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Understanding uneven patterns of forest use and tracking changes in the composition of forest residents are both
important for sensitive forest policy and management. With increases in migration streams in several tropical
forest regions, we need corresponding information about how new immigrants are influencing human-
environment relations in sites of ecological significance. We use data from over 6500 household surveys
collected by the Wildlife Conservation Society in three sites in Central Africa: the forests surrounding Nouabalé-
Ndoki National Park and Lac Télé Community Reserve in the Republic of Congo, and the Okapi Wildlife Reserve
in the Democratic Republic of Congo. We compare household characteristics, livelihoods, and forest use among
recent migrants (arriving within the past decade), longer-established households, and households belonging to
an Indigenous group. We find that recent migrants are less likely to engage in forest-harvest-based livelihoods
and harvest several types of forest foods and fibers less frequently than other households. Recent migrants also
tend to be wealthier, younger, and over-represented in salaried jobs. Meanwhile, Indigenous households are 3 to
16 times more likely to participate in a forest-based livelihood, depending on the site. Other consistent predictors
of forest harvest include village, age of the household head, household size, whether a household is female-
headed (-), and wealth (—). Many trends hold broadly across all three sites, but there are also site-specific
patterns related to differences in remoteness and economic opportunities. We conclude with reflections about
what the changing make-up of forest-proximate communities might mean for forest management and
governance.

products. These often support forest-proximate households by supple-
menting diets and material requirements and providing a safety net in

1. Introduction

1.1. Forest harvest and migration

Forests support human prosperity in a multitude of ways, from
regulating climate, to providing food and fiber resources, to sustaining
culturally significant activities (Miller and Hajjar, 2020). One key way
that people depend on forests is through direct harvest of forest

* Corresponding author.

times of short-fall or crisis (Shackleton et al., 2011). Because forest
harvest can affect forest composition (Ticktin, 2004), understanding this
form of reliance is especially important when forests are managed to
preserve wildlife populations while also supporting human livelihoods.
In this study, we explore how changes in the human communities near
forests may affect the patterns of forest product harvest.
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In the past three decades, we have learned much about who harvests
forest products. For instance, harvest of particular resources is often
gendered, with access rules negotiated under uneven power relations
(Rocheleau and Edmunds, 1997; Mogotsi et al., 2016). Some types of
forest harvest activities, such as hunting, tend to be performed by spe-
cialists, while others, like fuelwood collection, are practiced more
broadly within communities (Coomes and Barham, 1997; Bakkegaard
et al., 2017). Households with relatively more assets often extract more
from forests while those with fewer resources may rely more on forest-
based income (Coomes et al., 2004; Jagger et al., 2022). Sociodemo-
graphic characteristics are often correlated with the degree to which
people use forest resources (e.g., McElwee, 2008; Dash and Behera,
2016; Mushi et al., 2020).

The contribution of forest products to local livelihoods differs from
place to place. For example, forest products from the dry forests of
Ethiopia contribute an average 17% of household income (Teshome
et al., 2015), while forest products are responsible for over 70% of
household income in parts of the Peruvian Amazon (L’Roe and
Naughton-Treves, 2014). Sites vary in geographic factors like forest
extent and population density (Cooper et al., 2018), socio-political
factors governing forest access (Ribot et al., 2010), and economic fac-
tors influencing access to markets and opportunities for alternative in-
come streams (Coomes et al., 2016). This study explores patterns of
participation in forest harvest in three sites in Central Africa’s Congo
Basin, a region that is under-represented in literature on forests and
livelihoods (Miller and Hajjar, 2020), especially given the ecological
importance of its forests (Bele et al., 2015).

The forests of the Congo Basin represent substantial components of
global biodiversity (Mittermeier et al., 2003) and carbon stocks (Saatchi
et al.,, 2011). For many households in the Congo Basin, forests also
directly underpin livelihood strategies (Endamana et al., 2019).
Engagement with forest resources typically complements small-scale
agricultural activities and often involves collection of non-timber for-
est products (NTFPs) including food, medicinal plants, fuelwood, and
construction materials, as well as hunting and fishing. Logging is a
prevalent economic activity (Ndoye and Tieguhong, 2004). The forests
of the Congo Basin are also home to several groups of Indigenous Peo-
ples, including the Ba’Aka groups in the west and the Mbuti, Efe, and
BaTwa in the east (Hewlett, 2014). These groups have been traditionally
characterized as semi-nomadic hunter-gatherers, foragers, and forest
peoples in contrast with more sedentary communities of Bantu and
Sudanic-speaking farmers and fishers. However, Indigenous groups have
become more sedentarized in response to sometimes coercive social and
governmental pressures (IWGIA, 2014). Both Indigenous and non-
Indigenous households engage in harvest of forest resources, swidden
agriculture, and non-farm livelihoods.

The impact of changes in the people living near forests is a topic of
growing importance. In a recent horizon scanning exercise, a panel of
forest policy experts identified changing rural demographics and a
growing middle-class in low-income countries as two of five trends likely
to have substantial impacts on forest-livelihood links in the future
(Oldekop et al., 2020). Broadly, forest-proximate communities tend to
reside in areas more remote from market centers, with lower value for
agriculture and lower population densities (Sunderlin et al., 2008).
However, expanding populations, increasing land competition, and
migration are all acting to change the character of forest-proximate
communities. In Sub-Saharan Africa (SSA), there is a strong tide of ur-
banization (De Brauw et al., 2014; Giineralp et al., 2017). There are also
counter-streams of migrants to rural landscapes where land is more
accessible for small holders (Jones et al., 2018; Salerno et al., 2014) and
urban-based investors (Jayne et al., 2014). Intra-regional rural migra-
tion is also increasing, as people follow economic opportunities (e.g.,
mining), flee regions that have become unsafe due to violent conflict, or
seek relief from environmental crises (Morrissey, 2014). As these trends
lead to changes in the households residing near forests, more empirical
information is needed about how forest use of migrants may differ from
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that of longer-established populations, and how this varies in different
contexts (Rasmussen et al., 2017).

Recent work suggests that migration in SSA is indeed contributing to
changes in local use of forest resources, but the pathways and direction
of the change can vary. In a study in Uganda, migrants were more likely
to hunt and contribute to deforestation than long-term residents (Zom-
mers and MacDonald, 2012). In Madagascar, migrants were found to
have no higher propensity to clear forests than pre-existing residents,
but they did expand the demand for agricultural land on forest margins
by augmenting population densities (Jones et al., 2018). Near Mt.
Cameroon, Indigenous households rely to a much greater extent on non-
timber forest products for subsistence and have a much wider breadth
and depth of knowledge of plant species in comparison to migrant
households (Laird et al., 2011). These cases highlight the importance of
the context and motivations driving migration in mediating outcomes
for forests - i.e., whether people are “pushed” into more remote areas by
competition, conflicts, or crises in neighboring regions or “pulled” to
forested regions by perceived availability of forest resources or other
economic opportunities.

