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Abstract

The Grauer’s gorilla is one of the species most affected by biodiversity degra-
dation, and all the protected areas (PAs) in its range face management chal-
lenges (Plumptre et al., 2021). This research examines how the combination of
rangers’ capacity, conservation models, mode of governance, and the presence
of armed groups influences the Return On Investment in Rangers (ROIR) for
conservation in Grauer’s gorilla range. ROIR is expressed in terms of site cov-
erage rate, the level, extent, and trend of poaching in the PAs. The rangers rep-
resent investment. We collected data from 11 PAs in Grauer’s gorilla range.
Among the 11 protected areas (PAs), five are governmentally protected areas
(GPAs) and six are community-protected areas (CPAs). Due to the small sam-
ple size, the analysis focused on descriptive statistics, including means and
comparisons of means. Overall, we found that the rangers’ density is low in
Grauer’s gorilla range (77.05 km?* per ranger), which is very low compared to
the overall average density of a forest landscape (25 km? per ranger). The rang-
ers’ capacity is also low in the Grauer’s gorilla distribution area (22.6 km? per
ranger). The rangers’ capacity, as well as the ROIR, is influenced by several
factors, including the presence of armed groups, conservation models, com-
munity engagement, and the holding of weapons by rangers. However, the fac-
tors studied in this chapter are not the only ones that influence either rangers’
capacity and ROIR. However, the negative impact of armed groups on rangers’
capacity ROIR can be alleviated or even aggravated by the local communities’
collaboration, not by holding firearms by rangers. In conclusion, community
forestry for conservation has a better ROIR overall than Fortress, with the high-
est site coverage rate, a low level of poaching and hunting, and a decreasing
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poaching trend, while the extent of poaching is the same in both Fortress and
community forestry for conservation. Additionally, ForesCom is more resilient
to the presence of armed groups than Fortress. Community forestry for con-
servation appears to be a viable option for expanding conservation efforts in
Grauer’s gorilla range, ensuring its control and combating poaching with a lim-
ited number of rangers.

Keywords

Return in Investment, Grauer’s Gorilla Range, Site Coverage Rate, Site Area,
Conservation Model, Governance Mode, Nkuba Conservation Area, Fortress,
Community Forestry, Protected Area

1. Introduction

Biodiversity has deteriorated at an alarming rate worldwide, while conservation
efforts to date have been largely insufficient to reverse biodiversity loss (Poisson,
2009). Area-based protection is a cornerstone of global efforts to conserve biodi-
versity. (Watson et al., 2014; Doumenge et al., 2015; Jones et al., 2018; Appleton
et al., 2022) and associated ecosystem services (Stolton, 2015), maintain human
health and welfare (Naidoo et al., 2019), and support unique human cultures
(Juffe-Bignoli et al, 2014). The Convention on Biological Diversity’s 2020 target
(Aichi target 11°) for protection of at least 17% of terrestrial and 10% of marine
areas of significance for biodiversity conservation and ecosystem services has been
almost met (Bingham et al., 2021) through formerly recognized governmentally
protected areas (GPAs) and community-protected areas (CPAs), which are re-
vealed as other effective conservation measures (OECMs). However, achieving the
parallel target of managing these areas effectively has been far less successful
(Maxwell et al., 2020). As governments pursue the “30 by 30” target of increasing
the land and marine area covered by GPAs and OECM:s to 30% and ensuring their
effective control by 2030 (Hannah et al., 2020; WCPA, 2020; Krosby et al., 2023),
addressing those factors that continue to challenge effective management of global
protected areas is a critical requirement for preserving biodiversity and essential
ecosystem services (Dinerstein et al., 2019; IPBES, 2019), achieving the relevant
Sustainable Development Goals (SDGs) (Kettunen, 2021), and mitigating the ef-
fects of climate change (Bruner et al., 2001; Coad et al., 2019; Geldmann et al.,
2019; Graham et al., 2021; Portner, 2021).

Only a minimal number of PAs worldwide, 24%, are effectively controlled, with
both insufficient numbers of rangers and ranger capacity, or the surface area that
one ranger can effectively patrol, widely recognized as significant limiting factors
(Juffe-Bignoli et al., 2014; Baghai et al., 2018). This is because monitoring, cover-
age, and combating poaching rely mainly on ranger patrols (Geldmann et al,,

2013; Nuno, Bunnefeld, & Milner-Gulland, 2017), as ranger patrols play a central
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deterrent role in preventing illegal activities such as poaching (Geldmann et al.,
2013). Thus, having sufficient and high-capacity rangers is fundamental for effec-
tive site control (Leader-Williams & Milner-Gulland, 1993; Gray & Kalpers, 2005;
Belecky, Parry Jones & Singh, 2021; Kuiper et al., 2021; Singh et al., 2021; Anag-
nostou et al., 2022). However, ranger capacity is influenced by several factors, in-
cluding the geographical accessibility of the site (determined by the terrain and
size of the site), sociological factors (relations with local communities and armed
groups), logistical resources (frequency of patrols and bush equipment), financial
resources, a reasonable density of guards (number of rangers relative to site size)
and ranger skills (ranger training) (Wvyatt, Singh, & Belecky, 2022; Ngobobo et al.,
2025). For example, a site facing equipment challenges, poor financial resources,
or the presence of armed groups may experience reduced ranger capacity and con-
sequently require increased ranger density to achieve adequate site coverage.

Given the persistence of constraints that have contributed to the failure of the
parallel Aichi targets (Belecky, Singh, & Moreto, 2019; Belecky, Parry Jones, &
Singh, 2021), the 30 by 30 targets may seem ambitious, unrealistic, and unattain-
able. However, this target is a boon for specific species and landscapes in areas
that are not yet formally protected, as is the case for critically endangered Grauer’s
gorilla in the Democratic Republic of Congo, 74% of whose range is located out-
side the GPAs (Plumptre et al., 2015).

