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ABSTRACT
Niassa National Reserve (NNR) supports Mozambique’s largest populations of endangered fauna and
sustains the livelihoods of > 40,000 people who utilise its natural resources. Accurately monitoring finescale spatial and temporal trends in land-use and tree-cover is increasingly used for monitoring the
ecological state of conservation areas. Here we provide essential information on land-use changes in NNR
to support ongoing conservation efforts in the region. We examined patterns of forest and woodland loss in
NNR between 2001 and 2014 using high resolution maps of global tree-cover change, and compared this
with changes in the wider region. We found that NNR lost 108 km2 of forest (0.9 per cent of its 11,970 km2
aggregated forest extent), with the majority (89 km2) of forest loss occurring due to expanding agriculture
around settlements and along main roads. Although this loss was substantial, it was lower than changes in
the surrounding region, with the adjacent districts and Provinces losing 200 km2 (3.2 per cent) and 6,594
km2 (5.7 per cent) of their respective forest extents. We found NNR’s diverse Miombo ecosystems are still
intact and could support large mega-faunal assemblages, investment in ensuring the long-term success of
NNR is an obvious global conservation priority.
Key words: Forest loss, Habitat loss, conserva on planning, monitoring, protected areas, biodiversity
conserva on, African conserva on

INTRODUCTION
Niassa National Reserve (NNR) is Mozambique’s largest
protected area, spanning 42,300 km2, and is one of
Africa’s most iconic wilderness areas (Mittermeier et al.,
2003). It is situated in far northern Mozambique, which
is one of the least biologically explored places in Africa
(Ryan et al., 2010). NNR is connected to the Selous Game
Reserve in Tanzania to its north, via the Selous-Niassa
corridor, which permits wildlife to move between the two
Reserves (Mpanduji & Ngomello, 2007; Mpanduji et al.,
2002). Together, the NNR and the Selous Game Reserve
form a massive ~150,000 km2 trans-frontier
conservation area (Noe, 2015). The region is renowned
for having the largest and best preserved tracts of
Miombo woodland left in Africa (Maquia et al., 2013;
Ribeiro et al., 2008a; Soto, 2009; Mayaux et al., 2004),
10.2305/IUCN.CH.2017.PARKS-23-2JRA.en

which are globally important for carbon storage and
sequestration (Ribeiro et al., 2013; Lupala et al., 2014).
These woodlands also provide critical habitat for many of
Africa’s wide ranging species and threatened mega-fauna
(Mpanduji et al., 2002; Bauer et al., 2015; Riggio et al.,
2013), supporting Mozambique’s largest populations of
savannah elephants (Loxodonta africana), lions
(Panthera leo), critically endangered wild dogs (Lycaon
pictus) and a broad assemblage of Miombo species
(Booth & Dunham, 2014; Begg & Begg, 2012; Begg &
Begg, 2007; Grossmann et al., 2014).
NNR also supports a growing population of
approximately 40,000 people who live within the
Reserve boundaries in two towns, Mecula and Mavago,
and ~40 smaller scattered villages. These people
PARKS VOL 23.2 NOVEMBER 2017
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experience very high levels of poverty and their access to
infrastructure and social services is limited (Cunliffe et
al., 2009; Jorge et al., 2013). They therefore depend
heavily on NNR’s biodiversity and resources for their
livelihood and subsistence needs (Campbell et al., 1996;
Cunliffe et al., 2009). The principle livelihood activity
has been shifting slash-and-burn agriculture (Cunliffe et
al., 2009), which is legal under certain conditions in
National Reserves under Mozambican law. However, this
agriculture is both expanding and becoming more static
as settlements become more established, and the
resulting land conversion is in opposition to NNR’s
conservation objectives (SDGRN, 2006; Cunliffe et al.,
2009). Other examples of legal livelihood activities in
NNR include fishing and honey gathering, whilst many
households also rely on illegal subsistence bush-meat
hunting, and some earn cash from artisanal mining and
other illegal activities (e.g. ivory poaching, logging). The
Reserve management authority allocates a yearly wildlife
quota for communities to hunt, and also share 16 per
cent of the total revenue generated through commercial
photographic and hunting tourism directly with
communities through Community-based Natural
Resource Management Committees (Jorge et al., 2013).
This community engagement is based on growing
evidence that well managed protected areas can reduce
poverty, improve rural livelihoods and promote peace
and stability (Naughton-Treves et al., 2011; Ferraro et al.,
2011; Maekawa et al., 2013).

Since the end of the Mozambican civil war in 1992, there
has been a dramatic increase in land conversion for
agriculture across northern Mozambique, as people
returned to rural lands that they had previously
abandoned (Temudo & Silva, 2012; Temundo, 2004).
This is a well-established post conflict pattern and the
consequences for biodiversity can be devastating
(McNeely, 2003; Negret et al., 2017). Mozambique’s
human population is also growing rapidly at a rate of ~3
per cent per year, putting increasing pressure on the
country’s natural resources (Crist et al., 2017; Temudo &
Silva, 2012). Likewise, the human population within
NNR has grown at a similar rate (INE, 2008b; INE,
2008a), compounded by immigration from outsiders
attracted by NNR’s biodiversity, other resources and
space for agricultural expansion (Grossmann et al., 2014;
Niassa Carnivore Project, 2015). There are concerns that
populations of many wildlife species in NNR, which had
been steadily increasing since the end of the civil war, are
being impacted by increasing human pressure
(Grossmann et al., 2014). Anthropogenic conversion of
intact vegetation, or habitat loss, is one of the major
drivers of species extinctions globally (Maxwell et al.,
2016; Fischer & Lindenmayer, 2007), followed closely by
overhunting (Maxwell et al., 2016; Tranquilli et al.,
2014), both of which pose an immediate threat to NNR’s
biodiversity and are a major challenge for NNR’s
management.