A subset of forests worth special consideration are those that contain
or comprise protected areas (PAs). Migration to sites in and around PAs
represents a potential cause for concern for sensitive species and habi-
tats, particularly when accompanied by additional extractive pressure,
forest disturbance, or land clearing that can lead to habitat fragmenta-
tion (DeFries et al., 2005). Some of the most significant pressures on
forests in the Congo Basin are related to the expansion of mining and
logging roads in formerly unfragmented and relatively inaccessible re-
gions (Rainey et al., 2010; Mogba and Freudenberger, 1998). In addition
to direct impacts from logging, these roads increase poaching, com-
mercial hunting (Abernethy et al., 2013), and provide means for
smallholders to access land for agriculture in interior forested regions
(Tyukavina et al., 2018). Protected areas can represent additional
amenities and disamenities that could both attract or discourage mi-
grants, depending on the circumstances (Coad et al., 2008; Wittemyer
et al., 2008; Pullin et al., 2013). On the one hand, PAs can offer eco-
nomic opportunities and protect resources critical for forest-based
livelihoods. However, PAs can also restrict access to land and forest
resources or increase the likelihood of human-wildlife conflict. Migrants
are likely to have different relationships with forest resources in and
around protected areas if they are attracted to the region by the re-
sources themselves, attracted by employment or other economic op-
portunities associated with conservation efforts, or pushed into the area
in search of available land for agriculture (Zommers and MacDonald,
2012). The extent to which in-migration represents a threat to the
ecological integrity of protected areas and forests is a function of both
the rates of in-migration and the motivations and activities of new
immigrants.

In many regions, there is a question of temporal scale and a complex
socio-political history informing established-outsider relations and who
is considered a recent immigrant (Lacassagne, 2016). Human settlement
in the Congo Basin has occurred in many waves over thousands of years
and current residents reflect diverse processes and legacies (Gondola,
2002). In this study, we compare forest use and livelihoods of house-
holds arriving within the previous decade (since 2010) with longer-
established households (those arriving any time prior to 2010). We
also explore the extent to which differences represent continuing
divergence in cultural traditions following much earlier waves of
migration by comparing households with Indigenous heads to house-
holds with non-Indigenous heads. In the Congo Basin, groups of Indig-
enous Peoples have lived in the area for generation upon generation, for
many thousands of years (Boyette et al., 2022; Hewlett, 2014). In both
the Congo and the DRC, Indigenous groups are legally defined and
include a suite of ethnic groups that have historically been collectively
known as pygmies (Law No. 22/030 on the protection and promotion of
the rights of indigenous pygmy peoples, 2022; Law No. 5-2011 pro-
moting and protecting indigenous populations, 2011). Both new
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migrants and Indigenous Peoples are relative minorities in our study
sites; the majority of households do not fall in either category. In a sense,
we examine different ends of a spectrum - those with relatively new ties
to these regions and those with very deep ancestral ties.

In this analysis, we explore the role of migration in changing the
composition of forest residents and local relationships with forest
extraction. Specifically, we use data from over 6500 household surveys
from >50 villages across three sites around protected forests in the
Congo Basin to address the following research questions:

1) To what extent, and in what ways, are recent immigrant households
different from the other households in the landscape?

2) How does migrant status compare with other traditional predictors
of participation in forest harvest and forest-based livelihoods?

3) How sensitive are these patterns to the particular context of each
landscape?

Central’Aftican
Republic

Republic of Congo

/' Nouabalé-Ndoki
National Park

Camergon

Lac Téle
Community
Reserve

Republic of Congo
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1.2. Study sites

The three sites we describe are locations within the Congo Basin
where the Wildlife Conservation Society (WCS) has conducted extensive
social surveys since 2015 to monitor human well-being around pro-
tected areas. Two, the Nouabalé-Ndoki National Park and the Lac Télé
Community Reserve, are in the northern Republic of Congo, while the
third, the Okapi Wildlife Reserve, is in the northeastern Democratic
Republic of Congo (DRC) (Fig. 1). We outline key points contextualizing
livelihoods, migration, and forest use for each site below.

1.2.1. The Okapi Wildlife Reserve in the DRC’s Ituri Forest (Ituri)

The Okapi Wildlife Reserve (OWR) is located in the Ituri Forest of the
Democratic Republic of Congo. It is ~14,000 km? and was gazetted in
1992 to protect significant populations of imperiled large-bodied wild-
life such as okapis, chimpanzees and forest elephants (Brown, 2010).
The reserve contains an interior core area where no extraction is allowed

kapi Wildlife
' Reserve

Democratic Republic
of Congo

Fig. 1. The three Congo Basin sites included in this analysis. Protected areas are shown in transparent green; white dots indicate villages where surveys were
conducted. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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(IUCN category II) and delineates zones for community agriculture,
hunting, and resource gathering. Indigenous Mbuti and Efe Peoples live
within and around the reserve, along with smallholder farmers from
various Bantu and Sudanic-speaking ethnic groups (Brown, 2010).
Farmers grow a mix of crops like cassava, peanuts, maize, and beans, in a
combination of home gardens and shifting agricultural fields outside
village centers (Brown, 2010; Kabuanga et al., 2021). Smallholders often
source firewood, construction materials, and sometimes foods like wild
greens, honey, and bushmeat from the surrounding forest (Terashima,
1998). It is estimated that the forest in and around the OWR provides
livelihood opportunities for >100,000 people, ~27,000 of whom live
inside the reserve (WCS, 2020). Villages are located along a road that
bisects the reserve and a secondary road along the reserve’s eastern
border (see Fig. 1). Most of the the region’s population is concentrated in
a few urban centers (Mamabasa, Niania, Wamba, Mungbere) outside the
reserve. The Ituri Forest represents one of the largest forest blocks in
Central Africa, however, the area has become a settlement frontier and
human populations are increasing rapidly given the region’s proximity
to more densely populated parts of the DRC and to places experiencing
high levels of conflict, including the neighboring North Kivu province
(Yanggen et al., 2010; Brown, 2010). Migrants to this landscape come in
search of arable land, employment opportunities, regional stability, and
market access. These trends have been especially evident since the
1980’s with the liberalization of mining, two civil wars, and the
reconstruction of the road that forms the Reserve’s eastern boundary
(Dazé and Crawford, 2016; Yanggen et al., 2010). There has also been a
sharp rise in artisanal mining and poaching, some of which is associated
with continued presence of militarized groups (IUCN, 2020). The
Wildlife Conservation Society has been working in the Ituri Region for
decades and now co-manages the Okapi Wildlife Reserve in partnership
with the Congolese government. WCS activities in the region have
focused on zoning, governance, wildlife monitoring, and a host of
community-support initiatives including agroforestry projects such as
the production of shade cacao for export.

1.2.2. The Lac Télé Community Reserve in the Republic of Congo (Lac Télé)

The Lac Télé Community Reserve is located between the Sangha and
Oubangui Rivers in the Republic of Congo. The 4400 km? reserve was
established in 2001 and is composed primarily of wet and seasonally
inundated forest. It hosts the highest known densities of endangered
western lowland gorillas (Rainey et al., 2010) and conserves part of the
world’s largest tropical peatland (Dargie et al., 2017). About 20,000
people live in 27 villages within and around the reserve, located on the
few available raised areas along the shores of rivers to facilitate access
but avoid seasonal flooding. The community reserve (IUCN category VI)
includes zones allowing sustainable use of natural resources by local
communities along with a zone of more strict protection. Most house-
holds are part of the long-established Bomitaba ethnic group, not
considered Indigenous but with rights to traditional community terri-
tories in and around the reserve. In addition to the Bomitaba, there are
also a smaller number of Ba’aka and Bakoulou Indigenous People, along
with recent immigrants to the reserve (Yanggen et al., 2010). Immi-
grants primarily come for access to natural resources, though immi-
gration to the reserve is comparatively low as there are limited
employment opportunities, swamp forests have reduced value for tim-
ber exploitation, and there is limited permanently dry land for agricul-
ture (Ekhassa and Oyo, 2012). In this wet landscape, fishing is one of the
primary livelihood strategies and the source of 91% of the protein
consumed by local communities (Yanggen et al., 2010). Most house-
holds practice small-scale agriculture (the main staple crop is manioc)
along with NTFP collection, hunting, and minor commerce (ibid). Due to
the seasonal flooding of forests and relative absence of roads, the Lac
Télé Reserve is comparatively less affected by deforestation (Ekhassa
and Oyo, 2012). The reserve’s major current management challenges
include declining fish stocks with increased commercial fishing, as well
as wildfire, commercial hunting, and wildlife trafficking (ibid). The WCS
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has been working in collaboration with the government in the region to
assist in ensuring effective law enforcement, improve the well-being of
reserve inhabitants, and support sustainable use and management of
natural resources.

