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cross-cultural movements, studying, managing, and protecting migratory marine species as well as their habitats
and migration routes are deeply political and geographically complex tasks. Despite a place-based cultural
connection to migratory marine species; inherent rights, responsibilities, and authority to manage Sea Country
(marine territory), Indigenous communities are far too often excluded from marine conservation decision-
making. In this paper we conduct a narrative review and synthesis of relevant literature and analyze four
community-driven case studies (both terrestrial and marine) that recognize the incorporation of Indigenous
knowledge to support the governance and management of a culturally significant migratory species. The case
studies are presented from an Australian Sea Country context as well as from a Canadian marine territory setting.
Together these case studies highlight how Indigenous knowledge can increase the understanding of connectivity
as well as provide a spatio-temporal baseline for species with limited science-based knowledge. It is essential that
Indigenous communities as rights holders to Sea Country (marine territory) and owners of vast amounts of
relevant marine knowledge be at the forefront of migratory marine species conservation decision-making for
both coastal and distant offshore areas such as Areas Beyond National Jurisdiction. Bringing Indigenous
knowledge and scientific monitoring data together has the potential to respond to Indigenous priorities for Sea
Country and further contribute to the understanding of migratory marine species distribution, abundance, life
cycles, threats, and oceanic connectivity.

1. Introduction areas to the high seas) through their transboundary journeys [53,43]. As
a result, studying, managing, and protecting migratory marine species,

Migratory marine species move cyclically and predictably between their habitats and migratory routes are political and geographically
ecosystems to fulfill their needs across a variety of life-history stages [53, complex tasks [43]. Many of these migratory marine species are listed as
68]. Species of seabirds, marine mammals, fish, and sea turtles cross a Near Threatened or Threatened by the International Union for Conser-
multitude of jurisdictions, connecting distant locations (e.g. coastal vation of Nature (IUCN), including: 87% of assessed migratory sharks;
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85% of sea turtles; 31% of seabirds; and 17% of marine mammals [33,
53,21,49]. With many populations of migratory marine species in
decline globally, there is an urgent need to synthesize animal movement
data and connectivity information into actionable knowledge which can
be utilized to inform conservation decision-making [26]. While recent
approaches to aggregating such knowledge (e.g., Important Bird and
Biodiversity Areas, Important Marine Mammal Areas, or the Migratory
Connectivity in the Ocean (MiCO) system) have gained traction and
informed area-based management approaches and ocean governance,
they have predominantly focused on scientific data and lack integration
of other knowledge systems or perspectives including Indigenous
knowledge, practices, innovations, and teachings. For example, while
nearly half of all descriptions of Ecologically or Biologically Important
Areas by the Convention on Biological Diversity refer to migratory
connectivity, virtually none derive that information from Indigenous
Knowledge [25]. The term Indigenous knowledge encompasses a rich
body of place-based knowledge that has evolved through the intimate
interactions, interpretations, and site-specific connections between the
Indigenous people and their Country (or territory), that have been
passed through the generations [71,66].

Indigenous kinship systems differ from western ideas of kinship in
that they encompass relationships with Country or the territory (land,
sea, waterways, and sky) and all that is within it (plants, animals etc.);
all parts of the environment are an ancestral connection with obliga-
tions, roles, responsibilities, and relations defined for all [59]. Country is
the term that is commonly used in the Australian context, however, in
other places such as Canada, the word territory, lands, or ancestral lands
and waters are commonly used. Throughout this paper Country will be
the term used to describe the land, sea, waterways, and sky to which
Indigenous Peoples are connected to through the complexities of laws,
customs, language, cultural practices, spiritual beliefs, ancestral con-
nections, family, identity, and custodianship of the surrounding envi-
ronment. For some Indigenous communities with Sea Country these
connections extend to marine species, including species that cross cul-
tural, national, and international boundaries. Coastal Indigenous Peo-
ples are deeply connected to and heavily dependent on the marine
environment (culturally, spiritually, economically and socially) and
therefore are the first communities to be impacted by cascading
ecosystem changes such as the mismanagement of stocks [7,29,78,6,62].
Migratory marine species are culturally significant for a variety of rea-
sons unique to each community, however coastal communities are
deeply connected to, and dependent on the predictability of seasonal
cycles and synchronised movements of these species through their Sea
Country [66,72,60]; Ross and Pickering 2002).

