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Abstract

To address the intersecting crises of biodiversity loss, climate change, and social
inequity, we need transformations not only in institutions but also in epistemologies and
understandings of human—nature relationships. Restoring Indigenous caretaking of land
and seascapes reveals the potential for local solutions to drive cross-scale systems
toward more just relationships with human and more-than-human kin.

Grounded in experimental ecology and a hul’q’'umi’num’ research paradigm, |, with
hul'q’'umi’num’ and WSANEC leaders and Parks Canada, restored two clam garden
social-ecological food systems. My positionality and responsibility as a hul’q’'umi’num’
scholar located our understanding of ancestral food systems within temporal and
epistemological contexts that extend resilience theory. By centering Indigenous protocol
alongside academic processes, | sought greater equity between knowledge systems.

To test restoration impacts, we rebuilt a clam garden wall and enacted ancestral beach-
tending practices. Untended ‘legacy’ gardens held 12 times more native clams than non-
walled beaches; after 3-4 years of restoration, walls “trapped the seed,” doubling juvenile
clams. These results show the importance of bringing people back into ecosystems,
restoring abundant beaches alongside ancestral ways of life.

We also surveyed terrace and rock wall invertebrates and seaweeds. Contextualized
within hul’q’'umi’num’ knowledge, we illustrate clam gardens as multi-species food
systems continuing to produce 35 unique foods. Stable isotope analysis revealed that
consumers and predators are fueled partly by kelps growing along subtidal rock walls
unique to Coast Salish territory. The seasonal availability of key foods mirrors
hul'g'umi’num’ harvesting rounds, revealing the resilience of ancestral sea garden
management and the interactors now missing.

To live hul'q’'umi’num’ governance and research, my family and | hosted a cultural event
on our ancestral lands, sharing both scientific and cultural knowledge of clam gardens.
We prepared and served ancestral foods, spoke the words of our ancestors, upheld the
work of our Elders. True to our oral protocols, the content of this chapter is held in the
minds of the called witnesses; they can be contacted for a recounting of this work.

Through these experiments of social-ecological resurgence, | show how knowledge
interpreted with mind, heart, and spirit can generate wisdom - and how this can foster
transformations from individuals to networks, influencing change at regional, national,
and international scales.
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Preface

The stories told here begin long before | was born. “Just as the record of
evidence from archaeological remains attests to the ancient world of the Cowichan
peoples, so do the time-honoured stories passed down from generation to generation by
elders charged with preserving the memory of their venerable ancestors who fell from
the sky. Perhaps older than many of the oldest shell middens that mark places of ancient
habitation, the stories about the first Cowichan peoples’ reach into the very mists of
time. These oral traditions record memories that surpass all physical artifacts in age.”
(p9: Marshall 1999)

This story must begin where all begin: with those who fell from the sky. “After
Syalutsa fell to the warm ground of Quwutsun near present-day Koksilah Ridge, his
younger brother Stutsun next appeared from the heavens, landing between the two
majestic peaks of Swuqus, also known as Mount Prevost. There soon followed a
succession of other first Cowichans who founded the present-day Cowichan tribes.”
(p11: Marshall 1999)

In the generations since our ancestors fell from the sky, the hul’q’'umi’num’
mustemux (people) have told and retold these stories, describing our relationship to the
mountains, rivers, beaches, and islands that make up hul’q'umi’num’ homelands. Stories
that tell of Mt. Prevost as wuxus, the frog, and Cowichan Bay as a place for eelgrass,
whales, and shellfish that feed many villages. Each story describes history, reminds of
sacred teachings, and situates us temporally and in the world. From the time of those
who fell from the sky to present day, my family has stories woven through Coast Salish

and settler history, connecting us to places throughout the Gulf Islands.

