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I ntegrating Traditional Ecological Knowledge and Fisheries M anagement
in the Torres Strait, Australia: the Catalytic Role of Turtlesand Dugong
as Cultural Keystone Species

James R. A. Butler 1, Alifereti Tawake?, Tim Skewes?, Lavenia Tawake® and Vic McGrath®

ABSTRACT. In many developing regions of Melanesia, fishers' traditional ecological knowledge (TEK) has been integrated
with western science and management knowledge (SMK) to generate innovative and effective fisheries management. Previous
research suggests that three factors initiate this process: depleted fishery stocks, limited SMK, and ownership of resources by
local communities. In other contextsthe extent of power-sharing through comanagement, and the cultural significance of species
may al so beimportant determinants of knowledge integration. Here we assess the role of these factorsin the application of TEK
inthe Torres Strait Islands, Australia, where commercial and subsistence fisheriesare fundamental to the Indigenous Melanesian
culture and livelihoods. In 2009 we surveyed fishery managers and scientists who revealed that TEK had only been recently
and sparingly appliedinfour fisheries(turtle, dugong, lobster, and hand coll ectabl es), and only two of the seven speciesconcerned
had a combination of depleted stocks, low SMK, and high community ownership. Instead, comanagement characteristics and
the cultural value of species were the primary determinants of TEK application. We suggest that turtles and dugong are cultural
keystone species that simultaneously provide important ecosystem services to both islanders’ livelihoods and international
conservation interests. Combined with their ecological scale these species have catalyzed comanagement between indigenous
and government stakeholders, precipitating the application of TEK in other fisheries of lesser cultural importance. We discuss
modifications to governance required to enable knowledge integration to evolve further through adaptive comanagement, and
its role in enhancing fisheries management and thus the resilience of the Torres Strait social-ecological system. Our study
highlights the potential utility of cultural keystone species in stimulating cross-cultural resource governance in developed
economies such as Australia

Key Words: adaptive comanagement; climate change; ecosystem services, dugong; gover nance; livelihoods; Melanesia; Papua

New Guinesa; resilience; subsistence fisheries; traditional ecological knowledge: turtles

INTRODUCTION

Globally there is recognition of the valuable role that
traditional knowledge held by indigenous communities, often
termed traditional ecological knowledge (TEK), can play in
the contemporary management of natural resources. TEK is
characterized by practical skills and wisdom developed at a
local scale through earning livelihoods from the environment
over successive generations (Berkes 1999, Brook and
MacL achlan 2008). TEK can be conceptualized as different
levelsin anested knowledge-practice-belief complex (Berkes
1999). Loca knowledge of species, their life histories,
distributions, and behavior are nested within resource
management systems, tools, and techniques. In turn, these are
embedded within the social ingtitutions, codes and norms
required to implement management systems, and aworldview
that shapes environmental perception.

When TEK is integrated with western science and
management knowledge (SMK) the resulting epistemol ogical
pluralism potentialy enhances the resilience of social-
ecological systems by providing adiversity of knowledge for
problem solving (Folke 2004, Folke et al. 2005, Berkes and
Turner 2006, Davidson-Hunt 2006, Berkes 2009, Bohensky
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and Maru 2011). TEK can contribute place-based, fine-scale
spatial and tempora information, management techniques,
and institutions, whereas SMK provides understanding of
contemporary large-scaleecological processeshistorically not
encountered by TEK (Moller et al. 2004, Aitkenhead and
Ogawa 2007, Wohling 2009). In fisheries management, TEK
can complement SMK by providing long-term baselines for
stock assessments, local knowledge of species’ ecology and
behavior, habitat conditions and trends, plus customary
management systems(Johanneset a. 2000, Dulvy and Polunin
2004, Haggan et a. 2007, Johannes and Neis 2007).

Tropical inshore marine fisheries present a particular
opportunity for the application of TEK. They are typically
small but complex social-ecological systems, involving awide
range of species taken for both subsistence and commercial
use primarily by local fisherswithin diverse property regimes
(Pinkerton 2009). Conventional centralized, command-and-
control governanceisoften under-resourced andtooinflexible
to provide the fine-scale management required (Johannes
1998a, Wilson et al. 2006). In many developing Melanesian
regionsof the Pacifictherehasbeen arenai ssanceof customary
management in response to this problem, for example in Fiji,
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the Solomon Idands, Papua New Guinea, and Vanuatu
(Johannes1998a, Johannes2002, Vierroset al. 2010). Inmany
cases TEK and SMK have combined to create effective hybrid
management systems (Tawake et al. 2001, Johannes and
Hickey 2004, Drew 2005, Cinner and Aswani 2007, Vierros
et a. 2010).

Although there have been numerous studies investigating the
nature of customary management of small-scale tropical
fisheries (e.g., Aswani 1999, Cinner et a. 2005, Drew 2005,
Hickey 2007, Foale et al. 2010), and the revival of traditional
practices such as no-take zones (e.g., Foale and Manele 2004,
Granek and Brown 2005, Aswani et al. 2007, Cinner and
Aswani 2007, Cinner eta. 2007), therehave been few attempts
to explicitly identify the factors influencing TEK application
and integration with SMK. In the case of developing
Melanesian and other Pacific nations, Johannes (1998b, 2002)
and Johannes et a. (2000) have suggested that catalysts for
knowledgeintegration include the depl etion of fishery stocks,
limited SMK and government capacity to respond to these
declines, and community ownership of marineresourcesbased
on recognized marine tenure.

More generally in fisheries management it is accepted that for
the process of knowledgeintegration to occur, comanagement
processesand forumsmust first devel op that allow community
fishersto share power with government agencies, and that al so
provide the enabling conditions for communication, social
networking, and conflict resolution (Carlsson and Berkes
2005, Pomeroy and Rivera-Guieb 2005, Wilson et al. 2006,
McConney et a. 2007, Pomeroy 2007, Kuperan et al. 2008,
Pinkerton 2009). This is particularly important because
tensions can emerge on account of the rationalist tendency of
science to test, validate, and hence subjugate TEK, while
Indigenous groups show reciprocal mistrust of SMK (Moller
et a. 2004, Foale 2006, Carter and Hill 2007, Gratani et al.
2011). This tension is often exacerbated by different modes
of communication and asymmetrical power relations among
stakeholders (Davidson-Hunt 2006, Wilson et a. 2006,
Doubleday 2007, Nadasdy 2007, Pinkerton 2009). However,
if the comanagement process can evolve further to include
iterative colearning and knowledge generation through
experimentation, the resulting ‘ adaptive comanagement’ can
enhance the resilience of socia-ecological systemsto change
by building adaptive capacity (Olsson et a. 2004, Folke et al.
2005, Plummer and Armitage 2007a, 2007b, Armitage et al.
2009, Plummer 2009).

