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ABSTRACT

From eastern Africa, ranging from Somalia and Ethiopia south to Mozambique
and Zimbabwe and west to eastern Democratic Republic of Congo and Botswana,
ca 500 species of Odonata are known. Comments on species and sites of conservation concern are given as well as recommendations for future research and
conservation activities. Due to the rapid and ongoing destruction of forests,
especially of coastal, Guineo-Congolian and Eastern Arc forests, species confined
to these habitats are the most threatened.

REGIONAL DEFINITION

Eastern Africa is not a fixed political or geographical description for a specific area.
Here the term is used for the region comprising the Rift Valley from Ethiopia southward to Mozambique and northern Botswana and westward to eastern Democratic
Republic of Congo and eastern Angola. The neighbouring regions are covered to
the south by Samways (2004 ), to the southwest by Suhling et al. (2004 ), to the west
by Dijkstra & Vick (2004) and to the north by Jodicke et al. (2004). As biogeography and faunistic distributions do not follow political borders, there may be
overlaps with neighbouring regions.
The area considered here covers some of the most important centres for endemism
and regions of high biodiversity in Africa, namely forested mountain chains along
the Albertine Rift and the Eastern Arc and coastal forests (e.g. Kingdon 1989;
Fjeldsa & Lovett 1997; Burgess et al. 1998; Burgess & Clarke 2000). Tanzania is
often considered as one of the "richest and most diverse countries in Africa in
terms of both species and habitats" (Stuart et al. 1990: 204).
The dominating landscapes in eastern Africa are dry thorn bush (Ethiopia, Kenya,
Tanzania), montane forests of highlands, isolated volcanoes and mountain chains
(Burundi, Ethiopia, Kenya, Rwanda, Tanzania), montane grasslands (Malawi,
Tanzania), Guineo-Congolian rain forest (Democratic Republic of Congo [DRC],
Uganda, western Kenya), coastal forest (Kenya, Tanzania, Mozambique) and
miombo woodlands and savanna (Malawi, Mozambique, Tanzania, Zimbabwe,
Zambia).
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Wetlands, mainly as lakes, swamps and floodplains, cover large areas of Uganda
and Tanzania. Lakes Victoria and Kyoga in Uganda, the Sudd region of southern
Sudan and swamps of western Tanzania, southern Democratic Republic of Congo
and Zambia are listed as centres of endemism in Stuart et al. (1990).

STATE OF THE ART

Studies on taxonomy, ecology and biodiversity

A lot of taxonomic work on Odonata in eastern Africa has been done by Elliot
Pinhey, which is more than can be listed here; for Pinhey's bibliography see
Martens in Vick et al. (2001). An identification manual for the dragonflies of
eastern Africa is being prepared for publication by V. Clausnitzer & K.-D.B.
Dijkstra. For this work all existing keys, checklists and most museum collections
have been checked. Changes in taxonomy and critical checklists of all eastern
African countries are being prepared by K.-D.B. Dijkstra & V. Clausnitzer. The
identification manual and the critical checklists will cover all ca 500 species,
ranging from Sudan to Somalia and south to Zimbabwe and Mozambique,
including most of the DRC and parts of Angola.
Recently, mainly in the course of the work on the identification manual mentioned
above, a number of new species have been found in the field and/or in museums,
belonging to the genera Platycnemis, Notogomphus, Phyllogomphus, Hemicordulia, Neodythemis, Trithemis and Porpax, which are still waiting description.
Quite a number of synonymies and taxonomic mistakes have been identified (e.g.
Clausnitzer 2003c; Dijkstra 2003 ), most of which will be addressed in the
identification manual and in the critical checklists, wich are in preparation
(see above).
Studies on ecology and/or behaviour are very rare and often only from shortterm
projects (e.g. Miller 1985, 1995; Miller & Miller 1985; Clausnitzer 1998, 2003b,
2003d; Dijkstra 2004 ). Very detailed descriptions of the ecology of selected species
are given in Miller & Miller (2003). Studies on biodiversity and conservation issues
with respect to Odonata are hardly existent (Clausnitzer 2003a). Recently a study
on population genetics of some zygopteran species was carried out in Kenya and
Tanzania (Groeneveld 2003).
Identification guides

