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Abstract

1.

The rusa deer has been introduced to Merauke region and later to Vogelkop Penin-
sulain Indonesian New Guinea (West Papua) in 1928. It has widely dispersed across
much of the West Papuan lowlands, but little is known on population size and its role
for the livelihoods of rural communities. Here, our aim was to assess the population
status of rusa deer, and to investigate the extent of hunting practices on this mam-

mal in West Papua.

. We conducted camera trapping and line transect surveys simultaneously to esti-

mate rusa deer population abundance in the Kwoor basin of the Tambrauw regency,
Papua Barat province, Indonesia. We also interviewed hunters (n = 134), infor-
mants (n = 9) and households (n = 91) to assess hunting patterns and socioeconomic

importance of rusa deer across 15 districts of the Tambrauw regency.

. We estimated rusa deer density within a 48-km? forested area at 10.34 (5.36-

19.98) and 21.04 individuals/km? using line transect and N-mixture modelling
approach using camera trapping data, respectively. Both density estimates are
considerably higher than those from its native range in Java and Bali (0.08
individual/km?). Almost 92% of hunters reported that they hunted rusa deer in their
traditional forests, being the most frequent amongst the 18 hunted species, partic-

ularly for commercial (62%) and subsistence (38%) purposes.

. Our results suggest that traditional hunting has become a significant livelihood

activity and important income source in the study area. It is therefore imperative
to identify potential management strategies on wildlife hunting while also consid-
ering that the high densities of introduced rusa deer may potentially exert adverse

effects on native flora and fauna.

. This study further suggests that traditional knowledge (locally called ‘sasi’ system)

and wildlife taboos still govern wildlife hunting and utilization of forest resources in
West Papua, and these need to play a role in integrated community-based wildlife

management.
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1 | INTRODUCTION

Human-mediated movement of mammals ensued a variety of reasons
such as food, domestic stock, hunting and sport, fur industry and bio
control (Long, 2003; Parkes & Murphy, 2003). For example, various
species of deer have been introduced to countries around the world for
hunting purposes, but in some cases they have become overabundant,
which had harmful consequences for the native vegetation (Davis et al.,
2016; Parkes & Murphy, 2003).

The Javan rusa deer (Cervus timorensisBlainville, 1822) (hereafter
‘rusa deer’) is a medium-sized (shoulder height up to 110 cm) deer
native to the islands of Java and Bali in Indonesia (Corbet & Hill, 1992).
It occurs in pairs or small groups (Long, 2003), but the males are
also found solitary. Ecologically, the rusa deer is adapted to tropical
and subtropical grassland ecosystems (Oka, 1998), and show high
adaptability to forests, mountains, shrublands and marshlands (Keith
& Pellow, 2005). The rusa deer has been introduced to various regions
around the world, including Indonesian New Guinea (hereafter ‘West
Papua’) (Hedges et al., 2015), presumably for meat consumption. The
species was initially introduced into the Merauke region in 1928,
and later to Vogelkop Peninsula (Flannery, 1995; Brodie et al., 2018).
Since then, the species has widely dispersed across the West Papuan
lowlands (Flannery, 1995). Now, the rusa deer is common in much of its
current distribution range (Corbet & Hill, 1992; Moriarty, 2004), but
less so in its native range, where its population had markedly declined
by ~10,000 individuals over two decades (Hedges et al., 2015), and
is seemingly still facing further decline (Semiadi, 2006; Hedges et al.,
2015). It is therefore listed as ‘vulnerable’ in its native range (Hedges
et al., 2015), and has been officially protected by Indonesian law since
2018 (Indonesian Ministry of Environment & Forestry, 2018). How-
ever, the largest portion of its populations reportedly occurs outside
its native range, including New Caledonia with ~120,000 individuals
(Desvals et al., 1992) and Mauritius with about 60,000 individuals
(Hedges et al., 2015). For West Papua’s Wasur National Park alone,
8000 individuals were estimated in 1992 (Hedges et al., 2015). The
corresponding density estimate for this 4138-km? park would be 1.93
individuals/km?. If that density was representative for the forested
areas of West Papua (340,436 kmZ; BPS Indonesia, 2021), an estimate
of about 658,000 individuals of rusa deer for West Papua as a whole
could be made.

The introduction of mammals to the island of New Guinea is of spe-
cial conservation concern, because the region historically lacks placen-
tal lineages, and increased abundance of the introduced/invasive mam-
malian species (e.g. rusa deer, wild pig) can adversely affect the native
flora and fauna in this region (Brodie & Pangau-Adam, 2016). In this

way, also the rusa deer might become a competitor and threat to native

marsupial herbivores. For example, in Papua’s Nimbokrang forest the
detection of rusa deer was approximately two times higher than that of
the native white-striped dorcopsis (Dorcopsis hageni), which has a rel-
atively similar feeding ecology (Brodie et al., unpublished data). Bowe
et al. (2007) reported that in south-western Papua New Guinea (here-
after ‘PNG’) and West Papua the grazing pressure of rusa deer can
lead to large-scale damages to swamps and grasslands, particularly to
the disappearance of some native grass species (Phragmites spp.). In
New Zealand and several federal states in Australia, to reduce popu-
lation abundance of introduced deer species, public and game hunt-
ing approaches have been implemented, but these may be success-
ful only at small scales, and complete eradication may only be pos-
sible in isolated populations (Parkes & Murphy, 2003; Davis et al.,
2016). However, not all introduced and invasive animals are consid-
ered as pests, because in some regions they might function as food
resources (Latham et al., 2017). This is also the case with the rusa
deer, whose meat is supporting livelihoods of the indigenous peo-
ple of West Papua (Pangau-Adam et al., 2012; Pattiselanno et al.,
2020). Therefore, both, mitigating unwanted impacts on forest ecosys-
tems and maintenance of a resource value, could potentially be com-
bined in a sound management approach (Telfer, 1997; Latham et al.,
2017).

In West Papua, wildlife has played a significant role both in the
livelihood and culture of indigenous people (Pangau-Adam & Noske,
2010). Moreover, the transmigrant communities and non-Papuan
ethnic groups often rely on wildlife hunting for various purposes. A
number of large-sized mammals and birds including rusa deer are
primary target species for hunting in PNG and West Papua (John-
son et al., 2004; Pangau-Adam et al., 2012). In order to regulate
the sustainable use of wildlife for subsistence and commercial pur-
poses, it is necessary to design and implement wildlife management
plans (Robinson & Bennett, 2000). The rusa deer potentially offers
opportunities to support sustainable economic developments in rural
areas in West Papua (Pattiselanno et al., 2020). Moreover, manag-
ing its populations may also have the potential to reduce hunting
pressure on native fauna such as marsupials and ground-dwelling
birds.

