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Executive Summary

Background

Magombera forest is a threatened area of tropical lowland forest, long recognised for its high
biodiversity value. Among Tanzania’s forests it has had a relatively high profile, due to excitement
generated by early surveys and its subsequent chequered management history. The first in-depth
survey of the unique flora and fauna led all management authorities to agree that the area would be
annexed into the adjacent Selous Game Reserve. However, after degazettement of Forest Reserve

status in 1981 it was never formally annexed, leaving it with no protected status.

The vulnerable status of Magombera forest was re-emphasised at a 2004 workshop discussing
priorities for the Udzungwa Mountains and surrounding area. This followed threats of destruction for
re-housing illegal squatters from adjacent agricultural land and considerable concern from the local
and international conservation community, including the Honourable Minister for Natural Resources
and Tourism and Head of Conservation International. From this workshop, plans were then developed

to begin a new conservation project under the WWF Tanzania Programme Office.

In this report, the ecological findings of the new project are presented, along with data collected in

2003-5. Results are further supplemented with additional information from the literature.

Aim & Objectives

With increasing research in the past ten years, we now have far more reliable information on the
ecology of Magombera forest in relation to other forests in Tanzania. The aim of this report is to
provide impetus for the improved management and ecological monitoring of Magombera forest. There

are seven main objectives:

1) To introduce methods and results of two ecological surveys;
2) To determine the ecological importance of Magombera forest;
3) To prioritise threats;

4) To assess forest health;

5) To assess the status of selected rare and indicator species;

6) To test methods for forest restoration;

7) To make recommendations for future management, village livelihoods and monitoring.



Findings

i. Importance of Magombera Forest

The original proposal to annex Magombera forest into the Selous Game Reserve was largely justified

by the high density of the rare Udzungwa red colobus monkey. However from more recent surveys and

the literature, the conservation value of the area is clearly not restricted to a single species:

Flora (trees above 10 cm diameter):

Fauna:

17 IUCN Red-List or potential Red-List species;

10 Eastern Arc and Coastal Forest endemic species;

An astounding 41.2 % of stems > 20 cm diameter are within these two categories;

The proportion and abundance of rare species are more than double than in similar elevation
forest in the Udzungwa Mountains National Park;

The habitat is distinct from the adjacent Selous Game Reserve.

The highest encounter rate of Udzungwa red colobus anywhere (this species is IUCN Red-
Listed and “Presidential Game” in Tanzania);

An important dry season refuge for elephants of the Selous Game Reserve;

Home to the Kilombero valley endemic frog Hyperolius reesei;

One of two known localities of the chameleon Kinyongia sp. nov. (soon to be named after
Magombera forest);

Montane birds at unusually low elevation.

ii. Threats to Magombera Forest

From our surveys we suggest that the threats to Magombera forest should be prioritised as follows:

1)
2)
3)
4)
5)

Pole cutting (understorey trees predicted to disappear within 4 years)

Fire (annual fires are preventing regeneration and encouraging growth of restricting climbers)
Firewood collection (removal of forest floor woody detritus is likely to affect regeneration)
Timber felling (currently low, however recent threats suggest monitoring is needed)

Hunting (currently low, perhaps because most medium-sized ground mammals already

removed)



iii. Status of Magombera forest

All marketable timber species were removed during construction of the TAZARA railroad, however
the remaining canopy is intact in most places. The forest structure is typical of a forest that has
undergone understorey disturbance, with few young stems, high mean stem size, and a dense tangle of

climbers. Pole-cutting has also affected then rare species composition in the understorey/midstrata.

The mammal community has been notably impacted by hunting. Subsequently there are very few
medium-sized terrestrial mammals. Although primate densities are high, there is some evidence for a
recent decline. This may be due to increasing forest degradation, however further monitoring is
required. The Udzungwa red colobus are the most vulnerable monkey to structural damage, as seen

from a significant relationship with tree volume.

Recommendations

Magombera is a forest famous both locally and internationally and therefore provides an excellent
opportunity for Tanzania to demonstrate its ability to manage an area of high conservation value. There

are many recommendations for improving village livelihoods, protection of the forest and monitoring:

i. Immediate Priorities

- Raise awareness, present project recommendations and make agreements with local villages
(completed February 2008)

- Seek approval of project recommendations from Kilombero district officials

- WWEF-TPO and Udzungwa Forest Project (UFP) representatives meet with Forestry and
Beekeeping Division, Selous Game Reserve and Illovo Sugar to agree on a process for
annexation

- Improve patrols through better coverage and timing, and establishment of an emergency
reponse system

- Measure boundaries

- Continue monitoring through UFP, with clear goals

ii. Short-Term Priorities

- Anexation into the Selous Game Reserve (the four villages adjacent to Magombera forest

have given their official support to this plan)