Coastal Indigenous communities are particularly vulnerable to
experiencing adverse ecological and cultural implications if migratory
marine species are not managed appropriately, both within their Sea
Country as well as in critical habitats, which in some cases exist beyond
their jurisdiction or territory [27,10,72]. These connections occur across
jurisdictional boundaries such as neighbouring Indigenous commu-
nities, municipalities, offshore waters into areas beyond national juris-
diction, or into distant coastal or inland communities. There is a
profound relationship between Indigenous communities and caring for
Country — ‘healthy Country, healthy people’ underscores the link be-
tween Indigenous human health and environmental conditions [15,45].
Despite their inherent rights and responsibilities to manage their
ancestral territories, Indigenous communities and their knowledge sys-
tems have consistently been marginalised from decision-making pro-
cesses through colonial processes continuing today [72,13,11,66].

Bringing Indigenous knowledge and existing biophysical monitoring
data together has the potential to further contribute to the under-
standing of species distribution, abundance, life cycles, threats, and
migratory connectivity [60]. Understanding and accounting for Indig-
enous knowledge, across jurisdictional boundaries, is imperative for a
robust approach to the conservation of migratory marine species [27]. In
order for migratory marine species to be sustainably managed and
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recover, a coordinated and cross-cultural approach across all relevant
jurisdictions, involving all rights holders and applicable worldviews is
required [70,53,58,57].

In this paper, we conduct a narrative review of the existing academic
literature that upholds Indigenous knowledge as an integral part of
conservation planning. A narrative review was used to collate general
discussions; assess previous studies; identify the current lack of knowl-
edge; and highlight motivations for future research within this area of
study. Demiris et al. [20] define narrative reviews by the characteristics
of having “no predetermined research question or specified search
strategy, only a topic of interest”. The general framework of narrative
reviews outlined in Ferrari [31] writing narrative style literature re-
views was used as a guide. We synthesize this literature along with in-
sights from four case studies with a focus on the applicability of these
approaches to the management, governance, and conservation of
migratory marine species and their ranges. The analysis and discussion
is organized in the following sections: 2) the history and enduring
exclusion of Indigenous perspectives from conservation decision-making
and resource management of marine species; 3) weaving Indigenous
knowledge and science-based knowledge together; 4) coastal Indigenous
communities connections to distant offshore areas through migratory
species movement; 5) the rationale for including Indigenous knowledge
in the governance, conservation and management of migratory marine
species; and 6) case studies: Indigenous knowledge in migratory species
management.

2. The history and enduring exclusion of Indigenous
perspectives from conservation decision-making and resource
management of marine species

Countless aspects of Indigenous culture and knowledge have been
lost or severely impacted by centuries of oppressive policies and racist
colonial processes in many nations around the world [6,56,46]. Across
many lands and waters, Indigenous Peoples were forcibly removed from
their territories, prohibited from accessing their Country (both land and
sea), banned from conducting stewardship practices, limited by
state-imposed harvest quotas; and blamed for the decrease in species
abundance among other tactics aimed at reducing Indigenous sover-
eignty and autonomy of their territories and natural resources [8]. These
unjust strategies were aimed at removing Indigenous people’s rights and
authority over their ancestral territories and eradicating Indigenous
connection to Country, spiritual traditions, governance systems, eco-
nomic structures, languages, and cultures [78,18]. An example is the
decline in Indigenous languages (endangered, or at best, heavily under
pressure) across Australia since European colonization, which parallels
the decline in Australia’s biodiversity loss (Ens et al., 2016).

Settler-colonial systems were not just an event in the past that
interrupted the lives of Indigenous Peoples; they are systems that
continue to impose inequity, racism, injustice and disconnection with
culture and traditional governance systems [76,74,32]. In many colo-
nized regions of the world, Indigenous Peoples maintain a strong
connection to Country and never relinquished their rights to their lands,
waters, and resources, nor did they cede title of their territories [67].
Therefore, Indigenous Peoples continue to assert their Indigenous rights
to Sea Country (including marine resources), which are protected under
the United Nations Declaration on the Rights of Indigenous Peoples and
Article 8(j) of the Convention on Biological Diversity (UN General As-
sembly 2008; Secretariat of the Convention on Biological Diversity
2010).