Figure 1. The extent of forest loss in Niassa National Reserve
PARKS VOL 23.2 NOVEMBER 2017
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Accurately monitoring fine scale spatial and temporal
trends in land-use and tree-cover is increasingly used for
monitoring the ecological state of important conservation
areas (Tracewski et al., 2016; Nagendra et al., 2013; Allan
et al., 2017). This provides crucial information for
conservation planning since it identifies where
biodiversity is likely to be threatened and where
management actions should be targeted (Tracewski et al.,
2016; Turner et al., 2003). However, northern
Mozambique is particularly data-poor. Previous efforts to
map land-use changes and tree-cover in and around the
NNR are outdated (Desmet, 2004; Games, 2004),
temporally static (Ganzin et al., 2010; Prin et al., 2014),
or have focused on carbon and fire dynamics (Ribeiro et
al., 2013; Ribeiro et al., 2008b). There is a clear need for
more up-to-date information to support conservation
decision making.
We aim to address this gap by analysing patterns of
forest and woodland loss (hereafter forest loss) in NNR
between the years 2001 and 2014 using high resolution
maps of global tree-cover (Hansen et al., 2013). We
identify which areas in NNR have suffered the greatest
forest loss, and which areas are faring well with limited
negative changes to this key component of their
ecological integrity. We also compare our findings for
NNR with patterns of forest loss across all of northern
Mozambique to provide regional context. Key findings
from this study can be used by the Reserve management
to inform conservation decision making. We also hope to
draw more research attention to an understudied region
that is globally important for biodiversity conservation.
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NNR has a tropical sub-humid climate, with mean
monthly temperatures between 20 and 30 degrees
Celsius. The wet season runs from November to April
and the mean annual rainfall is 900 mm. Rainfall
increases from east to west (800 mm – 1,200 mm) across
NNR, as does the altitude (200 m – 1,400 m above sea
level). The highlands in the west are well forested and
continue beyond NNR’s boundaries forming the
watershed for its two major rivers: the Rovuma and the
Lugenda. Both rivers have strong perennial flows that are
key for supporting NNR’s biodiversity and people. There
are two major peaks in the Reserve, Mount Jao (1,200 m)
and Mt Mecula (2,000 m), which contain important
protected montane forests in Mozambique and are
centres of high diversity in the Miombo belt. The habitat
in the rest of NNR (72 per cent) is predominantly
Miombo woodland dominated by Brachystegia and
Julbernardia tree species (Ribeiro et al., 2008a; Mayaux
et al., 2004). Vegetation dynamics are largely driven by
the rainfall gradient across NNR, and a complex
interaction between fire (mainly anthropogenic) and
elephants, whose destructive herbivory can increase fuel
loads and fire intensity (Ribeiro et al., 2013; Ribeiro et
al., 2008a).

STUDY SITE
NNR is a socio-economically sensitive and politically
complex region; it is in northernmost Mozambique
bordering Tanzania, and extends across two provinces:
Cabo Delgado and Niassa, and eight administrative
districts (Figure 1). NNR was officially proclaimed in
1954, but then abandoned between 1975 and 1992 during
Mozambique’s civil conflict. Once a peace accord was
signed, the Mozambican government made a series of
agreements with private companies and nongovernmental organisations (NGOs) to manage NNR
(SDGRN, 2006). Since October 2012, The Wildlife
Conservation Society has been co-managing NNR with
the National Administration for Conservation Areas in
Mozambique to secure the long-term future of NNR. The
Reserve is divided into 18 management blocks of which
16 can be leased as concessions by private
concessionaires. Sustainable use of wildlife is permitted
within NNR, and eight concessions are currently leased
for hunting tourism and two are vacant. One concession
is informally designated for community use, four are
leased for photo tourism and one is vacant. Two blocks
are strictly protected for biodiversity conservation.

Lions during the wet season. © Jean‐Bap ste Deﬀontaines
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METHODS
We examined patterns of forest loss and gain in NNR and
northern Mozambique between 2001 and 2014 using
high spatial resolution maps of global tree-cover (Hansen
et al., 2013). The Global Forest Change dataset is the
most accurate representation of temporal forest loss
available (McRoberts et al., 2016). We defined forest
cover as vegetation taller than 5m, and forest loss as the
complete removal of canopy cover at a 30 m resolution.
Data was extracted and processed in the Google Earth
Engine
(http://earthengine.google.org/),
a
cloud
platform for Earth-observation data analysis. We
summed the extent of year by year forest loss between
2001 and 2014 to calculate the total extent of forest loss
in NNR during this time period, and present this as a
percentage of the total forest extent in 2000. We also
analysed the total gain in forest cover extent between the
years 2001 and 2012. The forest cover gain data is not
available in year by year time series, and cannot be
compared directly with the forest loss data since they
were developed using different methodologies (Hansen
et al., 2013). We adapted JavaScript code developed by
Tracewski et al. (2016) for analysing forest cover data
within specified spatial zones, which is freely available
online (https://github.com/RSPB/IBA). Forest loss
indices were aggregated to the district and provincial
scales as they provide useful units representing political

organisational entities and hence management levels. To
provide context we compare trends in forest cover in
NNR to trends in the surrounding landscapes, which we
defined as 1) the 26 districts directly adjacent to NNR,
and more broadly as 2) the four northern provinces of
Mozambique (Niassa, Cabo Delgado, Nampula and
Zambezia). We did not control for landscape or
ecological characteristics in our analyses.

RESULTS
We found that the total area of forest lost inside NNR
between 2001 and 2014 was 108 km2, amounting to 0.9
per cent of the 11,971 km2 of NNR’s aggregated forest
extent in the year 2000. The majority of forest was lost
around the towns of Mecula and Mavago where 41.4 km2
(0.9 per cent) and 47.5 km2 (4 per cent) of forest cover
was cleared respectively, primarily for agricultural
purposes (Figures 2 and 3). Forest cover was also lost
along the main Marrupa-Mecula road leading into the
centre of NNR, where communities practise shifting
agriculture, and in the northeastern corner of the
Reserve near Negomano. The direction of the shifting
agriculture was predominantly from NNR’s boundaries
toward its centre along main roads (Figure 1). The overall
annual average of forest loss in NNR remained fairly
consistent across the 12 years studied, with peaks
occurring in 2008–2009 and 2013 (Figure 4).

