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Abstract

The forests of the eastern Democratic Republic of the Congo are among the
most biodiverse in the world. They are home to many endangered and endemic
species, such as the Grauer’s gorilla ( Gorilla beringei graueri). Governmentally
protected areas (GPAs) in Grauer’s gorilla range face challenges to limit or halt
poaching and bushmeat extraction, and it is unclear whether alternative com-
munity conservation models can overcome some of these challenges. Here, we
examine how protected area (PA) size, conservation models (CM), mode of
governance (GM), and the presence of armed groups relate to Return On In-
vestment in land (ROIL) across selected PAs. As proxies of ROIL, we solicited
information on the site coverage (area patrolled as a percentage of total surface
area) and the level, extent, and trend of poaching or hunting from the [ecosys-
tem or conservation] managers of 11 PA sites to Grauer’s gorillas, of which five
were GPAs and six were community based protected areas (CPAs). We found
substantial differences in apparent ROIL across PAs. CPA often had higher
ROILs than GPA due to the former’s high site coverage, low levels, and de-
creasing trends in poaching or hunting, and a relatively low presence of armed
groups. This suggests that community forests in Grauer’s gorilla range in east-
ern DRC may have the potential to help address and overcome some of the
conservation management challenges currently facing the subspecies. How-
ever, follow-up studies are needed to explore the extent to which our findings
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can be attributed to factors such as the relatively smaller size of community
forests, their specific geographical locations, differences in management mod-
els or ecosystem attributes (e.g., the presence of other fauna), or aspects related
to the involvement of local communities.

Keywords

Return on Investment, Community-Based Conservation, Fortress Style
Conservation, Poaching, Bushmeat, Armed Conflict, Grauer’s Gorilla Range,
Congo Forest

1. Introduction

The loss of biodiversity worldwide has long been recognized as a prominent po-
litical and social concern (Lele et al., 2010). A key component of strategies to pro-
tect biodiversity has been Protected Areas (PAs), defined as “a clearly defined ge-
ographical area, recognized, dedicated and managed, through legal or other effec-
tive means, to ensure the long-term maintenance of natural features and the eco-
system services, cultural features and other elements of value to society, whether
expressed or not, and the sustainable use of all resources, both natural and cul-
tural, within that area, in harmony with the objectives and purposes of the pro-
tected area” (Dudley, 2008). However, there are different PA approaches defined
by their objectives and management strategies. Many governments have histori-
cally engaged in formal, “fortress conservation model” means of biodiversity con-
servation, often also called a “fence and fine” approach, through the creation of
PAs in which human visitation and resource exploitation are strictly prohibited
(Ervin et al., 2010; Doumenge et al., 2015; Jones et al., 2018; Naidoo et al., 2019;
Filho et al., 2020; Elleason et al., 2021; Appleton et al., 2022). However, despite
these efforts, global biodiversity continues to deteriorate at an alarming rate (Dud-
ley, 2008; Hockings et al., 2008; Poisson, 2009; Butchart et al., 2010; Leverington
et al., 2010; Pimm et al., 2014). This has prompted the search for alternative con-
servation models and the need to explore more effective conservation strategies,
possibly combining fortress conservation models with more community-driven
approaches (Naughton-Treves, Holland, & Brandon, 2005; Nepstad et al., 2006;
Bray et al., 2008).

The continued deterioration of biodiversity and ecosystems has prompted gov-
ernments and their partners to agree to extend and varied PAs (Venter et al., 2014;
Di Minin, 2015), resulting in an increase in the land and sea area covered by gov-
ernmentally protected areas “GPA” (categories I to IV) and other effective conser-
vation measures (OEMCs), such as community protected area “CPA” (Appleton et
al., 2022). Unfortunately, the expansion of GPAs does not always ensure more ef-
fective control of poaching, bushmeat extraction, and other extractive activities,
which often remain a significant problem (Bruner et al., 2001; Maxwell et al., 2020;

Graham et al., 2021). These challenges are often driven by the limited financial and
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logistical capacity of many GPAs to provide effective ground patrol coverage
(Bruner et al., 2001; Lerner et al., 2007; Graham et al., 2021), issues that are partic-
ularly relevant for large PAs (Chardonnet, 2019). High site coverage by patrols is
crucial for enforcing conservation measures (e.g., hunting restrictions), as rangers
on the ground serve as the primary deterrent that renders higher-level legal policies
effective (Moore et al., 2018).