- Develop management plan including biological and livelihood components

- Implement land-use plan in villages, especially private woodlots for sustainable supply of
firewood, poles and tool handles and plans for curbing immigration

- Prioritise activities to improve livelihoods, including alternative fuel sources, income
generation (e.g. ecotourism or tree-planting), education and human-wildlife conflict

- Begin active restoration of the forest through clearance of restricting climbers (depending on
the results of monitoring)

- Monitor the cessation of pole-cutting, reduction in firewood collection and regeneration of

young trees

iii. Long-Term Priorities

- Curb intrinsic population increase
- Establish ranger post near to Magombera forest
- Monitor the re-establishment of timber species, stabilisation of Udzungwa red colobus density,

recovery of duikers from hunting and cessation of firewood collection



Introduction

Tropical Forests

Habitat degradation and loss are the greatest threats to terrestrial species (Baillie et al. 2004). Estimates
of annual loss of tropical forest range from 8.7 to 12.5 M ha (Chapman & Peres 2001; Mayaux et al.
2005). An area between half and equal size to this is degraded by selective logging each year (Achard
et al. 2002; Asner et al. 2005). Loss and degradation of tropical forests are a global concern as more
than half of the world’s species are found in tropical forests, despite covering only 7 % of the world’s
surface (WRI 1992). Subsequently, the number of species threatened with extinction in tropical forests
is predicted to increase (Whitmore & Sayer 1992). Tropical forest loss and degradation also have
implications for climate change, hydrology, nutrient cycling, and natural resource availability
(Whitmore 1998). Restoring degraded forests may therefore be one of greatest challenges for
ecologists this century (Duncan & Chapman 2003). In Tanzania, most forests have been heavily
degraded by human activity and there has been no active management to restore forest health. For
example an estimated 63 % the Udzungwa mountains of southern Tanzania has been heavily degraded
(Marshall 2007; Marshall et al. in preparation). This statistic particularly striking given that this

mountain range is of the least degraded in Tanzania.

Magombera Location and Habitat

Magombera forest lies around 270 m above sea level, near to the villages of Katurukila, Magombera,
Kanyenja and Msolwa Stesheni in Kilombero district (Morogoro region; Figures 1 and 4). This special
forest is sandwiched between two of Tanzania’s most impressive protected areas; the Udzungwa
Mountains National Park to the west is one of the world’s most important areas for the conservation of
biodiversity and the Selous Game Reserve to the east is Africa’s largest protected area. Lowland
tropical forest such as that found in Magombera, is among the world’s most threatened habitats
(Collins 1990; Vieira & Scariot 2006). The habitat of Magombera has affinities to the lowland and
montane forests of the nearby Udzungwa Mountains and the coastal forests of Tanzania and Kenya.
This may in part be due to the mixed soil which includes both alluvial deposits from the Udzungwa
Mountains and Karoo sandstone from the Msolwa floodplain (Rodgers et al. 1979). The habitat is
unique from other areas of coastal and riverine forest found in the adjacent Selous Game Reserve
(Vollesen 1980). Annual rainfall is estimated at 1514 mm and parts of the forest are seasonally flooded
(Rodgers et al. 1979).
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Figure 1. Habitat map of the Udzungwa Mountains showing location of Magombera forest and

Katurukila village forest.

Previous Ecological Surveys

The first comprehensive ecological summary of Magombera forest was made by Rodgers et al. (1979).
This report was based on a ten day survey of plants, mammals, forest extent and village interviews.
The report also used aerial photographs from 1955 to 1979, personal communication with taxonomic
experts and a literature review of previous research. The ten day ecological survey included two 25m x
25m plots for trees, a count of tree species along the TAZARA railroad (Figure 4), and qualitative
classification of vegetation type, canopy height and damage in 50 m sections along the railway. Counts
of monkeys were also made during the ten day ecological survey, including (i) four simultaneous
north-south walks totalling 39 km, (ii) repeated walks along the railway totalling 47.5 km, and (iii)
opportunistic walks to find additional primate groups, count group size and to make incidental
ecological/behavioural observations. In the same year, Kamara (1979) also made an 8 day survey of
human forest use and colobus monkeys. This study found several groups of monkeys and highlighted

the threat of fire, agriculture and tree-felling.
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The conservation value of Magombera forest was first highlighted through the presence of the
endangered Udzungwa red colobus monkey (Procolobus gordonorum; Rees 1964; IUCN 1977 in
Rodgers et al. 1979). Ecological and behavioural observations made in 1977 then led to
recommendations for a revised taxonomy of the species (Struhsaker & Leland 1980). In fact
Magombera was then considered the largest and only viable population of this species (Rodgers et al.
1979; Rodgers & Homewood 1981). Later surveys in the Udzungwa Mountains revealed that the
overall range and population of this rare species is greater than first thought (Rodgers & Homewood
1982; Decker 1994 and 1996; Dinesen et al. 2001; Struhsaker et al. 2004; Marshall 2007; Marshall et
al. submitted; Marshall et al. in preparation). However Magombera forest continues to be an important
stronghold for this rare monkey, which is restricted to the area around the Udzungwa Mountains. The
species remains Vulnerable the IUCN Red List (Baillie et al. 2004), CITES Appendix 2 and Class A in

the Africa Convention. It is also “Presidential Game” in Tanzania, meaning that it is illegal to hunt.