Garibaldi and Turner (2004) have suggested that “cultural
keystone species’ may facilitate linkages between TEK and
SMK. They definesuch animalsor plantsas* culturally salient
species that shape in a magjor way the cultural identity of a
people” (Garibaldi and Turner 2004:4). Further, “the detailed
traditional ecological knowledge surrounding such species
can bring to ecologists and conservation biologists a better
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appreciation of and respect for traditional knowledge systems
in general, and can serve as a window through which such
understandings are realized” (Garibaldi and Turner 2004:14).
The application of TEK in the management of cultura
keystone species can be closely tied to the expression and
revival of traditional indigenous culture and marine resource-
use rights. Examples include the Haida people and Pacific
herring in British Columbia (Jones 2007, Jones et a. 2010),
theHo' olehuaHomestead and whitesaddlegoatfishin Hawai’i
(Poepoe et al. 2007), and Nunavat communities and narwhal
in Arctic Canada (Armitage 2005a, 2007).

The Torres Strait 1slands form the Australian border with
Papua New Guinea (PNG). Since European colonization in
the 1870stheregion hasundergonerapid socia and ecological
change, with the introduction of Christianity, colonial rule,
and the early development of commercial inshore fisheries
(Johannes and MacFarlane 1991). The largely Melanesian
culture became subsumed by Australian government and law,
suppressing customary land and sea tenures, which has
contributed to Torres Strait islanders socioeconomic
disadvantage (Smyth et al. 2006, Mulrennan 2007). Although
the Torres Strait’s diverse fisheries are recognized as the
primary resource underpinning potential economic development
for isanders (TSRA 2009), the status of many exploited
populations is uncertain (PZJA 2008, Wilson et a. 2009).
Concurrently there is a growing motivation among islanders
to regain sovereignty over marine resources (Scott and
Mulrennan 1999, Mulrennan and Scott 2000), expressed
through aRegional SeaClaimlodged in 2001 (M ulrennan and
Scott 2001), restoration of traditional culture, locally known
as 'Ailan Kastom’ (TSRA 2005, 2009), and involvement in
the management of commercial fisheries (Mulrennan 2007),
environmental research, and monitoring (Jones et al. 2008,
Méllors et al. 2008).

Set within Melanesiawhere TEK hasbeen applied to generate
innovative and more effective fisheries management, the
Torres Straitisacontrasting situation of aminority indigenous
culture within a developed economy. In this paper we
investigate the current characteristics of TEK application in
fisheries management and research in the Torres Strait, and
comparethemwith thosefoundin other knowledgeintegration
processes documented in neighboring areas of Melanesiaand
other contexts. From our analysis we conclude that TEK
applicationinthe Torres Straitisat an early stage, andisbeing
driven by cultura keystone species that have catalyzed
comanagement, precipitating similar processes for other
fishery species of lesser cultural importance. We discuss how
knowledge integration could be advanced through adaptive
comanagement to improvefisheriesmanagement and enhance
theresilience of the Torres Strait and similar social-ecol ogical
systems.
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THE TORRESSTRAIT

Geography and history

The Torres Strait contains more than 150 small islands in the
shallow 165 km stretch of water lying between the state of
Queensland, Australia, and Western Province, PNG (Fig. 1).
Today 15 isands are permanently inhabited with a total
population of approximately 7000 people (TSRA 2005). The
earliest settlers were Melanesians who arrived 3000-2500
years Before Present (Barham 2000).

Fig. 1. The Torres Strait, showing the Torres Strait
Protected Zone (TSPZ) established under the Torres Strait
Treaty and the location of Australian and Papua New
Guinea communities.
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Complex social relationships exist between Torres Strait and
neighboring PNG communities (Figure 1 in Beckett 1987).
These have been recognized by the Torres Strait Treaty (‘the
Treaty’), signed between Australia and PNG in 1985 to
establish a shared Protected Zone (PZ), the principal purpose
of which is to “protect the traditional way of life and
livelihoods of the traditional inhabitants of the Torres Strait
and adjacent coastal areas of the two countries’ (PZJA
2008:5).

TEK in the Torres Strait

Theintricateconnection of TorresStraitislanderstothemarine
environment is expressed in the diversity of languages,
mythol ogies, ceremonies, and customary tenure systems that
form Ailan Kastom (Mulrennan and Scott 2000, 2001,
M cNiven and Feldman 2003). Thisrelationshipisexemplified
by estimatesthat the islanders have one of the highest rates of
seafood consumption per capita in the world, based on the
exploitation of at least 350 species (Johannes and MacFarlane
1991, Harris et al. 1994, McNiven and Hitchcock 2004).
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Johannes and MacFarlane (1991) conducted a survey of the
traditional fisheriesof the TorresStrait, and provided evidence
that, although eroded by a century of colonization, some TEK
of marine resources remained. Examplesincluded knowledge
of green turtle (Chel onia mydas) and dugong (Dugong dugon)
behavior, physiology, and interannual variations in
abundance, traditional fishing technology such as fish drives
and poisons, and complex customary marinetenureand access
arrangements for reefs, inhabited, and uninhabited islands.
Thismirrored anthropol ogical studiesby Nietschmann (1984,
1989), Sharpe (1992), and Cordell (1995), which also
identified widespread and extant cultural practices related to
marine resources such as seasonal calendars, totemic
associations, and gender-specific norms and superstitions.

However, there has been little systematic documentation of
TEK across the Torres Strait. Smyth et a. (2006) classified
the cultural values of marine species according to cultural
domains (Table 1), but only recently has a TEK project been
established to archive remaining cultural and historical
information for each island (MacLaren 2012).

Table 1. Smyth et a.’s (2006) nine cultura domains and
elements applied to classify the cultural value of Torres Strait
marine species.

Cultural domain Cultural elements

1. Subsistence food
source

Dietary preferences, desired, required (consumed
and not consumed)

2. Materia application Use as bait, pet, container, tool or trade item, use
of feathers, shell, bone, tooth, skin for
ornamentation, body jewelry, masks, dancing
paraphernalia, head gear, fish traps, sacred sites

3. Subsistence skills Procurement, preparation, exchange and trade, e.

g., hunting, fishing, collecting techniques,

butchering, distribution, cooking, presentation

4. Wisdom Environmental knowledge about behavior,
habitat, place locality, season, moon phase, tide,
current, wind

5. Socio-poalitical Totem and identity, e.g., connected to social

representation groups, clans, and tribes; naming of cultural

sites, e.g., seascape and territory

6. Mythological
representation

Story, myth, legend, folktale

7. Ritual representation Ceremony, ritual, magic, beliefs

8. Symbolic
representation

Congtellations, rock art, music, song, story,
dance, technica arts

9. Contemporary
representation

Utilization by institutions, e.g., fisheries, Torres
Strait Treaty, schools, teams; politics, e.g., flags;
commercial utilization
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Fig. 2. The Torres Strait Protected Zone Joint Authority (PZJA) consultative committee framework, stakeholder groups, and
their voting representatives numbers (summarized from PZJA 2008). Abbreviations are: Australian Fisheries Management
Authority (AFMA), Torres Strait Regional Authority (TSRA), Queensland Fisheries (QF), TSRA Community Fisher Group
(CFG), Department of Environment, Water, Heritage and the Arts (DEWHA), Department of Foreign Affairs and Trade
(DFAT), Australian Bureau of Agricultural and Resource Economics (ABARE), Great Barrier Reef Marine Park Authority
(GBRMPA), Papua New Guinea National Fisheries Authority (PNG NFA).
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Fisheries management

