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Historical Patterns of Resource Exploitation and the Status
of Papua New Guinea Coral Reefs1
Maria Margarita Berzunza-Sanchez,2,3 Maria del Carmen Gomez Cabrera,2
and John M. Pandolfi 2
Abstract: Understanding human drivers of exploitation within the context of
historical baselines can assist in better management of natural resources. Retrospective studies provide insight into the scale, nature, and timing of human influence on reef ecosystems. Using Papua New Guinea as a model, we assessed
human influences on the historical status of reef resources through time. Reef
resources were divided into seven ecological guilds, assessed over seven cultural
periods and in reference to seven types of human influences. Ranking of ecological status and human influence was performed based on extensive bibliographical research. Evidence for periods of sustainability and depletion were
found throughout historical and modern periods. More recently, acceleration in
the rate of resource depletion has occurred as a result of increasing pressure at
unprecedented scales. Subsistence lifestyles are becoming unviable or unattractive since the introduction of the cash economy during colonial times. Current
challenges such as providing livelihood options and sustaining replenishment
rates of reef resources have arisen from a long history of overexploitation that
preconditioned the current status of reef resources under an economic climate of
increasing demand for these resources. Studies of past human exploitation of
reef resources can help to overcome the shifting baseline syndrome for fisheries
management in marine ecosystems and help characterize the scale and intensity
of human drivers influencing resource exploitation.
The health of coral reefs has increasingly
become a concern due to the ecological, economic, and cultural values embedded in these
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ecosystems (Moberg and Folke 1999, Hatcher
and Hatcher 2004, Corvalan et al. 2005). The
history of coral reefs shows evidence for natural cycles of decline and recovery over multiple temporal scales (Grigg and Dollar 1990,
Pandolfi 2002, Pandolfi and Jackson 2006);
however, as human population and the demand for reef products and services continue
to increase, humans now play an important
role in driving the health of coral-reef ecosystems ( Nystrom et al. 2000, Hughes et al.
2003, Bellwood et al. 2004, Richmond and
Wolanski 2011). As human and natural
change on coral reefs continues to result in
ecosystem degradation, an understanding of
historical ecological baselines and the history
of human influences on reefs is important for
management and ongoing studies of status
and trends on coral reefs.
Identifying cause and effect linkages between human activities and reef health is
problematic because unlike many natural
phenomena, it is not possible to isolate and
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manipulate variables experimentally (Diamond and Robinson 2010). Recently, however, retrospective assessment techniques,
such as the use of paleontological, archaeological, and historical records as well as indirect, interdisciplinary approaches (e.g., use
of anecdotal newspaper accounts and community surveys), are emerging as viable tools
to evaluate the history of marine coastal resources (Rosenberg et al. 2005, Lajus 2008,
Lotze and Worm 2009, McClenachan 2009).
Such approaches help improve our understanding of the way human use and perception of reef resources affects their status and
ecological trajectory. For example, Pandolfi
et al. (2003) used a diverse set of sources from
historical sources to examine ecological trends
of coral-reef ecosystems through time. This
global assessment of reef regions revealed a
long history of anthropogenic impact on reef
resources that are now far from their original
pristine condition. Although that study provided a rough long-term measure of the status
of reef resources with respect to human use, it
did not investigate in detail how human societies shape and are in turn shaped by resource
status, as recent publications are beginning to
address (Kittinger et al. 2011).
Here we focus on the history of human use
of coral reefs in Papua New Guinea (PNG).
Among Pacific island nations, PNG has the
longest history of human settlement, around
50 ka (Allen 1997), and a high diversity of
cultures and landscapes. More recently, the
country has increased its reliance on marine
resources for subsistence and income generation (Kearney 1976, Hyndman 1993, Kaly
2006). A large body of social and cultural
values is associated with the PNG reef system
(Allen and Bourke 2009). Thus, PNG provides an excellent system to investigate
human-environmental interactions in coral
reefs over long time scales.
Previous attempts to study the status of
PNG’s reef resources have focused on single
species, such as turtles (Spring 1980, 1981,
1982a, b), dugongs (Hudson 1986, Kwan et al.
2006) or selected fisheries ( Wright and Richards 1983, 1985, Dalzell and Wright 1986).
Toward the 1990s a more comprehensive as-
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sessment of reef resources emerged (Huber
1994), but a historical perspective was still
lacking. Later reef assessments provided
greater geographic and temporal coverage
and included a larger number of species (e.g.,
Munday 2000, Allen et al. 2003, Miller and
Sweatman 2004). However, only recently
have studies begun to integrate cultural and
socioeconomic factors into the ecological status of coral reef resources from PNG (e.g.,
Cinner et al. 2005, Kinch 2005, 2006, Cinner
and McClanahan 2006, Kaly 2006).
In this study we use PNG as a model Pacific island nation to: (1) provide a historical
assessment of the status of reef resources, and
(2) improve our understanding of the nature
of human resource exploitation and its ecological consequences through historical analysis. Our analysis is constructed within a
framework of the relative importance of different types of human influences on reef resources throughout history.
materials and methods
Study Site
Papua New Guinea lies in the western Pacific
(6° 00′ S, 147° 00′ E) within the Coral Triangle of biodiversity (Allen and Werner
2002). With more than 600 islands, its coastal
area extends over 17,000 km2 (Bualia and Sullivan 1990) occupied by approximately onethird of its population (nearly 2 million people). The country is surrounded by over
40,000 km2 of coral reefs, where every type of
reef habitat (fringing, lagoon, etc.) is represented (Callick and Tait 1993). We divided
the country into 14 representative reef regions based on political, geographic, demographic, and economic characteristics, and
distribution of natural resources (Table 1).
Historical Assessment of Papua New Guinea’s
Coral Reefs
We used a previously developed retrospective
assessment technique (Pandolfi et al. 2003) to
examine the trajectory of PNG’s coral-reef
ecosystems through time. We considered
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TABLE 1
List of Representative Reef Regions Assessed in This Study
Regiona
Manus
Rabaul
Madang
MBP
POM
Morobe
Kimbe
Kavieng
Mussau
East New Ireland
Bougainville
Daru
NW, Hermit Islands
Sepik delta