1.2.3. The Nouabalé-Ndoki National Park in the Republic of Congo
(Ndoki)

Located in the north-western Congo Basin, Nouabalé-Ndoki National
Park is a part of the larger Sangha Tri-National Forest Landscape, a
trans-boundary conservation area that encompasses three contiguous
national parks at the intersection of Cameroon, Central African Repub-
lic, and the Republic of Congo (Yanggen et al., 2010). The 4300 km?
Nouabalé-Ndoki National Park was established in 1993. No resource
extraction is permitted within the park (IUCN category II), and logging
concessions, community hunting, and rural development interventions
are located in the extensive forest outside the park’s borders (Yanggen
et al., 2010). Nouabalé-Ndoki National Park is unique in the contiguity
and quality of its humid tropical forest ecosystem. Because of this, and
the very low human population density in the surrounding region, Ndoki
is often considered the most ‘pristine’ contiguous block of rainforest in
the Congo Basin (Poulsen et al., 2010). The park has never been logged,
contains no roads within its borders, and has high levels of animal
biodiversity with little to no human contact, including endangered
species such as western lowland gorillas and chimpanzees (Poulsen
et al., 2010). Most of the landscape around Ndoki is still roadless and
heavily forested, but ongoing expansion of logging roads is making the
park more accessible for elephant poaching and commercial bushmeat
hunting, particularly for antelope and monkeys. Outside of the park,
there are villages to the south along the Sangha River and to the
northeast along the Motaba River. Households in the Ndoki landscape
practice small-scale swidden agriculture of crops like manioc and maize,
but to a lesser extent than households in the Ituri landscape. Ndoki
households engage more in collection of forest resources, including
hunting, fishing, and harvest of non-timber forest products for food,
medicine, and fibers. The principal Indigenous groups in the region are
the Mbendjele and Bangombe groups of the Ba’Aka People (Lewis,
2005), now living primarily in settled communities alongside other
groups that have come to the area in historic waves of immigration from
higher population density regions to the north and east. Upstream along
Sangha River in the Central African Republic, the neighboring Dzanga-
Sangha Protected Areas complex has experienced significant in-
migration over recent decades associated with economic opportunities
from placer diamond mining, commercial forestry, and a settlement
frontier advancing from the north to the south with expanding trans-
portation infrastructure (Mogba and Freudenberger, 1998). In Ndoki,
most recent migrants have come for economic opportunities provided by
logging activities, and by the protected areas themselves, including
work as employees supporting research, wildlife protection, and
tourism. In 2014, the WCS entered a public/private partnership with the
Congolese government to co-manage the protected area and has inves-
ted regionally in community conservation, research and monitoring,
tourism development, and biodiversity protection efforts.

2. Methods
2.1. Data collection

Survey data was collected in three sites by national teams from the
WCS using a survey instrument called the Basic Necessities Survey
(BNS). The BNS is one of WCS’s principal tools for monitoring well-being
and assessing socio-economic trends in communities around protected
areas (Detoeuf et al., 2020). The survey instrument is designed to take
less than half an hour to administer and collects information about
household demographics, access to goods and services, livelihoods, and
use of forest resources (see Table 2 for a detailed description of measures
used in this analysis). Surveys were conducted with an adult household
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member in the local language (Lingala, Swahili, and others) by teams of
WCS technicians. Multiple survey campaigns were conducted in each
site — the largest and most populated site was the Ituri landscape in the
DRC, where 4923 surveys were conducted in 4 rounds (2015, 2017,
2019, and 2021). In the less populated sites in the northern Republic of
Congo, 839 surveys were conducted in 3 rounds around Nouabalé-Ndoki
National Park (2018, 2020, and 2022), and 791 in the communities in
and around Lac Télé Community Reserve (2015, 2018, and 2021).
Within each protected area landscape, WCS first selected a stratified
sample of villages to capture variation in livelihoods, ethnicity, and WCS
activities in the region, and then within the selected villages, teams
visited a random sample of at least 30 households. The BNS protocol
specifies 30 households per village to capture representative means at
the village level while considering the overall resources required for
completing surveys across this geographically extensive landscape
(Lakens, 2022). Campaigns within each landscape included different but
overlapping selections of villages. In instances where the same villages
were visited in repeated rounds, teams attempted to survey the same
households, but replaced these with new households to reach the target
sample size when original households were unable to be reached.’ Since
2017, data has been recorded digitally with KoboToolbox. Survey
methods were reviewed and approved by the Congolese governments
and the WCS Institutional Review Board to ensure compliance with
Congolese and US federal regulations to protect the rights of human
subjects.

2.2. Key variables

The BNS survey instrument included two complementary opportu-
nities to assess engagement with forest resources. The first draws from a
module of questions about the forest resources that a household collects.
The resource harvest questions were not open-ended; regional field
teams developed a standard list of indicator resources for each landscape
to ensure that all households were prompted with the same information
and limit potential bias from differences in respondents’ recall. Lists
contained ~5 items from the following general categories, based on the
teams’ knowledge of commonly collected non-timber forest products:
fuelwood, bushmeat, wrapper leaves (Marantaceae), Gnetum / Eru / wild
greens, polewood, lianas / rattan palm vine (Eremospatha), fish, fruit,
honey, and mushrooms. Households were asked how frequently they
collect each resource type in a given week. Households were not asked to
specify where they collect forest resources (e.g., inside or outside the
PAs); all the indicators could be legally collected in forests nearby.
Distinct but overlapping lists were used in different campaigns; early
years (2015) asked about more types of resources. Strongly seasonal
resources (like fruits, mushrooms, and honey) were dropped from later
years (after 2017) due to concerns that the timing of campaigns would
not consistently align with seasonal availability and affect interpretation
of temporal trends in harvesting. See Appendix Table 1 for an overview
of indicator resources. Although this data in no way captured all the
specific forest resources used by residents of these landscapes, we used
the indicators to glean comparative information about the relative fre-
quencies of forest harvest across different types of households, based on
the sum of resource-trips per week.” Fig. 2 depicts the number of surveys
mentioning each resource type. Fuelwood was the most commonly
harvested resource, but also one of the least specific, so we also ran
robustness checks without fuelwood to make sure results were not
driven solely by this resource.

! This means that the sampling design is biased in a way that will underes-
timate the proportion of very recent immigrants in the subset of villages with
multiple rounds of surveys.

