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ABSTRACT. Food insecurity and malnutrition can be major, yet often overlooked, consequences of armed conflicts because of the
disruption of rural-urban trade networks and human migration toward safe urban centers. Bushmeat has been shown to act as an
important safety net for conflict-affected urban populations, contributing the provisioning of basic needs and postconflict peace building
efforts. However, the widely documented unsustainability of bushmeat hunting questions whether reliance of an urban population on
bushmeat can be sustained for prolonged periods. To assess the potential contribution of bushmeat to sustainable food systems and
peace building processes in a postconflict setting in the Democratic Republic of Congo, we use bushmeat trade data from the Kisangani
market collected during three annual surveys in 2002, 2008/2009, and 2015/2016. Overall, we found a decreasing supply of bushmeat
that, combined with an increasing human population size, limited the contribution of bushmeat to food security. Although bushmeat
was the cheapest source of animal protein available in 2002, substitutes became more affordable over time, thereby reducing the need
for bushmeat, especially among the urban poor. Finally, assessing the sustainability of bushmeat supply showed an ambiguous pattern
depending on the indicator used, which may have been influenced by changes in the geographical trade routes, possibly mediating
negative effects of local resource depletion on urban bushmeat supplies. This study provides insights into the contribution and the
sustainability of bushmeat to urban postconflict food security. At the same time we also highlight the need for improved understanding
of temporal supply/trade trajectories and especially the interaction between the sustainability of bushmeat harvest and the availability
of affordable substitutes for ensuring sustainable food systems in support of peace building processes.
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INTRODUCTION

Food insecurity and malnutrition can be major, yet often
overlooked, consequences of armed conflicts (Sogge 1994,
Ramirez-Gomez et al. 2015, Taylor et al. 2015). Conflicts limit
access to productive land in rural areas (Dudley et al. 2002, de
Merode et al. 2004, Brncic et al. 2010, Lynch et al. 2013, Baptiste
et al. 2017) and discourage farming and livestock production
through direct attacks, terror, enslavement, forced recruitment,
or land-mining. This results in long-lasting negative effects on
food production and other economic activities (Cohen and
Pinstrip-andersen 1999, Beall and Goodfelow 2014). Armed
conflicts often trigger a rapid urban population growth because
of the inflow of displaced rural populations creating challenges
for the provisioning of basic needs such as health, food, and water
supply (Kapagama and Waterhouse 2009, Maconachieetal. 2012,
Lynch et al. 2013). Urban areas are also affected by the lack of
free and safe movement of goods and people between rural and
urban settings (Takamura 2015) disrupting preconflict trade
networks and affecting food availability and price (Raleigh et al.
2015).

In conflict areas from central Africa, investment in agriculture
and livestock production was limited, importation of food was
minimal, and locally harvested bushmeat therefore played a major
role in sustaining some level of food security as observed in
Central African Republic (Fargeot 2010) and in Democratic
Republic of Congo (de Merode and Cowlishaw 2006, van Vliet
et al. 2012, Nackoney et al. 2014). Indeed, bushmeat is an easily
available, affordable, and nutritious wild food (van Vliet et al.
2017) and can act as a safety net during periods of shortage or
shock (Brown 2003, de Merode et al. 2004, Schulte-Herbriiggen

et al. 2013) However, evidence of unsustainable hunting
(Abernethy et al. 2016, Fa et al. 2016, Ripple et al. 2016) suggests
acontinued reliance on bushmeat in postconflict urban areas may
not be sustainable, and hence endanger long-term food security
and negatively affect human health through disease spillovers
(Kurpiers et al. 2016), causing another burden for impoverished
urban populations.

Because access to sufficient, nutritious, and healthy food for urban
populations is a critical peace-building component to prevent new
sources of postwar violence (Crush and Frayne 2011, Beall and
Goodfelow 2014, Buhuag et al. 2015), serious investments to
develop sustainable food systems are needed, either by supporting
the recovery of the preconflict situation or by shaping new food
systems able to meet the new patterns of demand. In Central
African cities that have long depended on bushmeat as a
predominant source of animal protein, postconflict reconfigurations
should allow for a more diversified, safe, and sustainable food
system, where other alternative sources of meat are made readily
available and affordable for the poor.