Includes Also
Admiralty Islands
Rabaul, Duke of York, Lak, Gazelle Peninsula
Long Island, Hansa Bay
Samarai, Alotau, Louisiade Archipelago, Trobriand Islands, Pocklington reefs
Port Moresby, Hula, Motupore Island, Bootless Bay, Yule Island, Papuan Barrier Reef
Tufi coast, Vitiaz Straits, Huon Peninsula, Kamiali
Talasea, Hoskins, Willaumez Peninsula, and other sites within West New Britain
Tigak Islands, New Hanover
St. Matthias Island Group
Offshore Tabar to Feni
Buka
PNG Torres Strait Border and other sites within Gulf Province
Wuvulu to Ninigo Islands, Hermit Islands
Vokeo and Schouten Island group

Note: Division was based on political and geographic characteristics, distribution of natural resources, and human activity and
development.
a
MBP, Milne Bay Province; POM, Port Moresby Province.

seven ecological guilds in PNG’s reefs defined either by their structural importance
(corals and sea grasses) or by their trophic role
and size: large herbivores (>1 m), small herbivores (<1 m), large carnivores (>1 m), small
carnivores (<1 m), and suspension feeders. A
time line consisting of seven cultural periods:
Prehuman (50,000 y.b.p.), Hunter-gatherer
(50,000 – 9000 y.b.p.), Agricultural (9000
y.b.p. – 1520), Colonial Occupation (1521 –
1849), Colonial Development (1850 – 1913),
Early Modern (1914 – 1950), and Late Modern
(1951 – present) served as a temporal framework to assess the status of the ecological
guilds. During each cultural period, a guild
was assigned one of five possible ranks (1,
pristine; 2, abundant /common; 3, depleted /
uncommon; 4, rare; 5, ecologically extinct)
to define its ecological state (details on ranking ecological states can be found in Supplemental Appendix 2 and Pandolfi et al. 2003).
The resultant matrix includes seven cultural
periods and seven ecological guilds, which
provided a representation of the status of
PNG’s coral-reef ecosystems through time
(Supplemental Appendix 5). Several studies
have successfully adopted this method to
analyze trends in time for marine ecosys-

tems (e.g., Lotze et al. 2006, Kittinger et al.
2011).
Human Influence Indices
The nature of human influence on PNG reefs
was partitioned into seven indices (Table 2).
The seven Human Influence Indices (HII)
were defined as broad categories encompassing impacts to coral-reef ecosystems: (1)
Demographic (DEM), (2) Introduction to
“novelty” ( NOV ), (3) Water quality degradation by anthropogenic sources ( WAT),
(4) Degree of reliance on marine resources
(REL), (5) Destructive practices (DES), (6)
Long-term, sustained exploitation (LON),
and (7) Customary Marine Tenure degradation (CMT). Six of these include the most
obvious, commonly encountered threats to
reef resources (e.g., dynamite fishing, anchor
damage, increased runoff ) as well as other
more cryptic and indirect aspects of reef degradation (e.g., availability of alternative protein sources such as pork to coastal villages;
resource particularly appreciated in indigenous folklore such as dugong). The NOV index was applied at the village level: a village
could acquire novel fishing technology by
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TABLE 2
Human Influence Indices (HII) Used for the Characterization of Human Footprint on the Ecological Status
of the Coral Reefs of Papua New Guinea

