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ABSTRACT

Biodiversity surveys and the compilation of indigenous knowledge were conducted in
eight previously unstudied proposed and already gazetted Forest Reserves of Mtwara
Region, south-eastern Tanzania, from April to August of 2005. The results indicate
relatively low biodiversity and endemism values in these forests, and high levels of
forest disturbance. In most areas the original vegetation has been converted by
clearance for cultivation and by fire, and has regenerated into degraded forms of
Swahilian/Coastal Mixed Dry Forest, Swahilian/Coastal Brachystegia Forest and
floristically impoverished Zambezian-Swahilian Brachystegia Woodland. Some
Coastal Forest endemic and threatened species, however, occur in the degraded forest
patches, such as east coast akalat Sheppardia gunningi, Reichenow’s batis Batis mixta
reichenowi, spotted flat-lizard Platysaurus maculatus, woodland toad Mertensophryne
micranotis and the shrub Gardenia transvenulosa. The low proportion of endemic and
threatened species recorded implies that these forests are of modest biological
importance within the context of the Eastern Arc Mountains and Coastal Forests
Biodiversity Hotspot. Nevertheless, local inhabitants depend heavily on the long-term
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availability of timber and non-timber resources and water and soil regulation services
from these forests. The development and implementation of effective natural resource
management is therefore urgently needed in this area.

Keywords: coastal forest mosaic, biodiversity hotspot, biodiversity survey, forest
disturbance, species checklist, East Africa

INTRODUCTION

Mtwara Region, at the border with Mozambique in south-eastern Tanzania, is renowned as
an export channel for cashews and sisal, and for being home to the Makonde wood carvers.
It is less well known for being part of the Eastern African Coastal Forests Biodiversity
Hotspot (Mittermeier ef al., 2004). The high biodiversity and concentration of endemic, rare
and threatened species make the Coastal Forests, together with the adjoining Eastern Arc
Mountain forests, one of the highest priority for conservation in Africa and globally (Burgess
& Clarke, 2000a; Myers et al., 2000; Brooks et al., 2002; CEPF 2005).

Little was known about the biology of the Coastal Forests in Mtwara Region prior to the
present study. Field surveys were therefore conducted from April-August 2005 by Frontier-
Tanzania in eight proposed and gazetted Forest Reserves in Mtwara Region that partially
comprise Key Biodiversity Areas 81, 95 and 102 (CEPF, 2005). The objectives of this paper
are to: 1) assess the Reserves’ biological value in terms of presence of endemic and
threatened species; 2) identify geographical and habitat range extensions; 3) evaluate the
current incidence of human disturbance; and 5) make broad conservation suggestions.

In this paper we adopt a definition of the Coastal Forests Mosaic as broadly
corresponding to the “Swahilian region sensu lato” (White, 1983; Clarke, 1998). This
phytochorion forms an archipelago of lowland forests extending up to 300 km inland between
the equator in southern Somalia and the estuary of the Limpopo River in southern
Mozambique. The Coastal Forests Mosaic comprises various closed-canopy forest types
within a matrix of savanna-woodland and synanthropic vegetation (Clarke, 2000b). Closed-
canopy Coastal Forest habitat covers just 3172 km?* of the area (ca. 1% of the Swahilian
region sensu lato), and is characterised by the highest concentration of biodiversity and
endemism in the area (Burgess & Clarke, 2000a; CEPF, 2005).

The biota of the Coastal Forests is characterised by locally disjunct distribution patterns and
a high degree of regional and point endemism (CEPF, 2005). These distribution patterns are
probably the result of both natural habitat heterogeneity due to climate changes and historical
fragmentation due to human use (Azeria er al., 2007). The gradual desiccation of the African
continent that started in the Miocene may have fragmented a formerly more contiguous forest
cover along the Tanzania coast (Clarke, 2000a). More recently, habitat fragmentation was
accelerated by anthropogenic fire and cultivation patterns (Clarke & Karoma, 2000).