The failure to ensure the effective conservation of GPAs is a reality in the
forests of the eastern Democratic Republic of the Congo (DRC). These forests
are among the most crucial areas for biodiversity in the world and a priority for
conservation (Dagallier et al., 2020; Grantham et al., 2020; Singh et al., 2021;
Appleton et al., 2022). For example, they are home to several endemic species,
such as the Grauer’s gorilla (Gorilla beringei graueri), a critically endangered
subspecies (Plumptre et al., 2021). Grauer’s gorillas face several threats, includ-
ing poaching, habitat loss and degradation, civil war, and climate change
(Plumptre et al., 2021). These threats are exacerbated by the fact that all GPAs
that host Grauer’s gorillas experience management difficulties (Plumptre et al.,
2021) due to financial and logistical (personnel and equipment) constraints
(Anthony et al., 2015; Trigg & Tshimanga, 2020) and security issues resulting
from recurrent wars and political instability (Mathys, 2017). These constraints,
and additional difficulties regarding the inaccessibility of these forests, make it
difficult for rangers and management personnel to patrol the full extent of GPAs
(Bruner et al., 2001; Graham et al., 2021; Challender & MacMillan, 2014; Persson,
Rauset, & Chapron, 2015). Alternative models of community forestry and commu-
nity-based conservation concessions may overcome some of these issues, as they
may require fewer patrolling resources due to higher community support for
and adherence to conservation measures (Dawson et al., 2021; Elleason et al.,
2021). This is particularly relevant for Grauer’s gorillas in DRC, as around 74%
of their range is outside formal PAs (Plumptre et al., 2015; Dagallier et al., 2020;
Plumptre et al., 2021).

The conservation potential of community-led initiatives could add protection
outside existing PAs (Shackleton et al., 2002), though the effectiveness of these
models is a subject of debate (De Albuquerque & De Oliveira, 2007; Armenteras,
Rodriguez, & Retana, 2009) and can be assessed using several criteria and indica-
tors (Leverington et al., 2010). Here, we opted to compare proxies for a Return On
Investment in Land (ROIL) between governmental (fortress) and community-
based conservation areas, areas that further varied in surface area (size) and the
presence of armed groups. We selected a proxy of patrol cover, the site coverage
rate (SCR), to determine the relative capacity at given sites to actively patrol the
forests and remove or deter threats (e.g., snares). We further gathered and com-
pared data on poaching/hunting levels and temporal trends therein, under the as-
sumption that range patrol coverage has a direct positive effect on the reduction
of poaching activities (Hilborn et al., 2006).

We explored the link between the characteristics of conservation areas (con-
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servation model type, area size, presence of armed groups) and proxies of ROIL
(SCR and poaching/hunting levels/trends) without setting a priori hypotheses,
given inconsistent evidence in the literature. For example, regarding support for
various “best practices” for conserving wildlife and forests, there are suggestions
by some that community-based initiatives, which often also include social goals
such as poverty alleviation in addition to conservation goals, are insufficient by
themselves (Hackel, 1999; Sanderson & Redford, 2004), while others find sup-
port for community-based conservation or a combination of models (Wilshusen
et al., 2002; see Horwich & Lyon, 2007 for an overview of this discussion; Sha-
habuddin & Rao, 2010). The optimal size of PAs is also a point of contention,
with large PAs being effective in ensuring habitat connectivity and conservation
of undisturbed habitats (Gaston et al., 2008; Cantu-Salazar & Gaston, 2010; Di
Minin et al., 2013; Watson et al., 2014; Saura et al., 2017), while small sites may
have a disproportional contribution through their ability to reduce landscape
fragmentation (Armsworth et al., 2018). Finally, we did predict that the presence
of armed groups would reduce the ROIL, given issues with, for example, illegal
resource exploitation that may follow armed conflict or the mere presence of
armed groups (Glew & Hudson, 2007).

Our analyses, though preliminary, may give conservation practitioners infor-
mation to design the most effective approach to protect Grauer’s gorillas and their
native ecosystems, making clear choices for conservation models that ensure ef-
fective protective coverage (Butchart, Di Marco, & Watson, 2016; Armsworth et
al., 2018).