Shi ing agriculture along the main road near Mecula
town in Niassa Na onal Reserve. © James Allan

Figure 2. The extent of forest loss around
Mecula town and on the Mecula-Marrupa
road
PARKS VOL 23.2 NOVEMBER 2017
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Figure 3. The extent of forest loss around Mavago Town

Figure 4. The yearly percentage forest loss between 2001 and 2015 for Niassa National Reserve, and Northern Mozambican provinces and districts
PARKS VOL 23.2 NOVEMBER 2017
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Table 1. The total aggregated forest extent (km2), total amount of forest loss and gain (km2) between 2001 and
2014, and the percentage of forest loss and gain in Niassa National Reserve, and the districts and provinces of
Northern Mozambique
Tree extent
(km2)

Tree‐loss
(km2)

per cent Tree
loss

Tree‐gain
(km2)

Tree gain as per cent
of loss

11970.9

108.1

0.9

1.1

1.0

Ancuabe

1823.6

96.3

5.3

6.3

6.6

Balama

1466.7

18.0

1.2

0.2

1.2

Chiure

1190.5

55.4

4.7

1.6

3.0

Lago

2456.0

48.6

2.0

0.9

1.9

Lichinga

1979.5

187.0

9.4

0.9

0.5

Macomia

1419.5

111.0

7.8

26.7

24.1

Majune

4348.5

39.2

0.9

0.6

1.6

Mandimba

950.1

38.7

4.1

0.1

0.3

Marrupa

5175.3

82.0

1.6

0.8

1.0

Maua

2452.0

39.1

1.6

0.4

0.9

Mavago*

3300.7

47.5

1.4

0.4

0.8

Mecanhelas

323.1

22.5

7.0

0.0

0.2

Mecula*

4471.3

41.4

0.9

0.5

1.1

Meluco

2381.8

66.8

2.8

10.4

15.6

Metarica

1506.6

22.7

1.5

0.3

1.3

Mocimboa da Praia

517.8

49.0

9.5

9.4

19.3

Montepuez

4729.5

64.1

1.4

0.8

1.3

Mueda

4075.0

169.9

4.2

39.1

23.0

Muembe

2640.5

66.4

2.5

0.5

0.7

Muidumbe

1051.0

70.6

6.7

19.2

27.3

Namuno

1556.7

66.8

4.3

1.2

1.8

Nangade

1322.9

133.6

10.1

22.3

16.7

N'gauma

1027.1

79.9

7.8

0.2

0.3

Nipepe

1399.4

20.6

1.5

0.2

0.9

Palma

341.9

17.6

5.2

3.1

17.4

Quisanga

331.2

16.7

5.0

7.6

45.7

Sanga

4270.7

43.0

1.0

0.7

1.7

Nampula

21231.7

1705.8

8.0

148.8

8.7

Zambezi

40741.3

2758.4

6.8

175

6.3

Niassa**

28060.7

759

2.7

5.9

0.8

Cabo Delgado**

25977.1

1371.5

5.3

243

17.7

Niassa Na onal Reserve
Districts

Provinces

* Districts en rely in the Reserve **Provinces overlapping the Reserve
PARKS VOL 23.2 NOVEMBER 2017
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more forest cover within their boundaries (Bowker et al.,
2017; Allan et al., 2017; Sassen et al., 2013).

Niassa Na onal Reserve from the air: The Lugenda River in
the dry season. © Jean‐Bap ste Deﬀontaines
Forest loss in NNR was much lower than in the
surrounding landscape. The 26 districts directly adjacent
to NNR (in the provinces of Niassa and Cabo Delgado)
lost an average of 4.4 per cent of their forest cover
between 2001 and 2014. The districts of Lichinga, Mueda
and Nangade suffered the most, losing 187 km2 (9.5 per
cent), 170 km2 (4 per cent) and 134 km2 (10.1 per cent) of
their forest cover respectively during the study period
(Table 1). Likewise, the northern Mozambican provinces
of Niassa, Cabo Delgado, Nampula and Zambezia
(excluding NNR) lost a total of 6,594 km2 of forest cover
amounting to 5.7 per cent of the 116,010 km2 of forest
cover in the region in the year 2000. The overall rate of
forest loss in the provinces and districts of northern
Mozambique increased over the study period, with peaks
in 2008 and 2013 (Figure 4).
We found that the total area of forest gain within NNR
between 2001 and 2014 was negligible, amounting to 1.1
km2, which equates to 0.01 per cent of NNR’s total
aggregated forest extent and 1 per cent of the forest lost
during the time period. Forest gain in NNR was also low
compared to gain in the districts surrounding NNR
which amounted to a more substantial 154 km2 (0.3 per
cent of forest extent, 9 per cent of the forest extent lost),
and in the northern provinces of Mozambique which
amounted to 573 km2 (0.5 per cent of forest extent, 8.7
per cent of the forest extent lost).

DISCUSSION
Our analysis provides an up-to-date assessment of
changes in forest cover in NNR and northern
Mozambique between 2001 and 2014 and important
baseline information for future conservation planning
efforts. We found that NNR lost > 100 km2 of forest cover
amounting to ~ 1 per cent of its aggregated forest extent.
This may appear substantial, but is much lower than the
3 per cent of forest cover lost in protected areas globally
during the same time period (Heino et al., 2015; Morales
-Hidalgo et al., 2015). Our findings are also particularly
encouraging in the African context, given deforestation
rates on the continent are five times higher than the
global average (Tranquilli et al., 2014), and there are
many examples of protected areas in Africa losing much