DESCRIPTION OF THE STUDY AREA

The Administrative Region of Mtwara is located in south-eastern Tanzania, and is bordered
to the north by the Lindi Region, to the east by the Indian Ocean, to the south by
Mozambique and the Ruvuma River, and to the west by the Ruvuma Region. The study sites
are located within 038°10'-039°60'E and 10°35'-11°10'S (figure 1). They have an elevation
range between 120 and 720 m and cover a total area of 178 km? (table 1), with the plateau of
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the Makonde Escarpment lying between 700 and 900 m (Dar es Salaam Planning
Commission & Mtwara Regional Commissioner’s Office, 1997).
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Figure 1. Map of the study region showing the research base camps within the studied forest
areas, the major towns, rivers and the edge of the Makonde Escarpment.

The region has two geological zones. The first is the Coastal Sedimentary Formation
extending 125 km from the Indian Ocean to the edge of the Makonde Plateau, which
produces deep, well drained sandy soils of low fertility and low moisture holding capacity.
The second zone consists of pre-Cambrian gneisses and granulites extending west of the
coastal sediments, which gives rise to deep, well drained red clays to the north of Masasi
town, coarse grained sandy soils to the south of Masasi town, and well drained, nutrient poor
and heavily leached soils on the Makonde Escarpment (Dar es Salaam Planning Commission
& Mtwara Regional Commissioner’s Office, 1997). The cause of soil erosion on the
Makonde Escarpment may be both anthropogenic (clearance and shifting cultivation) and
natural (the rapid erosion of the sandstone plateaux and hills) (Clarke, 2000b).

From November/December to April/May winds from the north-east bring a hot and
humid rainy season. The rest of the year the region is kept drier and cooler by the south-
easterly winds. Annual precipitation varies with altitude: 1160 to 935 mm on the hills and
plateau, 1001 mm at Newala, and 893 mm at Masasi. Temperatures in coastal Mtwara vary
from 27°C as the highest monthly mean temperature in December to 23°C as the lowest
monthly mean temperature in July. Relative humidity ranges from ca. 87% as the highest
monthly mean humidity in March to ca. 79% as the lowest monthly mean humidity in
October. Temperatures and humidity are lower inland (Dar es Salaam Planning Commission
& Mtwara Regional Commissioner’s Office, 1997).
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The studied sites were proposed between 1955 and 1977 as protected Forest Reserves
(FRs) by the central government in recognition of their importance to the local villages and
towns as water catchments, for prevention of soil erosion, and for provision of timber and
non-timber forest resources (information made available by the Masasi District Natural
Resources Office, 2005). The water sources of the Mkunya River and Makonde Plateau FRs
provide a water supply to the towns of Newala and Mahuta. The small spring in Kambona
FR is the sole water supply for the villages of Chidya and Chiwata. The pond in Mtuli Hinju
FR supplies alone the villages of Mtuli Hinju and Njengwa, and another six villages
(Chiwindi, Majengo, Migombani, Mtalala, Nang'awanga and Najenga) rely on it seasonally
when alternative ponds and wells dry up. The threat of soil erosion, on the other hand, is
particularly evident on and at the foot of the Makonde Escarpment, because here soils are
particularly vulnerable to erosion by heavy seasonal rains. At present, two of the sites are
gazetted Forest Reserves and six are proposed Forest Reserves (table 1). From this point on
we shall refer to all eight sites as Forest Reserves regardless of their actual gazettment status.

MATERIALS AND METHODS

For a detailed description of data collection methods refer to the online Technical Report No.
29 (Stubblefield & Cunneyworth, 1997). In brief, data on fauna were collected at zoological
trap sites (abbreviated as zoosites). Zoosites were chosen to cover the largest range of
habitats possible (e.g. riverine forest, open woodland, grassland), and one zoosite was placed
randomly within each habitat. The size of the zoosite was determined by the length of the
bucket pitfall line (20 m) and the area used to place Sherman traps around this line.