2. Methodology
2.1. Study Area

We collected data on 11 sites in the Grauer’s gorilla range in eastern DRC (Figure
1). Among the 11 sites, five are GPAs of the fortress conservation model and six
are CPAs of the community-based conservation model. Of the five GPAs of the
fortress, two are directly managed by the state through the Institut Congolais Con-
servation Nature (ICCN), such as Maiko National Park (PNM) and Itombwe Nat-
ural Reserve (INR), two others are managed by conservation organizations through
a public-private partnership (PPP) governance mode, including Virunga National
Park (PNVi) and Kahuzi Biega National Park (KBNP), and the last one is managed
by the communities through another type of partnership between local communi-
ties and the Congolese state, the Kisimba Ikobo Primates Reserve (RPKI). Among
the six CPAs, five are directly managed by the communities themselves, including
the Oku Community Reserve (RCO), Usala Gorilla Reserve (RGU), Utunda and
Wassa Gorilla Reserve (REGOUWA), Muhuzi-Buhinda Gorilla Reserve (RGMB),
and Lubutu Gorilla Reserve (REGOLU), and the last one, Nkuba Conservation
Area (NCA), is managed through a partnership between local communities and a
non-governmental conservation organization and designated as a separate man-

agement entity (SEM) governance mode (Figure 1).
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Figure 1. The study area is in the east of the Democratic Republic of the Congo. The green
polygons represent the protected areas under the authority of the ICCN, including RNI, PNKB,
PNM, PNVi, RGT, and RPKi. The dark red polygons represent community forests located un-
der the fortress (RGMB, RGU, RCO, REGOUWA, UCOFOBI/REGOLU, and NCA).

2.2. Data Collection

In 2023, we solicited, via a questionnaire in French, data from 11 PA managers, in
the case of all six CPAs, and chief park wardens for the five GPAs. The questionnaire
was mixed with questions that allowed open-ended responses, and others were mul-
tiple-choice questions (see questionnaire in the appendix). We requested that re-
spondents report the size (km?) of the site (a) and the area of the site covered or

controlled by the rangers through patrols (b), from which we estimated the site cov-
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erage rate as b/a*100. We also solicited data on the level, extent, and trends of poach-
ing/hunting, as well as information on deforestation, wildlife trends, and the pres-
ence of armed groups; we classified these responses according to preset categories
as described below.

Survey respondents were asked to categorize the level of poaching/hunting as
being 1) very low (poses few or no obvious threats and negative impacts on the
values and integrity of the site are likely to be minor), 2) low (poses some obvious
threats and localized, but reversible negative impacts are anticipated), 3) high
(poses a medium but obvious threat to the site, which may have localized negative
impacts on the values and integrity of the site, but which may be reversible) or 4)
very high (threats to the site are very high and current and/or predicted future
impacts are likely to result in the irreversible loss of the majority of the values and
integrity of the site). Where site managers could not provide such information,
we classified the situation as 5) data deficient.

Survey respondents were asked to estimate the extent of poaching/hunting as
occurring 1) everywhere (affecting more than 50% of the surface area), 2) wide-
spread (15% - 50%), 3) dispersed (5% - 15%), or 4) localized (less than 5%). If the
distribution of these threats was unknown, we classified this as 5) unknown or 6)
not applicable when there was no poaching/hunting.

For the trend of poaching and hunting, survey respondents were asked to indi-
cate whether these threats were positive (increasing), negative (decreasing), or sta-
ble over time. Survey respondents were also asked to classify trends in the abun-
dance of wildlife, specifically medium-to-large-sized mammals.

All data for this study were collected from CPA managers and chief park war-
dens from fortress GPAs of the Grauer’s gorilla range. In addition, other resource
persons who have worked in conservation in the area and people who know the
GG range, gorillas, GPA, and CPA management were also consulted. The infor-
mation gathered from other resource people was cross-referenced with that from
GPA and CPA managers to give us a clearer understanding of the context, or to

fill in any missing information.

2.3. Data Analysis

Considering the small size of our sample (n = 11) and large number of varying
factors (e.g., conservation model, governance mode, area size, poaching activities,
armed group) that could be considered in this study, we focused our analyses pri-
marily on descriptive interpretation of the results rather than quantitative statis-
tical analyses. Nevertheless, we surveyed almost most GPAs of the GG range (n =
5) and almost an equal number of CPA to balance the two categories of conserva-
tion models studied. In spatial terms, the sample area covers 41,989.65 km? out of
52,000 km? (Mehlman et al., 2008) which represents 80.75% of the entire study area.

3. Results

We found that sites varied across parameters (Table 1).
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Table 1. List of sites surveyed with their conservation model, management entity, total site area (TSA), Patrol covered area in the site
(PCA), site coverage/control rate (SCR), presence of armed groups (PAG), percentage area occupied by armed groups (AOAG), Average
percentage area occupied by armed groups (AAOAG), threat (poaching/hunting) level, range, and trend; and status of wildlife.

