Spatial and temporal patterns of harvesting of the
Vulnerable pig-nosed turtle Carettochelys insculpta
in the Kikori region, Papua New Guinea
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Abstract Management of wildlife use by communities

living a partially traditional lifestyle is usually more successful when the interactions between those communities and
the environment are well understood. We mapped the harvest areas for the Vulnerable pig-nosed turtle Carettochelys
insculpta for six language-groups in the Kikori region of
Papua New Guinea and compared harvest parameters between diﬀerent areas and language-groups and, when possible, between 1980–1982 and 2007–2009. Spatially, the main
inﬂuence on harvest method was a tribe’s location relative
to the turtle’s distribution. No small juveniles (, 20 cm
straight-line carapace length) were found outside the Kikori
delta, which is probably the species’ feeding grounds. In
contrast, nesting females were captured only in upstream
and coastal sandbank areas. Temporally there were distinct
diﬀerences in harvesting parameters between tribes, which
may be explained by diﬀerential employment opportunities.
To halt the decline of pig-nosed turtles in the Kikori region
we recommend the establishment of beach and feedingground protection initiatives, together with monitoring
of the turtle population and harvest. Concomitantly, trips
speciﬁcally targeted at harvesting the turtles, which account
for 81% of the animals captured, need to be restricted. These
initiatives should include all six language-groups and take
into account their speciﬁc harvesting patterns.
Keywords Consumption trend, ﬁshing technology, harvest
methods, language-groups, pig-nosed turtle, Papua New
Guinea, sex ratio, wildlife management

Introduction

W

ild-meat consumption in developing countries is
a signiﬁcant issue in conservation (Barnes, 2002;
Sodhi et al., 2004; Nasi et al., 2008). Modern hunting
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technologies, loss of traditional hunting controls, increases
in human populations, commercialization of biological
resources, and greater access to these resources as a result of
road construction and forest fragmentation are among the
main factors that have contributed to increased harvesting
of wild meat (Bennett & Robinson, 2000). Changing social
and economic factors can also inﬂuence whether or not
a resource will be exploited, where it will be exploited and
to what extent (Campbell, 2002; Mascia et al., 2003). This
in turn will inﬂuence the future trajectory of wildlife
species and may lead to local extirpation (Henderson, 1974;
Honegger, 1981; Carlton et al., 1999).
Achieving positive outcomes from conservation and
sustainable-use programmes in culturally diverse countries
presents complex challenges (Nazarea et al., 1998). Papua
New Guinea is such a country, with . 500 languages (Foley,
1986), and 97% of its land privately owned (Lynch & Marat,
1993). The land is held by kinship groups or individuals
according to the customary system of each tribe. This cultural diversity brings added complexity. Any resource planning and control is constrained and needs to be introduced
with sensitivity (Stubbs, 1989).
The Kikori region in the Gulf Province of Papua
New Guinea can be considered a microcosm of the complex
issues that arise when trying to achieve conservation objectives. Many tribes coexist in the region and diﬀer in
language, use of natural resources and response to cultural
changes. Interactions between Kikori indigenous communities and Europeans began in the late 19th century
(David, 2008) and since then the region has become the
country’s ﬁrst major site for oil development (Price et al.,
1994; Gilberthorpe, 2009). New developments include the
construction of a gas pipeline (Papua New Guinea’s largest
industrial enterprise) and roads connecting Kikori to other
major towns for the ﬁrst time (ACIL-Tasman, 2009).
Reversing the decline of the pig-nosed turtle Carettochelys
insculpta in this context is an example of the challenges
faced by wildlife management (Eisemberg et al., 2011).
Widely distributed in southern New Guinea, C. insculpta
is of conservation concern because it is the sole survivor of a
once widespread family of turtles, has a restricted global
distribution and is subjected to intense harvest pressure
through much of its range (Rose et al., 1982; Georges et al.,
2008a,b). In the Gulf of Papua almost 90% of C. insculpta
eggs are harvested during the nesting season (September–
March; Pauza, 2003; Georges et al., 2008a). The introduction
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of new technologies, such as ﬁshing line, net, snorkel masks
and outboard motors, is cited as one of the main causes for
the increase in harvest pressure on the pig-nosed turtle
(Rose et al., 1982) and may have contributed to an estimated
population decline of 57% since 1982 (Eisemberg et al., 2011).
The species is categorized as Vulnerable on the IUCN Red
List (Asian Turtle Trade Working Group, 2000).
Formulation of a management and conservation plan for
the species requires an understanding of the diverse ways in
which humans interact with turtles, especially if these interactions diﬀer among the ethnic groups in the region. It is
also important to identify how each group has responded to
the introduction of new technologies. Here we address this
critical gap in knowledge required to engage the local community in meeting the challenges of changing patterns of
wildlife use. We report on the areas used for turtle harvesting by each group (based on language) in the Kikori delta
and the relative number of turtles harvested by each group.
We describe associations between harvest parameters, turtle
size and sex ratio within diﬀerent areas and language-group
aggregations. We also compare tribes’ current harvesting
characteristics with those reported during 1981–1982. Finally,
we use this information to identify options for the Kikori
communities to consider, to introduce more sustainable
harvest practices.
Study area
The Kikori drainage extends from the alpine grasslands
of Doma Peaks, in the Southern Highlands Province of
Papua New Guinea, to the extensive mangrove wetlands of
the Gulf Province (Fig. 1). The meandering river system is
conﬁned within its limestone bed. The delta is an alluvial
plain at , 40 m altitude, with a distributary system of river
channels, formed by the deposition of layers of soil, principally soft silts and clays, over the underlying limestone
plain. The coast comprises the delta islands exposed to the
Gulf of Papua. Coastal beaches, sand bars and sand islands
are created by wind and wave action (Enesar Consulting,
2005).
There are 51 villages and ﬁshing camps in this area. They
are divided into six distinct ethnic groups with diﬀerent
languages and ﬁshing areas (Fig. 1). We recognize the following language-groups and dialects, conﬁrmed by reference to Ethnologue (Gordon & Grimes, 2005), the Paciﬁc
Language Mapping Project (Blundell, 2006) and other
reports (Wurm & Hattori, 1981): Rumu, Kasere (Ikobe),
Kerewo (Goarebari), Urama (Kiwai) and Porome (which
can be subdivided into Kibiri and Porome). New settlements
and the main town of Kikori comprise a mixture of groups
that primarily speak the common language Motu. Those
locations were omitted from the analysis. For our spatial
analysis we aggregated language-groups on the basis of
their location as follows: Rumu–Kasere (riverine villages),