The Torres Strait Protected Zone Joint Authority (PZJA) was
established in 1984 under the Torres Strait Fisheries Act. Its
purpose is to manage the interests of Australian fisheries in
the PZ. The PZJA reports to the Treaty’s Joint Advisory
Council, which is governed by the Foreign Ministers of
Australia and PNG. It consists of the Australian and
Queensland state governments’ Fisheries Ministers and the
Chair of theTorresStrait Regional Authority (TSRA),aTorres
Straitislander-led Australian Government statutory authority.
It is advised by a system of consultative committees that

include government fisheries managers and scientists, plus
PNG government representativesfor shared fisheries (Fig. 2).
In 2002 the TSRA established a Community Fisher Group
(CFG) that selects active fishers from island communities to
represent their interests on the committees.

Under the Act al fisheries are required to prepare a
management plan. They must also periodically undergo a
strategic assessment under the Australian Environment
Protection Biodiversity Conservation (EPBC) Act of 1999 to
evaluate their impact on protected species, and devise
mitigating actions.
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Commercial fisheries and stocks

The following commercia fisheries are formally recognized
in the PZ: prawns, tropical rock lobster (Panulirus ornatus),
finfish (mackerel, cora trout [Plectropomus leopardus],
barramundi [Lates calcarifer], and mixed reef fish), hand
collectables (béche-de-mer, trochus, and pearl shell), and
crabs. Science-based stock assessments are undertaken for
some individual species, and fishery-specific management
tools such as licensing, temporal and gear restrictions are
applied to control fishing effort (PZJA 2008). Stock
assessments indicate that béche-de-mer and pearl shell are
overfished, whereas the status of five other species is
uncertain, and five are not overfished.

Traditional fisheriesand stocks

Traditional fisheries include unlicensed fishing for
subsistence or cultural use, and also fall under the PZJA’s
aegis, althoughformal committeesdo not exist for them (PZJA
2008). Under the Treaty three fisheries are recognized:

Dugong

Hunting dugong is an integral part of Ailan Kastom, andisa
major source of protein in the western islands (Johannes and
MacFarlane 1991, Skewes et al. 2002, Kwan et al. 2006).
Hunting is a skilled male activity and is usually carried out
using a spear thrown from a dinghy. The distribution of meat
maintains a tradition of reciprocity and respect among
communities (Kwan et al. 2001, 2006). Nietschmann (1989)
suggeststhat hunting has persisted because it preserves away
of lifeand body of knowledgethat givesmeaningtoislander’s
livelihoods, and sets the context for cultural history and
environmental knowledge. The dugong islisted asthreatened
under the EPBC Act, vulnerable to extinction by the IUCN,
andison Appendix |1 of the Convention on International Trade
in Endangered Species of Wild Fauna and Flora. The Torres
Strait is one of the most important remaining dugong habitats
intheworld (Marsh et al. 2002) with an estimated population
of 15,000 in 2006 (PZJA 2008). There is concern among
scientists that the catch of dugong is unsustainable (Heinsohn
et a. 2004, Marsh et al. 2004), but there is disagreement
between scientists and islanders about the size of the
population, partly due to large interannua fluctuations in
numbers driven by changes in seagrass abundance (Johannes
and Neis 2007). This, combined with alack of accurate catch
data from Austraian and PNG communities makes
assessments of the population’ sstatusuncertain (PZJA 2008).

Turtle

Green turtles are the primary target species for traditional
harvest, athough the eggs of hawksbill (Eretmochelys
imbricata) and flatback (Chelonia depressa) turtles are also
taken. Asfor dugong, all three specieshaveahigh conservation
statusunder national and international schedules. The hunting
of greenturtlesisanimportant facet of Ailan Kastom, and also
contributes significantly to islander diet (Kwan et al. 2001).
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Thereis considerable uncertainty in catch data (Skewes et a.
2002), and censuses of nesting green turtles from beachesin
the region indicate that the average size is declining,
potentially due to overharvesting (Limpus 2008). Monitoring
of nesting femal e hawkshill turtles has shown asteady decline
in their numbersin 1976-2009 (Limpus 2009).

Reef fishery

This category includes all other subsistence gathering of fish
andinvertebrates. Although stocksof commercial speciesalso
taken for subsistence are formally assessed by the PZJA,
noncommercia species are not.

Comanagement of fisheries

Comanagement is not explicitty mentioned by any
government publications relating to Torres Strait fisheries
management. However, it is clear that comanagement
processes have been evolving since the signing of the Treaty
in 1985, and are most evident in four Torres Strait fisheries:
turtle, dugong, lobster, and hand collectables. We summarize
these processes chronologically, and then anayze this
information through a comanagement conceptual framework.

Turtle and dugong

Because of their importance to islanders' livelihoods, their
protected and endangered status under national and
international legislation, and concern about the impacts of
over-harvesting for both islanders’ and broader conservation
interests, turtles and dugong have been a combined focus for
comanagement. Kwan et al. (2001) and NAILSMA (2005)
provideahistory of key stepsinthisprocess. In 1985the PZJA
established a dugong sanctuary in the western Torres Strait,
where hunting is prohibited. In 1995 a ban was placed on
hunting dugong by any methods other than the traditional
spear. These decisions involved minimal community
participation, but the consultative development of a Torres
Strait Marine Strategy by the TSRA in the early 1990s more
fully engaged and empoweredislanders, and turtleand dugong
fisheries became a focus of attention. In 1997 the PZJA
recommended that a community-based management strategy
should be developed to ensure that the turtle and dugong
harvest was sustainable, instigating an Australian Fisheries
Management Authority (AFMA) workshop in June 1998 at
which idander leaders, hunters, and government agencies
agreed that future management required the integration of
SMK with islander perspectives on sustaining turtle and
dugong populations. The jointly agreed vision from the
workshop was to achieve “effective community based
management of dugongs and turtles conducted in a way that
maintains Ailan Kastom and ensuresthelong term survival of
these species as an essential component of Torres Strait
culture, identity, and sealife” (Kwan et al. 2001:226).

