that educational mission. A positive outcome of the workshop is the fact that initiatives
stemming from this workshop are likely to mo~e in several directions, with many different
partnerships at work. Several local champions emerged at the workshop and it is likely that these
individuals will work in their home countries to further the fight against invasive species. Several of
the international organjzations, such as ICIPE and CABI, have volunteered to help facilitate not only
national efforts, but also the linking of those national efforts into a regional effort. ICIPE will also
likely contribute to building capacity in this important area by developing courses to help train
professional in invasive species identification and management. EAFRINET has volunteered to serve
a coordinating role as this effort continues.
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INVASIVE SPECIES IN EASTERN AFRICA: INTRODUCTORY COMMENTS
Scott E. Miller
International CeniTe of Insect Physiology and Ecology (ICIPE)
Box 30772, Nairobi, Kenya
Current address: National Museum of Natural History, Smithsonian Institution, Washington, DC
20560-0105, USA. miller.scott@nmnh.si.edu

INTRODUCTION
The purpose of the workshop is to bring a diverse set of Eastern African stakeholders together to raise
awareness to the issues, begin to break down traditional communication barriers, and discuss
strategies to deal with current and future invasive species issues. Progress in recognising and
mitigating the problems has been held back greatly by traditional thinking in terms of countries,
sectors/disciplines and habitats.
• Invasive species do not recognize national boundaries, whether adjacent countries or halfway
around the globe.
• Invasive species issues require cooperation amongst agriculture, forestry, environment, and
wildlife conservation agencies, as we'll as academia and the business community. In particular, we
hope that we can forge links between management agencies (clients for research) and universities
(that often have pools of under utilised students).
• Finally, the same species can, for example, be a pest of agriculture, livestock and conservation, so
it is necessary to recognize that Eastern Africa consists ·of a continuum of habitats -- it is not
possible 'to separate agriculture from conservation.
Because of the potential breadth of issues, we had to focus the meeting and restrict the subjects
covered by exdu'ding:
•
•
•

the marine environment, because many other management and research agencies are involved,
although there are major issues with organisms spread in ballast water (Carlton and Geller 1993).
traditional biological control, because it is the subject of its own meetings and organisations.
genetically 'modified organisms (GMOs), although they share many issues·, they also bring in
many additional issues <md are the subject of national and internationa] discussions on biosafety.
<http://www .biodiv..org/biosafe>

HISTORICAL CONTEXT
Eastern Africa has long been a focus of biological control of invasive species, both for export and
import of biological control agent$, based around what is now the CABI East Africa office (Greathead
1971; Greathead and Greathead 1992). However, there has been fairly little attention given in Eastern
Africa to invasive sp~cies in outside of pests of agriculmre and forestry, with the exception of water
hyacinth and Nile perch in Lake Victoria. Meanwhile in recent years, an increasing number of
international conventions, organisations, and meetings have addressed invasive species issues on a
global scale. Some of the major events that provide a policy context for this workshop are:
'
• Convention on Biological Diversity (articles 6 and 8, especially 8h), recommendations of
SBSTTA (especially IV/4), and decisions of COP (especially III/9 and IV/1).
<http://www.biodiv.org>
• International Plant Protection Convention, dealing with all "plant pests" defmed as any animal,
plant or disease agent that injures any plant or plant product.
<http://www.fao.org/WAICENT/Faolnfo/Agricult/AGP/AGPP/PQ/Default.htm>
• Convention on wetlands of international importance especially waterfowl habitat (RAMSAR),
especially at its seventh COP in May 1999. <http://iucn.org/themes/ramsarl>
• Convention on International Trade of Endangered Species of Wild Flora.and Fauna (CITES).
<http://www. wcmc.org. uk/CITES/english/index.html>
• Convention on the conservation of Migratory Species of wild animals (CMS).
<http://www.wcmc.org. uk/cms/>
• Global Biodiversity Assessment (GBA), prepared by UNEP, included a major review of invasive
species issues (Heywood 1995).
7

•

Norway/United Nations Conference on Alien Species, Trondheim, Norway, July 1996 (Sandlund

et al. 1996).
•

Globallnvasi ve Species Programme (GISP), now under the umbrella of DIVERS ITAS, launched
in 1996. <http://jasper.stanford.edu/GISP>

However, management agencies in Eastern Africa ru·e beginning to recognise the importance of
invasive species and seek more information and tools to deal with the problems. For example;
invasive species are included in the National Environment Plans for Uganda (Uganda Ministry of
Natural Resources 1995) and Kenya (draft version in preparation).

WHAT WAS THE ORIGIN OF THIS WORKSHOP?
•
•

Invasive species were identified as an important issue in the January 1997 workshop that created
the workplan for the ICIPE Biodiversity and Conservation Programme.
Jn the early stages of planning the present workshop, we identified the overlap with GISP, and
linked with their activities.

WHY ARE SPECIES INTRODUCED TO NEW HABITATS?
•
•
•

species introduced accidentally (e.g., passive transport)
species are impolted for specific purpose but then escape (e.g., garden plants and pets)
species are deliberately introduced (e.g., biological control)

Sometimes it is hard to discern their origins, especially because many species were transported in
ancient times, and the native ranges of many species are poorly known. This reminds us of the need
for a global taxonomic framework and database tools such as CABI Pest Compe11dium (CABI 1997)
and FAO GPPIS <http://pppis.fao.org>.

But species can also spread naturally, especially if encouraged by climatic change or invasions of
associated species. Thus, as defined below, not all alien species are invasive, and not all invasive
species are aliens. Our workshop focuses on invasive species, most of which are also aliens.

WHY CARE ABOUT INVASIVE SPECIES?
Here are some of the many reasons, with more documented in recent reviews by U.S. Congress Office
of Technology Assessment (1993), Heywood (1995), and Sandlund et al. (1996):
•
stability of habitats impacts both agriculture and conservation
•
invasive species have been considered one of the two major threats to biodiversity, along with
habitat loss
•
social issues including impacts on cultural uses (e.g., ethnobotany) and aesthetic values
•
direct human health issues such as disease vectors opening new pathways for disease (e.g., once
an alien vector becomes established, the establishment of the disease is facilitated)
•
economic aspects: having them can be expensive, so can eradicating them
•
invasive species costing much more than $100 billion in USA alone
•
Seychelles: alien ants are disturbing nesting birds that are the sole tourist attraction on one
island, thus the alien ants could basically close the island's economy
•
Those living in East Africa are familiar with the regular newspaper stories about water hyacinth
stopping commerce on Lake Victoria

SOME TERMINOLOGY
Although temlinology applied in invasive species is still evolving, the following is a brief guide to
vocabulary (see Eldredge and Miller 1995: 4 and Frank and McCoy 1990 for further discussion). In
some cases, it is difficult to determine if a species is native (indigenous or endemic) versus alien.
These species of unknown origin have been termed cryptogenic (Carlton 1996).
alien = noniruiigenous = exotic: occurring outside of natural range and dispersal potential (includes
both introduced and immigrant);
8

introduced: often used for aliens in gener~. but best restricted to purposefully introduced species (as
in biological control introductions);
immigrant= adventive: aliens not purposefully introduced (as in accidently transported through
commerce);
invasive: a species which is an agent of ecosystem change, especially when threatening biological
diversity; usually but not always an alien species;
endemic prec:inctive: restricted to the region and not found elsewhere (although used in the sense of
indigenous by the medical and vetelinary community);
indigenous = autochthonous = native: occurring naturally in the region but not endemic.

=

BAD OR GOOD DEPENDS ON YOUR POINT OF VIEW
A few examples of the difficult biological, economic and social issues that must be considered in
dealing with invasive or alien ~pecies issues include:
• Apple snail in Pacific Islands is either a great new crop (escargot) or destroyer of an old crop
(taro) (Cowie 1995).
• Many pasture plants are either invasive weeds or valuable food, depending on who eats what
(e.g., koa haole in Hawaii see Waage and Greathead 1988).
• Jacksons Chan1eleon in East Africa is protected under CITES because it is considered threatened
by over collecting for the pet trade, while in Hawaii former pets have become an invasive pest
(Loope et al. 1999).
• Nile Perch in Lake Victoria represents either fisheries improvement or habitat degradation
depending on your point of view, although opinions even differ within the fisheries community
depending on whether large or small fish are of interest (Balirwa 1995; Goldschmidt 1996).

SPECIAL PROBLEMS OF ISLANDS
For a variety of reasons. island ecosystems are more sensitive to invasive species than continental
areas (Simberloff 1995). A striking example is that the present biota of Hawaii is composed of 20%
alien species (Eldredge and Miller 1998). ln addition to applying to oceanic islands, these problems
also apply to habitat islands, such as montane forests in Eastern Africa (Kingdon 1989).
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INVASIVE SPECIES: ECOLOGY AND GLOBAL RESPONSES
Jeff Waage
CABI Bioscience
Silwood Park, Ascot SL5 7TA, England
To say that alien invasive species pose an international problem is a truism. Were it not for the
movement of species beyond their native range, and particularly between nations, we would not
recognise alien invasive problems at all. Semantics aside, however, it must be said that the reaction to
alien invasive species has, to date, been profoundly national. My objective in this paper is to show
that our approach must become much more international if we are to successfully address this ·
problem. In .the process, I will describe some invasive species experiences in other parts of the world
and try to-show how sharing these experiences and collaborating in development of programmes and
methodologies is strongly in our own national interests. In particular, I will address several issues
which might also be considered as steps in addressing alien invasive species problems:
•
•
•

How do we identify and quantify risks from aliens
How do we prioritise action against established aliens
How do we manage alien invasive species problems

Finally, I will describe briefly the Global Invasive Species Programme, and what it is trying to do.

ALIEN INVASIVE SPECIES: PUBLIC OPINION, POLITICS, AND THE
CHALLENGE TO GOVERNMENTS
Public concern about alien invasive species is relatively recent and growing. While we are concerned
here largely with alien invasives as they affect environmental conservation, there are :1 range of other
"alien issues" contributing to public opinion which must be acknowledged, as they will contribute to
the broader social and political agenda. Three are particularly important:
•
•
•

Alien pests of agriculture and health, long a problem for quarantine and trade, are intensifying
due to trade liberalisation and their use as trade barriers
Biotechnology and the concern that the new and perhaps "alien" organisms which it creates
are unethical or pose risks ro health or the environment.
Public pre-occupation with alien threats in general, best exemplified by current media
fascination with extra-terrestrial invaders.

Overall, there appears to be a general public concern that what we consider natural and healthy is at
risk through inadvertent or deliberate introduction of alien species, and that private interests and
public institutions have been careless and misguided in allowing this to happen. What this means in a
practical sense for scientists is that there i$ today a political urgency to accurately define and quantify
the extent of alien invasive pest problems and management options, and to do this in a way which
avoids public misinterpretation and inappropriate political reaction. This, in turn, means broad public
engagement at each step of this research. To achieve this, scientists will be challenged to be careful,
communicative, and consultative.

ALIEN INVASIVE PROBLEMS IN THE ENVIRONMENT
The current interest in alien invasjve species in the environment owes a great deal to the inclusion of
this subject in the Convention on Biological Diversity where, in Article 8h, parties to the Convention
agree to "prevent the introduction of, eradicate or control those species which threaten species,
habitats or ecosystems" (Convention on Biological Diversity 1992). To be fair, most governments
had, at the time the Convention was ratified, insufficient information on this problem to make Article
8h a priority in their biodiversity planning. But subsequent international meetings have raised
awareness about invasjve specie~, particularly the 1996 Norway-UN Conference on Alien Species
(Sandlund et al. 1996) at which representatives from 80 countries met with specialists in invasive
species problems and began to work out the international scale and nature of the problem. One of the
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most lasting conclusions of this Conference was the view that alien invac;ive species are second only
to habitat destruction as a threat to species loss and biodiversity.
The envi1onment community has now moved quickly to take up invasive species issues. For instance,
a recent Presidential Decree in the US has identified alien invasive species as a problem for interagency co-operation and reallocation of budgets.
As public interest in alien species affecting the environment grows, governments will be challenged to
find mechanisms to respond. A first step in this process, as the US government has recognised, is to
ensure that there are good links between responsible agencies and effective use of existing
institutional frameworks. Existing alien species preventjon and management systems include
agricultural plant and livestock protection and quarantine services of governments, and similar
infrastructures for containment of human diseases nationally and world-wide. Agricultural and health
experiences with alien species problems may not provide the answers to new problems with
environmental invasives, but they do provide some idea what can be done and how it might be
organised.
The agricultural legacy brings three usefi•l elements to the alien invasive species problem:
•
•

•

National and international systems for identifying the distribution of unwanted aliens and
analysing their pathways and movements (including databases like those of FAO and CABI).
Political and legal systems for preventing the introduction and movement of unwanted aliens,
notably the International Plant Protection Convention, and its implementation at the Global
(United Nations), Regional (e.g., European Plant Protection Organisation) and national (plant
protection and quarantine service) level.
Some proven approaches to management of ino·oduced aliens, particularly eradication and
"classical" biological control.

The fact is, however, that agricultural and environmental interest groups are often very different in
any country, and even sometimes in conflict over issues like land use. Ministries of Agriculture and
Environment are often seen as providing a counter-balancing system, rather than a system for cooperation. Yet, in many countries faced with alien invasive species problems, the Environment
Ministry own much of the problem in its protected or managed areas and the Agriculture Ministry
owns much of the solution, in terms of quarantine services for intercepting aliens and pest and disease
management specialists for controlling them. The prospect of one ministry duplicating the capability
present in another to address an alien weed si mply because it has now moved out of cattle pastures
into natural grasslands may seem silly, but it happens.
Some of the greatest tragedies associated in recent years with alien invasive species have occurred
when the particular problem fell snugly between the remits of different agencies, contributing to
political paralysis. A case in point is the rapid spread in the 1980s of the neotropical water hyacinth,
Eiclzlwrnia crassipes, across Africa in the I 980s. Water hyacinth is a floating weed that rapidly
covers open water bodies, forming mats which prevent use of boats and dramatically affect water
chemistry, fauna and flora beneath them. Affected countries were faced with a problem which had a
direct effect on fisheries, trade and water resources, the responsibility variously of transport,
environment and military agencies, but which had its immediate solution in agriculture, where
national expertise on weed management lay. So, who was responsible? Only where this question was
resolved, sometimes through inter-ministerial initiatives, could real progress be made with limited
national resources. While' this was being realised, the problem spread to every water system of the
continent (Charaduttan et al. 1996). Today, programmes of the Global Environment Facility allocate
tens of millions of dollars to African water hyacinth management, but implementation is still
constrained by the need for inter-ministerial and inter-governmental co-ordination .

.

ASSESSING THE RISK OF ALIEN INVASIVE SPECIES IN THE ENVIRONMENT
'
The invasiveness of species is very difficult to predict. Indeed, one of the "ground truths" of invasive
species research is that the vast majority of alien species introductions are not invasive. These include,
of course, many crop and horticultural plants. Some exciting research is underway on the prediction
of invasiveness, based on the retrospective comparison of related alien species in a pmticular taxon.
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An anecdotal example relates to the water hyacinth story presented, and involves the relative
per:formance of Eichhomia crassipes and E. azurea around the tropical world. Both plants come from
river systems of the Amazon Basin, and both have been introduced into the Old World. But only
crassipes has become invasive. The two species are very similar floating plants, except that E. azurea
roots itself in the substrate and E. crassipes can be entirely free-floating. While Africa and Asia have
many floating plants which grow, rooted, out into water bodies, they have very few free-floating
water plants. One explanation, therefore, is that crassipes found itself in an environment free of
competition, relative to azurea, and spread. Interestingly, the other important invasive free-floating
weeds in Old World waterways, Pistia stratiotes and Salvinia molesta, are also ofNeotropical origin.
These species do compete with crassipes for open water in the Old World, so much so that control
programmes are advised today to target all three from the outset, even though only one may be
abundant at the time. Thus, not only the properties of the alien species, but the existence of empty
niches in the area of introduction provide insight into invasiveness.
While questions of invasiveness provide enormous scope for exciting and useful ecological research,
the astounding taxonomic diversity of invasive species and the urgency to address i.iwasive problems
lead us to an alternative, very pragmatic approach to predicting invasiveness, namely: "look at what is
invasive elsewhere". We could all be very well occupied for the next century preventing and
managing the problem species we already know about.
As part of the GISP project described below, the IUCN Invasive Species Specialist Group in setting
up a database of the Worlds Worst 100 alien invasive species. As a mental exercise, compiling this
list is revealing, as it quickly emerges that there are probably less than 100 alien taxa causing most of
the perceived problems, and risks around the world today. Mice, rats, cats, dogs, rabbits, deer, trout,
Nile perch, brown tree snake, scale insects, lymanuiid moths, zeb1·a mussels, avian malarias, weeds
like water hyacinth, Lantana camara, Japanese Knotweed, Chromolaena odorata and its close
composite relatives, are just some members of this list with intercontinental notoriety. A regional
focus allows even more accuracy- in Europe, for instance, almost all countries will put Japanese
Knotweed, Himalayan Balsam and Giant Hogweed near the top of their invasives weed list, purely on
the basis of local experience, and yet these plants are far from reaching their potential distribution in
Europe.
Given the opportunity to address known alien invasive problems, the priority must be·to create public
awareness and action through compiling and disseminating information on risky species. Many of
these species are still being deliberately introduced around the world, and this should be easiest to
stop, relative to other alien invasive species challenges.

PRIORITISING ACTION AGAINST ALIEN INVASIVE SPECIES
As concern and awareness of alien invasive problems grows in a country, the initial action often taken
is to survey the presence and severity of alien species problems. This exercise always throws up some
interesting questions. How long does a species have to be in a country to lose its "alien" status? How
do we consider a species re-established after a long periods, which is particularly relevant to the
introduction of European flora and fauna to the glacially impoverished ecosystems of Ireland ana
Britain? Sometimes, the alien nature of a species is itself in question. This is particularly true for alien
marine species, where so much mixing has occurred ov~r centuries of ship movements that by the
time a fauna and flora are characterised, they may already include some aliens, which appear to be
natives.
It is sensible to argue that the key issue about invasives is their invasiveness, not their native or alien
status. However, public opinion, as well as options for particular kinds of management (e.g. the
introduction of specialised parasites from the area of origin of the pest) will differ between native and
alien invasives. Weed or not, biological control is less likely to be approved for a native than an alien
plant.
Surveys of alien invasive species problems inevitably generate a long list of species, leading to the
question: What are the priorities? Again, there is a need for ecological research to predict
invasiveness, in this case post-introduction rather than pre-introduction. But this challenge is much
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more tractable. Developing methods to quickly assess the invasiveness and potential biodiversity
impact of aHen species can draw upon ecological tools for measurement of population spread arid
growth and community composition. Our limited experience of doing this for alien woody plants in
developing countries; where simplicity and cosl effectiveness is at a premium, draws upon a number
of obvious, but nonetheless, revealing tools (Simon Fowler, pers. comm.):
•
•
•
•
•
•

Dist.ributipn of plants- what does this say about dispersal? Are there key animal dispersers or
pollinators?
Age structure of the population in different sites, does it indicate a growing population in both
undisturbed sites and disturbed sites?
Studies to look at seed banks and recruitment of new plants.
Comparisons of indigenous species diversity in infested and uninfested habitats.
Exclusion studies to look at regeneration and competitiveness of native flora
Manipulated exclusion/inclusions studies to look at factors favouring growth of the alien
population

There is always U1e likelihood that, however targets for managetnent can be prioritised, the problem
will require a community rather than a species-specific approach. Because of their taxonomic
specialisation, many scientists will focus on the target alien and fail to recognise the importance of
other species, often other alien species, in its abundance. Thus, on island ecosystems, introduced
vertebrates (pigs, bulbuls) are often important dispersal agents for alien plants, and their management
must be part of an overall approach. Similarly, highly degraded natural vegetation, once cleared of an
alien weed species, is likely to be invaded by another aggressive alien species if there is no plan to
manage all aliens and invest in a process of habitat restoration.
The other factor which will help set priorities for alien species problems is, of course, the prospect of
their successful management.

HOW DO WE MANAGE ALIEN INVASIVES?
Only a very small proportion of alien invasive species problems have yet been the subject of
management programmes. The great majority of these have been in agricultural areas which provide
some good examples of both success and methodology. Particular emphasis has been placed on alien
insect pests affecting crops, forest plantations and natural forests, <md with alien weeds of cropland,
pastures and waterways.
Eradication of potentially serious pests is a highly desirable option, if the risk posed by the invasive
species is high, introductions are infrequent and ilie establishment has not progressed far. However,
slow or poorly organised efforts have proven to be expensive failures, such as the campaign against
the fire ant, Solenopsis invicta, in ilie USA in the 1970s. Eradications are particularly effective in
island situations, but can be done on a contjnental scale, for instance the stepwise eradication of boll
weevil and screwworm fly from North America. While the cost of eradication can be very high, the
cost of alternative recurrent control will almost always be higher.
Failing complete eradication of the invasive species, the established species must be managed in
perpetuity. This can either involve recurrent control efforts, such as culling, use of poison~ (e.g.
herbicides, rodenticides or insecticides) or biological control. Biological control seeks to establist.
specific natural enemies from ilie area of origin of ilie alien species that will suppress the pest
population to a low, non-damaging level and maintain it there jndefinitely through a continuing,
predator-prey interaction. Recurrent control efforts have high continuing costs, while biological
control has a high oneaoff cost but then continuing benefits. But not all biological control programmes
are successful, because natural enemies may fail to establish or may give insufficient control. The
greatest success has been achieved with insects and weeds, and there is one precedent for biological
control of mammals, the use of myxomatosis against rabbits.
While this experience of alien species management in agriculture is encouraging, the taxa involved
comprise only a very small proportion of lhe taxa which are invasive in an environmental context. For
these taxa, such as virtually all marine invasives, there is almost no history of management. However,
one striking success in the environmental sector has been the eradication of vertebrates from small
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islands (e.g. rats, cats, goats), leadi.ng ro the conservation of threatened indigenous vertebrates and
plants.
Even where there is a history of management of invasive alien species, as for weeds and insects, the
species that are serious environmental invasives may pose different problems than those which have
already been managed in agriculture. For instance, in biological control of weeds most agricultural
targets have been herbaceous, whereas many environment targets will be trees, which pose, literally, a
larger problem. For alien insects, most agricultural targets have been plant pests, whereas important
environmental aliens include social insects (ants, wasps, bees), whose social behaviour makes then
particularly resistant to biological control.
Environmental invasives often affect much larger, less accessible areas than agricultural invasives,
making management a particular problem, while putting a premium on methods which spread
themselves (e.g. biological control). Fmther, the public sector is more likely to get the bill for
management of environmental invasives, whereas control of agricultural invasives can expect a
substantial private sector contribution from the farming community.
Overall. prospects for management of alien invasives in the environment are poorly known for most
taxa, and this will certainly affect how we set priorities for action on invasive species. For the present,
for many species, the best management option may be to do nothing, while we put effort into
problems which we think we can solve, even if lhey are lower priorities for other reasons. As we
demonstrate the potential to solve these problems, we also build public confidence and support for the
required research and effort to address more intractable alien invasive species.

AN INTERLUDE ON A TROPICAL ISLE
Some success stories already exist which are good illustrations of what is possible. I will select two
from oceanic islands. Island systems have a rather unique place jn the context of alien species, for
biological and political reasons. Biologically, they often represent ecosystems of very high endemism
where extinction rates are highest. Invasive species are usually the greatest threat to biodiversity
conservation and extinction, because habitat destmction on these islands has usually been checked by
the creation of parks. As ecological systems, islands are highly invasible. Various explanations for
this include their low species diversity and "unfilled niches'', their very wide range of habitats over
very small areas, and the poor adaptation of isolated island faunas and floras to competition from
aggressive continental species in disturbed habitats. Finally, alien invasive problems (including
particular species) are often shared between islands, even quite distant from each other.
On the political side, islands (particularly small island developing states, or SIDS) have limited
infrastructure and resources to address these complex problems. At the same time, because of their
small size, they may have a better capacity to create inter-agency co-operation. Control options like
eradication work particularly well on islands because of their small size.
My first example comes from the UK protectorate of St. Helena in the South Atlantic (Booth eta/.
1995). Here, the tree flora is highly unusual - and one such species is the gurnwood, Commidenqrum
robustum, a tree daisy, represented now by less than 2000 individuals. Less than ten years ago, an
alien scale insect, Orthezia insignis, appeared on the island and attacked a wide range of plants,
including gum woods. By 1993, 10% of the gumwoods were dead, and the rest dying or likely to be so
soon. A programme was mounted to combat this problem, based on the observation that this scale had
been controlled biologically in other countries. A specific ladybird predator of this group of scales,
Hypcmspis pamherina, was introduced and by 1997, the pest and ladybird had declined to very low,
but continuing numbers, no longer a threat to the endemic flora.
My other example comes from Mauritius, an isJand stare in the Indian pcean. Mauritius has long been
the focus of work on endangered species, and several successful species recovery programmes have
been done, including that for the Mauritius Kestrel and the Pink Pigeon. The island also has a high
degree of floral endemism, which is now threatened by many species of invasive weeds. Particularly
serious weeds include Asian privet, Ligustrum robustum, and strawberry guava, Psidium cattlianum,
from South America. These plants literally overrun indigenous forest, filling the understory and
preventing recruitment of indigenous species. They are spread by fruit feeding birds and monkeys and
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path making pigs. all of which are also alien . In such a complex system, controlling just one invasive,
or vector. is not a .solution. Here, therefore. n pilot project to restore natural forest through clearance
and exclusion of aliens is undetway. Areas of less than one hectare, called Conservation Management
Areas. m·c fenced in !O reduce dispersal of seeds by vertebrates, <lnd all alien weeds inside removed.
This weeding must be done over time. as recruitment of weeds from seedbunks can be considerable.
Eventually the natural forest recovers. Extending this activity to large areus of nationul park will be
very expensive. but it may be possible to create a large number of small Conservation Management
Areas to preserve the key ~pecies in different habitats. Elsewhere in Mauritius, removal of weeds and
rmunmals from offshore islands, involving many volunceers. and the use of herbicides and
rodcnticides. respectively. has led to a dramatic recovery of nutive flora and bird and reptile fauna.

THE GLOBAL INVASIVE SPECIES PROGRAMME
Countries are in very different stages of preparedness to address their alien invasive species problems.
Some ure doing something, others thinking about it, others still quite unaware of the risk. An initiative
has recently been started to help al l countries, whatever their present position may be, ro become more
aware and more capable of dealing with invasive species problems. This is the Global Invasive
Species Programme or GISP. GISP arose from discussions at the UN-Norway Conference on Aliens
between SCOPE. a scientific research initiative on aliens, and the development community. It is coordinated by SCOPE, in conjunction with UNEP, IUCN and CABI and receives initial support from
these participating organisations and the Global Environment Facility.
GISP objectives are to assemble and make available best practices for the prevention and management
of alien invasive species problems, and to stimulate the development of new tools in science, policy,
information and education for addressing these problems. It is organised in a number of element~>. or
projects, each with a co-ordinator who helps to plan activities. Most of these projects arc directed at
gathering and disseminating information. often through workshops or books. CABI. for instance, is
involved particularly in development with lUCN of early warning systems (including the databases on
the worst invasive species), and toolkits for governments on how to set up prevention and
management programmes. As GISP grows, it hopes to become a valuable source of infmmation and
materials. For more information on GISP, please visit its website on
http://j asper.stanford. ED U/GISP/.

CONCLUSIONS
Alien invasive species problems in East Africa will be the subject of growing interest in the next few
years. Because these problems are international in origin, because they are often shared, and because
countries are at different stages in responding to them, there is a value to international co-operation in
this area.
At the national level, there is a need to engage all relevant stakeholders and communities- for
environmental interest groups this means particularly to be aware and make use of the agricultural
tradition in alien species prevention and management
At the international level, the most useful immediate action is to develop early warning and action
systems that prevent the spread of known invasives to new areas and countries. Following this, there
is a need to develop nationally, and to share internationally, methods to assess invasiveness, set
priorities and implement prevention or management programmes. A new Global Invasive Species
Programme has this as part of its objectives.
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CONTROL OF ALIEN INVASIVE SPECIES IN MAURITIUS
Yousoof Mungroo and Vishnu Tezoo
National Parks & Conservation Service, Reduit, Mauritius
npcsagr@intnet.mu

iNTRODUCTION

Geographical Location and Background
The State of Mauritius comprises the ·island of Mauritius, Rodrigues, St Brandon and other offshore
islets. Mauritius and Rodrigues, together with Reunion island, form the Mascarene islands. These
islands are aU of volcanic origin and are notable for the unique flora and fauna that has evolved in
relative isolation. Mauritius is located at a latitude 20° South and longitude 58° East, some 800 km
from the south east of Madagascar and about 2000 km from the African continent. It has a land area
of I 865 km2 with the highest peak attaining 828 min altitude with a population of 1.2 million people
( I 995). It has a tropical to sub-tropical climate influenced by frequent cyclones during the summer
months (November to April) and gets a rainfall of between 1000 mm to 5000 mm annually (Padya
1984).
Before its discovery by the Portuguese in 1507, Mauritius supported a very rich biodiversity. During
the occupation of the island by the Dutch (1638-1710), the French (1725-1810), and later by the
British ( 181 0-1968), together with the increase in human population, the island's forest resources were
exploited and forest areas cleared, primarily for agriculture but also for infrastructure, resulting jp
massive l.oss of native forests and habitat.
The total forest area is 57,059 ha, out of which 21,867 ha are State forest land and include the
National Parks and Nature Reserves (6774 ha), plantations (12,635 ba) and the unplanted or nonproductive and to be planted areas (4,647 ha). Privately owned forests constitute of about 34,540 ha
and include mountain reserves (3,800 ha) and river reserves (2,740 ha). Private forests including scrub
and grazing lands have been estimated at about 28,000 ha.The ''Pas Geometriques'' constitute 652 ha
and include plantations along the sea belts planted with Casuarina equisitifolia. Although limited in
size, the forests are strategically located mostly in the uplands, constituting about 30 % of the total
land area.

THREATS TO NATIVE FORESTS
There are several other factors which have contributed and are contributing to habitat destruction or
degradation. resulting in the decline of endemic flora and fauna.