Parameter of
Influence
Demographic (DEM)

Introduction to
“novelty” ( NOV )

Anthropogenically
derived water
quality degradation
( WAT)
Reliance on marine
resources (REL)
Destructive practices
(DES)
Long-term sustained
exploitation (LON)

Customary Marine
Tenure degradation
(CMT)

Definition

Examples

Changes in population
characteristics: number of
people, their distribution
and composition
Impact originating from the
introduction of novel ways
of exploiting or perceiving
a resource

Increasing population density, rural-urban migration,
intervillage marriages, coastal migration

Human influence resulting in
deterioration of waterways
in or near reefs
The degree to which a
human group (village,
community) relies on a
resource for livelihood
Impact to the structure of the
reef or direct mechanical
destruction of organisms
caused by human activities
Influence on the resource
coming from a traditional,
long-term association with
it regulating how the
resource is valued and used
Breakdown in the set of rules
and rights practiced by
indigenous traditional
communities

contact with previously unknown sources,
such as another village or another group of
people such as European explorers, Chinese
entrepreneurs, pirates, or Christian missionaries. A seventh index accounts for the breakdown of Customary Marine Tenure (CMT),
an important component of reef resource use
and management in PNG ( Johannes 1978).
We generated a matrix by scoring how
many times a human influence index was
mentioned in the literature as being associated with a guild’s status for each cultural period. For each of the guilds, a cultural periodregion judgment was made to assign the
number of times each HII was associated with
the resource in the literature reviewed. A
measure of the total number of entries for

Introduction of cash economy, novel markets such as
European ( bêche-de-mer) or Asian (shark fin),
industries and fishing technologies (outboard
motors, refrigeration, etc.); changes in diet
influenced by Christian missions
Increased erosion and runoff from logging and
agricultural practices, poor disposal of sewage and
mine tailings, urban pollution (industrial waste into
waterways)
Availability of alternative protein sources such as farm
animals or imported canned products, availability of
alternative economies such as agriculture products,
monopolization of resource, remoteness of region
Mechanical (reef walking, anchor damage, trawling),
cyanide/derris root poisoning, dynamite fishing,
mangrove clearing
Resource forms part of aboriginal folklore, Traditional
Ecological Knowledge (TEK) such as dugongs or
turtles; special fondness for resource; exploitation
observed from archaeological records through to
colonial times such as giant clams and oysters
Traditional tenure no longer respected, rituals
surrounding resource exploitation falling into
disuse, younger-elder generation gap in resource’s
perception and use