Despite this international recognition, Indigenous communities and
their ancestral laws, lores, and knowledge systems have consistently
been excluded from the governance, management, and protection of
natural resources, in both the terrestrial and marine realm [4]. Indige-
nous Peoples continue to be omitted and underrepresented from local to
national marine management dialogues and decision-making processes
[72,17]. Due to the complexities of overlapping Colonial-Indigenous
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governance structures, science-based approaches to marine resource
management frequently lack meaningful engagement with Indigenous
communities and therefore fail to include Indigenous perspectives or
priorities [44,10]. The study, conservation and management of highly
transboundary species needs to take into consideration not only the
myriad of layered colonial-Indigenous governance structures and in-
teractions, but also a matrix of Indigenous-Indigenous, Indige-
nous-Colonial and Colonial-Colonial interactions [13]. The focus of this
paper is on the dynamics of Colonial-Indigenous interactions in regard to
the conservation, management, and governance of migratory marine
species. Including Indigenous resource management practices, teach-
ings, and lores in the synthesis of migratory marine species knowledge
through community-led research is a critical component of Indigenous
governance and decolonizing marine resource management [72,13].

3. Weaving Indigenous knowledge and science-based
knowledge together

Western science has often insisted that Indigenous knowledge be
validated by scientific methods when used across natural resource
management fields [75]. However, these two, unique ways of knowing
are independent of each other and offer distinctive environmental
epistemologies. In comparison to the science-based epistemologies
commonly applied across natural resource management, Indigenous
knowledge systems offer an alternative way of interpreting and under-
standing the natural world which has only recently been acknowledged
in academic literature, such as the landmark studies by [47] Using
Traditional Ecological Knowledge in Science: Methods and Applications;
Bekers et al., 2000 Rediscovery of Traditional Ecological Knowledge as
Adaptive Management; Agrawal 1995 Dismantling the Divide Between
Indigenous and Scientific Knowledge and; Turner et al., 2008 From Invisi-
bility to Transparency: Identifying the Implications. Academics within the
environmental science and natural resource management community
have incrementally begun to recognize the importance of Indigenous
perspectives and are responding to Indigenous needs and priorities [66].
Researchers are now progressively acknowledging the need to collabo-
rate with and learn from Indigenous peoples to decolonize existing
resource management practices [24,23]. An example of this outlined in
the Great Barrier Reef Marine Park Authority’s Strong Peoples — Strong
Country Indigenous Heritage Monitoring Framework (2019). This
framework aims to measure progress in achieving Traditional Owner
objectives and actions within the Reef 2050 Long-Term Sustainability
Plan, and the Aboriginal and Torres Strait Islander Heritage Strategy for
the Great Barrier Reef Marine Park [50]. This framework demonstrates
how Indigenous heritage and knowledge of Sea Country can be centred
around knowing through oral history; managing by knowledge of
Country and heritage; protecting and managing knowledge and heri-
tage; and having access to Country, including access to heritage sites;
being able to continue oral histories through the transfer of knowledge;
and interaction with western science [50]. The incorporation of Western
science and Indigenous knowledge recognises that both knowledge
systems offer benefits in conjunction with each other to tell a more in-
tegrated story of the Great Barrier Reef [50]. Similarly, albeit further
North, the Arctic Council’s Strategic Plan 2021-2030 emphasises stra-
tegic actions to co-produce knowledge based on different knowledge
systems, where science-based recommendations as well as Indigenous
knowledge are valued and utilized, as appropriate, to inform policy
shaping and decision making relevant to Arctic people and their com-
munities [3]. While this acknowledgement is encouraging, there is still
much progress to be made to reach a point in which Indigenous and
scientific-based knowledge could truly be seen as ‘weaving together.’
Firstly, research efforts needs to be grounded in Indigenous worldviews
from the onset, as a legitimate way of knowing (Arsenault et al., 2019;
[66]. As Reid et al. [66] states, Indigenous knowledge systems are “valid
in their own right, and through the application of a decolonial research
framework, they can be used to determine the values, processes, and
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methodologies that guide and direct research”.

Secondly, Traditional Owner-led marine research that prioritizes
Indigenous knowledge and perspectives of Sea Country is far too often
lacking or completely absent from marine research [78]. An example of
this was noted in The Kimberley Indigenous Saltwater Science Project, a
research project developed as part of the Kimberley Marine Research
Program, through the Western Australian Marine Science Institution
where at the outset of the research community-driven mechanism-
s/processes for researcher engagement with Traditional Owners was
lacking, and opportunities for Traditional Owners to direct research on
their Country was absent [78]. However, Traditional Owner groups
came together to gain control of the research being undertaken on
Indigenous owned and managed Sea Country and became a leading
example of both collaboration between Indigenous Peoples and re-
searchers, and the process of weaving Indigenous and western knowl-
edge systems into marine research [78].