Despite awareness raising by conservationists and environmental
groups about introduced animals and wildlife hunting in West Papua,
there are limited studies addressing hunting patterns and their sus-
tainability in this region. Assessing the basic population status of rusa
deer in West Papua is therefore an important aspect to evaluate its
ecological as well as its socioeconomic role. The specific objectives of
this study were (i) to assess its population density and abundance, (ii)
to determine its role for the livelihood of local people and (iii) to docu-
ment wildlife hunting patterns in general.
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2 | MATERIALS AND METHODS

2.1 | Study area

Our study site is located in the Tambrauw regency, in the northern
part of Vogelkop Peninsula, Papua Barat province, Indonesia. The
regency covers an area of 11,592.18 km?, and consists of 29 districts.
It has been designated as a conservation regency by the Tambrauw
government. Over 80% of the Tambrauw land surface have been
set aside as conservation areas and protected forests (BAPPEDA
Tambrauw, 2014). The West Papua forests in the alluvial plains host
high species richness, particularly high numbers of tree species
(Petocz, 1989). In 2010, the Tambrauw regency had a small estimated
human population of ~6144 inhabitants (0.53 individual/km?). In
2019, however, due to immigration from other regencies and an
improved census of human population in isolated areas, the popu-
lation estimate has increased, and is now at ~28,379 people (2.45
individual/km?) (BPS Sorong, 2021). There are six local tribes, namely
Abun, Miyah, Ireres, Mpur, Biak Karon and Moi Kelin distributed
over 216 villages in the Tambrauw regency. The first four tribes are
from the original Tambrauw population, while the two latter are
belonging to the Biak island and other coastal areas in the Vogelkop
Peninsula. In 2015, this regency had only 78 villages, but numbers
increased up to 216 villages in 2019 (BPS Sorong, 2021). However,
several villages were now found empty as the inhabitants temporarily
moved to get access to the markets in towns and cities (personal

observation).

2.2 | Study design

We conducted our study from May to October 2019, that is mainly dur-
ing the dry season. In West Papua, the dry season extends from May to
September and the wet season ranges from October to April. However,
recently the climate became less predictable, with temperatures rang-
ing from 24 to 32°C and average humidity being approximately 84%-
90% (BPS Papua Barat, 2021). The population estimation of the rusa
deer was conducted in the Kwoor basin, covering an area of 48 kmZ2.
We carried out our interview surveys across 15 districts of the Tam-
brauw regency (Figure 1). We superimposed a grid of 2 x 2 km cells in
the study area, each cell including one or two transects with a random
starting point (Figure 1). The transect lines were randomly distributed
across grid cells and were spaced at least with 1 km distance. We imple-
mented the transect surveys by two teams, each composed of three
observers, one researcher and two skilled indigenous people, who were

able to unambiguously identify and detect the rusa deer.

2.3 | Distance sampling

Along each transect, we measured the detection distances (r) and
angles (6) from the line to animals using a laser range finder (Leica1000-
R) and a GPS (Garmin 64s). The perpendicular distances (x;, ..., x,) were

then calculated as x =rsin 8 (Buckland et al., 2001; Thomas et al., 2010).
The frequency distributions of perpendicular distances were used to
calculate the probability density function f(x) that models the reduc-
tion in detection of rusa deer groups with distance from the line. We
defined the cluster as a group of rusa deer detected together in a single
detection event along the transects. The cluster density was estimated
by the 'ds’ function (Miller, 2019) using transect-specific encounter rate
(ER; can be obtained by the ratio of number of cluster observations
per kilometre of transect surveyed [n/L]). We estimated the detection
probability g(x;) as a function of observation distances (Buckland et al.,
2001; Buckland et al., 2015). Abundance estimates for a survey region
can be calculated as A x N/a where A is the survey region and N is the
abundance in the covered (sampled) region (Miller, 2019). To estimate
the abundance (NC) inthe entire study area, first, the abundance in our

sampled area was measured by the Horvitz-Thompson-like estimator:

S

Ne=% 2,
i=1 p(Z,-)
where p(z;) (i = 1, ..., n) is the detection probability estimate and s;

are the sizes of observed rusa deer groups (Borchers & Burnham, 2004;

Miller, 2019). We then extended up to our sampled study area by

where A is the area of the study region and a is the sampled area which
was measured as a = 2wL, which is twice the truncation distance mul-
tiplied by the total length of transects (L) (Buckland et al., 2001; Miller,
2019). We ran several distance models using the ‘ds’ function in R pack-
age ‘Distance’ (Miller, 2019). Three key functions were used includ-
ing the half-normal with default 2 cosine adjustment terms, a hazard-
rate and a uniform key function with 1 and 2 cosine adjustments. The
detection function models were only fitted for the pooled rusa deer
data without stratification of the area. However, we fitted multiple
covariates in our distance models such as normalized vegetation dif-
ference index (NDVI), the mean elevation and the observers as factor.
The NDVI was derived from Landsat-8 images and measured by taking
the ratio of red (R) and near infrared (NIR) values as (NIR - R) / (NIR
+ 1) (https://earthexplorer.usgs.gov/). A truncation distance of >47 m
was selected for all the models to retain a large portion of the observa-
tions. To assess goodness-of-fit of the models, we used the Cramér-von
Mises test, which compares the cumulative distribution function and
empirical distribution function (Buckland et al., 2001; Thomas et al.,
2010; Miller, 2019). We used Akaike’s Information Criterion (AIC) to
select best fitted models (Burnham & Anderson, 2002; Buckland et al.,
2015).

2.4 | Camera trap surveys

In May 2019, we deployed 23 Reconyx HC500 camera traps at the start
and end points of the randomly distributed line transects, with camera
traps being spaced at least with ~1 km distance (Figure 1). The cam-

eras were placed within protective metal cases and mounted to the
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FIGURE 1

bases of the trees at ~50 cm above the ground (Soofi et al., 2017), a
height suitable to capture rusa deer. Overall, the camera traps were
operated about 6 months with a total of 3289 camera days across 23
sites. Within that period, two camera traps were lost and three failed
to operate, which resulted into 2309 camera days, and the detection
of 1349 individuals of rusa deer or 0.58 individuals/camera day. We
defined the period of a single sampling occasion as 2 weeks (MacKenzie
et al,, 2018), representing replicated counts (Royle, 2004) of rusa deer
obtained from camera trap operations. Thus, count data were repli-
cated over 11 occasions (i.e. between May and October). We measured
the mean distance from the camera stations to the nearest villages and
the rivers for each cell. Overall, we calculated two sets of covariates for
each sampling unit: (1) site covariates included ‘distance to village’ (i.e.
a distance from camera trap location to the nearest village), distance
to river, elevation and normalized difference vegetation index (NDVI),
and (2) observation covariates included ‘trapping efforts’ (i.e. the num-
ber of days that each camera trap has been operated over the entire
camera trapping period). Moreover, to estimate expected abundance
of rusa deer, we applied a single-season N-mixture model. An approach
developed by Royle (2004) is to estimate expected animal population
without the need for recognition of animals at individual levels. We fit-
ted two different N-mixture models, namely a negative binomial and
a Poisson mixture model (Royle, 2004; Kéry & Royle, 2016). We first

fitted models with linear effects of covariates (i.e. elevation, distance

ML L I Kilometers
0 80160 320 480 640

Map of the study area in the Tambrauw regency, Papua Barat province, Indonesia

to village, distance to river) on detection probability ‘p’, while we kept
the abundance model constant. Then, we kept at least one covariate
in the detection model while we modelled variables on abundance ‘N..
Furthermore, we combined the covariate effects on both parameters
(Kéry & Royle, 2016). Then, we selected best fitted models based on
the quasi-Akaike Information Criterion (QAIC; Burnham & Anderson,
2002) using the ‘AlCcmodavg’ R package (Mazerolle, 2019). Finally, we
ran a bootstrap goodness-of-fit analysis with 1000 iterations and fit-
stats function (Keéry & Royle, 2020). We considered the effect size as
significant if the 95% (ClI) of the mean coefficient did not include zero
(Kery & Royle, 2016).