Invasive Alien Species
Invasive alien plant species are as great a threat to biodiversity as introduced animals, probably even
greater. The exotic plants which are faster growing than the endemics are a more direct threat to the
native plant species. They outcompete the endemics for space, light, nutrients and they colonise any
open gap in the forest and form monotypic strands. The two most proliferous alien plant species in the
upland forest are Chinese guava (Psidium cattleianum) of South American origin and introduced by
the French ca. 1750 (Grant 1801) and the privet (Ligustrum robustrum var. walkeri), a native of Asia.
The guava is dispersed by monkeys, pigs and deer and has penetrated all the upland forest, in many
places it forms thickets so dense that no regeneration of other species occurs. It seems likely that the
extraordinarily high fruit production of the guava has helped sustain high populations of pigs and
monkeys, forcing them to continue damaging the native flora outside the guava's fruiting season. Both
plants can form thickets so dense that they hinder the regeneration of the native plants. Lowland
forests are invaded by ''liane cerf' (Hiptage benglzalensis), aloe (Furcraeafoetida) and wild pepper
(Schinus terebinthifolius). Many of these allen plants are so perniciously successful only because their
new environment lacks their natural diseases and predators.
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The forest is invaded to different degrees by aggresive exotics and if nothing is done to halt the
invasion of the native forest by the alien species the remai~ling indigenous flora and fauna will be
wiped out resulting in massive loss of biodiversity. The ideal solution to the problems of conservation
of the native forest ecosystem would be to completely eradicate aJJ the pests from the forest but this is
an impossible task.

CONSERVATION MEASURES
Several actions have been taken to preserve the diverse flora of Mauritius which now consists of
about 700 native flowering taxa out of which 311 species are endemic and 186 native pteridophytes of
which 15 %are endemic.

Nature Reserves
Sixteen Nature Reserves covering 2.5 % of the island and ranging from the 1.5 ha Perrier Nature
Reserve to the 3,611 ha Macchabee-Bel Ombre Nature Reserve have been declared from 1951 to
preserve the native ecosystem following the pioneering studies of Vaughan and Wiehe (1937, 1941)
on vegetation communities in Mauritius. These reserves are legally protected, but there h~s been very
little or no management. Two Nature Reserves Macchabee-Bel Ombre ;;:md Combo now form part of
the 6,754 ha Black River Gorges National Park, the first park for Mauritius, proclaimed on 15 June
1994 under the Wildlife and National Parks Act 1993.

Physical Barrier and Manual Weeding In Conservation Management Areas
Intensively managed vegetation plots have been established i.n representative vegetation comrnul}ities
to conserve plant genetic resources.The first plot was established in the upland forest of Macchabee in
the 1930's by Dr Vaughan, tbe then Conservator of Forests. There are now nine extensively managed
plots, Conservation Management Areas (CMAs) as they are called, ranging from 1.5 ha to 19 ha
within the National Park. These CMAs are fenced and a low stone wall built to keep deer (Cervus
timorensis) and pigs (Sus scrofa) out and weeds manually uprooted. The fencing and initial weeding
of most of the CMAs and the maintenance weeding, four times a year, in all the 9 CMAs, covering an
area of 44 ha have been contracted out because of shortage of manual labour within the National
Parks and Conservation Service.
The control ofthe alien invasive plant species in these CMAs has proved to be very promising. Many
endangered plants have been found, the endemics are regenerating naturally and they are providing
better habitat to the endemic birds. The CMAs are being used by the endemic Pink Pigeon (Neseonas
mayeri) and the Echo Parakeet (Psittacula echo) for nesting and foraging.

Chemical Control
Some chemical control has been tried within the now extended Brise Fer CMA by volunteers from
Raleigh International during six weeks in 1993. Chinese guava and privet were cut with rangers knife
at about waist height and herbicide was applied to the stump by small brush at a concentration of 10%
(one part Garlon to 9 parts water) and a few drops Rhodamine dye were added for identification
purposes. But the results have not been promising.
Recent trials with Garton at the manufacturers concentration on stumps about 20 em from the ground
has pr:oved promising, however Garlon is very expensive and trials with other herbicides are
underway.

Biological Control
Successes in biological weed control include conu·ol of. Cordia imermpta by introducing the
predatory insects Scllematiza cordia and Eurytoma attira and prickly pear cactus, Opuntia tuna, was
controlled by a cochineal scale, Dactylopius sp., in 1797 and later controlled by the· moth Cactoblastis
sp.
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RESTORATION OF HIGHLY DEGRADED AND THREATENED NATIVE FORESTS
IN MAURITIUS PROJECT
Previous work undertaken to preserve the biodiversity in-situ has shown that by simply eliminating
the invasive exotic weeds and excluding the two ground mammals, deer and pig, native species
regeneration has been accelerated. However, the elimination of weeds by uprooting manually and the
exclusion of ground mammals by erecting fences are labour intensive and expensive practices and
cannot be applied to very large areas. It is imperative to devise some other means of control of the
exotics which would be less labour intensive and less expensive and which could be applied to larger
forest areas.
·
The Mauritius Government therefore submitted to the UNDP the project "Restoration of HighJy
Degraded and Threatened Native Forests in Mauritius" for funding under GEF. The purpose of the
project was to halt the degradation of the native forests caused by exotic weeds and animals and to
restore to the extent possible the original structure and functions of the forest ecosystem on a larger
scale.
The project, which started in June 1996, is being implemented by the Mauritian Wildlife Foundation
(MWF), a Non-Governmental Organisation collaborating with Government in the implementation of
conservation projects. The assessment of the biodiversity of the area to be restored has been
completed. A 6 ha plot within the 25 ha fenced Btise Fer Conservation Management Area has been
set aside for the purpose.
A workshop was held in September 1997 with top restoration ecologists and weed control experts to
·discuss various alternatives for control of exotics and to come up with an efficient method for the
control of exotic weeds in the forest ecosystem. The restoration process to be undertaken was al~<?
discussed. The recommendations of the workshop, especially the experimentation on the control of
the exotics by use of chemicals are now being pta into practice. It was generally agreed that the one
year remaining for the project, two years having already lapsed, might not be enough to come up with
a conclusive result of cost effective method/s of control of the two invasive alien species from the
experimentation. It was felt that the project should be extended for another two to three years to
complete the experiments~ chemical and mechanical methods. An evaluation of the project would
have to be carried out and a 2-3 year project extension has to be prepared for submission to GEF
through UNDP.
This project is very interesting as it is the smallest project (US $ 200,000) ever undertaken by GEF,
excluding the small grant projects programme. It is innovative in that for the fust time GEF has
undertaken a programme of this nature. Il is a project which shows the strong and close collaboration
which exists between the main conservation agencies in Mauritius. The technical component has been
contracted to MWF. MWF is providing the specialist staff by recntiting relevant consultants for the
project. International NGOs such as World Conservation Union (IUCN), Royal Botanical Gardens,
Kew, and Wildlife Preservation Trusts International are providing guidance and expert assistance in
the implementation of the project.
The Faculty of Science, University of Mauritius, is pJaying an import~mt role in capacity building. It is
conducting a one week course on biodiversity conservation. Three courses have aJready been
completed (December 1996, December 1997 and January 1999) as part of a module for undergraduate
students taking Biology and Environmental Science, National Parks and Conservation Ser•.'jce
technical staff and NGO representatives. Over 120 individuals have benefited from this one week
biodiversity training course. The University of Mauritius is also undertaking undergraduate research
projects in conservation biology. University students will assess both the exotic and native
biodiversity and investigate their interaction. They will also monitor the response of the biodiversity
to the control measures adopted.
4

The National Parks and Conservation Service of the Ministry of At,rriculture is the implementing and
executing agency for the project. The Director has been designated as the project Director for the
project. A Technical Advisory Committee, under the Chairmanship of the Project Director and
comprising a representatives of aU participating agencies has been established to systematically
monitor, evaluate and provide guidance to the project throughout its life.

20

EXOTIC ANIMALS
Human beings, one of the main agents of extinction, besides having a direct impact on the destruction
and degradation of habitats have introduced numerous alien animal species to Mauritius, either
accidentally or deliberately. These introduced animals multiplied and spread throughout the island.
They could obviously not integrate into the ecosystems without causing any damage.
Historical records bear testimony of the introduction of several terrestrial vertebrates as from the early
sixteenth century. We shall not therefore, in this paper, dwell on the introduction of all land
vertebrates but shall focus on some of the introductions which have had a negative effect on the native
flora and fauna of Mauritius and the measures being undertaken to minimise their impact on the
native biocti versi ty.

Long-tailed Macaque Monkey
The Long-tailed Macaque monkey (Macacafascicularis) is native to South East Asia, including the
Philippines, Thailand, Myanmar, Java, Sumatra and Borneo (Sussman & Tatersalll98l) where it is
also known as the crab-eating Macaque or Cynomolgus monkey. Monkeys are generally supposed to
have been introduced to Mauritius from Java by the Portuguese in the early sixteenth century (La
Caille 1763, Pilot 1905). In the absence of mammal competitors or of predators in Mauritius the
monkey population has thrived and they are abundant on the island today. The population is estimated
between 40,000 and 60,000.
Considerable damage is done by monkeys to agriculture, particularly sugar cane and vegetables.
Monkey damage is inflicted on sugar cane at three different stages by digging and destroying the
newly planted .sections of cane, feeding on the new shoots after harvest and by feeding on ripe sugar
cane stems. Cabbages, water m~lons, maize, potatoes, pumpkins, peppers, tomatoes and pineapples
are among the vegetables and fruits which attract the monkeys. Monkeys sample and damage far more
food than they actually consume. It is estimated that monkey damage to agriculture is probably
costing the island of the order of£ 1-2m per year (Bertram 1994).
Like other introduced species, monkeys have caused and are still causing major advers.:: impact on the
native wildlife. They are believed to be an important factor in the extinction afforest birds in
Mauritius, such as the scops owl (Scops commersoni). They are responsible for a significant degree of
predation on the nests (eggs and fledgings) and even on adult endangered endemic bird species, such
as Pink Pigeon (Columba mayeri) (Jones et al. 1992) and Mauritius Fody (Foudia rubra) (Stafford

1994).
Monkeys Jive in large groups and are active from dawn till dusk. They effect the native vegetation by
preventing regeneration of the native plants as they damage fruits, flowers and tender shoots and
branches of native plants and they spread the seeds of alien invasive such as Chinese guava (Psidium
cattleianum).
No global approach at controlling the monkey population is being tried. However, the cooperation of
the two companies exporting monkeys for medical research is available to trap the monkeys in
sensitive forest areas where conservation management activities are being carried out in agricultural
lands at the request of planters. The monkeys are wary, trap shy, highly intelligent and not easy to
control and manage.

Wild Pigs or Wild Boars
The wild pigs or wild boars (Sus scrofa) were introduced by the Dutch from Java in 1606 as game.
They are now common in the forests where they are detrimental to both the flora and fauna. They
prevent regeneration of the native plant species as they cpnsume a large quantity of fruits, seeds and
seedlings, uproot seedlings and are an effective agent of dispersal of exotic weeds, especially the
Chinese guava. No progran1me of control has yet be~n put in place, but pigs have been excluded from
restoration areas, the Conservation Management Areas by use of low stone wall at the foot of the
fencing which makes it difficult for them to dig under.
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Rabbits
Rabbits (Oryctolagus cuniculus) were introduced on the mainland of Mauritius in 1639 but failed to
establish because of predation. However, they did establish on the predator free islands off Mauritius,
especially on Round Island, where for centuries they threatened the biodiversity of the whole island.
They were eradicated from Round Island in 1986 by poisoning and as a result there has been a marked
increase in the native plant regeneration and the populations of unique reptilian fauna.

Hare
The hare (Lepus nigricolis) were introduced in 1639 and contribute to the damage to the vegetation
both on the mainland and on some of the islets. However, the extent of the damage is not known as
the hare is always associated with other damage causing organisms. Hare has been eradicated as a
result of the rat poisoning campaign on the northern offshore islet, Gunner's Quoin, in 1995.

Rodents
Three species of rodent occur in Mauritius, the black rat (Rattus rattus) , the brown rat (Rattus
norvegicus) and the house mouse (Mus musculus). Rats are generally assumed to have reached
Mauritius from Portuguese ships or shipwrecks in the sixteenth century. They are known to feed on
birds, eggs, reptiles, invertebrates, seeds, bark and fruits of plants. The black rat is a good climber and
is the largest threat to tree nesting birds, whilst the brown rat will predate on ground nesting birds.
Mouse is a predator of smaller native fauna such as reptiles and invertebrates.
Rats have been the main cause of extinction, on the mainland, of the snakes and large endemic lizards
that disappeared before the arrival of the Dutch. The extinction of the dove (Alectroenas rodericana),
coincided with the appearance of rats, the only predator at that time. It is not therefore surprising that
in Mauritius many reptile species still occur only on the rat free Round island (Vinson et al. 1969). No
regeneration of Pandanus vandermeerschii has been noticed on Gunner's Quoin when brown rats
were present because they were feeding on the seeds.
All the northern offshore islets are rodent free. As islets are closed system, eradication of rodents has
been possible. Our eradication programme used a grid size of 25 metres to ensure there at least one
bait station within the home range of every mouse. The most effective way to achieve total
eradication was to lay the poison baits out in as little time as possible. The bait used was a grain based
pellet, 20 IIliP in length and coloured blue/green. This coiouring makes the pellet less attractive to
birds. Brodifacoum, a second generation anti~coagulant with a sLrength of 002 %, was the active
ingredient Rats and mice compete for the same food. To achieve the eradication of both species, it
was necessary to spread the bait over tile entire island five times. At each bait station an area of
ground was cleared and a measured portion of bait was laid. Each of these portions weighed 150 gms
(approximately 60 pellets). Feral cats died by secondary poisoning by eating sick or dead rats and
mice. In spite of our ability to eradicate mammals from relatively small islands the fight against
invasive species cannot stop at this point. Continued work is needed to prevent deliberate or
accidental reitmoduction. Only last year rabbits were imroduced to Gunner's Quoin. an offshore islet
of conservation impottance which had previously been cleared of ground dwelling mammals. Clearly
we have to increase the awareness of the impact of alien species on native ecosystems among the
public at large if om programmes are going to be successful in the long run.
Brown rats and mice were eradicated from Gunner's Quoin (65 ha) in 1995. Black rats and mice have
been eliminated from Flat Island (253 ha). With the removal of black rat on Gabriel Island (42 ha) in
1995, the endemic Psiadia argwa is now outcompeting the invasive Lantana camara. Mice have also
been eradicated from Ile aux Cocos and lle aux Sables off Rodrigues in 1995. The eradication of
rodents on all rhese islets has been carried out under the Management of Offshore Islets Project with
the help and expertise from New Zealand.
On the mainland rodent control is being carried out in specific areas where active conservation
management is being practised mainly where captive bred birds are being released. Rodent control
and/or eradication has been effected using poisoned pellets or wax block and trapping.
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Deer
The Java deer (Cervus timorensis) introduced by Vander Stel in 1639 and reared as a game species is
an important component of the fauna. The deer provides a very popular meat and is a good source of
revenue for private estates during the hunting season. It has a major negative impact on the
regeneration of endemic trees because of trampling and browsing of seedlings. They can even kill a
tree by ring-barkjng it with their antlers during rut.
The deer have been excluded from the Conservation Management Areas (about 50 hectares by
erecting fences). Action has been initiated to reduce the density of deer within the 6,574 ha Black
River Gorges National Park. The deer will be culled by volunteers under the supervision of park staff
and the venison will be sold to an approved contractor. Since the proclamation of the National Park in
1994 no more hunting was carried out in those paltS of the National Park which were leased for
hunting.

The Indian Mynah and the Red-Whiskered Bulbul
The Indian Mynah (Acriditheres trisis) and the Red-Whiskered Bulbul (Pycnonotlws jocosw;) also
contribute to the degradation of the native forests as they act as seed dispersal agents for the exotic
plants. The introduction of the I11<lian Mynah to Mauritius to control locusts in the sugarcane fields is
among one of the first examples of biological control. The Mynah today compete with the endemic
echo parakeet for nesting holes and predate on chicks of endemic birds. No control measures are
being taken against these two pests.

OTHER PROJECTS
Mauritius has embarked on, suhmitted proposals or committed itself to the projects below in order to
control/eradicate invasive plant species and introduced harmful animals:
(a)

We are collaborating with Reunion Island in their project to develop biocontrol methods for
elimination of privet (Ligustrum robustum var. walkeri) and bramble (Rubus alceifolius).

(b)

Research is being carried on the mongooses in view of controlling/eliminating their negative
impact on the Mauritian biodiversity.

(c)

Under the National Environment Action Plan ll and Environment Investment Programme II, a
national pest strategy will be developed.

(d)

A project proposal has been submitted to UNDP for future funding and whose main objective
is the eradication/control of invasive species on the islets off the north coast of Mauritius.

(e)

We have expressed our support to a draft proposal submitted by Fauna and Flora International
entitled "Healing Biodiversity loss in the Western Indian Ocean Region through Extensive
Control of Invasive Exotic Species and other appropriate mea5ures." The main objectives are
to: (i) review the status, origin and uses of those invasive species affecting forestry and
conservation sector; (ii) estimate the costs and benefits of these species to the Mauritian
economy; and (iii) review the potential economic and ecological effects of controlling these
invasives through physical, chemical and biocontrol methods.

CONCLUSION
Several alien invasive animal and plant species are responsible for the degradation of the remaining
native forests and constitute a threat to the native biodiversity. Intensive management, involving
eradication and/or control of unwanted restoring to the extent possible the original stmcture and
function of the forest. Mauritius has a long tradition of commitment and cooperation with
international organisations in the fields of conservation and is taking every opportun1ty of
international expertise to tackle the serious problem of alien invasive species shai:ed by many
countries.

23

LITERATURE CITED
Grant, C. 180 l . The history of Mauritius: or, The Isle of France and the neighbouring islands from
their first discovery to the present time, composed principally from the papers ... of Baron
Grant. London. xxi + 571 pp.
Jones, C. G. , K.J. Swinnerton, C.J. Taylor and Y. Mungroo. 1992. The release of captive-bred pink
pigeons Columba mayeri in native forest on Mauritics. A progress report July 1987-June
1992. Dodo 28: 92-125.
La Caille, M.l'Abbe De. 1763. Journal historique du voyageftlit au Cap de Bonne Esperance. Paris.
Padya, B. M. 1984. The climate of Mauritius. 2nd ed. Meteorological Office, Mauritius. 217 p.
Sussman, R.W. and I. Tattersall. 1981. Behavior and ecology of Macacafascicularis in Mauritius: A
preliminary study. Primates 22: 192-205.
Vaughan, R. E., and P. 0. Wiehe. 1937. Studies on the vegetation of Mauritius: I. A preliminary
survey of the plant communities. Joumal of Ecology 25: 289-343.
Vaughan, R. E., and P. 0 . Wiehe. 1941. Studies on the vegetation of Mauritius: Ill The structure and
development of the upland climax forest. Journal of Ecology 29: 127-160.
Vinson, J. and J.-M. Vinson. 1969. The saurian fauna of the Mascarene Islands. Mauritius Institute
Bulletin 6(4): 203-320.

24

INVASIVE SPECIES AND THE NATIONAL - WORKING FOR WATER
PROGRAMME: LINKING SUSTAINABLE DEVELOPMENT WITH ECONOMIC
EMPOWERMENT IN SOUTH AFRICA
Christo Marais, Tyl Willems and Karoline Hanks
Fynbos Working for Water Projects
Private Bag X7, 16 Voortrekker Road
Bellville 7535, SOUTH AFRICA
Tel: 021-9454701
Fax: 021-9454570
Email: Chris@mweb.co.za

BACKGROUND
The vision of the South African Working for WCLter (Wtw) Programme is to sustain ably control
invading alien species and optimise the potential use of natural resources, through a process of
economic empowerment and Lransfonnation. In doing this the programme will leave a legacy of social
equity and legislative, institutional and technical capacity.
·
The objectives of the programme are summarised as follows:
1. To enhance water security.
2. To improve ecological integrity of natural systems.
3. To optimise the social benefits of the programme.
4. To restore the productive polential of land.
5. To promote the sustainable use of natural resources.
6. To develop the economic benefits of the programme through economic empowerment.
7. To protect the economic integrity of the productive potential of lhe country.

SCIENTIFIC KNOW-HOW

The Process of Invasion
Richardson et tll. (1992) suggest that most of the Invading Alien Plant (lAP) species in South Africa
are adapted to fire. This adaptation accounts for the-ir invasive success. Richardson and Brown (1986)
documented the invasion of a Fynbos catchment by Pinus radiata in the Jonkershoek valley. The
invasion process used in management models for Fynbos catchments today are largely based on the
findings of this paper. They found that between 1938 and 1981 Pinus radiata invaded an area after
aforestation of an adjacent area in 1935. It was found that an increase in the spatial spread and density
of invading plants is normally associated with the occurrence of a fire. Fire stimulates the release of
large quantities of seed from the serotinous (Pinus spp.) cones. lt also causes favorable microsites for
germination and the establishment of seedlings. The work done by Richardson ( 1989) has shown that
an area that is being burnt will fall within the next higher density class after the fire.

Impacts on Biodiversity
Most invading lAPs in fire prone ecosystems in South Africa are well adapted to .fires and produce
vast numbers of seeds. In addition most of the lAP have no natural enemies present in South Africa.
Normally invaders grow faster than indigenous species. There is extensive evidence confirming the
effect of plant invasions on indigenous plant diversity. The Fynbos biome is a good example of this.
Macdonald and Richatdson (1986) have published strong evidence that dense infestations of lAPs
have a negative effect on the number of indigenous vascular plants in Fynbos areas. Richardson
(1989) listed a number of cases where mean species richness was compared across invaded and
uninvaded sites. On Table Mountain, the mean number pf species per 25 m2 plot in uninvaded Fynbos
was 17.6. For areas with dense Pinus pinaster invasion it was 15.4. At a site near Kylemore (a
Western Cape Town) the average number of species per 4m2 quadrat was 17.2 while the average in
an adjacent stand of Acacia melanoxylon and Hakea sericea was only 5.4. At Biesiesvlei in
Jonkershoek valley near Stellenbosch the mean species richness in a 0. 1 m 2 plol was 8.5, while 35
years after aforestation it was only 1.8.
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If only a few lAPs are present in an area there is often little or no significant effect on the species
diversity of the area. However, the denser the population of alien plants, the bigger the effect on
biodiversity. lAPs can not only displace the canopy (overstory) species but can also suppress subcanopy (understory) species. When this occurs, plant species diversity is significan~y reduced.

Impacts on Ecosystem Function and Services
General Ecosystem Function Changes
Once lAPs have replaced indigenous plants in the system, ecosystem function can change. An
ecosystem function that has been nt!glected in past TAP related research in po!Hnation. Pollination
patterns are expected to change because lAPs cause a change in plant species composition. In
addition, lAPs can dominate species composition and abundance. In such cases, as in the case of
Acacia spp. especially, the geochemical cycle changes and the soil becomes enricheQ as a result of the
nitrogen fixing by the invasive Acacia spp. (Macdonald and Richardson ,1986).

Impacts on Runoff- The most Important Ecosystem Service
The reduction of runoff is the rnost important ecosystem function change taking place because of the
higher biomass of lAP stands in the catchment areas (watersheds) of South Africa (VanWyk 1987).
Reduction in nmoff after aforestation with pines can be 30 - 60 %. Runoff reductions are more
extreme in summer (during the dry season in Mediterranean areas) than in winter. Low flows in the
Jonkershoek catchments (one of the catchments used for long term hydrological research) was
reduced by as much as 78% some 16 years after aforestation with species which often invade
catchments. lt is dw·ing the dry season that the conflict between the natural environment and the TAP
is peaks. The wmer needs of the natural environment are highest during the dry season just when the
evapotranspiration rate of lAPs also peaks (VanWyk 1987; Scott and Smith 1997).
The water loss resulting from lAPs can be valued in a number of ways in order to calculate project
wo1th to compare management options. Depending on the objectives of the study, project worth can
either be derived from additional water available for use and/or its availability for a nwnber of
economic activities, such as agriculture and industry.

Replacemant Value of Water
The replacement value of water can be described as the cost per kiloliter (cubic meter) from a water
supply scheme which would have to be built to replace the water lost as a result of lAPs. This can be
expressed using the unit reference value (URV) as the yardstick. To calculate the URV it is necessary
to calculate the Net Present Value (NPV) of the costs and benefits ovt:r a specified investment period.
These costs include the cost of capital and management and maintenance expenditure over the
investment period. In most instances the investment period is assumed to be 45 - 60 years. The annual
yield of d1e scheme is then used to calculate the benefits. The URV is calculated by setting the benefit
(yield x URV) equal to the aggregate of the capital, management and maintenance costs related to an
existing or proposed water scheme. Both cost and benefit streams are then discounted to calculate the
URV of water yielded by the scheme.

Impacts on Yields in Agriculture
The impact of water quality on agricultural yield showed up as a potential source of catchment
valuation. The following is not an effort to place a value on water quality as a benefit stream from
catchments, but rather to develop a rough approximation of what the value of clean water could be,
based on scientific data from a variety of sources. It should also be stressed that this is based on a very
high value crop with relatively efficient irrigation systems.
A yield curve supplied by Brummer (personal communication 1997) on the effect of salinity (Total
Dissolved Salts (TDS) mg/l) on wine grape yields in the Southern California Coastal Areas was used
to get an indication of the effect on grape production. The curve was derived from draft curves
supplied for the Southern California Coastal 'Areas. The curve showed that a TDS increase of 100
mg/1 caused a decrease in yield of 0.54 tons/ha. (All figures recalculated from US tons/acre to metric
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tons/ha). The curve showed a drop in yield from approximately 500 TDS mg/1. These were
recalculated to g/m 3 to correlate with the units used for runoff in South African case studies. The aim
is therefore to dilute saline water to salinity levels of less than 500 TDS mg/1.
Lastly the dilution value for irrigation purposes was used, calculating the benefit per 1 m3 of high
quality mountain catchment (Fynbos) water. If the Breede River tributaries cited by Moolman ( 1995)
were taken as representative of very poor quality water, the results showed that Fynbos low flow
water is worth at least 2.51 South Africa Rand 1/m3 (R2.51/m 3) when used to dilute low quality water
from tributaries. If the highest value in the Southern California Yield Curves is used, Fynbos low flow
water is worth approximately R6.14 /mJ. The dilution value of high quality mountain catchment water
increases with a decrease in salinity of the base water.

Economic impacts
Taking into account the economic empowerment and social development objectives of the Working
for Water Programme it was decided that participants (beneficiaries in terms of job creation) would be
developed in more than just the clearing of lAPs . A market for Environmental Technical Services
(ETS) is therefore being developed. This market not only includes the clearing of lAPs as a service
but also some other aspects which include fire management services. As 1nany of South Africa's
ecosystems are fire prone, the management and control of fires forms an integral part of the
management of natural areas. A further component of this market will be the development of basic
infrasttucture such as roads Ueep tracks) and footpaths to facilitate the wise use of the natural resource
through ecotourism. Ecotourism facilitation and management also forms part of the development
process to promote non-consumptive use of natural resources.
The development of an ethic for lhe consumptive use of renewable natural resources on a sustainable
basis is being promoted in the programme. Participants in WfW are being introduced to a number of
activities in environmental management to prepare them for a
change in employment oppmiunities. It is expected that lAPs will be brought under conlrol over the
next 15 ~ 20 years and greater emphasis will be placed on a broader range of ETS .
To spread the benefit of the programme as wide as possible, the development of the service providers
takes place at the lowest possible level. For the commercial aspects of the development in WfW to be
successful it is necessary to adopt some strategy to supply the participants with financing
arrangements, equipment and supplies (Gittinger 1982). To accommodate this, a number of
developmental steps were designed for the project.

[Note that at the time of this workshop, the approximate conversion values were US Dollar 1.00 =
South Africa Rand 6.00 = Kenya Shillings 70.00.]
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Figure 1: Development strategy and steps towards the
formalization of the Environmental Technical Services
Market.
Figure 1 shows the steps tQ be followed towards the formalization of the Environmental
Technical Services Markets.
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To achieve the above (Figure I), a number of development and training lines .within lhe project have
been identified. Education and trai ning in WtW is aimed at achieving the economic empowerment,
social development and transformation objecti ves of the programme.
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Direct (Tangible) Economic Costs and Benefits
The tangible costs of WfW can be seen as mostly financial. In a very limited number of cases, one of
the costs of an lAP clearing programme could be a reduction in the supply of fuel wood over the
medium to long term. This can however be addressed by developing a small local industry or source
of fuel wood to supply the community through well-managed woodlots. Increased employment in
South Africa is seen as a major benefit taking into account that unemployment is most probably the
biggest challenge facing the country at present. Employment created by the Wf W programme is a
major boost to rural communities. Studies done during 1997 based on the demand created by the
projects and the number of people employed in the Western Cape Province showed that over and
above the 65 direct jobs per Rlmillion created by lhe project, 8.93 indirect jobs were created outside
lhe project. 64% of expenditure in the project went to the salaries and wages of workers of which
more than 99% were from disadvantaged communities. This had a significant impact on the
redistribution of wealth in the Western Cape Province as a whole. ff one assumes that the WtW
Programme in the province was funded through an increase in taxes; which it was to some extent, the
average impact on the richest households in lhe province was minimal. These fa.milies showed an
average decrease in household income of 0.09%, while the poorest of the poor showed an average
increase in household income of 3.18% (Marals 1998). Figure 2 shows the impacts over the range of
household incomes.
The increase in water runoff from catchment areas seems to be the major tangible benefit. Short-term
hydrological monitoring experiments commissioned by WfW confirm that the impacts of lAP arc
comparable with the impacts of aforestation on runoff as shown in long-term hydrological research.
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Two experiments done in the Westem Cape Province showed runoff increases of 10m3 and 12m3 per
ha per day during the dry season just after clearing (Prinsloo 1996). A similar experiment in the
Mpumalat~ga province showed even more dramatic results (Dye and Poulter 1995).
Van Wilgen et al. (1997) showed that clearing of lAPs decreases the unit reference value
(replacement value) of runoff in the planned Skuifraam scheme from R0.59- R0.57/m3 by
maintaining the virgin natural runoff. In the Theewaterskloof catchment across the watershed from the
above catchment, the unit reference value of water also decreased as a result of clearing. Here the unit
reference value of the runoff was calculated in terms of the clearing costs and did not include the cost
of building a new scheme as in the case of the planned Skuifraam scheme. If clearing starts
immediately the un it reference value (cost) of water in the Theewaterskloof catchment will be
R0.08/m3 • If the progranm1e were delayed by five years the value would increase to R0.09/m3 and if it
is delayed by 10 years it will increase further to RO. i0/m 3• This means that the cost to the end user
wiU increase.
A benefit of lAP clearing programmes that has not received much attention to date, is the effect they
have on major floods. Although clearing lAPs from the major river systems has not beed carried out
withi n the high lying catclm1ents, expanding the programmes to these areas will have the benefit of
flood control. During 1996, the Gauteng Province had major flood damage as a result of the Vaal
River bursting its banks. This resulted from a large amount of water that had to be released from the
Hartebeespoort darn during the flood. Damage ran into millions of Rands (R6 million). During 1996,
WfW started clearing areas below the dam. During early 1997, after a substantial area was cleared
below the dam, there was another flood. Exactly the same volume of water was released. The
recorded level of the water along the river was seven meters lower than the previous flood and
damage to property was minimal (DWAF WtW 1997).