Magombera forest is also of enormous value for rare trees, biodiversity and water catchment, as we
outline in this report. Three collecting trips in the 1970s led to a check-list of vascular plants for
Magombera forest and the Selous Game Reserve, including several new species (Vollesen 1980). From
this, Magombera forest was thought to contain close to 500 plant species including three potentially
endemic trees. Decker (1994) also highlights the presence of montane birds at unusually low elevation
and Rodgers et al. (1979) list a potentially endemic frog Hyperolius sp. nov. (from respective personal
communications with Schiotz and Stuart). Other than the short vegetation survey already mentioned
(Rodgers et al. 1979), prior to this report there had been no systematic survey in Magombera forest of
any taxa besides monkeys. Furthermore, previous studies were mainly biased towards the easily

accessible area near the TAZARA railroad.

Management and Conservation History

The following timeline summarises the management and conservation history of Magombera forest.

Key stages of conservation history are highlighted in bold:

1955: Magombera Forest Reserve (1,578 ha) gazetted for its valuable timber stock including mvule
Milicia excelsa and mkangazi Khaya anthotheca (formerly K. nyassica; Rodgers et al. 1979)

1955: Forest cover estimated at 15.05 km? from aerial photographs (Rodgers et al. 1979)

1964: First documentation of the Udzungwa red colobus Procolobus gordonorum in the area (Rees
1964)

1965: No cultivation along forest boundary and minimal exploitation of the forest (Rodgers et al. 1979)
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1960s (late) to 1972: TAZARA railroad built through middle, including clearance of over 50 ha of
forest and extraction of all marketable timber (Rodgers et al. 1979)

1976: Two Ujamaa villages established along the railway immediately to the north-east (Katurukila)
and north-west (Msolwa Stesheni; Rodgers et al. 1979)

1977: The habitat of Magombera forest reportedly extended south beyond Ifakara (Vollesen 1980)

1977: First ecological and behavioural study of the Udzungwa red colobus (Struhsaker & Leland 1980)

1979: Ten day ecological survey and report summarised the importance of the forest and showed that
the forest habitat was continuous with the Udzungwa Mountains (University of Dar es Salaam;

Rodgers et al. 1979; Figure 2a). Forest area at Magombera approximately 10-11 km?,

(b)

Figure 2. Forest cover (black) and open habitat (white) in the Magombera area in (a) 1979 (Rodgers et
al. 1979) and (b) 2004 (Marshall 2005). The large area of forest on the left of both figures is the

beginning of the Udzungwa Mountains. Open habitats are mostly sugar plantation and settlements.

1979: Forest Reserve status deemed inadequate for long-term conservation as every metre of the Forest
Reserve boundary cultivated and encroachment widespread (Rodgers et al 1979)

1979: Fourth East Africa Wildlife Symposium recommended immediate upgrading of conservation
status (Rodgers & Homewood 1979). This was the first of many proposals between 1979 and
2005 to annex Magombera forest to the Selous Game Reserve.

1980: All management authorities agreed that the southern area of Magombera forest should be
annexed into the Selous Game Reserve (Baldus 1992; Hoffman 1995).

1980: Local villagers began clear-felling a 5 km? area of Magombera forest north of the TAZARA

railroad, eventually forming the village of Magombera.
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1981: Forest Reserve status revoked 22-27" February 1981 (Holmes 1995) to enable annexation
into the Selous Game Reserve.

1992: Realisation that annexation to the Selous Game Reserve was never fomalised and that the
Kilombero Sugar Company had purchased some of the area for wood cutting and small
holder production (Baldus 1992; Decker 1994).

1993. Agreement between Selous Conservation Programme and Kilombero Sugar Company that
conservationists and the sugar estate will work amicably together to better conserve the area.

1995: The people in villages adjacent to Magombera forest believed the forest to be under the
protection of the Selous Game Reserve and were not encroaching (Hoffman 1995).

2002: lllovo Sugar (formerly Kilombero Sugar Company, until 1998) re-initiated plans to develop the
area proposed for annexation as a site for re-housing unwanted squatters from the nearby sugar
estate (Jones and Rovero personal communication).