2 Because more than one forest resource could be harvested on a given trip,
this is not exactly the same as asking “how many times do you collect forest
resources per week?”
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The second measure of forest use also focused on extraction but drew
on a different set of questions about the livelihood activities of the
household. Survey respondents could list up to 4 income-generating
livelihood activities, considering all members of the household. This
was a semi-open-ended question, where field technicians coded re-
spondent’s answers into a long menu of options. During analysis, we
further classified these specific livelihoods into major categories
(Table 1). The category of ‘forest-based livelihoods’ included hunting,
fishing, plant collection, and logging work. If households mentioned any
of these among their four livelihood activities, they were considered as
engaging in a forest-based livelihood.

Our key predictor variables were whether a household had recently
arrived in the landscape, and whether the household head (HH) was
Indigenous. The former was produced from a question about the year
that the household head arrived in the community. Because the birth
year of the head or respondent was often recorded as an arrival year in
cases where the household had not migrated, we used a binary indicator
for whether the arrival year was after 2010. We also performed
robustness checks with a 2015 threshold. Our binary Indigenous indi-
cator refers to whether the head of the household identified themselves
as a member of an Indigenous group. In addition to these factors asso-
ciated with longevity in the landscape, we attend to other household
characteristics thought to be correlated with forest use, including mea-
sures of labor availability, gender of household head, stage in household
life cycle, and asset-based wealth. Table 2 describes each variable
included in the analysis.

2.3. Analysis

For each of our study variables (Table 2), we first compared the
means of recently migrated households to other households in the
landscape with bivariate tests, assuming unequal variance. We used
nonparametric rank tests as a robustness check for variables with
skewed distributions, like the frequency of harvesting forest resources.
We summarized livelihood data within each broad category (from
Table 1) to examine which livelihoods were over- or under-represented
among newly arrived households compared to the entire sample. We
then did the same for Indigenous households.

Because many household demographic and livelihood characteristics
differed according to respondents’ migrant or Indigenous status, we
moved to a regression framework to model the effect of being a newly
arrived or Indigenous household on harvest frequency and participation
in forest-based livelihoods, controlling for additional factors that differ
across the groups. We built models with the general structure below:

Frequency of Harvest or Participation in Forest-Based Livelihood =
B1*Household Arrived after 2010 + p2*HH is Indigenous + p3*HH is Female
+ B4*In(Wealth Score) + Ps*HH Age + Pe*Age® + P7*Household Size +
Bs*Dependency Ratio + Po.x* Village Fixed Effects + By.z*Survey Campaign
Fixed Effects.

Models focused on the role of different household characteristics in
predicting forest use, taking temporal and spatial variation into account.
We used tobit models for the harvest frequency outcome because it was
strongly left-censored at O (i.e., many households never harvested forest
resources). We used both logistic models and linear probability models
for the binary outcome of participation in a forest-based livelihood.® All
models used robust standard errors. We included fixed effects for each
village within the wider landscapes, as well as fixed effects for each
separate survey campaign. These helped to account for the fact that
surveys were not always administered in the same villages in each

3 The logistic model excludes two villages (Djoubé and Gbagbali) in Ndoki
because they predict success perfectly (i.e., all surveyed households participate
in a forest-based livelihood) and two villages (Brazza and Teturi) in Ituri
because they predict failure perfectly (i.e., no surveyed households participate
in a forest-based livelihood).
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and bushmeat was the least common of the consistently repeated indicators. Note that some resources (indicated with a star) weren’t asked about in every campaign.

Table 1
Livelihood Categories with Member Elements.
Forest-Based Agriculture Salaried Hourly A Trade
Employment Employment or a Craft
Hunting Agriculture Employee Hourly wage work Alcohol brewer
Fishing Livestock rearing Teacher Church work* Artisan
Collecting forest products Subsistence farming Official House cleaning Tailor
Timber harvesting Market gardening Nurse Carpenter
Trade in fish and bushmeat Police Mechanic
Charcoal making Military Mason
Baker
Mining Transportation Commerce Unemployed Hairdresser
Mining Boat driver Shop owner No work Blacksmith
Driver Local businessman Retired Electrician
Moto-taxi driver Student Painter
Porter

Activities are arranged within each category in descending order of frequency.

" Church work includes a variety of paid and unpaid activities and can be more associated with social standing than financial gain; we list it with other low-

compensation work though it isn’t hourly, per se.

successive round, and there was substantial variation in resource use
and livelihood activities between villages. It also ameliorated issues with
forest resource indicator lists containing somewhat different members in
earlier and later years; hence we control for different years but do not
interpret year coefficients as time-trends. Robustness checks included
using landscape-level fixed effects (with standard errors clustered by
village) rather than village-level fixed effects, and separately examining
particular forest resources and livelihoods. Firewood and bushmeat
were the only forest resources that were asked about in every round and
landscape. Since they are procured and used in very different ways, we
built more specific models predicting collection of firewood, collection
of every indicator other than firewood, and collection of bushmeat.
Hunting was one of the most common forest-based livelihoods, was
consistently reported across campaigns, and is of particular interest for

wildlife conservation, so we examined this separately as well. Finally,
we built models for each landscape separately, to assess how relation-
ships varied across sites.

3. Results
3.1. Descriptive differences in recent migrant households

Overall, migration rates in our sample were relatively high; of the
6553 surveys from all three sites, 18.4% (1208) reported an arrival year
of 2010 or later, and 7.5% (493) reported arrivals since 2015. Average
characteristics of recently arrived households and longer-established
households differed along many of the variables that we measured.
Table 3 summarizes results of bivariate tests for differences between the
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Overview of Variables Included in Analysis.

Variable

How Measured

Newly arrived households

Ethnicity of household head

Arrival year was simplified into a binary variable indicating whether households arrived in the community after 2010. Surveys collected a
continuous ‘year of arrival in the community’, but this was registered as a birth year for households that had not migrated, so we used a recent
threshold to confidently distinguish newly arrived households.

This was collected as a categorical variable but simplified into a binary indicator of Indigenous and non-Indigenous households. Indigenous
groups in these three landscapes include Ba’Aka, Bakoulou, Mbuti, and Efe peoples and non-Indigenous groups include a variety of Bantu and

Sudanic-speaking ethnicities.
Gender of household head
household.
Age of household head

The gender of the respondent-identified head of household. Males are typically heads except in cases where male heads have died or left the

We use the age of the head of household as an indicator of the household’s life-stage. We include age-squared in regressions to account for

non-linear effects of age when household heads become elderly.

Household size

Measured as the number of people living in a household, where household is defined as ‘those who eat around the same fire’. Household size

was used in combination with dependency ratio as an indicator of labor availability, mobility, and resource demand.

Dependency ratio
Wealth index

Calculated as the number of household members who are under 15 and over 65 years of age, divided by the total household size.
A household wealth score was generated from the sum of the goods that a household owned from a fixed list of assets, weighted by the

quantity and price of each item, and indexed to 2015 USD. We used the natural-log transformed wealth index in analyses to handle its right-

skewed distribution.
Natural resource collection

Households reported their weekly frequency of collecting each of a fixed list of general types of forest resources commonly harvested in each

landscape. Listed resources included things like firewood, bushmeat, wrapper-leaves, wild greens, poles, and lianas (see Appendix Table 1).
We use the total number of resource-trips per week, summed across these indicators.