Indirect Benefits
When rivers are used both to convey water to irrigate fields and to drain the landscape, downstream
irrigators will again use some of the drainage water (Moolrnan and Lambrechts 1996). As discussed
above, this water will only be available for use if it is of good enough quality. The drainage water will
include seepage from irrigated lands, which in most cases go hand in hand with fertilizers and other
enrichment agents. To dilute this water, and to keep iL in a usable state, it is important to "feed" as
much water in the system as possible. This is especially true during the summer period of low flows
in the winter rainfall regions of the Western Cape. To ensure the quality of the summer water in the
river systems, it is desirable to maximize runoff from the mountain catchments during this period. As
already mentioned VanWyk (1987) showed that low flows after aforestation with Pinus radiata in
Jonkershoek decreased by as much as 78%. In order to keep salt water content in the Breede River (a
major river system in the wine producing Western Cape Province) within acceptable levels, water is
released from the Brandvlei Dam during periods when the salinity levels are unacceptably high.
Moolman ( 1995) reports salinity levels of some tributaries of the Breede River as 2157mg/l (Nuy),
1729 mg/1 (Vink), 2931 mg/1 (Poesjesnel) and 2035 mg/1 (Kogmans). To dilute these vast amounts of
water, 20 - 25% of the total annual release (25 mil. m3) from Brandvlei has to be released. It is
therefore obvious that high quality mountain catchment water could be worth millions of Rands if the
dilution value is R2.51 - R6.14 per m3 as discussed above.
Liebenberg and Uys (1995) quoted the maximwn salt concentration which can be tolerated by crops
such as maize, potatoes and some types of fruits as 660mg/1. They added that crops that are irrigated
with water of this quality do nol only have the danger of damage to foliage but also that the soil
becomes brackish in due course. Rivers that run through arid parts of South Africa tend to have
naturally high salt levels. Some of these rivers drain into the major river systems, so there is a natural
source of poor quality water. Add to this the sail nation effect of fertilizers and reduced runoff from
the Table Mountain Sandstone (TMS) catchments as a result of invasions, the loss of the dilution
effect that the mountain catchment water has on the major river systems could have significant
negative impacts for the agricultural sector. Areas with a TMS substrate are known for the high
quality of the natural runoff (Toens personal communication 1997). It is clear that a decrease in runoff
from the mountain catchments as a result of lAP could have a dramatic effect on the quality of the
agricultural water resources in the Western Cape Province of South Africa.
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As a result of the reduction in runoff through the impact of lAP. the yields of water schemes are also
being reduced. Thus lAPs are increasing the impacts of droughts, and reducing the ability of water
schemes to produce sufficient yields.
A further benefit of the clearing of lAP is the reduction of the negative impacts of fires on soils.
Massive soil erosion occurred after tires in an aforested area against Table Mountain (Devils Peak
1990) and BainskJoof pass above Wellington (Versfeld I 995). These erosion incidents can be
attributed to water repellency as a result of very high fire intensities in areas with very high plant
biomass (fuel) such as pine plantations (Scott and Van Wyk 1992). In river courses where Acacia
meamsii is the dominant lAP species, examples of riverbank erosion are common. Acacia meamsii
suppresses all vegetation in the understory and the tree itself has a very shallow root system, which
washes out during flash floods in the winter (Versfeld 1995). Clearing river banks of lAPs therefore
has the added benefit of reducing bank erosion as well as promoting river stabi lity.
Further benefits of the clearing of lAPs could be found in the improvement of the natural beauty of an
area. Tllis could have a major effect on the attractiveness of the area for tourists (Higgins et al. 1997).
Tourists are normally prepared to spend money on visiting pristine areas. The benetlt of the improved ·
tourism potential of cleared areas should therefore be taken into account in the economic evaluation
of lAP clearing programmes.
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The Costs and Benefits to the Conservation of Biodiversity
All the above mentioned direct and indirect costs and benefits are related to the conservation of
biodiversity. From the conservationist's point of view, this is certainly an important potential benefit
of the lAP clearing programmes. A number of books have been devoted to the topic of biodiversity in
the Fynbos biome. rn one of these, Macdonald and Richardson ( 1986) reflect on the effects of lAP
species in terrestrial ecosystems of the Fynbos biome, examining the effect of the reduction in
diversity on:
•
•
•
•

Efficiency of ecosystem function (i ncluding water quantity and quality as discussed above)
The value of the natural resource in terms of the consumptive utilisation (the wild flower
industry)
The val ue of the natural resource in terms of non-consumpti ve use (the ec.:otourism industry)
The abi lity of the ecosystem (catchment = MCA) to withstand major natural incidents such as
droughts, floods, catastrophic fires (mid summer fires during extreme weather conditions) and
human induced incidence such as unsustainable development for example ploughing of virgin
land, over·g r·azing, plantations and housing developments.

In short, what is the effect of lAPs on catchment resilience? We have not quantified it as yet. What we
do know however, is that South Africa has an international responsibility for the conservation of the
Cape Floral Kingdom. T he remarkable features of the Cape Floral Kingdo m lead botanists to classify
it a<; one of the six described plant kingdoms of the world (Cowling and Richardso n 1995). It is
therefore of international importance that the Fynbos catchments be conserved for its contribution to
the biological diversity of the world, irrespective of the potential economic value of that diversity.

Biological Control
During the last three decades a number of biological comrol agents have been tested for lAPs in South
Africa. Some of the more successful ones were as follows:
·

1. The bud-galling wasp Tricltilogaster acacialongifoliae has been very successful in reducing the
seed set of Acacia longifolia.
2. The gall rust Uromycladiun repperianum reduced seed production of Acacia saligna extensively
and large areas of this species died back as a resul t of the rust (Van Wilgen et al. 1992).
3. Other agents that were introduced with a reasonable amount of success were those on Hakea
sericea. The snout beetle Et}'tenna consputa larvae destroy developing fruits of the Hakea plant.
The moth C(//posina awologa feeds on the mature fruits. The fungus Collctorrichwn
gloeosporioides reduces vigour and causes mortality in certain stands (Van Wilgen et al. 1992).
For the TAP species that are being grown for commercial use such as Pinus pinaster, P. radiata and
Acacia meamsii, no agents have been released as yet. The contribution of biocontrol agents to the
clearing programmes is in the fom1 of reducing the rate of infestation as in the case of Acacia saligna.
and Hakea sericea. With fUither development in the tield of biocontrol the clearing of lAPs could still
become much cheaper. This would make the clearing programmes even more economically viable.

Cost of Clearing
It is accepted that lhe clearing of lAPs is not a "once off" operation. Based on managemer.t data from
recent years it is ass umed that a 75 - 100% infestation should be treated four to five times over a ten
year period to get it to a state where it only needs maintenance. These treatments can take place in a
number of ways depending 011 local circumstances. The first follow up treatment normally takes place
within the first year after the initial treatment for resprouti ng species. The second - fourth/fifth follow
ups will then take place at one- two year intervals. On average it is assumed that an area which was
75-100% invaded will be promoted to 25 - 50% after lhe initial treatment and to 5 - 25 % during the
next treatment after which it will be promoted to 1 - 5%. Based on these assumptions, management
scenarios ru·e being developed for catchments to determine the cost streams for cost benefit analysis of
lAP clearing programmes. The impact of a chosen management scenario is seen as the difference in
ecosystem services from a no intetferencc scenario (the catchment is allowed to become fully
invaded) and the chosen management option. The difference in ecosystem services between the two
options is assumed to be the benefit stream.
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Up to the present, water has mustly been used to quantify the benefits of clearing programmes as
discussed above. Figure 3 shows an example of the impact of a chosen management scenario on the
extent of lAP in a catchment. Based on the costs of initial clearing and the follow up operations, as
well as the rate of invasion, the cost stream of the management option is calculated. Figure 4 shows
the estimated costs of clearing of the chosen management scenario for the catchment (Figure 3
above). The net benefit is then calculated using the estimated costs and benefits of the clearing
programme.
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AWARENESS
IAPs have a severe impact on the productive use of land through its impacts on biological diversity,
intense fires and floods and erosion. Clearing the land of lAPs gives emerging land-owners a greater
ability to optimise the use of the land as well as the available water. The Department of Agriculture &
·Land Affairs has an awareness campaign similar to the Australian Land Care i_nitiative with the
productive potential of land as its main theme. Land Care is an awareness programme addressing
sustainable use of natural resources such as water, soil and plant and animal biomass.
Through its objectives, WfW addresses the following Land Care degradation types as defined by the
FAO:
•
•
•
•
•
•

Water erosion: Rehabilitation of over utilized and invaded land.
Wind erosion : Rehabmtation of over utilized and invaded land.
Soil fertility decline: Preventing water repellency as a result of very hot fires in invaded areas.
Lowering of the water table: Lower surface 1unoff as a result of invading alien plants.
Forest degradation: Loss of natural riverine forests through invading alien plants and b~nk erosion
as a result of shallow root systems.
Rangeland degradation: Losing harvestable potential of natural fynbos through invading alien
plants.

The National Water Conservation Campaign is aimed at the optimal use of South Africa's water
resources. The campaign is aimed at promoting a fair and equitable water management policy for the
country as well as optilltising the use of its water resources. The components included in the National
Water Conservation Campaign are as follows:
I. Assurance of supply.
2. Block rate water tariffs.
3. National water regulations.
4. Retrofitting of household water appliances.
5. Waterwise gardening.
6. Waterwise food production.
7. School water audits and water conservation education.
8. Water loss management.
9. Communication programme.
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10. Prepaid water metering.
11. Informative billing.
12. The Worldng for Water Programme.

LEGISLATION AND POLICY
Since its inception the WfW programme has capitalised on all possible opportunities and, in terms of
labour intensive clearing, has grown from strength to strength. Due to the rapid growth of the
programme, and a lack of capacity, legislative issues have tended to lag behind.
It is quite clear from experience and from recent surveys, that the problem of invading alien plants is
not under· control. To a degree, this is due to the lack of understanding of the extent and seriousness of
the problem. Both legal and administrative capacity has been lacking. In many instances state land is
the most severely invaded and this has hampered the process of acting against landowners not
complying with the law, and in many cases there has been a conflict of interest.
In the past few year·s much has happened that puts WtW in a much better position regarding the fAP
problem, especially better information on the extent of the problem and the benefits realized by the
WtW programme. The new National Water Act - Catchment Management Authorities and the
possibility of charging all water users will enable catchment management agencies to improve
catchment management dramatically. The principle legislation pertaining ro lAP control is the
Agricullural Resources Act.

Revising the Agricultural Resources Act
While making inputs to the Agricultural Resources Act it was recognised that the underlying
philosophy had to be consistent with the overall legislative framework as provided by the Constitution
and the principles that underlie the n~w Water Act and other relevant legislation.
The following is a summary of the elements for inclusion In legislation:

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Weeds are everybody's business and responsibility.
The cost of clearing must be spread equitably amongst all beneficiaries.
Farmers of alien plants should help share the cost for clearing beyond their own land (the polluter
pays principle). Responsibilities must be clearly defined.
South Africa must learn from the experience gained in other counlTies.
Biological control has a key role to play.
Screening criteria and/or early invading alien plant identification criteria need to be developed.
Management should ideally be done on a catchment basis.
Central, provincial and local government must contribute towards the management of catchment
areas as custodians of biodiversity in the environment and community welfare, and as landowners
where applicable.
Regional and international/transboundary partnerships and initiatives should be facilitated.
The potential impact of alien clearing on communities has to be considered.
Control authorities should be able lo work on all land at the landowners expense.
Recognition that long term follow up and commitment are indispensable.
Clear guidelines for issuing of permits for cultivation or selling of commercial invading alien
plants are needed.
Heavy fines for contravention or non compliance should be given.
AddWonal punitive measures such as withholding licences for the construction of dams and water
works and pennission to subdivide, rezone or sell land should be implemented.
Recognition that landowners remain responsible for lhe management and control of invading
alien plants on their land and for restoration actions arising from disturbance activities.
lAP invasions should be classified as stream flow reduction activities in terms of the new Water
Acl, 1998 and landowners charged accordingly.
Transparent and objective methods for prioritisation of areas needing cleru·ing should be
demanded.
Effective systems of control should be developed as a management tool and guidelines for
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•
•
•

clearing, biological control, herbicide use and fire as a management tool.
Where state authorities clear alien plants on private land they must be entitled to claim ownership
of any produce and to use income from this to defray costs.
The extent of alien plant invasions should be systematically surveyed, mapped and monitored and
the present status should be "frozen", especially in areas that are considered "clean" or in a
maintenance state.
Administrative/legal management has to be done geographically on a per property basis.

The following are some of the proposals for the revised regulations in the Agricultural Resources Act:
There should be no distinction between weeds and invaders - rather there will be one Jist with three
categories.
• Category 1: Plants that have no or very limited value- no one wants or needs them, e.g., Solanum
spp.
• Category 2: Plants that are used commercially, e.g., Pinus spp. and Acacia mearnsii
• Category 3: Plants that have ornamental, cultural or other value, e.g., Jacaranda
The principle is that all plants on the list should be treated like weeds, as in the old regulations, except
in so called "demarcated" areas. Demarcation will be in terms of the Agricultural Resources Act or as
licensed in terms of the Water Act. Conditions can be applied to demarcated areas e.g. not closer than
30m from river, IOO m from wetland, a certain distance from farm boundary (prevents seed pollution
to neighbouring properties) and restrictions can also be placed on the size and the utilisation of
invaders in demarcated areas, e.g., woodlots. Demarcation will be at the discretion of the executive
officer of the responsible_government department There should be no trade, distribution or new
planting of any of the plants listed except for Category 2 Plants in demarcated areas. The Jist of
invaders was expanded and updated to include all the presently known serious problem plants.

The Reconstruction & Development Programme (RDP)
Development in WtW is based on the RDP principles. These were taken from the White Paper on the
Reconstruction and Development Programme. The principles of the RDP are:
1. All programmes must strive towards integrated and sustainable development.
2. All programmes must be people driven.

3. The programme and the people-driven process must be closely bound up with peace and security
for all.

4. With the establishment of peace and secul'ity, all programmes must strive towards nation building.
5. Programmes must strive towards meeting peoples basic needs, open up previously suppressed
economic and human potential and integrating growth, development, reconstruction, redistribution
and reconciliation.
6. Progranunes must strive towards the democratization of society through a process in which affected
parties take part in decision-making.
7. All programmes must have goals against which they will be assessed and held accountable.
(Government Gazette No. 16085 9, 23 November 1994; ANC (1994) The Reconstruction and
Development Programme)

INSTITUTIONAL COOPERATION
A number of institutions and agencies are involved with Wtw. Since its inception the leadership of
the programme has strived to make WfW a multi-agency programme with a spectrum of agencies
involved with its management and funding. The following departments and agencies are currently
involved with the management of the programme:

• WFW acts as Management Agency, with Department of Water Affairs & Forestry (DWAF) as lead
agent as well as the major funding agent.
• Department of Labour funds training programmes through their own budget but aimed at WfW.

36

• Department of Land Affairs funds projects that will enhance or add value to land reform projects.
• Department of Agriculture funds projects that fall within the framework of the Land Care
Programme.
• Department of Welfare is involved through its programmes and the poverty indices developed by
Welfare are used as one of the major indicators of the socio-economic impacts ofWfW projects.
• Department of Finance contributes to the financial management of the programme.
• Department of Health contributes to the AIDS awareness initiative of WfW.

THE FUTURE
WfW has set the following aspects as priorities for the future :
• Legislation & Management to Stop Invading Alien Organisms from Spreading (Not Only Plants)
• Integration of Strategies for the Control of Invading Alien Organisms & Setting up Agencies to
Implement
• Development of Import & Exportation Policies
• Collaboration across the African Continent
• Quantification of the Impacts of Invading Alien Organisms
• Education
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POLICY AND LEGAL DIMENSION OF INVASIVE SPECIES
Wilson Songa and Chagema Kedera
Kenya Plant Health Inspectorate Service (KEPHIS)
P.O. Box 49592, Nairobi, Kenya

INTRODUCTION
The threat of invasive species to agriculture and the environment in general has become apparent in
the last decade. East Africa has already experienced a number of serious biological invasions, some
with severe consequences. The Water Hyacinth and the Larger Grain Borer invasions are among the
most well known. The Nile Perch and Louisiana Crayfish in Lake Naivasha are other invasions but
with mixed effects.
The importation of any plant material or plant associated micro-organisms is subject to strict specified
conditions. The stipulated procedure ensures that enough information on the plant material or the
micro-organisms is available to evaluate the pest risk of the potential invasive. Plant quarantine
restrictions are based on the pest risk analysis and relies on existing scientific knowledge on the
distribution and biology of the plant or micro-organism. Suitable regulations are enforced to facilitate
the import and export of plant materials through issuance of import permits and phytosanitary
certificates. Legal authority is prpvided to allow for treatment or destruction of infested/infected
plants or plant products. Import and export permits are authol'ised by the Kenya Standing Technical
Committee for lmports and Exports (KSTCIE).

THE KENYA STANDING TECHNICAL COMMITTEE FOR IMPORTS AND
EXPORTS (KSTCIE)
The KSTCIE is charged with enforcement or execution of The Plant Protection Act (Cap 324 of The
Laws of Kenya). The KSTCIE has membership as follows:
1.

2.

3.
4.

5.
6.
7.

8.
9.
10.
11.

12.

Director of Agriculture, Ministry of Agriculture
Managing Director - KEPHIS
Deputy Director of Agliculture (Honiculture)
Head Crop Protection Division, Minisny of Agriculture Assistant Director - Plant Protection Services
Officer-in-charge Plant Qurrrantine Station (KEPHIS)
Senior Entomologist, NARL, KARl
Senior Pathologist, NARL, KARl
Senior Entomologist (Bio·Control) NARL, Muguga, KARl
Secretary, Fest Control Products Board (PCPB)
Director, Kenya Forestry Research Institute (KEFRl)
Co-opted Members

Chairman
Secretary
Member
Member
Member
Member
Member
Member
Member
Member
Member

The functions of KSTCIE are as follows:
(i)

Acts as an advisory body to the Plant Quarantine Station at Muguga under the Plant
Protection Act.

(il)

Review plant quarantine regulations to conform with new technical infonnation.

(iii)

Approves import of restricted and new materials into the country (GMOs, Bioco~trol agents).

(iv)

Ensures pre-clearance and inspection of sources.of materials during growing period.

(v)

Ensures inspection of open quarantine stations.

(vi)

Provides advice on pre-treatment of products before shipment in compliance with import
permits.
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P'LANT IMPORT PERMITS (PIP) AND PHYTOSANITARY CERTIFICATE
All intending importers wishing to bring plant materials into Kenya must obtain a plant import permit
prior to shipments of such plants from origin regardless of whether they are duty free, gifts or for
commercial purposes. The permit specifies the requirements for plant health indicating prohibitions,
restricted quarantine importation and additional declaration with regard to pre-shipment treatments.
The original permit must therefore, reach the plant health authorities in the <.:auntry of origin for su·ict
adherence to our permit requirements. All plant consignments arriving in Kenya should therefore be
accompanied by a copy of our permit and additional plant health certificate (Phytosanitary certificate
International model or its equivalent) in full compliance to the specifications set out in our permit.
Plant materials arriving without authotity and correct accompanying documents may not be aJlowed
entry and may be destroyed or reshipped at the owners cost. All plant materials must he declared on
arrivaL Any person who contravenes or fails to comply with the Plant Protection Act, shall be guilty
of an offence and shall be liable to a fine or imprisonment or bOLh.
Plant Import Permit Commodity classes
].

Plant

Gramineae (export seed)
PIP required
Phytosanitary certificate required

2.

Bulb/tubers

PIP required
Phytosanitary certificate required

3.

Seeds

PIP required for seeds
Phytosanitmy certificate required

4.

Fruits/Vegetable

PIP required for export
Phytosanlrnry certificate required

5.

Cut t1owers/ornamental

PIP required
Phytosanitary certificate required

6.

Packing material

PIP required
Ph ytosan ita ry certificate required

7.

Soil

Strictly prohibi ted

8.

Grains/Other

PIP required
Phytosanitary certi ficate required

9.

Endangered or rare species

Approval by the Government and in
accordance with the Convention on
International Trade on Endangered
Species (CITES)
Phytosanitary certificate required

10.

Bio-Control Agents

Importers of beneficial bio-control
organisms apply for permit at least 30
days before expected shipment. The
application is considered by KSTClE
before permit is issued with conditions.

I I.

Genetically modified organisms (GMOs)
Pennission to import GMOs is given by National Biosafety Committee (NBC) after approval
by the Institutional Biosafety Committee (TBC). The applicant applies for permit from
KSTCIE after approval by the NBC.
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Regional Harmonization of Plant Quarantine Services
An effective policy and funding framework to control invasive species requires the integration of
economic and legal concerns at local, national and intemationallevels. An outcome of the Uruguay
round of the General Agreement on Tariffs and Trade (GATT) was the Agreement on the Application
of Sanitary and Phytosanitary (SPS) measures. This requires signatories to base all the SPS measures
on scientific principles, to publish their regulations, to use the principle of equivalence, and to apply
measures without arbitrary discrimination between members of GATT now the World Trade
Organisation (WTO).
The SPS agreement states that a key component in the implementation of these requirements is pest
risk analysis (PRA). The agreement defines PRA as the evaluation of the likelihood of entry,
establishment or spread of a pest or disease within the territory of an importing member, and the
associated potential of the biological and economic consequences.
At the rnoment lack of information and practical methods for conducting PRA leads to quarantine
officers having to make arbitrary decisions on SPS measures. Apart from being contrary to the
GATT/WTO agreement, this increases the risk of exotic pests being unintentionally imported, and
inhibits trade.
The CABI Africa Regional Centre and 'Kenya Plant Health Irtspectorate Service (KEPHIS) convened
a workshop, in Nairobi for quarantine officers from East Africa to discuss the constraints they face,
and to identify their immediate needs.

The Objectives of the Workshop were:
(i)

To review PRA activities in East Africa, artd identify problems and constraints .

(ii)

To define what needs to be done to overcome the problems.

The Permanent Tripmtite Commission for East Africa has also stressed the importance for
harmonization and strengthening phytosanitary services, inspection and certification. The
Commission recommends:
(i)

Harmonization of phytosanitary measures based on international standards, guidelines or
recommendations where they exist.

(H)

Trade within member states to minimize introduction of pests a1id diseases.

(iii)

A regional technical committee be formed to oversee sanitary and phytosanitary (SPS)
measures.
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THE ECONOMICS OF INVASIVE SPECIES: COSTS, INCENTIVES, RISK
ANALYSIS AND THE ROLE OF DONORS
Victor Kasulo
Environment Department, University of York
Heslington, York, YOlO 5DD, U.K.

INTRODUCTION
This paper is com:emed with the economics of an invading species that becomes n pest. An invading
species becomes a pest if it is associated with negative economic effects once established (Knowler
and Barbier 1999). Although invaders appear to have a small probability of becoming pests, the
economic impact of such pests are likely to be large. This is demonstrated by the case of water
hyacinth, Eichlwnia crassipes.
The paper furt her explores the issue of incentives and how they can be applied to change peoples'
behavior relative lo invasive species. 1t also analyses the economics of applying risk analysis instead
of crisis management. as recommended by the precautionary principle. Finally the paper looks at how
the involvement of donors. particularly in donor-driven economies, might influence peoples' behavior
towards invasive species.

ECONOMIC IMPACT OF INVASIVE SPECIES
Although it is possible for an invading species to yield economic benefits once established (Kasuto
1999; Pitcher and Hart 1995), the focu s of this paper is on the more common occurrence where the
invader becomes a pest. Williamson's ( 1996) 'lens· rule of thumb of biological invac;ions suggests
that only I 0 percent of introduced species will become eslablished in a host environment and that only
lO percent of the esLablished invaders will become pests. However, available evidence shows that the
economic damage caused by invasive pests is extl'emely large. So, although potential invaders appear
to have a small probability of becoming pests, the economic impacts of such pests are Hkely to be
large.
The economic costs imposed by an invading pest can be obtained by using contingency valuation
methods. The economic costs associated with the invasive pest can be defined by the willingness of
the affected parties to pay to avoid detrimental effects. The benefits of a control programme can be
defined by the willingness of the affected parties to pay for the programme to gain its positive effects.
Although attempts are often made to use the contingency valuation mer.hod, most empirical studies
use simple methods that estimate the d.iJ'ect benefit and cost of control (Joffe and Cooke 1997). In this
case benefits of control compri se the values of damage avoided.
There are a number of studies that evaluate the damage caused by invasive species. One example is
that of the infestation of water hyacinth, Eichlwnia crassipes, in East Africa. In Uganda for instance,
Bikangaga et al. (1998) tri ed to quantify in monetary terms how much various sectors have lost or
benefited due to the presence of the weed. In a different valuation analysis, the World Bank/GEF
Lake Victoria Environmental Management project estimated annual losses of US$ 0.2 million in local
fisheries, US$ 0.35 million in beaches and water supply for domestic, livestock and agricultural
purposes, and US$ 1.5 million in urban water supply due to blocked intakes (Joffe and Cooke 1997).
These estimates represent the direct benefits of control.
The cost of controlling water hyacinth depends on the method of control. Aliml and Ak:inyemiju
(1990) compared the direct cost of manual, mechanical and chemical control methods for some sites
in Nigeria. Costs to clear one square kilometer of hyacinth were US$ 9,500 for manual control (most
of the cost being labour charges), US$ 8,000 for mechanical control (the main costs being machine
purchase and mechanical repairs), and US$ 4,400 for chemical control (mostly chemical and
application coSLS). Although this analysis appeared to support chemical control, no mention was made
of its environmental effects on non-target spec res. Nor was it stated that these costs would be
recurring indefini tely, and there was no comparison with the costs of biological control methods. One
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estimate of the cost of biological control fou.nd that a total cost of US$ 60,000 could completely
control water hyacinth over areas very much larger than one square kjlometer (Thompson 1991 ), but
there is no estimate of the direct costs of biological control per square kilometer.
In Uganda mechanical operations around Owen Falls dam required the purchase of three harvesters at
a total cost of US$ 2.5 million. Variable costs were estimated at US$ 19,000 per month. For chemical
control, the use of a boat was estimated at US$ 246 per hectare for glyphosate and US$ 118 per
hectare for 2,4-D. Spraying by aircraft would cost US$ 187 per hectare for glyphosate and US$ 59 per
hectare for 2,4-D. For biological control, it was estimated that US$ 95,000 would be spent annually
mainly for monitoring. In most cases manual, mechanical and chemical control options have high
recurrent cost implications. Manual and mechanical operations may be required continuously while
chemical spray would need to be repeated periodically (Joffe and Cooke 1997).
Examples from different countties and water bodies show that control of water hyacinth c~m be quite
costly. In Nigeria a defensive expenditure approach has been used to generate a prelimirtary estimate
of US$ 50 million annual economic costs associated with water hyacinth infestation of the Niger
River system. For Lake Victoria the World Bank/GEF Lake Victoria Environmental Management
Project allocated US$ 8.3 1 million to water hyacinth conu·ol to defend against estimated direct costs
of US$ 6- 10 million per annum in the absence of control (Joffe and Cooke 1997). In Uganda the
government allocated US$ 3.09 million for the control of water hyacinth in Lake Victoria between
1991/92 and 1997/98 (Muramlra 1998), in addition to US$ 4.5 milJion from a variety of donors.
Additional costs for a medium term programme covering other main affected lakes and watetways are
estimated at US$ 19.5 million. In Egypt manual and mechanical control expenditures are running at
around US$ 7 million per annum. In Malawi the total project costs for a three-year biological control
programme in the Lower Shire Valley are US$ 400,000. Zimbabwe has spenl US$ 215 ,000 on
physical and ·c hemical control of water hyacinth on Lake Chivero (Joffe and Cooke 1997). Table 1
gives a summary of the estimated annual expenditures associated with the control of water hyacinth in
the different countries and water bodies. These figures are rough estimates and provide a very
incomplete perspective on the problem. But they support the conclusion that invasive species, in
general, are associated with significant economic costs for the affected African countries.
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Table 1: Economic Costs and Control Expenditures (Per Annum)
Associated with Water Hyacinth. Data from Joffe and Cooke (1997).

Amount <Thousands of US $)
50,000
9,660
4,560
7,000
133
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Country/Water Body
Nigeria
Lake Victoria
Uganda
Egypt
Malawi
Zimbabwe
Total

71 396

THE USE OF INCENTIVES
The control of invasive species is often hindered by the open-access nature of the affected resources.
The open-access characteristic of the affected resources can be considered as a question of
externalities. By definition, an externality is a cost or benefit that is imposed on others as a result of a
particular activity. Extemal costs and benefits imposed on a large number of people are called social
costs and benefits (Clark 1990). The wide social benefits stemming from the control of invasive
species may nor translate directly into strong individual motivation for control. On the other hand
since invasive species affect different sectors differently, there might be perverse incentives against
con trol in sectors benefiting from or engaged in an activity that promotes the introduction and
establishment of invasive species. Changing this behavior requires comprehensive packages of
incentives that can moti vate the control of invasive species at the local level.
A number of direct and indirect incentives and disincentives can be considered for this purpose.
Direct incentives include tax breaks, subsidies, grants, compensation for damage, and easy access to
loans. Indirect incentives take the application of fiscal, service, social. natural resource and other
policies to specific control problems. Di sincentives may take the form of penalties, punishment and
other forms of law enforcement accompanied by public infommtion (Barbier 1995).