We found that forest loss was higher in the landscapes
surrounding NNR, with some adjacent districts losing up
to 10 per cent of their forest extent. This suggests that
NNR is performing relatively well at limiting forest loss
within its boundaries given external pressure (Bruner,
2001), and supports assessments suggesting protected
areas are effectively conserving habitat and biodiversity
(Geldmann et al., 2013; Barnes et al., 2016). However,
because we did not control for landscape characteristics
(“matching”) there is a possibility we are overestimating
the effect of protection (Joppa & Pfaff, 2010; Joppa &
Pfaff, 2011; Geldmann et al., 2013). Although our results
do confirm a well-known pattern that protected areas on
the African continent and globally are becoming
increasingly isolated by land clearing beyond their
boundaries (DeFries et al., 2005; Bailey et al., 2016;
Newmark, 2008). This is concerning since degradation
around a protected area strongly predisposes it to future
degradation within its borders (Laurance et al., 2012).
We found that the majority of forest loss in NNR
occurred around the two largest towns of Mecula and
Mavago, where the majority of NNR’s human population
resides. Since forest loss is locally restricted, NNR’s
management can target actions to these high risk areas
and engage with the local communities. The
communities have the right to continue residing within
NNR in accordance with Mozambican law, and NNR’s
management team and concession holders are already
working closely with many of them to build connections
and interdependencies. For example, the Reserve
Management Authority employs between 75–80 per cent
of its 150 staff from local villages in NNR, and Mariri
concession block employs 80 per cent of its team from
local villages in NNR.
Local communities were also engaged during the
development of an updated management plan for NNR,
and helped define NNR’s vision for the next decade.
NNR’s new management plan, which will run from 2017
to 2027, is the first to explicitly acknowledge local
community members as key stakeholders and partners in
NNR’s future, and to zone sections of the Reserve for
community use and development. There are also microzoning initiatives planned and underway in imminently
threatened areas to try to control agricultural sprawl as
human pressure increases. These actions alone will not
protect NNR’s biodiversity, but are a major step towards
repairing the historically fractured relationship between
NNR’s communities and management. Through stronger
collaborations with public-health professionals and
social scientists, NNR’s management can also help
ensure that human-development goals and the
communities’ socio-economic aspirations are met. This
could help decrease the anthropogenic pressure being
PARKS VOL 23.2 NOVEMBER 2017
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placed on NNR’s wildlife and habitats, which in turn
should translate into increased revenue to communities,
since higher commercial and community hunting quotas
will be possible.
Our analysis has several caveats worthy of discussion.
There are limitations to satellite derived estimates of tree
-cover, such as lower accuracy in more arid places, and
an inability to distinguish between ecologically valuable
forest compositions and commercially valuable forest
stands, all of which have been well discussed (Achard et
al., 2014; Tropek et al., 2014; Hansen et al., 2013).
Despite its limitations, the Global Forest Change dataset
is still considered the most accurate global
representation of temporal forest loss available
(McRoberts et al., 2016; Gross et al., 2017). We
recommend particular caution when interpreting the
forest gain data, since we cannot be certain that it is the
natural regrowth of ecologically valuable vegetation. For
example, in Lichinga district there are forestry
plantations, and in the districts along the coast there are
coconut plantations which could be responsible for some
of the gains we recorded outside of NNR (Table 1). We
were surprised to find negligible gain in forest extent
within NNR but suspect that fields are not being vacated
for the 20–30 years required for Miombo woodland to
mature (Jew et al., 2016). No commercial forestry is
known to occur within NNR.
A second caveat is that we cannot infer the exact causes
of forest loss from the data. The patterns of forest loss we
identified within NNR – along roads and around villages
– strongly suggest that this is the result of anthropogenic
clearing to meet local subsistence needs, which has been
confirmed by NNR’s management, who have already
surveyed many of the areas where large extents of forest
cover were lost. An important extension of this work
would be to model and explore the drivers of forest loss
in NNR and northern Mozambique. There are also many
anthropogenic threats and disturbances beyond habitat
loss which are affecting NNR’s ecological state and
biodiversity, such as commercial poaching, overhunting,
wildfires, climate change, artisanal mining and selective
logging, which our analysis does not capture (Barlow et
al., 2016; Maxwell et al., 2016). Bush-meat hunting using
snares, which kill indiscriminately, is occurring in NNR,
as is the poisoning of large carnivores such as lions and
leopards for their body parts (Niassa Carnivore Project,
2015). The lion population in NNR is estimated at 800
individuals but is decreasing in localised areas, with
some places now completely devoid of carnivores, which
could have serious cascading ecological effects (Ripple et
al., 2014). Similarly, between 2011 and 2014 NNR’s
elephant population declined by 63 per cent to an
estimated 4,440 individuals in 2014, driven by illegal
ivory poaching (Grossmann et al., 2014; Booth &
Dunham, 2014). This equates to an estimated loss of just
over 7,500 animals – one of the most catastrophic
PARKS VOL 23.2 NOVEMBER 2017

Land cleared by “Slash and burn” techniques in Niassa
Na onal Reserve. © James Allan
declines on the continent (Chase et al., 2016). Other
emerging threats to NNR’s wildlife, which could also
have negative impacts on forest cover, include artisanal
mining and charcoal production (Papworth et al., 2017).
The Global Forest Change dataset is updated regularly so
continued monitoring can ensure emerging threats are
identified and managed as early as possible, but there
also needs to be additional monitoring efforts and action
to secure NNR’s species in the long term.
NNR’s wildlife is clearly in danger, but it is encouraging
that the majority of NNR’s Miombo woodland habitat is
intact and could support large populations of megafauna. There have been recent calls for increased
investment in upgrading protected areas that have high
but currently unrealised potential both for conservation
and communities (Pringle, 2017). By upgrading
protected areas we mean increasing their management
effectiveness, while harmonising them with the needs
and aspirations of their constituencies (Pringle, 2017).
Through increased community engagement, and stronger
management action against key threats to biodiversity,
we suggest NNR could become a flagship for such efforts.
NNR has already been identified as a critical protected
area for continent-wide lion recovery efforts because it
could support well over 1,000 individuals (Lindsey et al.,
2017). NNR also has the potential to support
approximately 50,000 elephants, which is more than ten
times its current population (Robson et al., 2017).
Residual wildlife populations are still large enough that
they could recover naturally assuming levels of
persecution decrease and threats are managed. Given the
potentially
substantial
benefits
to
biodiversity
conservation and broader societal goals, investing in the
effective management of NNR is an obvious global
conservation priority.

ACKNOWLEDGEMENTS
We would like to thank all of the NNR concession holders
and stakeholders who shared their extensive experience
of NNR’s biodiversity and conservation challenges with
the authors. In particular we would like to thank Keith
Begg, Colleen Begg, Wim Ebersohn, Derek Littleton and

parksjournal.com
Paul Davies for their time, hospitality and valuable
discussions. We would also like to thank Guillermo Placci
and Matt Jordan for their valuable input.