Unfortunately, existing GPAs in Grauer’s gorilla range face serious manage-
ment, coverage, and control issues, as well as poaching (Plumptre et al., 2017).
Among the causes of these problems are insufficient numbers and capacity of
rangers (Bruner et al., 2001; Mathys, 2017; Coad et al., 2019; Geldmann et al., 2019;
Graham et al., 2021; Appleton et al., 2022), the presence of armed groups (Mathys,
2017), and the inappropriate size of the governmentally managed protected
area(GPA) to ensure adequate site coverage (Brugiere, Chardonnet, & Scholte,
2015; Chardonnet, 2019) in the context of funding shortages (Bruner et al., 2001;
Anthony et al., 2015; Trigg & Tshimanga, 2020; Graham et al., 2021). For example,
despite the launch of forest ranger patrols in 60% of the Greater Virunga land-
scape, these patrols were reported to effectively cover only 22% of the territory for
various reasons (Plumptre et al., 2014).

With the priority of extending the Grauer’s gorilla range conservation area be-
yond the APGs by incorporating new forests with high gorilla densities, other
stakeholders argue that it is helpful to consider different models, such as CPAs, to
ensure effective control and mitigate existing and potential threats to these great
apes (Butchart, Di Marco, & Watson, 2016; Armsworth et al., 2018; Plumptre et
al., 2021). However, none of these conservation models can claim to be uniformly
effective across all landscapes, as effectiveness depends on the context and objec-
tives (Albuquerque & Oliveira, 2007; Armenteras, Rodriguez, & Retana, 2009).
Further, no studies have been conducted within Grauer’s gorilla range to assess
the effectiveness of different conservation models and governance modes or the

factors associated with their performance, such as training, equipment, and insti-
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tutional and social support. Contextualized studies of the effectiveness of different
conservation models that consider ranger capacity are therefore needed (Critch-
low et al., 2017).

One approach to evaluate the effectiveness of different conservation models is
the general criterion of “return on investment in conservation” (Kristen, Paul, &
Bijay, 2019). However, conservation investment is multifaceted, encompassing
land investment, guard investment, financial investment, and many other aspects.
The present analysis focuses on Investment in ranger-based protection efforts
(ROIR). High ranger capacity is essential for achieving a good ROIR at a site.
When ROIR is considered adequate, site control rates are generally better, illegal
activities are fewer and tend to decline, and wildlife populations increase. (Fischer
et al., 2014). Related simulations show that higher ranger capacity improves the
effectiveness of ROIR (Milner-Gulland & Leader-Williams, 1992).

The “return” on this investment can be assessed through indicators of threat
levels (e.g., poaching) and wildlife diversity. These indicators provide one set of
measures of the rangers’ capacity to control the site and combat poaching (Wilson
et al., 2006; Buchanan, Donald, & Butchart, 2011).

In this article, investment in conservation is the ranger. Meanwhile, return on
investment is measured using five indicators, including site coverage, poaching
level, poaching extent, poaching trend, and poaching trend. Thus, the analyses in
this chapter primarily focus on how and to what extent the ranger generates a
return on investment, i.e., analyzing their effectiveness in site control and anti-
poaching efforts.

Therefore, the primary objective was to estimate the ROIR of each conservation
and governance mode within Grauer’s gorilla range and identify which mode has
the highest ROIR with the fewest rangers. Thus, ROIR is used as a criterion to
determine the most efficient conservation model and governance mode.

This study determines ROIR of different conservation models and governance
modes in the Grauer’s gorilla range, as a measure of their effectiveness that can
inform strategies to extend conservation efforts in the Grauer’s gorilla distribu-
tion area. First, as one approach to measuring a site’s “investment” in rangers, we
assess the current number and density of rangers and site area patrolled per ranger
in the Grauer gorilla distribution area. While “ranger capacity” is influenced by
other constraints (e.g., financial resources, training, available equipment) that im-
pact patrol effectiveness and agility, these quantitative measures are available for
comparison across sites and provide a valuable starting point for assessing ranger
investment. Second, we consider “return” on this investment in rangers through
indicators of the level, geographic extent, and changes over time in both threats
(e.g., poaching) and wildlife diversity within protected areas. Finally, we analyze
whether different conservation models, modes of governance and presence/ab-
sence of armed groups are associated with differences in measures of ROIR, spe-
cifically to identify which conservation model is associated with the highest return

from the smallest number of rangers.
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2. Materials And Methods

Study area

We collected data on 11 sites in Grauer’s gorilla range in eastern DRC (Figure
1). Among the 11 sites, five are GPAs and six are CPAs. From the five GPAs, the
state directly manages two through the Institut Congolais Conservation Nature
(ICCN), Maiko National Park (PNM) and Itombwe Natural Reserve (INR); con-
servation organizations manage two others through a public-private partnership
(PPP) governance mode, —Virunga National Park (PNVi) and Kahuzi Biega Na-
tional Park (KBNP); and the last one is managed through another type of partner-
ship between local communities and the Congolese state, the Kisimba Ikobo Pri-
mates 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), Mu-
huzi-Buhinda Gorilla Reserve (RGMB), and Lubutu Gorilla Reserve (REGOLU),
and the last one, Nkuba Conservation Area (NCA), is managed through a part-
nership between local communities and a non-governmental conservation organ-
ization and designated as a separate management entity (SEM) governance mode.
(Figure 1).

Data collection

In 2023, we solicited data from the managers of 11 PAs, all six CPAs, and chief
park wardens for the five GPAs via a French questionnaire. The questionnaire
included both open-ended questions and multiple-choice questions (see the ques-
tionnaire in the appendix). This questionnaire enabled us to collect information
on the total surface area of the site; the surface area covered by ranger patrols in
the site; the number of rangers; the level, geographic extent, and trends over time
in poaching or hunting, and in wildlife abundance trends; and the presence of
armed groups. We also collected data on the carrying of firearms by rangers dur-
ing their patrols to assess the impact of carrying weapons on the rangers’ ability
to control the site and combat poaching. We finally collected data on collabora-
tion between the site and local communities to assess the impact of local commu-
nity collaboration on the site’s capacity to control and combat poaching.