each cultural period-guild combination was
incorporated to keep track of potential biases
in our approach arising from the limited number of references reviewed. Thus, a single reference from the literature could generate a
score in more than one HII and a score in
more than one guild or cultural period (see
Supplemental Appendix 3 for more details). A
single reference could provide more than one
count when: (1) a reference alluded to more
than one group within a guild, (2) a reference
regarded more than one region, or (3) a reference contained information for more than
one period. To avoid potential biases arising
from the difference in the number of references available from each location, the relative abundance of HII counts per reef region
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provided the final number in data matrix used
for analysis.
Although the methodology used by Pandolfi et al. (2003) helped to obtain a trajectory for the ecological state of PNG’s coral
reefs from Prehuman times until the present,
only the three most recent cultural periods
(Colonial Development, and Early and Late
Modern) were used in recording the human
influence associated with such states. The exclusion of the earlier periods was due to lack
of data associated with the difficulty and uncertainty of inferring human activity from archaeological data. The sea-grass guild lacked
sufficient data to be included in any comparative analysis between ecological state and
human influence. Thus, the final matrix illustrating the effect of human influence on
resource trajectory was composed of six ecological guilds and three cultural periods (Supplemental Appendix 6).
Data Sources
We compared the reefs of PNG with the status of other reefs worldwide using data from
the Pandolfi et al. (2003) study of 14 regions,
plus sites from Hawai‘i (Kittinger et al. 2011),
Fiji (unpubl. data), and Vanuatu (unpubl.
data), for a total of 23 reef sites worldwide.
Information sources used in the assessment
of reefs in PNG and their associated human
influence were multidisciplinary. For the
Hunter-Gatherer and Agricultural periods,
data were derived largely from archaeological
records, prehistoric studies, linguistic studies
of aboriginal folklore, and historical geographic studies. Reef condition during the
Colonial Occupation and Colonial Development periods was assessed based on anecdotal
accounts from early European explorers and
naturalists in combination with colonial government reports and ethnographic research.
For the last two periods we used formal scientific reports, in-country National Fisheries
Authority ( NFA) documents, and detailed
Rapid Assessment Programs (RAP) of marine
resources. Where cultural periods could not
explicitly be related to a country or region, alternative periods were used and then temporally correlated with the general framework
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(e.g., for Hawai‘i, see Supplemental Appendix
5). To supplement the literature review, we
incorporated personal communications with
members of the marine resources branch of
the Department of Environment and Conservation (DEC), the NFA of PNG, and nongovernmental organizations involved in marine resource assessment and conservation
( World Wildlife Fund-South Pacific, Conservation International-Melanesia, The Nature Conservancy). A full list of the references
used for the ecological status assessment and
associated human influences is available in
Supplemental Appendix 4.
Data Analysis
We used principal component analysis (PCA)
to analyze the data matrix obtained from the
historical assessment of each guild’s ecological state through time for each of the 23 reef
sites, following Pandolfi et al. (2003). In addition, we assessed the trajectory of each guild
within PNG also using a PCA (R Package
version 1.4.0, 2000 [R Development Core
Team 2008]). Reef regions were defined as
pristine for the initial (Prehuman) period,
and for purposes of comparison we included a
hypothetical reef for which all seven guilds
were ecologically extinct (sensu Pandolfi et al.
2003). Because of the descriptive nature of
historical sources on human indicators, qualitative assessments were used to present and
discuss the effect of human influence on ecological state of reef resources. Recent studies
further support the validity of using anecdotal
records to assess past abundances of marine
resources (Al-Abdulrazzak et al. 2012).
results
Status of PNG Coral Reef Resources through
Time
We found a substantial body of literature providing evidence for a long history of exploitation of reef resources since first human colonization in the Pleistocene. The PCA resulted
