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The camera trap used in this analysis: a Bushnell Trophy Cam HDAggressor No-GlowTrail Camera, made in
Overland Park, Kansas, USA.
Photo credit: John Kerkering



4
USDA Forest Service PacificNorthwest Research Station and

International Programs andOregon State University

ACRONYMS
ACRONYM DEFINITION

APM Africa Parks Malawi

NWR NkhotakotaWildlife Reserve

REM Random Encounter Model

USAID United States Agency for International Development

USDA United States Department of Agriculture

USFS United States Forest Service

U.S. Forest Service technical advisors and NkhotakotaWildlife Reserve specialists pose with a newly placed
camera trap
Photo credit: John Kerkering



1.0 INTRODUCTION
African Parks Malawi (APM) translocated 193 African buffalo
(Syncerus caffer) to NkhotakotaWildlife Reserve (NWR; ~1800-
km2) from other protected areas in Malawi (MajeteWildlife
Reserve and Liwonde National Park) in 2016 and 2017.APM
uses NWR as a location to place wildlife from overstocked
parks within Malawi and a source of animals to be translocated
to understocked parks elsewhere.The buffalo that were
translocated to NWR were initially confined to a 190-km2

sanctuary within the reserve and after completion of the second
stage of perimeter fencing in 2017, they were given access to a
780-km2 area south of the Bua River.

To inform management decisions APM needs reliable abundance
estimates for buffalo at NWR.Despite their large body size,
species such as elephants and buffalo are difficult to monitor with many
survey methods because of low detection probability in dense
vegetation (Walsh andWhite 1999). Empirical data on buffalo
population abundance are lacking for NWR, so Lesmeister et al.
(2018) used best available information from the literature to develop
a population growth model for the Reserve.These previous efforts
can be informative for management plans because vital rates and
population dynamics for buffalo in NWR can be expected to
generally follow patterns observed in other locations. However,
long-term population monitoring data specific to NWR are
critical because annual fluctuations in population growth,
environmental stochasticity, age-specific survival, reproductive rates,
calving frequency, poaching pressure, and other factors affecting
population performance are likely to differ at least somewhat
from other studies. Recognizing the importance of site-specific
empirical data to inform wildlife management, APM partnered with
USDA Forest Service, with support from USAID, to establish a
camera-based wildlife monitoring program at NWR (Lesmeister et al.
2020).The wildlife monitoring program was designed to be
appropriate for a wide range of species that are key indicators for
monitoring forest biodiversity. Here we present initial findings on
estimates of buffalo abundance generated by the monitoring program.
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2016 - 2017

193 African
buffalo
transferred to
NWR

NOV. 2018 -AUG 2020
389 buffalo photographs
captured from 27
hexagons* with 81
camera traps

*Hexagon = 5km2, with three camera traps spaced 1.4km2 apart.

Translocation area
= 780 km 2

Total area = 180,000ha

Or 1,800km2 / 694 mi2

Lilongwe

Nkhotakota
Wildlife
Reserve

N K H OTA KOTA W I L D L I F E R E S E RV E

Bua River

Bua River

Lake Malawi

Using the random encounter model and number of buffalo photos captured in a 780km² area, buffalo
abundance was estimated at 251 (CI = 155 - 387).These estimates agree with an expected population size of
271 based on and initial population of 193, three years of growth, and expected annual population growth
rate of approximately 0.12.
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2.0 STUDY AREA
Vegetation within NWR is primarily an intact miombo woodland dominated by the genera
Brachystegia, Julbernardia, and/or Isoberlinia, occurring on well-drained, nutrient-poor soils (Frost
1996). Miombo woodlands cover approximately 2.7 million km2 in central, southern and eastern
Africa and typically receive 650 to 1400 mm of rain per year that is concentrated during a single wet
season (Campbell 1996, Frost 1996).Annual rainfall for NWR (~1800 km2) averages 1190 mm, with
97% of which occurs during the wet season spanning roughly November to April. NWR has higher
rainfall amount compared to most other protected areas managed for buffalo. Monthly average
temperatures range from 18°C (64.4°F) in July to 25°C (77°F) in November.The Bua River runs
through the reserve and constitutes a major perennial source of surface water.

3.0 METHODS
Following the wildlife monitoring plan described by Lesmeister et al. (2020), we divided NWR into 5-
km2 hexagons and randomly selected 70 hexagons for monitoring wildlife populations with 3
camera-trap (Bushnell Trophy Cam HDAggressor No-GlowTrail Camera, Overland Park, KS, USA)
stations that were spaced 1.4 km apart within each hexagon (Figure 1).Translocated buffalo were
restricted to the 780-km2 fenced area south of the Bua River; therefore, for our analyses we used
data from 27 hexagons within fenced area (Figure 1).We secured cameras in steel boxes on trees
approximately 1-m off ground.When game trails were present, we pointed the camera toward the
trail to maximize detection probability. At each camera station, we recorded Universal Transverse
Mercator coordinates, set cameras to be active 24 hours each day, 1 photograph/event with 10-sec
delay between events. Cameras recorded date and time of each photograph.We visited camera

Above,African buffalo graze within the miombo woodland of NkhotakotaWildlife Reserve. NWR receives
more rainfall than most protected areas managed for buffalo.
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locations approximately twice per year to collect digitally recorded photographs and replace
batteries.We identified photographs of buffalo, documented group size, date, time, and location.