ABOUT THE AUTHORS
James Allan is a PhD student in the School of Earth
and Environmental Sciences at the University of
Queensland. His research uses quantitative metrics to
monitor the ecological state of protected areas, and map
threats which could compromise protected area success.
Falk Grossmann is a PhD student at the Faculty of Geo
-Information Science and Earth Observation, University
of Twente. He has worked as an ecologist and survey
scientist in Niassa and across Mozambique since 2014.
His current research uses airborne /spaceborne sensors
to monitor herbivore resource patterns and dynamics.
Rob Craig has been the Wildlife Conservation Society
(WCS) Niassa Program Director since January 2015. Rob
has a background in environment and international
development and previously worked for the Wildlife
Conservation Society in South Sudan.
Alastair Nelson is currently the WCS Director for
Counter Wildlife Trafficking in east and southern Africa.
Prior to this he established and led the Wildlife
Conservation Society’s Mozambique country programme
from 2012 until May 2017.
Joseph Maina is a landscape and seascape ecologist
specialising in coral reefs based at Macquarie University
in Sydney.
Kathleen Flower is an ecologist and conservation
planning specialist. She co-ordinated the development of
NNR’s new ten-year general management plan from
2016–2017.
James Bampton is currently the WCS Mozambique
Country Director.
Jean-Baptiste Deffontaines is WCS Niassa National
Reserve eastern section manager. Jean-Baptiste has a
background in forest management and ecology.
Cornelio Miguel is the previous warden of NNR for the
National Administration for Conservation Areas in
Mozambique. He is the current warden of Limpopo
National Park.
Baldeu Araquechande is the current warden of NNR
for the National Administration for Conservation Areas
in Mozambique.
James E.M. Watson is the global Director of Science
and Research for WCS, and is an Associate Professor at
the University of Queensland. He leads the Green Fire
Science team which specialises in applied conservation
science.

47

REFERENCES
Achard, F., Beuchle, R., Mayaux, P., S big, H.-J., Bodart, C.,
Brink, A., Carboni, S., Desclée, B., Donnay, F., Eva, H. D.,
Lupi, A., Raši, R., Seliger, R. and Simone , D. (2014).
Determina on of tropical deforesta on rates and related
carbon losses from 1990 to 2010. Global Change Biology
20: 2540-2554. doi.org/10.1111/gcb.12605
Allan, J.R., Venter, O., Maxwell, S., Bertzky, B., Jones, K., Shi, Y.
and Watson, J.E.M. (2017). Recent increases in human
pressure and forest loss threaten many Natural World
Heritage Sites. Biological Conserva on 206: 47-55.
doi.org/10.1016/j.biocon.2016.12.011
Bailey, K.M., McCleery, R.A., Binford, M.W. and Zweig, C.
(2016). Land-cover change within and around protected
areas in a biodiversity hotspot. Journal of Land Use
Science 11: 154-176.
doi.org/10.1080/1747423X.2015.1086905
Barlow, J., Lennox, G.D., Ferreira, J., Berenguer, E., Lees, A.C.,
Nally, R.M., Thomson, J.R., et al. (2016). Anthropogenic
disturbance in tropical forests can double biodiversity loss
from
deforesta on.
Nature
535:
144-147.
doi.org/10.1038/nature18326
Barnes, M.D., Craigie, I.D., Harrison, L.B., Geldmann, J., Collen,
B., Whitmee, S., Balmford, A., Burgess, N.D., Brooks, T.,
Hockings, M. and Woodley, S. (2016). Wildlife popula on
trends in protected areas predicted by na onal socioeconomic metrics and body size. Nature Communica ons
7: 12747. doi.org/10.1038/ncomms12747
Bauer, H., Chapron, G., Nowell, K., Henschel, P., Funston, P.,
Hunter, L.T.B., Macdonald, D.W. and Packer, C. (2015).
Lion (Panthera leo) popula ons are declining rapidly
across Africa, except in intensively managed areas.
Proceedings of the Na onal Academy of Sciences 112:
14894-14899. doi.org/10.1073/pnas.1500664112
Begg, C. and Begg, K. (2007). Niassa African Wild Dog Project
Monitoring and Conserva on: 2004‐2006, Technical
Report produced for SDGRN, Maputo.
Begg, C. M. and Begg, K.S. (2012). The status of lions and their
threats in Niassa Reserve, Mozambique, Technical Report
produced for SDGRN, Maputo.
Booth, V.R. and Dunham, K.M. (2014). Elephant poaching in
Niassa Reserve, Mozambique: popula on impact revealed
by combined survey trends for live elephants and
carcasses.
Oryx
50:
94-103.
doi.org/10.1017/
S0030605314000568
Bowker, J.N., De Vos, A., Ament, J.M. and Cumming, G.S.
(2017). Eﬀec veness of Africa’s tropical protected areas
for maintaining forest cover. Conserva on Biology 31: 559
-569. doi.org/10.1111/cobi.12851
Bruner, A.G. (2001). Eﬀec veness of parks in protec ng
tropical
biodiversity.
Science,
291:
125-128.
doi.org/10.1126/science.291.5501.125
Campbell, B., Frost, P. and Byron, N. (1996). Miombo
woodlands and their use: overview and key issues. In
Campbell, B. (ed.), The Miombo in Transi on: Woodlands
and Welfare in Africa, Bogor: CIFOR.
Chase, M.J., Schlossberg, S., Griﬃn, C.R., Bouché, P.J.C., Djene,
S.W., Elkan, P.W., Ferreira, S., Grossmann, F., Kohi, E.M.,
Landen, K., Omondi, P., Pel er, A., Selier, S.A.J. and
Sutcliﬀe, R. (2016). Con nent-wide survey reveals massive
decline in African savannah elephants. PeerJ 4: e2354.
doi.org/10.7717/peerj.2354
Crist, E., Mora, C. and Engelman, R. (2017). The interac on of
human popula on, food produc on, and biodiversity
protec on. Science, 356: 260-264. doi.org/10.1126/
science.aal2011
PARKS VOL 23.2 NOVEMBER 2017