2002: Following a well-supported letter-writing campaign (including Head of Conservation
International, Russell Mittermeier), Illovo Sugar agreed to find an agreeable solution, the
Permanent Secretary supported the campaign for annexation (Appendix 1) and the
Honourable Minister for Natural Resources and Tourism agreed that “... Magombera
forest will remain as a Nature Reserve...”.

2003-5: Extensive survey of monkeys and large trees in Magombera reveals that the forest is still
threatened, particularly by pole-cutting and fire (Marshall 2005 & 2007; this report).

2004: Priorities for conservation of Magombera forest announced to workshop on the Udzungwa
Mountains (Marshall 2005).

2006: lllovo Sugar purchased by Associated British Foods.

2006: Proposal by WWF-TPO and Andy Marshall for funds to initiate baseline monitoring and
facilitate annexation to the Selous Game Reserve accepted by CEPF.

Current: From Landsat imagery, the remaining forest area is 10.34 km? and completely isolated from
the nearest forest fragment in the Udzungwa Mountains (Figures 2b and 3; Landsat ETM+;
Global Land Cover Facility/U.S. Geological Survey; Oct 25™ and Nov 1% 1999; Paths 167-8;
Rows 65-6). This forest size south of the rail has likely been relatively stable since clearance of
the northern area began in 1980. However the status of the remaining forest was unknown until
the current survey.

Current: Land survey by WWF-TPO found that the Illovo Sugar own 61.5 % of the land proposed for
annexation (Figure 3). They have agreed to lease the land for conservation management,
however compensation for the loss of land is required (Dave Coates pers. comm.).

Current: Villagers living near to Magombera forest are generally supportive of the annexation of
Magombera forest to the Selous Game Reserve, so long as their natural resource needs are

considered (personal communication with villagers and Paul Harrison).
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Figure 3. Land ownership and approximate forest cover (grey shading) in and around the former
Magombera Forest Reserve (yellow hatched area). Land owners include four villages, Tanzanian
government (former Forest Reserve land) and Illovo Sugar. Boundaries compiled by WWF-Tanzania
Programme Office. Forest area determined from Landsat imagery (Landsat ETM+; Global Land Cover
Facility/U.S. Geological Survey; Oct 25" and Nov 1% 1999; Paths 167-8; Rows 65-6).

Importance of Monitoring

Monitoring of the state of forest health over time allows managers to determine how successful their
forests are being conserved, and therefore to guide future planning and develop local education.
Monitoring is vital to ensure successful conservation of habitats (Sutherland 2000). However, only a
very low proportion of protected areas in Africa have long-term monitoring programmes (Struhsaker et
al 2005). Fully quantifying the effects of management practices on a forest ecosystem would require
painstaking work, due to the massive number of species involved. However basic criteria for assessing
ecosystem health and habitat composition/structure are rarely determined (Balmford et al. 2003).
Selection of key species as “indicators”, “guilds”, or “functional types”, can assist in making more
rapid assessments (Skorupa 1986 & 1988; Landres et al. 1988; Gondard et al. 2003). Monitoring rare

species is also of importance to determine habitat requirements for management.
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Aim and Objectives

With increasing research in the past ten years, we now have far more reliable information on the
ecology of Magombera forest in relation to other forests in Tanzania. The aim of this report is to
provide impetus for the improved management and ecological monitoring of Magombera forest. There

are seven main objectives that we address using both new and published data:

1) To introduce methods and results of two ecological surveys;
2) To determine the ecological importance of Magombera forest;
3) To prioritise threats;

4) To assess forest health;

5) To assess the status of selected rare and indicator species;

6) To test methods for forest restoration;

7) To make recommendations for future management, village livelihoods and monitoring.

Methods

The methods have been designed to allow a broad overview of the ecological importance of
Magombera forest. A complete inventory of all flora and fauna would have been impractical and
unnecessary at this stage. Instead the survey covered the four major issues of (i) threats, (ii) structure,
(iii) key species, and (iv) restoration. Assessing the level and types of human threat to the forest is of
obvious importance for determining management activities, both in the forest and surrounding villages.
Not least because unauthorised activities that damage forests are illegal under Tanzanian law,
regardless of protected status. Assessment of forest structure is important for determining forest health.
Key animal and plant species were selected for special attention for various reasons. In particular, trees
were selected as they are the physical structure of the forest, including the bulk of the biomass, and the
major target for illegal activities. Monkeys were chosen as they can be indicators of disturbance and
key dispersers of seeds. They are also of special interest in Magombera forest due to their high density,
particularly the rare Udzungwa red colobus. They are also relatively easy to observe and important
flagship species for conservation. Duikers were chosen as an indicator of hunting pressure. Finally
given the huge need for restoring forests throughout the tropics, the methods also include experimental

plots to determine the effect of removing restricting climbers for encouraging tree growth.