Thirdly, the collective knowledge of the local marine environment
that is held within Indigenous communities affords detailed information
on population cycles, trends, and dynamics between species, whilst also
uniquely enabling prompt detection of abnormal occurrences across Sea
Country. The intergenerational knowledge held within coastal Indige-
nous communities surrounding stock dynamics [1]; sustainable har-
vesting practices [8,5]; weather and climatic norms [78,60]; and tide
and current patterns [19]; among others, can amplify stewardship ca-
pacity and augment monitoring programs [10]. Indigenous peoples are
the custodians of their territory, and are often the earliest to observe
changes in their Sea Country such as declines in species abundance or
changes in population dynamics, and therefore must be rightful and full
partners in research [16]; [55]; Ksenofontov, Backhaus, and
Schaepman-Strub 2019; [28].

4. Coastal Indigenous community connections to distant
offshore areas through migratory species movement

Coastal Indigenous communities are deeply connected to and depend
on their marine environment including faraway offshore areas. There-
fore, they are often the first communities to be impacted by anthropo-
genic, climatic, or environmental shifts (e.g. negative effects of ocean
acidification on shellfish harvesting practices) that can cascade on to
affect local biodiversity and highly migratory species [51]. Indigenous
communities are also the first to suffer when species or habitats of cul-
tural importance are overexploited or degraded because of inadequate
colonial management practices and or insufficient policies as is the case
for many highly migratory species that are of significant cultural
importance for Indigenous communities [27]. Exploitation of these
migratory species often takes place in national and international waters
beyond coastal Indigenous territories or Sea Country, yet what happens
in these distant areas still has profound impacts on coastal Indigenous
communities [42]. These communities are heavily dependent on the
seasonal cycles of migrating seabirds, sea turtles, fish, and marine
mammals for maintaining food security, economies and cultural iden-
tities. Many migratory marine species are of cultural significance to
Indigenous communities and their cyclical movements from distant
areas back to coastal habitats are used as key calendrical indicators
across seasons [72,60]. Coastal communities’ cultures, economies,
knowledges, languages, laws, well-being, and worldviews are pro-
foundly linked to the annual return or movements of migratory marine,
species such as salmon across the Pacific Northwest or the arrival of
mullet in Quandamooka Country [66]; Ross and Pickering 2002).

However, the inclusion of Indigenous knowledge specific to migra-
tory marine species that travel to distant offshore areas as part of their
migration cycle is still relatively uncommon in academic research.
Despite the vast number of highly migratory marine species that are also
of cultural and economic importance to Indigenous communities, there
remains a very limited literature that includes Indigenous knowledge of
marine connectivity and Indigenous practices of cross-jurisdictional
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species management and governance. Many coastal Indigenous com-
munities hold stewardship lores, laws, and management practices for
respective places and species which are based on the collective, long-
term observational knowledge that have allowed sustainable use of
marine resources across millennia [35]. These laws and management
practices can be applied to contemporary conservation and contribute to
informed decision-making for migratory marine species.

Vierros et al. [72] states that place-based Indigenous knowledge,
innovations, and practices enrich the diversity of conservation ap-
proaches, worldviews, and solutions within the context of governance of
international waters. Applying Indigenous knowledge beyond nearshore
areas is a relatively new approach (within academia) which holds value
and shows potential in refining the understanding of ocean connectivity
and the sustainable management of marine species and habitats globally
[72]. Although there is significant research supporting this approach,
there remains a delay in the uptake and application of Indigenous
knowledge for the conservation of culturally significant marine species,
in particular the management of transboundary migratory species that
travel between coastal and distant off-shore areas [14]. Recently how-
ever, negotiations over an international legally binding instrument
under the United Nations Convention on the Law of the Sea on the
conservation and sustainable use of marine biological diversity of areas
beyond national jurisdiction (colloquially known as the BBNJ Treaty)
have extensively included mention of “traditional knowledge of indig-
enous peoples and local communities”. Within the text, Indigenous
knowledge is included as an important and equal consideration along-
side “the best available science and scientific information.” Indigenous
rights are acknowledged and access to Indigenous knowledge is
contingent on free, prior and informed consent. Further, Indigenous
peoples are included as stakeholders throughout the text, and included
in the groups who may submit proposals for area-based management
tools and inform scoping of environmental impact assessments.
Although the text is not adopted yet, it is an indication of the growing
international acceptance of the importance of Indigenous knowledge for
the management of species that cross jurisdictional boundaries.