Sherman and bucket pitfall traps were used to record reptiles, amphibians, and small rodents and
insectivores (diurnal, crepuscular, and nocturnal) whose habitat is the forest floor or those that are
adapted to climbing (scansorial). Amphibian sounds were also recorded through a dictaphone. Bat
and bird mist netting was used to record bat species (nocturnal and crepuscular) and understorey and
lower canopy bird species. Birds were also recorded through timed searches. Canopy trapping
sampled fruit-feeding butterflies, while timed sweep netting was used to sample butterflies in the
forest understorey, scrub, thicket, herbs
and grasses. Small mammals and birds that were to be released were marked by trimming a small
patch of fur/feather in order to avoid duplicity of results. Reptiles and amphibians were not marked.

One kilometre mammal track and sign transects were carried out to record data on large
mammal species. Dung was recorded within a 4 m wide strip (2 m either side of the
transect). Presence of all other signs (footprints, burrows, scratchings, nests and ground
resting sites) were recorded within a 10 m wide strip (5 m either side of the transect). See
table 2 for a break down of the survey effort.

Specimens for all taxa, with the exception of large mammals, were retained when
identification in the field was not possible. Specimens were sent for identification and
repository to the Department of Zoology and Wildlife Conservation, University of Dar es
Salaam, Tanzania; butterflies were sent to the Southern Highlands Conservation Programme
(SHCP), Wildlife Conservation Society, Tanzania. Specimens were also sent on loan for
further verification to: the Natural History Museum, London, UK; the California Academy
of Sciences, San Francisco, USA; the Field Museum, Chicago, USA; the Natural History
Museum of Zimbabwe, Bulawayo, Zimbabwe; the Zoological Museum, Copenhagen,
Denmark. Data from this study contribute to the Biodiversity Database of the University of
Dar es Salaam, Tanzania, the TROPICOS database of Missouri Botanical Garden, USA, and
the CEPF Conservation Outcomes Database, USA.
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Endemism, conservation status, forest dependence and range extensions

Species were classified as: forest dependent or specialist (F), i.e. species restricted to
primary or closed-canopy forest only and likely to disappear if the forest is modified to any
great extent; forest dwelling or generalist (f), i.e. species that may occur in undisturbed
primary or closed-canopy forest, but are able to exist in clearings, fragmented and secondary
forest, woodland and at the forest edge that depend upon the forest for some of their
resources, so thus may be adversely affected by forest destruction; non-forest or forest visitor
(0), i.e. species that may occur in primary or secondary forest or at the forest edge, but are
usually recorded in open habitats and thus are not dependent upon the forest.

Endemic species were categorised as: endemic (E), species with ranges limited to the
Coastal Forests; near endemic (NE, species with ranges limited to the Coastal Forests and
Eastern Arc Mountains, sometimes including other habitats in adjacent locations (e.g. Masasi
District, northern Mozambique).

Animals were classified as threatened if listed in the [IUCN Red List (2009) as critically
endangered (CR), endangered (EN) or vulnerable (VU), and if listed on CITES Appendix I
(2009) as threatened with extinction and therefore excluded from international trade.

Animal species found to occur outside their previously documented habitat and/or
geographical range were reported as range extensions. To assess known ranges we used:
Kingdon (1974, 1984, 2003) and Burgess er al. (2000a) for mammals; Zimmerman et al.
(1996), Mlingwa et al. (2000), Stevenson & Fanshawe (2002) and Sinclair & Ryan (2003)
for birds; Howell (1993), Broadley & Howell (2000) and Spawls et al. (2002) for reptiles;
Passmore & Carruthers (1995), Schiotz (1999), Poynton (2000) and Channing (2001) for
amphibians; Kielland (1990), Larsen (1996), Kielland & Cordeiro (2000) and Davenport
(2001) for butterflies.