' Prior to settler contact the historic Cowichan Nation lived in villages of extended family groups
and came together for ceremonies, large voyages, fishing on what is now known as the Fraser
River, and during times of war. The Indian Act grouped our villages arbitrarily into federally
recognized Bands. Several were bundled to make “Cowichan Tribes”, some villages became
Chemainus First Nation, while others became Penelakut, Lyackson, and Halalt. We collectively
speak the hul'q'umi’num’ language and share relations throughout Cowichan Nation villages.
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Who | Am

My name is hwsyun’yun, which in hul’q'umi’num’ means ‘one who laughs easily’.
| am the daughter of swee’alt (Denise Augustine, ne: Marston), the granddaughter of
kwatleematt (Jane Marston, ne: Baines), and the great granddaughter of slhu'mu’hw
(Edith Silvey). My great grandmother, Edith Silvey was the daughter of swealt (Alice
Aleck) and Antonio Silvey. Alice was born on peneluxutth’ (Penelakut Island) but was
orphaned as a baby. She and her brother were raised near the Cowichan River in
s’amunu Georgetown (Cowichan Tribes) by their aunt and uncle, Jimmy and Mary
George, until they attended residential school on peneluxutth’ (Penelakut Island).
Antonio was born at spapayaq (now known as Brockton Point in Stanley Park) and grew
up on gwhwalus (Reid Island). He was the son of a Sechelt woman, kwatleematt (Lucy)
and Joseph Silvey, a whaler from Pico Island in the Portuguese Azores. The Silvey’s
and their children were multilingual, speaking hul’q'umi’num’, English, Portuguese, and
Chinook. They lived and worked on qwhwalus for three generations and maintained
relationships in hul’'q’'umi’num’ villages as well as with Portuguese and commercial
fishing communities. Kwatleematt spearheaded the development of a school and
gwhwalus became a gathering place for mixed-race families. Our loved ones rest there
today. Today, gwhwalus is privately owned in fee-simple lots with Silvey descendants

relocated largely in Ladysmith, Chemainus, and surrounding islands.

My mom, swealt (Denise) grew up in the bush at the foot of pulumutsun (Mt.
Brenton), just west of present day Chemainus. My mom’s mom, kwatleematt (Jane)
grew up on one of the Shoal Islands affectionately referred to in our family as ‘Peggy
Island’ just south of sun’uw’nets (Chemainus Bay). Both grew up without running water
or electricity, and were raised bathing, harvesting, working, and playing in the forest and
ocean of our ancestors. | grew up 30 minutes south of Chemainus in the town of
Duncan. With a population of nearly 5,000, my childhood was marked with a relatively
‘urban’ experience and time on the land was prioritized with intention, rather than as the
default. While | was not geographically far from the places my mother and grandmother
grew up, their stories of place were not the first stories | learned. My connection to
hul'q’'umi’num’ lands and waters was first sparked through my relationship with my Dad’s

Mom, Marie Augustine.
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My English name is Skye Augustine, and | am the daughter of Greg Augustine.
My father is the third son to Marie (ne: Boyles) and Floyd Augustine. Marie, a fourth-
generation settler with Scottish and Irish ancestry, was born and raised in Cobble Hill,
the third child to Rosa Barry and Tommy Boyles. My grandfather, Floyd, is the firstborn
to newcomers from Sweden, Mabel and Edward Augustine (previously Olsson), and was
born in Canwood, and raised in Stump Lake, Saskatchewan and then Lake Cowichan,
British Columbia. Marie and Floyd met and married when they were young. They raised
their family on a lakeside property in Youbou, a small logging community on Cowichan
Lake. Growing up, | had the privilege of visiting frequently with my paternal
grandparents, sometimes staying for weeks. It was this grandmother, Marie, who first

instilled in me a sense of belonging to place.

Through my Nan Marie’s eyes, the landscapes | knew were woven with stories
and meaning, moments and teachings that she shared over and over as we rowed to
nearby islands, cooked food, lingered over family photographs, or puttered in the
garden. The stories continued when we visited her family in Cobble Hill, Mill Bay,
Duncan, and while exploring Lake Cowichan. She populated my mental map of the
Cowichan Valley with colourful recollections of her childhood, her genealogy, and her
relationships to the places we visited. She spent time teaching me to notice how the
seasons changed in each place we returned to, and she nurtured my curiosity about the
natural world. Her teachings and orientations prepared me to appreciate, recognize, and
nurture my ancestral and genetic connection to the stories and places of my maternal

grandmother, my si’lu.