Management TSA PCA SCR AOA Threat Threat Threat Wildlife
site! Model & PAG AOAG
entity? (km?) (km?) (%) G level area trends  status
Fortress- . .
PNKB GPA PPP 6000 3360 56.0 Yes 1-10 55  High Dispersed Increase Stable
. Fortress- . .
PNVi GPA PPP 8000 4050 50.6 Yes 11-20 155 High Dispersed Increase Decrease
Fortress- Very .
PNM ICCN 10,870 1847 17.0 Yes 41-50 455 i Dispersed Increase Increase
GPA High
Fortress- Very .
RNI ICCN 5732 1089 190 Yes 1-10 55 . Dispersed Increase Decrease
GPA High
Fortress- Very .
RPKI CG/ICCN 1370 900 657 Yes 11-20 15.5 . Dispersed Decrease Stable
GPA High
Mean 6394.4 2249.2 41.6
NCA CBC-CPA SME 24579 2222 904 No NA 0.0 Low Dispersed Decrease Increase
RCO CBC-CPA CG 4410 870 197 No NA 0.0  High Dispersed Decrease Increase
RGMB CBC-CPA CG 870 423 48.6 Yes 21-30 255 High Dispersed Decrease Decrease
REGOUWA  CBC-CPA CG 110 60 54.6 Yes 11-20 155 No data Dispersed Stable  Stable
RGU CBC-CPA CG 1179.75 389 330 Yes 1-10 55  High Dispersed Decrease Stable
UCOFOBI
/ CBC-CPA GCE 990 656 663 No NA 0.0 No data Dispersed Decrease Stable
REGOLU
Mean 1669.6 770.0 52.1
Overall 3817.2 14424 47.4

Sites: RNT, Itombwe Nature Reserve; PNM, Maiko National Park; NKB, Kahuzi Biega National Park; PNVi, Virunga National Park;
NCA, Nkuba Conservation Area; RGU, Usala Gorilla Reserve; RCO, Oku Community Reserve; REGOUWA, UtundaWassa Gorilla
Reserve; RPKi, Kisimba Ikobo Primates Reserve; UCOFOBI/REGOLU, Lubutu Gorilla Reserve. Model: Fortress, CBC: Community
based conservation; GPA: Governmentally Protected Area, CPA: Community based Protected Area; PPP, Public-Private Partner-
ship; ICCN, Institut Congolais pour la Conservation de la Nature; SEM; Separate Management Entity; CG, Community Governance.

First, we found that specific sites appear to have substantially lower or higher
coverage rates than expected for their size, as shown by the visual representation
of the (linear) relationship between site size and coverage rate (Figure 2). Notably,
NCA, a community conservation model, has a relatively high coverage rate for its
size, while sites such as RNI (a site managed by the government) and RGU (a
community-managed area) have relatively low coverage rates.

Second, we found that all sites face poaching or hunting at high to very high levels
except for the NCA, where this threat was deemed to exist at a “low” level.

Third, whereas these threats were of a dispersed nature at all sites, they were re-
portedly increasing in prevalence at three out of four GPAs (all but the RPKI
where there was a decrease) and decreased at all but one (REGOUW A, where this
trend was stable) CPAs. Wildlife increased at some sites and decreased at other
sites, without apparent consistency across sites of different characteristics. An ex-
ception to this pattern was the reported increase or stability in wildlife at all three

sites where no armed groups were in the forest.
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For reference only, we provide a visual of the linear relationship (solid blue line and associated confidence interval
in grey), although low sample size inhibited the effective use of statistical analyses.

Figure 2. Approximation of the relationship between site coverage rate and site size. This figure is generated from
the simple linear regression model. It shows the relationship between site coverage rate and site size. This figure
shows the distribution of protected areas according to their surface area and site coverage rate. The hatched area
represents the prediction field for the distribution of coverage rate as a function of surface area. RGU, RCO, RNI
are below the predicted rate, while NCA is above the predicted rate.

Fourth, armed groups were reportedly present at 72.73% of the sites. Half of the
sites (50%) in the CPAs were characterized by armed groups, whereas 27% of these
forests did not have armed groups present. Armed groups reportedly were found
at all GPAs sites.