Human resource-use and forest disturbance

One kilometre transects were used to record the incidence of disturbance caused by various
human activities, i.e. clearance for cultivation, pole/timber extraction, pit sawing sites,
bark ringing, burning, hunting and paths (see Frontier-Tanzania, 1997). Transects were
placed randomly at 1 km intervals within each Forest Reserve, and the number of transects
used varied according to the size of the Reserve. The relative level of disturbance (RLD) was
analysed by calculating the percentage of 50 m transect sections containing various forms of
disturbance. The relative abundance (RA) of live, naturally dead and cut poles/timbers/large
timbers takes into account the number of individuals of one category relative to the total
number of individuals from all categories recorded in an area.

Structured interviews and open discussions were held with local government officers from
the Mtwara, Masasi, Tandahimba and Newala District Natural Resources Offices, and a
minimum of three village elders from each village within the vicinity of the Forest Reserves.
The aim was to collate information about natural resource use and local management
perceptions.

RESULTS

In total, 355 faunal species belonging to 104 families were recorded by this study: 39 large
mammals, 22 small mammals, 158 birds, 31 reptiles, 24 amphibians and 81 butterflies
(appendices 1 to 5).
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Endemic species
A total of three species are endemic or near endemic to the Coastal Forest and/or the Eastern
Arc Mountains: one bird, Reichenow’s batis Batis mixta reichenowi (E); one reptile, spotted
flat-lizard Platysaurus maculatus (NE); and one amphibian, woodland toad Mertensophryne
micranotis (NE) (appendices 2-4). These species constitute 1-2% of the species recorded in
each Forest Reserve, no Reserve containing more than two endemic species. Overall, these
three species comprise < 2% of the total number of species recorded.

Species near endemic to the Coastal Forests and Eastern Arc Mountains as well as some
other habitats in East Africa include small-eared greater galago Otolemur garnettii, lesser
pouched rat Beamys hindei, and east coast akalat Sheppardia gunningi (appendices 1 and 2).

Threatened species

Four faunal species were found to be globally threatened, which together constitute < 2% of
all fauna recorded by this study. These include two large mammals, common hippopotamus
Hippopotamus amphibius (VU) and lion Panthera leo (VU). Two species, leopard Panthera
pardus and peregrine falcon Falco peregrinus are listed on CITES Appendix I (2009)
(appendices 1, 2 and 4).

Mammal and bird species with a lower degree of threat on the IUCN Red List (2009)
were also recorded. These include three near threatened (NT) mammal species, chequered
elephant shrew Rhynchocyon cirnei, bush elephant Loxodonta africana and leopard; three NT
birds, east coast akalat Sheppardia gunningi, southern banded snake eagle Circaetus
fasciolatus and Lilian’s lovebird Agapornis lilianae (appendices 1 and 2).

The globally threatened plant species Gardenia transvenulosa (VU) was also recorded
(IUCN, 2009).

Forest dependent species

Forest dependent species were mainly recorded in dense understory of Brachystegia
Woodland, Mixed Dry Forest and Riverine Forest, and constitute only a small proportion of
the faunal community recorded. None of the small mammals recorded are forest dependent,
five of the large mammals are forest dependent, and one bat species is forest dwelling but not
forest dependent. A total of seven bird species are forest dependent. Two reptiles and four
amphibians favour forest habitats. Of the butterfly species surveyed, seven are forest
dependent (appendices 1-5).

Range extensions and new records

No significant range extensions were recorded. Since no previous surveys were conducted in
the eight Forest Reserves, some of the widespread and common bird and butterfly species
found are likely to constitute first records in these studied sites (Kielland, 1990; Larsen,
1996; Davenport, 2001; Jacob Kiure, pers. comm.) (appendices 2 and 5).

Human resource-use and forest disturbance
Table 3 displays and compares the percentage of 50 m transect sections that were subject to
disturbance and the incidence of different forms of impact. In four Forest Reserves, > 90%
of sections showed some sign of disturbance (Makonde Scarp III - 100%, Makonde Scarp 1I -
96%, Mkunya River and Kambona - 95%), and no Forest Reserve had < 8% of sections
bisected by paths.