These stakeholders then jointly worked toward developing
Turtle and Dugong Management Plans (TDMPs) for
individual idands. This process culminated in the
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implementation of eight plans in 2008, which have the
objective of achieving sustainable harvesting while reviving
TEK, and integrating this with SMK. Each plan aims to meet
the requirements of an assessment for the EPBC Act, and the
development of a management plan, while maintaining
islanders’ control over decisions. Actions to be implemented
by each plan include a hunting permit system and seasonal
closures over an agreed area of customary sea tenure, catch
monitoring, and traditional hunting and butchering methods.
Government-funded Land and Sea Rangers have been
employed from the island communitiesto facilitate the plans
implementation. Governance of each plan is undertaken by a
steering committee consisting of community leaders and
hunters. It has been proposed that a Turtle and Dugong
Working Group (WG) should be formed to achieve regional
coordination of plans and engage with the PZJA (Fig. 2). In
spite of this progress, using asocia network anaysis, Weiss
et a. (2012) suggest that the comanagement process is still
dominated by top-down government influence.

Tropical rock lobster

The first steps toward comanagement of the lobster fishery
were taken in 2001, when islander concerns about the status
of lobster stocks resulted in aban on the use of hookah diving
gear and anincreasein theminimum takeablesize (Mulrennan
2007). This was a watershed because for the first time the
PZJA held an open forum with islanders invited to attend as
observers, prior to this, islander input had been limited
(Mulrennan and Scott 2005). In 2002 the PZJA structure was
modified to include CFG members in the lobster fishery
committees. However, genuine power-sharing and joint
decision making was not immediately apparent, and power
asymmetries remained (Mulrennan and Scott 2005,
Mulrennan 2007). Unresolved tensions were still evident
between islander and nonislander fishermen and government
representatives during the 2004 process to buy back
nonislander fishing licenses and the substitution of total
allowablecatcheswith anindividual transferablequotasystem
in 2005 (van Putten et al. 2012).

Hand collectables

In 1993 the fishery for the most valuable béche-de-mer
species, sandfish (Holothuria scabra), wasclosed by the PZJA
because stock assessments indicated overfishing. Following
further assessmentsthefishery wasreopenedin 1995, but then
closed again in 1998. In 2004 a strategic assessment of the
béche-de-mer fishery under the EPBC Act recommended the
development of community-designed harvest strategies in
preparation for the reopening of the sandfish fishery, and the
formation of aHand CollectablesWG to facilitate community
involvement in monitoring and management (PZJA 2004). In
2005 a multistakeholder Torres Strait Cooperative Research
Centre (CRC) workshop was held to discuss these
recommendations, entitled ‘Béche-de-mer Sustainability: a
Collaborative Approach’ (PZJA 2005). Thiswas followed in
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2007 by the inaugural WG meeting consisting of an islander
chairperson and six CFG members among eight nonislander
members(Fig. 2). TheWG acted onthedevel opment of island-
specific management plans and harvest strategies that would
prevent future overfishing, incorporate TEK, and involve
islanders in research to build their trust in stock assessments
(PZJA 2007). The potential involvement of the rangers in
community-based management of hand collectables was also
explored (PZJA 2007). By 2009 the WG had facilitated
prototype community-based harvest strategies on two islands
that restore traditional spatial management systems (J. R. A.
Butler, A. Tawake, T. Skewes, L. Tawake, and V. McGrath,
unpublished manuscript).

Comanagement processes are less evident in the remaining
fisheries, athough there has been some community
involvement in management. For example, islanders submit
catch records in the commercia finfish fishery (Williams et
a. 2008), and there have been unsuccessful attempts to
establish  community-based catch monitoring for the
traditional reef fishery (Harriset al. 1994, Skeweset al. 2002,
Busilacchi 2008).

METHODS

Application of TEK

To assess the current application of TEK in fisheries
management, we distributed a self-completion questionnaire
survey in 2009 to the 23 managers and scientists from the
Australian government departments and agencies responsible
for managing and assessing commercial and traditional
fisheries. Following guidelines for questionnaire design (de
Vaus 2002) seven open-ended questions were presented:

1. How do you define TEK?

2. Haveidlandersbeeninvolvedin fisheriesmonitoring and
research?

3. If yes, how?

4. 1sany TEK applied in the management, monitoring, and
research of the fishery species?

5. If yes, what form of knowledge and how is it applied?
6. If not, why not?
7. When did the application of TEK begin?

Factorsinfluencing TEK application
We assessed three sets of factorsthat potentially explained the
characteristics of TEK application observed from the survey:

Stock depletion, limited SMK, and community owner ship

Johannes (1998a, 2002) and Johannes et al. (2000) suggested
that in other regionsof Melanesiaand the Pecific, thedepletion
of fishery stocks, limited SMK to respond to these declines,
and community ownership of resources were important
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factors. We evaluated each fishery in these terms as follows:
(1) Stock collapse: We categorized each fishery’ s stock status
in 2009 as overfished, uncertain, or not overfished from PZJA
(2008) and Wilson et a. (2009); (2) Limited SMK: Tawake
et al. (2010) compiled all available stock assessment dataand
categorized current SMK of fisheries into four classes. We
applied a SMK rank to each:

» High: at least one stock assessment in 2004-2008 with
high data confidence (SMK = 1);

* Medium: at |east onestock assessment in 2004-2008 with
uncertain data confidence (SMK = 2);

* Low: no stock assessment but some catch data collected
in 2004-2008 with uncertain dataconfidence (SMK =3);

* None: no catch or other data collected in 2004-2008
(SMK =4).

(3) Community ownership: As a surrogate for resource
ownership we collated data from PZJA (2008) and Wilson et
al. (2009) on the proportion of commercia fishing licenses
held by idanders. Traditional fisheries are only operated by
isanders and therefore were considered totally owned by
them.

Following the inference of Johannes (1998a, 2002) and
Johannes et al. (2000) for Melanesia, we defined the criteria
where application of TEK was most likely to occur as being
overfished or uncertain stock status, low or none SMK, and >
60% ownership (Fig. 3). Where data allowed we presented
resultsfor individual species, and aggregated theminto groups
when this was not possible.