Porome–Kibiri (delta villages) and Kerewo–Urama (delta
and coastal villages). Kasere villages (n 5 1) and Rumu
villages (n 5 5) are on the river, upstream of the delta; Kibiri
(n 5 2) and Porome villages (n 5 2) are all in the delta;
Kerewo villages (n 5 7) occupy both delta and coastal areas;
the single Urama village is on the coast (Fig. 1).
Methods
Spatial patterns in harvest (2007–2009)
To investigate spatial patterns in the turtle harvest we
collected data from 19 villages and associated ﬁshing camps
across the study site during the 2007–2008 and 2008–2009
nesting seasons (September–March). Villages were visited
by CCE at least twice in each nesting season. Volunteers
were recruited in each village to record information on
harvesting and to keep turtle shells after consumption. Data
from these volunteers were validated during village meetings, by the hunter or a participant in the harvest. Harvest of
pig-nosed turtle for local consumption and sale is a legal
activity in this area and there is no reason for locals to
underreport their catches.
When shells or live turtles were available we measured
the maximum straight-line carapace length (SCL). We
sought information on the location and date of capture,
capture method (ﬁshing line, net, spear, by hand while
diving with snorkel masks, or capture of female nesting
on the sandbank), sex and maturity status (female, male,
juvenile), objective of the hunting trip (whether it was
speciﬁcally targeted at turtles or not) and mode of transport
used by hunters (canoe, motorboat or walking). Where
possible the destiny of the animal after capture was also
recorded (sold in the main markets or not). The two main
markets are Kikori and Sirebi markets (Fig. 1). As captures
were skewed towards females nesting in the coastal and
riverine areas we performed a second analysis, using only
animals captured by ﬁshing line and net, to assess a possible
diﬀerence in sex ratio between areas.
The hunting area used by each language-group (Fig. 1)
was determined from the recorded locations of harvest.
Turtle consumption was calculated as the number of turtles
caught divided by the number of inhabitants in each
language-group surveyed (PNG Census, 2000) and expressed as the number of turtles per 100 residents. We also
calculated the mean capture rate for the nesting season.