Allan et al.
Cunliﬀe, R., Mandondo, A., Games, I., Ngarivhume, J. and
Dore, D. (2009). Reconciling conserva on goals with
agriculturally based livelihoods. A proposal for future
development of the Niassa Na onal Reserve and
surrounding areas. Harare, Zimbabwe: Imperial Tobacco
Project.
DeFries, R., Hansen, A., Newton, A.C. and Hansen, M.C.
(2005). Increasing isola on of protected areas in tropical
forests over the past twenty years. Ecological Applica ons
15: 19-26. doi.org/10.1890/03-5258
Desmet, P.G. (2004). Mapping the vegeta on and extent of
agriculture in the Niassa Reserve using Landsat imagery.
Mozambique: Sociedade para a gestao e desenvolvimento
da Reserva do Niassa Mocambique.
Ferraro, P.J., Hanauer, M.M. and Sims, K.R.E. (2011).
Condi ons associated with protected area success in
conserva on and poverty reduc on. Proceedings of the
Na onal Academy of Sciences 108: 13913-13918.
doi.org/10.1073/pnas.1011529108
Fischer, J. and Lindenmayer, D.B. (2007). Landscape
modiﬁca on and habitat fragmenta on: a synthesis.
Global Ecology and Biogeography 16: 265-280.
doi.org/10.1111/j.1466-8238.2007.00287.x
Games, I. (2004). Regional map of the broad vegeta on types
of the Niassa Na onal Reserve, Niassa Na onal Reserve:
Management Plan: Sociedade para a gestao e
desenvolvimento da Reserva do Niassa Mocambique.
Ganzin, N., Poilecot, P. and Prin, T. (2010). Vegeta on survey
of Niassa Na onal Reserve oriented for vegeta on
mapping and range resources assessment using satellite
imagery, Niassa Na onal Reserve Buﬀalo Project.
Geldmann, J., Barnes, M., Coad, L., Craigie, I.D., Hockings, M.
and Burgess, N.D. (2013). Eﬀec veness of terrestrial
protected areas in reducing habitat loss and popula on
declines. Biological Conserva on 161: 230-238.
doi.org/10.1016/j.biocon.2013.02.018
Gross, D., Achard, F., Dubois, G., Brink, A. and Prins, H.H.T.
(2017). Uncertain es in tree cover maps of Sub-Saharan
Africa and their implica ons for measuring progress
towards CBD Aichi Targets. Remote Sensing in Ecology and
Conserva on. doi.org/10.1002/rse2.52
Grossmann, F., Lopes Pereira, C., Chambal, D., Maluleque, G.,
Bendzane, E., Mclellan, P., Bay, C., Mudluli, A., Pel er, A.,
Foloma, M., Ntumi, C., Polana, E. and Nelson, A. (2014).
Aerial Survey of Elephant, Other Wildlife and Human
Ac vity in the Niassa Reserve and Adjacent Areas.
Hansen, M.C., Potapov, P.V., Moore, R., Hancher, M.,
Turubanova, S.A., Tyukavina, A., Thau, D., Stehman, S.V.,
Goetz, S.J., Loveland, T.R., Kommareddy, A., Egorov, A.,
Chini, L., Jus ce, C.O. and Townshend, J.R.G. (2013). Highresolu on maps of 21st-century forest cover change.
Science 342: 850 - 853. doi.org/10.1126/science.1244693
Heino, M., Kummu, M., Makkonen, M., Mulligan, M., Verburg,
P.H., Jalava, M. and Räsänen, T.A. (2015). Forest loss in
protected areas and intact forest landscapes: A global
analysis. PLoS ONE 10: e0138918. doi.org/10.1371/
journal.pone.0138918
INE. (2008a). (Ins tuto Nacional de Esta s cas) Esta s cas
distrital. Esta s cas do distrito de Mavago. Maputo,
Mozambique.
INE. (2008b). (Ins tuto Nacional de Esta s cas) Esta s cas
distrital. Esta s cas do distrito de Mecula. Maputo,
Mozambique.
Jew, E.K.K., Dougill, A.J., Sallu, S.M., O’Connell, J. and Benton,
T.G. (2016). Miombo woodland under threat:
Consequences for tree diversity and carbon storage.
PARKS VOL 23.2 NOVEMBER 2017

48

Forest Ecology and Management 361: 144-153.
doi.org/10.1016/j.foreco.2015.11.011
Joppa, L. and Pfaﬀ, A. (2010). Reassessing the forest impacts
of protec on. Annals of the New York Academy of
Sciences 1185: 135-149.
Joppa, L.N. and Pfaﬀ, A. (2011). Global protected area
impacts. Proceedings of the Royal Society B: Biological
Sciences 278: 1633-1638. doi.org/10.1098/rspb.2010.1713
Jorge, A.A., Vanak, A.T., Thaker, M., Begg, C. and Slotow,
R.O.B. (2013). Costs and beneﬁts of the presence of
leopards to the sport-hun ng industry and local
communi es in Niassa Na onal Reserve, Mozambique.
Conserva on Biology 27: 832-843. doi.org/10.1111/
cobi.12082
Laurance, W.F., Useche, D.C., Rendeiro, J., Kalka, M.,
Bradshaw, C.J., Sloan, S.P., Laurance, S.G. et al. (2012).
Aver ng biodiversity collapse in tropical forest protected
areas. Nature 489: 290-294. doi.org/10.1038/nature11318
Lindsey, P.A., Petracca, L.S., Funston, P.J., Bauer, H., Dickman,
A., Evera , K., Flyman, M. et al. (2017). The performance
of African protected areas for lions and their prey.
Biological Conserva on 209: 137-149. doi.org/10.1016/
j.biocon.2017.01.011
Lupala, Z.J., Lusambo, L.P. and Ngaga, Y.M. (2014).
Management, growth, and carbon storage in Miombo
woodlands of Tanzania. Interna onal Journal of Forestry
Research 2014: 11. doi.org/10.1155/2014/629317
Maekawa, M., Lanjouw, A., Rutagarama, E. and Sharp, D.
(2013). Mountain gorilla tourism genera ng wealth and
peace in post-conﬂict Rwanda. Natural Resources Forum
37: 127-137. doi.org/10.1111/1477-8947.12020
Maquia, I., Ribeiro, N.S., Silva, V., Bessa, F., Goulao, L.F. and
Ribeiro, A.I. (2013). Gene c diversity of Brachystegia
boehmii Taub. and Burkea africana Hook. f. across a ﬁre
gradient in Niassa Na onal Reserve, northern
Mozambique. Biochemical Systema cs and Ecology 48:
238-247. doi.org/10.1016/j.bse.2012.12.020
Maxwell, S.L., Fuller, R.F., Brooks, T.M. and Watson, J.E.M.
(2016). Biodiversity: The ravages of guns nets and
bulldozers Nature 536: 143-145. doi.org/10.1038/536143a
Mayaux, P., Bartholomé, E., Fritz, S. and Belward, A. (2004). A
new land-cover map of Africa for the year 2000. Journal of
Biogeography 31: 861-877. doi.org/10.1111/j.13652699.2004.01073.x
McNeely, J.A. (2003). Conserving forest biodiversity in mes
of violent conﬂict. Oryx 37: 142-152. doi.org/10.1017/
S0030605303000334
McRoberts, R.E., Vibrans, A.C., Sannier, C., Næsset, E.,
Hansen, M.C., Walters, B.F. and Lingner, D.V. (2016).
Methods for evalua ng the u li es of local and global
maps for increasing the precision of es mates of
subtropical forest area. Canadian Journal of Forest
Research 46: 924-932. doi.org/10.1139/cjfr-2016-0064
Mi ermeier, R.A., Mi ermeier, C.G., Brooks, T.M., Pilgrim,
J.D., Konstant, W.R., da Fonseca, G.A.B. and Kormos, C.
(2003). Wilderness and biodiversity conserva on.
Proceedings of the Na onal Academy of Sciences of the
United States of America, 100 (18): 10309-10313.
doi.org/10.1073/pnas.1732458100
Morales-Hidalgo, D., Oswalt, S.N. and Somanathan, E. (2015).
Status and trends in global primary forest, protected
areas, and areas designated for conserva on of
biodiversity from the Global Forest Resources Assessment
2015. Forest Ecology and Management 352: 68-77.
doi.org/10.1016/j.foreco.2015.06.011