Surveys were carried out primarily along two 4 km transects (Mtalawanda and Ngulumilo; Figure 4),

during two sampling periods. Transects consisted of narrow paths marked with numbered tags at 50 m



16

intervals. The 4 km length was chosen for consistency with ongoing research in the adjacent
Udzungwa Mountains. Transect routes were decided from government topographic maps to best fit
inside the forest habitat and were spaced 570 m apart to reduce the chance of monkey groups passing
between the two areas. Care was taken to negotiate paths around trees rather than cutting them. To
further minimise impact on the forest, elephant / human paths were followed whenever these co-
incided approximately with the pre-determined routes. Andy Marshall established the two transects,
surveyed large trees, monkey density, colobus monkey group size and duiker abundance between 2003
and 2005. In 2007, Marshall again co-ordinated surveys of trees, monkeys and duikers, as well as
threats and forest restoration. The 2007 data were collected primarily by villagers Hamidu Mlendendo
and Exaud Kivambe (March 2007 to December 2007) and local co-ordinators John Msirikale (March
to June 2007) and Samuel Mtoka (November to December 2007). All data collectors were trained by

Andy Marshall. Published sources are also used to supplement the data collected.

N Msolwa
T 1km Stesheni

Ngulumilo

'Z.h . /
Katurukila /_‘\L

Kanyenja

SELOUS GAME
RESERVE

Mang’ula

Figure 4. Position of monitoring transects (white lines) in Magombera forest (black blocks), including
adjacent villages (circles) and TAZARA railroad (black line). UTM co-ordinates for westernmost end
of transects: Mtalawanda 274633 E 9135392 S, Ngulumilo 275885 E, 9134990 S.

Wherever possible, data are presented as mean plus or minus () a 95 % confidence limit. This is a
standard measure of mathematical error calculated as (1.96 x standard deviation) / \(number of
samples). On bar charts this appears a T-shape on the top of each bar. Where the 95 % confidence
limits of two samples do not overlap, the difference between the two samples can be considered

statistically significant.
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Threats

Human threats to Magombera forest were surveyed using two methods. The principle method was
using 100 m by 20 m plots, within which all signs of human impact were enumerated on standardised
datasheets (Appendix 2i). Forty such plots were placed, spaced 100 m apart along the two transects (20
on each transect beginning at the 0 m tag) between March and May 2007. An additional 40 plots were
also placed 100 m away from alternate 100 m tags on each transect (beginning at the 100 m tag)
between August and September 2007. These were to determine whether the illegal activities are
occurring away-from or close-to transects. To help relocation of these plots, they were all placed on a
simple bearing from each marker (Mtalawanda: south; Ngulumilo 0-1900: north; Ngulumilo 2100-

3900: east). In each plot, the following information was recorded:

Number of pole-sized trees (“poles”; stems above 5cm but below 15 cm diameter at breast
height [dbh; 1.30 m]), divided into three categories:
o Live
0 Cut <1 yr (cut less than 1 year before survey)
0 Cut>1 yr (cut more than 1 year before survey)
- Number of timber-sized trees (“timber”; stems 15 cm dbh or greater), divided into the same
three categories as poles
- Number of sawing tressles or pits
- Sounds of cutting
- Number of signs of firewood collection
- Number of snares
- Presence/absence of signs of bushfire
- Presence/absence of human tracks

- Presence/absence of paths (these are shared and maintained by both elephants and humans)

In addition to these plots, casual walks were also made throughout the area towards the end of 2007,
primarily along paths not related to our transects. These were carried out as it was clear that people in
the area often use these paths when accessing the forest. Thus there was an increased chance that

damaging activities would be detected. GPS co-ordinates were taken during all of these casual walks.

Forest Structure

Forest structure was assessed along the entire length of the two transects between February 2004 and

April 2005. To ease data collection, datasheets were used as in Appendix 2ii. Within 2.5 m either side
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of the transects, all trees 10 cm dbh or greater were measured for dbh (cm; using a girthing tape),
height (m; using a laser range-finder), distance from the centre of the transect (m; using a tape
measure) and distance along the transect (m; estimated by pacing). Stems were then re-measured in
2007, noting whether they were still alive, or whether they had died or had been cut or damaged since

the first survey. Different datasheets were used for re-measurement, as shown in Appendix 2iii.

Key Species

i. Trees

Survey of trees was based on the same stems as the forest structure plots. To allow for better analysis
of larger trees, stems of dbh 20 cm or more were also identified and measured within 5 m either side of
each transect. All trees were identified in the field where possible during fieldwork in 2004/5. Where
this was not possible, specimens were collected and dried for later identification at the Royal Botanic

Gardens, Kew, with the assistance of Kaj Vollesen.