Comanagement characteristics

Comanagement processes and the degree of power-sharing
among stakeholders are known to beinfluential in knowledge
integration in fisheries management (Wilson et al. 2006,
Pomeroy 2007, Pinkerton 2009). We assessed these factorsin
two ways: (1) Comanagement stages: Plummer (2006)
identified three stagesin the evolution of comanagement. The
first istermed “independence,” in which interaction between
the government and local actors is limited. The second is
“association,” inwhichtheactorsbegintointeract, exchanging
information and articulating resource vaues and a shared
vison for management objectives. The third stage,
“integration” involves the actors collectively undertaking a
task, sharing the consequences of their actions, and resolving
conflict. To analyze the evolution of comanagement in
fisherieswe applied Plummer’ s (2006) conceptual framework
to identify the years when each stage was reached, and
compared this to the year when TEK was first applied. (2)
Power-sharing: To evaluate the extent of power-sharing
between islanders and government agencies in 2009, we
calculated the proportion of CFG or islander members with
voting mandates among all PZJA committeesrelating to each
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Fig. 3. Fishery species or groups for which traditional
ecological knowledge (TEK) a) was applied and b) was not
applied relative to fishery ownership, stock status, and
science and management knowledge (SMK). The dashed
line box represents the status of the species for which TEK
application could occur. Abbreviations are: green turtle
(Chelonia mydas; GT), hawksbill turtle (Eretmochelys
imbricata; HT), flatback turtle (Chelonia depressa; FT),
dugong (Dugong dugon; DUG), trochus (TRO), béche-de-
mer (BDM), tropical rock lobster (Panulirus ornatus; TRL),
mixed finfish (MFF), invertebrates (INV), coral trout
(Plectropomus leopardus;, COR), barramundi (Lates
calcarifer; BAR), mixed reef fish (MRF), mackerel (MAC),
blue endeavour prawns (Metapenaeus endeavouri; END),
brown tiger prawns (Penaeus esculentus; T1G), and redspot
king prawns (Melicertus longistylus, RED). Note that for
ease of presentation, symbols have been separated where
more than one species had the same stock status, e.g., GT,
HT, DUG, and ownership (%) values have been categorized
into intervals of 20% from datain Table 1.

Slgck stalus

Slpck slatus
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Table 2. Fisheries for which traditional ecological knowledge (TEK) has and has not been applied in the Torres Strait, and the

details of TEK applied.

Application of TEK

Fishery Islander involvement in monitoring and research TEK applied/reason not applied Start year

TEK Applied:

Turtle Monitoring catches, nesting beaches, tissue sampling Knowledge of nesting beaches, distribution, 2006
carcasses, tagging by hunters and rangers sexing of adults, and capture methods for

research

Dugong (Dugong dugon) Monitoring catches, tissue sampling carcasses by hunters  Seasonal movements, hunting methods, and 2006
and rangers catch utilization

Tropical rock lobster Catch recording Knowledge of lobster distribution in shallow 2008

(Panulirus ornatus) waters near islands

Hand collectables Four trainees in 2009 béche-de-mer and trochus survey,  Identification of béche-de-mer and trochus 2009
catch recording habitat for survey

TEK Not Applied:

Reef fishery Catch surveys Not relevant

Finfish Catch recoding Not appropriate

Prawn None Islanders are not involved in the fishery

fishery. Datafor commercial fisheries were taken from PZJA
(2008), and thosefor TDM Pswereprovided by the TSRA (see
Fig. 2). We compared these data to the application of TEK in
each fishery.

Cultural values of species

Garibaldi and Turner (2004) proposed that cultural keystone
species may facilitate linkages between TEK and SMK. To
assess the relative cultural importance of fishery species to
islandersweapplied Smyth et a.’ s(2006) study of thecultural
values of marine speciesin the Torres Strait. They classified
species into one or more of nine cultural domains, with each
domain containing culturally constructed elementsand values
(Table 1). We summed the number of domains recorded by
Smyth et a. (2006) for each species to yield a cultural value
(CV) score.

Westatistically compared themean CV scorefor those species
for which TEK had been applied versusthose for whichit had
not using a T-test. We then compared the CV score of species
and fisheries with the stage of comanagement reached in the
respective fisheriesin 2009.

RESULTS

Application of TEK

Thirteen questionnaires were returned (57% response rate).
Responses were received from managers or scientists for all
fisheries except crabs and pearl shell.

TEK had been appliedinfour fisheries: turtle, dugong, |obster,
and hand collectables, i.e., béche-de-mer and trochus (Table
2). The most extensive application was evident in turtle and
dugong fisheries, and began in 2006. Since 2008 TEK
application for these fisheries has been implemented through
the rangers’ involvement in monitoring and research. By
comparison TEK applied to lobster, trochus, and béche-de-
mer began more recently through the engagement of four

islander trainees in the 2009 stock assessment surveys of
trochus and béche-de-mer, and |obster surveysin 2008. In all
cases the TEK concerned consisted of behaviora and
physiological information about animals and their
distribution, and for turtle and dugong & so traditional capture
and carcass handling techniques.

TEK was not applied in the traditional reef fishery, the
commercia finfish, or prawn fisheries. All respondents
reasons were ‘not relevant,” ‘not appropriate,’ or ‘islanders
not involved in the fishery,” respectively.

Factorsinfluencing TEK application

Stock depletion, limited SMK, and community owner ship
Among the seven species or groups for which TEK had been
applied, the characteristicsof only two, i.e., flatback turtleand
trochus, had uncertain stock status, low SMK, and total
ownership of thefisheries (Fig. 3a, Table 3). Thelack of TEK
application inthe management of barramundi, mixed reef fish,
mixed finfish, and invertebrates was unexpected, because
according to the criteriasuggested by Johannes (1998a, 2002)
and Johannes et al. (2000), TEK should have been applied in
these fisheries because of their uncertain stock status, low
SMK, and high islander ownership (see Fig. 3b).

Comanagement characteristics

The comanagement process was most advanced for turtle and
dugong relativeto other fisheries. The association stage began
in 1998 with the AFMA workshop, when islanders and
government agenciesagreed toacommon visionfor achieving
sustainableturtle and dugong popul ations (Fig. 4). Integration
began with the implementation of the TDMPs and the
employment of rangersin 2008.

Association began for the lobster fishery in 2001, when
islander concerns about overfishing resulted in more stringent
controls (Fig. 4). Thiswas progressed in 2002 when the PZJA
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Table3. Stock status, science and management knowledge (SMK), and cultural value (CV) scoresfor commercial and traditional

fisheries and speciesin the Torres Strait.

CV score
Fishery and species Stock status' SMK# Islander ownership Fishery average Species
Commercial Fishery
Prawn None 1.0
Blue endeavour (Metapenaeus  Not overfished 1 1
endeavouri)
Brown tiger (Penaeus Not overfished 1 1
esculentus)
Redspot king (Melicertus Uncertain 3 1
longistylus)
Tropical rock lobster Not overfished 1 54% of licenses 8 8
(Panulirus ornatus)
Finfish 98% of licenses 18
Mackerel Not overfished 2 2.0°
Coradl trout (Plectropomus Not overfished 2 1
leopardus)
Barramundi (Lates calcarifer)  Uncertain 3 1
Mixed reef fish! Uncertain 3 19"
Hand collectables 99% of licenses 58
Béche-de-mer Overfished 1 3
Trochus Uncertain 3 7.0
Pearl shell Overfished 3 6.0"
Crab Uncertain 3 100% of licenses 55 5.5%
Traditional Fishery
Turtle 100% 6.3
Green turtle (Cheloniamydas)  Uncertain 2 9
Hawksbill turtle (Eretmochelys  Uncertain 2 9
imbricata)
Flatback turtle (Chelonia Uncertain 3 1
depressa)
Dugong (Dugong dugon) Uncertain 2 100% 9
Reef fishery 100% 3.0
Mixed finfish Uncertain 3 18
Invertebrates Uncertain 4 43"

" Derived from PZJA (2008) or Wilson et al. (2009).
#1=high, 2 = medium, 3 =low, 4 = none.