My si’'lu, (Jane) a Stz’'uminus First Nation member, and my grandfather, David
Marston of Algonquin and English ancestry, raised seven children with the values, skills,
and knowledge to navigate both the hul'q'umi’num’ and settler worlds. | am the
benefactor of many of those lessons. From my mom’s family | have learned a deep
respect for all living beings, centered the importance of reciprocity and reverence in our
relations with creation, and prioritized using my gifts for the benefit of our community,
including generations yet to come. My si'lu encouraged me to think critically, to consider
many viewpoints, and to speak boldly, even when quiet or compliance are expected. |
have spent my life watching her courageously challenge injustice and ignorance. Her

influence is reflected deeply in my work.
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My relationships to people and places in my homelands have charted my
professional and academic career. | have spent the past 15 years dedicated to the
revitalization of ancestral clam gardens within hul’q'umi’num’ territory. As | work and
study, | continue to develop my understanding of my responsibilities as a hul’q’'umi’num’

mustemux, as a scholar, and as a good ancestor for those yet to come.

Intellectual Genealogy

My academic journey and intellectual positioning span diverse knowledge
systems. My education began in Western science with a personal determination to gain
credentials and protect the ecosystems that have nourished my family for so many
generations. It now includes Indigenous scholarship. To be an Indigenous scholar is at
once personal and political. Indigenous scholarship emerges from Indigenous
worldviews and requires the consideration of a scholar’s approach to understanding the
nature of knowledge and knowing. For unlike within Western science, one cannot
presume alignment with reductionist thinking, objectivity, or the scientific method despite
their ubiquity in the academy and society. To position myself appropriately, | situate
myself within the historical development of two epistemological approaches that can at

times feel highly divergent.

Western science & ecological science

Through my Bachelors, Masters, and Doctoral education, | was trained in the
Western (or Euro-centric) science tradition. Science emerged from a world dominated by
romantic thought through the 16™ and 17" centuries in Europe. Early scientific
philosophers set the foundations for the methods, ideologies, and central tenets of
scientific inquiry. Tenets such as rationality, objectivity, and empiricism came from this
time and are still in use today. Francis Bacon (1561-1626), the father of empiricism,
theorized that knowledge was derived through observation, experimentation, collecting
data, and the process of inductive reasoning. Since their introduction, this theory and
epistemology were formalized into the scientific method. René Descartes (1596-1650)
elevated the idea of rationality, a paradigm in which humans were uniquely positioned as
‘thinkers’ (“I think therefore | am”) that could make sense of the world in a rational (read:
objective) way. He had a mechanistic view of the world, emphasizing that complex

phenomena could be best understood by examining the properties and interactions of
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individual parts (reductionism). The philosophies of Bacon and Descartes were taken up
across all scientific fields, and these tools have led to remarkable advancements that
structure much of modern thought, including theories we are all familiar with in physics

by Isaac Newton, and in biology by Charles Darwin.

Ecology emerged as a field later, in the 18" and 19™ centuries, with a focus on
understanding nature by studying the interactions and relationships between biota. In
addition to Darwin, Alexander von Humboldt (1769-1859) is credited as one of the most
influential thinkers in modern ecology. As a compliment to reductionism, Humboldt
viewed nature holistically, having observed nature to be connected to its abiotic
environment. To understand this interconnectedness, many ecologists have used
experimental manipulations to discover key mechanistic drivers in ecosystems, such as
the role of competition by G.F. Gause (Gause 1934) or keystone species by Bob Paine
(Paine 1969). To perform experiments and observational studies, ecologists often
embrace the complexity and variability of the natural world, as exemplified through in-
field experiments and landscape-level studies. Landscape-scale experiments, while rare
because of their difficulty, lend themselves well to understanding drivers of change at the
level of an ecosystem or the scale at which we are trying to understand management
measures and systems (Carpenter and Pace 2018). Yet, humans are often missing in

the ecological understandings of ecosystem interactions (Salomon & McKechnie 2025).