The most up to date identification guide, concerning distribution and taxonomy
and covering the whole range of eastern Africa, will be the manual mentioned
above. Other keys with an often countrywide focus are by Pinhey (1961, 1981,
1984) and Miller & Miller (2003). For some families and genera an Africa-wide
monograph exists: Chlorocyphidae (Pinhey 1967), Lestidae (Pinhey 1980b),
Aciagrion (Pinhey 1972), Agriocnemis (Pinhey 1974), Pseudagrion (Pinhey 1964),
Metacnemis (Pinhey 1980a), Chlorocnemis (Pinhey 1969), Neurogomphus
(Cammaerts 2004), Orthetrum (Pinhey 1970a), and Trithemis (Pinhey 1970b).
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Africa-wide revisions are currently under preparation and will be published witin
the next few years by K.-D.B. Dijkstra for the genera Gynacantha, Heliaeschna,
Hemicordulia, Atoconeura and Diplacodes.
Faunal lists

Critical and updated checklists for eastern Africa south of 22°N, east of 22°E and
north of South Africa and Botswana and detailed country checklists for Ethiopia,
Kenya, Tanzania, Malawi and Uganda will be provided shortly by K.-D.B. Dijkstra
& V. Clausnitzer (see above). Faunal lists are also available for Ethiopia (Consiglio
1978; Pinhey 1981b), Malawi (Pinhey 1966, 1979; Barlow 1996), Mozambique
(Pinhey 1981a), Somalia (Carfl 1974), Zambia and Zimbabwe (Pinhey 1984).
Most of these publications are check-lists only and reflect the lack of field surveys
for most countries. Details on distribution, ecology, habitat requirements, etc. for
the species are often not present or only shortly outlined.

CRITICAL SPECIES

Notes on the species previously listed by IUCN

For eastern Africa 10 species have been listed in 2003 Red Lists of threatened
species (Moore 1997; IUCN 2003):
as endangered [EN]:
Amanipodagrion gilliesi and Aeshna meruensis Sjostedt, 1909, (both Tanzania)
as vulnerable [VU]:
Monardithemis (lava (Zambia and Angola) and Teinobasis alluaudi (Seychelles
only, but see Clausnitzer 2003d, 2003e)
as data deficient [DD]:
Aciagrion rarum (Angola and Zambia), Ceriagrion mourae (Mozambique),
Pseudagrion quadrioculatum Pinhey, 1964, Aethiothemis watulikii Pinhey, 1962
(DRC), Eleuthemis buettikoferi quadrigutta Pinhey, 1974 (Zimbabwe), and
Urothemis thomasi (Somalia and Ethiopia)
Additionally four species were listed as priority species for the eastern African
region by Moore (1997):
as monotypic genera confined to one country only:
Thermagrion webbianum (Ethiopia), Oreocnemis phoenix (Malawi) and
Nepogomphoides stuhlmanni (Tanzania)
as taxonomically isolated species:
Coryphagrion grandis (Kenya, Tanzania, ?Mozambique, Uganda)
Concerning the listed species by the IUCN (2003) and Moore (1997) it has to be
noted that:
Aeshna meruensis does not qualify for any threat status (Clausnitzer & Peters 2003);
Aethiothemis watulikii and A. basilewskyi Fraser, 1954 (Musee Royal de !'Afrique
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Centrale, Tervuren, Belgique) pertain to a small, dark Aethiothemis species
known only from a holotype each collected in the Congo basin. Their descriptions
reveal no distinct differences in build, markings, venation and genitalia, and
A. watulikii is treated as a synonym to A. basilewskyi (K.-D.B. Dijkstra &
V. Clausnitzer unpubl.);
Coryphagrion grandis does not occur in Uganda; this locality is a misinterpretation
made by Kimmins (1931) of the locality "Rabai", which is located near
Mombasa; the Mozambique record (Pinhey 1981) has not been confirmed.
Recent studies showed that C. grandis belongs to the Pseudostigmatidae, an
otherwise entire neotropical family (Clausnitzer & Lindeboom 2002; Clausnitzer
2003e; Groeneveld 2003 );
Eleuthemis buettikoferi quadrigutta is based on one female only (Zimbabwe,
Vumba Mountains). The subspecies status is contentious and should be treated
as E. buettikoferi Ris, 1910 (K.-D.B. Dijkstra & V. Clausnitzer unpubl.), which
is a very widespread species and thus does not qualify for any threat status;
Monardithemis (lava belongs to the genus Micromacromia (K.-D.B. Dijkstra &
V. Clausnitzer unpubl.);
Pseudagrion quadrioculatum is a synonym of P. superbum (K.-D.B. Dijkstra &
V. Clausnitzer unpubl.);
Teinobasis alluaudi has a wider distribution than assumed (Clausnitzer 2003d,
2003e);
Thermagrion webbianum, which is known from one female only, was placed by
Pinhey (1962a) in Enallagma; the identity of this species needs clarification, and
the type seems to be lost (Pinhey 1962a);
Urothemis thomasi has not been recorded from Ethiopia (Schneider 1988 and
W. Schneider pers. comm.).
Table 1. Odonata endemic or mainly confined to the countries considered and their range
of distribution in the region. DD: data deficient - might have to be deleted from list with
increasing survey efforts; RR: range restricted; IC: identity of species needs clarification;
A: action recommended, because of habitat destruction. The countries are abbreviated by
their first three letters, except DRC for Democratic Republic of Congo.
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Known distribution and notes