Temporal patterns in harvest (1980–1982 and
2007–2009)
Data from 1980–1982 were collected by MR and three
trained assistants at the Kikori market and in villages.
One of these assistants became a volunteer recorder for the
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FIG. 1 The Kikori region of Papua New
Guinea, with the ﬁshing areas of the
tribal groups. The rectangle on the inset
shows the location of the main map in
Papua New Guinea.

2007–2009 period and helped to standardize the methodology. Similar questionnaires and data validation systems
were used during both periods. As was the case during
2007–2009 there was no reason for hunters to underreport
their catches during 1980–1982. Only villages visited during
both periods were used in the temporal analysis. Six
Kerewo villages (Aedio, Apeowa, Babaguna, Dopima,
Goare, Samoa) and four Rumu villages (Irimuku, Kopi,
Ogomabu, Waira) were surveyed during both 1980–1982
and 2007–2009. There were no data available to compare
Porome–Kibiri tribes between the two periods.
Only turtles captured during the same period of the year
during 2007–2009 (nesting periods: September 1980–March
Oryx, 2015, 49(4), 659–668 © 2014 Fauna & Flora International
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1981 and September 1981–March 1982) were considered in
the analysis. It was possible to compare the tribe responsible
for the capture, the harvest method and the destiny of the
animal after capture (the Kikori market was the only main
market available during 1980–1982) between the two
periods. Other parameters recorded during 2007–2009
(sex/maturity status, objective of the trip, and transport)
were not recorded during 1980–1982.
Statistical analysis
We tested diﬀerences in hunting parameters among
areas, tribes and periods, using Pearson χ2 and
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TABLE 1 Language-group, population, number of villages, number of pig-nosed turtles Carettochelys insculpta caught per 100 inhabitants,
and mean nesting-season capture rate during September 2007–March 2009 in the Kikori region, Papua New Guinea (Fig. 1). Each languagegroup represents one ethnic group. Census data were provided by WWF–Papua New Guinea (PNG Census, 2000).
Number of villages

Languagegroup

Population

Coast

Delta

River

Total

No. of turtles caught
per 100 inhabitants

Mean nesting-season
capture rate

Kasere
Kerewo
Kibiri
Porome
Rumu
Urama
Total

223
1,053
146
908
997
332
3,659

0
4
0
0
0
1
5

0
3
2
2
0
0
7

2
0
0
0
5
0
7

2
7
2
2
5
1
19

2.69
7.41
6.16
1.21
3.71
1.20
3.96

3
39
4.5
5.5
18.5
2
72.5

Cramer’s V coeﬃcient. In χ2 tests counts of turtles were the
independent entities satisfying the underlying multinomial
assumptions. An ANOVA (analysis of variance) was carried
out to test the diﬀerences in size among individuals from the
coast, delta and river. It was preceded by an analysis of residuals to test the assumptions of normality of variances. A
Levene’s test was used to assess the homogeneity of variances. A Welch ANOVA was performed for unequal variances. Multiple comparisons following signiﬁcant results in
the ANOVA were made using the Tukey–Kramer HSD
(honestly signiﬁcant diﬀerence) procedure. Statistical tests
were performed using SPSS v. 17 (SPSS Inc., Chicago, USA)
and JMP v. 7 (SAS, Cary, USA).
Results
Spatial patterns in harvest (2007–2009)
We recorded 145 pig-nosed turtles harvested from 19 villages
during the 2007–2008 and 2008–2009 nesting seasons.
Rumu and Kerewo tribes (occupying 12 of the 19 villages
included in the study) together were responsible for 79.3% of
the total harvest during the 2007–2008 and 2008–2009
nesting seasons. However, Kibiri and Kerewo tribes consumed the highest proportion of turtles per inhabitant
(Table 1). In general, tribes harvested turtles according to
their location, with Kerewo–Urama having a coastal pattern,
Porome–Kibiri a delta pattern and Rumu–Kasere a river
pattern (Table 2; Figs 1 & 2).
One turtle was captured by spear and ﬁve by diving with
mask. These six were not included in the χ2 analysis to test
diﬀerences among areas and tribes. Females accounted for
74.4% of captures (n 5 133), with 65.7% of those (n 5 99)
captured when nesting. The proportion of females, males
and juveniles harvested diﬀered signiﬁcantly between regions (Table 2; Figs 2 & 3). Juveniles were caught almost exclusively in the delta, and most of the individuals captured
on the coast were females. This is partly a result of the
diﬀerent hunting methods used. Capture of nesting female
turtles was the most common hunting method in coastal