Throughout my academic journey, | sought training in experimental ecology
because | find great value in using experimental manipulations to reveal system drivers.
However, | have remained particularly interested in thinking beyond the traditional
bounds of ecology to learn about and consider the relationship between people and the
rest of creation. The work of Elinor Ostrom et al. has created concepts that have been
widely used to understand the interactions and flow of information and resources
between components of social-ecological systems. This systems-level thinking is
embedded in resilience scholarship, which focuses on understanding the mechanisms
and fostering conditions that maintain social-ecological system characteristics over time
(Biggs et al. 2012; Ostrom 2009).

The scientific method and empirical studies are often viewed as best practices by
scientists, managers, and governments. This scientific imperialism, which puts scientific

knowledge above all else, requires the dismissal of alternative ideas, perspectives, and
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methods. To my dissertation, | bring the strengths of scientific theory and methodology,
experimentation, and observation, while also calling into question the assumption that
this is the only way to know. To do so | draw on multiple ways of knowing and use

Indigenous research methodologies.

Indigenous methodologies and ways of understanding our place in the
world

“The function of Indigenous values is to maintain the relationships that hold
creation together” — Leroy Little Bear (cited in McGregor, Restoule, and
Johnston 2018: 11)

Indigenous communities, including my own, have ancient and well-practiced
ways of understanding ourselves and our place(s) in the world. These practices of
comprehending who we are, who we are related to, and the nature of knowledge are
woven throughout our worldview. And these epistemological approaches to the world

filter through our values and are expressed in our laws.

Yet around the world, Indigenous relationships with research per se were first as
subjects being researched by early explorers and scholars whose interpretations and
conclusions were used to foster and reinforce our oppression. These non-Indigenous
‘experts’ studied us, our tools, our mythology, our family structures, and our relationships
with our homelands — and for over a century were called on to speak as ‘experts’ on our

behalf regardless of our leadership perspectives.

Over the last 30 years, the development of Indigenous research within the
academy has evolved. It was at first a response to and within the frameworks of existing
academic scholarship and theory. Linda Tuhiwai Smith (1999) described 25 research-
related methods by which Indigenous scholars are responding to existing frameworks
and carving out spaces within the academy to exist as themselves. As Indigenous
scholars have pushed boundaries and left their marks on various disciplines, it has
diversified schools of thought that are reflective of the diversity of Indigenous Nations
represented. This evolution has highlighted the importance of upholding our own
frameworks to understand our knowledge, within our contexts, led by our own respective
epistemologies. “Indigenous research methodologies can be understood as processes
for establishing, strengthening, and coming into closer relationship with knowledge.

However, other relationships — between the researcher and their research participants,
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between the land the research is taking place on and all its inhabitants, among the
people who learn or read about the research once it is completed, between the
ancestors and future generations — must also be honoured” (p11: McGregor, Restoule,
and Johnston 2018).

Unlike modern science, Indigenous scholarship requires holistic interpretation:
interpretation with all of ourselves, not just our minds, but also our hearts, our bodies,
and our spirits (Archibald, Lee-Morgan, and Santolo 2019). Throughout Indian country, it
is understood that knowledge is not individual but is shared. Our relational accountability
is multidirectional and is with all of creation- the lands and families we research with, our
communities, and ourselves (Kovach 2009; McGregor, Restoule, and Johnston 2018;
Wilson 2008). When Indigenous inquiry is grounded in this relationality, the researcher
has special responsibilities that stem from both a shared collective history and a shared
future (Kovach 2009). When conducted thoroughly, the process of doing research

changes us, as well as the world around us (McGregor, Restoule, and Johnston 2018).

And yet, in many ways, our research remains a response to, and a necessity of,
making our ‘science’ visible and safe for future generations within the neocolonial project
that maintains a social preference for scientific approaches. Unavoidably it seems,
“Indigenous scholarship not only promotes transformative action in pursuit of social
justice for Indigenous Peoples but also includes the valuing and validating of our own
knowledge systems” (McGregor, Restoule, and Johnston 2018). Or, as Anishinaabe
scholar Kathy Absolon (2011: 55) explains it: “our search for knowledge constitutes a

search for power”.

Walking in multiple worlds

“Decolonization... does not mean and has not meant a total rejection of all

theory or research or western knowledge. Rather, it is about centering our

concerns and worldviews and then coming to know and understand theory

and research from our own perspectives and for our own purposes” (Smith

1999: 39).