Household practices a forest-based

Respondents could list up to four income-generating livelihoods from all members of the household. See Table 1 for all livelihoods mentioned.

livelihood We created a binary indicator for whether any of a household’s livelihoods were forest-based (includes hunting, fishing, and collection of
forest products).
Table 3
Differences Between Recent Migrant and Longer Established Households.
Tturi Lac Télé Ndoki
Migrant Estab. Diff. Migrant Estab. Diff. Migrant Estab. Diff.
NR Collection Trips 6.5 8.6 8.0 10.6 3.9 7.0
Practices a Forest-based Livelihood 15% 35% 91% 84% 6% 48% 75%
Age of Household Head 40.5 45.5 —5.0%** 45.4 49.5 —4.0 39.7 45.3
Household Size 5.3 5.4 —0.097 6.8 6.67 0.11 5.2 5.7
Dependency Ratio 0.40 0.43 —0.02* 0.42 0.44 —0.02 0.41 0.45
Household Head is Female 26% 24% 2% 42% 35% 7% 17% 14% 3%
Household Head is Indigenous 3% 17% —14.0%*** 5% 13% —7.7%** 15% 38% —22.7%***
Wealth Score 5.3 5.0 0.3%** 6.5 6.8 —0.3* 7.3 6.8 0.5%**
Sample Size 831 4052 74 717 290 549

Statistical significance based on two-side tests for difference in means with unequal variance.

*:p < 0.05, **: p < 0.01, ***: p < 0.001.

two groups. While most households in each of these forested landscapes
collected at least one of the indicator resources at least once a week,
forest product collection frequencies were lower by about 2 to 3
resource-trips per week for migrants in all three landscapes. The largest
difference was in Ndoki, where on average, migrant households collect
forest resources about half as often as longer-established households.
Similarly, a lower proportion of migrant households reported forest-
based livelihoods, with differences of 20 to 25 percentage points in
Ituri and Nkoki. Lac Télé was the exception. There, fishing is the
dominant livelihood and there were no significant differences in
participation in this livelihood between recently arrived and longer-
established households.

Newly arrived and longer-established households differed in several
other ways besides their direct engagement with forest resources
(Table 3). Newly arrived households tended to be younger and have
fewer dependents. Wealth scores were significantly different between
newly arrived and longer-established households, but these differences
weren’t uniform in direction. New immigrants have higher wealth
scores in Ituri and Ndoki and lower scores in Lac Télé.

In bivariate tests comparing Indigenous respondents to non-
Indigenous respondents, Indigenous respondents harvested forested re-
sources significantly more frequently, were more likely to practice
forest-based livelihoods, and tended to have lower wealth scores (Ap-
pendix Table 2).

For a finer-scale descriptive comparison of livelihood activities
across groups with different migrant and Indigenous status, the relative
proportions of migrant or Indigenous households participating in each

livelihood category is summarized in Fig. 3. Overall, migrants were
overrepresented in livelihoods that require higher education (e.g.,
nurses and teachers). Meanwhile, they were under-represented in forest-
based livelihoods. In contrast, Indigenous Peoples were strongly over-
represented in forest-based livelihoods and lower-compensation hour-
ly labor, while under-represented in mining, transportation, and
commerce-based livelihoods.

3.2. Modeling predictors of harvesting forest resources

The signal of lower direct forest use among recent migrant house-
holds and higher use among Indigenous households remained consistent
when controlling for covarying differences across households and vil-
lages (Tables 4 and 5). Newly arrived households took approximately
one less resource-trip per week.” This effect was twice as large when the
model did not include fixed effects for each village, indicating that there
was substantial spatial clustering within landscapes in both the locations
of new immigrants and locations of heavier forest resource use. The
depressing effect of being a new immigrant was weaker (but still sig-
nificant) when firewood was the only resource considered. Meanwhile
the effect was stronger for non-firewood resources, including bushmeat
(Table 4). Households with Indigenous heads made over 4 more
resource trips per week, and these tended to be for forest resources other

4 Robustness checks using a 2015 rather than a 2010 threshold performed
very similarly, but with a slightly larger effect size for recent immigrants.
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Fig. 3. Comparison of the relative frequency of participation in different livelihood categories between migrant and non-migrant households (top) and Indigenous
and non-Indigenous respondents (bottom). The red lines indicate the overall proportion of migrant or Indigenous households in the sample. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

than firewood. Patterns in forest-based livelihoods (Table 5) were
similar to patterns in resource harvest frequency (Table 4); migrants had
a lower probability of participating in forest-based livelihoods (about
half as likely) while Indigenous households had a much higher proba-
bility (over 14 times more likely). Effects were significant across all
model specifications and were largest without village-level controls,
again indicating spatial concentrations in forest-based livelihoods.
Other factors beyond migrant status were also important predictors
of forest resource harvest. The village in which a household was located
was one of the strongest. Coefficients for individual villages are not
shown (there are over 70 villages represented in this data), but effects
were often large and significant (e.g., participating in forest-based
livelihoods was over 20 times as likely in some villages, and some vil-
lages predicted participation in forest-based livelihoods perfectly).

Controlling for these village effects, at the household level, the age and
gender of the head of household were associated with influences similar
in magnitude to that of migrant status. Households with older heads
harvested more frequently until this slowed and reversed as heads
became elderly. A change of one standard deviation in the age of a
household head corresponded to a change in approximately 1 resource-
trip per week. On average, female-headed households harvested about 1
resource-trip per week less than male-headed households (though this
varied with landscape, see section 3.3) and were only 0.2 times as likely
to participate in forest-based livelihoods. Forest harvest increased with
household size; an increase of one standard deviation in household size
corresponded to an additional 0.6 resource-trips per week. The ratio of
dependents to adults did not impact the forest harvest measures used
here. Wealth was a consistent negative predictor of forest use, though
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Table 4
Forest Resource Harvest Frequency Regression Models.
Firewood Non-Firewood Resources Bushmeat
Village Controls No Vill. Controls Only Only
Recent Immigrant * —0.77%%*

HH is Indigenous *
HH is Female *
Ln(WealthScore) °
HH Age ©

HH Age Squared
Household Size ©
Dependency Ratio ©
Village Controls

No - only landscape

1.
-1.0
0.1'
0.1
—0.4
—0.1%
0.0
Yes
Yes
0.6
0.19
6491

6490 6491

Year Effects Yes
Mean of Outcome Var. 8.2
Adj. R? 0.06
Sample Size 6491 6491
fp<o0.10

" p<0.05

" p<o0.01

" p <0.001

Tobit regressions take into account the outcome censored at 0.

# Coefficients represent the difference in weekly resource-trips associated with this category, compared to other households.
b Coefficients can be interpreted as the change in weekly resource-trips associated with a 1% increase in wealth score.
¢ Coefficients expressed in terms of change in weekly resource-trips associated with a change of 1 std. deviation in the predictor.

Table 5
Forest-based Livelihood Regression Models.

Participating in any forest-based livelihood

Hunting, specifically

Logit Model *

LP Model

No Village Controls

Recent Immigrant ”
HH is Indigenous "
HH is Female "
Ln(WealthScore) ©
HH Age ¢

HH Age Squared ¢
Household Size ¢
Dependency Ratio ¢
Village Controls
Year Effects

Mean of Outcome

—0.004

No - only landscape
Yes

0.43

0.34

6491

Adj. R? 0.39)
Sample Size 6202
fp<o0.10
" p<0.05
" p<o0.01
™ p<0.01

a

Coefficients of the logit model are expressed as odds-ratios - a change in the predictor means the household is X times as likely to participate in that livelihood.