Species to be considered
A high number of odonates can be listed as 'data deficient'. Usually this reflects the
need for more research, but until studies on distribution, habitat requirements and
systematic identity clarify the need for special conservation measures, such species
require attention. Species listed in Table 1 are therefore either 'range restricted',
where necessary measures can be at least roughly outlined, or 'data deficient', where
research should have priority. Table 2 lists the species suggested for inclusion in the
global Red List.
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It is difficult to estimate whether the distribution of certain species is a result of
restricted range or data deficiency. Species recorded from Ugandan rain forests
only are likely to have a wider distribution range westward in the central African
rain forest areas. Similarly, species recorded only from one locality in the Democratic
Republic of Congo, can be expected to have a wider range in the Congo basin.
There are also several species recorded locally from Zambia but nowhere else. In
these cases more surveys are needed to prove if the species are really range restricted
or if this pattern reflects only that Zambia has been comparatively well studied by
Pinhey (e.g. Pinhey 1984).
The distribution given in Table 1 is for some species the type locality only, without any further records. Other species included in Table 1 have a highly disjunct
distribution, e.g. species inhabiting montane forests of the Eastern Arc Mountains.
CRITICAL SITES AND THREATS

Generally deforestation is the major threat to Odonata in eastern Africa. Any type
of forest - e.g. montane forest, coastal forest, Guineo-Congolian rain forests or
riverine forest - requires urgent conservation measures, especially in countries like
Ethiopia, Burundi, Rwanda and Kenya, where forests are already restricted to tiny and
highly disjunct patches. Growing human populations and stagnating economies
put enormous pressures on the last remaining forests. Forest sites and wetlands are
not adequately represented in protected areas in eastern Africa, which cover mainly
the savanna and thornbush habitats.
One big problem for all kind of habitats in eastern Africa is uncontrolled fires,
which is typical of all Africa. Fires hinder any kind of natural regeneration, even
on otherwise unused land, and they frequently destroy huge areas in national Parks
and reserves. Since many areas burn annually, the vegetation structure of habitats
may be changed on a large scale, often resulting in a species composition change
within odonate communities.
As a reflection of security and political problems, critical sites for biodiversity
conservation in Mozambique, Rwanda and Burundi are suspected to be under
severe threat. The current situation is not known to the author. Owing to high
population densities, most of the natural habitats of Rwanda and Burundi are
reported to have been converted into farmland (Stuart et al. 1990), except some
montane forest areas at the Virunga Volcanoes.
Coastal forests and Eastern Arc Mountains

Coastal forests of Kenya, Tanzania and Mozambique are centres of endemism,
hardly protected and in need of priority status for conservation measures. Further
destruction of the remaining coastal forests will threaten a high number of species,
including odonates, with extinction. Once the eastern African coastal forests covered
most of the coast from north Mozambique to south Somalia. Now this belt is reduced
to over 250 small to very small separated forest patches, often of less than 500 ha
in size (Burgess & Clarke 2000). All these remaining forest patches share common
characteristics. They are small and highly fragmented, have an exceptionally high
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degree of localised endemism, differ in structure and species composition due to
physical conditions, and are extremely vulnerable and rapidly being degraded.
From eight biological groups which have been studied extensively, 786 known
species are strictly endemic to the East African coastal forests; unfortunately,
Odonata were not included in this survey (Burgess 2000). Kenya's remaining
coastal forests are listed as "critical sites" by the IUCN and are not adequately
represented in Kenya's protected area system (Stuart et al. 1990).
The Eastern Arc forests of Tanzania have been classified amongst the 14 most
threatened tropical forest diversity centres (Myers 1988, 1990) and amongst the 25
diversity centres world-wide (Myers et al. 2000). Still most of the forests of Eastern
Arc Mountains have no or only very weak protection status, and pressure on the
remaining forests is very high.
At least nine odonate species are endemic to coastal forests and/or forests of the
Eastern Arc Mountains. The differentiation between these two habitats is not
always clear, since they merge, e.g. in the Usambara Mountains.