Indigenous scholars who engage in and with research institutions are required to
maintain fluency between worldviews, value systems, languages, and methodological
options. There is an assumed and necessary biculturalism that those who do not engage
in Indigenous research need not contend with. This is a recognized strength of those

who engage with both knowledge systems (Barnhardt and Kawagley, 2003). This
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process of speaking or working between or among multiple worlds, of slipping into and
out of one worldview for another, often requires that at some level we become complicit
in our own continued colonization. Despite the diverse peoples, cultures, and languages
of those who engage in research, it is this shared experience, this inescapable battle
that has encouraged the development of so many concepts and metaphors to help us
navigate and communicate the splitting of ourselves. The splitting of our hearts and

homes from our brains and our contribution to the world.

Indigenous scholars in Reid et al. (2021) describe four different place-based
approaches to working across knowledge systems: Etuaptmumk (two-eyed seeing) from
Mi’kmaw Elder Albert Marshall (Bartlett, Marshall, and Marshall 2012), "Two Row
Wampum" or Kaswentha in Haudenosaunee, "Two Ways" or Ganma in Yolngu, and
"Double-Canoe" or Waka-Taurua in Maori. Potawatomi scholar Robin Kimmerer speaks
about braiding knowledge, where the three strands represent Indigenous knowledge,
western scientific knowledge, and the knowledge of the plants themselves (Kimmerer
2013). These metaphors illustrate a collective recognition that walking in more than one
world can help awaken the knowledge deep within our old ones and save our knowledge
from disappearing forever. These metaphors also aim to support the understanding that
the most rigorous scholarship requires an internal consistency with the worldview and
methodology it originates and occurs within. In all, there is an appreciation for the power
of knowledge, a search for power, and a commitment to engage in research from places
that belong to us. It is by walking in multiple worlds simultaneously that | have conducted

and presented my research.

Dissertation’s Storied Approach

My scholarship has drawn on the field of marine ecology and aimed to maintain
internal rigor within that scientific methodological approach. My scholarship has also
drawn on Coast Salish teaching that in hul’q’'umi’num’ is called hwiyuneem’ — to listen
deeply with all of yourself. Through this | have aimed to learn from and stretch into
Indigenous methodologies of resurgence, seeking to conduct myself in ‘good ways’ - the

equivalent of rigor within our cultural concepts.

Cherokee scholar Jeff Corntassel describes resurgence as a process of shifting

power into Indigenous communities and reclaiming processes independent of state or
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colonial institutions. Resurgence is focused on reconnecting with land, culture, and
community, it occurs at multiple levels, (individual, family, and community) and it
requires a vision of human flourishing. (Alfred and Corntassel 2005; Corntassel 2012).
One of the strongest forms of Indigenous resurgence and resistance is to focus on
maintaining and elevating our own cultural and legal identities as an effective means to
resist colonizing power structures (Clifford 2016).

Throughout my research journey | have remained positioned within community
accountability — seeking and receiving input and direction from Elders, teachers, and
those that have travelled similar paths before me. Yellowknife Dene scholar Glen
Coulthard describes that if one is going to be a leader you must look at a situation you
are facing, be honest, and look at your relation to it. You must be willing to look at what it
is going to take to change you, change your community, and the relationship with the

land. The road of resurgence is rooted, accountable, and transformative.

This is a story made up of many stories. As | have composed this dissertation, |
have taken inspiration from the words of Anishinaabe/Ojibway legal scholar John
Burrows. When speaking about Indigenous scholarship and writing he reminds one to
‘Write relationally. Write in layers. Beware the danger of a single story. Remember that

nuance is sacred, and weave that in”. Thank you for joining this story.
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Chapter 1. Introduction