Coefficients >1.0 mean more likely and < 1.0 mean less likely. Coefficients for the other three linear probability models are changes in the probability of participating

in that livelihood.

Y Coefficients represent the difference associated with this category, compared to other households.
¢ Coefficients can be interpreted as the change associated with a 1% increase in wealth score.
4 Coefficients for are expressed in terms of a change of 1 standard deviation in the predictor.

Table 6
Descriptive Statistics for Each Landscape.
Tturi Lac Télé Ndoki

Arrived since 2010 17.1% 9.4% 34.6%
Arrived since 2015 6.0% 4.7% 19.3%
Indigenous 15.1% 12.4% 30.0%
Avg. resource-trips per week 8.2 10.4 6.0
Participate in forest-based livelihoods 31.9% 84.7% 65.8%
Sample size 4923 791 839

more so for resource harvest than forest-based livelihoods. A 10% in-
crease in a household’s wealth score corresponded to 3 fewer resource-
trips per week. As with other factors, the impact of wealth was stronger
in models that did not account for village-level variation. Negative

wealth effects were also concentrated in forest resources that were
neither firewood nor bushmeat (e.g., palm leaves, lianas, polewood,
etc.). In fact, wealth was a weakly positive predictor of bushmeat harvest
frequency.

3.3. Variation across landscapes

We now turn to the question of how sensitive the overall trends were
to particular landscape contexts. The frequency of recent immigrants
varied strongly across landscapes, with substantially lower rates in Lac
Télé and higher rates in Ndoki (Table 6). The proportion of the popu-
lation in Ndoki that was Indigenous was also about twice as large
compared to the other two sites. Collection of indicator forest resources
was high across landscapes, highest in Lac Télé and lowest in Ndoki,
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Predictive Models for Each Landscape.
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Forest Resource Harvest Frequency
(Tobit Models %)

Participation in Forest-Based Livelihoods (Logistic Models ")

Tturi Lac Télé Ndoki Tturi Lac Télé Ndoki
Arrived after 2010 © -1.3 -0.6 1.6 0.
HH is Indigenous ¢ 4.7 7.7 3.0% 7.
HH is Female © —1.0" 1.5% 0.2%%* 0.5%*
Ln(WealthScore) ¢ ~0.6* ~0.4* 0.8 0.8
HH Age © 0.01 0.6 0.5 2.0
HH Age Squared © -0.5 -0.5 1.6 0.4
Household Size © 1.1%%* 1.2%%* 1.4%* 1.2
Dependency Ratio © 0.2 0.03 1.1 1.1
Village Controls Yes Yes Yes Yes
Year Controls Yes Yes Yes Yes
Pseudo R? 0.05 0.13 0.24 0.24
# Left-Censored Obs. 60 229
Sample Size 791 839 4682 " 791 729"
p<0.10
" p<0.05
" p<0.01
" p < 0.001.

@ Coefficients of the tobit regressions are expressed as changes in the weekly harvest frequency associated with a change in the predictor variables. Tobit regressions
take into account the outcome censored at O - i.e., households that did not collect these resources at all.
b Coefficients of the logistic models are expressed as odds-ratios - a change in the predictor means the household is X times as likely to participate in that livelihood.

Coefficients >1.0 mean more likely and < 1.0 mean less likely.

¢ Coefficients represent the difference associated with this category, compared to other households.

4 Coefficients can be interpreted as the change associated with a 1% increase in wealth score.

¢ Coefficients for are expressed in terms of a change of 1 standard deviation in the predictor.

f Sample sizes are smaller because 2 villages in Ituri predict failure perfectly and 2 villages in Ndoki predict success perfectly.

bearing in mind that the lists of indicator resources varied from one
landscape to the next. Perhaps more tellingly, 73% of Ndoki surveys
reported collection of at least one of the indicator resources, compared
to 88% in Ituri and 92% in Lac Télé. On average, participation in forest-
based livelihoods was substantially lower in Ituri, where agricultural
livelihoods were more prevalent, and higher in Lac Télé, where fishing
was the dominant forest-based livelihood.

In general, newly arrived households took approximately one less
resource-trip per week (between 0.6 and 1.3, depending on the land-
scape) and the difference was most significant in Ituri where the sample
size was largest (Table 7). Newly arrived households were about half as
likely to have a member that practiced a forest-based livelihood in Ituri
and Ndoki, but migrant status was not a significant predictor of prac-
ticing a forest-based livelihood in Lac Télé, where almost all households
fished. Having an Indigenous household head was a strong positive
predictor of harvest frequency and forest-based livelihoods in all
landscapes.

‘Village’ was a stronger predictor of forest harvest frequency in Ituri
and Ndoki and a weaker predictor in Lac Télé, where villages were all
located along or inside the reserve. Wealth was a consistent negative
predictor of forest extraction across outcomes and landscapes, though
the relationship was only weakly significant in landscapes with smaller
sample sizes (Table 7). Being a female-headed household had a generally
negative effect except for resource harvest frequency in Ndoki, where it
was instead a significant positive predictor. Household size generally
had a significant and positive effect on harvest frequency and increased
the chance of having a household member that participates in a forest-
based livelihood. The effects of the age of the head of household were
less consistent - most of the overall impacts on resource harvest are
concentrated in Ituri. Age effects in Lac Télé and Ndoki are not
significant.

10

4. Discussion
4.1. Characteristics of recent migrants

Average characteristics of recent migrants in these sites differ
significantly from longer-established households along several di-
mensions. Recently arrived households are generally younger,
wealthier, have fewer dependents, and are more likely to have sources of
off-farm income. The finding that migrant households tend to have
younger heads concurs with established migration theory positing that
propensities to migrate are highest when people are initially setting up
households and mobility is easier (Jasso, 2003). Age of the household
head, household size, and dependency ratio were all identified as de-
terminants of recent rural migration in Tanzania (Duda et al., 2018).
Youths often out-migrate because they will not inherit family land
(Yeboah et al., 2019). The finding that migrant households tend to be
wealthier than longer-established households is more surprising. If
people migrate to forested areas seeking refuge from conflict or eco-
nomic insecurity elsewhere, or if their claims to land resources are
newest and least secure, the expectation is that new migrants would be
more vulnerable than longer-established households (e.g., Naughton-
Treves, 1997). Sampling bias is a potential issue here, as more desperate
migration situations are less likely to be captured representatively in a
household survey campaign. For example, young men moving to a re-
gion like Ituri to mine or extract natural resources (potentially illegally)
are often less well off (Maclin et al., 2017). On the other hand, migration
has long been theorized as a positively selected process, whereby those
who move tend to be the ones with the financial, social, or cultural re-
sources to do so, while relatively less privileged counterparts remain
stuck (Ravenstein, 1885). Further, because forested landscapes tend to
be more remote, households that arrive from elsewhere may tend to
have higher material wealth relative to the receiving region. The recent
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immigrants captured in our sample are over-represented in salaried jobs,
business and commerce, and occupations that require technical skills
and higher education. This is consistent with recent empirical studies
reporting an increased propensity for migration among households with
a higher education level, while households involved in the agricultural
sector and those with subsistence-based livelihoods are less likely to
migrate (Flahaux and De Haas, 2016; Duda et al., 2018).