5. The rationale for including Indigenous knowledge in the
governance, conservation, and management of migratory marine
species

In addition to the inherent rights Indigenous Peoples hold by virtue
of their historic and present-day relationship to their lands and waters;
there are various reasons emerging across academic literature that
promote the application of Indigenous knowledge alongside science-
based knowledge. In a review of the literature, various notable reasons
emerged (Table 1) for including Indigenous knowledge in conservation
decision-making. These reasons, among many others, consistently arose
across a variety of disciplines such as environmental justice, conserva-
tion science, marine policy, and environmental management, and can be
clearly applied to the marine connectivity and migratory marine species
discourse. Although not exhaustive, this is a starting point for high-
lighting the critical importance of including Indigenous knowledge,
perspectives, and practices in marine conservation and natural resource
management within the context of migratory marine species.

Indigenous knowledge offers an unparalleled ability to expand
existing science-based knowledge of “data poor species” or species that
have been understudied by scientists due to their cryptic behaviour,
remote locations, or transboundary migrations [12,69,60]. As outlined
in Table 1. Indigenous knowledge extends scientific baselines of habi-
tats, biodiversity, and sustainable management practices. In many cases,
science-based approaches and the study of elusive species only date back
several decades, however Indigenous knowledge has been curated over
thousands of years, enabling current baseline information to be
extended and augmented [9,28]. An example of Indigenous knowledge
expanding temporal baseline information was demonstrated in the
Eckert et al. [29] paper ‘Diving back in time: Extending historical
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Table 1

The rationale for applying Indigenous knowledge alongside science-based
knowledge to augment management and conservation practices for culturally
significant species.

Rationale Examples

Support Indigenous self-determination and authority over their (von der [64];

territory and resources. [13]
In accordance with International policy. [60,78]
Driven by and aligned with community priorities. [22]
Detailed place-based knowledge (spatial). [77,52]
Understanding and predicting movements of migratory species. [60]
Local knowledge of species ecology, behaviour, habitat [38]

conditions and customary management systems.
Extends scientific baselines for habitats, biodiversity, and
sustainable management practices (temporal).

[28,54,69,38]

Recognizes the validity of diverse knowledge systems. [69]; [39]

Innovative and diverse solutions. [2]

Expands evidence-base and increases legitimacy. [2]

Supports inter-generational observations/experience/ [30]
knowledge.

Adaptable/dynamic type of information that is also relevant and [65,63]
applicable in contemporary terms.

Continuity of culture. [28]

Improves equity between researchers and Indigenous [69]

communities.

baselines for yelloweye rockfish with Indigenous knowledge’ in the
Central Coast of BC, Canada where Indigenous knowledge was used to
illustrate repeatable methods for extending baselines of data on species
such as the yelloweye rockfish, and highlighted the importance of
integrating Indigenous knowledge into marine research and
management.

Movements of many migratory marine species are still poorly un-
derstood across taxonomic groups and large geographic regions by sci-
entists. As Mulalap et al. [60] demonstrates, Indigenous knowledge can
accurately predict the movement of highly migratory fish species as well
as link fish movements and connectivity between coastal areas and the
high seas. Co-production of marine connectivity research with coastal
Indigenous communities (as full research partners) would allow Indig-
enous knowledge systems and worldviews to become a starting point for
better understanding and improving knowledge gaps across Sea Country
[27,61]. This approach could be a step forward in ensuring that research
is grounded in Indigenous priorities and supports Indigenous
self-determination of Sea Country whilst also informing migratory
connectivity and improving conservation outcomes for culturally sig-
nificant transboundary species.