1.1. Indigenous - Land Relations

“We are not of the land; we are the land”
~ Hul'qg’umi’num Treaty Group, 2005

The relationship between Indigenous Peoples and the land is sacred and better
described as the relationship between relatives. Creation stories for many First Nations
of the northeast Pacific situate humans as having come from animal forms, and within
many belief systems it is possible to return to an animal form either in this or another
lifetime. This relationality situates humans as the brothers, sisters, uncles, grandparents,
and grandchildren of the salmon, clams, ravens, killer whales and Islands. This
inalienable connection has many Indigenous leaders and scholars highlighting the
responsibility to take care of their more-than-human kin (Wildcat, Kimmerer, Claxton,
Archibald). The ways in which humans live, prioritize, and make decisions shifts when,
as Muscogee scholar Daniel Wildcat (2013) asks of us, we consider nature as full of
relatives instead of resources. This relationship is characterized by Indigenous scholars
as one based in reciprocity, care, and reverence for non-human life (Corntassel 2012;

Deur, Recalma-Clutesi, and Dick 2021; Kealiikanakaoleohaililani and Giardina 2016).

Science and conservation are increasingly revealing evidence of the influence
Indigenous relationality and caretaking practices have made on the magnification of
biodiversity and productivity of lands and waters. Despite five centuries of colonial
expansion, 25 percent of the earth is recognized as Indigenous Peoples’ lands (Garnett
et al. 2018), and yet host over one third of remaining intact forest landscapes (Fa et al.
2020) and are home to 47 percent of all threatened mammals species (O’'Bryan et al.
2021). These ecological patterns are not a coincidence; they emerge from the
relationships that Indigenous Peoples have held with the land and sea ecosystems for
thousands of years (Ellis et al. 2021; Joseph 2023), performing vital ecological functions
as ecosystem engineers, bioturbators, dispersers, and predators, among many others
(Bliege Bird and Nimmo 2018; Salomon and McKechnie 2025). Through ancestral
management practices, people have increased the biodiversity and productivity of

ecosystems. For instance, ancestral forest gardens, those intentionally tended by



Indigenous people, have greater community and functional trait diversity compared to
nearby untended forests (Armstrong et al. 2021). In the oceans, among a multitude of
ancient Indigenous mariculture technologies (Levy 2023; Pacific Sea Garden Collective
2022), clam gardens double clam productivity by creating optimal conditions for clam
growth (Groesbeck et al. 2014).

1.2. Clam Gardens

Clam gardens? are ancient mariculture technologies designed and cared for by
Indigenous Peoples in the northeast Pacific as places of thriving seafoods, knowledge
generation, and learning. They are characterized by a human-constructed rock wall at
the low tide of the intertidal zone that traps sediment, flattens the slope of the beach, and
creates a terrace dominated by gravel and shell hash (broken up shell substrate) that
maximize and extend the habitat available for optimal clam growth (Groesbeck et al.
2014; Lepofsky et al. 2015, 2021). Through recent research, clam gardens have been
shown to moderate temperature extremes, including heatwave events, facilitate clam
recruitment and survival, promote water residency and food delivery to filter feeders, and
provide shell hash-rich sediments that support higher biomass and densities of clams
(Deur et al. 2015; Groesbeck et al. 2014; Jackley et al. 2016; Lepofsky et al. 2015;
Salter 2018; Shaver 2023). These characteristics likely contribute to the enhanced
productivity of these places. Yet, all studies revealing the potential of clam gardens for

food growing have been on gardens currently devoid of ongoing human care.

While ‘legacy gardens’, or untended ancestral clam gardens, are found
throughout the northeast Pacific, an operational clam garden requires regular
maintenance and active care to function as intended (Deur et al. 2015; Lepofsky et al.
2015). Caretakers of clam gardens rolled rocks and added them to the walls, cleared
terraces of cobble and debris, tilled sediments, seeded and selectively harvested clams,

and removed predators. While not exclusive to walled clam gardens, these clam tending

2 The term clam garden was originally introduced to the western scientific community when
Kwaxsistalla Wathl'thla (Clan Chief Adam Dick) described Iuxwxiwey (loxiwey - to roll rocks) in
Kwakwaka’wakw territory, which he referred to in English as clam gardens. This term is now used
by academics to describe a range of intertidal rock features characterized by clam terraces
modified with low intertidal rock walls.



practices were ubiquitous along much of the coast, and prized clamming beaches were
heavily invested in and protected. Traditionally stewarded by extended family groups,
clam gardens have been important places of intergenerational learning, place-making,
and landscape caretaking for millennia (Deur et al. 2015). For thousands of years while
harvesting and processing shellfish and caring for beaches, Elders have shared
teachings and stories of tides and environmental changes, family and community history,
and the role of the supernatural in creating the world we see before us today. Woven

through these stories are lessons about laws, protocol, relationships, and spirituality.