Table 2. Table of species from eastern Africa suggested for inclusion in the global Red List
and likely to be considered for inclusion, once the taxonomy is solved. Species which had
been erroneously included on the Red List up to 2003 are not listed again. - RL 2003: rating
in the Red List 2003; rRL: recent Red List rating; not all species had been assessed at the
finalisation of this manuscript, and for these the space remains blank. CR: critically
endangered; EN: endangered; VU: vulnerable; NT: near threatened; DD: data deficient;
TAX: taxonomy not clear.
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Guineo-Congolian rain forests

The Kakamega Forest in Kenya is of regional importance and listed as "priority
biodiversity conservation area" for Kenya (Wass 1995). On a larger scale, GuineoCongolian rain forest areas are still found in large areas in Uganda, most of them
protected as forest reserve or national park. At the moment there seems to be no
immediate danger to these forests in Uganda, although illegal encroachment and
logging is present everywhere.
Wetlands

Wetlands are usually poorly protected, and the important biological resources in
these ecosystems are easily lost through clearance and overuse. Only in Tanzania,
where almost 10% of the country's surface is estimated to be covered by wetlands
(Kamukala & Crafter 1993), are wetland areas conserved in reserves. In Rwanda
the Akagera National Park includes large swamps as well but suffers heavy pressure from the high human population density in the country. Kenya has very few
wetlands, which are mainly of national importance (Crafter et al. 1993).
Major threats to wetlands are excessive exploitation, changes in water quality
due to industrial effluent, agricultural pesticides, siltation and the introduction of
foreign species, e.g. Nile Perch Lates niloticus or Water Hyacinth Eichhornia crassipes.
Effects of chemical pollution on macroinvertebrates (including Odonata) in aquatic
systems have been reported from a study conducted in Uganda (e.g. Matagi 1996).
Chemical pollution is already a huge problem in and around cities but will drastically increase with increasing wealth and industrialisation of the countries.

CONSERVATION PRIORITIES AND RECOMMENDATIONS

There is no doubt that much more research on afrotropical Odonata is urgently
needed, i.e. surveys, systematic work, revisions of whole genera, and ecological
work. The list in Table 1 is mainly based on data deficiency. Only for a few
species, e.g. the ones rated in Table 2 according to the IUCN criteria other than
DD, is there enough information available to specify habitat requirements and
therefore conservation measures. But, before all the required data can be collected
and analysed satisfactorily, a number of these species will be already extinct, due
to rapid deforestation and habitat change in eastern Africa. Therefore the suggested
measures in this chapter are not species specific but concentrated on those areas
which, at the present state of knowledge, contain endangered species.
Forest

Forest areas are important sites for Odonata, and swamp forests especially contain
a high number of range restricted and rare species (Clausnitzer 2003f). In all
countries in eastern Africa appropriate management plans are urgently needed to
be implemented on the ground with effective protection, especially coastal forests
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and Eastern Arc forests, which are considered as ecologically stable regions
(Fjeldsa et al. 1997) under serious threat and in need of immediate conservation
measures.
Although the importance of the Eastern Arc Mountains is widely acknowledged
by the scientific community (e.g. Burgess et al. 1998; Lovett 1998b), and measures
for their conservation discussed (e.g. Newmark 1998, 1999), implementation on
the ground remains a political and financial issue in the end. Maybe the suggestion
to give the Eastern Arc Mountains World Heritage status (Lovett 1998a) might add
enough financial, political and public power to succeed in conserving these
remaining forests.
Efforts which should be undertaken are:
(1) prevention of any further deforestation.

This needs publicity work in local communities to stop illegal and uncontrolled
logging and also measures from the highest political level. Forests should be
regarded as a natural resource with high conservation priority;
(2) afforestation with indigenous trees.
This is not only of conservation interest for odonates, biodiversity and/or centres
of endemism, but also resource management and prevention of flooding, landslides, etc. Afforestation programmes should focus on the local community level
as well as on a largescale governmental level;
(3) fire control.
Frequent and uncontrolled fires prevent any kind of regeneration. For example,
large areas in southern Kenya have been cleared and cultivated some time ago
but lie fallow nowadays. Isolated patches of Raphia palm trees and a very high
groundwater level indicate that this area had been previously covered by
extensive coastal swamp forest. A natural regeneration of these areas into dense
bushland and eventually forest is hindered by frequent burning. Fires are deliberately lit under cashewnut and coconut palm plantations and not controlled.
Most areas burn yearly and leave a very impoverished vegetation with doom
palms, which profit from the fires. A firecontrol programme in this area would
be quite effective, allowing natural succession; and
(4) leaving a strip of natural riparian vegetation of at least 20 m on either side of
the stream in cultivated landscapes.
This would increase landscape heterogeneity, decrease the destructive impact of
flooding and increase biodiversity. Not only heliophobic odonate species of the
streams would benefit from such measures, but also forest species, which are highly
isolated at the moment, could use such corridors for dispersal between forest patches.
Aquatic sites in general