and riverine areas, whereas in the delta the most common
method of capturing turtles was by ﬁshing line (Table 2;
Fig. 2). However, even when only animals caught using
ﬁshing line and net were considered the proportion of
females, males and juveniles was still signiﬁcantly diﬀerent
between regions (coast: 70.6% females, 0% juveniles, 29.4%
males, n 5 17; delta: 40% females, 48.6% juveniles, 11.4%
males, n 5 35; river: 58.3% females, 25% juveniles,
16.7% males, n 5 12; Table 2).
Levene’s test indicated unequal variances in turtle size
between areas, with a greater variance of size in the delta
(F 5 14.759, df 5 2,71, P , 0.001). A greater frequency
of smaller individuals in the delta was reﬂected in
the smaller mean size of turtles from the delta
(35.37 ± SE 2.19 cm SCL, n 5 43) compared to those from
the coast (48.18 ± SE 0.88 cm SCL, n 5 18) and river
(41.13 ± SE 2.85 cm SCL, n 5 13; Welch ANOVA followed
by Tukey–Kramer HSD; F 5 15.998, df 5 2,29.05, P , 0.001;
Fig. 4). No small juveniles (, 20 cm SCL) were collected
outside the delta. The minimum size was 43.2 cm at the
coast, 17.5 cm in the river and 6.9 cm in the delta.
Most captured animals were not sold in markets (81.2%,
n 5 138). Riverine villages had the highest proportion of
animals sold in the market (35.9%) and delta villages the
lowest (4.5%; Table 2; Fig. 2). Turtles not sold in the market
were consumed or sold locally. In total, 20.4% of the turtles
were captured accidentally. In contrast, 95.8% of coastal
turtles, 50% of delta turtles and 75.8% of river turtles
were captured during targeted harvesting trips (Table 2;
Fig. 2). There was a signiﬁcant diﬀerence in the proportion
of females (93.7%, n 5 79), juveniles (0%, n 5 8) and males
(50%, n 5 10) captured during such trips (Table 2). Only
one capture while nesting (2%, n 5 57) and 14 captures using
ﬁshing line (37%, n 5 38) occurred during trips that were
not targeted at harvesting turtles.
It was possible to identify the means of transport for 79 of
the captured turtles. Most turtles were captured by hunters
using traditional means of transport, such as canoes (78.5%,
n 5 69) and walking (10.1%, n 5 8). Only 11.4% (n 5 9) of
captures involved boats with motors (up to 50 hp). Hunters
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TABLE 2 Pearson χ2 and corresponding P-values for hunting
parameters of pig-nosed turtle C. insculpta in the Kikori region of
Papua New Guinea (Fig. 1) among diﬀerent areas and tribes during
two periods (1980–1982 and 2007–2009 nesting seasons), with
Cramer’s V coeﬃcient (φc), number of turtles (n), and degrees of
freedom (df). Hunting parameters tested were sex of the captured
turtle (female, male or juvenile), initial objective of the hunting trip
(speciﬁcally to capture turtles or not), mode of transport used by
hunters (canoe, motor boat or walking), capture method (ﬁshing
line or capture of female nesting on the sandbank), and destiny of
the animal after capture (sold in the main markets or not).
Parameters