To investigate the conservation importance of Magombera forest, we were particularly interested in
those species that are rare globally, or of restricted range. “Rare species” were therefore classed as
those included or proposed for inclusion on the IUCN Red-List, or known only from the Eastern Arc
and Coastal Forests of Tanzania, Kenya and Mozambique (Gereau & Luke 2003; Baillie et al. 2004;

Lovett et al. 2006; Roy Gereau personal communication).

ii. Monkeys

Three monkey species are permanent residents of Magombera forest (Udzungwa red colobus, Angolan
black and white colobus Colobus angolensis palliatus and Sykes monkey Cercopithecus mitis), with
vervet monkeys (Cercopithecus aethiops) also occasionally found at forest edge. Monkeys were
surveyed along both transects between February 2004 and March 2005, and again between March and
September 2007. Beginning between 0700 h and 0730 h, an observer walked at 1 km per hour,
recording all signs of monkeys. When monkey groups were encountered, the observer spent a
maximum of 10 min noting several details on a standardised form (Appendix 2iv). Firstly the observer
recorded the time, distance along the transect and the horizontal distance and compass bearing to the
first individual seen of each species per group (using a laser range-finder to measure distances). Where
the horizontal distance could not be measured directly, the direct distance from the observer to the
animal was recorded, along with the slope upwards using a clinometer. Basic trigonometry was then

used to calculate horizontal distance. Where possible, the perpendicular distance to the first individual
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was measured. Where this was not possible, it was calculated using the horizontal distance, bearing

and transect GPS location.

Other data recorded for each observation included the species of monkey present in each group, or in
adjacent trees to each group. The mode of detection of each species was also noted, and also whether
the species was physically seen, or just heard moving or vocalising. Once the observer had recorded all
details and was certain that no other species were present, the finish time was noted and the walk

continued.

From transect counts made in the 2004/5 surveys, monkey density was estimated using a strip transect
method (Whitesides et al. 1988; Marshall et al. 2007). Histograms of distance versus number of visual
observations were plotted using a range of bar widths. Visual inspection of the histograms was then
made to determine a cut-off distance at which the observations made a sharp and sustained decline (red
colobus 27 m, black and white colobus 22 m and Sykes monkeys 41 m). Transect width was then
calculated as the sum of the cut-off distance and estimated mean group spread of the three monkey
species, multiplied by two as observations were made on both sides of the transect (Whitesides et al.
1988). Use of group spread to adjust cut-off distances is contentious, and therefore estimates of group
spread were deliberately high to avoid over-estimation of density and population size. Red colobus

mean group spread was estimated as 30 m, black and white colobus 20 m and Sykes monkeys 50 m.

Density per km? was then calculated separately for heavily degraded (i.e. no continuous canopy) and
less degraded sections of the transects, using transect length (km) x width (km) x mean number of
groups per transect walk within the cut-off distance. Density was calculated separately for heavily
degraded areas to ensure that the final estimate allows for the proportion of habitat. Counts of group
size in the same areas in 2004/5, mostly made independently of transect counts, were then used to
calculate a mean group size. This was used to convert the group density figure to individual density for
each transect walk in both heavily degraded and less degraded areas. This figure was then extrapolated
to the total estimated area of Magombera forest to give an estimate of population. In making this
extrapolation it was estimated that 40 % of Magombera forest is heavily degraded. Again this estimate
is on the high side, to avoid overestimation. Density and population were not calculated for the 2007
survey because we had no information on group size and spread. Collecting data on these
measurements is very time consuming. Instead we use the encounter rate (groups seen per kilometre

transect walked) to compare relative abundance between the two sampling periods.

Methods for estimating density of group-living animals such as monkeys are contentious (Marshall et
al. 2007). Wherever possible during the 2007 survey, the locations of all individuals in each group seen

before reacting to observer presence were recorded, as for the first individual. This was to allow for
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later experimentation with methods for density estimation using the centre of individuals seen
(Plumptre & Cox 2006; Marshall 2007; Marshall et al. 2007). However, observers new to using the

technical equipment found this difficult and so was not deemed a feasible method at the current time.

iii. Duikers

Red duiker (Cephalophus natalensis harveyi), suni (Neotragus moschatus) and bushbuck (Tragelaphus
scriptus) are all known to be present in Magombera forest. During primate transect counts, all
observations of small antelope were also recorded in the same way as primates. Because of low sample
size, we did not calculate density or population of duikers. Therefore as for primates, we use the basic

encounter rate as our figure of comparison.

iv. Other Taxa

While conducting all surveys we also recorded signs of other animals whenever encountered. However

no systematic surveys were carried out beyond the trees, monkeys and duikers.