In this paper we assess changes in the supply of bushmeat and
other alternative proteins in a postconflict setting, using data from
three annual surveys between 2002 and 2016. We assess the
following: (1) changes in the supply of bushmeat; (2) trends in the
affordability of bushmeat in comparison to alternative sources of
animal protein; and (3) indicators of the sustainability of
bushmeat supply. We wuse our results to infer policy
recommendations for the management of this important, yet
informal market chain and the development of a diversified
sustainable food system.
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MATERIAL AND METHODS

Description of the study site

Kisangani, the provincial capital of the Tshope Province and the
third largest city in Democratic Republic of Congo (DRC), lies
along the Congo River. Kisangani was an important development
hub in the DRC national economy before the start of the war in
the 1990s (Bavier 2008). Expatriate company-owned plantations
produced various crops such as coffee, palm oil, rubber, and rice
(Bezy et al. 1981), managed permanent stores that supplied
industrial commodities, and maintained roads and bridges to
facilitate the purchase and transportation of agricultural
products from the peripheral rural villages (Takamura 2015).
During the conflict, lasting from the early 1990s until the signing
of a peace accord in 2003, Kisangani and the surrounding areas
suffered from political unrest and fighting between Ugandan and
Rwandan forces. The conflict resulted in an exodus of expatriates,
leading to reduced economic activity, collapse of road
infrastructure, and poverty in rural areas, mainly because villagers
could no longer find markets for their cash crops (Kimura et al.
2015). The conflict officially ended in 2003 with the Lusaka
Ceasefire Agreement, putting the surroundings of Kisangani in
a seemingly state of peace and allowing the city to slowly
reflourish as an influential trading center of agricultural products
and imported merchandise, mediating between the DRC
hinterland and neighboring Uganda (Takamura 2015). During
the last 15 years, the urban population from Kisangani exploded
from 247,000 inhabitants in 2002, to 628,000 in 2009 and
1,600,000 in 2015 (Institut National de la Statistique 2015).

In the Tshopo Province, agriculture and livestock production
dramatically dropped during the conflict. Consequently, the
population, both urban and rural, heavily relied on bushmeat as
a main source of animal protein and income (de Merode et al.
2004, van Vliet et al. 2015a). In rural areas, bushmeat represented
9.6% of the total value of household production (de Merode et
al. 2004) and bushmeat trade was the predominant way to earn
cash (Kimura et al. 2015). At the same time, urban bushmeat
markets flourished during the conflict. In Dungu, bushmeat sales
massively increased during the armed conflict (de Merode and
Cowlishaw 2006). Kisangani became a central market place for
bushmeat, to feed the growing urban population (van Vliet et al.
2012). Up to the latest assessment available (van Vliet et al. 20154,
based on data collected in 2012), bushmeat and fish were still the
most frequently consumed animal proteins in Kisangani,
particularly among the poorer households (van Vlietet al. 20154).

Sampling design and data collection

In Central African towns, local markets serve as the main point
for the daily purchase of fresh food needed for household
consumption (Chaléard 1996). Given their central role in food
provision for urban households, markets are fundamental for
understanding the supply and demand of food products. Market
data can be used to understand the contribution of bushmeat to
food security in terms of availability and prices by comparison
with other sources of animal protein (fish, domestic animals, and
caterpillars). In addition, trends on bushmeat trade derived from
market data have been commonly used to assess the long-term
sustainability of the supply (Juste et al. 1995, Brashares et al.
2004, Albrechtsen et al. 2005, Cowlishaw et al. 2005, Crookes et
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al. 2005, Wilkie et al. 2005, de Merode and Cowlishaw 2006, Fa
et al. 2006, Brugiere and Magassouba 2009).