2.5 | Interview surveys

We implemented focused group meetings and interview surveys using
semi-structured questionnaires. The questionnaires were focused on
hunting reasons, hunting tools, frequency of hunting trips, hunting
ground and the target species. We conducted interview surveys with
hunters (n = 134), village leaders (hereafter ‘informants’) (n = 9) and
households (n = 91) in 25 local villages of 15 districts in Tambrauw (Fig-
ure 1). The location of the villages ranged from nearby towns, river-
sides, coastal belts, highland areas to the distant forests with limited

road access. Besides the existence of leadership at each village, there is
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TABLE 1 Summary for the distance models performed to assess rusa deer distance data in Kwoor basin, West Papua

Encounter
rate in clusters

Sample
Area Area

Expected
cluster size

Region (km2) (km?2) per km (SE) (SE) Model
Kwoor 48 2.65 0.60(0.15) 2.35(0.12) Half-normal
cosine,

adjustment 2

Hazard-rate

cosine + habitat

Uniform cosine,
adjustment 1, 2

Goodness-of-fit .
Density,

Abundance km2
(0.95% Cl) (95% ClI) CV%

497(257-959)  10.34 33
(5.36-
19.98)

461(237-893)  9.60 33
(4.96-
18.60)

449 (166-1219) 9.36 51
(3.45-
25.40)

Cramér-von
Mises test

0.19 0.29 29

p-value df

0.15 0.39 27

0.14 0.41 18

Note: Estimates of abundance and density from the observed rusa deer groups, and the encounter rates (group km~1) are presented.
Abbreviations: Cl, confidence interval; CV, coefficient of variance; df, degree of freedom

a traditional/tribal institution consisting of several clans (locally called
‘marga’), which regulates the use of traditional forest or ‘Hutan adat’.
Currently, due to rapid regional development in Papua, the villagers liv-
ing along the coastal areas and nearby towns have mingled with other
West Papuan ethnic groups from Biak, Serui, Ayamaru, Arfak and Fak-
fak, as well as non-Papuan people from Makassar, Bugis, Buton Island,
Java and Mollucas (Pattiselanno et al., 2020). The informants are vil-
lage leaders, who informed us that they stopped to hunt animals and
they provided information related to wildlife hunting. Prior to the inter-
view surveys, we discussed our study goals with villagers, tribe and clan
leaders to get permission and obtain information on hunting activities.
We also surveyed the local markets in Sausapor and Fef districts and
wildlife trade spots in Kwoor and Bamusbama districts (Figure 1), and
obtained information pertaining to hunted wildlife particularly rusa
deer trade. Wildlife trade spots are smaller than local markets and pri-
marily offer wildlife meat and living birds. To compare the mean differ-
ences in proportions of wild animals in the meals reported by house-
holds, we applied a Tukey’s honest significant difference test using the
‘nparcomp’ R package (Konietschke et al., 2019).

3 | RESULTS

Our foot surveys along 15 transects (30.2 km of effort) led to 21
independent observations of 48 rusa deer (the mean cluster size with
excluding solitary rusa deer = 2.86 + 0.25 standard error [SE]). Of
which, only two individuals were male. The cluster size of the rusa deer
ranged between one to four individuals and five solitary rusa deer. The
mean cluster size including the solitary deer was 2.29 + 0.22 SE. The
mean encounter rate of rusa deer cluster size per km was 0.60 + 0.15
SE, and the mean expected cluster size after truncation was estimated
at 2.35 + 0.12 SE. The mean density in the covered area for the top
model with the lowest AAIC was 27.42 + 7.29 SE individual/km? with
a coefficient of variance of CV% = 27. The effective strip-width esti-
mated for the observed counts was 23 m. The half-normal cosine func-
tion appeared as the top model but the hazard-rate cosine with habi-

tat as covariate and the uniform with 1 or 2 cosine adjustment terms

showed nearly similar estimates (Table 1). The habitat covariate in the
hazard-rate model revealed that transects located around the river sys-
tem negatively affected detections of rusa deer (-0.34 + 0.58 SE). Den-
sity in our best model was estimated at 10.34 individuals/km? (95%
Cl = 5.36-19.98) and average abundance at 497 (95% Cl = 257-959)
individuals for the 48-km? study area.

The goodness of fit (GoF) tests of all distance sampling models
showed insignificant Cramér-von Mises statistics, and we, therefore,
regarded them as plausible models (Table 2). The half normal and haz-
ard rate models showed satisfactory CVs. By comparison, however, the
uniform cosine model revealed a relatively wider confidence interval
both in abundance and density estimates with a fairly larger CV% =51
(Table 1). The detection probability against observed distances showed
a variability in observations with a fall-off in probability of detec-
tion with distance from the line. The detection probability was higher
(p = 0.6-1.00) between 0 and 23 m distances, but at p > 0.56 halved

after 23 m distance, where we had only few observations (n = 3).

3.1 | Camera trap survey (N-mixture model)

We found that the negative binomial (NB) model was the best fit. The
population abundance of rusa deer under NB model was estimated to
be 1010 (95% Cl 814-1243; 21.04 individual/km?2). However, the Pois-
son mixture model did not pass the GoF-test. Our NB model estimated
elevation to be positively (8 = 0.87, Cl = 0.32-1.41) linked to abun-
dance of rusa deer (Table 3). Also, increasing distance from villages had
a positive effect on detection probability (8 = 0.37, CI = 0.16-0.59).
Likewise, detection probability (8 = 0.51, Cl = 0.35-0.69) was also
affected positively by camera effort.

We found that the detection of rusa deer was higher in July and
August (dry season) than in other months. The covariates in the best
Poisson model showed that rusa deer abundance increased signifi-
cantly with increasing distance from villages (8 = 0.57, Cl = 0.47-0.67),
and also with elevation (8 = 0.44, Cl = 0.34-0.53) (Table 3). Both the
Poisson and the negative binomial model indicated a high population

abundance of rusa deer in the study sites. These results partially
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TABLE 2 Summary of the detection function models fitted for rusa deer distance data

C-vM X X
Model Key function p-value (P,) se(P,) AAIC
1 Half-normal cosine, adjustment 2 0.29 0.62 0.14 0.00
2 Hazard-rate cosine + habitat 0.39 0.67 0.13 0.80
3 Uniform with cosine adjustments 1, 2 041 0.69 0.31 0.86

Note: C-vM stands for Cramér-von Mises test statistic, f’a is average detectability, and se is standard error. Models are selected according to Akaike’s Infor-
mation Criterion (AIC). Truncation width w =47 min all cases.