The Forest Reserves most affected by agricultural encroachment were Makonde Scarp I
(29%), 11 (42%) and 111 (43%). Although our transects indicated a low level of encroachment
in Mkunya River FR (2% of sections), in fact the valleys cutting through the escarpment
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were largely transformed into cashew nut plantations. In Kambona, Mtiniko and Ndechela
FRs, encroachment is negligible or absent, but it occurs right up to the Forest Reserve
boundaries.

All Forest Reserves were affected by pole and timber cutting, Kambona and Mkunya
River being those most severely affected (> 90% of sections). Five of the eight Forest
Reserves contained at least one recently active or old pit-sawing site.

Fuelwood was reported by village elders to be obtained from dead trees and branches in
all Forest Reserves. Results from this study add to the existing list of species used for the
construction of tool handles and cooking utensils (Burgess ef al., 2000b). The production of
burnt bricks, which uses large volumes of wood to produce heat, was a common practice in
Makonde Scarp II FR.

Extraction of medicinal plants and fruits from trees like the marula Sclerocarya birrea
and Strychnos spp. occurs within all Forest Reserves on a small scale. The roots of
Dioscorea hirtiflora are an important source of carbohydrate exploited for sale on local
markets. Honey is produced and sold locally in Makonde Scarp II and Ndechela FRs.

Four of the eight forests contained ringed trees, but anecdotal evidence from interviews
suggested that bark ringing also takes place in the other Forest Reserves. Discussions with
local people revealed that bark ringing occurs in order to remove bark for use as ropes,
beehives and medicine.

Hunting takes place in most of the sites. Mtiniko and Mtuli Hinju FRs had the highest
density of traps recorded (in 5% and 3% of 50 m sections, respectively). In most cases the
traps were either snares targeting ungulate species or smaller devices placed in the riverbed
to catch birds; in addition a drift fence was found in Ndechela FR. All hunted species are
said by residents to have declined over the last 10 years. Hunting in Kambona, Makonde
Scarp I and Ndechela FRs involves threatened species such as chequered elephant shrew and
small-eared greater galago (CITES Appendix II).

DISCUSSION

Biodiversity value

Endemic and threatened species constitute < 2% of all species recorded in the study area.
This percentage is low, considering that rates of faunal endemism in the Coastal Forest
Mosaic are ca. 7% for mammals, ca. 10% for birds, ca. 57% for reptiles and ca. 36% for
amphibians (Burgess & Clarke, 2000a; CEPF, 2005).

Endemic species

In this paper we adopt the classification of Reichenow’s batis as a subspecies of forest batis
Batis mixta (Fjeldsé et al., 2006). Under this classification, B. mixta reichenowi is endemic
to the Coastal Forests of south-eastern Tanzania. This bird was recorded in Mtiniko FR, an
area classified as the Mtwara District Coastal Forests Important Bird Area (IBA TZ052). If
Reichenow’s batis was to be recognised as a separate species from B. mixta (Mlingwa et al.,
2000; Baker & Baker, 2002), then this IBA could be upgraded as part of a Secondary or Full
Endemic Bird Area (Baker & Baker, 2002).

The spotted flat-lizard is endemic to northern Mozambique and the Masasi District in
south-eastern Tanzania, where it only inhabits rock outcrops of granite, gneiss and sandstone
that weather to produce thin fissures where it seeks refuge (Spawls et al., 2002). During this
study, spotted flat-lizards were abundant in Ndechela FR, where they find their habitat in the
granite kopjes protruding from the plain up to 800 m.
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The woodland toad, a species endemic to the Eastern Arc lowland and the Coastal Forests
Mosaic of south-eastern Kenya and eastern Tanzania (Conservation International, 2005) was
found in an area of regenerating Brachystegia woodland, confirming that it can also survive
in modified secondary habitats (Broadley & Howell, 2000).

The studied sites are not characterised by the unique butterfly fauna found in other
Coastal Forests of Tanzania (Kielland & Cordeiro, 2000).