We focus our analysis on the sales occurring at the central market
of Kisangani. We obtained prior permission from market
authorities and the informed consent from the traders to collect
data on the trade of bushmeat. We focused our study on mammal
species, which commonly constitute the bulk of the bushmeat
traded to urban areas (Fa et al. 2006, Nasi et al. 2011). The data
collection focused on regular traders present on a daily basis and
with whom we had established a relationship of trust. The first
sampling period in 2002 corresponds to the end of five years of
conflict (peace accords signed in 2003) and the market was visited
every six to seven years thereafter. As such, we monitored the
market over three different periods: January to December 2002,
July 2008 to June 2009, and July 2015 to June 2016 (hereafter
mentioned as 2002, 2009, and 2016, respectively). We visited the
market approximately every three to six days resulting in a total
sample of 313 trading days monitored. Our analysis of bushmeat
supply to Kisangani offers conservative estimates for several
reasons: (1) We considered only regular traders with whom we
were able to establish trust relationships (occasional traders,
generally a small number, were discarded to ensure data
consistency); (2) We focused our study on the central market of
Kisangani, assumed to distribute to other retailer markets in
town. However, with urban growth many retailer markets may
now be acting as wholesalers, especially those located on the main
roads at the entrance of Kisangani. (3) We only took into account
mammal species, but reptiles and amphibians also contribute as
additional sources of meat.

Although the market is open the whole day, bushmeat arrives early
in the morning and sales happen before noon. We recorded only
carcasses reaching the market on the day of the visit. Each data
record included species, number of carcasses, and transport routes
along which the bushmeat was transported (Ituri, Ubundu,
Lubutu, and others). In 2009 and 2016, we improved our data
gathering protocol by also collecting information about the state
of bushmeat (smoked, fresh, alive). Because of the difficulty of
identifying certain taxa to the species level in smoked specimen
these were recorded as generic groups, i.e., small diurnal monkeys,
red duikers (Cephalophus natalensis), or bats.

To collect price data on a random basis covering each of the three
sampling periods, we flipped a coin on each sampling day to
determine whether prices were to be collected or not. When the
head of the coin showed up, we assessed prices per kilogram of
smoked meat (US$/kg) of the most commonly sold mammal
species in each group (rodents: brush-tailed porcupine Atherurus
africanus, ungulates: blue duiker Philantomba monticola, and
primates: small diurnal monkeys) and for the most commonly
traded alternative protein sources (domestic animals commonly
sold fresh: beef, goat, imported chicken, and pork; and other wild
sources of meat: smoked or fresh caterpillars, fresh local fish) sold
in different market stalls. In 2016, we also included prices for fresh
local chicken.

Description of the indicators used in the analysis (Table 1): To
analyze changes in supply, affordability, and long-term
sustainability of bushmeat supply in Kisangani, we assessed (1)
changes in bushmeat supply expressed in terms of daily and
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annual biomass traded and theoretical contribution to
recommended meat intake; (2) changes in affordability of
bushmeat species in comparison with other available sources of
animal protein in the market; and (3) changes in a set of
sustainability indicators.

Table 1. Criteria and indicators used in this study.

Criteria
Indicator 2002 2009 2016

Supply
Daily biomass sold
Annual biomass
Theoretical contribution of bushmeat to
recommended daily adult protein intake
Affordability in comparison to other alternative sources of animal

bl
bl
bl

protein
Price of bushmeat versus price of alternative X X X
sources of animal protein
Price ratios of bushmeat versus other X X X

alternatives

Sustainability
% of biomass coming from critically
endangered
% of biomass from totally protected species
Species diversity index
Game depletion index
Contribution of different taxonomic groups
to total daily biomass
% of biomass coming from each trade route
% of biomass sold fresh

KR HEHE MK K
HH R HE M ME K
HKH XK HEHEME K

Changes in supply

Yearly and daily biomass: We calculated mean daily biomass
traded (expressed as equivalent fresh weight in kg per sampling
day) for each sampling period (B day). From this, the total annual
bushmeat biomass sold (Byw) is

Byear =365 * Bday 1)

A decrease in mean daily biomass could either indicate a decrease
in supply (because of depletion over the catchment areas [Fa et
al. 2000, Crookes et al. 2005, Albrechtsen et al. 2007] or
transportation constraints) or indicate a decrease in demand, for
example, because of the competition with other sources of protein
(Cowlishaw et al. 2005).

Theoretical contribution of bushmeat vis a vis the recommended
meat allowance/adult/year: First, we calculated the bushmeat
biomass available per adult per day (B, ay/adult® in kg/adult/day) for
each sampling period based on total human population data
(Tpo ) obtained from the official data (https://www.caid.cd/index.
php})donnees—par—villes/ville—de—kisangani/?domaineZﬁche ) and
accounting for the proportion of adults in the population (44.1%
according to Institut National de Statistic 2015).