Indigenous Peoples have been building, maintaining, and tending clam gardens
continuously since as early as 3800-4000 years before present (Holmes et al. 2022;
Smith et al. In Prep). The impacts of these places are expansive, covering over 30
percent of some bays, increasing clam habitat by upwards of 36 percent (Lepofsky et al.
2021), and supporting massive and continuous human settlements in coastal territories
throughout the northeast Pacific (Deur et al. 2015; Holmes et al. 2022; Smith et al.
2019). Clam gardens have endured for millennia, and over that time, their stewards have
adapted their practices in response to changing environments (Holmes et al. 2022;
Toniello et al. 2019): They moved walls or built new ones as shorelines shifted, they
transplanted clams from places of high density to those of low, they fluffed sediment to
improve porewater flow, and they returned clam shells to beaches to encourage clam
spat to settle. In the southern Gulf Islands, where sea levels have been rising for the
past 11,000+ years (Fedje, Sumpter, and Southon 2009), people have continually built
rock walls shoreward to maintain their function, leaving evidence of their antiquity in how
far they extend underwater (Smith et al. In Prep). However, in recent generations, the
socio-political barriers imposed by colonial governments have left many clam gardens
without the regular maintenance, harvest, and knowledge sharing that breathes them to

life.

1.2.1. Colonial disruptions to clamming

During the millennia following their original construction, clam gardens have
experienced profound disturbances in social and environmental conditions. Changes in
sea level, systematic removal of people, and the dispossession and alteration of
intertidal landscapes by coastal development have eroded clam community composition,

density, recruitment, and survival within present day intertidal zones. Starting in Coast



Salish territories and moving north, the introduction of commercial shellfisheries,
followed by the replacement of wild clams through seeding and harvesting of non-native
Manila clams in the 1980’s, were also detrimental to wild clam populations (Bendell
2014; Hayes et al. In Press). This disruption to the relationship between Indigenous
Peoples and clams is confirmed in the archaeological record by Toniello et al. (2019)
who documented an increase in clam growth rates and size with the onset of clam
gardening practices 4000 years ago. This was sustained until the onset of colonization
when clams began to grow more slowly and reach smaller sizes. By the early 2000’s,
while clam garden structures persisted, in many instances, their function was depressed,
their structures no longer optimized, and the knowledge of their care was weakened by
the colonization, dispossession, and systematic erasure of the people who had been
part of these systems since time immemorial (H-GINPR Committee 2021; Newell 1993;
Olsen 2019; Trosper 2002; Turner and Jones 2000; Turner and Turner 2007).

Despite facing a world shaped by these kinds of losses, Indigenous Peoples
persist and are investing heavily in the reclamation of languages, legal systems,
ceremonies, and relationships with lands, waters, and the care of ecosystems
(Corntassel 2024). During the early 1900s, communities took ceremonies underground
to maintain governance structures and protect knowledge systems. Haida potlaches for
example, were performed in secrecy in peoples’ basements to avoid Indian agents
(Ki’iljuus pers comm). Since then, Elders have dedicated their lives to the recovery of
our languages (Peter 2021). Our Elders protected our mariculture practices by hiding
children from residential schools and providing land-based training, like in the instance of
Kwaxsistalla WathI'thla (Craven 2005). More recently, Elders have made efforts to
recover some of our precious places, including a hul'q’'umi’num’ clam garden in the
1980’s. The next chapter in the story of clam gardens is rooted in the resurgence of
these protected and sleeping knowledge systems through reawakening the caretaking
roles and responsibilities of our people, uplifting and upholding the teachings of our
Elders and our Ancestors, and enacting ancestral cultural protocols, caring for the land
and seas as we have done for millennia. To do this work well inherently requires a place-

based research paradigm.