A popular argument for open-access resources is the establishment of secure property rights, where
applicable, and the recognition and strengthening of community based organisations in areas affected
by invasive species. lt is argued lhat where they have sound economic incentives and access to
relevant services, individuals <md communities that have the right to manage and maintain resources
are likely to provide an important pillar of long term control strategy (Joffe and Cooke 1997).

ECONOMICS OF RISK ANALYSIS
Environmentalists often argue that where the costs of current activities are unce1tain, but are
potentially both very high and irreversible, society should take action before the uncett ainty is
resolved, si nce the cost of not taking action may well be greater than the cost of preventative or
anticipatory action taken now. The policy of taking action before uncertainly about possible
environmental damages is resolved has been referred to as the precautionary principle (Heywood
1995). The adoption of the precautionary principle has meant a general shift from crisis management
to risk analysis and prevention. A distinction is often made between risk and uncertainty. Risk is said
to exist where the set of all possible outcomes of an action and the probability distribution of those
outcomes is known. On the other hand uncertainty exists where the set of all possible outcomes of that
action and/or the probability distribution of the outcomes of the action is unknown (Heywood 1995).
Although economic analysis deals more with risk lhan uncertainty, risk analysis in this paper
embraces uncertainty s ince the effects of invasive pests are more associated with uncertainty than
risk.
The dominant approach to the analysis of risk in economics is the expected utility approach by which
individuals are assumed to evaluate a risky prospect in terms of mathematical expectation of the value
or utility to them of the prospect. The von Neumann-Morgenstern (1944) utility-fur1ction is often
used. It assumes that preferences between prospects are transitive, continuous and independent, which
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makes it simple to characterize individual attitudes toward risk. If individuals are averse to risk, for
example, their von Neumann-Morgenstern utility function is ~oncave. The concavity, linearity, and
convexity of the von Neumann-Morgenstern utility fu nction is used to describe risk aversion, risk
neutrality and risk loving, respectively.
This approach to risk analysis has, however, been disputed. The empirical evidence suggests that
many of the fundamental assumptions of the approach do not reflect reality. There is evidence, for
example, that individual attitudes to risk arc highly sensitive to income, and hence that attitudes to
risk are not nearly as consistent as is assumed in the expected utility approach. It has been observed
that people tend to be risk averse at low levels of income and risk loving at high levels of income
(Heywood 1995). In terms of risk associated with invasive species, this observation suggests that poor
people value risk reduction more highly than do the wealthy.
Risk can be reduced through mitigation (self-protection) and adaptation (self-insurance). Mitigation
actions take effect when people change the pattern of species distribution, and thereby reduce the odds
that bad events happen. Adaptation occurs when people make adjustments in practices, processes or
structures of systems, thereby reducing the consequences when a bad event does occur. For invasive
species, mitigation methods take the fonn of quarantines, and trade, transport and other regulations
that reduce the risk of introductions. Some national and international conventions can also b·e
considered as part of the mitigation process (Shogren 1999). An example is Article 8(h) of the 1992
Convention on Biological Diversity that calls for the prevention, control or eradication of alien
species that threaten ecosystems, habitats or species (UNEP 1994). Adaptation activities include
changing the choice of crop, seedling or fish species that •·educe the severity of a pest invasion
(Shogren 1999). In Malawi, for instance, the c~lture of carp fish in ponds was stopped to avoid its
transfer to the lakes and rivers (DREA 1994).
The risk of undesirable invasive species is both an economic and biological problem. The fact that
people can mitigate and adapt to risk implies that observed risks arc func tions of both biological and a
state's self-protection decisions. Invasive species hazards need to be considered as being influenced
by human activities that create risk and human reactions to that risk. It follows that attempts to assess
risk levels solely in terms of natural science may be highly misleading. The fact that human activities
create and reduce risk implies that researchers must explicitly address the simultaneous nature of how
economic decisions affect observed risk and how natural science features affect economic decisions.
This calls for an integrated, holistic risk assessment and management framework (Shogren 1999). It
must be emphasized that much as adaptation and mitigation activities reduce risk, failure to take these
actions would increase risk. And as already explained, these risk reduction strategies will succeed if
economic incentives me taken into account.

THE ROLE OF DONORS
The involvement of donors, particul arly in African countries that rely heavily on donor assistance,
may influence peoples' behavior towards invasive species. National governments should ensure that
the involvement of donors provides incentives and motivation for the control of invasive species, and
that it does not facilitate the introduction and establishment of invasive species. For example, donors
can influence people's behavior towards invasive species, through the provision of incremental cost
finance, and adoption of the precautionary approach to natural resource management.
The introduction and establishment of invasive species is a local as well as a global problem. Invasive
species do not only generate externalities at the national level but also at the international level. The
social benefitc; arising from the control of invasive species by one nation may spillover to neighboring
countries and the international community as a whole. However, a country may not bear all the costs
of control for the benefit of other countries unless jt is assisted by donors and other international
financial aid agencies. This is particularly true for most African countries due to their heavy reliance
on foreign aid.
The idea of providing additional financial assistance for activities having global benefits is not new. It
is in line with the principle of incremental cost financing endorsed by the Convention on Biological
Diversity and pioneered by the Global Environmental Facility (GEF). Under the terms of the
Convention, developed country signatories have an obligation to provide new and additional financial
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resources to developing countries to help them meet any portion of the costs that the latter may incur
in implementing globally beneficial conservation activities over and above the national benefits of
conservation (Barbier et al. 1995). The GEF's mandate is to finance conservation activities that would
provide cost-effective benefits to the global environment, but would not have been undertaken by
individual country because the measurable benefits to the national economy were too low to justify
investment by that country on its own (Munasinghe 1992). The control of invasive species also falls
within the GEF's mandate.
The incremental cost financing principle, therefore, acts as an incentive for national governments to
carry out invasive pest control measures. However, the incremental cost financing principle alone
would not be adequate in influencing people's behavior towards invasives. This is because issues
associated with invasive species are niulti-sectoral in nature, affecting different sectors of the
economy. In general, it would be advisable for both donors and recipient countries to employ a
precautionary approach to natural resource management especially to changes in social, economic and
natural conditions that would facilitate the introduction, spread and establishment of invasive pests.
For example, the World Bank uses environmental assessment as a principle screening mechanism for
all its lending operations. The Bank assists borrowers to identify and tackle major environmental
concerns through environmental action plans. It also provides support for rhe control of invasive
species under its pest management progranune (Joffe and Cook 1997).

CONCLUSION
This paper has shown that although the probability of invaders becoming pests is small, the economic
impacts of such pests are likely to be enormous. The example of water hyacinth in Africa shows.that
large amounts of money are being spent to control the weed. Jt has also been shown that applying
appropriate incentives and risk reduction stn1tegies matters more for the control of invasive species
and that, at least for Africa. the involvement of donors can play a significant role in changing peoples'
behavior towards invasive species.

LITERATURE CITED
Alimi, T. and O.A. Akinyemiju. J 990. An Economic Analysis of Water Hyacinth Control Methods in
Nigeria. Journal of Aquatic Plant Management 28: I05- J07.
Barbier, E.B., J.G. Burgess, J.G. and G. Falke. 1995. Paradise Lost. Earthscan Publications Limited,
London.
Bikangaga, S., E. Rukunya and J. Alinaitwe. 1998. Report on Economic Valuation of Water Hyacinth
as an Environmental Problem on Uganda's Fresh Water Resources and its Effects on Key
Economic Activities. Economic Network for Eastem and Southern Africa.

Clark, C.W. 1990. Mathematical Bioeconomics: The Optimal Management of Renewable Resources.
John Wiley & Sons Inc., New York.
DREA (Department of Research and Environmental Affairs). 1994. Malawi: National Environmental
Action Plan. Department of Research and Environmental Affairs, Lilongwe.
Heywood, V. (ed.). 1995. Global Biodiversity Assessment. Cambridge University Press, Cambridge.
Joffe, S. and S. Cooke. 1997. Managemelll of the Water Hyacilllh and Other Invasive Aquatic Weeds:
Issues for the World Bank. GloballPM Facility, CAB! Bioscience, Wallingford, U.K.
Kasulo, V. 1999. "The impact of invasive species in African Lakes," a paper presented at the
Workshop on Economics of Invasives, University of York, U.K.
Knowler, D. and E.B. Barbier. 1999. "The Economics of an Invading Species: A theoretical model
and case study application," a paper presented at the Workshop on Economics of Inva.sives,
University of York, U.K.
46

Munasinghe, M. 1992. Environmental Protection Policy: Environmental Valuation and Distributional
Issues. Ambio 21(3): 227-236.
Muramira, T.U. 1998. "The Impact of Market Liberalisation on the Lake Victoria Fishery'', a paper
presented at the Beijer Research Seminar, Zambia, May 26-28, 1998.
Neumann, J. von, and 0. Morgenstern. 1944. Theory of Games and Economic Behavior. Princeton
University Press, Princeton, New Jersey.
Pitcher, T.l. and P.J. B. Hart (eds.). 1995. The Impact of Species Changes in African Lakes. Chapman
and Hall, London.
Shogren, J.P. 1999. "Risk reduction stra'tegies against the explosive invader," a paper presented at the
Workshop on Economics of Invasives, University of York, U.K.
Thompson, K. 1991. The Options Available in Uganda for Water Hyacinth Control inK. Thompson
(ed.), The Water Hyacinth in Uganda, Ecology, Distribution, Problems and Strategies for
Control. FAO TEP/UGA/9153/A, Rome.
UNEP. 1994. Convention on Biological Diversity.· Text and Annexes. Geneva Executive Center,
Switzerland.
Williamson, M. 1996. Biological Invasions. Chapman and Hall, London.

47

WEED INVASIONS TRACKED WITH HERBARIUM RECORDS
Geoffrey Mungai
East African Herbarium, National Museums of Kenya, Nairobi, Kenya
No transcript was submitted, but the talk was based on the following previously published article:
Stadler, J., G. Mungai , and R. Brandl. 1998. Weed invasion in East Africa: insights from herbarium
records. African Joumal of Ecology 36: 15-22.
Abstract: The invasion process was documented from data on the labels of specimens stored in the

East African Herbarium at the Natiomil Museums of Kenya. We analysed data from seven abundant
alien plant species: Agerat11m conyzoides L. (Asteraceae), Capsella bursa-pastoris (L.) Med.
(Brassicaceae), Datura stramonium L. (Solanaceae), Galiusoga pan,iflora Cav. (Asteraceae). Tagetes
minuta L. (Asteraceae), Spergula arvensis L. (Caryophyllaceae) and Stcllaria media (L.) Viii.
(Caryophyllaceae) and compared these data with the spread of two native weeds: Cynoglossum
coemleum A.DC. (Boraginaceae) and Senecio discifolius Oliv. (Asteraceae). Although all
investigated species had been already recorded before the Second World War, most specimens were
collected between 1960 and 1980. This regional spread is correlated with a change in the agricultural
systems of Kenya. The early records of alien weeds were restricted to higher altitudes. With the
increasing human population and the associated increase of agiicultural activities (e.g., irrigation in
arid areas) the weed species from South America were able ro spread to lower altitudes.
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INVASIVE SPECIES IN THE WATER ENVIRONMENT IN EAST AFRICA
Timothy Twongo
Fisheries Research Institute, P.O. Box 343, Jinja, UGANDA

AQUATIC INVASIVES • WHAT ARE THEY?
Definition • organisms, often alien but sometimes natjye, which:
•
•

Characteristics:
•
•
•
•

Threaten native biodiversity
Impair socio-economic integrity of water resources

Highly prolific
Build huge populations or biomass
Impair ecosystem health
Impact through complex ecological interactions

MAJOR AQUATIC INVASIVES OF EAST AFRICA
Plants:
•
•
•

Algae - e.g., blue greens
Ferns - e.g., water fern (Salvinia)
Flowering plants - e.g., water hyacinth

•
•

Invertebrates- e.g., Louisiana crayfish
Fishes -e.g., Nile perch, Nile tilapia

Animals:

IMPACTS OF AQUATIC INVASIVES
Ecological Impacts
Impact
PhysicaJ damage
by
moving biomass
Physical
obstmction by
weed biomass

Nutrients load
from decaying
weed biomass
Increased shelter
at edge
Of weed mats

Affected service/process/attribute
Damage to native water plants, spawning nursery, feeding
grounds of fish and other animals
Spawning. nursery and feeding grounds smothered; no fish
under large shoreline mats

Agent invasive
Water hyacinth.
Water fern,
Native weeds
Water hyacinth,
Warerfern
Native 'weeds'

Nutrient addition/enrichment

Water hyacinth,
Water fern

Increased diversity abundance of aquatic animal life

Water hyacinth,
Water fern,
Water lettuce

~
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EcoIog1
.ca1·unpac ts ( cont'd)
Impact

Oxygen depletion, noxious
gases under weed mats
Impeded light penetrations
& gaseous exchange

Affected service/process/attribute
Reduced primary production; low oxygen t:ontent;
decline in biodiversity

.Reduced primary production; low oxygen content;
dedine in biodiversity; native plants smothered

Predation, competition for
food and space

Declining biodiversity disrupted food chains/webs

Enhanced
evapotranspiration

Water loss

Agent invasive
Algal blooms
Water hyacinth
Water fern
Native 'weeds'
Water hyadnth,
Water fern

Crayfish
Nile perch
Nile tilapia
Water hyacinth

Socio-economic Impacts
Impact
Blocked access

Affected service/process/attribute
Landing sites, transport routes, fishing grounds,
wateling sites

lmpcded water flow

Water tlow in stream, irrigation canals and wetlands;
water flow through hydropower turbines

Fouled water

Impair cooling systems of hydropower generati on,
water filtration: escalated cost of water treatment:
contaminated water

Siltation biomass, death
decay, filthy environment

Loss of aesthetic value, potential health hazards due to
poor water quality

Water hyacinth
Algae blooms
Water fem

Increased incidence of
bilharzia and malaria
vector organisms: and
snakes

Increased potential for infection with bilhar.da and
malaria; higher probability of snake bites

Water hyacinth

A~ent

invasive
Water hyacinth
Water fern
Native 'weeds'
Water hyacinth,
Water fern
Native 'weeds'
Water hyacinth
Algal blooms

CONTROL OPTIONS - PLANTS
Physical - manual
• Community participation (mobilisation and sensitisation essential)
• Vital temporary relief
• Unsustainable for large infes tati ons
Physical - mechanical
• Massive capital outlay:
equipment: collector pushboats, booms, harvesters; transit boats/vehicles
operational and maintenance costs
• Unsustainable
Chemical

•

Herbicides available, but option is controversial
one view - environmentally unfriendly and/or harmful to human health
others insist it is absolutely safe!
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•

Unsustainable
repeated application essential
expensive

Biological
•
•
•

Some natural enemies available
Mostly slow but often sure
Environmentally friendly

•

Minimum cost hence sustainable

CONTROL OPTIONS • PLANTS AND ANIMALS
Strict quarantine and surveillance
•
•

Secure the borders
Mobilise & sensitise communities

Catchment management
• The real challenge
highly complex
•

•

dive1·se players
Effective and preventive if attained
Long term option

CONSTRAINTS TO EFFECTIVE MANAGEMENT
•
•
•
•
•
•
•

Lack of awareness , sensitisation of communities, authorities
No unifying policy framework for inter-sectoral'approach
Inadequate border controls and quarantine safeguards
Lack of inadequate trans boundary and regional mechanisms for joint
action
Slow information flow nationally and internationally
Inadequate research information on weed problem: magnitude, dynamics
impacts, cost of impacts, and effectiveness of control options
Insufficient funding
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THE SPREAD AND ECOLOGICAL CONSEQUENCES OF THE INVASION OF
CHILO PARTELLUS (SWINHOE) (LEPIDOPTERA: CRAMBIDAE) IN AFRICA
W. A. Overholt, J. M. Songa, V. Ofomata andR. Jeske
International Centre of Insect Physiology and Ecology (ICIPE)
Box 30772
Nairobi, Kenya

INTRODUCTION
The arrival and establishment of alien· species in a· new geographical area is probably best documented
when the invasive organism becomes a pest in its new environment, or is intentionally introduced as a ·
biological control agent (usually of an introduced pest). Alien introductions which cause no readily
apparent consequences to economic endeavours may largely go unnoticed. However, the types of
ecological impacts of invasive species may be very similar, regardless of whether the organism is
considered to be economically impmtant or not. Thus, well documented case histories of the invasion
of pest species may serve as a general model for the ecological consequences of invasive species in
generaL

DISTRIBUTION
Chilo partellus (Swinhoe) (Lepidoptera: Crambidae) is a native Asian stemborer which feeds on
several species of wild and cultivated grasses (Bleszynski 1970). In its native home, C. parte!ius is
considered to be an important pest of maize and sorghum. Jts distribution remained restricted to .Asia
until around 1930 when it was first l.'ecordcd in Africa in Malawi (Tams 1932). As Malawi is a landlocked coun try. and air transport in Africa was uncommon in the early 1900s, it seems most likely
that C. partellus arrived by ship at one of the seaports on the East African coast, perhaps Dar-EsSalaam or Mombasa. Since arriving, the distribution of C. partellus has expanded and now includes
Ethiopia, Sudan, Somalia, Kenya, Tanzania, Uganda, Mozambique, South Africa, Swaziland,
Lesotho, Zimbabwe, Zambia, Malawi, and Botswana (Nye 1960; Ingram 1983; Harris 1990). There
are also records from Cameroon and Togo (IAPSC 1985), but as C. partellus has not been found in
recent surveys in several countries in West Africa (Moyal and Tnm I 988; Bosque-Perez and Mareck
1990; Sclmlthess et al. 1991; Shanower et al, 1991; Gounou et al. 1993), it seems likely that the
original records were based on misidentifications (Overholt et al. 1994a).
The eventual distribution of C. partellus in Africa can be predicted based on the locations where it is
known to occur, and then extrapolating to other locations which have similar characteristics. Using a
GIS tool (Almanac Characterization Tool) (Corben et al. 1999), we mapped the known distribution of
C. partellus from our own sampling data in Kenya and Uganda, and then calculated the mean values
for maximum temperature, evapotranspiration, precipitation and elevation at the sites. Upper and
lower thresholds for each paranieter were calculated as the mean of each parameter± 2 standard
deviations. Using this methodology, the predicted distribution of C. partellus in Kenya is shown in
figure 1.
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Figure 1. Predicted distribution of C. partellus in Kenya
As maize growing regions of Kenya have been extensively sampled in recent years, we know that the
predicted distribution is a quite accurate. Using the same methods, we extrapolated outside of the
borders of Kenya Lo the rest of Africa using another GIS programme, the Spatial Characterization
Tool (Corbett and O'Brien 1997). Figure 2 shows the predicted distribution based on the sampling
data from Kenya, Uganda, Mozambique and Zambia. In figure 3, we expanded the data set to include
points from Ethiopia, Somalia, Mozambique, Zambia, Lesotho and South Africa. As can readily be
seen, the distribution predicted in figure 3 is more extensive than the one in figure 2. We know from
sampling records that neither distribution is entirely correct. Colleagues in South Africa have told us
that the distribution predicted in figure 2 is incorrect as C. partellus occurs in a wider area than
predicted (R. Kfir personal communication). The distribution in figure 3 is also not entirely accurate
in several ~ountries. For example, in Zimbabwe C. partellus is predicted to occur everywhere,
whereas we know from sampling data that it does not occur in the higher elevation areas.
One likely explanation for the discrepancy between the two Africa-wide predictions is that different
C. partellus populations have become locally adapted to various abiotic and biotic conditions
encountered in Africa. For example, the South African population is probably adapted to colder
temperatures than populations occurring near the equator. Availability of host plants, and competition
from native stemborers (see below) may also vary from location to location. Regardless, the
distribution predicted in figure 3 may represent locations where C. partellus could eventually become
established, taking into account the intraspecific diversity. As can be seen, Namibia and Angola will
probably be invaded (if C. partellus does not already occur in those countries). Additionally, parts of
Nigeria, Cameroon, Togo, Benin, Ghana and Ivory Coast may also be conducive to the establishment
of C. partellus.
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Figure 2. Predicted distribution of

Figure 3. Predicted distribution
of C. parte/Ius based on data from
Kenya, Uganda, Ethiopia,
Somalia, Mozambique, Zambia,
Lesotho and South Africa.

C. partellus based on sampling

data from Kenya, Uganda, Zambia
and Mozambique.

DISPLACEMENT OF NATIVE SPECIES
Probably the most dramatic ecological consequence of the introduction of C. partellus into Africa has
been the partial displacement of native stemborers. In the coastal area of Kenya, the first detailed
study on stemborers in maize was conducted from 1965 to 1969 (Mathez 1972). The native species,
Chilo onchalcociliellus Strand, was found to be dominant, accounting for approximately 60% of the
borers collected. Chilo partellus was the second most common species, accounting for about 30% of
the borers, and another native species, Sesamia calamistis Hampson (Lepidoptera: Noctuidae) was
lowest in abundance. In the period 1978·81, Warui and Kuda (1983) found that C. orichalcociliellus
and C. partellus were nearly equally abundant in maize and sorghum, and that S. calamistis was much
less common. However, in 1991-92 in the same are.a, C. partellus accounLed for> 80% of the
stemborers, with both C. orichalcocliellus and S. calamistis being of minor importance (Overholt et
al. 1994b). The average numbers of stemborers per plant found in the three studies were
approximately the same. In Mathez's (1972) study there were 0.8 to 2 .3 stemborers per plant, Warui
and Kuria (1983) found 0. 7 to 1.4, and Overholt et al. ( 1994b) found 0.2 to 1.8. Thus, while the
density of stemborers in the southern coastal area of Kenya does not appear to have increased since
the invasion of C. partellus, the exotic species has become relatively more abundrmt, at the expense of
a native species. Whether the displacement of C. orichalcociliellus will proceed toward complete
extirpation from the southern coastal area of Kenya. is unknown. However, sampling conducted from
1991 to present (Overholt, unpublished) suggests that C. orichalcociliellus will continue to exist.
Recent investigations have found that C. orichalcociliellus is able to complete development in two
native grasses, in which C. partellus cannot develop (Ofomata et al. 2000). This difference in niche
breadths of the two species may account for the continued occurrence of the native species.
In addition to the work in the coastal area of Kenya, there is evidence of displacement of native
stemborers in two other areas in Africa. In the Eastern Province of Kenya, Seshu Reddy (1983) found
that C. partellus was present, but less abundant than Busseola fuse a (Fuller) (Lepiodoptcra:
Noctuidae). However, in the same area in the period 1996-1998, B.fusca was rare and C. partellus
was dominant (Songa 1999). Similarly, K.ftr ( 1997) found that C. parteflus had partially displaced B.
fusca in the eastern High veld region of South Africa over a period of 5-7 years. The displacement was
most evident in grain sorghum where the proportion of C. partelltts in the total stemborer population
increased from about 3% in 1986 to 91% in 1992.
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MECHANISMS OF DISPLACEMENT
Several factors have been investigated which may be responsible for the competitive superiority of C.
parte/Ius over some native stemborers. Studies by Kioko er al. (1995) in artificial'diet, Mbnpila
(1997) in maize, and Ofomata et al. 2000) in maize, sorghum and three wild grasses have shown that
C. partellus completes a generation in less time than C. orichalcociliellus. As fecundities of both

species are similar (Delobel 1975), the shorter generation time will result in higher population growth,
which possibly gives the alien species a numerical advantage. A more rapid diapause termination
compared to both C. orichalcociliellus (Ofomata et al. 1999a) and B.fusca (Kfir 1997) has also been
shown, which may allow C. partellus females to colonise host plants before the two native species.
Kfir (1997) speculated that B. fusca avoids plants already infested by C. parcel/us, using odours
associated with host plant feeding. Ofomata ( 1997) showed that when equal numbers of C. partellus
and C. orichalcociliellus infest the same maize, sorghum or wild sorghum plant, more C. partellus
successfully completed development. suggesting superiority during direct competition. However, in
napier grass, more C. orichalcociliellus survived, again indicating niche differences which may allow
coexistence of the native and alien borers. Finally, Ofomata (1997) demonstrated that more neonate
C. parte/Ius larvae disperse from the plant where they were oviposited, and disperse greater distances,
than C. orichalcociliellus, which may allow C. pCLrtellus to colonise more plants than the native borer.
All of these factors, along with others as yet unidentified, may play a role in the competitive ·
superiority of C. partellu.~· over the native species.

INCREASED PLANT DAMAGE?
The three studies conducted in the coastal urea of Kenya cited above, indicate that although C.
parte/Ius is displacing C. oriclwlc:oc:iliellus, total stemborer numbers have not changed much. The
mean number of stcmborers per plant appears to have remained at about one. This raises an
interesting question of whether damage to plants, both economical ly important cereals and wild host
grasses. has changed since the invasion of C. parrellus. In the laboratory; Ofomata et al. (2000) fed C.
parte/Ius ami C. oriclwlcocilieflus on maize and sorghum. and found that C. partellus consumed
grcmer quantitites of both plants on a daily basis, nnd in a lifetime, suggesting that even though
stemborer numbers muy not have increased since the invasion of C. partellus, damage to plants may
be greater.

NEW RESOURCE FOR THE THIRD TROPHIC LEVEL?
Native predators ami purasitoids of stemborers have expanded their ranges to include C. partellus. Jn
a review of the Iiteralltt'e, Bonhof era!. ( 1998) lists 3 J native parasitoids recorded from C. partellus in
East Africa, and several predators. Kfir (1992) mentions II native parasitoids attacking C. partellus in
South Afri~a. This is not surprising since C. parte/lus is ecological ly equivalent to native borers,
exhibiting nearly identical behaviour and occ upying the same habitats (Ofomata 1999b). Thus, native
parasitoius encounter and attack C. partellus whi le searching for nali ve hosts. Physiologically, C.
partellus appears to be equally sui table for the development of the most common native larval
stemborer parasitoid, Coresia sesamiae (Cameron) (Hymenoptera: Braconidae), as some, but not.all,
native hosts (Ngi-Song et at. 1995). The ecological implications of the new host/parasitoid
associations that have formed since the arrival of C. parte/Ius, are complex, and little work has been
done in this area. Over lime, native parasitoids have probably become increasingly better adapted to
searching for, attacking, and successfully developing in the alien stemborer, which may eventually
result in a decreased density of C. partellus in Africa (alternatively, natural selection may drive C.
partellus to better avoid parasitism).

CONCLUSIONS
Chilo partellus is an alien species which has been in Africa for at least 70 years, and possibly longer.
As an important pest of cereal crops, its spread, and the ecological implications of its arrival on the
continent, have been fairly well documented, and thus may serve as a model for other alien species
which have lower direct economic consequences to man. The distribution of C. partellus has cleariy
incr:eased dramatically since arriving on the continent, and is probably still increasing. This paper
presents evidence that different populations may be locally adapted to prevailing conditions. The
invasive borer is competitively superior to some native homologues. and there is clear evidence of
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partial competitive displacement at some locations. Various factors which may give C. partellus a
competitive advantage over native borers include a higher growth rate, a more rapid diapause
termination, and a higher rate of dispersal. Native parasitoids have expanded their ranges to include
the exoth.: borer, but the ecological implicatio.ns of this are not well understood.
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IS MAESOPSIS EMIN/1 A PROBLEM IN EAST USAMBARA FORESTS?
A.G. Mugasha, M.A. Mgangamundo and E. Zahabu
Sokoine University of Agriculture, Faculty of Forestry & Nature Conservf!tion
P.O. Box 3009 Chuo Kikuu, Morogoro, Tanzania
[Note: This paper was prepared for the workshop on 'Invasive Species in Eastern Africa' but the
authors were unable to present it in person.]

ABSTRACT
Maesopsis eminii, a tree species with origins primarily in West Africa, is a wid~ly planted species in
East Africa, where it has become invasive in some locations. Because in some areas this species has
been intentionally introduced to ease timber shortages, any management actions must also consider
the benefits derived from this species in a particular time and place. In some areas of the East
Usambara forests, the species has had a significant negative ecological impact on the-natural
vegetation. However, the invasive impact of M. eminii in forest reserves may be declining as forest
cutting and disturbance has greatly decreased, thereby greatly reducing the opportunity for this
pioneer species to invade,. We conclude that the factors that determine whether M. eminii constitutes a
management problem for particular areas of the East Usambara forests of Tanzania are site-specific
and depend on economic resource issues as well as on how this species responds to disturbance. More
research is needed to examine M. eminii's long-term pattern of recruitment and subsequent long-term
ecological impact in relatively undisturbed East Usambara forests.

INTRODUCTION
Several tree/shrub species are known to invade various ecosystems in the world. Among such
documented species are: Salal - Gautheria shallon Parsh (Weetman et al. 1989; Messier and Kimmis,
1991), Mountain map1e- Acer spicatum Lamb. (Archambault et al. 1998), Lantana camara L. (Thakur
et al. 1992), Prosopis species (Harding and Bate 1991) and Maesopsis eminii Engl. (Rhamnaceae)
(Binggeli 1989). Where they become invasive, these species can create serious problems by replacing
natural vegetation and/or by rendering land useless for fanning. Maesopsis w~ introduced in
Amani!Kwamkoro forest reserve in Tanzania's East Usambara Mountains 85 years ago and today
some patches of that forest are totally dominated by the species.
Maesopsis is a large tree averaging 15-27 min height, with rare trees attaining a height of up to 43 m.
It is valued as a forest product because the straight, slightly buttressed bole reaches 10~30 m in height,
wirh a diameter breast height (dbh) of up to 0.9 m (Eggeling and Dale 1940; Dale and Greenway
1961 ; Street 1962). The species is used for firewood, timber (furniture and light construction), poles,
veneer/plywood, fodder, shade (coffee, banana and tea) and as an ornamental (Mugasha 1981; Mbuya
et al. 1994).
Maesopsis is regarded as a typical Guineo-Congolian species, since its range corresponding quite
closely to the African lowland rain forest zone (Hall 1995). It is among the most widely distributed of
African lowland forest tree species occurring from West Africa in Togo and Nigeria, to Congo and
southern Sudan. In East Africa it occurs naturally from West and Southern Uganda to Lake Victoria
Islands and north-western regions of Tanzania (Mugasha, 1981; Mbuya et al. 1994). In Kenya, the
species is known to grow naturally in the Kakamega forest. The species grows best on deep fertile
sandy loams, well drained soils (Mugasha, 1981). Its altitudinal range is from 500 m a.s.l. (in
Kabinda, Congo) to 1500 m (in the Lake Victoria basin). In general the species grows in wet tropical
and wet montane climates (Mbuya et al. 1994) with mean rainfall ranges of 800-2000 mm per year
and mean annual temperature ranges from 20-23°C (Hal11995).
Maesopsis eminii. like other invasive tree species, possesses several characteristics which enable it to
successfully invade areas beyond where it is planted. These characteristics include;
- No dependence on a specific pollinator,
~ Large seed crops and long periods of seed dispersal,
-Widespread availability of dispersal agents (hombills),
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-Very high growth rate in its juvenile stages,
- Shade·tolerant seedlings that can survive up to six months in heavy shade,
- Ability to become established in a range of gap and soil surface conditions,
- Ability to coppice from cut or fallen stumps, and
- _L ong lifespan.