Threatened species

The bush elephant (NT, CITES Appendix II) was only recorded in Ndechela FR from a
footprint, and the common hippo was reported by local inhabitants to occur in the same
Forest Reserve. The extent of their occurrence in the studied area needs further clarification.
Leopards (CITES Appendix I) inhabit sheltered areas near the cliff face in Makonde Scarp II
FR, and were reported by residents to occur in the adjacent Makonde Scarp I, Kambona and
Mkunya River FRs. Leopards are not dependent upon forest habitat; nonetheless, they may
need the Forest Reserves as corridors between suitable patches of habitat or for alternative
sources of food and shelter (Kingdon, 2003).

Elephant shrews observed in this study range in colour from light grey with white marks to
dark grey and rufous with indistinct chequers. These colour variations match those described
for several subspecies of the chequered elephant shrew R. cirnei (Rathbun, 2005; 2006).

The east coast akalat has a restricted distribution in the Coastal Forests and few other
forest types in eastern Africa (Jensen er al., 2005). The relatively high number of individuals
captured in Mtiniko FR (five during 37.5 hours of mist netting) points to this site as an
important area for this bird.

Forest dependent species
Forest dependent large mammals were found in dense and relatively undisturbed pockets of
forest and woodland amidst large areas of disturbed habitat, and include Sykes’s monkeys
Cercopithecus mitis subsp., the red-bellied coastal squirrel Paraxerus palliatus, blue duikers
Cephalophus monticola, Natal duikers Cephalophus natalensis and sunis Neotragus moschatus.

Forest dependent bird species rely on a canopy-shaded and dense understorey (Mlingwa
et al., 2000). This explains why the African crowned eagle Stephanoaetus coronatus, African
broadbill Smithornis capensis, yellow streaked greenbul Phyllastrephus flavostriatus,
Fischer’s greenbul P. fischeri and blue-mantled crested flycatcher Trochocercus cyanomelas
were observed only among the dense lianas and shrubs of Mixed Dry Forest, and in small
patches of dense Brachystegia Woodland and Riverine Forest.

Forest dependent species are vulnerable to reductions of closed-canopy forest habitat and
to increases in the edge effect (Lehtinen er al., 2003). They are therefore more prone to local
extinction than generalist and edge-adapted species.

Human resource-use and forest disturbance

Conversion to agriculture is the most destructive activity in the Coastal Forests of eastern
Africa, since it involves the complete removal of the natural habitat (Burgess et al., 2000b).
This problem is exacerbated by shifting cultivation, a traditional practice that has become
unsustainable due to a human population growth rate that exceeds the regeneration capacity
of the forest. In the study area, encroachment occurs more extensively where the forest
boundaries are not clearly demarcated. The Forest Reserves most affected are those on the
Makonde Escarpment. Here large areas of the slopes are covered by thicket, indicating that
shifting cultivation is common even on slopes that are unsuitable for agriculture.
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A recent study illustrated that districts in Mtwara Region accounted for a low proportion
of those timber licences that were issued in 2001-2 (Milledge & Elibariki, 2005). Five of the
eight Forest Reserves had, however, overall levels of pole cutting above the 16% upper
threshold reported by previous studies of Coastal Forests (Burgess et al., 2000b). In Mtiniko
FR local people were observed to earn cash from timber cut inside the Forest Reserve, and
these findings suggest that illegal timber extraction takes place in the studied Reserves.
Moreover, the completion of the Mkapa Bridge across the Rufiji River in 2003 has
contributed to escalating illegal timber harvesting and forest degradation in these southern
regions (Milledge et al. 2007; Milledge & Kaale, 2005).