In this study, the term “ranger” is used in the sense recognized by the Interna-
tional Ranger Federation, which defines a “ranger” as a field-based member of a
conservation team who monitors and manages species and ecosystems. (Wyatt,
Singh, & Belecky, 2022). The “ranger patrol” refers to the mission carried out in
forests by a team of rangers to collect data on evidence of illegal activity, counter-
act those activities, and record observations of biodiversity, animal behavior, and
vegetation conditions. (Gavin, Solomon, & Blank, 2010).

Data analysis

Based on the survey responses, we used the following measures to quantify
ROIR, for each of the sites included in this study.

Measures of investment in rangers:

1) “Site coverage rate” (SCR) is the ratio between the area of the site covered by
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Figure 1. Study area east of the Democratic Republic of Congo. The polygons delimited by
green lines represent government-based protected areas (GPA), and the light red polygons
represent community-based protected areas (CPA). Name of protected areas: NCA, Nkuba
Conservation Area; KBNP, Kahuzi-Biega National Park; RNI, Reserve Naturelle Itombwe;
RGMB, Reserve de Gorille de Muhuzi Buhinda; RCO, Reserve Communautaire de Oku;
PNM, Parc National de la Maiko; RPKI, Reserve de Primates de Kisimba Ikobo; and RGU,
Réserve de Gorille de Usala.

patrols and the total area of the site. It is expressed as a percentage (%). This is
distinct from “site total area” (STA), which is the recognized total area of the site,

irrespective of how much area is patrolled by rangers.
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2) The “ranger density” (Rd) is the ratio of the site’s total area to the number of
rangers on site, ensuring adequate coverage. We calculate ranger density by using
the following formula: Rd = Nr/STS. In this formula, “Rd” is the ranger’s density,
“STS” is the total size of the site in km? and “Nr” is the number of rangers engaged
in the site control task.

3) “Ranger capacity” (Rc) is the ratio of site-controlled area to the number of
rangers on site. It was calculated by dividing the area of the site that is controlled

or covered by the number of rangers on site using the following formula:
Rc = SCA/Nr.

In this formula, “Rc” is the ranger’s capacity to control/cover the area, “SCA”
is the area controlled/covered in the site, and “Nr” is the number of rangers.

Measures of return on investment:

1) After receiving responses from our respondents, we categorized the level of
poaching/hunting as follows: (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, which are localized, but reversible negative im-
pacts 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 did
not provide such information, we classified the situation as “data deficient” (5).

2) We classified the extent of poaching/hunting as follows: (1) everywhere (af-
fecting more than 50% of the surface area), (2) widespread (15% - 50%), (3) dis-
persed (5% - 15%), or (4) localized (less than 5%). If the distribution of these
threats were unknown, we classified this as (5) unknown. Where there was no
poaching or hunting, we classified this as (6) not applicable.

3) Trends in poaching and hunting over time were classified as increasing, de-
creasing, or stable. We employed the same classification for wildlife trends on the
site.

Second, we sought to understand the relationship with local communities. In-
fluences ROIR in Grauer’s gorilla range. Due to the limited number of sites in this
study, we considered a limited number of independent variables (conservation
model, governance mode, and presence of armed groups). We limited our anal-
yses to a descriptive interpretation of our results.

Finally, we predict the number of rangers required to control and cover the
entire GG area. This prediction is made in two scenarios based on the mean area
patrolled per ranger across all sites representing each conservation model and
governance mode. Thus, scenario (1) is based on the GPA model, while scenario
(2) is based on the CPA model. When predicting the number of rangers needed
to cover the entire Grauer’s gorilla range, we used 19,700 km? as the subspecies’
range size (Plumptre et al., 2016). We divided this area by the observed lowest,

average, and highest areas patrolled per ranger for each conservation model and
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governance mode.

To assess the capacity of rangers in the Grauer’s gorilla range compared to the
average capacity of rangers in a forested landscape (since Grauer’s gorillas live in
the forested landscape), we referred to the average coverage capacity of a ranger
in the forested landscape reported in other studies, which is 25 km?/ranger
(Bruner et al., 2001; Chomba et al., 2021; Appleton et al., 2022). Given the limited
sample size (n = 11), we limited our analysis to descriptive statistics based on the
means. Since we are comparing variables with unequal sample sizes (APC = 6,
APG =5), the variances are likely to be different. We therefore applied the Mann-
Whitney U test, as it tests the null hypothesis that two independent samples come
from the same distribution. (Hollander, Wolfe, & Chicken, 2015).

When sample sizes are small and normality is questionable, the Mann-Whitney
U test provides a valid means of inference. When homoscedasticity (equal vari-
ances) is violated, the Mann-Whitney U test is more reliable than the t-test (Gib-
bons & Chakraborti, 2010). The comparison of means was used to determine the
influence of the variables compared (Welch, 1947; Ruxton, 2006).

3. Results

Ranger density and area patrolled in Grauer’s gorilla range.

Mean ranger density was 77 km?/ranger across the Grauer’s gorilla range, but
this varied substantially across APs (range 7.33 km*/ranger - 259.41 km?/ranger).
(Table 1). When only the area actively patrolled within sites was considered, the
mean area patrolled per ranger across the Grauer’s gorilla range was 22.60
km?*/ranger (range 4.0 km?/ranger - 51.18 km?/ranger).

When we consider the area patrolled per ranger across sites, there is substantial
overlap in this measure between conservation models and the presence versus the
absence of armed groups, collaboration with the local community and across sites
where rangers do and do not carry weapons during patrols. However, some ob-
served trends of these site characteristics are described below.