THE SILVICULTURE OF MAESOPSIS EM/Nil
Phenology
Maesopsis eminii has a large annual seed crop. A kilogramme of its seeds can contain 500- 880 seeds
with outer flesh removed (Watkins 1960; Mhuya et al. 1994); this high variation in seed mass is
probably due to variation in the age and vigor of seed trees, and the moisture content of seeds
(Mugasha 1981). Under natural conditions the tree starts flowering and fruiting between ages 4 -10
years (Hall 1995). Flowering can take place in both rainy (at Lushoto; Mugasha 1981) and dry
seasons (at Amani; Bingge li 1989), but it is unclear if there are normally two separate fruiting seasons
or a single long fruiting period. Fruits take three or four months to develop after pollination. Seeds are
dispersed over a long period each year because of Lhe extended fruiting period (Halll995). At Amani,
the main agents for seed dispersal are hornbills (Mugasha 1981).
Seed biology
Mature seed of M. eminii can be collected from the forest floor. Fresh seed (with high moisture
content) loses viability in 3 - 5 months. Wide variation exists in time of seed germination, i.e., 90 200 days (Yap and Wohg 1983; Mugasha and Msanga 1987; Binggeli, 1989). This seed dormancy, in
combination with the long period each year over which fmits ripen, means that even with large early
loss of seeds, populations can still recruit from seed over much of the year (Hall 1995).

Natural regeneration
Although most seeds lose viability shortly after they drop to the forest floor, the species often
regenerates itself freely in nature, from seeds and/or from coppice. Under and ncar mature Maesopsis
stands typica! offorest edges and old gaps, seed rain can be heavy, with seedling density of greater
than 800 per m2 (Binggeli 1989). In intact natural forests heavy seedling production occurs but most
seedlings soon succumb to shading. Seedlings establish themselves very easily in gaps created by
natural tree fall or in areas cleared soon after seed fall (Mugasha 1981; Halll995). Similar
observations from Bukoha indicate that seedlings tend to establish only where banana and coffee
shade is light. This suggests that M. eminii is a pioneer species with a light-demanding nature that
makes it difficult to reach the sapling stage under the dense overgrowth (Mugasha 1981).
Maesopsis is also known to have high coppicing ability. At Amani 80-90% of all cut stumps produce
coppice regrowth within one year. Stump size was unrelated to the vigor and time period for regrowth
to start. Stumps remain viable for at least a year and shooting increases during the dry season

Artificial regeneration
Direct seeding normally results in poor germination and low survival, but 6- 9 month old potted
seedlings can be planted out, growing best where there is direct overhead light. Maesopsis has been
used as a nurse tree for some indigenous tree species. Because the species is very sensitive to
competition, weed slashing and thinning are essential in young plantations.

Growth and yield
Maesopsis eminii can achieve a height growth of over 2m per year during the first 5 years and 1 m
per year over the 40-year rotation. Trees may grow to. a dbh of over 4 em per ~car over the first 5
years and 2 em per year over the rotation. The tree basal area is normally 1 m per ha per year and
wood volume procluction can reach 200m3•
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INVASION OF MAESOPSJS EMINIIIN EAST USAMBARAS
Description of the area
The East Usambaras (4° 48'S to 5° l3'S; 38° 48' E) are a r.ange of low mountains close to the coast of
northeast corner of Tanzania. The mean annual rainfall ranges from 1500 mrn to 2100 mm and the
mean monthly temperature in the highlands is below l8°C. Rainfall is greatest at the higher altitudes
and to the southeast. The topography of the area is moderate to steep with soils that fall in the humid
ferralsol category of FAO soil classification scheme. The vegetation of East Usambara is dominated
by sub-montane forests in the highlands and lowland coastal forests in the low elevations (Moreau
1935). The dominant tree species in sub-montane forests are Newtonia buchananii and Allanblachia
stuhlmannii (Lovett 1991; Zahabu & Malimbwi 1998).
Importance of East Usambara Forests
The forests of East Usambara are famous among biologists as an area of high endemism, with many
rare animals and plants, some found nowhere else in the world (Rodgers & Homewood 1982). Mor(f
than a quarter of some 30 species of amphibians and reptiles in East Usambara are found nowhere
else in the world. Among plant<;, the submontane forests are especially rich in endemic species: 50
tree species
found only in East Usambaras or a few other locations in eastern Tanzania, Kenya and
Mozambique. There are also many threatened species of birds, insects and other animals and plants.
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Time and Purpose of Introduction of Maesops/s In East Usambara
In the early 1900's high demand for forest products Jed to a planting preference for faster-growing
non-native tree species over the species native to East Usambara. Maesopsis eminii was selected
because it has a 40-year rotation age that is considerably shorter than the 80-year rotation age for most
native species (Mwasha 1988). Maesopsis eminii was first introduced in Amani in 1913 for plantation
and growth monitoring plots (Tanzania Forest Research Institute Experiments 285 and 385). Among
the well known points of introduction were below the Amani rest house and at Kwamkoro. Other
high-elevation areas where Maesopsis was planted include the Mtai forest (where the species was
used for enrichment near the Mamba enclave) and as an agroforestry trial species at the top of the
botanic garden. There were also lowland plantings - in Longuza forest reserve and at Manga. Later M.
eminii was used experimentally as a nurse tree for valuable native tree species such as
Cephalosphaera usambarensis, N. buchananii and Berchemedia kweo; long-term observations
indicate that this nursing experiment was a failure (Mugasha 1982).
From the silvicultural point of view the widespre&d logging operations at Amani in the 1960's and
1970's opened the canopy in numerous places. This disturbance, together with favorable climatic
conditions, enabled M. eminii to spread easily. It spread extensively in both forests reserves and
public lands, creating a monoculture with attendant negative ecological consequences (see below).
Cu,rrent forest status in East Usambaras
fhe East Usambara mountains cover an area of 1300 km2 • However, since the mid 1960's much of the
forest area has been exploited by the expansion of peasant agriculture and large scale logging
operations. Qnly a few forest patches remain in a reasonably natural state (Hamilton 1989). Due to the
importance of these remaining forests, the Arnani Nature Reserve, comprising all of the Amani
forests, was established in 1998. Although Maesopsis was planted in some of these areas, the exact
extent of planting versus subsequent spread is uncertain.

ECOLOGICAL CONSEQUENCES OF THE SPECIES
When Maesopsis becomes abundant in submontane forests the following can happen to the soils:
the upper organic soil horizons normally present disappear;
the dense superficial root-mat disappears;
the litter becomes thinner;
the pH is raised;
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the soil fauna changes in its species composition and becomes more uniform;
lhe rate of soil erosion can increase.
Some scientists have argued that M. eminii is displacing desirable species and so should be eliminated
frQm the East Usambara forests (Mwasha 1988; Binggeli 1989; Hamilton 1989). Hall (1995) •:eported
that its spontaneous spread, usually attributed to efficient dispersal by hornbills, had affected most
areas of the forest above the escarpment and south of BuJwa in East Usambara. In these areas, many
of the endemic and near-endemic trees and understory plants are absent and other more widespread
species become common.
Binggeli's (I 989) review of the Maesopsis situation, which predicted dire consequences if the species
was left unchecked, greatly increased the drive for management action to reduce the impact of the
invader. Suggested eradicatiol1 measures included:
-isolation of seed sources weH inside the forest by removal of the scattered trees in the forest,
-mechanized logging or pit-sawing that is timed to occur when there is little or no fruiting and is
accompanied by manual uprooting of regeneration saplings,
-mechanized logging or pit-sawing that is accompanied by re-seeding of the disturbed area with
indigenous pioneer species, and
-use of draught animals to extract logs from both plantation and spontaneously developed
stands (Binggeli 1989; Seymour 1993).
Although the species is still widespread in East Usambara, there are recent findings that suggest the '
spread of Maesopsis within the forest has declined since logging ended in l986 (Halll995). Under
such undisturbed conditjons, M. eminii could experience a much lower (even negative) population
growth rate and have a much reduced ecological impact. Additional data is therefore needed on:
-the degree of persistence and dominance upon release for seedlings/saplings growing Lmder
high and mode rate shade,
-the rate of change in population size over period of long-term forest stability, and
-the degree to which M. eminii suppresses the regeneration of indigenous pioneer or later
successional species, particularly for uncommon or rare endemic species, in relatively
undisturbed forests.

CONCLUDING REMARKS
Maesopsis eminii, a pioneer tree species widely introduced into East Africa for its silvicultural
characteristics, has invaded large areas of distUTbed forest in the East Usambara Mountains.
In some areas of the East Usambara forests, the species has had a significant negative ecological
impact on the natural vegetation. However, the invasive impact of M. eminii may be declining as
forest cutting and disturbance has greatly decreased, thereby greatly reducing the opportunity for this
pioneer species to invade. More research is needed to examine the long-term patterns of recruitment
and subsequent ecological impact of this species in relatively undisturbed East Usambara forests.
Because this species has been intentionally introduced to ease timber shortages, any determination of
the species' invasive thre.tt must also consider its contribution to local welfare. In those areas where
timber is scarce, the value of this tree may be perceived as far greater than its threat. Conversely, in
areas where timber is not scarce, M. eminii is unlikely to be planted because doing so has little value.
The magnitude of threat posed by this invasive species is therefore very site-specific, and depends on
any local benefits derived from its introduction, and on any ecological impacts in a particular forest
setting.

LITERATURE CITED
Archambault, L., Morissete, J . and Bemier-Cardou, M. 1998. Forest succession over a 20 year period
following clearcutting in balsam fir-yellow birch ecosystems of eastern Quebec Canada.
Forest Ecology and Management 102(1): 61 -74.
Binggeli, P. l989. The ecology of Maesopsis invasion and dynamics of the evergreen forest of East
Usambara, and their implications for forest conservation and forest practices. pp. 269-300 in

62

A.C. Hamilton and R. Bendsted-Smith (eds.), Forest conservation in the East Usambara
Mountains, Tanzania. INCN-Forest Division, Ministry of Lands, Natural Resources and
Tourism, Tanzania.IUCN, Gland, Switzerland and Cambridge, UK.
Dale, l.R. and P.J. Greenway. 1961. Kenya trees and shrubs. Government of the Colony and
Protectorate of Kenya, Nairobi. 654 pp.
Eggeling. W.J. and I.R. Dale. 1951 . The indigenous trees of Uganda Protectorate ..Govemment
Printer, Entebbe, Uganda. 491 pp.
Hall, 1. 1995. Maesopsis eminii and its status in the East Usambara Mountains. East Usambara
Catchment Forest Project Technical Paper 13: 1-39. Government of United Republic of
Tanzania/Government of the Republic of Finland, Forestry and Beekeeping Division,
Ministry of Tourism, Natural Resources and Environmenr, Dares Salaam, Tanzania.
Hamilton, A.C . 1989. Some results of the 1986/87 Forest Division/FINNJDA inventory. in A.C.
Hamilton and R. Bensted-Smilh (eds.), Forest Conservation in East Usambara Mountains,
Tanzania. JUCN, Gland, Switzerland and Cambridge, U.K.
Harding, G.B. and G.C. Bate. 1991. The occurrence of invasive Proposes species in the north-western
Cape, South Africa. South African Journal of Science 87(5): 188-192
Lovett, J.C. 1991. An ordination of large tree association in the moist forests of the West Usambara
Mountains, Tanzania. pp. 71-78 in A.B. Temu and R.E. Malimbwi (~s .). Multi-product
Inventory of Tropical Mixed Forests. Proceedings of the Conference held in Arusha August 59, 1991 .
Messier, C. and J.P. Kimmis. 1991. Above and below ground vegetation recovery in recently clearcut
and burned sites dominated by Gaultheria slwllon in Coastal British Columbia. Forest
Ecology and Management 46: 275-294
Mbuya, L.P., H.P. Msanga, C.P. Ruffo, A. Birnie and B. Tenganas. 1994. Useful trees and shrubs for
Tanzania: Tdentijication. propagation mul mcmagemellf for agricultural (lltd pastoral
co111111Uniries. Regional Soil Conservation Unit/SIDA. Technical Handbook No.6. Nairobi,
Kenya.
Mugasha, A.G. 198 I. The silviculture of Tanzania indigenous tree species. II. Maesopsis eminii.
Tanwn ia Silviculwral Tee/mica/ Note (New Series) No. 52. Silvicultural Research Station,
Lushoto, Tanzania. Mimeo.
Mugasha, A.G. 1982. The regeneration of Tanzania indigenous tree species. IV. Cephalosphaem
usambaremis. Tanzania Silvicttltllral Technical Note (New Series) No. 55. Silvicultural
Research Station. Lushoto, Tanzania. Mimeo.
Mugasha, A. G. and H.P. Msanga. 1987. Maesopsis emiuii seedcoat impermeability is not the only
cause of sporadic and prolonged seed germination. Forest Ecology and Management 22: 301305.
Moreau, R.E. 1935. Some eco-climatic data for closed evergreen forest in tropical Africa. Journal of
the Lilmea11 Society of London, Zoology 39: 285-293.
Mwasha, I. V. 1988. The Invasion of Maesopsis eminii in the Natural Forests of East Usambaras in
Relation to the Regeneration of Cephalosphaera usambarensis. pp. 55-58 in A.S.M. Mgeni,
W.S. Abeli. S.A.O. Chamshama and G.S. Kowero (eds.), Proceedings of the Workshop 01l
Managemem of Natural Forests of Tanzania . Sokoine University of Agriculture/Agricultural
·
University of Norway, Olmotonyi Arusha ·Tanzania.
Rodgers, W.A. & K.M. Homewood. 1982. Species richness and endemism in the Usambara mountain
forests, Tanzania. Biological Journal oftlz'e Linnean Society 18: 197-242.
63

Seymour, M. 1993. Manual harvesting of Maesopsis eminii in the East Usambara mountains,
Tanzania. East Usambara Catchment Forest Project Technical Paper 3: 1-60.
Thakur, M.L .• M. Ahmad, and R.K. Thakur. 1992. Lantana weed (Lantana camara var. aculeata
Linn.) and its possible management through natural insect pest in India. Indian Forester
118(7): 466-485.
Watkins, G. 1960. Trees and shrubs for planting in Tanganyika. Government Printer, Dares Salaam.
Weetman, G.F .. R. Fowmier, J. Barker and E. Schnorbus-Pannozo. 1989. Foliar analysis and response
of fenilized chloritic western hemlock and west red cedar reproduction on salal-dominated
cedar-hemlock cutovers on Vancouver Island. Canadian Journal of Forest Research 19:
1512-1520.
Yap, S. K. and S.M. Wong. 1983. Seed biology of Acacia mangiwn, Albiziafalcataria, Eucalyptus
spp., Gmelina arborea; Maesopsis eminii, Pinus caribbea and Tectona grandis. Malaysian
Forester 46: 26-45.
Zahabu, E. and R.E. Malimbwi. 1998. Structure and composition of tree species in Amani
NatureReserve. in S.A.O. Chamshama (ed.). Proceedings of the Second Annual Forest
Workshop, 0/motonyi Antsha Tanzania. Faculty of Forestry and Nature Conservation (SUA)
Record No. 69.

64

PRELIMINARY SURVEY OF INVASIVE SPECIES IN EASTERN AFRICA
Elizabeth E. Lyons
International Centre of Insect Physiology and Ecology (ICIPE)
Box 30772, Nairobi, Kenya
Present address: National Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230,
USA elyons@nsf.gov
As part of the workshop on "Invasive Species in Eastern Africa", participants were asked to provide
information about their perceptions of .invasive species that posed a threat in the areas where they
worked. We have compiled these surveys and comment on the results here .

CAVEATS
The information in this survey must be considered strictly anecdotal. We asked participants for their
perceptions and did not require them to gather any precise estimates for the figures requested.
Furthermore, the sample of individuals polled has likely influenced the information provided in
several ways:
l) Some of the participants have had little experience with invasive species, but because they are
responsible for managing areas vulnerable to invasive species, came to the workshop in order to
learn more about them. These participants may be more likely to identify the commonly known
invasive species, such as water hyacinth, even if that particular species did not pose the greatest
threat in tl1eir area.
2) The workshop participants represented an uneven sampling of expertise in the full range of taxa in
which invasive species are found. For example, there was an ornithologist from Kenya who
identified three invasive birds found in his country. On the other hand, there was no ornithologist
from Uganda or Ethiopia present and no invasive birds reported from those countries; the absence
in our survey of invasive birds from those countries could reflect the real situation or could be a
function of how the information was gathered. A similar situation occurred for ants, with one
individual reporting three invasive ants from Tanzania, with no other invasive ants reported for
any other country.
3) The number of participants varied from country to country, so the identification of more invasives
from one country may be a function of the number of participants rather than of the true
distribution of invasive species.

RESULTS
27 survey fonns were retumed from all four countries in the region and 4 additional survey forms
were also returned by participants from Malawi, South Africa and Mauritius.
For the Eastern Africa Region, 38 different invasive species were identified, falling into the following
taxa: Plants: 21. Vertebrates: 5, Insects: 9, Other Invertebrates: 1, Microorganisms: 2. The Jist of the
species, the countries from which they were reported, as well as some additional information on
impact and control efforts are reported in Table 1.

OBSERVATIONS
•

•

Most reported invasive species are vertebrates, plants, or insect pests of crop plants. Invasive
insect pests on non-crop systems were not common in our sample, nor were microorganisms. This
suggests that outside of agricultural areas larger species may be more likely to be identified, at
least in the early stages of monitoring for invasive species.
Knowledge about when a species was introduced, its rate of spread and its current range was in
most cases quite limited.
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•

•
•
•

•

•

•

•

•

White qualitative information about the impact of invasive species on human welfare was often
available, neither in the surveys nor during the workshop did any of the East African participants
have quantitative information on the economic or social costs of invasive species.
As far as the participants knew, there wen: lillie or no control efforts being undertaken for many
of the invasive species .
'f.here were, however, successful control eff01ts reported for several species.
There is broad overlap between several countries for invasive species in several habitats. For
example, the aquatic weeds in our survey were all found in more than one country. Also, invasive
insects on crop plants also tended to be reported from more than one country. This could reflect
the fact that trade in crop species has spread invasives widely in the region, and/or that
agricultural pests are better known than invasive pests on non-agricultural species.
Some invasive species are shared not by neighboring countries, but rather by countries that share
ecological conditions. For example, the islands of Zanzibar and Mauritius both reported problems
with rats. Ethiopia and the Cape of South Africa, both quite arid regions. both reported Mesquite
species as problem invasives.
Some of invasive species reported were intentionally introduced, e.g., Nile Perch, Eucalyptus
trees, and the tree Maesopsis emenii. The fact that these are reported as invasive species could
indicate that they have become invasive beyond the purpose for which they were imported. More
likely, however, this reflects a conflict between the aims of those who introduced the species
(e.g., for economic gain from fisheries or forestry) and the aims of those who manage areas for
other uses such as biodiversity conservation. Such inter-sectoral conflicts are commonly
associated with invasive species around the world and Eastern Africa could consider how such
conflicts have been medi ated elsewhere.
Some of the invasive species are serious and widespread problems in Eastern and Southern Africa
- e.g., Lantana camara and Acacia trees. These species might form the basis of initial cooperative
efforts between Eastern and Southern Africa.
There are several genera that tend to have multiple invasive species within them. For example,
there arc several species of Acacia that are problem invasives in South Africa, with different
Acacia species being reported as invasives in different pmts of Uganda and Tanzania. Not only do
these invasive species present an opportunity for sharing expertise among different countries, but
they also highlight the need for a list of potential invasives. Such a list, drawn from experience
with invasive species from around the world, would be an impottant part of any early warning and
monitoring system for Eastern Africa.
A number of specks are reported only once from one area. There is a tendency to pay less
attention to such examples and more attention to more widespread invasive species. However, it
is possible that reports of species with currently small distributions do not reflect a low potential
of those invasive species to spread, buL rather that they have just recently arrived! This survey
could therefore contain information that might serve as an early warning, however, without more
information and follow up, it is not possible to use our survey in this way.

CONCLUSIONS
The anecdotal information provided by our survey serves to reinforce several of the workshop's
general conclusions.
• There is a wide diversity of invasive species present in Eastern Africa with many taxa in many
habitats. Some of the invaders are recent, while others have been here a long rime. Some are
corning under control, while others are likely to be on their way out of control.
•

There now exists in Eastcm Africa considerable knowledge about invasive species. However, that
knowledge is quite limited. To effectively control invasive species in the region, much more
information is needed about which invasive species are now in the region, where they are, their
rate of spread, and the nature and fate of control efforts.

•

There now exists in Easlern Africa rhe capacity to identify and, in some cases, control invasive
species. In order to strengthen that capacity, there must be additional attention directed to
conducting research on invasive species, to developing systems to monitor invasive species, and
to training personnel to control invasive species. AU of these require political will and funding.

•

There are common invasive species shared by many countries in Eastem African and in Sub-
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Saharan Africa. These already identified species can serve as the basis for initial cooperative
efforts on several regional scules.
Although our data are anecdotal in nature and incomplete, this survey has served as a first step in
compiling a list o(the invasive species of the region. It has identified a wide range of invasive species
already known from different habitats within the region. We hope that this preliminary survey serves
at least two purposes: I) to chal lenge others to expand, confirm or modify the information in this
stallis report and 2) to make it easier to make the case to politicians. scientists. land managers und
others that much more information and action is needed in order to prote~o:t Eastern Africa fro~
invasive species.
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APPENDIX 1
WORKSHOP PARTICIPANTS

Tel : 255· 051 -121334
(Mobi le: 081 1-607 948)
Fax:255-05 l-121334
Email: nemc.crossborder@twiga.com

TANZANIA

UGANDA

Dr. Afihini Suleimani Mrindoko Ijani
Principal Research Officer
(Interest: Plant P;~thology, Nematology)
Tropical Pesticides Resarch Institute
P.O. Box 3024
Arusha, TANZANIA
Tel: 255-057-8813/J5
Email : tpi @habari.co.t.z

Ms. Beatr1ce Adimola
Environmental Education Specialist
(Interest: Environmental Education Curriculum)
National Environment Management Authority
P.O. Box 22255
Kampala, UGANDA
Tel: 256-41-2368 17/251064
Fax: 256-4 1-25752 1, 232680
Email : nema@imul.com

Mr. Juma M. Katundu

Senior Agriculn1ral Research Officer
(Interest: Entomology)
Sugarcane Research Institute, Kibaha
P.O. Box 30031 K.ibaha, TANZANIA
Tel: 255·052-402038
Fax;255-052-402434

Dr. Christopher M. Bakuneeta
Lecturer (Forestry)
(Interest: Wildlife Ecology)
Makerere University
Department of Forestry
P.O. Box 7062
Kampala, UGANDA
Tel: 256-41-530134
Pax: 256-41-530135
Email : zoology@ imul.com

Dr. Catherine Albert Kuwite
Principal Agricultural Research Officer
(Interest Plant Pathology)
Selian Agricullura'l Research Institute
P.O. Box 6024
Arusha, TANZANIA
Tel:255- 057-3883
Email: sari @y;~ko.habaii.co.tz

Dr. David Mbokuyo Mosango
Senior Lecturer
(Interest: Botany, Plant ecology)
Makcrere University
Department of Botany
P.O. Box 7062
Kampala, UGANDA
Tel: 256-04 J·540765
Fax: 256-041 -530134
Email: botany@swiftuganda.com

Mr. Steven T. Mwihomeke
(Interest: Community Forestry)
Tanzania Forestry Research institute
P.O. Box 1854
Morogoro, TANZANIA
Tel: 255·056-4532
Dr. Mohamed Khamis Rashid
Agriculture Field Research Ofticer
(Interest: Weed Management)
Plant Protection Division
P.O. Box 1062
Zanzibar, TANZANIA
Tel: 255-054-232110
Fax:255-054-232ll0
Email : ppdzn7.@twiga.com

Mr. Patrick Mucunguzi
Senior Lecturer
(Interest: Plant Ecology)
Makerere University
Dep<~rtmcnl of Botany
Kampala, UGANDA
Tel: 256-041-540765
Fax: 256-041-530134
Email: botany @swiftuganda.com

Dr. Wilfred Nyerere Sarunday
Senior Natural Resources Officer
National Environment Management Council
(NEMC)

P.O. Box 63154
Dares Salaam, TANZANIA
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KENYA

Ms. Agnes Namukwaya
Monitoring Officer
Uganda Wildlife Authority
P.O. Box 3.530
Kampala, UGANDA
Tel: 256-041 346287/8 lR 348422
Fax: 256-041-34629 J
Email: Klaus Schmitt gtzuwa@swiftuganda.com
or director@uwahg.uu.imul.com

Dr. Richard Kiome Bagine
Research Scientist
(Interest: Biodiversity Conservation, Biosystematics,
Entomology)
Kenya Wildlife Service
P.O. Box 40241
Nairobi, KENYA
iel : 254-02~506829
Fax: 254-02-505866
Email: kws@africaonline.co.ke

Dr. S. Opolot Okaasai
Head, Phytosanitary and Quarantine Services
(Interest: Plant Pathologist)
Ministry of Agriculture, Animal Industry and
Fisheries
Phytosanitary and Quarantine Services
Kawanda Agricultural Research Institute
P.O. Box 7065
Kampala, UGANDA
Tel: 256-04 1-567368
Fax: 256-041-567649
Email: karihave@starcom.co.ug

Dr. Wawera Gitonga
Senior Research Officer, (Interest: Entomology and
Insect Pathology, Biological Control)
Kenya Agricultural Research Institute (KARl)
National Agricultural Research Centre, Muguga
P.O. Box 30148
Nairobi, KENYA
Tel : 0154-33029
Fax: 0154-583299
Ms. Sarah Anne Higgins
Hon. Secretary
Lake Naivnsha Riparian Association
P.O. Box 1011
Naivasha, KENYA.
Tel: 0311 -21008
Fax: 0311 -21009
Email: kijabe@net2000ke.com

Dr. Timothy Kairania Twongo

Principal Research Officer
(Interest: Aquatic Ecology/Water Weeds)
Fisheries Research Institute
P.O. Box 343
Jinja, UGANDA
Tel : 256-043-120484
Fax : 256-043-121322
Email: firi@imul.com

Prof.(Mrs) Mabel Imbuga
(Interest: Biochemistry)
Jomo Kenyatt<~ University of Agriculture and
Technology (JKUAT)
P.O. Box 62000
Nairobi, K.ENY A
Tel: 0151-52223
Email: jku-lib@nbnet.co.ke

ETHIOPIA

Dr. Almuz Tade::;se Kebede
Acting Team Leader
Research & Veterinary Team
Ethiopian Wildlife Conservation Organisation
P.O. Box 386
Addis Ababa, ETHIOPIA
Tel: 251-1-151433/514389
Fux: 251 - l-514190

Bernard Karia lrigia
Senior Biodiversity Planner
(Interest: EIA, Resource Planning)
Kenya Wildlife Service
P.O. Box 40241
Nairobi, KENYA
Tel: 254-02-50108116025345
Fax: 254-02-505866/501752
Email: kws@users.africaonline.co.ke

Mr. Kassahun Zewdie Tsegaye
Weed Scientist, (Interest: Weed Science/Agronomy)
Ethiopian Agricultural Research Organisation
Holetta Research Centre
P.O. Box 2003
Addis Ababa, ETHIOPIA
Tel : 251-l-61-26-33
Fax: 251-l-61 1222
Email: harc@telecom.net.et
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Dr. ,\_ Muthama Muasy<1
Plant Taxonomist
(Interest: Plant Taxonomy)
Herbarium, National Museums of Kenya
P.O. Box 40658
Nairobi, KENYA
Tel : 254-02-742131
Fax: 254-02-741424
Email: plants@africaonline.co.ke

Ms Lilian Siswa Juma
Reporter, Kenya Times
.Box 30958
Nairobi, KENYA
Tel: 254-02-241763
Fax: 254-02-2433.9
Ms Christine Sophie Kabuye
(Interest: Botany, Taxonomy)
P.O. Box 42271
Nairobi, KENYA

Geoffrey Munjuga Mungai
Herbarium Manager (EA)
(Interest: Plant Taxonomy)
East African Herbarium
National Museums of Kenya
P_Q_ Box 45166
Nairobi, KENYA
Tel: 254-02-742161/7435 13
Fax: 254-02-741424
Email : plant@africaonline.co.ke

Dr. Gilbert Ng'ang'a Kibatu
Crop Protection Coordinator
(I ntcrcst: Crop Protection)
National Agril:ullural Lnboratiories (KARf)
P.O. Box 14733
NHirobi. KENYA
Td: :2.'i4 - 0~ -44JlJ56
Fax: 254-02-443956

Email : cpp@urc..:.or.ke
Eston Kariuki Mutitu
KEFRI Entomologist, (Interest Forest Entomology)
KEFRI
P.O. Box 20412
Nairobi, KENYA
Tel : 0154-32541, Fax: 0154-32844

Ms. Esther M. Kingori
Reporter, Kenya Times
Box 3095R
Nairobi, KENYA
Tel: 254-02-241763
Fax: 254-02-24339

Pascal Magiri Mwakangalu
Warden
(Interest: Wildlife Conservation & ManagemenlJ
Nairobi National Park
P.O. Box 42076
Nairobi, KENYA

Dr. Paul Muscngya Matiku
Conservation Promotion Officer
(Interest: Ecology, Ornithology)
East African Natural History Society
P.O. Box 749957, Nairobi, KENYA
Tel: 254-02-749957
Fa;.; : 2.54-02· 741049
Email: canhs@africaonlinc.co.ke