Forest Restoration

Plots for investigating forest restoration were placed near to the Ngulumilo transect. This site was
chosen over Mtalawanda to avoid the area nearest the villages, and therefore reduce the chance of
theft/damage. A total of 29 plots were placed 100 m from the transect on a known compass bearing.
Plots were 5 m x 5 m, with trenches 15 cm deep dug at each corner to assist re-locating plots. Small
marks of paint were also made on trees around each plot to assist relocation. Eleven of the plots were
placed in areas with a dense cover of restricting climbers, which were subsequently cleared using
secateurs (hand-held plant pruners) and machetes (pangas). Protective clothing was worn over hands
and arms to avoid skin irritation from plant hairs. Eight of the plots were placed in areas with a dense
cover of restricting climbers, which were not cleared. As a control, a further ten plots were placed in

areas where restricting climbers were not present (or in very low density) to begin with.

Plots were established between July and September 2007. Within each plot, all tree stems 1 cm dbh or
greater were identified and measured at 1.3 m from the ground, using the form in Appendix 2v.
Fluorescent tape was tied to each stem, each with a unique number written on the tag in permanent ink.
Saplings below 1 cm dbh were also identified and counted, but were not measured. Plots were then re-
measured in November 2007, with the intention that re-measurement will then continue into the future

at three month intervals. Plots will also be visited periodically to ensure that restricting climbers have
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not re-grown in plots that were cleared. During the dry season, regeneration was minimal, however
during the wet season we expect that two visits will be required to cut-back climbers. Thus we expect

that only two or three visits per year will be enough prevent restricting climbers from regenerating.

Results and Discussion

Threats

i. Cutting

The biggest threat to Magombera forest is the cutting of poles (trees 5-15 cm dbh) for tool handles and
building. There is no clear species or site bias for pole-cutting, however the rate is alarming, with a
visible effect on the understorey (Figure 5). Cutting is occurring both on and away from research
transects. There are more live stems available away from transects than close to transects, however a
similar proportion of stems is removed each year (Figure 6a). Most cutting occurs at weekends,
presumably when villagers expect rangers to be absent from the area. Similarly there were reports from

villagers that some people enter the forest at night, or when researchers are not present.

(b)

Figure 5. Typical understorey in Magombera forest (a). Note lack of young trees in comparison with

(b) showing understorey in an undisturbed area of Matundu forest (Udzungwa Mountains).

If the current rate of pole-cutting continues without increasing (9.4 % of standing stock per year), the

forest understorey will be gone within 11 years (Figure 7). In 2007, 4.4 % of villagers in the area were
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dependent on Magombera forest for poles (Harrison & Laizer 2007). However resources outside of
Magombera forest have now been depleted to critical levels (personal observation; Harrison & Laizer
2007). Given this depletion, the 7.0 % of villagers that were dependent on these resources (Harrison &
Laizer 2007) will be forced to use Magombera forest and the rate of removal will increase by 2.6
times. This more likely scenario would mean that pole-sized stems will be completely removed
within four years (Figure 7). More importantly, even now, the absence of regenerating stems in most

of Magombera means that the regenerating stock is too sparse to replace canopy trees when they die.
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Figure 6. Number of live, old cut (over 1 year) and new cut (within one year) pole-sized
(a; 5 to 15 cm diameter) and timber-sized (b; above 15 cm) trees per hectare in eighty

100 m x 10 m plots. Data are presented separately for plots on and away from transects.
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Two of the most common canopy tree species remaining in Magombera are used as timber elsewhere
in the region (Isoberlinia scheffleri and Erythrophleum suaveolens). Therefore despite removal of the
timber species of high market value (e.g. Milicia excelsa and Khaya anthotheca), the forest is not
devoid of timber. Despite this, timber-felling was rare both on transects and away from transects (mean
1.1 per hectare per year; Figure 6b), with no particular species bias. However in October 2007, local
assistants encountered a large group of people felling several trees about 1 km east of the Mtalawanda
trail. These people were reportedly from Msolwa Stesheni village. Immediately upon encountering
these people, rangers from the nearby Udzungwa Mountains National Park organised a joint patrol of
Magombera forest with rangers from the Selous Game Reserve. Two people were arrested as a result

and since that time illegal timber-felling in Magombera forest has ceased.
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Figure 7. Estimated availability of pole-sized trees in Magombera with time.
Extrapolations are shown using the current level of extraction (constant removal), and the

more likely scenario of increasing removal, due to decreasing alternatives (see text).