in the collapsing of the variance of ecological
state among guilds into a few axes, which
we evaluated as a proxy of reef ecosystem
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health at each region and at each period. Only
the first principal component was significant
(Plate I), and it explained over 85% of the
variance. Out of 23 global coral reef regions,
PNG is situated 10th along a reef degradation
scale (Figure 1). The reefs of PNG are more
degraded than reefs in the Hawaiian Islands
and the Great Barrier Reef; however, they appear to be in better condition than presentday Caribbean sites. It is surprising that during the Agricultural period the reefs of PNG
were more degraded than in the later Colonial and Early Modern periods.
A PCA of the PNG guilds through time
shows a clear decline in all guilds through
time (Plate II). However, the large and small
herbivores, small carnivores, and suspension
feeders have all shown some recovery in their
ecological status at various times in the past
(Plate II), for example in the Early Modern
period as compared with the earlier Colonial
Development period. For corals, large carnivores, and, to a lesser extent, large and small
herbivores, the ecological status during the
Late Modern time declined markedly. The
greatest degradation during Modern times is
observed for the large herbivore and suspension-feeder guilds. At the same time, the seagrass guild appears to be less degraded than
other guilds ( but see study limitations in Supplemental Appendix 1).
Human Influences on PNG Reef Resources
through Time
Archeological records and accounts by early
explorers show evidence for resource depletion among precolonial societies. Examples
of this can be found in shell middens, where,
as predicted by optimal foraging theory
(e.g., Winterhalder and Smith 2000, Grayson
2001), a decrease in larger, high-return species concomitant with an increase in lowerreturn species intake was observed (Figure 1).
This pattern has been found in several regions
of PNG during the Hunter-Gatherer period,
including New Ireland (Gosden and Robertson 1991), Central Province (Swadling 1977a),
and New Britain (Green and Anson 2000).
Although suspension feeders and small
herbivores display a similar human influence
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profile through time, the extent to which the
various human influences were associated
with the ecological state of particular guilds
varied widely through time. During Colonial
times, most guilds were predominantly affected by the novelty and reliance indices
(Plate III). Besides the influence of these two
indices, the large herbivore guild was affected
by degradation of CMT systems since the
Colonial Occupation period. Long-term sustained exploitation was also important for
most guilds over most time intervals. Destructive practices and the reliance and novelty indices were important drivers of degradation of the large carnivore guild during the
Late Modern period. For large herbivores,
large carnivores, and small carnivores, the
long-term sustained exploitation index increased its influence in Modern times. Destructive practices appeared to have the most
effect on corals in the Early and Late Modern
periods and organisms within the large carnivore guild in the Late Modern period (Plate
III).
discussion
Ecological Status of PNG Coral Reefs in a Global
Context
The ecological trajectory of reef resources in
PNG is governed by the interaction of human
history and natural climatic cycles. Coral reef
resources of PNG display a long history of
human exploitation, from −50,000 y.b.p. to
the present day. The size of the country and
its complex geography, where over 800 languages and cultures are represented (Lewis
2009), provide a setting where any given resource could be overexploited in one region
and conserved in another. An example of this
is the village-specific taboo that Trobrianders
placed on elasmobranchs, where some had
developed special capture methods and others
would not consume this resource at all (Malinowski 1918, Silas 1926). Such patchiness in
both the seascapes and history of resource exploitation in PNG helps explain its position in
the middle of the trajectory of coral reef degradation in relation to other regions of the
world (Plate I). Furthermore, it is not surpris-
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Figure 1. Relative contribution of shell size categories through time at the Matenkupkum archeological site, southeastern New Ireland. Note a reduction in both percentage shell contribution and large species representation through
time. Modified from Gosden and Robertson (1991).