Tel: 254-02-500622
Fax: 245-02-505866/501752
Email: k ws@users.africonline.co.ke

Dr. David N. Mburu
(Interest: Weed Science/Agronomy)
Kenya Agricultural Research Institute (KARl)
P.O. Box 14733
Nairobi, KENYA
Tel: 254-02-444032
Fax : 254-02-444144

Dr. Elizabeth Wanjiru Mwatha
Senior Lecturer, (Interest: Microbiology & Biosafety)
Kenyatta University
Department of Botany
P.O. Box 43844
Nairobi, KENYA
Tel: 254-02-8 10652
Fax: 254,02-811242

Ali D. Mohamed
Environment Officer
(Interest: Marine Management)
National Environment Secretariat
P.O. Box 67839
Nairobi, KENYA
Tel: 254-02-24885112
Fax: 254-02-228851
Email: alimoh@arcc.or.ke

Mr. Paul Kariuki Ndang'ang'a
Research Fellow (Ornithology)
National Museums of Kenya
Ornithology Department
P.O. Box 40658
Nairobi, KENYA
Tel : 254-02-742161 Ext 242
Email: kbirds@africaonline.co.ke
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Parkinson Musembi Ndonye
Environment Officer
(Interest: Biodiversity Conservation)
National Environment Secretariat
P.O. Box 67839
Nairobi, KENYA
Tel: 254-02-243088
Fax:254-02-248851
Email: mec@edc.or.ke

Tel: 254-02-502223-6
Fax:254-02-504777
Email: casituma@hotmail.com
Dr. Wilson A. Songa
Assistant Director - KEPHIS, (Interest: Plant Health)
Kenya Planl Health Inspectorate Service
P.O. Box 49592
Nairobi, KENYA
Tel: 254-02-440087 Fax 254-02-448940
Email: Kephis@nbnet.co.ke

Ms. Betty Nzioka
Senior Ecologist
(Interest: E.A. Biodiversity, Biosafey issues)
Department of Resource Surveys &
Remote Sensing - DRSRS
P.O. Box 47146
Nairobi, KENYA
Tel: 254-02-502223·6
Fax: 254-02-504777

SOUTH AFRICA

Mr. Anzio Mario Bake
Department of Environmental Affairs & Tourism
P.O. Box 447
Pretoria 001, SOUTH AFRICA
Tel : +27 012 310 3699
Fax: +27 012 320 7026
Email: Nat-ab@ozone.pwv.gov.7,a

Mr. Sino Ochieng
Journalist
(tnterest: Environmental Joumalism)
East African Standard
P.O. Box 30080
Nairobi, KENYA
Tel : 254-02·332658/9/0 or 540280-7
Fax: 254-02·553939/540280 or 337697
Email: ochicngs@ hotmail.com

Dr. Christo Marais
(Interest: Resource Economics- Invasive Alien
Plants In South Africa)
Fynbos Working for Water Projects
Private Bag X7, 16 Voortrckkcr Road
Bellville 7535. SOUTH AFRICA
Tel: 021 -945470 I
Fax: 021 -9454570
Email: Chris @mweb.co.za

Dr. J.B. Okeyo-Owuor
Senior Lecturer
(Interest: IPM/Biodiversity)
School of Environmental Studies
Moi University
P.O. Box 3900
Eldoret. KENYA
Tel: 0321 -43244
Fax: 0321 -43149

Professor Michael J. Snmways
(Interest: Invertebrate Conservation/ Landscape
Ecology)
Director
Invertebrate Conservation Research Centre
School of Botany & Zoology
University of Natal
Private Bag XOJ
Scousvillc 3209. SOUTH AFRICA
Tel: +27 33 1 2605328
Fax: +27 33 1 2605105
Email: samways@zoology.unp.ac.za

Dr. Helida Achieng' Oyieke
Assistant Director
Centre for Biodiversity
Aquatic Ecologist
National Museums of Kenya
P.O. Box 40658
Nairobi. KENYA
Tel 254-2-742445 Fax: 254-2-741424
Email: nmk @africaonline.co.kc

Dr. Gcrt Thomas Willemse
Department of Environmental Affairs & Tourism
Private Bag x447
Pretoria 007, SOUTH AFRICA
Tel: +27 12 310-3836
Fax +27 12 320-7026
Email: nat-gw@ozone.pwv.gov.za

Charles Amos Situma. Ecologist
(Interest: Natural Resource Management)
Department of Surveys & Remote Sensing
P.O. Box 47146
Nairobi, KENYA
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MALAWI & UK

Dr. Geoffrey W. Howard
Regional Programme Coordinator
(Interest: Wetlands)
The World Conservation Union (IUCN)
P.O. Bo11. 68200
Nairobi, KENYA
Tel: 254-02.890605
Fax: 254-02-890615
Email: gwh@iucn.org

Mr. Victor W. Kasulo
(Interest: Environment Economics)
Environment Department
Uni versi ty of York
Helington
York YOlO SDD UK
Tel: 44 • 01904 656312
Fax: 01904 432 998
Email: vswklOl @york.ac.uk

INTERNATIONAL

MAURITIUS

Ms. Laila Uweso Abubakar
ARPPIS Scholar (KENYA), (Interest: Biochemistry)
International Centre of Insect Physiology and
Ecology (ICIPE)
P.O. Box 30772
Nairobi, KENYA
Tel: 254-02-861680/.l/3
Fax: 254-02-860110 or 803360
Email: Iabubakar@icipe.org

Mr. Vishnu Tezoo
Technical Officer
(Interest: Con_lrol of invasive plants and animals,
reintroduction)
National Parks & Conservation
Ministry of Agriculture, T.T.N.R
Redul t, MAURITIUS
Tel: 230· 644063/4644016
Email: npcsagr@intnet.mu

Ms Jane Frances Asaba
lpformation Scientist
CAB International - Africa Regional Centre
P.O. Box 633, Village Market
Nairobi, KENYA
Tel: 254-02-521450 Ext. 3450
Fax: 254-02-522150
Email: jasaba@cgiar.org or asaba@cabi.org

REGIONAL

Yilma Dellelegn Abebe
Programme Officer
Wildlife, Wetlands
The World Conservation Union (IUCN)
P.O. Box 68200
Nairobi, KENYA
Tel: 254-02-890605-12
Fax:254-02-890615

Dr. Roger Day
Entomologist , (Interest: Pest Management)
CAB International (Africa Regional Centre)
P.O. Box 633, Village Market
Nairobi, KENYA
Tel: 521450
Fax: 522150
Email: R.Day@cabi.org

Ms. Rose Sirali Antipa
National Technical Officer
(lnterest: Environmental Management)
East Africa Cross Border Biodiversity Project
Ministry of Environment and Conservation
Uniafric House, Koinange Lane
P.O. Box 67839
Nairobi, KENYA
Tel : 254 02 247695/97
Fax:254-02-332359
Email: cbbp@form-net.com

Dr. Elizabeth E. Lyons
Biodiversity & Conservation Programme
ICIPE, Bo11. 30772
Nairobi, KENYA
After 30 July 1999:

Michael Kiama Gachanja
Project Coordinator (Ecology)
East Africa Wildlife Society
P.O. Box 20110
Nairobi, KENYA
Tel: 254-02-571335
Fa11.: 254-02-571335
Email: eawls@form-net.com

Program Director, Population Biology
National Science Foundation
Division of Environmental Biology, Rm 635
4201 Wilson Boulevard
Arlington, VA 22230 USA
Tel: 1-703-306-1481
Fax: 1-703-306-0367
Email: elyons@nsf.gov
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Dr. Susan Kimani-Njogu
Unit Head. Biosy'stematics Laboratory
(Interest: Biosystematics of Insects)
International Centre of Insect Physiology and
Ecology (ICIPE)
P.O. Box 30772
Nairobi, KENYA
Tel: 254-02-861680/113
Fax: 254-02~8601 10 or 803360
Email: skimaninjogu@icipe.org

Hilda Munyua
Information Specialist
CAB International - Africa Regional Centre
P.O. Box 633, Village Market
Nairobi, KENYA
Tel: 254-02-5~ 1450
Fax: 254-02-522150
Email: hmunyua@cabi.org

Dr. Chrisdaan Kooyman
(Interest: Biopesticides, grasshopper taxonomy)
CAB International - Africa Regional Centre
P.O. Box 633, Village Market
Nairobi, KENYA
Tel : 254-02-521450/522150
Fax: 254-02-522150
Email: c.kooyman@cabi.org

Dr. Satoshi Nakamura
Visiting Scientist
(Interest: Entomology)
International Centre of Insect Physiology
and Ecology (ICIPE)
P.O. Box 30772
Nairobi, KENYA
Tel: 254-02-861680/1/3
Fax: 254-02-860110 or 803360
Email: tachinid@jircas.affrc.go.jp

Andrew Mbiru
SRAIICIPE
(Interest: Conservation Biology)
International Centre of Insect Physiology and
Ecology (ICIPE)
P.O. Box 30772
Nairobi, KENYA
Tel: 254-02-86168011/3
Fax: 254-02-860110 or 803360
Email: ambiruicipe.org

Dr. Peter G. Ng'ang'a Njagi
Scientist
(Interest: Sensory Physiology, Electrophysiology)
International Centre of Insect Physiology and
Ecology (ICIPE)
P.O. Box 30772
Nairobi, KENYA
Tel: 254-02-861680/ 1/3
Fax: 254-02-860110 or 803360
Email: pnjagi@icipe.org

Dr. Scott E. Miller
Leader, Biodiversity & Conservation Programme
ICIPE, Box 30772
Nairobi, KENYA

Ms. Haruko Okusu
UNEPJPO
P.O. Box 47074
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Appendix 2
PROGRAMME
WORKSHOP ON 'INVASIVE SPECIES IN EASTERN AFRICA'
JULY 5-6, 199~ ICIPE CAMPUS, NAIROBI
Monday July 5
8:30-10:00

Registration and Welcoming Remarks
Dr. Hans Herren (Director General, ICIPE)
Dr. Scott Miller (Leader, Biodiversity and Conservation Progamme, ICIPE)

NATIONAL, REGIONAL AND GLOBAL PROGRAMMES TO FIGHT INVASIVES
10-10:45 Jeff Waage, CAB International, UK, and Global Invasive Species Programme Executive
Committee. "Alien Invasive Species: Ecology and Global Response"

10:45-11 :00 Break
11:00- 11:40
Vishnu Tezoo and YousoofMungroo, Mauritius National.Parks & Conservation Service,
"The National Strategy to Fight Invasive Species in Mauritius"
11:40-12:20

Christo Marais, Tyl Willems and Karoline Hanks, Working for Water Programme, South
Africa ''Invasive Species and the National Working for Water Programme: Linking
Sustainable Development with Economic Empowerment in South Africa"

12:20-12:45 Discussion

12:45-2:00

Lunch

ECONOMIC, LEGAL AND POLICY DIMENSIONS OF INVASIVE SPECIES
2:00-2:40

Wilson Songa and Chagema Kedera, Kenya, Kenya Plant Health Inspectorate Service
(KEPHIS), "Policy and Legal Dimensions of Invasive Species"

2:40-3:20

Victor Kasulo, Malawi & York University, "The Economics of Invasive Species: Costs,
Incentives, Risk Analysis and the Role of Donors"

3:20-3:40 Discussion
3:40-4:00 Break

INVASIVE SPECIES AND VULNERABLE ECOSYSTEMS
4:00-5:30

Discussions in country working groups.
Moderated by Richard Bagine, Kenya Wildlife Service
1) Invasive species in protected areas; 2) Ecosystems most vulnerable to invasives

5:30-7:00

Reception and rNFORMATION FAIR

Tuesday July 6
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9:00- I0:00 Presentations of Country Working .Group Reports
Ethlopia
Tanzania
Uganda
Kenya

I0:00- II :30 CASE STUDIES
"Aquatic invasive plants in Kenya", Waweru Gitonga, Kenya Agricultural Research
Institute (K/\RI)
"Weeds Invasions Tracked with Herbarium Records'' . Geoffrey Mungai. Kenya, National
Museums of Kenya (NMK)
"In vasive species of the water environment", Timothy Twongo. Fisheries Resen rch
Institute (FIRI ). Uganua
"Spread and ecolugi<.:a l consequences of the invasion ur the stem borer. Cllilo patellus.
into Al'ri<.:a". W. Overholt. J. Songa. V. Ol'ommu anti R. Jeske. ICIPE
Discussion

LOOKING FORWARD IN EAST AFRICA
II :30-12:00 Jeff Waage, CAB International , UK. and Global Invasive Spcc.:ies Programme Exeeut in·
Commillec, "An Introduction to the Global lnvusive Species Programme tGISPl T(l\ll
Kits''
12 : 00~2: 00

WORKING GROUP DISCUSSIONS (Working lunch provided)
The Role of EAFRINET in the Fight Against In vasive Speck s
Strengthening R•!Se<lrch and Research Links on Invasive Spec tes
Coordinating Regional Efforts to Control Invasive Species
Capacity Building and lmplt:mentation in Invasi ve Species Programmes

2:00-3:30

Working groups reports, wrap-up discussion

3:30
4:30

Leave for Museum
Public Lecture and Panel Discussion al Louis B. Leakey Auditorium, National Museums
of Kenya
PUBLIC LECTURE: Professor Michael Samways, University of Nutul. South Afrira.
"A lien Invasive Species and Ecosystem Agony"
PANEL DISCUSSION: "National. Regional unci Global Strategies for Fighting Invas ive
Species". Moderator: Dr. Helida Oyicke, NMK. Panelists: Dr. Bernard lrigia, KWS. Dr.
Timothy Twongo, FlRI, Dr. S. Okuasai Opolot. Ugandan Phytosanitary and Quarantine
Servict:s, Dr. Geoff Howard, IUCN , Dr. Gert Wi1lt:mse, South Af1'ican Ministry of
Environmental Affairs and Tourism, Dr. Jet'f Waage, CAB International.

INFORMATION FAIR
Exhibitors who displayed books, videos, CO-ROMs etc. :
fCIPE Science Press
CAB I
IUCN
USDA Forest Service
Working for W<lter Programme, South Africa

79

KEPHIS
EAFRINET/B IONET
Government of South Africa

Appendix 3
COUNTRY WORKING GROUP DISCUSSION:
INVASIVE SPECIES AND VULNERABLE ECOSYSTEMS
IN KENYA
1. Protected areas in Kenya

Forest Reserves
National Parks
Marine Parks
National Monuments (e.g., Kaya Forests)
2. Status of Protected Areas

A. Status of knowledge
I . Lack of catalogue and identification in:
• Marine and coastal
• Montane/Alpine
2. More information is available for:
• lnJand waters
• Forests
• ASALS

:s. Some rnvasive species well known to our group:
I.

Plants

2. Insects

14

2+

3. Other invertebrates

1

4. Birds

4

21
C. Many other invasive species exist but not yet identified by studies
D. Non-protected areas suffer many of the same problems

3.

Management of Protected Areas and potential partners

INSTITUTIONS
1.
2.
3.

PARTNERS

KWS
Forest Department
NMK

1.

2.
3.
4.

KARl
Dept of Remote Sensing
Universities
NGOs&CBOs

4. Capacity to monitor invasive species. In theory the following institutions should all have some
capacity, though for all it is currently inadequate:
1.

KEPHIS

2.
3.

NMK

4.

KWS
. Othe.r research institutions

5. Control Activities
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A. Quarantine systems in place

B. Attempts to manually remove
C. Attempts to use herbicides
D. Attempts to use biological control
6. Awareness by leaders

Some are aware
Most are not aware
7. Vectors for movement of invasive species

A.
B.
C.
D.

Human activities (intentional and unintentional)
Migratory animals
Wind
Water

8. Obstacles to effectively controlling invasive species

A. Lack of appropriate policy

B. Lack of awareness
C. Lack of funds
D. Poor collaboration
E. Lack of mechanisms for capacity building/training
9. What the participants in this workshop can do
A. Promote the following:
i. Soil and water management aclivities
ii. Education/awareness raising
111. Collaboration/Networking
tv. Research/monitoring
v. Mapping/remote sensing
vi. Community mobilisation/sensitisation
vii . Inventorying/regional hand book
B. Recommendations to carry out
1.
Develop a policy framework on invasive species
ii. Widen scope/capacity of KEPHIS and others
iii. Intensify monitoring
iv. Create awareness and trainjng
v. Collaborative network
vi. Catalogue and publish regional handbook on invasives
vii. Initiate and intensify research
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Appendix 4

COUNTRY WORKING GROUP DISCUSSION:
INVASIVE SPECIES AND VULNERABLE ECOSYSTEMS
IN TANZANIA
1.

Status of invasive species in protected areas.
a)

There at·e 5 categories of protected areas (PAs) in Tanzania:
I.
National Parks (NPs)
2.
Game Reserves (GRs)
3.
Ngorongoro Conservation Area (NCA) [multiple use area)
4.
Game Controlled Areas (GCAs)
5.
Forest Reserves (FRs)

b) These protected areas are managed as follows:l.
NPs- by a parastatal organization. the Tanzania National Parks (TANAPA).
2.
GRs · by Wildlife Department in the Ministry of Natural Resources & Tourism.
3.
NCA - by Ngorongoro Conservation Area Authority (NCAA)
4.
GCAs -by Wildlife Department, Ministry of Natural Resources & Tourism.
5.
FRs- by the Forestry & Beekeeping Di vision. Mini stry of Natural Resources and
Tourism.
Note: Management of Protected Areas in Tanzania is done with close collaboration and
participation of the local communities.
c)

Invasive Alien Species are a problem in the Protected Area System ofTanzanin. Mechanical,
chemical and biological control has been attempted in protected areas with mixed success. Invasive
species found in Tanzania Protected Area System include (but are not limited to):
PLANTS:
I.
Cassia spectabilis- in Mahalc Mountain National Park
2.
M(l(:sopsis eminii - in East Usambara Forest Reserve
3.
Opuntia species- in Serengeti National Park
4.
Agemone mexicana- in Lake Manyara National Park
ANIMALS:

1.
Rats
2.
Indian house crow (especially on coast)
3.
Rinderpest
Cinara cuprcssi (aphid)
4;
2. Tanzania Ecosystems Vulnerability to Invasive Species

a) Six ecosystems were thought to be particul arly vulnerable, due to a combination of biological,
geographical and human effects:
1.
Agricultural ecosystems
2.
Wetlands
3.
Mountain ecosystems
4.
Forest ecosystems
5.
Grassland Savanna ecosystems
Island ecosystems
6.
b)

Examples of Invasive Species in Tanzanian Ecosystems
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PLANTS:
l.
Water hyacinth - Wetlands
2.
Water fern (Salvinia molesta)- Wetlands
3.
Water lettuce (Pistia stratiotes)- Wetlands
4.
Striga asiatica - Agricultural lands
5.
Leucaena leucocephala - Agricultural lands
6.
Maesopsis eminii - Mountain ecosystems
7.
Agemone mexicana- grasslands & savannas
ANIMALS:
1.
Indian House Crow - Island ecosystems, coastal areas
2.
Larger grain borer (Prostephanus truncatus)- Forestry & agricultural Ecosystems
3.
Cassava mealybug (Pitenacoccus manihoti) - Agricultural
4.
Sugarcane scale (Aulacaspis tegalensis) - Agricultural
5.
Cassava green mite (Mononychellus tanajua) - Agricultural
6.
Citrus Woolly white fly (Aleurothrixus jloccosus) - Agricultural
7.
Cypress aphid - Forestry
c) Awareness is still low among leaders and inter-sectoral cooperation in invasive species issues is low.
d) Transport mechanisms for these invasive aliens includes:
1)
air/wind
2)
water
3)
animals, birds
4)
human activities, e.g., trade and tourism
e)

A major obstacle to protecting protected areas is Jack of capacity to identify invasive species,
including lack of identification manuals and taxonomists

f)

Of all these Tanzanian Ecosystems, the group identifies the following ecosystems as the most
susceptible to invasive species:
a.
Agricultural
b.
Wetlands

g) The capacity for monitoring the invasives in the country is low due to the lack of appropriate
infrastructure (trained personnel, facilities) and the lack of general awareness of the potential
dangers of invasive species.
h) At the present level of awareness, the country is undertaking various measures to contain the
problem of invasives. They include quarantine and inspectorate service (Pre-entry mechanisms);
and control and eradication of invasives in the country (Post-entry) through mechanical removal,
use of bio-control agents, and chemical application (herbicides & insecticides etc)

3. Conclusions
The Tanzanian group concluded that the major obstacles in the management of invasive aliens can be solved by
both national and international efforts. Members of this Workshop, in particular, can help by:
a.

Sharing experiences and collaborating on ideas for the development of programmes and
methodologies in the control, prevention, monitoring and the management of invasive species

b. Developing recommendations on how best we can nationally and regionally manage the invasive
and alien species
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Appendix 5
COUNTRY WORKING GROUP DISCUSSION:
INVASIVE SPECIES AND VULNERABLE ECOSYSTEMS
IN ETHIOPIA
Caveat:
I.

Our group could not compile n comprehensive list of all the invasive species in Ethiopia
since none of us is expert in the field of invasive species.

2.

Very little research has been done on invasive species in Ethiopia, except for tl few
assessments in some parts of the counrry.

Based on our group's knowledge, the following is a list of invasive species that arc likely lube of
economic importance or impact:
I.

Congress weed- Partlu!llittmltysterop/wnus- This weed was introduced to Ethiopia with
aid packages of wheat. It is becoming very common in areas along the Assnb - Add is
Ababa highway and it is widespread in eastem, central and northeastern parts of the
country.

2.

Prosopis j u/(flora- It is said that rhis species was introduced to Ethiopia by u fon.:ign~r
who visi ted areas along the Awash river, cspcciai ly in Afar region. to explore it'\ potcntiul
for plantations of cotton and citrus. When he found there were no green plants during the
dry period in the area, he brought a single pod to the nreu. Now this tree is encroaching in
many areas on the grazing area of the Afar people.

Note: These two species above have the potential to spread to several National Parks and
Wildlife Reserve.
3.

4.

Water hyacinth - Eichlwm ia crassipes- As noted earlier in the workshop. water hyaci nth
is a problem in many African countries. In Ethiopia it causes serious problems in dams,
which are sources of hydroelectric power and lakes (e.g., Koka dam, Abu Samuel dam;
Abaya & Zewai Lakes in the Rift Valley).
L(llrtana camara - This species is common in the eastern part of the country, the Somali
region. Some people also grow it as nn omamental plant and use it for fenci ng in southern
Ethiopia.

5.

Eucalypflls spp.- These species are common in some priority forest areas (e.g.,
Menagesha-Suba Forest). Its potential to replace the indigenous species of an area is
high. (People al so want to grow trees like Podocaqmsjuniperus since it is a fast growing
tree as compared to the indi genous trees.)

6.

Agemone me.ticana · This weed is also common in the arable lands
areas along the Assab- Addis Ababa Highway.

7.

Opunti<' sp.- People use this plant for fencing purposes. It has the potential to spread to

or the Rift Val ley. in

Bale Mountain National Park and Senkell e Swayner Hartebeest Sanctuc.u·y.
8.

"The slug" (mollusc) spreading in cities, but status not known.

9.

Nile perch- needs study.
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•

1.

a.

MANAGEMENT OF PROTECTED AREAS
In the past, all of the protected wildlife and forest areas were managed by the Federal
government (Ministry of Agriculture - MOAS). Starting in 1996, for political reasons, the
Federal government handed over most protected areas to their respective Regional
agricultural offices, except those which fall in two or more regions and so are difficult to
manage. The MOAS-Ethiopian Wildlife Conservation Organisation (EWCO) & the Forestry
Department are responsible for the management of these protected areas.

b. The capacity for monitoring for invasive species by the Federal and Regional governments in
Ethiopia is negligible in protected areas since we do not have expetti~e to look at the issue of
invasive species.
c. Invasive species are a considerable problem now in Ethiopia, and weeds such as Partherzium
and Prosopis in terrestrial ecosystems and water hyacinth in wetland ecosystems have the
potential to spread and invade many areas.
d. The current activities to control invasive species in Ethiopia are:
1) Creating awareness among policy makes about the potential for species like Prosopis,
Parthenium and water hyacinth to spread.
2) The Institute for Biodiversity Research and Conservation (IBRC) is beginning to establish
a structure to control the import and export of species.
3) MOA and Ethiopian Agricultural Research Organisation (EARO) have a Quarantine
Service to control the import & export of species.
e.

The leaders ofEARO, IDRC, MOA, EWCO, Enivornmental Protection Agency (EPA),
Addis Ababa University (AAU), Alemaya University of Agricu!tu~;e, Awasa Agricultural
College are aware of invasive species as a potential problem. A preliminary survey on
Prosopis and Partltenium has been can·ied out by a colleague from EARO, and some studies
on water hyacinth have been conducted. by botanists at AAV.

f.

The major vectors of the aforementioned invasive species brought to Ethiopia are:
Aid packages - shipping
Human beings
Wind
Irrigation
Animals -sheep, goat, cattle, birds

g. The biggest obstacles to protect protected areas against invasive species are:
Lack of awareness on the types and damages of invasives
Lack of research activities to identify the risks of invasives in ecosystems
Lack of regional networking among East African countries
Lac.:k of trained manpower in the field of invasive species
Lack of funds for capacity building
The government's low priority for environment issues.

h. To over-come the aforementioned obstacles, the people at this workshop will help in:
sharing their experiences and fill the gap of knowledge on invasive species in Ethiopia
Developing regional net-working to know the type of invasive species and their
controlling mechanisms
Approaching funding organisations for capacity building
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2.a. In our discussion, we also identified the following ecosystems which might be most vulnerable to
invasive species :
1.

Small-leaved deciduous woodland. These environments are changing rapidly, due to high
levels of human impact Over-exploitation of natural resources, s?meti1.n es beyond
carrying capacity (e.g., over-grazing), could provide favourable conditions for the growth
and spread of invasive species. These ecosystems are particularly vuln.erable because the
two invasive species Prosopis and Partlzenium are spreading in these areas.

2.

Wetlands. Dams and lakes are particularly vulnerable because of the potential for water
hyacjnth to spread.

3.

Mountainous ecosystems, such as the Afroalpine. The biodiversity of the tropical dry and
moist forest ecosystems as well as of the mountain grasslands are vulnerable to invasive
species. Because these ecosystems are fragile by nature and because they are areas of
heavy agricultural practice (which disturbs the natural ecosystem and introduces many ·
potential vectors for invasives), they are at considerable risk from invasive species. Risk
for invasive species increases with increased human activity.

b.

The vectors for bringing invasive species into these ecosystems are aid packages, human beings,
birds, sheep and goats, and natural elements.

c.

The capacity for monitoring invasive species in these ecosystems is not great at this point in time,
however, IBRC is trying to build a structure so that they can monitor the invasive species in these
ecosystems.

d.

The people at this workshop can help to protect such vulnerable ecosystems by:
I ) Sharing cheir workshop experience.
2) Taking the conclusions of the workshop home to strengthen efforts to guard protected areas
against invasive species. Those efforts will involve:
a) Increased research pn invasive species
b) Capacity building for monitoring and controlling invasive species.
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Appendix 6
COUNTRY WORKING GROUP DISCUSSION:
INVASIVE SPECIES AND VULNERABLE ECOSYSTEMS
IN UGANDA
1.1 Protected Areas in Uganda

•
•

National Parks
Forest Reserves
• Tropical high forest
• Woodlands
Conifers
• Eucalyptus
Biosphere Reserve
Wildlife Reserves
Community Wildlife Areas
Wetlands

•

•

•

•

•

Area
I 1,155 sq. km .

417,000ha
720,000 ha
12,000 ha
18,600 ha
I ,978 sq. km .
8,764 sq. krn .
27,605 sq. km .
30,1 00 sq. km .

[Source: State of the Environment Report for Uganda, I 996]

1.2

Responsible Authorities
•
•
•
•
•
•

1.3

National Parks - Uganda Wildlife Authority (UWA) in Ministry of Tourism
Forest Reserves - Department of Forestry
Wetlands- Ministry of Envil'onment and Water Resources
Wildlife Reserves - UW A
Community Wildlife Areas - UW A
Wild Heritage- UW A

Invasive species in different areas
Water hyacinth
•
Water lettuce
•
Pepper mulberry
•
Lantana camara
Oxalis latifolia
Optmtia vulgaris
•
Digitariwn sp.
•
Nile perch
•
Tilapia sp .
Vossia sp .
•
Striga asiatica
•
Acacia spp.
•
Prostephanus
truncatus
•

•
•

•

1.4

Wetlands
Wetlands
Forest Reserves
Mi scellaneous lands and degraded rangelands
Farmland/Agrosystems
National Parks
Agroecosystems
Wetlands/Lakes/Rivers
Wetlands/Lakes/Rivers
Wctlands/Lakes/Ri vers
Agroecosystems
Degraded rangelands
Agroecosystems/Forests

Monitoring o1z Invasive species
•
•
•
•

UWA monitors research and collects data in game parks, wild heritage sites, etc.
Forest Department monitors invasive species in forests but no quantification is done
Fisheries Research Institute and Deprutment of Fisheries monitor wetlands
Department of Crop Protection monitors agricultural land and agroecosystems
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Limitatiolls

1.5

•
•
•
•

Analysis of Social and Economic Impacts of invasive species is not yet carried out in Uganda
Connict of Interests
Difficulty in eradication/containment of invasive species especially in aquatic environments,
e.g., Nile perch
Limited availabi lity and flow of information

Policy/Legislation on Invasive Species

1.6

Available in
• NEMA stntute
• Plant Protection Act
Note: Implementation of statute/Act is limited
The Way Forward for Uganda

1.7

•
•
•
•
•
•
•
•
1.8

Produce a report on the workshop
Produce a documentary on invasive species, spearheaded by NEMA
Writ!.:! newsletter and anicles
Form an interdisciplinary committee on invasive species
Propose and organize a national workshop on invasive species
ldenti fy research topics
Network in the region (Africa) and subregion (Eastern Africa)
Identify the Politician/Minister to spearhead an invasives crusade

The Way Forward for Eastem Africa

•
•
2.