$ Three species combined by Smyth et al. (2006): Spanish (Scomberomorus commerson), school (S queenslandicus), and

shark mackerel (Grammatorcynus bicarinatus).

I Snappers, emperors (Lutjanus and Lethrinus spp.), and rock cods (Epinephel us spp.).
T Average for 16 species of snappers, emperors, and rock cods from Smyth et al. (2006).

# 14 species combined by Smyth et al. (2006).

" Average for two species from Smyth et al. (2006): Trochus niloticus and T. cerithium.
# Average for two species from Smyth et al. (2006): black-lipped (Pinctada margaritifera) and golden-lipped pearl shell (P.

maxima).

58 Average for two species from Smyth et al. (2006): mud (Scylla serata) and blue swimmer crabs (Portunus pelagicus).
I Average for 22 species from Smyth et al. (2006), excluding commercial finfish species.
™ Average for 19 species of gastropods, bivalves, squid, and octopus from Smyth et al. (2006).

consultative structurewas modified to include CFG members.
However, the incomplete and contested license buy-back
process suggests that the integration stage has not yet been
reached. For hand collectables the association stage was
instigated by the 2005 CRC workshop, which explored a
collaborative approach to the future management of béche-de-

mer, followed by the establishment of the Hand Collectables
WG in 2007 and thedevel opment of community-based harvest
strategies (Fig. 4).

TEK was only applied in these four fisheries, and its first
application occurred several years after the association stage
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Fig. 4. The chronology of comanagement and application of traditional ecological knowledge (TEK) in the turtle and dugong
(Dugong dugon), lobster and hand collectable fisheries between the 1985 signing of the Torres Strait Treaty and 2009,
applying Plummer’s (2006) stages of ‘independence,” ‘association,” and ‘integration.” Abbreviations are: Protected Zone
Joint Authority (PZJA), Australian Fisheries Management Authority (AFMA), Turtle and Dugong Management Plan
(TDMP), Community Fisher Group (CFG), Working Group (WG), Management Advisory Committee (MAC), Scientific
Advisory Committee (SAC), Cooperative Research Centre (CRC).

1985 1990 1995

Year

2000 2005 2009

Turtle and
dugong
1985 PZIA imtroduces 1998 AFMA workshop 2008 TDMP
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Tropical rock |-

2002 CFG on
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controls transferable quata

1993 PZJA closes 1995 PZJA opens 1996 PZIA closes 2005 CRC workshop 2007 Hand
sandfish fishery sandfish fishary sandfish fishery and wision Collectables WG
KEY
Independence - Integration % Application of TEK stars

had begun (Fig. 4). This occurred first in 2006 for turtles and
dugong, followed in 2008 by lobster and 2009 by hand
collectables. In the prawn, finfish, and reef fisheries, where
comanagement remains relatively undeveloped in the
independence stage, there has been no application of TEK.

The degree of power-sharing in 2009 was also related to TEK
application in each fishery (Table 4). Turtle and dugong
fisheries had 90% islander representation and the earliest and
most extensive application of TEK. Lobster and hand
collectables had midrange representation, with 43% and 52%,
respectively, and more recent and relatively limited
application of TEK. By comparison fisheries with no TEK
application had low to midrange representation.

Cultural values of species

TheCV scoresfor speciesvariedwidely, ranging from 1 (coral
trout, barramundi) to 9 (dugong, green and hawksbill turtles;
Table 3). Themean CV score for speciesfor which TEK was
applied (6.6 + 3.3 SD, n = 7) was significantly higher than for
those for whichitwasnot (20+1.0SD;n=9; T=359, P=
0.011, DF = 6).

TEK had been applied for the longest period for species with
the highest CV scores, i.e., green turtle, hawksbill turtle, and
dugong (Fig. 4). By 2009 comanagement for these specieshad
reached the integration stage, whereas comanagement of
species and groups of lesser value, i.e., lobster, trochus, and
béche-de-mer, had reached the association stage, with more
recent and limited application of TEK (Fig. 53). Specieswithin
theindependence stage had relatively low CV scoresand TEK
had not been applied in their management. When these species
and their CV scores were aggregated into fisheries (see Table
3) this pattern became clearer (Fig. 5b).

DISCUSSION

Torres Strait fisheries are typical of tropical inshorefisheries,
being highly complex, small-scale, mixed commercial and
subsistence, and with a high diversity of species exploited
primarily by local fishers. In contrast to neighboring
Melanesian nations, however, government fisheries
management is relatively well resourced through multiple
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Fig. 5. The relationship between cultural domain (CV)
scores for @) fishery species or groups and b) fisheries, the
stage of comanagement reached in 2009 and the application
of traditional ecological knowledge (TEK). Grey symbols
are species or fisheries where TEK was applied, and white
symbols are those where TEK was not applied.
Abbreviations for speciesin a) are: green turtle (Chelonia
mydas, GT), hawksbill turtle (Eretmochelysimbricata; HT),
flatback turtle (Chelonia depressa; FT), dugong (Dugong
dugon; DUG), trochus (TRO), béche-de-mer (BDM),
tropical rock lobster (Panulirus ornatus; TRL), mixed
finfish (MFF), invertebrates (INV), coral trout
(Plectropomus leopardus, COR), barramundi (Lates
calcarifer; BAR), mixed reef fish (MRF), mackerel (MAC),
blue endeavour prawns, (Metapenaeus endeavouri; END),
brown tiger prawns (Penaeus esculentus; TI1G), and redspot
king prawns (Melicertus longistylus; RED). Abbreviations
for fisheriesin b) are: turtle (TTL), hand collectables (HC),
reef fishery (RF), prawn (PRN), and finfish (FF). Note that
symbols have been separated where more than one species

had the same comanagement stage and similar CV scores, e.

g., END, RED, TIG.
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agencies, and consequently SMK of several commercial
fishery speciesishigh. However, in spite of this, the status of
fivecommercial and all traditional speciesisuncertain. Hence,
the challenge commonly faced by centralized, command-and-
control governance of tropical inshorefisheriesisal so evident
in the Torres Strait, potentially creating preconditions for
islanders TEK to be applied and integrated with SMK to
generate hybrid management systems. However, our results
indicate that TEK has only been recently applied in the
management of four fisheries: dugong, turtles, lobsters, and
hand collectables. Furthermore, this corresponded with the
first level of Berkes (1999) knowledge-practice-belief
complex of TEK; thatis, largely local knowledgeof thespecies
rather than management systems, institutions, and world
views.