Bday/adult = Bday/(0-4’4’1 * Tpop) )

Then we calculated the theoretical contribution of bushmeat (C,)
as the ratio of the annual biomass per adult compared to the
recommended daily allowance (RDA) of meat, following Fa et
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al. 2003. We used an average RDA of 0.052 kg/adult/day,
following FAO/WHO 1985:

Cw = Bday/adult/RDA ©)

A decrease in C over time indicates that the supply of bushmeat
relative to the adult human population, can theoretically
contribute less for the RDA.

Relative affordability

Prices of wild terrestrial mammals in comparison with other
available sources of animal protein in the market: To assess the
relative affordability of bushmeat compared to alternative sources
of animal protein, which is of particular importance to the urban
poor, we compared prices per kg fresh meat of bushmeat with
those of alternative sources of animal protein available in the
market. For this we converted prices in US$ of kg smoked meat
to the equivalent weight in fresh meat, by applying a conversion
factor (smoked meat/fresh meat) equal to 2.5 to obtain the price
per kg of the equivalent weight of fresh meat (Fargeot 2013). As
we focused on comparing prices within a survey period and only
compared ratios across years, there was no need to correct prices
for inflation. Price ratios for comparing the relative affordability
of bushmeat compared to alternative sources of animal protein
were calculated using sampling period means for each protein
type. A decrease in the prices of alternative sources of animal
protein relative to the price of bushmeat, would either indicate
that bushmeat is becoming a luxury consumer good or that
alternative proteins become available at more affordable prices
(Cowlishaw et al. 2005, Fa et al. 2009).

Long-term sustainability

Contribution of critically endangered and fully protected species
to the total biomass traded: To ascertain the likelihood for local
depletion of vulnerable species in the future, we assessed the
biomass contribution of critically endangered and fully protected
species to the total biomass traded, based on ITUCN red list and
national laws, respectively (Ripple et al. 2016).

Game depletion index: A game depletion index (GDI) was
calculated for each sampling period and compared across years
(following Fa et al. 2015). For every species (;), we multiplied its
rate of population increase (r,,, ;) by the number of carcasses (n,)
in each sampling period. We then added up the products
computed for all species, and divided the sum by the total number
of carcasses per sampling period traded in the market (N):

GDI: Z (rmaxi * ni)/N (4)

where r_.*n, is derived for species i in the market sample. The
taxa specific value of r_ was calculated based on Caughley and
Krebs (1983) formula

max = 1.5 * P(7036) 5)

with P = 75% of adult weight based on Kingdon (2015). For
species lumped into a group, e.g., small diurnal monkeys, we used
ameanr, basedther  valueof eachspecies potentially present
in the group (based on the geographical distribution of each
species). A higher GDI value indicated a more depleted supply
area.
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Species diversity index: The species diversity index (H) is
equivalent to the Shannon diversity index and was calculated
using the diversity function from the R Vegan package (Oksanen
2017):

H= p+Inp) ©®)

where p, is the proportion of species i.

For species lumped together, each group was treated as a single
species. A decrease in species diversity could indicate that hunting
is leading to the local depletion of the most vulnerable species,
keeping only a few robust species in the landscape (Fa et al. 2015).

Contribution of different taxonomic groups to daily biomass:
This indicator refers to the percentage of daily biomass composed
by nonhuman primates, ungulates, and rodents. The three taxa
differ strongly in vulnerability to hunting, predominantly because
of differences in reproductive capacity, and a shift from vulnerable
(nonhuman primates) to less vulnerable (ungulates) or least
vulnerable (rodents) is commonly used to ascertain unsustainable
harvest patterns (e.g., Cowlishaw et al. 2005, Dupain et al. 2012).

Percentage of biomass coming from each trade route: We
examined the contribution of each trade route to the total biomass
sold in Kisangani on a daily basis and observed changes over the
15-year period covered by the sampling. Changes in the
contribution of each trade route may indicate that some source
areas have become less profitable (because of depletion) and
traders move to other areas to maintain supply.

Percentage of biomass sold fresh: We examined the proportion
of total biomass sold fresh, as opposed to smoked or alive for
2009 and 2016. A decrease in the percentage of bushmeat sold
fresh might indicate that hunters travel longer distances to access
bushmeat (because of depletion nearby) and are therefore obliged
to smoke the meat to ensure conservation.