Form a regional committee to work out the way forward for Eastern Africa
Strengthen networking with EAFRINET playing a leading role

Ec:osyst2ms Most Vulnerable to lllvasive Species

•
•
•
•
•

Waterbodies and wetlands (aquatic systems)
Agricultural lands and rangelands
Urban centres
Highway and railway sides
Ecotones
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Appendix 7
Working Group Report: The Role of EAFRINET in the Fight Against Invasive
Species
Background: EAPRINET is a unit of BioNET INTERNATIONAL, a worldwide network of systematists.
EAFRINET is a recently fonned network of East African systematists and hopes to hecome more closely associated
with ASARECA. the Association for Strengthening Agricultural Research in Eastern and Central Africa. However,
the work of EAFRINET members is not limited to working on organisms in agricultural settings. Because
EAFRINET is just getting started, participation in the meeting is one its lirst activities.
The working group affinned that EAFRlNET is keen on supporting efforts to control invasive species by, among
other things, providing services in oiosystematics (on a reciprocal basis). The following are ways that EAFRINET
and its members might be able to assist in the invasive species effort:
Helping to identify suspected or confirmed invasive species, as well in some cases, as their possible control
agents.
2) Helping to assemble and maintain regional databases that might help track and identify invasive species.
3) Gearing activities in research and training to assist the efforts of national, regional and global (e.g., Global
Invasive Species Programme) invasive species programmes.
4) Contributing to the production of information booklets (e.g .. A Handbook on Invasive Animals of East Africa).
I)

Appendix 8
Working Group Report: Strengthening Research and Research Links on Invasive
Species
There arc needs for research in many broad areas relevant to invasive species. The group concentrated on
which research issues arc most urgent, how to build linkages to strengthen research, and the status of
funding for such research projects.
I) Research issues that need to be addressed:
The status and distribution of different invasive species in the region
A checkl ist of invasive species
The mechani sms by which invasive species move (vectors)
The ecology and bi ology of invasive species
The ecological, economic and social impact of invasive species
Methods of' control of invasive species, particularly biological control agents
Utilization or invasive species
?) The ki nds of linkages that need to built and/or strengthened, to improve invasive species research:

A. Linkage!-i between universities and research institutions.
B. Linkage:-; between these institutions and stakeholders, users (e.g., farmers and management agt:ncies)
C. Linkages between groups within the region, such as regional research insritutjons, including regional
governmental institutions that can help influence national and regional policy.
3) Increasing or leveraging funding wi ll require:
A. Sensitizi ng national governments about the need for more research on invasive species.
B. Building partnerships that bring together university students looking for a project on invasive species
with land management agencies that have research questions and the invasive species to manage, but
ure often short on personnel.
4) Other suggestions:
A) Those involved in research on invasive species should also help develop a curricular materials that
provide better training on issues related to invasive species.
B) The efforts to control invasive species would benefit greatly from a Research Insti tute on Invasive
Species, which could serve as a focal point for research and service, helping to coordinate efforts
across specic!S and countries.
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Appendix 9
Working Group Report: Coordinating Regional Efforts to Control Invasive Species
This group considered ways to foster effective coordination and communication on relevant invasive
species issues within the region.
The group suggested a structure with the following components:
1) A Regional Steering Committee made up of one or two members from each country in the region
(Ethiopia, Kenya, Tanzania and Uganda).
2) One (or two) institution(s) from each country that is responsible for leading the effort to fight invasive
species. The Steering Committee members are likely to be drawn from these lead institutions. The
group suggested the following institutions:
a) Ethiopia - Environmental Protection Authority and the Institute for Biodiversity and
Conservation Research
b) Kenya- the National Museums of Kenya and the National Environment Secretariat.
c) Tanzania- the National Environment Management Council.
d) Uganda - the national Environment Management Authority.
3) Relevant national institutions (e.g., government departments, NGO's, CBO's) that work with the lead
agency to implement the national strategy.

The group also suggested some mechanisms to help coordinate future activities:
1) Regular newsletters, with organizational efforts spearheaded by EAFRJNET.
2) Regional Steering Committee meetings every two years, with the t1rst to be held sometime around
February 2000, in order to prepare for the GISP meeting in South Africa in September 2000.
3) Continuous communication and linkages via email.
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Appendix 10
Working Group Report: Capacity Building and Implementation in Invasive Species
Programmes
The group first addressed whether Eastern Africa had the capacity to control invasive species. The
cond usion was that the capacity was present, but was as yet untapped.
The capacity has several dimensions, all of which require work: infrastructure, human resource capacity
and financial capacity. The group focused on the last two of the.sc.
Human resource ~.:apacity:
is not necessarily lacking.
must include many kinds of people who should not be overlooked. If capacity building aims very
high. it misses the chance to involve many local people in the control efforts.
should include people who can help identify invasive species, such as parataxonomists, who, with
small amounts of training, can serve in rural areas as an early warning system.
can be more efficient if a few key people are first trained who can then do secondary training at a
local level.
can be developed to undertake a range of management methods- e.g., physical, biological, chemical.
Financial capacity:
needs to take into account both the costs of controUremoval, as well as the benefits
varies over the time course of an invasion. The financial needs can be significant early in the growth
phase of an invasive, especially if communities are to be mobilised. However, such e<rrly investments
end up saving large amounts if the invasive can be stopped before it reaches crisis proportions.
can be increased by soliciting support from donors, but that support should be structured from the
beginning so that it is phased out over time.
must also be used in a way that increases equity across many part-: of the region affected. This has the
added benefit that it helps make the community better prepared and more willing to participate.
must build in incentives to foster long-term participation by communities. For example. if the
community plants trees that then belong to a forester. there is little incentive for the people to care fot·
the trees. Tf the trees belong to the community, the community will be more likely to protect the trees.
can be increased by looking for appropriate partnerships, with communities, businesses, donors,
government management agencies, NGOs.
can be increased if ways are found to utilize invasive species (e.g., making furniture from water
hyacinth). However, it should be realized that such jobs are not permanent.
The group then considered some of the constraints that hinder efficient implementation of an invasive
species programme.
Some bottlenecks in implementation of invasive programmes include:
Different ministries that are responsible for management of inva<;ives often have different attitudes,
depending on their missions. For example, a forestry department might not be unhappy with an
invasive tree that grows rapidly and provides fi rewood, but an environment ministry might be very
unhappy with the same species if it outgrows and kills native trees and degrades the biodiversity of an
area.
Different institutions that might be committed to the same goal of fighting an invasive species often
have different expertise, approaches, and capacities. The strategies and programmes of such
institutions need to be hannonized.
Controlling an invasive species must be seen as part of a longer-term effort to manage an area. For
example, if an invasive plant is removed from an area, the job is not complete. lf nothing else is
planted, anolher invasive is likely to move in. Instead, control and/or removal of an invasive should
be followed by a programme that plants nalive plants of value.
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Appendix 11
SELECTED BIBLIOGRAPHIES ON INVASIVE SPECIES
We provide two working bibliographies on the biology and impact of invasive species. These should only
be considered as starting points and make no claim to comprehensive coverage. They emphasize insects
and other invertebrates, but include some coverage of all organisms. One bibliography focuses on Africa,
while the other includes references from around the world (especially North America and the Pacific
islands) as well as papers on theory and policy. These bibliographies were compiled by Scott Miller as
byproducts of work for ICIPE funded by the government of Norway and the Hawaii Biological Survey
funded by the John D. and Catherine T. MacA1thur Foundation.
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Cambridge University Press,

Heywood, V. H. (ed.) 1995. Global biodiversiiy assessment. Cambridge University Press, Cambridge. xi+ 1140 pp.
Lever, C. 1994. Naturalhed animals: Tile ecology ofsuccessfttlly introduced species. T & A D Poyser Ltd, London. xiii + 354
pp.
Luken, J. 0., and J. W. Thieret (eds.) 1997. Assessme/11 and management ofplant invasions. Springer-Verlag, New York. xiv +
324 pp.
Macdonald, I. A. W., F. J. Kruger, and A. A. Ferrar. 1986. The ecology and management ofbiological invasions in Southern
Africa. Oxford University Press, Oxford.
Mullin, B. H:, L. W. J. Anderson, J. M. DiTomaso, R. E. Eplee, and K. D. Getsinger. 2000.lnvasive plant species. Council for
Agricultut:al Science and Technology (CAST) Issue Paper 13: 1-18.
Parsons, P. A. 1983. 11u! evolutionary biology of colonizing species. Cambridge University Press, Cambridge. x + 262 pp.
Pysek, P., K. Prach, M. Rejmanek, and M. Wade (eds.) 1995. Plalll invasions- general aspects and special problems. SPB
Academic Publishing, Amsterdam.
Ramaakrishnan, P. S. (ed.). 1991. Ecology of biological invasions in the tropics. International Scientific Publications, New
Delhi.

93

Rubec, C. D. A., and G. 0 . Lee (eds.). 1997. Conserving vitality and diversity: Proceedings oftlte World Conservaiio11
Congress workshop on alien invasive species: October 20, 1996, Monireal, Canada. North American Wetlands
Conservation Council (Canada); IUCN - The World Conservation Union; Species Survival Cornm.ission; Environment
Canada, Ottawa and Gland. vi + 96 pp.
Sandlund, O.T., P.J. Schei and A. Vi ken (cds.). 1996. Procec:<liii8S of tile Norway/UN Conference 011 Aliell Species.
Directorate for Natul'e Managemc:nt and Norwegian Institute of Nmure Research, Trondheim, Norway. 233 pp.

U.S. Congress Office of Technology Assessment 1993. Harmfitlnon·indigenous spe~·ies In the United States. U.S.
Governmem Printing Office (OTA·F-565). Washington, D.C. viii+ 391 pp.
tJ.S. Congress Office of Technology Assessment. 1995. Biologically lmsed tecllllologiesfor pest comrol. U.S. Government
Printing Office (OTA·ENV-636), Wushington, D.C. x + 204 pp.
Westbrooks. R. G. 1998. lnvasivL' species: changing the landscape of America: fact book. Federal Interagency Comminee for
the Management of Noxious and Exotic Weeds, Washington, D.C. vi + 109 pp. [botany]
Williams, D. F. (ed.). 1994. £,\'Otic allis: Biology, impact, and control of introduced species. Westview Press, Boulder.
Colorado. xvii + 332 pp. [Hymenoptera; Formicidae]
Williamson. M. 1996. Biological invasions. Chapman & Hall , London. xii + 244 pp.

INVASIVE SPECIES IN AFRICA: SELECTED REFERENCES
African Association oflnsect Scientists. 1991. Major symposium on exotic pests in Africa; their prevention and control: 9th
meetill,!f (lilt/ scientific conference 'of the African Associmion of Insect Scientists: Progmmme of events, abstracts and
list ofparticipallfs. African Association of Insect Scientists. Nairobi. 29 pp.
Balirwa, J. S. 1995. The Lake Victoria environment: Its fisheries and wetlands-- a review. Wetlands Ecology and Managemellt
3: 209-224.
Binggeli, P., nnd A. C. Hamilton. 1993. Biological invasion by Maesopsis eminii in the East Usambara Forests, Tanznnin.
Opera Bmanica 121:229-235.
Braack, L. E. 0., K. A. R. Maggs, D. A. Zeller, and I. G. Horak. 1995. Exotic arthropods in the Kruger National Park, South
Africa: modes of entry and population status. African Entomology 3( I): 39-48.'
Brown, D. S., M. A. A. Gracia, and C. Meier-Brook. 1998. The Asian freshwater snail Gyraulus chinensis (Dunker, 1848)
(Pianorbidne) in West Africa and Europe. Joumal of African Zoology 112: 203-213. (Guinea Bissau]
Cilliers, C. J. 1987. Biological control of the aquatic fern Salvinia molesta. South African Jounwl ofScience 83:392-393 ..
Davis, C. J .• and G. D. Butler, Jr. 1964. Introduced enemies of the giant African snail, Achatirru jitlica Bowditch, in Hawaii
(Pulmonata: Achatinidae). Proceedings ofrhe Hawaiian Entomolol[ical Society 18: 377-389. [introductions to Hawaii
from Kenya, Zaire [Congo] and South Africa]
de Moo[, I. J., and M. N. Bruton. 1988. Atlas of alien and translocated indigenous aquatic animals in southern Africa. South
African National Scientific Programmes Report 144. Foundation for Research Development, Council for Scientific and
Industrial Research, Pretoria. vii+ 3 10 pp.
de Moor, I. J., and M. N. Bruton. 1996. Alien and translocated aquatic animals in southern Africa (excluding Zimbabwe and
Mozambique)· revised checklist and analysis of distribution on a catchment basis. A1mals of the Cape Provincial
Afuseums Na111ral History 19: 305-344.

94

Edwards, R. 1979. u~gria villo.w (F.) (Col., Tcncbrionidne): nn African beetle established in 13razil. EntmtuJioflists Monthly
Magal.ine 113:202 ("1977").
Eliot, J. L. 1999. Exotic weed strangling Lake Victoria. National Geographic 195(4): [unpaginated note and photo of water
hyacinth in "Earth Almanac").
Gay, F. J. J 967. A world review of introduced species of termites. CSIRO Bulletin 286: 1-88. llsoptera)
Gichorn, M., S. Mutimba, M. Karanjn, anq J. Buxton. 1995. lntro~uced und local natuml enemies of forest pest insects in
Kenya, pp. 43-52 in M. 0 . Odindo,(ed.), Beneficial Africail inw:cts: A renewable nlllural re.mun·e; Proceedings of the
lOth meeting and scieniljic confer,•llce of the Aji"ican Asso~iution of/11.\'L'ct Scientists. African Association of Insect
Scientists, Nairobi, Kenya.
Goldschmidt, T. 1996. Darwin's drea111p1md; Dmnw in Lf1ke Victoria. MIT Press, Cambridge. Massachusetts. 274 pp.
Oreathead, D. J. 1971. A revie1v of biological cmllrol intlw EtlliuJ'icm region. Technical Communicluion, Commonwealth
Institute of 13iological Control 5: 1-162.
Harper, D. M., K. M. Mavuti, and S. M. Muchiri. 1990. Ecology and management of Lake Naivasha, Kenya. in relation to
climatic change, alien species' introductions. and agricultural c.levclopment. £nvirvmtlt!llta/ Conservatifm 17: 32&-336.
Henderson, L. 1995. Plunt invaders of Southern Africu: A pocket field guide to the identification of 161 of the most important
and potentially important alien species. Plmll Protecticm Resewch flwirme Handbook 5: 1-177.
Henning, S. 1993. The geranium bronze, Cacyreu.1· marslw/Ji, introduced in•.o Europe. Metamorplro.\'i.l' 4: 131 . [Lcpidoptero;
L..ycaenidae: butterfly introduced from Africa to Europe)
Higgins, S. r.. D. M. Richardson. R. M. Cowling. and T. H. Trinder-Smith. 1999. Predicting the lundscape-scale distribution of
alien plants and their threat to plart diversity. Conservation lJiolr>gy 13: 303-313. [South Africa)
Hoeppll, R. 1969. Parasitic diseases in Af~~cn and the Western Hemisphere: Early documentation and transmission by the slave
trade. Acca 7'ropica Supplemelllum I0: i-xii + 1-240 + plates I-XXIII.
Hoffman, R. L., and J. A. Sinter. 1995. Holcocramm1 saturejae, a Pulearctic Cattail Bug Established in Eastern United States
and Tropical Africa (Heteroptera: j...ygaeidac: Arthcneinne). Banister/a (Virginia Nntuml History Society) 5: 12-15.
Howard. G. W., nodS. W. Matindi (cds.) !998. Water hy"cinth, nile perch l/11(/ pollution: 1.1-.l'lll!.l"jnr ecosystemmmwgement in
Lake Victoria. lUCN Eastern Africa Regional Office, Nairobi. 87 pp.
Ivens, G. W. 1989. East African \Veeds and their control. New edition. Oxford University Press, Nairobi. xiv + 289 pp. IKenya;
Uganda; Tanzania]
Jansson, A., and P. E. Reave! I. 1999. North American species of Triclwcorixa (Hctcroptern: Corixidae) introduced into Africu.
African entomology 7: 295-297. [South Africa; Mali]
Julien, M. H.• K. L. S. Harley, A. D. Wright, C. J, Cilliers, M.P. Hill, T. D. Center, H. A. Cordo, A. F. Cofranccsco, V. C.
Moran, and J. H. Hoffmann. 1996. International co·Openuion und linkages nn the manngemcnt of water hyacinth with
emphasis on biological control, pp. 273-282 in Pruceecling.~ of the 9th i11tr!nwtimwl.1ymposium 011 hiologica/ co11trol of
weeds. University of Cape Town, Rondebosch, South Africa.
Kenya Forestry Resenrch Institute. 1991. c;wtic aphid pests of conifers: a crisis in Africtm forestry. FAO, Rome. 160 pp:
(Kenya; Tanzania; Uganda; Rwnnda: Zambia; Zimbabwe; Malawi; Burundi; Hornoptera; Aphididae: pine woolly
aphid; Pineus pini; pine needle aphid; Eulaclmu.\' ri/eyi; cypress nphid; Cinara cccpressi]

95

Kock, A. E. de, J. H. Giliomee, K. L. Pringle, and J. D. Majer. 1992. The influence of fire, vegetation age and Argentine ants
(lridomynne,x lwmilis) on li)lt communities in Swartboskloof, pp. 203-215 in B. W. van Wilgcn, D. M. Richardson, F. J.
Kruger and H. J. van Hensbergen (eds.), Fire in South African mountainfynbos: Ecosystem. community and species
resyonse at Swartboskloof Springer-Verlag, B!'lrlin. [Hymenoptera; Fonnicidae]
Le Pelley, R. H. 1959. Agricultural insects of East Africa: A list of East African plant feeding insects and mites, with their host
plants, their parasites and predators, giving distribution by territories and references to the literature, together wfth
lists ofstored products insects and introduced insects, mainly covering the period 1908 to 1956. East Africa High
Commission, Nairobi, Kenya. x + 307 pp. [Kenya; Tanzania; Uganda: Zanzibar]
MacCrimmon, H. R. 1971. World distribution of rainbow trout (S£?lmo gairdnerl). Journal of the Fisheries Research Board of
Canada 28: 663-704.
Macdonald, I. A. W. 1989. Man's role in changing the face of southern Africa, pp. 51-77 in B. J. Huntley (ed.), Biotic diversity
in solllhem Africa: concepts and conservation. Oxford University Press, Cape Town.
Markham, R. H., V. F. Wright, and R. M. R. Ibarra. 1991. A selective review of research on Prostephamts trtmcatus (Col.:
Bostrichidae) with an annotated and updated bibliography. Ceiba 32( 1): i-v, 1-90. [Tanzania; Togo; Guinea; Kenya;
Burundi; Benin; Ghana; Coleoptera; Bostrichidae]
Mead, A. R 1961. The giant African snail: a problem in economic malaco/ogy. University of Chicago, Chicago,lllinois. 257
pp.
Millar, I. M. 1998. Two aphid species (Hemiptera: Aphididae) newly recorded from South Africa. African Entomology 6: 365380. [Homoptcra: Aphididae]
Milton, S. J., and W. R. J. Dean. 1998. Alien plant assemblages near roads in arid and semi-arid South Africa. Diversity and
Distribwions 4: 175-187.
Moskowski, R. 1955. Cryptotermes kirbyi, a new species from Ma~.....tgascar and C. havilandi (Sjoestedt) from Africa and
introduced into Madagascar, India and South America (Isoptern: Kalotennitidae). Memoires de l'Institut Sciemifique de
Madagascar 6: 25-35.
Mukiibi, J. K. !999. Weevils tame unruly hyacinth [on Lake Victoria]. Spore (81): 7. [Coleoptera; Curculionidae]
Olckers. T., and M. P. Hill (eds.) 1999. Biological control of weeds in South Africa (1990-1998). African Entomology Memoir
I: 1-182. Entomological Society of Southern Africa.
Overholt, W. A., A.J. Ngi-Song, C. 0. Omwega, S. W. Kimani-Njogu, J. Mbapila, M. N. Sallam, andY. Ofomata. 1997. A
review of the introduction and establishment of Cotesia flavipe.r Cameron in East Africa for biological control of cereal
stemborers. Insect Science and its Application 17(1): 79-88. [Kenya; Uganda; Tanzania; Hymenoptera; Braconidae:
Lepidoptera]
Richardson, D. M. and Cowling, R.M. 1992. Why is mountain fynbos invasible and which species invade?, pp. 160-181 in B.
W. van Wilgen, D. M. Richardson, F. J. Kruger and H. J. van Hensbergen (eds.), Fire in So11th African mountain
fynbos: Ecosystem, community and species response at Swartboskloof Springer-Verlag, Berlin.
Ricdmiller, S. 1994. Lake Victoria fisheries: The Kenyan reality and environmental implications. Environmental Biology of
Fishes 39: 329-338.
Samways, M. J. 1996. Managing insect invasions by watching other countries, pp. 69-73 in 0. T. Sandlund, P. J. Schei and A.
Viken (ed'>.), Proceedings of the Nonvay/UN Conference on Alien Species. Directorate for Nature Management and
Norwegian Institute of Nature Research, Trondheim, Norway.

96

Scott, J. K., a_nd F. D. Panetta. 1993. Predicting the Australian weed status of southern African plants. Journal of Biogeography
20; 87-93.
Stadler, J., G. Mungai, and R. Brandl. 1998. Weed invasion in East Africa: insights from herbarium records. ,6Jrican Journal of
Ecology36: 15-22. [Kenya]
Tigar, B. J., C. A. Collingwood, and D. Agosti. 1997. Introduced ants in the Unit~ Arab Emirates. Journal of Arid
Environments 37: 505-512. [Hymenoptera; Forrnicidae]
Tribe, G. D., and J. J. Cillie. 1997. Biology of the Australian tortoise beetle Trachymela tincticollis (Blackburn)
(Chrysomelidae: Chrysomelini: Paropsina), a defoliator of Eucalyptus (Myrtaceae), in South Africa. African
Emomology 5: I09-123.
Tribe, G. D., and D. M. Richardson. 1994. The European wasp, Vespula gennimica (Fabricius) (Hymenoptera: Vespidae), in
southern Africa and its potential distribution as predicted by ccoclimatic modeling. African Entomology2: 1-6.
Urban, A. J., and C. D. Eardley, 1995. A recently introduced sawfly, Nematus oligospilus Foerster (Hymenoptera:
Tenthredinidae), that defoliates willows in southern Africa. African Entomology3: 23-27.
Wetterer, J. K., P. D. Walsh, and L.J. T. White. 1999. Wasmatmia auropw~etata (Roger) (Hymenoptera: Fonnicidae), a
destructive tramp-anl, in wildlife refuges of Gabon. African Entomology 7: 292-294.

SELECTED REFERENCES ON INVASIVE$ SPECIES OUTSIDE AFRJCA
Allison, A., S. E. Miller, and G. M. Nishida. 1994. Hawaii Biological Survey: a model for the Pacific region, pp. 349-355 in 1.
E. Maragos et al. (~ds.), Marine and Coastal Biodiversity fn the Tropical Island Pacific Region. Volume I. Species
Systematics and lnfonnation Managemelll Priorities. East-West Center, Honolulu,
Andow, D. A., and 0 . Imura. 1994. Specialization of phytophagous arthropod communities on introduced plants. Ecology 75:
296-300. [Palearctic]
Aquatic Nuisance Species Task Force. 1994. Report to Congress: Findings, conclusions, and re,commendatlons ofthe
international illlentional imroductions policy review. Washington, D.C. iii +53 pp.
Archibald, R. D., and P. A. Maddison. 1988. A summary of stored product Coleoptera in New Zealand and neighbouring
Pacific Island countries. New Zealand Entomologist 11: 1-6.
Barbero, E., and Y. Lopcz· Guerrero. 1992. Some considerations on the dispersal power of Digitonthoplw.gus ga.zella
(Fabricius 1787) in the New Worl? (Coleoptera Scarabaeidac Scarabaeinae). Tropical Zoology5: 115-120.
Barrows, E. M. 1980. Robbing of e)(otic plants by introduced carpenter a.nd honey bees in Hawaii, with comparative notes.
Biotroplca 12: 23-29
Baruch, Z., and B. Bilbao. 1999. Effects of fire and defoliation on the life history of native and invader C4 grasses in a
ne.otropical savanna. Oecologia 119: 510-520.
Beardsley, J. W., Jr. 1991. Introduction of arthropod pests into the Hawaiian Islands. Micronesica Supplement 3: l-4.
Beddington, J. R., C. A. Free, and J. H. Lawton. 1978. Characteristics of successful natural enemies in models of biological
control of insect pests. Nature 273: 513-519.
Beggs, J. R., and 1. S. Rees. 1999. Restructuring of Lepidoptera communities by introduced Vespula wasps in a New Zealand
beech forest. Oecologia 119: 565-571. (Hymenoptera; Vespidae; Lepidoptera]

97

Bennett, F. D. 1993. Do introduced parasitoids displace native ones? Florida Ellif!IIW/ogi.w 76: 54-63.
Buchan, L. A.-J .. and D. K. Padilla. 1999. Estimating the probability of long-distance overland dispersal of invading aquatic
species. Ecological Applications 9: 254-265.)Lake Michigan, USA)
Burgess, A. F.. and C. W. Collins. 1917. The genus Calosoma: incl uding studies of seasonal histories, hahits, and economic
importance of American species north of Mexico ami of several introduced species. U11iletl Sillies Department of
Agriculture Bulletin4l7: 1·124. [Coleoptera; Carabiuacj
Burnett, S. 1997. Colonizing cune toaus cause population declines in native predntors: reliable anecdotal information nnd
management Implication. Pacific Conservation Biology 3: 65-72.
Callcott, A.-M. A., and H. L. Collins. 1996. Invasion unu range expansion of imported fire unts (Hymenoptera: Formicidae) in
North America from 19 18· 1995. Floridu £111omo/ogi.vt 79: 240-251.
Curey, J. R. 1996. The im;ipient'Mcditcrranean fruit fly population in California: implications for invasion biology. Ecology
77: 1690- 1697. rDipteru; Tephritiuucl
Carlton, J. T. 1996. Biological invasions and cryptogenic species. Ecolo,~y 77: 1653·1655.
Carlton, J. T., and J. B. Geller. 1993. Ecological roulette: The global tmnsport of non indigenous marine organisms. Science
261:78-82.
Case, T. J.. and D. T. Bolger. 1991. The role of introduced species in shaping the distribution anu abundance of island reptiles.
Evollllimwry Ecology 5: 272-290.
Chaloupka, M. Y.. and S. B. Domm. 1986. Role of anthropochory in the invasion of coral cays by alien tlora. Ecology 67:
1536-1547.
Clinton. W. 1999. Executive Order 13 11 2 of February 3, 1999 regarding invasive species. Federal Register 64(25): 6 1836186. [United States governmem po l i~:y]
Con nor, E. F.. S. H. Faeth, D. Simberloff. and P. A. Opler. 1980. Tnxonomic isolation and-the accumulation of herbivorous
insects: n comparison of introduced and native trees. E,·olog!G-al Errtomology 5: 205-211 .
Cmnell, H. V.. and B. A. Hawkins. 1993. Accumulation of nati ve parasi toid species on introduced herbivores: a comparison or
hosts as nati ves and hosts us invauers. American Naturalist 141: 847-R65.
Cowie, R. H. 1995. Identity, distribution and impacts of introduced Ampullari idae and Viviparidae in the Hawaiian Islands.
Journal of Medical and Applied Ma/aco/ogy 5: 6!-67 ("1993"). [apple snail]
Cowie, R. H. 1998. Patterns of introduction of non-indigenous non-marine snails and slugs in the Hawaiian Islands.
Biodiversity and Conservation 7: 349-368.
Cowie, R. H.• nnu F. G. Howarth. 1998. Biological control: dispu ting the indisputable. Trends in Ecology and Evolmion 13:
110.
Crawley, M. J. I 986. The population biology of invaders. l'lzilosophit·a/ Transactiorrs of the Royal Society of London 8 3 14:
71 1-73 1.
Crawley, M. J. 1990. Plant life-history and the success of weeu biological control projects, pp. 17-26 in E. S. Delfosse (ed.).
Proceedin.r:s of the VI/International Symposium 0 11 Biological Control ofWeeds.lstituto Sperimentale per Ia Putologia
Vegetale, Ministero dell'Agricoltura e della Foreste. Rome, Italy.

98

•.

Dale, P. S., and P. A. Maddison. 1984. Transport services as an aid to insect dispersal ill the South Pacific, pp. 225·256 (n M.
Laird (ed.), Commerce and the spread ofpest~· and disease vectors. Praeger, New York.
D'Antonio, C. M. I 993. Mechanisms controlling invasion of coastal plant communities by the alien succulent Carpobrotus
edulis. Ecology 74: 83-95.
Dowell, R., V .• and C. J. Krass. 1992. Exotic pests pose growing problem for California. Califtmzia Jlgriculmre 46(1): 6-8, JO.
12.
Dukes, J. S., and H. A. Mooney. 1999. Does global change increase the success of biological invaders? Trends in Ecology &
Evolution 14: 135-139.
Ehler, L. E., and R. W. Hall. 1982. Evidence for competitive exclusion of introduced natural enemies in biological control.
!Jnvironmental Emomology ll: 1-4.
Eldredge, L. G., and S. E. Miller. 1995. How many species ure there in Hawaii? Bishop Museum Occasional Papers 41: 3-18.
<http://www.bisf:iop.hnwaii.org/bishop/HBS/hispp.shtml>
Eldredge, L. G., and S. E. Miller. 1997. Nu.mbers of Hawaiian species: Supplement 2, including a review of freshwater
invertebrates. Bishop Museum Occasio11al Papers 48: 3-22.
Eldredge, L. G., and S . E. Miller. J998. Numbers of Hawaiian species; Supp.lement 3, with notes on fossil species. Bishop
Museum Occasional Papers 55: 3·15.
Emerson, A. E. 1936. Distribution of termites. Science

BS: 410-41 J. [lsopten)

Erickson, J. M. 1972. The displacem('nt of native ant species by the introduced Argentine antlridomyrme:<: llttmills Mayr.
Psyche 78: 257-266 (" 1971"). [Hymenoptera; Formicidae; California)
Fleischmann, K. l997.lnvasion of alien woody plants on the islands of Mahe and Silhouette, Seychelles. Jounzal of
Vegetation S.ctenc:e 8(1): 5-12.
Frank, J. H. 1998. How risky is biological control? Comment. Ecology 79: 1829· 1834. [Florida)
Frank, J. H., nnd E. D. McCoy. 1990. Endemics and epidemics o,f shibboleths and other things causing chaos. Florida
Emomologist 73: 1-9.
Gagnt!, W. C. 1979. Canopy-associated arthropods in Acacia koa and Metrosideros trees communities along an altitudinal
transect on Hawaii Island. Pacific Insects 21: 56-82. [impact uf invasive ants]
Gardner, R. 0., und J. W. Early. 1996. The naturalisntion of banyan figs (Ficus spp .• Moraceae) and their pollinating wasps
(Hymenoptera: Agaonidae) in New Zealand. New Zealand Journal of Botany 34: I03-110.
Gates. 0. E, 1954, Exotic earthworms of the United States, Bulletin of the Museum of Comparative Zoology Ill : 217-258.
Geller, J. B. 1999. _Decline of a native mussel masked by sibling sper..:ies invasion. Conservation Biology 13: 661-664.
[California; marine)
Gerardi, M. H., and J, K. Grimm. 1979. The history, biology, damage, and control of the gypsy moth, Portlzeria dispar (L).
Fai.rleigh Dickinson University Press, Rutherford, New Jersey. 233 pp. [North America; Lepidoptera; Lymantriidae]
Gerlach, J. 1996. The effects of habitat domination by invasive Melastomataccnc. Phelstllllfl 4: 19-26. [Seychelles)
Gherardi, F. and D. M. Holdich (eds.). 1999. Crayfish in Europe as allen species: how to make the best of a bad sltumlon?
Crustacean Issues 1 I. Balkema, Rotterdam. x + 299 pp.