TABLE 3 Parameters estimates of negative binomial (NB) and Poisson (P) abundance model and AIC for rusa deer camera trap count data, in
West Papua, Indonesia, during May-October 2019

Abundance (lambda) Detection (p)
Model k Bo Belev %o Xdisvilg Reffort AlC
NB 167 3.79(3.34,4.23) 0.87(0.32,1.41) -2.38(-2.63,2.12) 0.37(0.16,0.59) 0.51(0.35,0.69) 1073.43
P 167 3.89(—2.72,2.08) 0.44(0.34,0.53) -2.40(3.61,4.17) 0.57(0.47,0.67) 0.62(0.47,0.77) 1275.96

Note: The estimates in parentheses indicate the 95% confidence interval. 8 is the intercept, Beie, indicates beta coefficient for elevation, ag denotes intercept
for detection probability, agisiig is the distance to village, and AIC indicates Akaike Information Criterion.

overlap with the rusa deer abundance estimate we obtained from the I—I

: . . . Wild pigq + 1 o o
best model in the distance sampling approach. However, our estimated 1
population abundance through N-mixture model was greater than the Rusa deerd F || | o
population estimated by the distance sampling technique. | |

Marsupials - [ 1 1

Maleo 1 5—1 o

3.2 | Hunting patterns

8 Ground pigeon+ | e o °
(]
We found that 18 wildlife species were hunted by local people. Rusa (%- Cassowaryq | * ° °
deer and wild pig (Sus scrofa x Sus celebencis) were the most frequently
hunted species in 15 districts with the exception of Bamusbama and Varanus 1 | ° © °©
Kwesefo districts, where rusa deer was rarely found at high eleva- Pythonq | °
tions. Approximately, 92% of hunters reported that they have hunted
rusa deer in their traditional forests. Animal hunting in the Tambrauw Bats | |' ° ©
was mainly motivated by subsistence, trade, culture and also to a Echidna |. o
lesser extent by conflicts over crop raiding. Hunters tended to apply p " P Py
multiple techniques for hunting. Spear (73%), archery (41%), snares Proportion (%)
(57%) and dogs (68%) were the most prevalent hunting techniques
used by local people for rusa deer hunting. Archery, spear and dogs FIGURE 2 Proportion of animals contributed in the meals of local
were also commonly used for hunting of wild pig, wallaby and cas- households across 15 districts in Tambrauw regency, Papua Barat

province, Indonesia, obtained through interviews during May, July and
October 2019. The blank circles indicate outliers and the black dots
indicate mean value

sowary. Only 9% of hunters used air rifles for hunting of birds, bats and
arboreal marsupials. Hunting trips were mostly (92%) pursued alone
and in groups with family and clan members. However, group hunt-

ing with clan members was only occasionally performed, if there was The rusa deer and wild pigs were the most consumed animals, but
the need to hunt animals for family or community festivals, or reli- marsupial meat was also frequently consumed by local people. (Fig-
gious and traditional ceremonies. Hunting trips varied from three times ures 2 and S1). Ground birds, bats and reptiles were also part of the
per week to two times per month. We found nearly 90% of the hunt- diet of surveyed villagers.

ing trips being practiced by adult men, although school children also

searched and hunted wildlife after school time or during school hol-

idays. Hunting activities decreased by 23% during the rainy season, 3.3 | Commercial hunting and rusa deer trade
because of heavy rains, flooding and enlarged rivers. Hunters from two

districts reported about intensive hunting operations of people from We found that rusa deer meat (hereafter ‘venison’) was sold out at local
the cities including the participation of the army personals in their clan markets and wildlife trade spots, or collected by handlers (usually immi-

forests. grant people) from hunter families. The handlers visited the villages at
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least once a week to mainly seek for venison. The price for venison
was about 20,000 IDR (rupiahs) to 30,000 IDR per kg (1 USD = 13,800
IDR), and in the towns/cities the prices ranged from 40,000 to 60,000
IDR per kg of meat. Prices increased during Christmas and Eid feast.
Venison was sold at least once a week at the local markets. We found
that venison and wild pig meat were sold directly within the villages
located far from market towns, and occasionally offered at the road-
side of Trans Papua. Our results further showed that many hunters
also smoked the venison, which is then called dendeng rusa (i.e. smoked
rusa), and brought into the market over the following few days. Finally,
the antlers and pelt of rusa deer were traded in towns and cities for

home decorations.

3.4 | Sasi system and wildlife taboos
Duringinterview surveys, we found two types of traditional regulations
associated to forest and wildlife management implemented by local

communities (Table S1). These two regulations are as follows:

1. Sasisystem (sasi adat dan sasi gereja). Sasi adat is governed by tradi-
tional institutions, and sasi gereja (church) is ruled by the Christian
church.

2. Wildlife taboos, the traditional beliefs limiting wildlife hunting, for
instance taboos of cassowary, hawks, cockatoos, cuscuses and tree
kangaroos. Based on these beliefs, whoever hunts the taboo animal

will receive punishment in a supernatural form.

4 | DISCUSSION

4.1 | Population status

Our results suggest notable population abundance of the introduced
rusa deer in the Tambrauw region, West Papua. We also found that
detection probability increased during the dry season (July-August),
which is likely to be associated with the breeding season (Hedges
et al., 2015) peaking up in this period. We ascribe the comparatively
high population density of rusa deer in our study area primarily to
the absence of wild predators and the availability of plentiful food
resources. The rusa deer population in its native habitat in Java and
Bali was reported being ~10,000 individuals (Hedge et al., 2015) within
a total predicted suitable habitat of 132,129.5 km? (Rahman et al,,
2020), representing a much lower density (ca. 0.08 individuals/km?)
than those estimated by us.

The rusa deer tended to avoid river banks, perhaps, because areas
near river systems are usually being used by villagers for fishing and
other daily activities. As in other parts of West Papua, Tambrauw rivers
serve as travel corridors for locals and therefore function as hunting
access points (Brodie et al., 2018). Also, rusa deer tended to occupy
habitats with a high density of forest vegetation, which potentially pro-
vide adequate foraging areas. Our results further showed that rusa

deer were significantly more abundant at higher altitudes. Presumably,

rough terrain hinders intensive human activity and hence may reduce
hunting efforts. However, as reported by villagers and hunters, rusa
deer are rarely found in forests at an elevational range of 800-900 m.
This is corroborated by Hedges et al. (2015), who also state that rusa
deer inhabit landscapes up to 900 m a.s.l.