Data analysis

All statistical analyses were conducted using R version 3.3.2 (R
Core Team 2014). To assess differences between sampling periods
we used Generalized Linear Models (GLM) in the stats package
version 3.3.2 with year (factor) as dependent variable. All data,
unless otherwise stated were aggregated per sampling day,
resulting in a total sample of 313 days. Continuous data were
analyzed using Gaussian GLM with identity link, binary data
were analyzed using binomial GLM with logit link function,
percentage data was analyzed using quasi-binomial GLM with
logit link, and count data were analyzed using Poisson GLM with
log link. To allow the analysis of zero-inflated percentage data we
conducted a two-step analysis, whereby we first analyzed
differences in frequencies (binary) and then analyzed the scale of
the response, i.e., only taking into account positive values. To
assess differences between all combinations of sampling periods,
we employed post-hoc tests (Tukey’s HSD test) using the glht
function in the multcomp package version 1.4-6.

RESULTS

Changes in supply

Mean daily biomass (equivalent fresh) across the three sampling
periods equalled 1501 kg/day (StDev = 1219). This resulted in an
annual estimated amount of bushmeat sold of 643 tons in 2002,
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830 tons in 2009, and 293 tons in 2016. Across sampling periods,
mean daily biomass was significantly higher (p < 0.001) in 2002
and 2009 than in 2016 with no significant difference observed
between 2002 and 2009. The decrease in bushmeat sales over time
combined with the human population growth, resulted in a
decreased theoretical contribution of bushmeat to the
recommended daily meat allowance over time, ranging from
32.4% of the adult RDA in 2002, to 16.4% in 2009, and to 2.2%
in 2016.

Changes in relative affordability of bushmeat

The comparison of price per kg ratios between bushmeat and
alternative sources of animal protein showed that in 2002,
alternatives cost about three-times as much as bushmeat (ratio =
0.31) and all (except caterpillars) were significantly more
expensive than bushmeat species (p <0.001 for all; Table 2). Prices
of alternatives decreased relative to bushmeat over time with a
price ratio of 0.76 in 2009 and of 1.03 in 2016. Across different
types of alternative animal protein sources, we found that they
became relatively more affordable compared to bushmeat over
time with pork becoming significantly cheaper than bushmeat (p
< 0.05) from 2009 and imported chicken becoming significantly
cheaper than bushmeat in 2016 (p < 0,001). Caterpillars cost less
than bushmeat throughout the survey period. Also note that
locally produced chicken was significantly more expensive than
imported chicken in 2016 (p < 0.001). Hence in 2016, only local
fish, locally produced chicken, beef, and goat were more expensive
than bushmeat.

Changes in sustainability indicators

The indicators relating to the sustainability of bushmeat supply
show a complex pattern (Table 3). Although biomass per sampling
day decreased over the studied period, both species richness and
game diversity index increased from 2002 to 2009 to 2016.
However, while increases in species richness were all significant,
game diversity only increased significantly from 2002 to 2009,
suggesting that evenness in species abundance decreased toward
2016.

Changes in species richness and diversity were mirrored by the
relative biomass contribution of different taxonomic groups on
sale. Nonhuman primates, ungulates, and rodents composed 95%
or more of the total biomass sold throughout the sampling
periods. The top three species (or group of species) that
contributed to the total biomass remained stable over time and
concerned red duikers, bush pig, and small diurnal monkeys
(Table 4). The relative contribution of ungulates decreased
significantly from 2002 to 2009/2016, and that of primates
increased during the same period. The contribution of rodents to
the total biomass first increased and then decreased. The
contribution of totally protected species and critically endangered
species to the total biomass traded increased significantly over
the 15-year period. Between 2009 and 2016, on days when fresh
bushmeat was traded, it represented a significantly smaller
proportion of total trade in 2016 than in 2009.