ing to observe an acceleration in degradation
in Late Modern times due to demands and
pressures imposed by a more globalized economy. New techniques, tools, and markets became gradually available in recent times across
the country, applying nationwide pressure on
natural reef resources.
Reefs appeared to be more degraded during the Agricultural times than the Colonial
and Early Modern periods as indicated by
broad-scale archeological evidence suggesting
a reduction in ecological state of some resources. These reef resources include mainly
edible, tool, and ornamental mollusks within
the suspension feeder (e.g., Anadara spp.),
small herbivore (e.g., Strombus spp.), and
small carnivore (e.g., Nassa spp.) guilds. A
reduction in species population size (Allen
1997) or successive community shifts to the
predominance of smaller shell species (Ander-

son 1981) were observed in New Ireland
(Gosden and Robertson 1991), Central Province (Swadling 1977a, b), and New Britain
(Green and Anson 2000) among other sites.
In the New Ireland site, with over 30,000
years of human history, precolonial societies
were well capable of altering the ecological
status of early exploited resources. Here,
older shell middens were composed of a
higher proportion of larger edible shell species than more recent middens that were increasingly composed of medium and smallershelled species (Figure 1). The preferred
larger shell species did not recover to the early
stages even after millennia (Gosden and Robertson 1991). Such a pattern where smaller
sizes or alternative species are used to compensate for the loss of preferred species is
commonly known as “fishing down the food
web” (Pauly et al. 1998). In PNG this pattern
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also exists in trepang fisheries, where lessprofitable species (e.g., pineapple sea cucumber, Thelenota ananas) are starting to be
extracted as once-preferred species (e.g.,
sandfish, Holothuria scabra) are overfished
(Skewes et al. 2002).
Two episodes of recovery (where ecological state appears to be doing better at a later
period than at an earlier one [Kittinger et al.
2011]) were uncovered in this study. First,
reefs were more degraded during the Agricultural period, and most free-living guilds
recovered in the later Colonial Occupation
period. Second, the suspension feeder, small
herbivore, small carnivore, and large herbivore guilds appear more degraded in the Colonial Development period than during the
Early Modern period. We attribute the first
recovery period to a decrease in pressure on
resources that were heavily exploited at the
time of European arrival. For example, Christian missions introduced restrictions on turtle
meat consumption (Spring 1982b), and shells
used as currency were no longer used for
trade with the introduction of Western-like
cash economies (Epstein 1963). Because of
these social and economic changes, some
guilds improved during the Colonial Occupation period relative to the earlier Agricultural
period.
Similarly, during the Early Modern period,
boom-and-bust fisheries (where a commercially attractive resource was exploited indiscriminately until it all but disappeared in a
particular region), characteristic of Colonial
Development times, were placed on hold as
World War I and World War II disrupted
markets for these resources (Carrier 1981,
Kinch 2002b). At the same time exploitation
was reduced either as alternative materials
were introduced (e.g., plastics preferred over
mother-of-pearl products [Anonymous 1959,
Glucksman and Lindholm 1982]) or as competition increased with increasing production
from other countries. These factors help explain why some guilds (such as small herbivores and small carnivores) appear to recover
during the Early Modern period relative to
the Colonial Development period.
High fishing pressure and changes in exploitation rate in Modern times have led to
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greater degradation in the large herbivore and
suspension-feeder guilds versus other guilds
(Plate II). Low reproductive output for dugongs and poor recruitment for turtles increased the vulnerability of the large herbivore guild to overfishing. In addition to these
life history characteristics, increased demand
(Spring 1982a, Hudson 1986), introduction
of more efficient methods of fishing (Spring
1981), and gradual loss of rituals and traditions surrounding catch of these animals
(Spring 1982b, Hudson 1986) played a part in
their declining population sizes (Pernetta and
Hill 1981, Spring 1982a, Hudson 1986, Kwan
et al. 2006). Similarly, the suspension-feeder
guild is becoming increasingly rare due, at
least partially, to increasing demand from
Asian markets for mollusks such as giant clams
(Chesher 1980, Kinch 2002a). Giant clams
are particularly vulnerable to high fishing
pressure because when a shell bed is fished
out, there is large uncertainty about future
recruitment from other beds to assist with
recovery (Braley 1984, Pearson and Munro
1991). The depletion of subsistence shellfish
such as clams, oysters, and pearl in PNG
(Chesher 1980) and other Pacific islands (Sant
1995) due to overexploitation has occurred
alongside increased exports and international
demand, and increases in urban and rural human populations.
Role of Human Influences on Reef Resource
Trajectory
Each of the seven types of human influence
we investigated (Table 2) placed various
amounts of pressure on reef resources across
periods and guilds. The main patterns from
historical analysis of the last three cultural periods are an interaction of the novelty and reliance indices, the role of destructive practices
on large carnivores and corals, and increases
in the long-term sustained exploitation index
for the large and small carnivore and large
and small herbivore guilds in Modern times
(Plate III).
interaction between novelty and
reliance indices: During the Colonial
Development period, and to a lesser extent
the Early Modern period, most guilds ( but