This difference was emphasized when we assessed the rol e of
the depletion of fishery stocks, limited SMK, and community
ownership of resources, which Johannes (1998a, 2002) and
Johannes et a. (2000) suggested were contributory factorsto
the application of TEK in other Melanesian regions. Of the
seven species or groups for which TEK was applied, the
characteristics of only two met these criteria. Also, four other
species or groups had characteristics potentially conducive to
the application of TEK, yet this had not occurred.

One possible explanation for this outcome is Johannes and
MacFarlane’s (1991) contention that although TEK clearly
still exists in the Torres Strait, it does not include a
‘conservation ethic’ because of the abundance of marinefood
resources relative to the islands' historically small human
population. This contrasts with other regions of the Pacific,
where higher population densities had probably depleted
relatively more limited marine resources in the past, thus
generating customary conservation practices and norms
(Johannes 2002; but see Foale et a. 2010). Hence, overfishing
of stocksin the Torres Strait might not be expected to result
in the application of TEK. However, Johannes and
MacFarlane’s (1991) observations are contradicted by other
studies in the Torres Strait. Cordell (1995) recorded strictly
enforced harvest allocations for dugong, turtle, and fish, and
Mulrennan (2007) argued that the commercial overfishing of
pearl shell, trochus, and béche-de-mer in the last century has
led to agrowing awareness and acceptance of the principle of
sustainable use among islanders.

An aternative explanation is suggested by our finding that the
average CV score of speciesfor which TEK had been applied
was statistically higher than for species where it had not. Our
analysis suggests that the cultural value of speciesinfluenced
the extent of comanagement and power-sharing, whichinturn
led to the application of TEK after establishment of the
association stage of comanagement. However, there was also
an important chronological perspective, whereby the species
of highest cultural value, turtles and dugong, were the earliest
focus for comanagement processes, generating significant


http://www.ecologyandsociety.org/vol17/iss4/art34/
https://www.researchgate.net/publication/228728258_The_Renaissance_of_Community-Based_Marine_Resource_Management_in_Oceania?el=1_x_8&enrichId=rgreq-bdcd8668c8c52e863929a8172e329a96-XXX&enrichSource=Y292ZXJQYWdlOzI2OTU3NjUyMTtBUzoxODc2NjAyMzI1Njg4MzdAMTQyMTc1MzA5NTAwNg==
https://www.researchgate.net/publication/227697559_Ignore_fishers'_knowledge_and_miss_the_boat?el=1_x_8&enrichId=rgreq-bdcd8668c8c52e863929a8172e329a96-XXX&enrichSource=Y292ZXJQYWdlOzI2OTU3NjUyMTtBUzoxODc2NjAyMzI1Njg4MzdAMTQyMTc1MzA5NTAwNg==
https://www.researchgate.net/publication/292025376_Sustaining_a_small-boat_fishery_recent_developments_and_future_prospects_for_Torres_Strait_Islanders_Northern_Australia?el=1_x_8&enrichId=rgreq-bdcd8668c8c52e863929a8172e329a96-XXX&enrichSource=Y292ZXJQYWdlOzI2OTU3NjUyMTtBUzoxODc2NjAyMzI1Njg4MzdAMTQyMTc1MzA5NTAwNg==

Ecology and Society 17(4): 34
http://www.ecol ogyandsociety.org/vol 17/issA/art34/

Table 4. Torres Strait Regional Authority (TSRA) Community Fisher Group and/or islander representation in the Protected
Zone Joint Authority (PZJA) consultative committees relative to the total number of representatives with a voting mandate on
each, sorted according to the application of traditional ecological knowledge (TEK). Abbreviations are: Working Group (WG),
Management Advisory Committee (MAC), Tropical Rock L obster Resource Assessment Group (TRLRAG), Scientific Advisory
Committee (SAC), and Turtle and Dugong Management Plan (TDMP).

PZJA consultative committees

Fishery WG MAC Pravn MAC  TRL RAG SAC TDMP Steering Total %
Committees

TEK Applied

Turtle 1/9 67/67 68/76 90

Dugong (Dugong dugon) 1/9 67/67 68/76 90

Tropical rock lobster (Panulirus 6/15 24/36 115 1/9 32/75 43

ornatus)

Hand collectables 6/15 24136 1/9 31/60 52

TEK Not Applied

Reef fishery 1/9 1/9 11

Finfish 6/14 24136 1/9 31/59 53

Prawn 3/22 1/9 4/31 13

islander representation and engagement in management, and
hence the initial and most extensive application of TEK.
Comanagement for species and fisheries of high but lesser
cultural value, lobster and hand collectables, followed in
succession, with later and hence more limited application of
TEK.

We acknowledge that our analysisis based on asmall sample
size of 13 fishery managers and scientists, although this
represented a majority (57%) of those responsible for PZJA
fisheries. It could be important to also assess the perceptions
of CFG membersinvolved in the PZJA committees, and their
views of the extent and form of TEK applied. Such an
assessment would also capture the characteristics of TEK
appliedin primarily islander-driven comanagement processes
that did not directly involve fishery managers and scientists.
The TDMPs and harvest strategies for hand collectables are
cases in point: neither was mentioned in detail by the survey
respondents.

Our study provides further empirical evidence for Garibaldi
and Turner’s (2004) concept of cultural keystone species, and
their role in promoting linkages and understandings between
TEK and SMK. Green and hawksbill turtles and dugong (CV
= 9) clearly quaify as cultural keystone species, being
fundamental to Ailan Kastom. Lobsters (CV = 8) and trochus
(CV =7) dso qualify, but to a lesser degree. However, our
results suggest two additional components to this concept.
First, turtle and dugong have catalyzed comanagement
becauseof their cross-cultural valuesforislanders’ livelihoods
and government conservation imperatives for these species.
Second, there is circumstantial evidence that they have also
precipitated comanagement in other lesser keystone species.
For exampl e, the establishment of the ranger program was an
impetusfor theHand Coll ectablesWG to devel op community-
based management of béche-de-mer and trochus.