Finally, the biomass reaching the market through the different
trade routes indicated a dynamic catchment area but showed no
linear temporal trend in terms of the importance of each trade
route (Table 5). Overall, [turiand Lubutu were the most important
trade routes and contributed bushmeat to the market on a nearly
daily basis throughout the sampling periods. Lubutu trade
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Table 2. Mean prices for bushmeat and alternative animal protein sources (in US$, showing mean and standard error) and the relative
affordability of bushmeat compared with alternative animal protein sources. All ratios are expressed as mean price in US$ per kg of
equivalent fresh bushmeat and respective alternative source of animal protein

2002 2009 2016

Bushmeat 2.56 (SE = 0.09) 2.60 (SE = 0.07) 4.72(SE = 0.13)
Atherurus africanus 2.98 (SE =0.14) 2.44 (SE=0.1) 4.93 (SE = 0.16)
Cercopithecus spp. 2.20 (SE = 0.16) 2.77(SE=0.13) 4.4 (SE = 0.24)

Philantomba monticola

2.45(SE=0.15)

Alternatives 8.15 (SE = 0.60)
beef 13.9 (SE=0.17)
goat 15.83 (SE = 0.24)
pork 3.28 (SE=0.11)

imported chicken
local chicken

10.26 (SE = 0.16)
NA

2.57(SE=0.14)

3.43(SE=0.22)
6.07 (SE = 0.05)
4.52 (SE =0.07)
1.13 (SE = 0.02)
3.59 (SE = 0.03)
NA
4.95 (SE = 0.08)
0.33 (SE = 0.01)

4.83 (SE = 0.23)

4.59 (SE = 0.13)
5.56 (SE = 0.04)
5.69 (SE = 0.03)
4.16 (SE = 0.02)
3.46 (SE = 0.04)
5.95 (SE = 0.01)
5.81 (SE = 0.06)
1.50 (SE = 0.02)

local fish 5.07 (SE = 0.08)
caterpillar 0.56 (SE = 0.02)
Price ratio (bushmeat:alternatives) 0.31
Bushmeat:fresh beef 0.18
Bushmeat:fresh fish 0.50
Bushmeat:fresh local chicken NA
Bushmeat:imported chicken 0.25
Bushmeat:fresh pork 0.78
Bushmeat:fresh caterpillars 4.57

0.76 1.03
0.43 0.85
0.52 0.81
NA 0.79
0.72 1.36
2.29 1.13
7.85 3.15

Table 3. Summary statistics for sustainability indicators shown as mean per sampling day per period and the corresponding results of
statistical analysis comparing means across combinations of sampling periods. (- - = not possible, NS = nonsignificant, * = p <0.05, ** =

p < 0.01, *** = p < 0.001.

Variables 2002

Species richness

Game diversity index

Game depletion index
Proportion of NHP biomass
Proportion of Ungulate biomass

7.78 (SE=0.16)
0.51 (SE=0.02)
0.94
0.17 (SE=0.01)
0.80 (SE=0.01)

2009 2016 2002 2002 2009
Vs Vs Vs
2009 2016 2016
9.27 (SE=0.43) 11.13 (SE=0.17) o sk .
0.77 (SE=0.03) 0.84 (SE=0.02) ok ok NS
1.07 1.00 -- - -
0.22 (SE=0.02) 0.21 (SE=0.01) * NS NS
0.67 (SE=0.02) 0.69 (SE=0.01) ok ok NS

Proportion of Rodent biomass
% biomass - critically endangered

0.02 (SE=<0.01)
Bin 40.80%
(SE=4.41%)
Scale 0.54%
(SE=0.22%)

0.10 (SE=0.01)

(SE=0.29%)

0.05 (SE=<0.01)

(SE=0.54%)

KKk

KKK

EE ]

Bin 37.31% Bin 57.85% NS * *
(SE=5.95%) (SE=4.51%)
Scale 1.23% Scale 4.41% NS HxE *E

k%

% biomass - totally protected species 7.13% (SE=0.58%)
% of biomass sold fresh --

13.71% (SE=1.70%)  19.49% (SE=1.04%)  ***
59.70% (SE=6.04%) 68.60 % (SE=4.24%) - .- NS
.- 4.96% (SE=1.01%)

2.32% (SE=0.15%) -- - okok

represented nearly half of all bushmeat traded in 2002, but
contributed only 30% in 2009 and 20% in 2016. In contrast, Ituri
represented 39% of the biomass traded in 2002 and 73% in 2016.

DISCUSSION

Overall, we found a decreasing supply of bushmeat, which,
combined with an increasing human population size, reduced the
actual contribution of bushmeat to the recommended daily meat
intake. Although bushmeat was the cheapest source of animal
protein available in 2002, substitutes became more affordable over
time, thereby reducing the reliance on bushmeat, especially among

the poor. No clear indication of depletion was observed at the
market level.