Water management is becoming a big issue in sub-Saharan Africa and not only for
ecological reasons (Acreman & Hollis 1996). In Kenya surface water is still the
major contributor to water reserves (Keter 1993). Human activities in the catchment areas are a major influence on water quality and quantity. Pollution of water
and the conservation of watercatchment areas are widely discussed in tropical Africa,
although the implementation of solutions is often difficult.
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Water pollution control measures, e.g. sewage works and factory effluent treatment, should be undertaken before the rivers and streams become unusable, as has
already happened with rivers around Nairobi and the bay of Lake Victoria at
Kisumu. The amount of insecticides and pesticides used on farmlands, especially in
rice fields and on the booming flower farms, need restrictive laws and controls.
Floodplains, water retention sites, swamps; etc., should be protected and not
turned into farmland or burned with the aim of getting grazing ground. These
areas are important to prevent flooding and function as watercatchment areas.
Publicity work

Together with the control of illegal activities, public awareness of the importance
of such forests has to be increased. This should not only emphasise biodiversity and
uniqueness but also the importance of forests and wetlands for water catchment,
flood protection and natural resources. The importance of forests in watercatchment areas has become quite obvious recently in Kenya during several years
of heavy drought, and conservation efforts should strongly focus on this fact.
Information boards on Odonata should be prepared and supplied to schools and
information centres of protected areas.
One good example for the conservation of a small swamp area within an otherwise densely populated agricultural area is the Saiwa Swamp National Park in
western Kenya. This national park, although still viewed critically by the local
community, is frequently visited by schools and private persons from the neighbourhood. A recent inventory of the odonates there has resulted in one new record
for Kenya.

RESEARCH PRIORITIES

The most important problem concerning Odonata diversity assessment in eastern
Africa is data deficiency, equally for species distribution, ecology and systematics.
Often political instability, for example in Sudan, Somalia or Mozambique, hinders
any kind of field work. Inventories in the rain forest areas of Central Africa, also
a politically unstable region, are urgently needed to get more distribution data and
to solve taxonomic problems. Approaches suggested by Ponder eta!. (2001) should
be used to specify high priority areas for surveys.
The research needed is probably the same all over Africa:
- systematic revisions;
- inventories;
-publication and allocation of data since Pinhey (1962a, 1962b);
- collection of ecological data from rangerestricted species.
Species listed as data deficient in Table 1 should receive priority in future research
on Odonata in eastern Africa.
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CURRENT ACTIVITIES

Recently some projects in eastern Africa have started to work exclusively on
odonates or to include them in projects working on several taxa. Within a project
funded by the German Ministry of Science (BMBF) "Diversity and species composition of Odonata as indicators of biotope quality of East African rain forests and
their replacement communities" a key has been prepared by V. Clausnitzer &
K.-D.B. Dijkstra entitled, "The dragonflies of eastern Africa - an identification
key", and the status and taxonomy of about 450 odonate species has been revised
in another publication, under prepartion by K.-D.B. Dijkstra & V. Clausnitzer,
entitled, "An annotated checklist of the dragonflies (Odonata) of eastern Africa,
with critical lists for Ethiopia, Kenya, Malawi, Tanzania and Uganda, new records,
taxonomic notes and descriptions of new species". Data on distribution and
ecology of odonates of the East African countries is being collected. Odonata are
included in a WCS (Wildlife Conservation Society) project in Tanzania "Southern
Highlands Conservation Programme" and in an inventory of Uganda's openland
IBAs (Important Bird Areas). As part of all of these projects, national reference
collections are built up and local scientists trained.
Odonata are also included in a "Wetland Biodiversity Assessment" project by the
IUCN, during which information on all odonate species of Kenya, Uganda,
Tanzania, Malawi and Burundi has been fed into the "Global Biodiversity
Assessment" (GBA) database.
A first dragonfly workshop was held in the National Museums of Kenya in
Nairobi in September 2003, to train students and scientists from eastern Africa on
general aspects, identification and field skills related to odonatology. Additionally,
odonates will, hopefully, be included in the field courses of the Tropical Biological
Association in 2005.
Odonatologists working in Africa are linked through the recently started
PHAON (Pinhey's Heritage African Odonata Network), which proves to be an
excellent tool to exchange views and data, discuss results and present projects; for
more information contact K.-D.B. Dijkstra <kddijkstra@hetnet.nb.
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