parksjournal.com
Mpanduji, D.G., Hofer, H., Hilderbrandt, T.B., Goeritz, F. and
East, M.L. (2002). Movement of elephants in the SelousNiasa wildlife corridor, southern Tanzania. Pachyderm 33:
13-31.
Mpanduji, D.G. and Ngomello, K.A.S. (2007). Elephant
movements and home range determina ons using GPS/
ARGOS satellites and GIS programme: Implica on to
conserva on in southern Tanzania, in 6th TAWIRI Annual
Scien ﬁc Conference, Arusha, Tanzania.
Nagendra, H., Lucas, R., Honrado, J.P., Jongman, R.H.G.,
Taran no, C., Adamo, M. and Mairota, P. (2013). Remote
sensing for conserva on monitoring: Assessing protected
areas, habitat extent, habitat condi on, species diversity,
and threats. Ecological Indicators 33: 45-59.
doi.org/10.1016/j.ecolind.2012.09.014
Naughton-Treves, L., Alix-Garcia, J. and Chapman, C.A. (2011).
Lessons about parks and poverty from a decade of forest
loss and economic growth around Kibale Na onal Park,
Uganda. Proceedings of the Na onal Academy of Sciences
108: 13919-13924. doi.org/10.1073/pnas.1013332108
Negret, P.J., Allan, J., Braczkowski, A., Maron, M. and Watson,
J.E.M. (2017). Need for conserva on planning in
postconﬂict
Colombia.
Conserva on
Biology.
doi.org/10.1111/cobi.12902
Newmark, W.D. (2008). Isola on of African protected areas.
Fron ers in Ecology and the Environment 6: 321-328.
doi.org/10.1890/070003
Niassa Carnivore Project. (2015). Annual Report.
Mozambique: Niassa Carnivore Project.
Noe, C. (2015). The Selous-Niassa transfron er conserva on
area and tourism: evolu on, beneﬁts and challenges. In:
van der Duim, R., Lamers, M. and van Wijk, J. (eds.),
Ins tu onal Arrangements for Conserva on, Development
and Tourism in Eastern and Southern Africa: A Dynamic
Perspec ve,
pp.
181-201.
Dordrecht:
Springer
Netherlands. doi.org/10.1007/978-94-017-9529-6_10
Papworth, S., Rao, M., Oo, M.M., La , K.T., Tizard, R.,
Pienkowski, T. and Carrasco, L.R. (2017). The impact of
gold mining and agricultural concessions on the tree cover
and local communi es in northern Myanmar. Scien ﬁc
Reports 7: 46594. doi.org/10.1038/srep46594
Prin, T., Chamaille, S., Grosbois, V., Fritz, H., Guerbois, C.,
Chardonnet, P. and Cornelis, D. (2014). Understanding the
mechanisms limi ng the buﬀalo popula on in Niassa
Na onal Reserve, Mozambique. In 1st Symposium on
African Buﬀalo, Paris, France.
Pringle, R.M. (2017). Upgrading protected areas to conserve
wild biodiversity. Nature 546: 91-99. doi.org/10.1038/
nature22902
Ribeiro, N.S., Matos, C.N., Moura, I.R., Washington-Allen, R.A.
and Ribeiro, A.I. (2013). Monitoring vegeta on dynamics
and carbon stock density in miombo woodlands. Carbon
Balance and Management 8: 11. doi.org/10.1186/17500680-8-11
Ribeiro, N.S., Saatchi, S.S., Shugart, H.H. and WashingtonAllen, R.A. (2008a). Aboveground biomass and leaf area
index (LAI) mapping for Niassa Reserve, northern
Mozambique. Journal of Geophysical Research 113:
G02S02. doi.org/10.1029/2007JG000550
Ribeiro, N.S., Shugart, H.H. and Washington-Allen, R. (2008b).
The eﬀects of ﬁre and elephants on species composi on
and structure of the Niassa Reserve, northern
Mozambique. Forest Ecology and Management 255: 16261636. doi.org/10.1016/j.foreco.2007.11.033