In 2016, a significant amount of bushmeat (293 tons) reached the
central market of Kisangani, showing that bushmeat is still largely
part of the menu in Kisangani. Despite these still high volumes
of bushmeat recorded, our results show a significant decrease of
bushmeat supplied to the central market of Kisangani over the
last 15 years. This trend may also be exacerbated by the emergence
of new wholesale markets having flourished at the periphery of
the town. The combined effect of the decreased supply in
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Table 4. Biomass recorded for each species (or group of species) in each of the sampling periods, expressed as equivalent of fresh meat
(kg). Bold values indicate the top five species contributing to the overall biomass per sampling year.

biomass in kg (equivalent fresh)

Species or group of species 2002 2009 2016
Philantomba monticola 11,154 14,561 3618
Pan troglodytes 4545 1877 4074
Potamochoerus porcus 51,102 25,051 25,247
Red duikers’ 80,050 31,769 18,044
Small monkeys 36,006 30,978 9382
Cephalophus silvicultor 5580 5820 5520
Atherurus africanus 3310 7314 2147
Hyemoschus aquaticus 9,790 13,685 8953
Syncerus cafer 4085 3029 4132
Loxodonta africana 903 640 731
Manis gigantea 224 939 2902
Manis tricuspis 9 0 0
Okapia johnstoni 0 661 1389
Orycteropus afer 601 438 495
Pan paniscus 0.0 835

Papio anubis 103 856 6388
Thryonomys swinderianus 35 91 1406
Tragelaphus spekei 12,437 7395 1197
Phataginus tetradactyla 0 0 136
Bats 372 38 131
Bdeogale nigripes 20

Cricetomys emini 0 6534 1319
Crossarchus alexandri 1 27

Geneta spp. 0 0 12
TOTAL biomass 220,327 152,539 97,221
sampling days per sampling year N =125 N =67 N =121

"Several red duiker species (Cephalophus callipygus, Cephalophus dorsalis, etc.) are lumped into one group because carcasses were not always identified to

species level at the market.

Table 5. Percentage of total biomass entering the Kisangani market along different trade routes showing the percentage of sampling
days bushmeat was recorded arriving from each trade route (frequency) and the total daily biomass recorded per route on days when

trade on a route was recorded (scale). (- - = not applicable, NS = nonsignificant, * =

=p<0.05,** = p < 0.01, *** = p < 0.00] )

Variables 2002 2009 2016 2002 2002 2009
vs vs Vs
2009 2016 2016
% biomass - Tturi Mean 0.39 0.70 0.73 -- -- .-
Frequency 99.20 (SE = 0.80) 100 (SE = 0) 100 (SE = 0) NS NS NS
Scale 38.93 (SE = 1.74) 69.89 (SE = 2.24) 72.94 (SE = 1.47) kK kK NS
% biomass - Lubutu Mean 0.49 0.28 0.19 -- -- --
Frequency Bin 100 (SE = 0) Bin 92.42 (SE = 3.28) Bin 93.39 (SE = 2.27) NS NS NS
Scale 48.72 (SE = 1.73) 30.59 (SE = 2.04) 20.26 (SE = 1.11) ok *kk ok
% biomass - Ubundu Mean 0.09 0.02 0.07 -- -- .-
Frequency 84.00 (SE = 3.29) 21.21 (SE = 5.00) 68.60 (SE = 4.24) *kk * ok
Scale 10.72 (SE =1.11) 7.08 (SE = 1.62) 10.50 (SE = 0.84) *kk kol ok
% biomass - Other Mean 0.04 <0.01 <0.01 -- -- .-
Frequency 40.00 (SE = 4.40) 6.06 (SE = 2.96) 22.31 (SE = 3.80) -- * --
Scale 9.15(SE=1.01) 5.57 (SE = 1.80) 4.22 (SE = 0.68) -- *kk --

bushmeat and the increased human population reduces the
contribution of bushmeat to the RDA. Unless other alternative
proteins actually become substitutes to bushmeat, this may imply
consumption levels of meat far below the recommended daily
intake. Nevertheless, it is important to keep in mind that market
volumes, as measured in this study, are only an underestimation

of bushmeat consumption given that nonmarket transactions
(gifts) are also common and could also potentially constitute a
safety net for food security in times of conflict as observed in
Ghana for a variety of forest resources (Boafo et al. 2016).