Previous evidence illustrated that pole and timber harvesting tends to be selective
(Burgess & Mbwana, 2000; Milledge & Kaale, 2005). Findings from this study match those
obtained by TRAFFIC in the regions south of the Rufiji River in 2001-2 (Milledge &
Elibariki, 2005), with gum copal Hymenaea verrucosa Gaertn., African teak Pterocarpus
angolensis DC., snake bean tree Bobgunnia madagascariensis (Desv.) J.H.Kirkbr. &
Wiersema and pod mahogany Afzelia quanzensis Welw. being reported by local inhabitants
as popular hard wood timber species, followed by Millettia stuhlmannii Taub., Milicia
excelsa C.C.Berg and African blackwood Dalbergia melanoxylon Guill. & Perr.. Selective
pole and timber harvesting is ecologically destructive as it alters the plant species
composition of an area, which can in turn affect the faunal community that utilises that area
(Robinson & Robinson, 1999; Vallan er al., 2004). Furthermore, tree species differ greatly
in their dispersal ability, and therefore the capacity of disparate species to recolonise an area
after local extinction is not well known (Cordeiro et al. 2004; White et al., 2004).

As in previous studies on fuel use (Burgess er al., 2000b), most of the fuelwood was said
by village elders to be obtained from dead trees and branches, including those from cashew
nut plantations. Many of the species used for firewood at the study sites, however, overlap
with those used for bark removal, indicating that trees die from the removal of bark and are
then used for firewood.

Extensive and recurring burning in Ndechela FR is a particularly destructive form of
disturbance. Fire destroys the soil top layer and the micro-fauna that lives within it, therefore
reducing the availability of nutrients in the food-web. Fire also destroys the forest’s
understorey, which constitutes the main habitat for forest dwelling and forest dependent
species (Bauder, 2000). As in other Coastal Forests (Burgess et al., 2000b), some of these
fires may be started deliberately to hunt animals.

Local management perceptions

During interviews with village elders and government officers, management by local
inhabitants was reported to range from absent to ineffective among all Forest Reserves. The
reasons appeared to be twofold: lack of incentives in terms of resource use and/or lack of
financial and organisational support from local government offices.

The inhabitants of the Makonde Scarp, Mtiniko and Ndechela FRs do not view the
gazettment of their forests positively because they see no benefits coming from such
designation: no water source is present here that needs preservation from forest use, and no
information has been forthcoming from the government about other reasons for the protection
of these forests. This translates into a lack of management incentive, as the gazettment of the
forests is perceived as a limit to the free use of resources with no benefits attached.

In areas where the designation of the Forest Reserves is viewed positively, for example
Mkunya River and Kambona FRs because of their water supplies, communities have no legal
entitlement to the management of the Reserves, and consequently lack the organisational and
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financial support necessary to design and enforce community by-laws and to conduct patrols
of the boundaries.

The insufficient enforcement of national forest legislation by local government offices
constitutes another problem that hampers the management of the Forest Reserves in the study
area.

Conservation recommendations

The forests in Mtwara region provide vital water supplies (especially Kambona, Mtuli Hinju,
Mkunya River and Makonde Plateau FRs) and protection from floods and landslides
(especially Makonde Plateau and Mkunya River FRs). This makes their conservation a
regional priority.

Conservation in the Mtwara Coastal Forests should concentrate on both the effective
enforcement of national forest law, and the involvement of local stakeholders in the
management of resources through Joint Forest Management (JFM) between them and the
government. If designed and implemented through inclusive forms of governance, JFM has
the potential to empower and incentivise communities to pursue the conservation of forest
resources and services (Blomley et al., 2008), and to compensate for the low staffing and
financial capacity of the Forestry and Beekeeping Division (Rodgers & Burgess, 2000).
Conservation recommendations based on the findings of this study include: gazettement of all
Forest Reserves, boundary reassessment and demarcation, capacity building among local
forest officers, establishment of JFM between forest officers and local communities,
establishment of local tree nurseries, and investment in rural services, infrastructures and
affordable alternative sources of energy.

Finally, the Mtwara Coastal Forests are part of a mosaic system and rely on the stability
of the whole system for the continuity of their floral and faunal communities. Consequently,
adequate conservation measures need to be taken in as many parts of the mosaic as possible,
and efforts should be made to restore and increase connectivity among fragmented forest
patches. For example, it would be beneficial to combine Ndechela FR and the contiguous
Lukwika-Lumesule Game Reserve into a single protected area, and for the whole of the
Makonde Escarpment to be protected as one large Forest Reserve.
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