Firstly, armed groups are present in nearly all Grauer’s gorilla range sites. Their
presence is linked to a decrease in ranger sites and, consequently, a reduction in
SCR (Figure 3). Mann-Whitney U test = -1.014, indicating a negative mean dif-
ference.

Nevertheless, in 80% of the GPAs where we collect data, rangers carry fire guns,
while they do not in CPAs (Table 1). In contrast, most of the GPAs where rangers
carry firearms for their patrol and protection. It appears that carrying weapons
doesn’t increase the area patrolled per ranger. In contrast, the test of the means
reveals that when rangers carry weapons, their mean area patrolled per ranger is
reduced (rangers’ capacity). It is 14.77 Km? compared to 34.87 Km?/ranger in the
absence of firearms, a mean difference of 20.12 Km?*/ranger (Figure 2).

Secondly, the conservation model is also associated with differences in the mean
area patrolled per rangers, at 14.82 Km?/ranger across GPAs, compared to 38.18

Km?/ranger across CPAs (Figure 2).
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Table 1. Results are grouped by GG conservation model and governance mode.

No St CM  GM (15152) (lircﬁ) SCR (%) PAG SOAG RCGP P/Hlevel P/Hrange P/H Trend T;ﬁ‘;i fzf
I
L1. PPP
1 PNKB GPA PPP 19.05 17.87 56 Yes 1-10 Yes High Dispersed  Increasing Stable
2 PNVi GPA PPP 10.44 529 50.63 Yes 11-20 Yes High Dispersed ~ Increasing  Decreasing
Average  GPA PPP 1475 11.55 53.31
L2. ICCN
1 PNM GPA ICCN 108.7 18.48 16.99 Yes  41-50 Yes VeryHigh Dispersed  Increasing Increasing
2 RNI GPA ICCN  238.83 45.38 19 Yes 1-10 Yes Very High Generalized Increasing Increasing
Average  GPA ICCN 173.77 3193 17.69
1.3. Community Forestry of Conservation (CFC)
3 RPKI GPA community 15 65.69 Yes  11-20 No VeryHigh Dispersed Decreasing Stable
Average GM 15
Average GPA  82.55 204  41.6
Bunde s a5
II CPA
IL1. SME
1 NCA CPA SME 30.34 2743 904 No NA No Low Dispersed  Decreasing  Increasing
Average SME 27.43 904
11.2. CM
1 RCO CPA CM 259.41 51.18 19.73  No NA No High Dispersed ~ Decreasing  Increasing
2 RGMB CPA CM 72.5 3525 4862 Yes 21-30 No High Dispersed ~ Decreasing  Decreasing
3 REGOUWA CPA CM 7.33 4 5455 Yes 11-20 No ND Dispersed Stable Stable
4 RGU CPA CM 43.69 1444 3297 Yes 1-10 No High Dispersed ~ Decreasing Stable
5 REGOMOKI CPA CM 21.52 1427 6626 No NA No ND Dispersed ~ Decreasing Stable
Average CM 71.22 23.59 47.98
Range [7.33- [4- [19.73-
259.41] 51.18] 66.29]
Average CPA 72.47 25.66 52.1
Range [7.33- [4-
259.41] 51.18]
Average across the
Grauer’s gorilla 77 226 473
zone
Range 733- [4- [17-
259.41] 39.55]  90.4]

Abbreviations: CM, Conservation Model; GM, Governance Mode; RD, Ranger Density; RC, Ranger Capacity; SCR, Site Coverage
Rate; PAG, Presence of Armed Group; SOAG, Size of the Area Occupied by the Armed Group; RCGP, Rangers Carry Gun During
Patrol; H/P Level, Hunting or Poaching Range; Trend of Poaching; and Trend of Wildlife. GPA, Government Protected Area; CPA,
Community Protected Area; PPP, Public-Private Partnership; SME, Separate Management Entity.
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Figure 2. Area patrolled per rangers across sites, with: the presence of armed groups (upper left), conservation models (upper right)
consultation meetings with local communities, and guards carrying weapons (lower right). The line in the center of the box repre-
sents the median, and the extreme points show individual values (or outliers). The dark black horizontal line represents the confi-
dence interval around the mean in the ellipse. Legend: Figure 2 illustrates the variation in guard capacity in relation to socio-security
and institutional factors. The box plot illustrates the distribution of guard capacity according to several contextual variables, includ-
ing (i) in the top left, the presence or absence of armed groups; (ii) in the top right, the type of conservation model implemented in
the PA (APG, APC); (iii) bottom left, represents the presence or absence of regular consultation meetings with local communities;
and finally, bottom right, illustrates whether or not guards carry firearms. Each box represents the interquartile range (IQR), with
the horizontal line indicating the median. The black diamond corresponds to the average guard capacity, while the black vertical
bar in the centre of the diamond represents the 95% confidence interval of this average. This graph highlights the potential influence
of security conditions, the conservation model, local consultation and the carrying of weapons on operational guard capacity.

Thirdly, consultation meetings between the PAs and local communities are as-
sociated with a higher mean area per ranger (35.94 km?*/ranger) compared to sites
without these meetings (12.89 km?*/ranger).

The means (and medians) vary between groups, but the standard deviations are
large, and the sample sizes are small, which explains the lack of significance in
the previous tests.

The mean SCR across the Grauer’s gorillas’ range is 47.3% (Table 1). However,
comparisons across groups of sites suggest that factors such as the presence of
armed groups, the conservation model, consultation meetings with local commu-
nities, and the carrying of weapons by rangers may be associated with variation in
SCR (Figure 3).
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Figure 3. Graphical representations of the different average ROIR under the influence of external factors: presence of groups, weap-
ons, guards carrying weapons, conservation models, and consultation meetings with local communities. Legend: Figure 3, variation
in coverage rates under the influence of socio-security and institutional factors. The box plots illustrate the distribution of site
coverage rates (%) according to various contextual factors, including (i) in the top left, the presence or absence of armed groups; (ii)

top right, the type of conservation model implemented in the PA (APG, APC); (iii) bottom left, the presence or absence of regular
consultation meetings with local communities; and finally, bottom right, whether or not guards carry firearms.