49

Riggio, J., Jacobson, A., Dollar, L., Bauer, H., Becker, M.,
Dickman, A., Funston, P., Groom, R., Henschel, P., de
Iongh, H., Lichtenfeld, L. and Pimm, S. (2013). The size of
savannah Africa: a lion’s (Panthera leo) view. Biodiversity
and Conserva on 22: 17-35. doi.org/10.1007/s10531-0120381-4
Ripple, W.J., Estes, J.A., Beschta, R.L., Wilmers, C.C., Ritchie,
E.G., Hebblewhite, M., Berger, J., Elmhagen, B., Letnic, M.,
Nelson, M.P., Schmitz, O.J., Smith, D.W., Wallach, A.D. and
Wirsing, A.J. (2014). Status and ecological eﬀects of the
world’s largest carnivores. Science 343: 6167. h ps:/
doi.org/10.1126/science.1241484
Robson, A.S., Trimble, M.J., Purdon, A., Young-Overton, K.D.,
Pimm, S.L. and van Aarde, R.J. (2017). Savanna elephant
numbers are only a quarter of their expected values. PLoS
ONE
12:
e0175942.
doi.org/10.1371/
journal.pone.0175942
Ryan, P.G., Bento, C., Cohen, C., Graham, J., Parker, V. and
Spo swoode, C. (2010). The avifauna and conserva on
status of the Namuli Massif, northern Mozambique. Bird
Conserva on Interna onal 9: 315-331. doi.org/10.1017/
S0959270900003518
Sassen, M., Sheil, D., Giller, K.E. and ter Braak, C.J.F. (2013).
Complex contexts and dynamic drivers: Understanding
four decades of forest loss and recovery in an East African
protected area. Biological Conserva on 159: 257-268.
doi.org/10.1016/j.biocon.2012.12.003
SDGRN. (2006). Management Plan of Niassa Na onal Reserve
2007 – 2012. Maputo, Mozambique: Ministry of Tourism
and Sociedade para a Gestão e Desenvolvimento da
Reserva do Niassa.
Soto, B. (2009). Protected areas in Mozambique. In Suich, H.,
Child, B. and Spenceley, A.
(eds.), Evolu on and
innova on in wildlife conserva on: Parks and game
ranches to Transfron er conserva on areas, pp. 85-111.
Earthscan, United Kingdom.
Temudo, M.P. and Silva, J.M.N. (2012). Agriculture and forest
cover changes in post-war Mozambique. Journal of Land
Use Science 7: 425-442.
doi.org/10.1080/1747423X.2011.595834
Temundo, M.P. (2004). Seeds of War, Seeds of Resilience:
Conﬂict and the remaking of life in Northern Mozambique,
translated by Khartoum, Sudan.
Tracewski, Ł., Butchart, S.H.M., Donald, P.F., Evans, M.,
Fishpool, L.D.C. and Buchanan, G.M. (2016). Pa erns of
twenty-ﬁrst century forest loss across a global network of
important sites for biodiversity. Remote Sensing in
Ecology and Conserva on 2: 37-44.
doi.org/10.1002/rse2.13
Tranquilli, S., Abedi-Lartey, M., Abernethy, K., Amsini, F.,
Asamoah, A., Balangtaa, C., Blake, S. et al. (2014).
Protected areas in tropical Africa: assessing threats and
conserva on ac vi es. PLoS ONE 9: e114154.
doi.org/10.1371/journal.pone.0114154
Tropek, R., Sedláček, O., Beck, J., Keil, P., Musilová, Z., Šímová,
I. and Storch, D. (2014). Comment on “High-resolu on
global maps of 21st-century forest cover change”. Science
344: 981-981. doi.org/10.1126/science.1248753
Turner, W., Spector, S., Gardiner, N., Fladeland, M., Sterling,
E. and Steininger, M. (2003). Remote sensing for
biodiversity science and conserva on. Trends in Ecology &
Evolu on 18: 306-314. doi.org/10.1016/S0169-5347(03)
00070-3

PARKS VOL 23.2 NOVEMBER 2017

Allan et al.

50

RESUMEN
La Reserva Nacional de Niassa (NNR, por sus siglas en inglés) apoya las poblaciones más grandes de fauna en peligro de
Mozambique y los medios de subsistencia de más de 40,000 personas que dependen de sus recursos naturales. El seguimiento preciso de las tendencias espaciales y temporales a escala fina en el uso de la tierra y la cubierta forestal se
utiliza cada vez más para monitorear el estado ecológico de las áreas de conservación. Aquí proporcionamos información esencial sobre los cambios en el uso de la tierra en la NNR para apoyar los esfuerzos en curso para la conservación
en la región. Examinamos los patrones de pérdida de bosques y tierras arboladas en la NNR entre 2001 y 2014 empleando mapas de alta resolución del cambio global de la cubierta forestal, y los comparamos con los cambios en la región más amplia. Descubrimos que la Reserva Nacional de Niassa perdió 108 km2 de bosque (0,9 por ciento de su extensión forestal agregada de 11.970 km2), debiéndose la mayoría (89 km2) a la pérdida de bosques por la expansión de la
agricultura alrededor de los asentamientos y a lo largo de las carreteras principales. Aunque sustancial, dicha pérdida
fue menor que los cambios en la región circundante, donde los distritos y provincias adyacentes perdieron 200 km2 (3,2
por ciento) y 6.594 km2 (5,7 por ciento) de sus respectivas extensiones de bosque. Descubrimos que los diversos ecosistemas de miombo de la NNR todavía están intactos y podrían soportar conjuntos de grandes animales; la inversión para
garantizar el éxito a largo plazo de la NNR es una prioridad obvia de conservación a nivel global.

RÉSUMÉ
La Réserve Nationale de Niassa (RNN) abrite les plus grandes populations de faune menacées du Mozambique et assure
la subsistance de plus de 40.000 personnes qui utilisent ses ressources naturelles. Une surveillance précise à l’échelle
spatiale et temporelle de l'utilisation des terres et de la couverture arborée est de plus en plus utilisée pour examiner
l'état écologique des aires de conservation. Le présent document fournit des informations probantes concernant les
changements d'affectation des terres dans la RNN afin de contribuer aux efforts de conservation en cours dans la région. Nous avons étudié des modèles de perte de terrain arboré et boisé dans la RNN entre 2001 et 2014 à l’aide de
cartes à haute résolution montrant les changements de couverture forestière, et les avons comparées aux changements
intervenus au niveau régional. Nous avons constaté que la RNN a perdu 108 km² de forêt (soit 0,9% de l’étendue de ses
ressources forestières totalisant 11.970 km²), la plus grande partie (89 km2) de déforestation étant due à l'expansion de
l'agriculture autour des villages et le long des routes principales. Bien que cette perte soit substantielle, elle est inférieure aux changements dans la région environnante, les districts et les provinces adjacents perdant 200 km² (3,2%) et
6 594 km² (5,7%) de leurs étendues forestières respectives. Nous avons constaté que les divers écosystèmes Miombo de
la RNN sont encore intacts et à même de soutenir de grands assemblages de mégafaune. L'investissement pour assurer
le succès à long terme de la RNN est donc une priorité de conservation globale évidente.
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