4.2. Predictors of forest harvest

Although newly arrived households may have more wealth and
household labor availability, on average, the additional assets and labor
are not invested in additional forest resource collection. Migrant
households are less likely to be engaged with forest resources compared
to longer-established households, at least with respect to the indicators
in this study. The strength of the negative effect of migrant status varied
with the type of forest resource: it was weaker for firewood - a daily
necessity that can be harvested from many different sources, and
stronger for resources like bushmeat that require more specialized
knowledge to find and collect.

Many of the characteristics that differ between migrant and longer-
established households are themselves important predictors of forest
harvest and livelihoods. This means that recent immigrants might have
different patterns of forest extraction because of their “newness” in the
landscape (i.e., through effects mediated by knowledge and access to
resources) but they also might have different patterns simply because
they tend to be younger or wealthier, etc. In models controlling for other
characteristics affecting forest harvest, migrant status remains a signif-
icant predictor but is not the strongest determinant of forest use. Fore-
most, both harvest frequency and forest-based livelihoods vary spatially
within landscapes and are concentrated in certain regions and villages.
This could correspond to uneven patterns in distribution of forest re-
sources, uneven patterns in availability of other sources of income and
substitute products, or uneven distribution of any other factor affecting
resource extraction.

Among household-level factors, whether a household head was
Indigenous was associated with the largest and most consistent effects.
Indigenous-headed households harvest forest resources much more
frequently and are overwhelmingly more likely to practice a forest-
based livelihood compared to other households in the landscape. The
average differences in forest relations between Indigenous and non-
Indigenous groups in these sites is also underestimated in this study
due to the limited way that we measured forest use - either according to
a few of the most common general types of resources or based on a
narrow concept of livelihood as something that generates income. We
don’t capture flora and fauna that are harvested sporadically for me-
dicinal or other purposes, nor any interactions with the forest that are
not harvest-based (spiritual, cultural, etc.). Moreover, the Indigenous
groups in our study are the descendants of peoples who lived in these
forests prior to the advent of agriculture and their culture continues to
be strongly entwined with the forest (Boyette et al., 2022). Studies from
very different parts of the world also report strong associations between
indigeneity and forest use (Coulibaly-Lingani et al., 2009; Torres et al.,
2018; Nguyen et al., 2019).

Wealth is also an important confounding variable - migrant status
loses some of its significance when controlling for the fact that recent
immigrants tend to be wealthier. As expected, wealthier households
were less likely to engage in forest-based livelihoods and harvested
NTFPs less frequently. However, there were particular resources, like
bushmeat, where this was not true. Because of the potential impact on
wildlife populations, bushmeat is a category of forest-based resource
with considerable dedicated investigation, and several other studies
have reported nuanced relationships between wealth and use of bush-
meat (e.g., Bakkegaard et al., 2017; Brashares et al., 2011; Foerster et al.,
2012).

Having a female head affected forest harvest roughly as much as
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being a new migrant. While we observe a signal that female-headed
households are less likely to participate in forest-based livelihoods and
generally harvest less frequently, this is likely sensitive to which re-
sources are chosen as indicators. Harvest of forest resources in Sub-
Saharan Africa is often gendered, and highly specific to particular
kinds of resources (Angelsen et al., 2014; Timko et al., 2010). Further-
more, our surveys allow us to distinguish forest resource use trends for
female-headed households, but not for women in general. Signals
associated with female-headed households may result as much from
labor or shock effects (i.e., from a recent death or separation) as from
gender differences in resource use.

Other factors associated with household composition and lifecycle
stage were sometimes important. As expected, more household members
tend to increase the chance that someone in the house participates in a
forest-based livelihood and the frequency with which resources are
gathered, though this does not hold for bushmeat or hunting. Mean-
while, the ratio of dependents to prime-aged adults was never a signif-
icant predictor. This is somewhat surprising given the effect on labor
availability in a household but could be partially due to the fact that the
age of household head covaries with dependency ratio and partially to
the fact that children and elderly household members are also involved
in harvest of NTFPs.

It is worth considering whether recent immigrants represent a
different “type” of household, with respect to their engagement with
forests, or if they are simply households at an earlier stage of the process
of forming ties to the forest landscape. Ecological knowledge, cultural
value, and customary access rights are all lowest when households are
freshly arrived in a new location, so we might expect the difference
between recent immigrants and longer-established households to “wear
off” over time. Differences in forest use between Indigenous households
and non-Indigenous households are extremely marked, even when non-
Indigenous households have lived their whole lives in the communities,
and even when controlling for the wealth differences that accompany
ethnic discrimination. This speaks to a cultural transmission of forest-
based lifeways that doesn’t simply accrete over time by virtue of a
household spending more time in the landscape. Many have expressed
concern that knowledge of forest-based lifeways is eroding everywhere,
including among successive generations of Indigenous Peoples, as a
result of broader social changes (e.g., Laird et al., 2011; Parrotta et al.,
2016). What we measure in this study is the fact that a distancing from
forest-based livelihoods and less incorporation of forest-products into
daily life is not solely a function of changes among the population in situ,
but also a function of flows of new people into the landscape.

4.3. Different patterns across landscapes

Although the three sites in our study are all located within forested
regions of the Congo Basin, migration rates and forest harvest measures
varied substantially between sites. Forest resource dependence was
highest in Lac Télé, absolute number of migrants was highest in Ituri,
and the relative rate of migration was highest in Ndoki. The cases of
Ndoki and Lac Télé provide an interesting comparison, since they are
essentially neighbors in the northeastern Congo. In the Ndoki landscape,
the majority of those moving to the surveyed communities are coming
specifically for salaried opportunities associated with the National Park
and logging companies. Given the very low existing population density,
employment rates are actually quite high and provide an alternative to
agricultural and NTFP-based livelihoods. WCS employs up to 80% of
households in some of the communities. The aberrant signal of greater
frequency of harvest of NTFPs among female-headed households here
may be because women are less likely to be employed by the park and
logging companies, so are more likely to rely on forest resources.

Our data does not specify where households are newly arrived from.
In Ndoki, many people have moved to the villages where employment
programs are headquartered from neighboring villages within the same
region. This could partially account for the higher rate of ‘recent
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immigrants’ there, but it represents a process of local sorting that differs
from inter-regional migration. It is also worth noting that even though
newly arrived households in Ndoki are less likely to participate in forest-
(extraction)-based livelihoods, those working as park rangers or sup-
porting research and tourism still have livelihoods based on the presence
of the forest. In the Lac Télé Community Reserve, forest use rates are
higher in general, migration rates are lower, and migrants are not as
different from longer-established households in terms of wealth and
forest use. In Lac Télé, there is less research and tourism infrastructure,
far fewer opportunities for PA-based employment compared to Ndoki
National Park, and agricultural options are more limited in the swampy
landscape compared to a site like Ituri; thus, fishing and extraction of
other forest resources are the primary livelihood options available for
migrants and non-migrants alike. In Ituri, while there are some oppor-
tunities for PA-based employment in a few of the villages, these do not
make up a significant fraction of the employment opportunities in the
landscape. Many of the professional and commerce-associated jobs are
held by recent immigrants, including traders and businesspeople that
have left less stable regions nearby.