We estimated buffalo abundance using the random encounter model (REM) (Rowcliffe et al. 2008).
The REM model assumes that animals or groups of animals moving across the landscape will
encounter camera trap sites at rates relative to their density, similar to the rates of collision among
gas molecules (Hutchinson andWaser 2007).The REM estimates density as a function of photo
capture rate, animal movement velocity, and the area of the camera trap detection zone given by:

C is the number of photos recorded during time interval t, v is the weekly animal movement rate, r is
the camera detection radius, and is the interior angle of the camera trap detection zone.The
manufacturer’s specifications for our camera traps were defined as = 0.785398 radians.We used
the parametric formulation of the REM moments estimator (Jourdain et al. 2020), which assumes the
counts at each site i follow a Poisson distribution given by:

D is the density of buffalo groups.We used informative priors to estimate both v and r, because we
lacked telemetry data for buffalo on our sites and because previous analyses found that the realized
camera detecting radius on our sites was less than the manufacturer’s specifications (18.28 m). Our
estimate of v was informed using a uniform distribution bounded by the minimum and maximum
movement rates reported by Roug et al. (2020) fromAfrican buffalo at Ruaha National Park,Tanzania.
Our estimate of r was informed by posterior distribution for camera detection radius reported by
Lesmeister et al. (2021) estimated for the same camera trap deployment.

Abundance was then derived as a function of buffalo group density, the fenced reserve area (780
km2), and average group size (G = 3.47 buffalo per group) given by:

.
The models were fit using JAGS software version 4.3.0 (Plummer 2003) using the R2jags package
version 0.6-1 (Su andYajima 2020) in R version 4.0.2 (R CoreTeam 2020) using three independent
Markov chains consisting of 2,500 iterations following a 2,500 iteration burn in period.We assessed
model convergence by visual examination of trace plots and we computed the Brooks–Gelman–
Rubin convergence diagnostic ) (Brooks and Gelman 1998). Convergence < 1.1) was obtained
for all monitored parameter estimates.We describe parameter posterior distributions by their mean
and 95% credible interval (hereafter CI).
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4.0 RESULTS
To estimate buffalo abundance, we used photographic data collect from within the 780-km2 fenced
area (27 hexagons, 81 camera stations) during November 2018 to August 2020. Cameras were
operational for an average of 59 weeks (range = 15–95 weeks).We obtained 389 photographs of
buffalo from 16 hexagons.We estimated buffalo abundance was 251 (CI = 155–387) during the
sampling period in the 780-km2 fenced portion of NWR.These estimates agree with an expected
population size of 271 based on and initial population of 193, three years of growth, and expected
annual population growth rate of approximately 0.12 reported by others (Jolles 2007, Dublin and
Ogutu 2015).

5.0 DISCUSSION
Here we present buffalo abundance estimates derived from non-invasive camera-trap data and
random encounter models not requiring identification of individual elephants. Our mean estimate of
271 buffalo is similar to those derived assuming a 12% annual increase and align with those from a
Lefkovitch matrix population model used by Lesmeister et al. (2018) with a range of different
scenarios on population age structure, calving interval, frequency and effect of drought, and frequency
and effect of boom years. Our estimates based on empirical data collected at NWR suggest success
of translocations to reestablish an African buffalo population.Additionally, these findings suggest that
the re-introduced population has grown quickly the first few years following translocations and can
feasibly continue the rate of population growth in the short- and mid-term, which may reach 600
individuals within 10 years of the 2016–2017 translocations.These projections, while encouraging,
highlight the need to monitor the population and impacts that translocated wildlife populations may
have on NWR vegetation communities. Complimenting other reports on wildlife populations at
NWR, our findings reinforce that conservation programs aimed at restoring ecosystems with
functioning wildlife communities will be most successful by monitoring and managing both the wildlife
populations and the landscapes where they exist.
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Figure 1. Distribution of long-term wildlife and vegetation monitoring plots within NkhotakotaWildlife Reserve,
Malawi. Camera trap data collected during November 2018 to August 2020 from 27 hexagons located south of
the Bua River were used to estimate buffalo abundance.



Buffalo Abundance Estimates assessment findings suggest that the re-introduced population of buffalo has
grown quickly the first few years following translocations and could feasibly continue the rate of population
growth in the short- and mid-term.The population could reach 600 individuals within 10 years of the
2016–2017 translocations.

Bushnell camera trap 12/17/2019 NWR
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