4. Discussion

Site coverage rate is low in the Grauer’s gorilla range, with park management en-
tities being able to patrol, on average, less than half of their area. However, higher
coverage seems to be achieved in some protected areas. The three sites with the
highest coverage rates (NCA, RPKI, UCOFOBI/REGOMOXKI) are all predomi-
nantly managed by, or in close partnership with, communities. We also found
indications that community-based conservation areas performed better in reduc-
ing threats from poaching/hunting, and wildlife abundance seemed to be less neg-
atively affected by the presence of armed groups, though there is variation be-
tween sites. Whether these differences across sites stem from the differences in
governance and community involvement, or rather a result of other contributing
factors, remains a topic for further study.

Community-based conservation areas seem, at first sight, to be more effective
than governmentally governed sites. However, the community-based areas in-
cluded in this study were also generally smaller than their governmentally pro-
tected counterparts, and we also found indications that coverage rates declined
with an increase in the extent of PAs. This is in line with earlier findings that large
areas can be disproportionately affected by human impacts such as poach-
ing/hunting and deforestation (Lonn et al., 2018), and that an increase in area can

negatively affect the capacity to patrol a site in the field (Mcclanahan et al., 2008;
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Ervin et al., 2010; Allan et al., 2015). With a limited number of sites to compare,
we were unable to statistically separate these two factors that potentially influence
conservation effectiveness, though we can derive a few preliminary conclusions.

First, it seems clear that some of the fortress-style governmentally managed PAs
are underperforming regarding conservation effectiveness. Partially, this may
stem from the fact that they are very large areas that may be challenging to effec-
tively patrol on foot, given the dense forested landscapes, from a few centrally
placed control centers or headquarters. The designation of large sites may align
with the logic behind some of the guidelines for category II national parks, which
specify that these areas must be sufficiently large to maintain ecological functions
and processes (Dudley, 2008). Yet, the smaller sizes of community forests, plus a
possible higher level of adherence to conservation measures by community mem-
bers, may make the latter more manageable. This is consistent with the notion
that large sites are disproportionately difficult to manage (Chardonnet, 2019).

Second, the presence of armed groups may be a substantial contributing factor
to the effectiveness of PAs in the Grauer’s gorilla range (Roz & Carr, 1994). The
presence of armed groups, along with associated insecurity, hinders patrols in
parts of protected areas, rendering these areas effectively “paper parks” (Chardon-
net, 2019). This is the case, for example, in Virunga National Park, where a signif-
icant portion has remained unpatrolled due to the presence of various armed
groups (Plumptre et al., 2015). The same holds for Kahuzi-Biega National Park,
which regularly experiences incursions and occupation by various, occasionally
armed, groups, and which seemingly lacks the community support to halt defor-
estation and habitat conversion to agricultural fields (Yamagiwa, 2003; Simpson
& Pellegrini, 2023).

The presence of armed group seems to affect the GPAs more than CPAs of
ForesCom model. The resilience of the CPA in the community forests can result
from involvement of the local communities, and the local communities’ owner-
ship of the forest and their collaboration with the CPAs’ managers. In contrast,
local communities have on various occasions shown hostility to the GPAs where
they were previously evicted and denied access (Hockings et al., 2008).

Site logistics represent another factor. Given the poor state of the road infra-
structure and the lack of other access routes in Grauer’s gorilla range, large sites
covering more than 3000 km? often have a high number of ranger patrol posts or
stations located in very remote, isolated, and disconnected areas far from their
headquarters. This may make them easier prey for armed groups. This is the case,
for example, in the low-altitude sector of the PNKB (Yamagiwa, 2003; Simpson &
Pellegrini, 2023). However, smaller sites with patrol stations located closer to their
headquarters facilitate communication and enable site managers to organize pa-
trols and respond more quickly. Also, some CPAs benefit from good relations
with local communities, who maintain access to their forests and act as informants
to site managers in the event of any suspicious presence on the site, even in remote
areas. Therefore, combining small sizes with community support can facilitate ef-

fective control and management of the site in combating poaching, hunting, and
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other forms of anthropogenic pressures (Kristen, Paul and Bijay, 2019), while con-
tributing to the fight against global landscape fragmentation by connecting exist-
ing blocks of PAs (Armsworth et al., 2018). We found substantial differences in
apparent conservation ROIL across PAs, although further research is needed to
identify and disentangle the contributing factors. For now, it seems promising to
invest in a mixed model approach for conservation in eastern DRC, where com-
munity-based conservation models may supplement efforts that follow more for-

mal, government-led, approaches to PA management.
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