ii. Fire

Annual bushfires that spread from adjacent fields into the forest are also seriously threatening
understorey regeneration. Together with pole-cutting, fire encourages the rapid colonisation of
scrambling and herbaceous vegetation that is restricting the growth of regenerating trees. Out of the 80
forest threat assessment plots, 44 had signs of bushfire (55 %). The fires are hot and on rare occasions

can even burn canopy trees (Figure 8).
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Figure 8. Bushfire in Magombera forest burning a canopy tree,
Erythrophleum suaveolens.

iii. Firewood Collection

Firewood collection was also widespread across the forest, and was seen in 49 out of 80 forest threat
assessment plots (61.25 % of plots). Thirty of these plots were located away from transects, and only
19 on the transects, so the presence of transects has not encouraged increased access for firewood. The
effect of firewood collection is to remove detritus (and therefore potential soil nutrients) from the
forest floor. This has obvious importance for understorey plant growth, fungi and for soil and
understorey detritivores such as millipedes and other invertebrates. It may also impact the small
mammal community as seen in the adjacent Udzungwa Mountains (Kiondo unpublished data). These

direct impacts on smaller animals have knock-on effects further up the food chain.
iv. Hunting

There was very little evidence of hunting during both the 2004/5 and 2007 surveys. Three snares set
for duikers were found in the southern end of the forest during 2004/5. An entire skeleton (besides
tusks) of one elephant was found along the Mtalawanda trail, however it is uncertain how this died. A
group of fishermen was also once apprehended during the 2004/5 fieldwork. However no snares were
seen in any of the forest threat assessment plots during 2007. Fishing continues in the seasonal streams
and the nearby Msolwa river and there were occasional reports of poachers killing hippopotamus and
elephants. A large animal snare was also found along the Mtalawanda trail during 2007 and colleagues
found the remains of a snared buffalo along the same trail in 2005 (Tom Struhsaker personal

communication). Overall hunting is not considered a major problem in Magombera forest. However
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the low level of hunting may in part be because most ground-living medium-sized mammals have
already been over-hunted (see duiker survey results below). Importantly for the rare Udzungwa red
colobus, the people of the area do not appear to hunt or eat monkeys. This is reflected in the behaviour
of both colobus species, as most do not tend to flee far at the sight of humans, especially in the areas

near to Katurukila village.

Other more minor activities also occur in the forest (e.g. cutting of grass for mats and herbal medicine

collection), however these are considered of low priority for management planning.

Forest Structure

The forest structure in Magombera is typical of a forest that has undergone understorey disturbance.
The impact is best seen when compared to less disturbed forest, so here we present a structural
comparison with lsaula, Itula, Bwawani and Machumbo areas of Matundu forest (from similar
elevation in lowland Udzungwa; Marshall unpublished data). The overall effect is that the mean size of
stems in Magombera is significantly higher than in Matundu (Figure 9). A small increase is also seen

from the Magombera survey made in 2004/5 to the Magombera survey in 2007.
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Figure 9. Increased mean dbh of trees 10 cm dbh or greater in Magombera forest (this study)
versus Matundu (Marshall unpublished data) and in Magombera 2007 versus 2004/5 forest.

The differences shown are due to removal of understorey trees for poles (see Figure 10).
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Examining the structural composition further by dividing the stems into 5 cm classes reveals that the
observed difference is due to removal of stems in the smallest size class (Figures 5 and 10). In the
2004/5 survey of Magombera there were 1,203 stems, of which 1,112 were remaining in the 2007 re-
survey (300.8 and 278.0 per hectare respectively). This compares with 365.1 per hectare in the less

disturbed transects of Matundu.

B Matundu
& Magombera 2005

Magombera 2007

Diameter (cm)

Figure 10. Size-class distribution of trees 10 cm or greater in Magombera forest (this study) versus
Matundu forest (Marshall unpublished data). Note the decreasing proportion of stems in the lowest size

class from Matundu to Magombera 2004/5 to Magombera 2007. This is due to removal of poles.

Key Species

i. Trees

Eighty-two species of tree greater than or equal to 10 cm dbh were found in the plots, with a further
three species seen outside of plots (Appendix 3). The species list is likely to be a near-complete
inventory of tree species that reach 10 cm dbh, however there may be a few additional species missed
by the plots. Little attempt was made to search for additional species. The relative composition of the

most abundant species (Table 1) was very similar to previously reported by Rodgers et al. (1979) and
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Vollesen (1980; Table 2). Notably, there are no records of any full-sized Khaya anthotheca or Milicia
excelsa trees remaining in Magombera forest, although there is some sparse regeneration. VVollesen’s

(1980) list of commaon species (Table 2) also includes the shrub layer, for which there are no new data.

Table 1. The ten most abundant tree species from plots in Magombera forest. Two size classes are
given; “larger trees” (20 cm dbh or greater) and *“understorey/midstrata trees” (10 to 19.9 cm dbh).
Data presented include frequency p