4.2 | Hunting as a livelihood strategy

We found that traditional hunting is a significant livelihood activity
in the Tambrauw region, as it provides the majority of animal protein
for the local families. This finding is consistent with previous studies
on wildlife hunting in other regions in West Papua (Pangau-Adam
et al., 2012; Pattiselanno et al., 2020). In the distant villages, wild meat
and/or wild fish were reported as the most frequent protein items in
the meals. Hunting on rusa deer was mainly motivated by subsistence,
commercial and traditional/religious purposes. These animals (e.g. wild
pig and rusa deer) were also hunted in order to reduce crop raiding. In
areas where roads to the towns and the marketplaces (i.e. it can take 2
days of walking and 1 day by boat to reach the towns) are rare, wildlife
hunting is practiced at subsistence levels to meet the protein needs of
families. Prior to arrival of westernersin the early 1900s, local people in
this region have hunted wildlife only for subsistence purposes (Pangau-
Adam et al., 2012). The introduction of a cash market economy, com-
bined with rapid urban and infrastructure developments in the Tam-
brauw regency, has brought a significant change in hunting purposes
and practices in this region. Approximately 62% of the interviewed
hunters declared that they hunt for commercial purposes, suggesting
that there has been a marked shift from local-level subsistence hunting
(38%) for meat consumption towards more intensive commercial
hunting.

Multiple hunting techniques are being employed by local people
to hunt a variety of wildlife species including rusa deer. Most of the
hunters (90%) reported that they apply more than one technique for
hunting. Snares were used to capture rusa deer and wild pigs, but other
non-targeted native wildlife species such as cassowaries, crowned
pigeons, brush turkeys, echidna and ground marsupials can also be
trapped upon encounters. The rusa deer and wild pigs seem to be tar-
geted for commercial hunting purposes. These species are a relatively
easy target for hunting compared to other animals, because they tend
to use trails in the forest along which hunters often set up snares to
capture them (Pangau-Adam et al., 2012). Although it is prohibited by
law in West Papua, rifles are also used for hunting. The hunting sites
arerelated to clan and traditional forests, which include primary forest,
secondary forest and mixed or forest gardens. Several hunters require
access to a boat to reach into their hunting grounds, which are often
located in distant areas. Renting a boat is relatively costly, and it is not
cost-effective if there is no harvest at hunting sites.

The meat of rusa deer (venison) and wild pigs has become the target
of wildlife trade in the region. There are several wildlife trade spots and
local markets for venison and other wild meats in the towns of Sausapor
and Fef in Tambrauw regency, and in the provincial cities of Sorong and

Manokwari. Hunters with access to local markets in towns were able
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to pursue commercial hunting and sell the harvest by themselves. The
others had to bring their capture to the wildlife trade spots and sold to
middlemen. Regarding the wildlife trade, the price of venison and wild
pig meat sold in the cities was much more expensive around 60,000 IDR
per kg meat (1 USD = 13,800 IDR), and 40,000 IDR in the towns, but the
benefits usually go to middlemen and meat handlers. In addition, the
antlers and the pelt of rusa deer are valuable and may bring additional

income for families.

4.3 | Managing hunting

To be effective, wildlife management not only requires robust assess-
ment of population abundance of the target species (Latham et al.,
2017), but also considerations of other contexts such as ethical and
political arguments (Dickman et al., 2015), since conservation is more
about people than wildlife (Steinmetz et al., 2014). Moreover, manag-
ing an introduced mammal is an especially complex problem, since its
effects on native fauna and flora are usually not well understood.

In West Papua, wildlife plays an important role as protein source
of local people and recently also for income generation, and therefore
many local communities are seriously concerned to manage capture
rates of target animals. For centuries, the so called sasi system is being
applied in the Mollucas and various parts of West Papua when wildlife
faces dramatic declines and other natural resources are depleted. Sasi
refers to a traditional system of natural resource management and
includes banning the harvests of resources on the land and in the sea
(McLeod et al., 2009). Sasi forest and wildlife may also describe specific
traditional rules and regulations governing access to forest areas and
to hunt particular wildlife species. We found that local communities in
Tambrauw have developed and implemented ‘sasi gereja’ and ‘sasi adat’
to avoid overexploitation of forest, wildlife and marine resources. Both
sasi systems have been implemented in a specific rotation way or within
certain agreed periods. For instance, the sasi area is divided into multi-
ple sites and forest resources can be harvested in a rotation manner if
the population abundance is increased, or as practiced in Syunggak vil-
lage, wildlife hunting is prohibited for a period of 5 years. According to
the clan and community leaders, traditionally, the sasi system has been
developed for sustainable harvest of wildlife, because the abundance
of large-sized wildlife was reduced drastically after intensive harvest-
ing in the previous years. The sasi has also been employed to improve
ecotourism and wildlife tourism to benefit local communities. Both the
sasi system and wildlife taboos are two forms of traditional knowledge
and beliefs which can provide important mechanisms to support sus-
tainable management of natural resources and biodiversity conserva-

tion in the region.

4.4 | Proposing an integrated community-based
rusa deer management

With regard to the high population of rusa deer in West Papua and

the current pattern of wildlife hunting and trade, management strate-

gies should address the role of rusa deer within the socio-economy
of the local people, while also considering impacts of this species on
the forest ecosystems. As a first step, we here propose an integrated
community-based rusa deer management, which can be implemented
by combining multiple stakeholders such as local villagers, traditional
institutions, hunters and vendors, government and external experts
(Figure 3). As such, government program, traditional ecological knowl-
edge and outcomes of scientific assessments should be incorporated
to guide management strategies and resource use decisions within a
holistic approach. General guidelines on the sustainable use of wildlife
(e.g. monitoring of harvest levels, population recovery capacity) could
be communicated, but recognition and understanding of the local con-
text is necessary for the application of such guidelines (Prescott-Allen
& Prescott-Allen, 1999).

Such community-based management relies on acquisition and ade-
quate communication of information (Bodmer & Puertas, 2000). In this
context, for example, the community and traditional institutions could
be encouraged and recognized as the main responsible stakeholders
for implementing rusa deer management in their traditional forests.
Since the sasi system and wildlife taboos have been applied in Tam-
brauw region, these traditional regulations could be used as important
principles of management strategies and conservation. However, the
local communities essentially require assistance, guidance and cooper-
ation from other stakeholders on the technical aspects, such as how to
know the sustainable level of rusa deer offtake. Ecological studies that
focus on population assessments may generate useful information on
the impact of hunting as well as on the effectiveness of management
strategies on animal population abundance. Such scientific informa-
tion should practically guide local people on sustainable resource use
while recognizing the socioeconomic realities of the communities (Bod-
mer & Puertas, 2000). Hunting registers need to be established in local
villages, as an efficient control measure and a key factor for the sus-
tainability assessment. Hunters and vendors should report their hunt-
ing and trade activities to the traditional council, so hunting on threat-
ened native fauna can be identified and regulated. The trade scheme
should be properly monitored and managed so that hunting merely tar-
gets the introduced/invasive species as the trade incentives may other-
wise escalate hunting pressure on native species in the region (Pangau-
Adam & Noske, 2010).

Another important aspect of an integrated rusa deer management
would be the establishment of a special regulation for commercial
hunting and trade. There is an existing provincial law on the ‘Sustain-
able Forest Management’ in West Papua (Perdasus No. 21/2008), but
it does not specifically address wildlife hunting. Traditional councils
together with the Tambrauw regency government could plan and set
up regulations on potential types of exploitation of wildlife and forests.
In this process, they should recognize and incorporate information
and advice from professionally trained external experts in wildlife and
habitat management, and should also particularly consolidate the atti-
tudes of hunters and traditional institutions in the development of reg-
ulations. As the application of snares by hunters can be detrimental
to native wildlife species, the impacts of different hunting techniques

should be clearly described in the newly enacted regulations, directing
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FIGURE 3 Aproposed integrated sustainable rusa deer management in the Tambrauw region, West Papua, Indonesia

to prevent the use of shotguns and snares to hunt, and instead promote
traditional hunting methods.