Firstly, the mean ROIR-based SCR across sites characterized by the presence of
armed groups is 44%, compared to 72% in the absence of armed groups.

The carrying of firearms by rangers on patrol is not associated with an increase
in the area patrolled by rangers; in fact, we observe the opposite pattern. With
firearms, the mean SCR is 40%, whereas without weapons, it is 66%. Meanwhile,
it shows that the presence of armed groups accounts for 14.76% of the causes of
unorganized patrols on the site or the lack of deployment in specific site compart-
ments, which decreases rangers’ capacity by 30.77% (Figure 3).

Secondly, the conservation model may also be associated with variation in
SCR; the mean SCR across GPA sites is 45%, compared to a mean of 66% across
CPA sites. The same applies to collaboration with local communities. Across sites
where consultation meetings with communities are held, the mean SCR is 60%. In
contrast, at sites where these meetings are not held, the mean SCR is 54%.

Each box represents the interquartile range (IQR), with the horizontal line in-
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dicating the median coverage rate for the site. The black diamond corresponds to
the mean, and the black vertical bar crossing the diamond indicates the 95% con-
fidence interval of this mean. This graph highlights the differences in coverage
levels based on the influence of the presence of armed groups, the conservation
model, consultation with local communities and the carrying of weapons on the
operational capacity of the guard.

In each graph in Figure 3, the line in the center of the box represents the me-
dian, and the extreme points show individual values (or outliers). The dark black
horizontal line represents the confidence interval around the mean in the ellipse.

The means (and medians) vary between groups, but the standard deviations are
large, and the sample sizes are small, which explains the lack of significance in the
previous tests.

Required number and density of rangers to control/cover the Grauer’s go-
rilla range

Based on the observed area patrolled per ranger across sites, we estimate that
covering the entire Grauer’s gorilla area using the GPA model would require sig-
nificantly more rangers (966 rangers) than under the CPA model (768 rangers).
Furthermore, the PPP mode of governance requires the largest number of rangers
to control the entire Grauer gorilla range, with 1,705.63 rangers. In contrast, the

government governance mode requires the fewest in the area (616.97 rangers).

4. Discussion

This study assessed the return on ranger investment across the Grauer’s gorilla
range, as it may vary with conservation models, modes of governance, the pres-
ence of armed groups, and other related factors. While this is a preliminary study
based on a limited number of sites for which data were available, it is a valuable
step towards determining the most effective strategies for expanding conservation
efforts throughout Grauer’s gorilla range.

Ranger investment in the GG range

While many factors influence ranger capacity (e.g., including available training,
equipment, and funding), we determined the current number and density of rang-
ers, and site area patrolled per ranger, across protected area sites to estimate ad-
ditional investment in rangers that would be required to expand coverage of pro-
tection efforts across the Grauer’s gorilla distribution area.

With a mean ranger density of one ranger per 77 km? across all protected area
sites considered here, ranger density was low throughout the Grauer’s gorilla
range compared to the standard average range density in global forest landscapes
of 25 km? per ranger (Bruner et al., 2001; Chomba et al., 2021; Appleton et al.,
2022). There was substantial variation in ranger density across sites, and overlap
in this measure between GPA and CPA sites, except in the two GPAs with PPP
governance mode, which had a higher ranger density than the average ranger den-
sity of global forest landscapes (25 Km?/ranger) (Bruner et al., 2001; Chomba et
al., 2021; Appleton et al., 2022); All the other governance modes had a lower rang-
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ers’ density.

All sites examined here had ranger densities below the 5 km?/ranger density
recommended by the 2016 World Conservation Congress of the International Un-
ion for Conservation of Nature (IUCN) (IUCN, 2016). The ranger density in
Grauer’s gorilla range reveals that there is a lack of rangers in this area, but also
an ineffective distribution throughout PAs; some have more than needed, while
others have insufficient numbers. However, ranger insufficiency is not exclusive
to the Grauer gorilla range; other research has shown the insufficiency of ranger
numbers in protected areas worldwide (Belecky, Parry Jones, & Singh, 2021; Wy-
att, Singh, & Belecky, 2022). In Africa, the average density of rangers is 76
km?/ranger, i.e., 51 km? more than is recommended for effective control (Apple-
ton et al., 2022).

Therefore, in many countries, the limited number of rangers has been identified
as a main factor contributing to insufficient site coverage and control. If not ad-
dressed, this will undermine the Aichi goals of protecting 30% of the planet with
protected areas (PAs) and OECMs (Appleton et al., 2022). It has already been rec-
ognized as the reason for the failure of the parallel Aichi Objective 11 (Bruner et
al., 2001; Mathys, 2017; Coad et al., 2019).

The results indicate a relationship between ranger density and ROIR; sites with
low ranger density tended to have a low SCR (R = -0.024) and higher rates of
poaching. This relationship between ranger density and ROIR in Grauer’s gorilla
range confirms other results indicating that rangers play a crucial role in site cov-
erage and addressing poaching in APs (Gray & Kalpers, 2005; Kuiper et al., 2021;
Singh et al., 2021; Anagnostou et al., 2022). Therefore, insufficient ranger density
can prevent the drive from expanding APs in the Grauer’s gorilla range from being
achieved.

However, despite this relationship between ranger density and ROIR, some PAs
have an exceptionally high (e.g., NCA) or low (e.g., MNP and RGU) SCR relative
to their rangers’ density.

In Grauer’s gorilla range, some sites have higher coverage rates, and others have
lower coverage rates than the predicted rate based on their ranger density. This
confirms that the high or very low ROIR could be due to multiple cumulative ef-
fects (Lonn et al., 2018; Ngobobo et al., 2025).