Although our study does not quantify the availability of other
sources of meat, it shows that price wise, some domestic sources
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of meat have become competitive substitutes to bushmeat over
the 15-year period. Although in 2002, only caterpillars (a highly
seasonal food item) could compete with bushmeat, in 2016,
imported chicken and pork became competitive with bushmeat
offering access to a higher diversity of animal proteins to urban
households. All locally produced animal proteins except
caterpillars (fish, bushmeat, chicken) were significantly more
expensive than the cheapest source of animal protein (imported
chicken) in 2016, indicating that urban households are
increasingly dependent on imported sources of animal protein,
as already shown in other tropical forest areas (Nardoto et al.
2011, van Vliet et al. 2015b). The increased competition of
alternative sources of animal protein could imply substitution to
bushmeat. However, poverty levels may be so high that many
households cannot afford any type of protein at all. Based on
interviews with children at school, van Vliet et al. (20154) showed
that 44% of the children in Kisangani had not consumed any type
of animal protein the day before the interview.

As opposed to other bushmeat market trend studies available for
tropical forests in Africa portraying depletion or postdepletion
scenarios (Cowlishaw et al. 2005, Crookes et al. 2005), our analysis
shows an ambiguous picture of the sustainability of bushmeat
supply and hence its potential long-term contribution to future
food security. We observed a decrease in daily biomass, the
increase in rodent’s contribution to total biomass, the decrease in
fresh bushmeat as compared to smoked bushmeat. However, we
did not detect a consistent trend in game depletion index. We saw
an increase in species diversity and the persistence of ungulates
representing the bulk of the trade. We also recorded an increased
availability of critically endangered and totally protected species,
which either indicates that hunters are entering relatively
undisturbed areas, e.g., poaching in protected areas, or that
hunting patterns allow for those vulnerable species to be
maintained over time (at least in part of the catchment). However,
local depletion patterns could become invisible at the market level
if new trade routes are able to continue to supply the market, even
when other areas are being locally depleted. At the same time, the
deterioration of some supply roads could reduce hunting pressure
there and allow these areas to recover before they serve again to
supply the market (when roads are improved again). As such, a
process similar to the shifting cultivation/fallow system may be
helping to maintain sustainability over time through complex
source-sink dynamics (Novaro et al. 2000, van Vliet et al. 2010,
Mockrin 2011).

Our results contribute to a better understanding of the supply of
bushmeat and its affordability for urban dwellers in comparison
to other sources of animal protein. A quantitative assessment of
the current overall supply of animal sources of protein to
Kisangani is urgently required to measure the amount of meat
needed to guarantee adequate levels of protein intake for the
population. This quantitative assessment should be sensitive to
variations in household income levels to ensure that not only
sufficient quantities are available but also that these are available
to all parts of society. Moreover, nutritional qualities of animal
protein sources vary widely and nutrition surveys should be
conducted to assess the current level of food insecurity and infer
qualitative recommendations concerning the quality of meats that
need to be made available. Ensuring access to fresh and healthy
food and a rapid market supply essentially means increased access
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to locally produced animal proteins (De Zeeuwet al. 2011,
Kwenbe et al. 2016). However, without the necessary technical
and capacity building support, it is more likely that cheap, low
quality foods, e.g., imported industrial chicken, will become the
only protein accessible to the poor.

CONCLUSION

In Kisangani, food security has largely relied on the resilience of
natural ecosystems as providers of wild sources of food. However,
given the new challenges posed by human population growth,
Kisangani clearly requires a diversification of affordable animal
sources of protein to guarantee the resilience of the food system
in the future. For this, we recommend the following three pillars
of intervention: (1) manage the bushmeat (and fish) trade chains
for sustainability; (2) develop an enabling institutional
environment (both private and public) for the development of
sustainable and contextually relevant domestic meat production
systems to ensure a diversity of locally produced, healthy foods;
(3) invest in transportation means (roads, air, or river traffic, etc.)
to connect Kisangani to larger production areas to support
increased access to exported sources of animal protein.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
php/9780
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