Rusa deer management should also improve strategies of wildlife
trade in the Tambrauw regency. As the majority of the wildlife trade
benefits usually go to middlemen and meat handlers rather than local
hunters, it is a big challenge for them to act as key players. The gov-
ernment programs that provide support to empower the small-scale
community entrepreneurship (A. Major 2019, personal comm.) can be
addressed to train local hunters and their families in both wild meat
handling and marketing. Also, in combination with the initiatives of
conservation NGOs such as the Blue Abadi and GIZ-FORCLIME, gov-
ernment programs can deliver such infrastructure, for example boat,
refrigerator boxes and solar cell power. Such infrastructural develop-
ment and training are necessary for local hunters and meat vendors,
for effective handling and marketing of hunted animals (e.g. rusa deer,
wild pig).

Furthermore, other important factors that need to be included in
the proposed rusa deer management are the current hunting pressure
faced by threatened native fauna and the understanding of a balanced
ecosystem. Uncontrolled hunting and illegal wildlife trade have become
one of the major causes of the population decline of endemic fauna in
Papua such as cassowaries and crowned pigeons (Johnson et al., 2004;
Pangau-Adam et al., 2015; Keiluhu et al., 2019). In order to maintain
the population of native fauna in the Tambrauw region, hunters could
be encouraged to focus their hunting efforts on the introduced species
(i.e. rusa deer and wild pig), which both are abundant in the region.
Basically, this issue can only be addressed by effective law enforcement
measures (Pangau Adam & Noske, 2010). Therefore, the redirection of
hunting from native to introduced/invasive species, and from vulnera-
ble to resilient species, could be incorporated in the special regulation
on wildlife hunting. In addition, it is well known that unsustainable
harvest will lead to population decline of species or, in the worst case,
it can even cause extirpation (Davis et al., 2016). However, the exter-

mination of the introduced/invasive herbivores that are well adapted

and having a high density is impractical through natural predators or
local human hunters (Davis et al., 2016), especially since the natural
predators of these mammals are absent. Therefore, continuous moni-
toring on rusa deer distribution, abundance and harvest rates needs to
be conducted to assess population trends and impacts of hunting. The
results should be delivered to traditional institutions to improve the
management.

Ungulates such as rusa deer are known as ecosystem engineers,
since they maintain the heterogeneity of landscapes, but when they
are introduced into regions where they become invasive, they can
adversely affect local biodiversity (Gordon et al., 2004; Davis et al.,
2016). For instance, in New Zealand (Allen et al., 1984), Australia (Keith
& Pellow, 2005) and south-western PNG (Bowe et al., 2007) the veg-
etation structure has been substantially altered by browsing of rusa
deer. Also, in the Tambrauw region rusa deer browse saplings of vari-
ous trees (e.g. palms), and may consequently prevent or reduce regen-
eration of the forest. However, our analysis does not directly test this
hypothesis, rather it suggests that further study is needed to examine
the impacts of rusa deer on forest structure and interspecific competi-
tion with native herbivores in Papua.

In conclusion, the proposed integrated community-based rusa deer
management in the Tambrauw region could lead to successful con-
servation outcomes if trust is built between stakeholders, and if they
are willing to share information and commit to cooperate. A study in
rural areas in PNG reported that village-based monitoring programs
were feasible when undertaken in collaboration with non-local scien-
tists or trained workers (Johnson et al., 2004). These should be encour-
aged as a means by which communities and management agencies can
evaluate the sustainability of wildlife harvesting rates (Johnson et al.,
2004). Likewise, Bodmer and Puertas (2000) illustrated how collabora-
tion between scientists, NGO workers and local hunters has achieved
sustainable harvest rates through collective monitoring and evalua-
tion of wildlife offtake. The progress towards sustainability could be

achieved only by integrating both human dimensions and ecological
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factors, and not trading them off against each other (Prescott-Allen &
Prescott-Allen, 1999). The community-based effort might function as
a potential conservation strategy in the Tambrauw region, if there is
adequate evidence-based information on managing wildlife hunting in
a form that is compatible with the socioeconomic capacities and aspi-
rations of the local people.

ACKNOWLEDGEMENTS

We are grateful to the GIZ-FORCLIME Programme, the University
of Gottingen for financial support, and to the University of Montana
and Cenderawasih University Papua for the permission to use their
research facilities. Sincere thanks to J. Brodie for his generous sup-
port in providing camera traps. We are also grateful to authorities in
the Tambrauw Government and to local communities for their coop-
eration. We thank our field assistants, especially Betwel Yekwam and
Daud Yekwam (deceased), for their support and assistance during the
fieldwork.

Open Access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTIONS

MPA, MS and MW conceived the ideas and designed methodology.
MPA led the field project. MPA, MS and MF collected the data. MPA
and MS analysed the data. JT analysed the spatial mapping. MPA and
MS led the writing of the manuscript. All authors contributed signifi-
cantly to the drafts and gave final approval for publication.

DATA AVAILABILITY STATEMENT
Data are available in the Dryad repository, https://doi.org/10.5061/
dryad.fttdzO8tp (Pangau-Adam et al., 2021).

ORCID

Margaretha Pangau-Adam " https://orcid.org/0000-0003-1427-0418
Jan-Niklas Trei ') https://orcid.org/0000-0002-7063-2586
Mahmood Soofi ‘¥ https://orcid.org/0000-0002-5756-0151

REFERENCES

Allen, R. B., Payton, I. J., & Knowlton, J. E. (1984). Effects of ungulates on the
structure and species composition in the Urewera forests as shown by
exclosures. New Zealand Journal of Ecology, 7, 119-130.

BAPPEDA Tambrauw. (2014). Rencana Tata Ruang Wilayah Revisi Kabupaten
Tambrauw. BAPPEDA Tambrauw.

Bodmer, R., & Puertas, P. E. (2000). Community-based comanagement of
wildlife in the Peruvian Amazon. In J. G. Robinson & E. L. Bennett (Eds.)
Hunting for sustainability in tropical forests (pp. 395-409). Colombia Uni-
versity Press.

Borchers, D. L., & Burnham, K. P. (2004). General formulation for distance
sampling. In S. T. Buckland, D. R. Anderson, K. P. Burnham, J. L. Laake,
D. L. Borchers & L. Thomas (Eds.) Advanced distance sampling (pp. 6-30).
Oxford University Press.

Bowe, M., Stronach, M., & Bartalo, R. (2007). Grassland and savanna ecosys-
tems of the Trans-Fly, southern Papua. In A. J. Marshall & B. M. Beehler
(Eds.) The ecology of Papua: Part 2. The ecology of Indonesia series, Vol. VI
(pp. 1054-1063). Periplus Editions.

BPS Indonesia. (2021). Forest area in Indonesia. Badan Pusat Statistik BPS
Indonesia.