χ2

φc

n

df

, 0.0001
, 0.05
, 0.0001
, 0.01
, 0.0001
, 0.001

0.41
0.32
0.44
0.35
0.47
0.31

133
64
103
79
136
138

4
4
2
2
4
2

23.682
24.03
9.96
32.52
10.48

, 0.0001
, 0.0001
, 0.01
, 0.0001
, 0.01

0.30
0.48
0.36
0.35
0.28

133
103
79
136
138

4
2
2
4
2

49.47

, 0.0001

0.71

97

2

34.52
27.37

, 0.0001
, 0.0001

0.44
0.40

175
175

2
1

2.00
5.03
16.13

0.20
, 0.05
, 0.001

0.17
0.23
0.31

70
96
166

1
1
1

18.64
990.07
8.80

, 0.001
0.80
, 0.01

0.50
0.03
0.23

75
99
174

1
1
1

Area
Sex (Total1)
Sex (F&N2)
Objective
Transport
Method
Destiny

44.93
13.19
19.97
9.51
60.01
13.32

Tribe
Sex (Total1)
Objective
Transport
Method
Destiny
Sex
Objective
Period
Area
Tribe
Method
Kerewo
Rumu
Total
Destiny
Kerewo
Rumu
Total

P

1

All capture methods
Fishing line and net

2

from riverine villages used motor boats most frequently.
Hunters from delta villages captured only one animal while
using a motor boat and there was no record of hunters from
coastal villages using motor boats to capture turtles (Table 2;
Fig. 2).

Temporal patterns in harvest (1980–1982 and
2007–2009)
During 1980–1982 and 2007–2009 a total of 98 and 77 turtles
were recorded, respectively, from villages surveyed in
both periods. There was a signiﬁcant change in the proportion of turtles captured in diﬀerent areas from 1980–1982
to 2007–2009, with a 42% decrease in the proportion of
Oryx, 2015, 49(4), 659–668 © 2014 Fauna & Flora International
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FIG. 2 Percentage of pig-nosed turtles Carettochelys insculpta
harvested by the tribal groups Kerewo–Urama, Porome–Kibiri
and Rumu–Kasere in coastal, delta and river areas of the Kikori
region (Fig. 1), according to (a) method of capture (ﬁshing line,
nesting, net), (b) sex/maturity status (female, juvenile, male),
(c) destiny after capture (sold in the markets, not sold), (d)
whether the species was speciﬁcally targeted by hunters (yes, no),
and (e) hunters’ mode of transport (canoe/walking, by boat with
motor up to 50 hp). Numbers above the bars represent numbers
of turtles.

turtles captured in riverine areas, and 26.4 and 15.7% increases in coastal and delta areas, respectively. This change
is attributable to an increase in the proportion of turtles
captured by the Kerewo tribe, from 25.5% during 1980–1982
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FIG. 4 Variation in straight-line carapace length (SCL) of pignosed turtles across areas of the Kikori region (Fig. 1). Means are
given with 95% conﬁdence limits (boxes) and ranges (vertical
bars). Levels not connected by same letter are signiﬁcantly
diﬀerent, according to Tukey–Kramer HSD.

FIG. 3 Locations where female, male and juvenile pig-nosed
turtles were harvested in the Kikori region (Fig. 1) during the
2007–2008 and 2008–2009 nesting seasons (n 5 145). Animals of
unknown sex were not included in the analysis. Unﬁlled symbols
indicate a single capture and symbols ﬁlled in black indicate that
more than one female/male/juvenile were captured (numbers
indicate the number of individuals harvested).

to 64.9% during 2007–2009 (Table 2; Fig. 5). This tribe has
villages in both coastal and delta areas.
The people of Kerewo used nets to capture three turtles,
and a spear to capture one turtle, during 2007–2009. In the
same period the people of Rumu captured three turtles by
diving with masks. These three methods of capture were not
mentioned during 1980–1982; given the low frequency of
captures using these methods during 2007–2009, turtles
captured by nets, spear or diving were not included in the
χ2 analysis to test diﬀerences between periods. Hunting
method did not diﬀer signiﬁcantly between 1980–1982 and
2007–2009 for the Kerewo, who made 75% of their captures
by ﬁshing line. There was a 19.4% increase in the use of
ﬁshing line by the Rumu (Table 2; Fig. 6) and overall there
was a 31.4% increase in the use of ﬁshing line to capture
turtles and an 18.3% decrease in the number of turtles captured while nesting (Table 2; Fig. 6). There was a 46% decrease in the number of turtles sold in the markets by

FIG. 5 Percentage of pig-nosed turtles captured in (a) the coast,
delta and river and (b) by the Kerewo and Rumu tribes of the
Kikori region (Fig. 1) during the nesting seasons of 1980–1982
and 2007–2009. Numbers above the bars represent numbers of
turtles.