Plate i. Principal Component Analysis (PCA) of ecological status of reef resources through history based on the ecological state of all seven guilds of reef inhabitants
for 23 coral reef regions (the original 14 regions studied in Pandolfi et al. [2003] with the addition of 9 new regions). Only the first principal component was included.
On the left is the pristine ecosystem state, and to the right is the hypothetical ecological extinct state. MLMK, the Hawaiian Islands of Moloka‘i, Lëna‘i, Maui, and
Kaua‘i.

Plate ii. Principal Component Analysis (PCA) of ecological status of each of the seven guilds through history for Papua New Guinea reefs. Only the first principal
component was included. On the left is the pristine ecosystem state, and to the right is the hypothetical ecological extinct state. The asterisk (*) denotes times when
recovery has occurred.

Plate iii. Role of human influence indices (HII) on the six marine guilds (large and small carnivores, large and small herbivores, filter feeders and corals) in Papua New Guinea over the last three
historical periods (Colonial Development, Early Modern, Late Modern). The axes on the AMOEBA
plot (Ten Brink et al. 1991) represent each of the HIIs. Each historical period is represented by a
line of different color for each of the guilds. For the HII: DEM, Demographic; NOV, Introduction
to “novelty”; WAT, Anthropogenically derived water quality degradation; REL, Reliance on marine
resources; DES, Destructive practices; LON, Long-term sustained exploitation; CMT, Customary
Marine Tenure degradation.
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not corals) were largely affected by the novelty and reliance indices (Plate III), as well as
the long-term sustained exploitation index.
The colonizers introduced change in the
exploitation patterns by direct means such
as escalating the rate of exploitation with
export-driven fisheries of mother-of-pearl
and trepang. However, and just as important,
is the change they introduced indirectly by
(1) disrupting traditional social networks, (2)
reducing the viability and attractiveness of
self-sufficient lifestyles, and (3) promoting
social inequality (Hogbin 1951, Gare 1973,
Chesher 1980). These three indirect drivers
of change are not mutually exclusive, and
their consequences are very prevalent in fisheries challenges today in the region (Dalzell
and Wright 1986, Johannes and MacFarlane
1990).
Colonial governments actively disrupted
traditional networks in an attempt to reduce
the authority of local chieftains (Hogbin
1951, Epstein 1963, Dubbeldam 1964, Healey
1990), phase out the prevalent barter-trade
economies, and force indigenous Papuans to
engage with the gradually established capitalist economy. It was also done passively, for
example, by introducing foreign, more efficient methods and gears for fishing. Because
neither the colonial capitalist economy nor
the foreign fishing methods had associated
management measures restricting fishing effort, they were unlikely to confer any sort of
protection to resources. Boom-and-bust colonial fisheries for trepang and mother-of-pearl
products (e.g., pearl oyster shell, trochus),
as well as the high reduction in turtles and
dugongs are clear examples of how rapidly
resources were depleted under increased pressure with lack of traditional rituals and observances (e.g., Sack and Clark 1979, Spring
1982a, Hudson 1986, Kinch 2002a).
The introduction of the colonial export industry not only disrupted traditional networks
but also integrated local reef resources into
global markets and gradually introduced the
perception of resources as commodities to
indigenous coastal villagers. This perception
was not always adopted immediately; in fact
it often encountered resistance by the social,
cultural, and economic structures of many
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coastal peoples ( Williams 1964, Harding
1967, Valentine 1973, Dalzell 1998), especially in areas previously relatively isolated
from colonial influence. Yet even without
direct contact with colonial powers, coastal
villagers found it increasingly hard to keep
isolated from the cash economy. Reliance
on the resources shifted to production not
only for subsistence but for export markets.
Examples of this pattern are available in
each of the three cultural periods assessed
for human influence. During colonial times,
for example, copra plantations became profitable overnight. As more and more people became involved with copra plantations, coastal
villagers were less able to maintain a profitable trading economy (Harding 1967). Similarly, during New Guinea’s Australian Mandate ( beginning of the Early Modern period
when the League of Nations gave Australia a
mandate to administer the territory of New
Guinea from 1920 until the Japanese invasion during World War II), younger members from coastal villages located in regions
of impoverished agricultural soils began to
earn the newly desirable cash from the colonizers’ enterprises ( Johnston 1937). Presently
(Late Modern period), bad years for crops
during El Niño events, combined with the
ever-increasing need for cash, resulted in
younger generations engaging more and more
in commercial fishing industries such as the
live reef fish food trade (LRFFT), tuna canneries, and the aquarium trade ( Jenkins et al.
2006). Besides adding pressure to commercially exploited resources, such industries
have been associated with habitat-destructive
fishing methods (e.g., cyanide and dynamite
fishing, trawling) or Malthusian overfishing
(extending the areas fished or the time spent
fishing in search of an increasingly scarce and
thus more unprofitable resource [ Johannes
1982]).
The promotion of social inequality is also
an important indirect driver of change in exploitation patterns introduced by colonizers.
For example giant clam “gardens” were a relatively secure source of food for coastal villagers in the past, and the community shared
the resource (Chesher 1980, Kinch 2002a).
With the introduction of the cash economy,
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giant clams were harvested by a few and sold
for export to Asian markets. The result is that
an item that in the past was able to feed many
members of the community nowadays only
provides net gains to a few members of the
community in the form of cash. Furthermore,
because of the disruption in traditional networks and the zeal for cash, there was little or
no incentive to exploit such resources sustainably.
large carnivores, corals, and destructive practices: Destructive practices appeared to have the most effect on
corals in the Early and Late Modern periods
and on organisms within the large carnivore
guild in the Late Modern period (Plate III).
There are many destructive techniques that
result in direct elimination of corals and substrata, such as dynamite fishing, reef walking,
and anchor damage, activities that have increased through time. For large carnivores,
there was a nearly universal perception of