6. Case Studies: Indigenous Knowledge in migratory species
management

Indigenous knowledge of culturally significant migratory species has
previously been incorporated into science-based research across terres-
trial species management such as the 2013 Indigenous-led Klinse-Za
mountain caribou herd recovery partnership agreement between the
West Moberly and Saulteau First Nations, the province of British
Columbia, and the Government of Canada. This research has been
applauded for the incorporation of Indigenous knowledge and gover-
nance systems to produce measurable outcomes for the migratory herd
and has been referred to as a blueprint for Indigenizing wildlife con-
servation [46]. “In the eight years since this partnership agreement, the
Klinse-Za caribou population has more than doubled, habitat protection
has been afforded, and cross-cultural relationships have been fostered”
[46]. Examples of migratory species management from the terrestrial
realm can be drawn upon and applied within the marine context such as
applying similar methodologies [73].

Indigenous knowledge of transboundary marine species has been
incorporated into science-based research and species management,
however to a lesser extent than the terrestrial realm. For example,
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beluga whales (Delphinapterus leucas) and white-winged and surf scoters
(Melanitta fusca and M. perspicillata) were used in Huntington et al. [48]
to illustrate how the incorporation of Indigenous knowledge alongside
science-based knowledge improves the understanding of marine con-
nectivity and provides a more complete picture of migratory marine
species’ movements and conservation needs.

Below, we present four case studies that were selected based on a
review of the published literature. This approach applied several
methods including searches across a number of databases and search
engines using a wide variety of search terms; a comprehensive literature
search using the ‘snowball method’ which included literature based on
suggestions by co-authors and people currently working in relevant
disciplines; and by scanning bibliographies of highly relevant references
[38]. These case studies were selected based on how they have woven
Indigenous knowledge and science-based knowledge together for the
successful management and conservation of a migratory species. The
migratory species presented in the case studies: Caribou (Rangifer tar-
andus); Eulachon (Thaleichthys pacificus); Magpie Goose (Anseranas
semipalmata); and Hammerhead sharks (Sphyrna sp.) are each of
tremendous value and significance to their respective ecosystems and
communities [40]. Although there is no internationally unified defini-
tion for culturally significant species, there are defining features and
characteristics of culturally significant species that are pertinent to
Indigenous communities across both Australia and Canada [41].
Culturally significant species are critical to Indigenous Peoples’ identi-
ties and fundamental to their connection to and protection of Country
[41]. Culturally significant species are specifically defined by their
exceptional significance to Indigenous Peoples because of their func-
tional role or prevalence in their diet, material items, medicines, cultural
identity, language, spiritual values, traditions and practices [37,34,41].

Two case studies are presented from the terrestrial realm and two
case studies from the marine environment. Two case studies (one
terrestrial and one marine) are presented from an Australian context,
and another two from a Canadian setting. The geographic focus of this
narrative review was selected based on the author’s knowledge and
experience working across related fields in Australia and Canada.
Moreover, these two nations were also selected based on their similar
colonial histories. The case studies provide examples of community-
driven projects that recognize Indigenous rights and interests, and are
strengthened by the] incorporation of Indigenous knowledge to support
the management of a culturally significant species. Further commonal-
ities and connections between the case studies include community-led
resource management that represents Indigenous ownership and
governance over species decisions that in turn ensures returned benefits
to the community, and which also affords the opportunity for Indige-
nous knowledge and science-based methods, technologies, and ap-
proaches to be brought together [75].