Zommers and MacDonald (2012) outline models describing different
mechanisms behind migration to protected forests. There is an “attrac-
tion” model, in which people settle near protected areas specifically
because conservation efforts provide economic, social benefits, and
infrastructure for surrounding communities. This is contrasted with a
“frontier engulfment” model, in which people settle near forests because
of logging opportunities, which is subsequently followed by land con-
version for agricultural purposes, ultimately leaving only protected
forest remaining. In this study, the Ndoki case most closely approxi-
mates the attraction model, with people moving closer to protected
areas to take advantage of the economic benefits that can be associated
with parks, which in this case are employment benefits more than in-
come from forest resources. At the same time, Ndoki fits early stages of
the “frontier engulfment” model as other migrant streams are turning
informal logging camps into more permanent villages in remote areas.
The Lac Télé case also fits the “frontier” scenario, where some re-
spondents migrated to the area because fish stocks are more plentiful in
the more remote wetland complex than closer to major markets. Our
measured immigration rates to Lac Télé were lower, but importantly,
many who come to fish or extract resources commercially may not set up
residence in the region and thus will not be captured in the sample.
Finally, although still highly forested, Ituri is most aligned with a fron-
tier engulfment model where much of the migration to the region is
associated with the search for access to agricultural land and mining
opportunities, in addition to fleeing conflict, as opposed to seeking
benefits from forest extraction or park-based opportunities per se. Some
of the clearest examples of frontier engulfment come from PAs in more
densely populated landscapes in and around Africa’s rift valley just to
the east of Ituri (Mulley and Unruh, 2004; Zommers and MacDonald,
2012).

4.4. Implications

The impacts of human migration on forests extend well beyond dif-
ferences in the propensity of recently immigrated residents to extract
forest products. Migrants attracted to forested sites for employment or
other benefits can also have a secondary effect of clearing land around
forests for agriculture (Jones et al., 2018). Additionally, households that
earn income in other ways and then purchase bushmeat or forest-based
building materials in markets are ‘using’ forest resources just as much as
the person who directly collects them (Tieguhong and Zwolinski, 2009).
In regions like Ituri, migrants clear a large amount of land for agricul-
ture, and even when migration is concentrated in urban centers the
increased urban demand increases commercial harvest in the region.
Those extracting resources for commercial sale in these sites are not
necessarily local residents, and hence won’t be captured even among the
newly arrived group. Just a few commercial hunters or loggers can have
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a large impact on sensitive species, even if most households do not
harvest them directly (Coomes et al., 2004). For these reasons, it is
important not to assume that the trends described here lead to reduced
pressure on natural resources.

It is important to understand who relies on forests, and how, in order
to craft fair and effective forest policy. It is also important to keep in
mind that forest-proximate communities may be changing. Migration is
predicted to increase in response to climate change and environmental
shocks, particularly towards areas with available land and natural re-
sources (Morrissey, 2014; Duda et al., 2018). Better understanding the
ways that new households influence forest-proximate communities can
inform natural resource management. To the extent that direct
engagement with forest resources increases value for richly diverse
forests, less use of forests by local residents could heighten ambivalence
about what happens to forested land unless engagement with forests
continues in other forms. In places where rights are contested and
communities that share forested land are in flux, it is important to be
aware of trends in which forest extraction is becoming concentrated
within specific groups while opportunities for alternative income sour-
ces are concentrated among others. This has implications both for
identification of the relevant stakeholders in forest resource manage-
ment and for the design of any projects aiming to boost local incomes.
Organizations working to support conservation and livelihoods often
wish to ensure that local rights holders are fundamental beneficiaries of
conservation. In situations where there are large flows of new immi-
grants and immigrants are less interested in extracting forest products,
policies that strictly regulate forest harvest to protect sensitive species
may become less of a source of friction with neighboring residents. On
the other hand, such policies could aggravate rifts between longer-
established and newer residents if longer-established and Indigenous
households are among those whose livelihoods would be most affected
by restrictions. Preserving local and Indigenous access to forest re-
sources is a priority for many conservation organizations, and Indige-
nous rights to land can facilitate conservation of forest communities and
Indigenous culture in the face of migration pressure (Ricketts et al.,
2010; Blackman et al., 2017). Future research should focus on the ways
that different streams of immigrants may impact forest governance.

In summary, migration to forested landscapes will likely increase as
agricultural land becomes less available elsewhere and newly arrived
households will influence receiving communities. We find that recent
immigrants differ from longer-established residents in both the ways
they harvest forest resources and in the livelihood activities they pursue.
They also differ in characteristics such as wealth and age, factors that
themselves influence propensity to harvest forest resources. Households
belonging to an Indigenous group tended to have patterns of livelihoods
and forest harvest that were inverse to those of new migrants. There
were differences across sites within the Congo Basin, with some
attracting wealthier and more educated migrants into the non-extractive
sector while others had limited economic opportunities outside of forest-
based extraction. Findings from this study suggest ways migration may
change human communities living within these forests and should help
to inform forest management and conservation strategies.
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Table Al
Indicator Natural Resources.
Indicator Description Tturi Lac Télé Ndoki
Resource
Firewood Dead wood from many species used as fuel for cooking. 2015, 2015, 2018, 2018, 2020,
2017, 2022 2022
2019, 2021
Bushmeat Wild animals hunted for food; many species including ungulates, primates, and rodents 2015, 2015, 2018, 2018, 2020,
2017, 2022 2022
2019, 2021
Fish Many species; used for food. X 2015, 2018, X
2022
Marantaceae A plant family whose leaves are used as wrappers for cooking, roofing, and basket weaving. 2015, 2018, 2022 2018, 2020,
2017, 2022
2019, 2021
Lianas Vines, including Eremospatha rattan palm vines, used for weaving and as a construction material. 2015, 2015 2018, 2020,
2017, 2022
2019, 2021
Gnetum / Eru A vine with leaves that are consumed as forest greens in soups and stews and are also used for medicinal X 2015, 2018, 2018, 2020,
purposes. 2022 2022
Polewood Small trees harvested for construction material. 2015, X X
2017,
2019, 2021
Honey Seasonally collected from wild hives. 2015 2015 X
Fruit Many species; seasonally collected for food. X 2015 X
Mushrooms Many species; seasonally collected for food. 2015 X X
Table A2
Descriptive Differences between Indigenous and Non-Indigenous Households.
Tturi Lac Télé Ndoki
Indig. Non- Diff. Indig. Non- Diff. Indig. Non- Diff.
Indig. Indig. Indig.
Natural Resource Collection Trips 12.1 7.5 15.8 9.6 6.27%%* 11.5 3.6
Practices a Forest-based Livelihood 79% 23% 95% 83% 12%%** 92% 55%
Age of Household Head 42.5 45.1 49.9 49.0 0.9 43.0 43.6
Household Size 4.2 5.6 6.2 6.8 —0.6* 5.3 5.6
Dependency Ratio 0.35 0.44 0.4 0.5 —0.1%* 0.4 0.5
Household Head is Female 16% 26% 34% 36% -3% 17% 14%
Household Arrived After 2010 4% 19% 4% 10% —6%** 17% 42% —24%***
Wealth Score 4.1 5.3 5.4 6.9 —1.6%** 5.8 7.5 -1.8
Sample Size 741 4182 98 639 252 587

Statistical significance based on two-side tests for difference in means with unequal variance.

*:p < 0.05, **: p < 0.01, ***: p < 0.001.
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