such organisms as “nuisance” or “dangerous”
(Monckton 1922, Aufenanger 1975, Burgin
1982). Such perceptions in many cases resulted in the passive social acceptance of their
decline. Active “trophy killing” of snakes,
crocodiles, and sharks was encouraged for
rituals or to avoid interference with fishing
operations but not necessarily for consumption (Monckton 1922, Aufenanger 1975).
Crocodile populations were rapidly decimated by interest in crocodile hides for export
starting in the Early and Late Modern periods
(Anonymous 1967, Burgin 1982). Evidence
for destructive (cyanide, dynamite) fishing
for sharks and large reef fish (e.g., serranids,
lutjanids) is available as far back as Colonial
times ( Walker 1909, Struben 1961). Such
practices, although officially banned, are still
common (Anonymous 1996, 1998, Huber and
Opu 2000, Jenkins et al. 2005, Hamilton and
Matawai 2006), particularly in the LRFFT
(Barber and Pratt 1998). Bycatch of leatherback turtles, sea snakes, sharks, and dolphins
is another pervasive destructive practice that
affects this guild in Modern times (Tseng
et al. 1984, O’Shea 1996, Naru 2004). Despite
acknowledging their important role in the
ecosystem as predators, public perception of
large carnivores in PNG has translated into
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few advocates for their protection (Burgin
1982).
Long-Term Associations and Sustained
Exploitation of Resources
In Modern times we found abundant evidence
for a long history of exploitation (Plate III) of
large herbivores and large and small carnivores by coastal villagers. In most cases, the
present-day abundance of resources such as
dugongs and turtles (Spring 1982a, Hudson
1986) is largely reduced compared to their
historical abundance. The main consequence
of this is that dramatic reductions in population size caused by past generations limited
the potential yield of current fisheries, and
until such resources are able to recover it
is unlikely that they will support any viable
fishery. For example, comparison of dugong
catches from the 1980s with catches from before World War I in Daru shows that the
number of individuals fished is very similar
(approx. 20 per year). However, low levels of
fishing effort using rudimentary fishing technology characterized the fishery before World
War I, whereas in the 1980s fishing effort
substantially increased due largely to availability of modern technology (e.g., fiberglass
or metal boats, outboard motors). After the
1980s, dugong availability has decreased and
effort has increased to maintain the catch
level. Overfishing is a major driver for this
pattern, but sea grass decline is probably contributing to the overall dugong decline (Hudson 1986).
Current Challenges
Maintaining viable subsistence lifestyles has
proven to be a considerable challenge for
coastal communities since colonial times. Incentives need to be considered to encourage
young generations to engage with activities
that do not involve destructive fishing practices. For these reasons coastal communities
would benefit from being included in commercial fisheries plans or other sustainabledevelopment initiatives.
After observing a dynamic, long history
of exploitation of reef resources in PNG, rec-
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ognizing the shifting baseline in the perception of fisheries in the country should remain
a priority. Failing to correct this perception
could trigger four major risks: (1) With the
global economy increasingly making transport to markets easier, localized depletions
could be masked by expansion of fishing areas
or adoption of more efficient fishing methods,
as has been observed (Berkes et al. 2006,
Cinner et al. 2012); (2) the continuation and
institutionalization of past destructive practices could mean current fishing communities
run the risk of repeating the mistakes of resource exploitation in the past; (3) without an
accurate reconstruction of past history of exploitation, there is an increased risk of overestimating the potential maximum sustainable
yield of a fishery, thus precluding future generations of the opportunity to use such resources (McClenachan and Kittinger 2012);
and (4) the erosion of local culture and traditions may increase when there is no consideration of the historical human association with
resources. To overcome this, we recommend
ongoing monitoring and documentation of
the ecological status of reef resources, as well
as the patterns in human exploitation associated with them. Education is also a key element to ensure that such documentation and
monitoring is incorporated into efforts to
manage reefs sustainably. Finally, encouraging local communities to bridge the gap between older and younger generations is a selfsustainable way to avoid shifting baselines in
the future.
conclusions
In this study we reviewed the status and history of resource exploitation in Papua New
Guinea from Prehuman to Modern periods.
It is clear that the coral reefs in this region
have experienced cycles of sustainability and
depletion over time. The patchiness of the
country’s seascape means that a particular
resource could be overexploited in one location but not necessarily in another. Although
there is local variability at the country scale,
reefs in PNG are less degraded than sites
in the Caribbean but substantially more degraded than healthier reef sites in Hawai‘i
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and the Great Barrier Reef (Plate I). There
is clear evidence of resource exploitation and
depletion before colonial influences, suggesting that indigenous peoples may not have
harvested resources in a sustainable manner.
However, colonial influences, mainly via the
introduction of the cash economy, had a
major, durable, and outstanding effect on the
patterns of exploitation of coastal villagers.
Under the new cash economy, self-sufficient
lifestyles became less viable and more unattractive, and pressure to exploit reef resources for cash increased. This, along with
the phasing out of many of the rituals and
observances that previously conferred some
protection to reef resources, increased the
risk of overfishing. This combination of
factors has already taken their toll on some
of the most ecologically vulnerable resources
such as dugongs, turtles, and giant clams.
This study also uncovered a lack of baseline information in PNG for some important marine resources such as sea grasses.
The long history of exploitation of PNG
marine resources along with the patchiness
of resource exploitation and the breakdown
of traditional management practices held by
coastal societies means that actions to protect and manage these resources are needed
and that these should involve local communities. Although the current trajectory is
one of decline, historical evidence indicates
a capacity for recovery, and active management may still hold promise for initiating
and sustaining recovery of PNG’s marine resources.
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