BPS Papua Barat. (2021). Propinsi Papua Barat dalam Angka [Papua Barat
Province in Figures]. Badan Pusat Statistik BPS Papua Barat.

BPS Sorong. (2021). Kabupaten Tambrauw dalam Angka [Tambrauw Regency in
Figures]. Badan Pusat Statistik BPS Sorong.

Brodie, J. F., Helmy, O., Pangau-Adam, M., Ugiek, G., Froese, G., Granados,
A., Mohd-Azlan, J., Bernard, H., Giordano, A. J., & Mustafa, A. H. (2018).
Crossing the (Wallace) line: Local abundance and distribution of mam-
mals across biogeographic barriers. Biotropica, 50, 116-124. https://doi.
org/10.1111/btp.12485

Brodie, J. F., & Pangau-Adam, M. (2016). Human impacts on two endemic
cassowary species in Indonesian New Guinea. Oryx, 51, 354-360.
https://doi.org/10.1016/j.japb.2019.07.005

Buckland, S. T., Anderson, D. R., Burnham, K. P, Laake, J. L., Borchers, D. L., &
Thomas, L. (2001). Introduction to distance sampling: Estimating abundance
of biological populations. Oxford University Press.

Buckland, S. T,, Rexstad, E. A.,, Marques, T. A., & Oedekoven, C. S. (2015). Dis-
tance sampling: Methods and applications. Springer International Publish-
ing.

Burnham, K. P, & Anderson, D. R. (2002). Model selection and multimodel
inference: A practical information-theoretic approach (2nd ed.). Springer
Publishing.

Corbet, G. B., & Hill, J. E. (1992). Mammals of the Indo-Malayan region: A sys-
tematic review. Oxford University Press.

Davis, N. E., Bennett, A, Forsyth, D. M., Bowman, D. M. J. S, Lefroy, E. C,,
Wood, S. W., Woolnough, A. P, West, P, Hampton, J. O., & Johnson, C.
N. (2016). A systematic review of the impact and management of intro-
duced deer (family Cervidae) in Australia. Wildlife Research, 43,515-532.
https://doi.org/10.1071/WR16148

Desvals, M., Lambert, C., & Leroux, H. (1992). Account of four years
of monitoring the health of the deer population in New Caledonia.
Revue d’Elevage et de Medecine Veterinaire de Nouvelle Caledonie, 16,
25-32.

Dickman, A., Johnson, P. J., van Kesteren, F., & Macdonald, D. W. (2015).
The moral basis of conservation: How is it affected by culture? Frontiers
in Ecology and the Environment, 13, 325-331. https://doi.org/10.1890/
140056

Flannery, T.F. (1995). Mammals of New Guinea. Reed Books.

Gordon, I. J.,, Hester, A. J., & Festa-Bianchet, M. (2004). The management of
wild large herbivores to meet economic, conservation and environmen-
tal objectives. Journal of Applied Ecology, 41, 1021-1031. https://doi.org/
10.1111/j.0021-8901.2004.00985.x

Hedges, S., Duckworth, J. W., Timmins, R. J., Semiadi, G., & Dryden,
G. (2015). Rusa timorensis. IUCN Red List of Threatened Species.
eT41789A22156866.

Johnson, A, Bino, R., & Igag, P. (2004). A Preliminary evaluation of the sus-
tainability of cassowary (Aves: Casuariidae) capture and trade in Papua
New Guinea. Animal Conservation, 7, 129-137. https://doi.org/10.1017/
S1367943003001173

Keiluhu, H., Pangau-Adam, M., Maury, H. K., & Waltert, M. (2019). Effects
of anthropogenic disturbance on a Victoria crowned pigeon Goura vic-
toria population in northern Papua, Indonesia. Asian Journal of Con-
servation Biology, 12, 493-497. https://doi.org/10.1016/j.japb.2019.07.
007

Keith, D., & Pellow, B. (2005). Effects of Javan rusa deer (Cervus timorensis)
on native plant species in the Jibbon Bundeena area, Royal National Park,
New South Wales. Proceedings of the Linnean Society of New South Wales,
126,99-110.

Kéry, M., & Royle, A. (2020). Applied hierarchical modeling in ecology: Analysis
of distribution, abundance and species richness in R and BUGS. Vol. 2 dynamic
and advanced models. Academic Press.

Kéry, M., & Royle, J. A. (2016). Applied hierarchical modeling in ecology: Analy-
sis of distribution, abundance and species richness in R and BUGS. Vol. 1 pre-
lude and static models. Academic Press.


https://doi.org/10.5061/dryad.fttdz08tp
https://doi.org/10.5061/dryad.fttdz08tp
https://orcid.org/0000-0003-1427-0418
https://orcid.org/0000-0003-1427-0418
https://orcid.org/0000-0002-7063-2586
https://orcid.org/0000-0002-7063-2586
https://orcid.org/0000-0002-5756-0151
https://orcid.org/0000-0002-5756-0151
https://doi.org/10.1111/btp.12485
https://doi.org/10.1111/btp.12485
https://doi.org/10.1016/j.japb.2019.07.005
https://doi.org/10.1071/WR16148
https://doi.org/10.1890/140056
https://doi.org/10.1890/140056
https://doi.org/10.1111/j.0021-8901.2004.00985.x
https://doi.org/10.1111/j.0021-8901.2004.00985.x
https://doi.org/10.1017/S1367943003001173
https://doi.org/10.1017/S1367943003001173
https://doi.org/10.1016/j.japb.2019.07.007
https://doi.org/10.1016/j.japb.2019.07.007

PANGAU-ADAMET AL.

110f11

Konietschke, F., Noguchi, K., & Rubarth, K. (2019). Multiple comparisons
and simultaneous confidence intervals, package ‘nparcomp’. https://cran.r-
project.org/web/packages/nparcomp/nparcomp.pdf

Latham, A. D. M., Warburton, B., Byrom, A. E., & Pech, R. P. (2017). The ecol-
ogy and management of mammal invasions in forests. Biological Invasions,
19,3121-3139. https://doi.org/10.1007/s10530-017-1421-5

Long, J. L. (2003). Introduced mammals of the world: Their history, distribution
and influence. CABI Publishing.

MacKenzie, D., Nichols, J., Royle, J., Pollock, K., Bailey, L., & Hines, J. (2018).
Occupancy estimation and modeling: Inferring patterns and dynamics of
species occurrence (2nd ed.). Academic Press.

Mazerolle, M. J. (2019). AlCcmodavg: Model selection and multimodel infer-
ence based on (Q)AIC(c). R package version 2.2-2. https://cran.r-project.
org/package=AlCcmodavg

MclLeod, E., Szuster, B., & Salm, R. (2009). Sasi and marine conservation in
Raja Ampat, Indonesia. Coastal Management, 37, 656-676. https://doi.
org/10.1080/08920750903244143

Miller, D. L. (2019). Distance sampling detection function and abundance
estimation, package “Distance”. http://github.com/DistanceDevelopment/
Distance/

Ministry of Environment and Forestry, Republik Indonesia. (2018). Perat-
uran Menteri Lingkungan Hidup dan Kehutanan Republik Indonesia Nomor
P.106 Tentang Jenis Tumbuhan dan Satwa yang Dilindungi.