Because of their extensive ranges and the ecosystem services
that they provide to loca, national, and international
beneficiaries, large and iconic marine fauna often generate
cross-scale governance partnerships necessary for their
management (e.g., Armitage 2005b, Wilson 2006, Armitage
2007). Such comanagement is particularly necessary when
stakeholders hold conflicting valuesfor the services provided
by a species (Butler et al. 2006, 2008, 2011, Thompson et al.
2007, Butler 2011, Young et al. 2012). Turtles and dugong
bear these characteristics. Greenturtlesinthe Torres Strait are
known to be part of the northern Great Barrier Reef stock
(Limpus 2008). Dugong also migrate widely in Australian
tropical waters, possibly driven by changes in seagrass
abundance (Marsh et a. 2002, Sheppard et a. 2006). Their
migratory behavior has necessitated cross-scale partnerships
between multiple indigenous communities, state and national
government agencies (Kennett et al. 2004, Wohling 2009),
and cross-border collaboration between Australian and PNG
stakeholders in the Torres Strait (DEC 2009). Applying the
Millennium Ecosystem Assessment’s (2005) terminology,
islanders derive “provisioning” and “cultural” ecosystem
services from these species through hunting, while their
national and international biodiversity, and “cultural”
ecosystem service, values have led to concerns among
governments and scientists about theimpacts of harvesting on
the populations' viability (Heinsohn et al. 2004, Marsh et .
2004, Limpus 2008). These factors, combined with scientists
and islanders conflicting perceptions of the status of turtle
and dugong populations (Johannes and Neis 2007), have
amplified the necessity for comanagement.

We accept that there may be other factors influencing our
results. Related to the influence of ecological scale, the
geographical scale and economic value of commercial
fisheries within the Torres Strait may also have mediated the
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application of TEK. The lobster fishery isthe primary source
of fishery-related income for islanders, and contributes to
livelihoodsacross many communities (van Putten et al. 2012),
motivating islanders to gain greater control and access to the
fishery through comanagement (Mulrennan 2007). By
comparison, trochus and béche-de-mer fisheries are of low
economicvalueandfocusedintheeasternislands(PZJA 2008,
Wilson et a. 2009). Similarly, commercia finfish are of low
value (PZJA 2008, Wilson et a. 2009). In spiteof 53%idander
representation on finfish PZJA committees, comanagement is
relatively undeveloped, and TEK has not been applied.

Another factor may be the differing power dynamicsin PZJA
committees, both among and between idander and
government representatives, which may distort the degree of
power-sharing otherwise indicated by the balance of
committee members. Power dynamics are recognized to be
highly influential in the comanagement process, and the
balance within forums can determine the extent of knowledge
integration and social networking (Wilson et al. 2006,
Doubleday 2007, Nadasdy 2007, Pinkerton 2009). Such
dynamics are particularly evident in the interface between
TEK and SMK, where modes of communication and mistrust
can impede negotiation between indigenous and government
actors (Moller et al. 2004, Davidson-Hunt 2006, Foale 2006,
Carter and Hill 2007, Gratani et a. 2011). In the Torres Strait
it has also been recognized that logistical costs often prevent
CFG representatives from attending PZJA meetings (PZJA
2008, Australian Senate 2010), potentialy influencing the
balance of power during decision making.

The question presents itself as to why cultural values,
comanagement, and power-sharing status explain the pattern
of TEK application in the Torres Strait better than stock
collapses, limited SMK, and community ownership as
observed in other Melanesian regions. The explanation may
lie in the socio-political context of the Torres Strait, where
indigenous resource use rights and Ailan Kastom have been
subsumed and suppressed by Australian law and economy
sincethe 19th century. Sincethe signing of the Treaty in 1985,
which explicitly aimsto protect thetraditional livelihoodsand
practicesof islanders, and thuspromotescomanagement, there
has been a revival of Ailan Kastom, characterized by the
Regional Sea Claim lodged in 2001. This represents the most
recent progression of islanders' claimsto resource sovereignty
following the Mabo Decision in 1992 (Scott and Mulrennan
1999). In this context the application of TEK through the
comanagement of cultural keystone speciesmay beindicative
of reasserted ownership and control, as also observed among
First Nation groups in North America (e.g. Armitage 2005a,
2007, Jones 2007, Poepoe et a. 2007, Jones et al. 2010). By
comparison, although also colonized by Europeans, many
developing Melanesian nations gained independence in the
late 20th century, and marine tenure and customary practices
haveremained largely intact (Johannes 2002). Hence, in these
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situationsthe application of TEK may be associated morewith
the necessity of managing fisheries in the absence of SMK,
facilitated by astronger cultural recognition of TEK by formal
and informal ingtitutions, rather than the politics of resource
ownership.

CONCLUSION

The application of TEK and SMK in natural resource
management potentially enhances the resilience of social-
ecologica systemsby providing a diversity of knowledge for
problem solving and related cross-scale and adaptive
governance networks (Folke 2004, Folke et al. 2005, Berkes
and Turner 2006, Davidson-Hunt 2006, Berkes 2009). Our
results show that inthe Torres Strait, TEK in the form of local
knowledge of species has only recently been applied in the
comanagement of cultural keystone species. Survey
respondents provided little evidence of the application of
higher levels of TEK as defined by Berkes (1999), such as
management systems, social institutions, or worldviews
within which they are embedded. However, provisions for
turtles and dugong set out in the TDMPs clearly include
measures akin to these, such as management areas based on
customary sea tenure, seasona closures, and hunting and
butchering methods that comply with traditiona norms.
Prototype community-based harvest strategies for hand
collectablesalso aimto restoretraditional spatial management
systems.

Further application of TEK and its integration with SMK to
develop more effective hybrid management systems may
depend upon the ability of the PZJA to modify the consultative
committee structure to promote equitable islander and
government agency representation. This should include the
establishment of new forums for traditional turtle, dugong,
and reef fisheries, as recommended by a recent review of
Torres Strait fisheries management (AFMA 2010). Such
forums should encourage experimentation, innovation and
learning among all representatives, and hence potentially
alow adaptive comanagement to evolve. This would
encouragethe contemporary extent and characteristicsof TEK
toemerge. Inaddition, forumsshoul d enablethemutual testing
and validation of TEK and SMK in the Torres Strait, an
important step in knowledge integration (Gratani et al. 2011)
that so far is not evident in fishery management processes.

Evolution from comanagement to adaptive comanagement
and more extensive knowledge integration is most likely to
occur for turtles and dugong because implementation of
TDM Psfrom 2008 represented thestart of theintegration stage
of comanagement for these species. Responding to their
ecological scale, governance structuresfor turtlesand dugong
are already ingtigating international collaboration between
Australian and PNG communities and government (DEC
2009). This may catalyze similar initiatives for other shared
marine resources. Hence, our study highlights the potentially
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important role of cultural keystone species in stimulating
adaptive, cross-cultural, and cross-scal e resource governance
in developed economies such as Australia, where indigenous
groups remain a minority.

Such governance may become increasingly important for
managing the resilience of tropical social-ecologica systems
in northern Australia (Bohensky et al. 2011, Gooch et a.
2012). Exogenousdrivers such as climate change-induced sea
level rise(Greenetal. 2010), immigrationto Torres Strait from
PNG, shipping traffic, illegal foreign fishing, and rising fuel
prices are having a growing impact on the region (TSRA
2009). Consequently thefutureof the Torres Straitisbecoming
increasingly uncertain. TEK may become akey component of
adaptation to future change, but further implementation,
experimentation, and evaluation is required to fully establish
itsrole.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i ssues/responses.

php/5165
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