The average ranger capacity of the Grauer’s gorilla range, specifically in the
GPA (fortress conservation model), is lower than that of forest landscapes (25 km?
per ranger). In contrast, the rangers’ capacity in CPA (community-based forestry)
is almost equal to the average rangers’ capacity in the global forest landscape (Ta-
ble 1). To assess the capacity of rangers in the Grauer’s gorilla distribution area in
relation to the global average rangers’ capacity in forest landscapes, this study re-
ferred to the international standard average coverage capacity of a ranger in a for-
est landscape, which is 25 km*/ranger (Bruner et al., 2001; Chomba et al., 2021;
Appleton et al., 2022).

Our analysis also shows that rangers’ capacity influences ROIR in Grauer’s go-
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rilla range, particularly at the level of the conservation model. The global low
ranger capacity of the Grauer’s gorilla range and the fortress model may explain
its low ROIR (coverage rate and poaching level, range, and trend); therefore, the
high ranger capacity in community conservation forestry may explain its high
ROIR (coverage rate). The results confirm our assumption of the relationship be-
tween rangers’ capacity and ROIR in the Grauer gorilla range (P = 0.052). Previous
studies conducted outside Grauer’s gorilla range have already established this re-
lationship, confirming that low ranger capacity is a major limiting factor in site
control capacity (Coad et al., 2019; Belecky, Parry Jones, & Singh, 2021; Wyatt,
Singh, & Belecky, 2022).

However, rangers’ capacity is affected by several other factors. Among those
analyzed in this study, the presence of armed groups is the factor that most affects
rangers’ capacity in Grauer’s gorilla distribution area. It reduces rangers’ capacity
to 28.85 km?/ranger (Figure 2). The presence of armed groups makes the site con-
trol strategy ineffective in the APGs, where rangers carry firearms during their
patrols. Instead of contributing to improving rangers’ capacity, it further reduces
it to a range of 20.12 km? per ranger (Figure 2). This is why, even among the
factors influencing the ability to carry weapons analyzed in this study, holding a
gun is the one with the smallest difference in mean values.

In a context of militarization, any armed man is considered a target by others
armed group which like to neutralize them to have control of the area that they
curb in the AP, while unarmed guards, as is the case in community forestry con-
servation CPAs, go about their activities without being direct targets of other
armed groups in their PAs.

In addition to the presence of armed groups, the conservation model also plays
arole in rangers’ capacity. The results of this study show that in the Grauer gorilla
range, the influence of the fortress on rangers’ capacity is negative compared to
that of community forestry conservation, which lifts the rangers’ capacity. This
can be explained by the fact that rangers in CPAs of community conservation for-
estry seem to be a continuation of customary rangers or community conservation,
which protected their forests based on customary principles. With the advent of
the conservation model known as community conservation forestry, a dose of
modern conservation principles and wildlife management rules, along with ade-
quate means and techniques, has been introduced. However, the advent of the
fortress is still poorly perceived and opposed by local communities. Although the
conservation model generally plays a role in retention capacity, the specifics de-
pend on the governance mode. In the Grauer’s gorilla range, two modes of gov-
ernance from two different conservation models have rangers’ capacities higher
than the average ranger’s capacity of the forest landscape, including the govern-
ment governance mode under fortress (31.93 km? per ranger) and the SEM gov-
ernance mode under community forestry of conservation (27.47 km? per ranger).
In contrast, two other different governance modes form two different conserva-

tion models, have a rangers’ capacity below the average rangers’ capacity of the
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forest landscape, including the PPP governance mode in the fortress (11.55 km?*
per ranger) and the community governance mode in the community forestry of
conservation (23.59 km?® per ranger). However, the rangers’ capacity for commu-
nity governance is closer to the average capacity of rangers in the forest landscape.

Additionally, the involvement of local communities is crucial to enhancing con-
servation capacity. PAs that organize consultation meetings between sites and lo-
cal communities tend to have higher conservation capacity than sites that do not
(Figure 3). However, there are significant disparities in the rangers’ capacity for
governance modes within the same conservation model. For example, in the GPA
(fortress), the rangers’ capacity of the PPP is lower than that of the GPA (fortress)
managed directly by the government. It is also the weakest of the Grauer’s gorilla
range, whereas GPA is managed directly by the government and has the highest
rangers’ capacity of the Grauer’s gorilla range. Therefore, we find the lowest and
highest ranger’s capacity in the same conservation model (fortress).

Similarly, in community forestry for conservation, the rangers’ capacity of
CPAs under the community governance mode is lower than that of the SEM gov-
ernance mode, even though they share the same conservation model. We observed
that rangers’ capacity results from a combination of several factors.

The ranger capacity varies enormously within both fortress GPA and commu-
nity forestry of conservation CPA conservation models and governance modes.
However, the highest ranger capacities were found in CPA sites. SCR averages
47.3% across the Grauer’s gorilla range, with the highest SCRs found in CPAs
(90.4%, range = 19.7% - 90.4%) compared to GPAs (17.0%, range = 17.0% -
65.7%). These differences are one of the reasons why APGs under PPP, despite
having the lowest rangers’ capacity of the Grauer’s gorilla range, have a good
ROIR compared to some APs that exceed them in gross rangers’ capacity. We
found that some sites with low ranger capacity, which have high ROIR (e.g., VNP
and KBNP), while other sites (e.g., RNI, RCO, and RGMB) had high ranger ca-
pacity but low site coverage. This difference is not an anomaly but rather high-
lights the difference between theoretical capacity and practical capacity, with the
latter influencing ROIR.

The weaknesses in rangers’ capacity are widely acknowledged to be a key factor
undermining the ROIR (Coad et al., 2019; Minang et al., 2019; Belecky, Parry
Jones, & Singh, 2021; Graham et al., 2021; Remme et al., 2021; Wyatt, Singh, &
Belecky, 2022; Smith et al., 2023).