While examining the case studies, three key concepts emerged: (1)
the importance of community-led research; (2) Indigenous rights and
responsibilities to migratory species; and (3) how Indigenous knowledge
augments scientific data by enhancing and expanding knowledge. The
first notable concept to arise was the importance of the research being
community-led, community driven, or grounded in genuine collabora-
tion with Traditional Owners throughout the entirety of the project. This
ground-up approach enabled research to be centred around community
knowledges and priorities, which was of particular significance in the
caribou case study. Gagnon et al. [36] emphasized that
community-based monitoring programmes that are built on long-term
relationships (built over years, and in some cases such as that in Gag-
non et al. [36] span a decade or more) between scientists and Traditional
Owners that are grounded in respect and trust can act as venues and
catalysts for knowledge co-production leading to successful conserva-
tion outcomes for highly migratory species such as caribou. This
community-based approach also increased authority over the manage-
ment of the species and Country. Secondly, in addition to increased
authority, it was evident that these projects asserted inherent Indigenous
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rights and responsibilities over their respective migratory species and in
some cases such as the Nuxalk project, contested the exclusive colonial
state jurisdiction over the management of the species including in
offshore areas (beyond Nuxalk territory or jurisdiction). This case study
is an example of contested authority and resurgent Indigenous man-
agement whereby Nuxalk is challenging state imposed management and
jurisdictional authority by owning their places as the legitimate au-
thority and stewards of their ancestral waters by “upholding and for-
malising traditional forms of management, implementing
locally-derived management priorities and practices, and exercising
inherent and constitutional rights to fish and manage marine resources”
[36]. This was of significance because although migratory species exist
beyond coastal Indigenous community territory or Sea Country, the
governance and management of the species still have direct implications
on people’s relationship with the culturally significant species. Simi-
larly, in the case study of hammerhead sharks in Northern Australia,
Gerhardt [38] emphasized how the application of Indigenous knowl-
edge in the management and conservation of migratory marine species is
deeply linked to the expression of marine resource use rights and in-
terests, and the continuity of Indigenous culture tied to Sea Country.
Thirdly, each of the four case studies highlighted how knowledge of
culturally significant migratory species can be enhanced with the
incorporation of Indigenous knowledge and perspectives from the onset.
As seen in the magpie geese case study in Kakadu National Park, the use
of drones, machine learning and Al coupled with Indigenous knowledge
of the landscape enable unparalleled approaches for caring for Country
and monitoring a contemporary threat, the invasive para grass weed.
More specifically, the case studies provide examples of Indigenous
knowledge as a detailed form of knowledge relating to migratory spe-
cies: informing spatial and temporal scales; contributing detailed in-
formation to the knowledge base of species ecology, distribution,
movements, and population demographics; providing detailed obser-
vations on species behaviour.

As the case studies in Table 2 highlight, participatory involvement in
the management of marine systems has been proven to have greater
success when local people and Indigenous communities are involved
early and often (Armitage et al., 2017). Literature in addition to the four
case studies presented, such as Atlas et al. [5S] demonstrate that many
purely science-based monitoring programs and management initiatives
have resulted in varied success when they did not appropriately involve
local communities in the development and planning phases. As seen in
the case studies presented as well as in Atlas et al. [5], successful
monitoring programs need to be co-developed (inferring mutually
agreed terms) with community members, be based in traditional man-
agement systems, incorporate robust outreach and education programs,
and strive towards advancing capacity building for ongoing monitoring
initiatives.

7. Conclusion

Based on the key concepts that arose from the four case studies
reviewed, we encourage further co-developed marine research to sup-
port Indigenous community driven conservation priorities. Methods
from terrestrial migratory species management, such as the two case
studies outlined in Table 2, provide valuable insights into collaborative
research best practices for the establishment of nation-to-nation re-
lationships in species co-management that can then be adapted and
applied to the marine realm.

We make the following recommendations to advance conservation
decision-making and enhance the management of migratory marine
species based on the insights that arose in the literature review and the
fundamental concepts that emerged from the case studies presented. For
the benefit of maintaining cultural connections and identities as well as
supporting developments in marine policy, we encourage more
community-led research that: is grounded in Indigenous priorities;
supports inherent Indigenous rights and responsibilities of migratory
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Case Studies of terrestrial and marine migratory species that have woven Indigenous knowledge and science-based knowledge together to improve conservation and

management outcomes for culturally significant species.

Case Study Authors Species Environment  Location Significance

Merging Indigenous and scientific [36] Caribou (Rangifer Terrestrial Kaktovik and Arctic o Highlights how scientific data can be enhanced with
knowledge links climate with the tarandus) Village Alaska, USA the inclusion of long-term Indigenous observations
growth of a large migratory caribou Old Crow Yukon, into a community-based monitoring program to
population Canada improve the understanding of the ecology of a migra-

AKklavik, Fort
McPherson, Inuvik,
Canada

Tsiigehtchic and
Tuktoyaktuk Northwest
Territories, Canada

The Nuxalk Sputc (Eulachon) Project: [13] Eulachon Marine Nuxalk Nation
Strengthening Indigenous (Thaleichthys Central Coast of British
management authority through pacificus) Columbia, Canada

community-driven research’

Magpie geese return to Kakadu with help ~ CSIRO Magpie Goose Terrestrial Bininj Country
from ethical AI and Indigenous (Cranney  (Anseranas Kakadu National Park
Knowledge 2019) semipalmata) Northern Territory,
Australia

tory caribou herd.

Most important results of the study were that
Indigenous knowledge is a reliable indicator of spatial
and temporal scales for the migrating caribou
population which was not easily monitored by
researchers.