99

Gillespie, R. G., and N. J. Reimer. 1993. The effect of alien predatory ants (Hymenoptera: Fom1icidae) on Hawaiian endemic
spiders (Araneae: Tetragnathidae). Pacific Science 47: 21-33.
S. L., and R. M. Emberson. 1980. Relict diapause in an introduced weevil in New Zealand. Nature 286: 489-490.
[Coleoptera; Curculionidae]

G~ldson,

Goodwin. B. J., A. J. McAllister, and L. Fahrig. 1999. Predicting invasiveness of plant species based on biological
information. Conservation Biology 13: 422-426.
Gordillo Guerrero, 0 . 1999. Efectos ccologicos de Ia introduccion de especies exoticas en el Pacifico sudeste: Infonne de
Ecuador caso Galapagos, pp. 111-123 in C. P. P. Sur (cd.), Reunion de expertos para analit.ar los efectos ecologicos de
Ia introduccion de especies e:roticas en el Pacifico sudeste. Comision Permanente del Pacifico Sur, Quinto, Ecuador.
Gordon, D. R. 1998. Effects of invasive, non-indigenous plant species on ecosystem processes: Lessons from Florida.
Ecological Applications 8: 975-989.
Greathead, D. J., and A. H. Greathe.ad. 1992. Biological control of insect pests by insect parasitoids and predators: the
BI,OCAT database. Biocontrol News and Information 13: 6JN-68N. [Searchable database available at
<www .bdt.org.br/bdtlirro/biocat>1
Gurney. A. B. 1951. Praying mantids of the United States, native and introduced. Annual Repon of the Smithsonian lnstitwion
for 1950: 339-362.
Guy, P. L., D. E. Webster, L. Dnvis, and R. L. S. Forster. 1998. Pests of non-indigenous organisms: hidden costs of
introduction. Trends in Ecology and Evolwion 13: Ill. [New Zealand]
Hnmilton, J. G. 1998. Changing perceptions of pre-European grasslands in California. Madr01io 44(4): 311-333 (" 1997").
J-lanel, C., S. L. Chown, and L. Davies. 1998. Records of alien insect species fro m sub-Antarctic Marion and South Georgia
Islands. Africmt Entomology 6: 366-369.
Hanley, K. A., K. Pctrcn, and T. J. Case. 1998. An experimental investigation of the competitive displacement of a native
gecko br an invading gecko: no role for parasites. Oecologia 115: 196-205. [Hawaii)
Hanna, G. D. 1966. Introduced mollusks of western North America. Occasional Papers of the California Academy ofSciences
48: 1-108.
Harig, A. L., and M. B. Bai.n. 1998. Defining and restoring biological integrity In wilderness lakes. Ecolo8ical Applications 8:
71 -87. [New York]
Harrington, R. A., and J. J. Ewel. 1997. Invasibility of tree plantations by native and non-indigenous plant species in Hawaii.
Forest Ecology and Managenumt99: 153-162.
Hedgpeth, J. W. 1993. Foreign invaders. Science 261: 34-35.
Herbold, B., ond P. B. Moyle. 1986. lntroduccd species and vacant niches. American Namralist 128: 751-760.
Hobbs, R. J., and L. F. Huenneke. 1992. Disturbance, diversity, and invasion: implications for conservation. Conservation
Biology 6: 324-337.
Holdgate, M. W. 1986. Summary and conclusions: characteristics and consequence!! of biological invasions. Philosophical
Tra11sactions of the Royal Society of London B 314: 733-742.
Holway, D. A. 1998. Factors gove~ing rate of invasion: a natural experiment using Argentine ants. Oecologia 115: 206·212.
[California; Hymenoptera; Forrnicidae]

100

Holway, D. A. 1998. Effect of Argentine ant invasions on ground-dwelling arthropods in northern California riparian
woodlands. Oecologia 116: 252-258. [Hymenoptera; Formicidae)
Holway, D. A. 1999. Competitive mechanisms underlying the displacement of native ants by the invasive Argentine ant.
Ecology 80: 238-251 . [California; Hymenoptera; Formicidue)
Holway, D. A., A. V. Suarez, and T. J. Case. 1998. Loss or intraspecific aggression in the success of a widespread invasive
social insect. Science 282: 949-952. (California; Hymenoptera; Formicidae]
Howarth, P. G. 1985. Impacts of alier. land arthropods and mollusks on native plants and animals in Huwui' i, pp. 149-178 iu C.
P. Stone and J. M. Scott (cds.), Huwai'i's terrestrial ecosysrems: preservation and management. Cooperative National
Park Resources Studies Unit, University of Huwaii, Honolulu.
Howarth, F. G. 1990. Hawaiian terrestrial arthropods: An overview. Bislrop Museum Occasional Papers 30: 4-26.
Howarth, F. G. 1991 . Environmental impacts of classical biological control. Ammul Review of Elllomvlogy 36: 485-509.
Hughes, F. , P. M. Vitousck, and T. Tunison. 1991. Alien grass invasion und tire in the seasonal suhmontane zone of Hawui'i.
£cofogy 72: 743-746.
Human, K. G., and D. M. Gordon. 1997. Effects of Argentine ants on invertebrate biodiversity in northern California.
Conservation Biology 11: 1242-1248. [Hymenoptera; Formicidac)
Human, K. G., and D. M. Gordon. 1999. Behavioral interactions of the invasive Argentine unt with nati ve ant species. /tt.sectes
Sociaux 46: 159-163. [California; Hymenoptera; Formicidae)
Johnson, D. M., and P. D. Sliling. 19r.·6. Host specificity of Cuctnhlastis cacrvrum (Lepidoptera: Pyralidae), an exotic Opunriufeeding moth, in Fluridu. Enviro11mental Emomolvgy 25: 743-748.
Johnson, D. M., and P. D. Sliling. 1998. Distribution and dispersal of Cactoblaslis cactomm (Lepidoptera: Pyralidae), an
exotic Opulllia-feeding moth, in Florida. Florida Entomologist 81: 12-22.
Jourdnn, H. 1997. Threats on Pacific islands: The spread of lhe tramp ant Wasmannfu auropunctata (Hymenoptera:
Formicidae). Pacific Conservation Biology 3: 61-64.
Kearns, C. A.. and D. W. Inouye. 1997. Pollinators, flowering plants, and conservation biology: Much remains to be learned
about pollinators and plants. BioScience 47: 297-307.
Keller, M. A. 1984. Reassessing evidence for competitive exclusion of introduced natural enemies. Environmental Entomology
13: 192-195.
King, K. L., P. Greenslade, and K. H. Hutchinson. 1985. Collembolan ussociations in natural versus improved pastures of the
New England Tableland, NSW: Distribution of native and introduced species. Australian Joumal of Ecology 10: 421·
427.
Kiritani, K. 1998. Exotic insects in Japan. Emomolvgical Science (Japan) 1(3); 291-298.
Klassen, W. 1989. Eradication of introduced arthropod pests: theory nnd historical practice. Entomological Society of Americ(
Miscellaneous Publications 73: 1-29.
Lawton, J. H., and K. C. Brown. 1986. The population and community ecology of invading species. Philosophical
Transactions of the Royal Society of London B 314: 607-617. [Britain]
Leppla, N. C. 1996. Environmentally friendly methods for reducing the damage caused by exotic weeds in natural habitAts:
Conflicts of interest, safeguards and national policy. Castanea 61: 214-225.

101

Lockwood, J. L. 1999. Using taxonomy to predict success among introduced avifauna: Relative importance of transport and
establishment. Conservation Biology 13: 560-567.
Lodge, D. M. 1993. Biological invasions: lessons fors:cology. Trends in Ecology & Evolution 8: 133-137.
Loope, L. L., F. G. Howarth, F. Kraus, and T. K. Pratt. 1999. Newly emergent and future threats of alien species to Pacific
land birds and ecosystems, J. M. Scott et al. (cds.), Proceedings of Symposium on Threats to Pacific Lrmdbirds a11d
Endangered Ecosystems, Hllo, #(llvaii, May 1-2, 1997. Cooper'Jrnithological Society, Studies in Avian Biology (in
press).
Louda, S. M., D. Kendall, J. Connor, and D. Simberloff. 1997. Ecological effects of an insect introduced for the biological
control of weeds. Science 277: 1088-1090.
Ulvel, 0 . L. 1997. Global change through invasion. Nature 388: 627-628.
Marchant, K. R., and J. H. Borden. 1976. Worldwide introduction and establishment of bark and timber beetles (Coleoptera:
Scolytidae and Platypodidae). Pest Management Paper, Simon Fraser University 6: l-76.
Markin, G. P. 1970. The seasonal life cycle of the argentine ant 1ridomynnex humilis, in southern California. Annals of the
Entomological Society of America 63: 1238-1242. [Hymenoptera; Formicidae]
Matheson, A., S. L. Buchmann, C. O'Toole, P. Westrich, and I. H. Williams (eds.). 19?6. The conservation ofbees. Linnean
Society Symposium Series Number 18. Academic Press, London, San Diego, etc. xi + 254 pp. [Hymenoptera; Apoidea]
Maxwell, M. R., and 0 . Eita'n. 1998. Range expansion of an introduced man tid Iris aratoria and niche overlap with a native
mantid Stagomantis limbata (Mantodea: Mantidae). Annals of tile Entomological Society of Amelica 91(4): 422-429.
(California; Arizona]
Meincsz. A. 1999. Killer algae: The true rate of a biological invusion. UniverSity of Chicago Press, Chicago. 376 pp.
[Mediterranean; marine algae]
Melbourne, B. A., P. J. Gultan, and N.Y. Su. 1997.lntcrpreting data from pitfall-lt'ap surveys: crickets and slugs in exotic and
native grasslands of the Australian capital territory. Memoirs ofthe Museum o[Vicroria 56(2): 361-367.
Miller, S. E. 1994. Dispersal of plant pests into the Virgin Islands. Florida Entomologist 11: 520-521.
Miller, S. E. 1996. Biogeography of Pacific insects and other terrestrial invertebrates: a status report, pp. 463-475 in A. Keast
and S. E. Miller (eds.), The ori8in and evolution of Pacific Island bioras, New Guinea to eastern Polynesia: Puuems
a11d processes. SPB Academic Publishing bv, Amsterdam.
Miller, S. E., and L. G. Eldredge. 1996. Numbers of Hawaiian species: Supplement J. Bishop Museum Occasional Papen 45:
8-17. <http://www. bishop.hawaii.orglbishop/HBS/hispp.shtml>
Moller, H. 1996. Lessons for invasion theory from social insects. Biological Conservation 78: 125-142.
Mooney, H. A., and J. A. Drake (eds.). 1986. Ecology ofbiological invasions of North America and Hawaii. Springer-Verlag,
New York. xvii + 321 pp.
Morimoto, N., and K. Kiritani. 1995. Fauna of exotic insects in Japan. Bulletin of the Na1ional 1nstitute ofAgro-Environmental
Sciences 12: 87 ·120.
Morrison, L. W. 1996. Community organization in a recently assembled fauna: the case of Polynesian ants. Oecologia 107:
243-256. [Hymenoptera; Fonnicidae]

.

\

102

Moulton, M. P., and J. 0. Sanderson. 1997. Predicting the fates of pnsserilorm introductions on Occnnic Islands. Conservation
Biology 11(2): 552-558.[birds; Hawaii; Reunion: Saint Helena; Bermuda; New Zealnnd; Mau ritius]
Moyle, P. B., and T. Light. 1996. Fish invasions into C:rlifornia: Implications for invnsion biology. Ecology 77: 1666-1670.
Muddiman, S. B., I. D. Hodkinson, and D. Hollis. 1992. Legume-feeding pysllids of the genus Heterop.1-yl/a (Homoptcru:
Psylloidea). Bulletin of £11tumnlogical Research 82: 73-117. !dispersal ncross Pacific]
Neck, R. W, !983. Role of nn ornamental plant species in extending the breeding range of a tropical skipper to subtropical
southern Texas (Hesperiidac). Journal of Resr!arclr rm tl1e Lepidopterc1 20: 129- 132 (" 198 1"). [Lepidoptera:
Hesperiidue]
New, T. R. 1994. Exotic insects in Australia. Gleneagles Publishing, Adelaide. x + 138 pp.
Ng, P. K. L., L. M. Chou, and T. J. Lam. 1993. The stutus and impact of imr·oduced freshwater animals in Singapore.
Biological Conservation 64; 19-24.
Owen, D. F. 1986. Do nmi ve plants support a richer· lepidoptcrnn fauna than alien plants'? J:.'nvironmenwl Con.\'1!/Wifion IJ:
359-362.
Parsons, R. F. 1992. Plnm naturalization in semi-arid areas: a comparison of Arizona with Victoria. Austrulia. Madrmio 39:
304-308.
Powell, J. A. 1992. Recent colonization of the San Francisco Bny area. Californin. by exotic moths (Lcpidoptcru: Tineoidea,
Gelechioidea, Tortricoidea, Pyraloidea). Pan-Pacific £111nmologist 68: I 05-121.
Radtkey, R. R., S.C. Donnellan, R. N. Fisher, C. Moritz, K. A. Hanley. and T . J. Case. 1995. When species collide: The origi n
and spread of an asexual spec ie,~ of gecko. Proceedings of the R(Jyal Society of L(}l)c/on B 259: 145- 152. [Pacifie]
Reis, S. F. dos, M. A. Teixeira, F. J. von Zuben, W. A. C. Godoy, and C. J. von Zuben. 1996. Theoretical dynamics of
experimental populations of introduced and native blowflies (Dipteru: Calliphoridae). j(Jumal of Medical Emomology
33: 537-544.
Rejmanek, M. 1996. A theory of seed plant invasiveness: The first sketch. Biological Cnmervation 78: 171 - 181 .
Ridgway, R. L.. W. P. Gregg. R. E. Stinner, and A. G. Brown (eds.). 1999. InvasivE! species datahuses: Proceedings of a
workslrop. Charles Valentine Riley Foundation, Sil ver Spring, Muryland. vi +50 pp. (North America; 1-iawaii]
Roubik, D. W. 1978. Competitive interactions between neotropical pollinators and Africnnized honey bees. Science 201 : 10301032. [Hyme noptera; Apidaej
Ruesink, J. L., I. M. Parker, M. J. Groom, und P. M. Karci vu. 1995. Reducing the risks of nonindigenous species introductions;
Guilty until proven innocent. BioScience 45: 465-477. [North America: Hawaii]
Sailer, R. I. 1978. Our immigrant insect fauna. Bulletin oftlw Emomologlcal Society of Amerit-a 24: 3-1 1. [United States]
Sailer, R. I. 1983. History of insect introductions, pp. 15-38 i11 C. L. Wilson and C. L. Oraham (eds.), £.totic plam pest~· and
North American agrlculwre. Academic Press, New York.
Schreiner, 1., and D. Nafus. 1986. Accidental introductions of insect pests to Guam 1945- 1985. PrnceedinRs of tire Hawaiian
Entomological Society 27: 45-72.
Sekhran, N. and S.E. Miller (eds.). 1996. Papua New Guinea Cotmtry Swdy on Biological Di\•ersily. Papu:.r New Guinea
Department of Environment and Conservation, Wnigani. xl + 438 pp.

103

Sh:mw. A.. and A.M. Leibholtl. IY9!l. Bioeconornics of managing the spread of exotic pest species with barrier zones.
Emlo~-:ical Appfic:ation.1· 8: 833-845. I North America I
Simbcrlof f, D. 1991 . Keystone species und curnmunity effects of biological imroductions. pp. 1- 19 in L. Ginzburg (ed.),
A.I'.H:.I'Jillg ecological ri.~ks 1!1' hiou·rluwlogy. Butterworth· Heinemann, Boston.
SimberloiT. D. llJlJ2. Conscrvatiun of pristine habitats and unimendctl effects of biological control, pp. I 03·117 in W. C.
Kauffman and J. R. Ne~:hols (ctls.), Selection criruiu CJI!d n·a/ugica/ consequences of importing natural enemies.
Entomological Society of Americn, Lanham, Maryland. I Hawaii; Florida]
Simberk1ff. D. 1995. Why do introduced species nppcar to tlevastmc islands more than mainland areas? Pacific Science 49: 8797.jHuwuiil
Simherloff, 0 .. and P. Stil ing. 1996. How risky is biological control'! Ecology 77: 1965- 1974. (Florida; Hawaii)
Simbcrloll. D., and P. Stiling. 1998. How risky is biological control? Reply. £~·o(ogy 79: 1834- 1836. [Florida; Hawaii]
Smith. C- W. 1985. AI ien plants: impacts, research and managemen t neetls, pp. 180-250 in C. P. Stone and J. M. Scott (eds.),
Hawaii's Terrt:.wria/ £t·o.1ystems: Preset11ation and Mmwgemelll. UniverSity of Hawaii Press, Honolulu.
Snape. W. J., Ill (cu.). 1996. Biodiver.tiry und rhe fall'. Islund Press, Washington , D.C. xx.vii + 259 pp.
S1ockdill. S. M. J. 1982. Effects of introduced earthworms on the productivity of New Zealand pastures. Pedobiologia 24: 2935.
Stron~.

D. R. 1997. Fea1· no weevil'! Science 277: 1058- 1059. [biological control; non-target impact)

Sunrez. A. V.. D. T. Dolgcr. and T. J. Case. 1998. Effects of fragmentation and invasion on notive nnt communities in coastal
southern Culi fomia. Ecology 79: 204 1-2056. [Hymenoptcru: Formicidael
Turner. I. M. 1996. Singapore: u cusc·Study for tropical rain forest fragmentation anti biodiversity loss, pp. 249·257 in T. Abc,
S. A. Levin and M. Higashi (eds.). Biodiversity: An ecological perspective. Springer. New York.
vun Lenteren, J. C., J. Wocts, P. Grijpma, S. A. Ulenberg, and 0. P. J. M. Minkenherg. 1986. Invasions of pest and beneficial
insects in the Netherlands. Verhanddingan van d~t Koninklijke Ncder/andse Akademie van Wetensc:happen, ser. C
90( I): 51-5t!.
Venene, R. C., and J. R. Carey. 1998. Invasion biology: Rethinking our response to alien species. Califomia Agriculr11re 52(2):
13·17. [Cnlifomia]
Vermeij, 0. J. 1996. An agenda for invasion biology. Biological CcmJ·ervation 78: 3·9.
Vitousek. P.M., C. M. D'Antonio, L. L. Loope, and R. Westbrooks. 1997. Biological invasions ns global environmental
chnngc: Our mobile society is redistributing the species on the earth at a pace that challenges ecosystems, threatens
human he:1lth and strains economics. Americcm Scielllist 84: 468·478.
Waage, 1. K.. and 0. J. Gremhead. 1988. Biological control: challenges and opportunities. Pfrilosoplrlcal TruJJSaclions of the
Royal Sociery t!J Ll}lu/on Ser. B 318: 111- 128.
Wnrd, P. S. 1987. Distribution of the introduced argentine ant (lridomyrmex humllis) in natural habitats of the lower
Sacramento Vulley and its effects on the indigenous ant fauna. Hilgardia 55: 1-16. [California; Hymenoptera;
Formicidae)

104

Way. M. J., M. E. Cammell, M. R. Paiva, and C. A. Collingwood. 1997. Distribution and dynamics of the Argentine Ant,
Linepithemu (lritlomyrmex) humile (Mayr) in relation to vcgeuuion, soil conditions, topogrnphy and native competitor
ants in Portugal. lnsectes Sociaux 44:415-433. [Hymenoptera: Formicidae]
Wctterer, J.K .• S.E. Miller, D.E. Wheeler, C.A. Olson, D.A. Polhemus, M.Pitts, I.W. Ashton, A.G. Himler, M.M. Yospin, K.R.
Helms, E.L. Harken, J. Gallaher, C.E. Dunning, M. Nelson, J. Litsinger, A. SoUihern and T.L. B~rgess. 1999.
Ecological dominance by Paratrechina longicornis (Hymenoptera: Formicidae), an invasive tramp ant, in Biosphere 2.
Florida Entomologist 82: 381-388.
Wetterer, J.K.• A.L. Peffley, P.S. Wcrd, J.T. Longino, J.C. Trager. and S.E. Miller. 2000. Ants (Hymenoptera: Forrnicidae) of
Santa Cnaz Island, California. Bulletin of the Southern Califomia Acade~my ofSciences 99: 25-3 1.
Williamson, M. H., and K. C. Brown. 1986. llle analysis and modelling of British invasions. Phi/osnpllical Transactions of the
Royal Society of London 8 314: 505-522.
Wilson, E. 0 . 1990. Success and tlnmiuance in ecosys/e~ms: Tile case of the social insects. Ecology Institute, Oldendorf/Luhe,
Germany. xx.i + 104 pp. lHymenoptcra; Formicidae; lsoptcra]
Wilson, E. 0. 1996. Hawaii: A world without social insects. Bishop MuJeum Occasional Papers 45: 3-7. [Hymenoptera:
Formicidae: lsoptera]
Wood, H. B., and S. W. James. 1993. Native and introduced earthworms from selected chaparral, woodlnnd, and riparian zone ~
in southern California, United Srates Department of'Agricullllre, Foresl Service, Gent!ral Technical Report PSW-GTR
142: iii. 20 pp.
Wood, S. L. 1977. Introduced and exported American Scolylidae (Coleoptera). Great Busln Naturalist37: 67-74.
Yen1es. G. W. 1991. Impnct of historical changes in lund use on the soil fauna. New Zealmu/Joumal of Ecology I 5( I): 99-106.
Yela, J. L., und J. 1'1. Lawton. 1997. Insect herbivore loads on native and introduced plants: Preliminary study. Entomologiu
Experimentalis et Applica/a 85: 275-279.

105

Appendix- 12
LINKS RELATED TO INVASIVE SPECIES
13crmt~c th~

April

:woo.

Inte rnet is congtantly evolvi ng, these addresses are subj ect to change, but were con·ect as of

SPONSORS OF OUR WORKSHOP
CAB International <www.cabi.org>
Ulohall nvasive Species Programme <http://jasper.Stanford.edu/GISP>
lntcrn utional Centre of ln:-ect Physiology and Ecology <www.icipc.org>
International Development Research Ccmrc <www.idrc.ca>
Kcnyu Wildlife Service <www.kenya-wi ldlife-scrvice.org>
Makerere University <www.muk.ac.ug>
National Museums or Kenya <WW\V.IllliScums.or.ke>
Uni ted Nutions Environment Programme <www.unep.org>
World Conservation Union (IUCN) <www.iucn.org>

OTHER ORGANISATIONS
Food and Agricul ture Organization of the Unitetl Nations (FAO) <www.rau.org>
Invasive Species Specialist Group or IUCN <www.issg.org>

INTERNATIONAL CONVENTIONS
Biosafety PJ'Otocol <http://www .biodi v.org/biusafc>
CBD: Convention on Biological Diversi ty <hllp://www.biodiv.org>
CITES: Convention on International Trade of Endangered Species
<http://www.wcmc.org.uk/CJTES/english/indcx.html>
CMS: Conv~:ntion on the Conservntion or Migratory Species <http://www. wcmc.org.uklcms/>
IPPC: lntcnHtlional Plant Protection Convention
<hup://www.rao.org/WAJCENT/foaolnfo/Agricult/AGP/AGPP/PQ/Default. htm>
RAMSAR: Convention on wetlands (Jf international importance <http://i ucn.org/themcs/r:.lmsar/>

INFORMATION RESOURCES
African biodiversity Iinks (ICIPE) <hllp://www.icipc.org/environmenr:lbiolist.html>
AGRICOLA (U.S. National Agricu lture Library ci tations database) <www.nal.usda.gov/ag98/ag98.html>
AGRJS (FAO literatu re citations dawbase) <www.fao.org/agris>
Aquatic weeds (University of Florida) <http://aqu:lll .ifas.ufl.edu/welcome.html>
B IOCAT (CADI dntabase of introductions and releases of insect natural enemies for controlling insect pests)
<www. bdt.org. br/bdt/i rro/biocat>
Biology Bridge to Entomology (combined citations database from CAB!, BIOSlS and Zoological Record)
<www.biologybridgc.org>
Biological collections and biodiversity <hll p://www.keil.ukans.cdu>
Bugwood network (agroforestry, pest management and related) <www.afae.org>
Ecoport (ecological database) <www.ecoport.org>
Global Plant and Pest Information System (FAO) <http://pppis.fao.org>
Hawaii Biological Survey (invasive species on Pacific islands) <www.hbs.bishopmuseum.org>
ICJPE bibliography on African entomology <http://www.icipe.org/icipedata/biodiversity/Africasearch.cfm>
ICIPE library <hllp://www.icipe.or&!.icipcLibrary/icipeLibraryScarch.html>
Introductions of aquatic species (fAO database)
<http:l/www.fao.org/waicent/faoinfo/fishery/statist/fisoft/dias/index.htm>
l1~vasiw woody plants ~.f the ~ropics res~ar~h group <www.s~f~.bangor.ac. u~iwptli nvas i vel.html>
Ltbrary of Congress Afncan l iterature citations <http://www. tctpe.org/locnrurobi>
MEDLINE (U.S. National Library of Medicine citatiOns database) <www.nJm.nih.gov/locatorplusl>
Web sites related to biodiversity policy and law <www.bionet-us.org/website.html>
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APPENDIX.13
ABBREVIATIONS AND ACRONYMS
AAU
ANC
ASALS
AS ARECA
CABI
CBO
CITES
CMA
CMS
DIVERSITAS
DREA
DWAF
EAFRINET
EARO
EPA
ETS
EWCO
EWSS
FAO
FIR!
FR
FRD
GATf
GBA
GCA
GEF
GfS
OlSP
OMO
GPPIS
GR

GTZ
hn
lAP
lBC
IBRC
ICIPE
IDRC
UTA
IPPC
JUCN
KARl
KEPHlS
KSTCIE
KWS
MAAlF
MOA
MUK
MWF
NARL
NARO

Addis Ababa University, Ethiopia
African National Congress, South Africa
Arid and Semi-Arid Lands
Association for Strengthening Agricultural Research in Eastern and Central Africa
CAB International
Community Based Organisation
Convention on Trade in Endangered Species
Conservation Management Area, Mauritius
Convention on Migratory Species
An international umbrella programme coordinating biodiversity science activities
Department of Research and Environmental Affairs, Malawi
Department of Water Affairs and Forestry, South Africa
The Eastern Afric;:an unit of BioNet International
Ethiopian Agricultural Research Organisation
Environmental Protection Agency, Ethiopia
Environmental Technical Services
Ethiopian Wildlife Conservation Organisation
Ethiopian Weed Science Society
Food and Agriculture Organisation of the United Nations
Fisheries Research Institute, Uganda
Forest Reserve, Tanzania
Foundation for Research Development, South Africa
Generul Agreement on Tariffs and Trade
Global Biodiversity Assessment (book)
Game Controlled Area, Tanzania
Global Environment Facility of the World Bank
Geographic Information System
Global Invasive Species Programme
Genetically Modified Organism
Global Plant Pest Information System of the FAO
Game Reserve, Tanzania
German Technical Agency
hectare
Invading Alien Plant
Institutional Biosafety Committee, Kenya
Institute for Biodiversity Research and Conservation, Ethiopia
lntemational Centre of Insect Physiology and Ecology
International Development Research Centre, Canada
International Institute of Tropical Agriculture
International Plant Protection Convention
World Conservation Union
Kenya Agriculture Research Institute
Kenya Plant Health Inspectorate Service
Kenya Standing Technical Committee for lmports and Exports
Kenya Wildlife Service
Ministry of Agriculture. Animal Industry and Fisheries, Uganda
Ministry of Agriculture. Ethiopia
Makcrcre University, Kampala, Uganda
Mauritian Wildlife Foundation
National Agriculture Research Laboratory, Kenya
National Agricultural Re-search Organization, Uganda
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NBC
. NCA
NCAA
NEMA
NOO
NIS
NMK

NP
NPV
PA
PCPB
PIP
PRA
RAMSAR
R

RDP
SBSTTA
Diversity
SCOPE
SIDS
SPS
TANAPA

TDS
TMS
TPRI
UK
UNDP

UNEP
URV
USA
UWA
WfW

WTO

National Biosafety Committee, Kenya
Ngorongoro Conservation Area, Tanzania
Ngorongoro Conservation Area Authority, Tanzania
National Environmental Management Authority
Non Governmental Organisation
Non Indigenous Species
National Museums of Kenya
National Park. Tanzania
Net Present Value
Protected Area, Tanzania
Pest Control Products -Board, Kenya
Plant Import Permit
Pest Risk Analysis
ConvP.ntion on Wetlands of International Importance
Rand, South Africa
Reconstruction and Development Programme, South Africa
Subsidiary Body on Scientific, Technical and Technological Advice, Convention on Biological
Scientific Committee on Problems of the Environment
Small Island Developing States
Sanitary and Phytosanity
Tanzania National Parks
Total Dissolved Salts
Table Mountain Sandstone
Tropical Pesticides Research Institute
United Kingdom
United Nations Development Programme
United Nations Environment Programme
Unit Reference Value
United States of America
Uganda Wildlife Authority
Working for Water Programme, South Africa
World Trade Organisation

108

cJV
1 C JP B

Science
Press

IS BN: 92 90641304