ROIR and other influencing factors in Grauer’s gorilla range

Ranger capacity plays a key role in ROIR. However, it is subject to the influence
of several factors.

The rangers’ capacity alone cannot explain or generate a high or low ROIR.
Unlike ROIL (Ngobobo et al., 2025), ROIR is more influenced by several factors
that are not addressed in this chapter. This is why there are differences in rangers’
capacity when they analyze integrated other factors, such as the presence of armed

groups, the conservation model, the collaboration of the local community, and the
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carrying of weapons by the rangers during their patrols. This finding aligns with
the results of previous research. (Laudari, Aryal, & Maraseni, 2020; Smith et al.,
2023) which shows that, in some context, gross rangers’ capacity is not the only
factor influencing ROIR. Many other factors can positively or negatively affect the
effect of rangers’ capacity to deliver high ROIR, including security factors, funding
factors, site size factors, management factors (Bruner et al., 2001; Mathys, 2017;
Coad et al., 2019; Geldmann et al., 2019; Graham et al., 2021).

Firstly, the presence of armed groups has a significantly negative impact on the
ROIR in Grauer’s gorilla range (Figure 3). The presence of armed groups limits
the ROIR in Grauer’s gorilla range by undermining the rangers’ ability to effec-
tively patrol and control the site and address the poaching by restricting their de-
ployment capacity. This negative impact of the presence of armed groups on the
ROIR has already been noticed by other studies outside Grauer’s gorilla range
(Plumptre et al., 2015; Mathys, 2017). This result is confirmed by the (correlation
[p = 0.026], dependency [phi = 3.813], and even a strong dependency [Gramer’s
V = 0.813]). The GPAs are more affected by the presence of armed groups than
the CPAs. (Mcclanahan et al., 2008; Ervin et al., 2010; Allan et al., 2015; Lonn et
al,, 2018). In the Grauer’s gorilla range, the PPP governance mode is the most
vulnerable to the presence of armed groups (Walker, 2020). Most of the GPAs
under the PPP governance mode in the fortress have several areas that have be-
come virtual and exist only on paper (also depicted as “paper parks”) (Chardon-
net, 2019). This is the case of Virunga National Park, where areas are occupied by
various armed groups, including the most famous, the M23, and several factions
of the Mai-Mai armed group. Like the Kahuzi Biega National Park, farmers ob-
structed the ecological corridor, and other armed groups associated with the Pyg-
mies controlled and cut down trees in many park areas. Apart from RPKI, other
GPA under government management is also affected by the presence of armed
groups; However, in the Maiko National Park, areas were, initially occupied by
the Simba rebels before other armed group invested some area of the site for dif-
ferent purposes as is the case for RNI which was occupied by local communities
before seeing armed group came. The presence of the armed group decreases the
rangers’ capacity to control the site and address the poaching there. This led to
the almost total collapse of control of the APs, with the slowing down or even
cessation of control activities in some PAs. Therefore, the presence of an armed
group negatively impacts the ROIR of the site (site coverage rate and addressing
poaching). All sites where wildlife populations are stable or increasing do not har-
bor armed groups (Ngobobo et al., 2025).

The results of the current study are consistent with other studies, which show
that the presence of the armed groups in an AP limits the capacity of rangers to
fulfill their mission, then its negatively impacted on their capacity to deliver good
ROIR differently (Mcclanahan et al., 2008; Ervin et al., 2010; Allan et al., 2015;
Lonn et al., 2018). The presence of armed groups in the PAs prevents rangers from

covering the entire area of the PA with patrols, because they create inaccessible
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zones within the PAs and/or cause the cancellation of already scheduled patrols.
This makes it difficult for rangers to achieve a good ROIR, as they will not be able
to ensure a good SCR and reduce the level, extent, and trend of poaching or hunt-
ing, which is necessary to allow for the restoration of wildlife and its ecosystem.

Furthermore, carrying weapons has proven ineffective in increasing the ROIR
in Grauer’s gorilla range (Figure 3). It does not enable rangers to increase site
coverage in the area or change poaching trends. In contrast, it exacerbates the
problem because carrying weapons makes rangers direct targets for armed groups
in the sites. This is most evident in Virunga National Park, which for a long time
had a well-trained, well-equipped, and well-paid elite ranger unit called the Quick
Response Force (QRF), which was transformed into the Mobile Support Unit
(UMA in french), with a permanent paramilitary training center, but which stands
by helplessly as large parts of the site are occupied by the local and foreigner com-
munities and armed group such as M23 which deteriorated of its flora and fauna.
The same is true of Kahuzi-Biega National Park, where some part of its lowland
sector is inaccessible, occupied by an armed group, while the highland sector is
the epicenter of charcoal despite the presence of armed rangers (Yamagiwa, 2003;
Simpson & Pellegrini, 2023), whereas the sites where rangers do not carry weap-
ons have nevertheless managed to expand the conservation coverage of their sites
exponentially, convince armed groups to leave the site, and maintain patrols there.
This is the case, for example, in the Nkuba Conservation Area, where the local
community has set itself up as guardian of the facilities (base, stations, and patrol
posts) of the Dian Fossey Gorilla Fund and maintains community patrols in the
forests during the installation of riverside communities in the NCA, where they
have taken refuge to flee the recent takeover of Walikale by the M23.

This study shows that the most vulnerable and least resilient mode of govern-
ance is governance through the PPP.