Kerewo and no signiﬁcant change in the number sold by
Rumu (Table 2; Fig. 6).

Discussion
Spatial patterns in harvest (2007–2009)
Interactions between humans and turtles varied across the
ethnic groups that inhabit speciﬁc parts of the Kikori region.
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and demography over a short ecological time-scale (Close &
Seigel, 1997; Fordham et al., 2007). This should to be taken
into account in the management of this species.
In West Papua (Indonesia) . 70% of hunting is performed using bow and arrow and trapping, because of the
high cost of ﬁrearms and cartridges (Pangau-Adam et al.,
2012). Similarly, the cost of fuel is the limiting factor for
the use of outboard motors in hunting in Kikori but they
may become more widely used in the future as a result of
increased aﬄuence and engagement in a cash economy.
Whether such changes will also involve reduced reliance on
subsistence activities, such as hunting, is as yet unknown.

Temporal patterns in harvest

FIG. 6 Percentage of pig-nosed turtles harvested by the Kerewo
and Rumu tribes during the nesting seasons of 1980–1982 and
2007–2009, according to (a) capture methods (ﬁshing line or
nesting) and (b) destiny (sold to the main markets or not).
Numbers above the bars represent numbers of turtles.

We found diﬀerences in the use of aids and methods of
capture among language-groups, which were correlated
with the area occupied by these groups. Hunters in delta
villages were responsible for almost all of the captures of
small juveniles. If juveniles were present in the riverine or
coastal areas we would expect ﬁshermen to capture them
incidentally, using ﬁshing lines or nets, as often as do ﬁshermen from the delta villages, which was not the case. The
delta environment is probably an important nursery and
feeding ground for pig-nosed turtles, sustaining the regional
populations, as it provides abundant in-stream and allochthonous sources of plants and invertebrates for the diet of
juveniles and adults (Georges et al., 2008a,b).
Of the turtles harvested during 2007–2009 . 70% were
females, probably because of the intersection of their
dispersal patterns (migration for nesting) with harvest
practices (capture while nesting). This could indicate
selective harvest of a particular age group and sex, which
is supported by the fact that 90% of the females were captured during trips speciﬁcally targeted at harvesting turtles,
compared with 50% of males and no juveniles. Selective
harvest could alter genetic attributes and the evolutionary
potential of the Kikori pig-nosed turtles by reducing the
eﬀective population size and altering behaviour, life history
Oryx, 2015, 49(4), 659–668 © 2014 Fauna & Flora International
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Introduction of new technology can increase pressure on
wildlife and alter the balance between local consumption
and trade (Milner-Gulland & Bennett, 2003). In the
Northern Territory of Australia traditional methods of
capture of pig-nosed turtles have been displaced by modern
ﬁshing technologies (Cann, 1972). Prior to our study no data
were available to support anecdotal reports of an increase
in the use of new technologies to capture turtles in Kikori
(Rose et al., 1982; Georges, 1987; Georges et al., 2006, 2008a).
There was a 30% increase in the number of turtles captured by ﬁshing line from 1980–1982 to 2007–2009, which
may be attributable to an increase in the use of ﬁshing line
with the speciﬁc objective of capturing turtles. The use of
ﬁshing line overall may have also increased but data on the
use of ﬁshing line for other purposes in this area are needed
to conﬁrm this. The emergence of new hunting technologies
is also clear and the use of ﬁshing lines, nets and masks has
probably led to an increase in the harvest of juvenile and
male turtles, as these are rarely harvested using traditional
methods.
The absence of a shift from local-level subsistence
hunting towards more intensive commercial hunting is
typical of Papua New Guinea, where harvested animals are
mainly consumed locally (Mack & West, 2005; Cuthbert,
2010). However, the Rumu and Kerewo tribes exhibit
diﬀerent temporal patterns in harvesting. There has been a
signiﬁcant increase in the number and proportion of pignosed turtles captured and consumed locally by Kerewo,
whereas comparatively fewer turtles were captured by Rumu