Indigenous knowledge contributed detailed
information surrounding caribou distribution,
movement, and population demographics.

Draws attention to the power dynamics within the
natural resource management sector where the
inclusion of Indigenous knowledge frequently
transpires as lip service in a disingenuous way.
Encourages resource managers and Indigenous
communities to work together to develop genuine and
inclusive community-based monitoring programs.
Emphasizes how Indigenous knowledge and scientific
data have been used together to support Indigenous
community management and governance of a
migratory marine species — the eulachon, a small
anadromous fish.

Increased Indigenous authority over an endangered
migratory fish.

Successful because of its ground-up nature, broad
community engagement, articulation of Nuxalk
knowledges and management priorities for eulachon.
Project contests the exclusive Canadian state
jurisdiction over the management of the eulachon
fishery by asserting their inherent Indigenous rights
and responsibilities related to eulachon within Nuxalk
territory.

Importance of Indigenous communities being included
in a Nation to Nation management approach for
eulachon in offshore areas beyond Nuxalk territory.
Management implications of migratory marine species
such as eulachon in distant offshore areas have
profound repercussions on Nuxalk People’s
relationship with eulachon.

This study shows that the application of Indigenous
stewardship (Nuxalk knowledge, stories, ancestral
laws, fishing practices, family rules, and local science)
not only have the ability to support the conservation of
a migratory marine species in coastal areas but also
strengthens Indigenous governance systems and
protocols for the management of resources within and
beyond their jurisdiction (including offshore).
Rangers are bringing together ethical Microsoft
Artificial Intelligence (AI) such as machine learning
and Indigenous Knowledge to care for Country.
Through a machine learning model that combines
Indigenous knowledge and Microsoft Al, drones help
stewards identify which areas of the park need care in
the ground.

The results are promising; thousands of culturally
significant magpie geese are returning to roost in the
wetlands.

Bininj Traditional Owners and Kakadu National Park
Rangers are working with scientists to adaptively track
and manage Country and bring magpie geese back to
the once para grass weed-choked wetlands that kept
magpie geese off Bininj country.

In Biniji Country, magpie geese are a key marker of
‘healthy country’ and are culturally significant for
Bininj.

The project ensured that the technology and the
method were Indigenous-led from the beginning as
well as how the science carried out.

Traditional Owners are front and centre of decision-
making for Country.

(continued on next page)
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Case Study Authors Species Environment  Location Significance

Indigenous knowledge and cultural [38] Hammerhead Marine The Torres Strait e Meaningful, genuine collaboration and engagement
values of hammerhead sharks in sharks Northern Australia with Traditional Owners throughout the entirety of the
Northern Australia (Sphyrna sp.) project.

Recognised that community priorities may not be
aligned with the project objectives, timeline or
research outcomes. As a result, the research team
provided multiple opportunities for community
involvement including skill exchange and knowledge
transfer.

Involvement of Indigenous rangers while working on
Sea Country: Indigenous knowledge and detailed
observations resulted in successful tagging field trips.
Indigenous knowledge provided insight into
hammerhead shark movements, behaviour, ecology,
and distribution.

Indigenous knowledge contributes to the knowledge
base of species and was used to inform science and
management projects for hammerhead sharks.
Recognises the species itself and acknowledges its
rights and interests to exist on Country: “The
application of IK in the management of marine species
(whether they be cultural keystone species or not) is
therefore closely tied to the expression and
continuation of Indigenous culture and traditional
marine resource use rights.”[38]

species; maintains expression and continuation of Indigenous culture
and traditional marine resource use rights; incorporates traditional
methods and contemporary technologies to care for Country; expands
scientific knowledge and baselines for scientifically data-poor species;
increases understanding of marine connectivity between coastal areas
and offshore waters; strengthens Indigenous governance systems and
protocols for the management of resources within and beyond Indige-
nous jurisdiction (including international waters); and decolonizes
resource management practices, all to improve conservation efforts of
transboundary culturally significant species. The reality of advancing
these types of recommendations into tangible practices are driven by
research funding mechanisms at the highest level. Financial commit-
ment for this type of research made by major national funding bodies
could further incentivise and support collaborative research across this
realm. Indigenous knowledge systems are essential to the conservation
of all migratory species and their associated marine ecosystems. Indig-
enous communities and their respective knowledge holders must be
front and centre of conservation research, management decisions, and
governance processes related to migratory marine species.
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