Secondly, the conservation model affects the ROIR in Grauer’s gorilla range.
This influence is positive in CPAs and negative in the GPAs. CPAs seem to have
a positive effect on the ROIR than the GPAs. One of the reason of that is most of
the GPAs already had conflictual relations with the local communities for several
reasons, including the feeling that the creation of GPAs led to land expropriation
without adequate compensation, exclusion, non-respect of ancestral rights and
human rights, and the restriction of access to natural resources, all of which cre-
ated frustrations and led to numerous conflicts (Poisson, 2009). Taking advantage
of the proliferation of guns and weakening of the DRC state over the last 20 years,
some local community members have turned into armed groups pretexting the
protection of their forests and lands against spoliators, who pretend to be GPAs’
rangers and other GPAs staff members, who have looted their forests turned into
parks. Therefore, local communities often obstruct or take action to hinder rang-
ers’ efforts to control the site and address illegal activities, such as poaching.
Whereas, in community forestry for conservation, communities consider CPAs as

their forest, and the rangers recruited from their community are considered their
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representatives in the organization that manages their forest in case of SEM. In
CPA, as is the case in the NCA, most rangers are recruited from the local commu-
nity and are considered by armed group members as their relatives. Their work in
the forest is regarded as a continuous form of customary forest conservation. This
gives rangers in ForesCom the advantage of increasing their control capacity and
site ROIR while undermining the ranger capacity and the ROIR in the fortress.

In addition, in the fortress, as is an under government control model, the armed
groups take on the role of public authority, creating confusion to the point where
it is difficult to distinguish between state, non-state, and extra-state actors and
issuing rules that sometimes offend the management principles of certain entities
such as PAs, as is the case for the Virunga National Park in the DRC (Marijnen,
2018). Thus, despite the goodwill and competence of rangers, the situation is be-
coming increasingly complicated in this context of militarization, which transna-
tional actors have long supported. (Daskin & Pringle, 2018; Marijnen, 2018), to
implement conservation planning (Réginas Ndayiragije, Sahawal Alidou, &
Geenen, 2021).

Thirdly, community engagement can mitigate the negative impact of other fac-
tors on the ROIR, reducing it from 0 to 6% (Table 2, Figure 3). Community en-
gagement is a crucial factor in ROIR, as it empowers local communities to take
ownership of conservation actions. This is crucial in the context of the militariza-
tion of the civilian population and mistrust between specific conservation models
and local communities, who feel excluded from the management of PAs and their
access to them, given that these forests belonged to them before being expropri-

ated by governments to create exclusive PAs.

Table 2. Current Grauer’s gorilla the ranger situation and estimates of rangers needed to control site area in different scenarios.

Prediction for the

Current situation whole GG range
(19700 km?)
Ranger
A trolled
Number of Site size density rea patroTe Current deficit predicted ranger
Category STS (km?) ) per ranger .
rangers covered (km?) (rangers per 5 in ranger number
(km?)
km?)

GG range 3817.24 122 1442.57 77 22.6 46.90 871.68
GPA 6394.4 228 22494 82.55 20.4 85.45 965.69
CPA 1669.61 33 803.55 72.47 25.66 32.07 767.73

GM/ICCN 8301 62 1468.49 173.77 31.93 197.97 616.97
PPP 7000 477 3680 14.75 11.55 129.06 1705.63
CM 1488.29 30 583.19 71.22 23.59 33.09 835.10
SEM 2457 81 2222.19 30.34 27.43 8.57 718.19

Legend Table 2: STS is the total size of the site, GG is Grauer’s gorilla, GPA is government-based protected area, CPA is community
forestry, GM is government Management, ICCN is Institut Congolais pour la Conservation de la Nature, PPP is a public-private
partnership, CM is community Management, SEM is a separate Entity Management.
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Prediction of the number and density of rangers required to control/cover
the GG range

The analysis results indicate that the ranger deficit tends to be more significant
in the conservation model and governance mode, where the ROIR is low. It can
also be seen that ranger density does not influence the state of ranging at the site
(ranger sufficiency or ranger insufficiency) but rather the ROIR.

The estimated ranger deficit and the prediction made for each conservation
model and governance mode mask wide variations within sites.

This estimate is close to most published recommendations for rangers’ densities
in forest landscape protected areas (Table 2) and suggests that most national pro-
tected area systems are severely understaffed (Table 1). Using these densities, we
can calculate the number of forest rangers needed if the area’s coverage increases
from its current coverage rate (Table 2) to 100% coverage. We anticipate a need
for approximately 872 rangers across the entire region, based on the average ROIR
of the GG range. However, this requirement varies according to the ROIR of each

conservation model and governance mode.

5. Conclusion

This chapter examines the return on investment in rangers in Grauer’s gorilla
range. Preliminary analyses of rangers’ density and capacity, the ROIR (site cov-
erage rate, level, extent, and trend of poaching/hunting, and the trends of wildlife)
in Grauer’s gorilla range.

In conclusion, rangers’ density is very low in Grauer’s gorilla range (77 km? per
ranger). This weakness is not related to the conservation model, but rather to the
mode of governance. PPP AGPs have a high rangers’ density (14.75 Km?*/ranger)
and SEM APCs have relatively good density (30.34 Km?/ranger). Meanwhile,
APGs managed by the state itself (173.77 km? per ranger) and APCs managed by
communities (71.22 km? per ranger) have low densities. The same is true for rang-
ers’ capacity, which is lower (22.60 km?/ranger) than the average rangers’ capacity
in the forest landscape (25 km?/ranger. However, rangers’ capacity is influenced
by several factors, including those studied in this article, namely the presence of
armed groups negatively affects the rangers’ capacity, conservation models, the
fortress doesn’t improve the rangers’ capacity; in contrast, community forestry
does, and community commitment improves the rangers’ capacity. The carrying
of weapons by rangers during their patrol doesn’t help them to improve their ca-
pacity; it undermines it.

In addition, ROIR is higher in community conservation forestry than in the
fortress. The presence of armed groups hurts the ROIR, the fortress conservation
model and the carrying of weapons by rangers during patrol do not help to im-
prove the ROIR. However, it improves with community engagement. Neverthe-
less, we must avoid generalizations. These conclusions apply only to the Grauer
gorilla ranger. Further studies with slightly larger samples are needed to reach ex-

trapolatable conclusions.
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