Moriarty, A. J. (2004). Ecology and environmental impact of Javan rusa deer
(Cervus timorensis russa) in the Royal National Park (PhD thesis). University
of Western Sydney.

Oka, G. M. (1998). Factors affecting the management of Muntjac Deer (Muntia-
cus muntjak) in Bali Barat National Park, Indonesia. University of Western
Sydney.

Pangau-Adam, M., Flassy, M., Trei, J., Waltert, M., & Soofi, M. (2021). Data
from: The role of the introduced rusa deer Cervus timorensis for wildlife
hunting in West Papua, Indonesia. Dryad Digital Repository. https://doi.
org/10.5061/dryad.fttdz08tp

Pangau-Adam, M., Mihlenberg, M., & Waltert, M. (2015). Rainforest dis-
turbance affects population density of the northern cassowary Casuar-
ius unappendiculatus in Papua, Indonesia. Oryx, 49, 735-742. https://doi.
org/10.1017/50030605313001464

Pangau-Adam, M., & Noske, R. (2010). Wildlife hunting and bird trade in
northern Papua. In S. Tidemann & A. Gosler (Eds.) Ethno-ornithology:
Global studies in Indigenous ornithology, culture, society and conservation
(pp. 73-85). Earthscan.

Pangau-Adam, M., Noske, R., & Muhlenberg, M., (2012). Wildmeat or bush-
meat? Subsistence hunting and commercial harvesting in Papua, Indone-
sia. Human Ecology, 40, 611-621. https://doi.org/10.1007/s10745-012-
9492-5

Parkes, J., & Murphy, E. (2003). Management of introduced mammals in New
Zealand. New Zealand Journal of Zoology, 30, 335-359. https://doi.org/10.
1080/03014223.2003.9518346

Pattiselanno, F,, Lloyd, J. K. F,, Sayer, J., Boedhihartono, A. K., & Arobaya, A.
Y. S. (2020). Wild meat trade chain on the bird’s head peninsula of West

Papua Province, Indonesia. Journal of Ethnobiology, 40, 202-217. https:
//doi.org/10.2993/0278-0771-40.2.202

Petocz, R. (1989). Conservation and development in Irian Jaya. E.J. Brill.

Prescott-Allen, R., & Prescott-Allen, C. (1999). Assessing the sustainability of
uses of wild species: Case studies and initial assessment procedure. The [UCN
Species Survival Commission.

Rahman, D. A, Condro, A,, Rianti, P, Masy’ud, B., Aulagnier, S., & Semiadi, G.
(2020). Geographical analysis of the Javan deer distribution in Indonesia
and priorities for landscape conservation. Journal for Nature Conservation,
54,125795. https://doi.org/10.1016/j.jnc.2020.125795

Robinson, J. G., & Bennett, E. L. (2000). Hunting for sustainability in tropical
rainforests. Columbia University Press.

Royle, J. A. (2004). N-mixture models for estimating population size from
spatially replicated counts. Biometrics, 60, 108-115. https://doi.org/10.
1111/j.0006-341X.2004.00142.x PMID: 15032780

Semiadi, G. (2006). Biologi rusa tropis [The biology of tropical deer]. Puslit
Biologi LIPI Press.

Soofi, M., Ghoddousi, A., Hamidi, A. K., Ghasemi, B., Egli, L., Voinopol-Sassu,
A. J, Kiabi, B. H., Balkenhol, N., Khorozyan, I., & Waltert, M. (2017).
Precision and reliability of indirect population assessments for the
Caspian red deer Cervus elaphus maral. Wildlife Biology. https://doi.org/
10.2981/wlb.00230

Steinmetz, R. S., Mor-Tip, J., & Seuaturien, N. (2014). Can community out-
reach alleviate poaching pressure and recover wildlife in Southeast Asian
protected areas? Journal of Applied Ecology, 51, 1469-1478. https://doi.
org/10.1111/1365-2664.12239

Telfer, C. T.(1997). The role of feral and introduced game mammals in a sus-
tainable hunting program in Hawaii. Proceedings, Western Association of
Fish & Wildlife Agencies, 76,219-225.

Thomas, L., Buckland, S. T,, Rexstad, E. A., Laake, J. L., Strindberg, S., Hedley,
S. L., Bishop, J. R. B,, Marques, T. A., & Burnham, K. P. (2010). Distance
software: Design and analysis of distance sampling surveys for estimat-
ing population size. Journal of Applied Ecology, 47, 5-14. https://doi.org/
10.1111/j.1365-2664.2009.01737.x

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Pangau-Adam, M., Flassy, M., Trei,
J.-N.,, Waltert, M., & Soofi, M. (2022). The role of the introduced
rusa deer Cervus timorensis for wildlife hunting in West Papua,
Indonesia. Ecological Solutions and Evidence, 3,e12118.
https://doi.org/10.1002/2688-8319.12118


https://cran.r-project.org/web/packages/nparcomp/nparcomp.pdf
https://cran.r-project.org/web/packages/nparcomp/nparcomp.pdf
https://doi.org/10.1007/s10530-017-1421-5
https://cran.r-project.org/package=AICcmodavg
https://cran.r-project.org/package=AICcmodavg
https://doi.org/10.1080/08920750903244143
https://doi.org/10.1080/08920750903244143
http://github.com/DistanceDevelopment/Distance/
http://github.com/DistanceDevelopment/Distance/
https://doi.org/10.5061/dryad.fttdz08tp
https://doi.org/10.5061/dryad.fttdz08tp
https://doi.org/10.1017/S0030605313001464
https://doi.org/10.1017/S0030605313001464
https://doi.org/10.1007/s10745-012-9492-5
https://doi.org/10.1007/s10745-012-9492-5
https://doi.org/10.1080/03014223.2003.9518346
https://doi.org/10.1080/03014223.2003.9518346
https://doi.org/10.2993/0278-0771-40.2.202
https://doi.org/10.2993/0278-0771-40.2.202
https://doi.org/10.1016/j.jnc.2020.125795
https://doi.org/10.1111/j.0006-341X.2004.00142.x
https://doi.org/10.1111/j.0006-341X.2004.00142.x
https://doi.org/10.2981/wlb.00230
https://doi.org/10.2981/wlb.00230
https://doi.org/10.1111/1365-2664.12239
https://doi.org/10.1111/1365-2664.12239
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://doi.org/10.1002/2688-8319.12118

	The role of the introduced rusa deer Cervus timorensis for wildlife hunting in West Papua, Indonesia
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study area
	2.2 | Study design
	2.3 | Distance sampling
	2.4 | Camera trap surveys
	2.5 | Interview surveys

	3 | RESULTS
	3.1 | Camera trap survey (N-mixture model)
	3.2 | Hunting patterns
	3.3 | Commercial hunting and rusa deer trade
	3.4 | Sasi system and wildlife taboos

	4 | DISCUSSION
	4.1 | Population status
	4.2 | Hunting as a livelihood strategy
	4.3 | Managing hunting
	4.4 | Proposing an integrated community-based rusa deer management

	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