during 2007–2009, with no signiﬁcant changes in the
proportion of turtles sold in the markets. A lack of alternative economic opportunities is usually a driving force for
commercial hunting (Pangau-Adam et al., 2012); however,
Rumu villages are situated closer to petroleum enterprises
and have higher rates of employment. The improvement of
local economic conditions has the potential to decrease
hunting frequency (Wilkie & Godoy, 2001; Milner-Gulland
& Bennett, 2003; Scheﬀers et al., 2012).
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Conservation and management
In slow growing, late maturing, long-lived species harvesting
of adults has the greatest inﬂuence on population decline
(Iverson, 1991; Congdon et al., 1993), and moderating the
harvest of adult females during nesting should be a priority
for management. In the Kikori region the high rate of egg
harvest (approaching 97%; Rose et al., 1982; Pauza, 2003;
Eisemberg et al., 2011) is another cause for concern. The
removal of eggs reduces recruitment and is linked to many
turtle population declines (Martínez et al., 2007; Tomillo
et al., 2008). Protecting nesting beaches is an important
factor in the recovery of declining chelonian populations
elsewhere (García et al., 2003; Dutton et al., 2005; Engeman
et al., 2005) and should be considered by the Kikori
community to stem or reverse the decline in pig-nosed
turtles.
In areas such as Kikori, where hunting products are
consumed mostly by the local community, conservation
actions are most eﬀective at the local scale (Bennett et al.,
2002; Sodhi et al., 2011b; Scheﬀers et al., 2012). This approach
should be bottom-up, with the aim of minimizing the negative eﬀects of hunting (Sodhi et al., 2011a,b). Educational
programmes that raise awareness about the decline of pignosed turtles (Eisemberg et al., 2008) may be successful in
reducing harvesting (Riley, 2002; Bawa et al., 2004; Scheﬀers
et al., 2012). Providing alternative employment opportunities and sources of protein could also potentially decrease
the harvesting of turtles (Musters et al., 2000; Fa et al., 2003;
Pangau-Adam et al., 2012).
More information about the life history and population
attributes of pig-nosed turtles is needed (e.g. age at ﬁrst
maturity, juvenile recruitment, population size) before local
communities can set limits for sustainable harvesting (Rose
et al., 1982). Research on these areas should be a priority in
Kikori, together with monitoring of nests, the adult population and harvesting. Monitoring is important to assess the
sustainability of traditional hunting for long-lived species
and has been demonstrated to be crucial in the management
of marine turtles, dugongs and crocodiles (Ross, 1997;
Kennett et al., 2004; Marsh et al., 2004).
We recommend the establishment of protected areas of
beach and feeding grounds, creating employment opportunities for landholders to manage and protect pig-nosed
turtles and associated biological assets, and oﬀsetting the
ﬁnancial loss from reduced harvest. Sandbank protection
would guarantee the safety of nesting females, which accounted for 48% of all harvest events we recorded. Measures
to moderate trips speciﬁcally targeted at harvesting
the turtles should be encouraged. Such excursions account
for 81% of the animals captured and 98% of the females
harvested while nesting. All six language-groups in the
Kikori region need to be included in this initiative. The lifehistory requirements of the Kikori turtle population draw

from resources in all six tribal areas. Furthermore, if any
group is excluded from programmes to oﬀset losses from
harvesting reductions this will lead to resentment and could
result in the resurgence of old land disputes within the
region (Warner, 2000). We presented our ﬁndings and
recommendations to the Kikori communities in 2009, and
this led to the creation of the Piku Project. This is an
ongoing community-based programme that protects major
nesting areas of the pig-nosed turtle and is gathering
essential information on the species’ demography and life
history. Since 2009 the Piku Project has been promoting a
long-term community-led turtle monitoring programme
and the protection of important nesting sites for pig-nosed
turtles in the Kikori delta. Environmental educational
materials have also been developed for local schools to
raise awareness of the conservation and management of
wildlife.
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