1.3. hul’q’'umi’num’ Research

“Our snuw’ey’ulh or Hul’'q’'umi’num’ laws, dictate that we have an inalienable connection
to 100% of our traditional territory. They lay the foundation for how Hul’q’'umi’num’
people must continue our obligation in our relationship with the natural world, which is
connected to us through the First Ancestors. Respecting these obligations is integral to
the Hul'q’'umi’num’ way of life. It is the foundation of our wealthy, healthy society.”

~Hul'q’'umi’num’ Treaty Group, 2005

“From mountain to sea, from sea to mountain... land is our first and greatest
teacher. This is our place. This is the root of our worldview” (p.9: Brown 2016). In Coast
Salish communities, our territory is known and honoured as the birthplace of our
knowledge systems, culture, language, and governance (Brown 2016). The significance
of these relationships is reflected within countless Coast Salish teachings
from hul’'q'umi’num and WSANEC villages (Clifford 2016; Elliott 1983; Marshall 1999;
Thom 2005). The restoration of Coast Salish peoples’ relationships with lands and
waters remains a priority for communities today, and true revitalization of these
relationships requires the revival of the languages, stories, teachings, and ceremonies
that govern them (H-GINPR Committee 2021; MciIntosh 2016). For within hul’q'umi’num’
epistemologies, we are in relationship to everything and everyone in both physical and

spiritual realms.

“Spirit power is emplaced in the land. Physical engagement with these places is
essential for the experience of this spirit power.... [therefore] cultural knowledge is
gained by movement through the world, engaging the experiences of one’s ancestors”
(Thom 2005 p.77-153). Cultural learning is experienced within the land of our ancestors;
this hul’g’'umi’num’ teaching is one of the motivating forces behind the resurgence of
clam gardens and clam gardening. To research hul’q’'umi’num requires scholarship that
engages all of myself, my heart, mind, body, and spirit. It requires that this resurgence

extend to my family and my community.

My hul’'q’'umi’num’ scholarship included genealogical research to situate myself
within my family and our ancestral connections with place throughout our territory. It
required living into my role as an older woman in my family, teaching my sqe’uq
(younger siblings/cousins) and my stiwun (nieces/nephews) our ways. Our family

shared, taught, and practiced clam gardening, harvesting, and preserving ancestral



foods throughout the year, harvesting and weaving cedar, telling stories, practicing
language, creating artwork, and living into our practices of ceremony and protocol. We
did so grounded within hul’g’'umi’num epistemologies and following our family teachings,
with prayers, thanks, and direct relationship, even when that required stepping onto new

paths to allow the old ways and the new ways to exist beside one another.

Researching hul’q'umi’num included a process of preparing for and enacting
ceremonial protocol that requires all work be validated to and through community.
Protocol structure includes the opportunity for review, correction, validation, and
witnessing of knowledge, relationships, and processes — with many opportunities and
examples of work being adjusted, revised, and corrected whenever necessary. Central
to this process was a focus on being true to the ways of our family and teachings, before
considerations or requirements of the academy. Living into our work highlighted that to
research hul’q'umi’num’, akin to other coastal Nations (Atleo 2012), includes each of the
central tenets of academic protocol that lend legitimacy to the generation, peer-review,

and dissemination of knowledge (Table 1.3-1).

Table 1.3-1 hul’qg’'umi’num’ and academic protocol and process

Principle Academic Protocol hul'q'umi'num’ Protocol

Knowledge Conduct original research, collect, Engage in and uphold place-based

generation and analyze data or information to  language, laws, stories, protocol,
develop or evolve theoretical relationships, and methods of cultural

understandings in your discipline  resurgence.
that will support your field to
evolve and grow.

Knowledge Peer review. Examination from Preparation and presentation of 'work'

review and experts. Critique leads to requires consultation of proposed work

validation refinement of work based on with experts, in this case, people in
feedback from experts. community who are deemed expert

knowledge holders. If necessary, work is
corrected during preparation or during
public knowledge validation events.



Record keeping  Publishing in the written record Oral record operationalized through

through dissertation or called witnesses who hold the
manuscript. Research and ideas  responsibility to recount the knowledge
become the individual property of  review and validation event and settle
the person publishing, protected  future disputes. Knowledge is shared
by copyright. with all and becomes the property and
responsibility of all. Work is accepted as
valid when it is completed and closed.

Accountability Naming yourself, your department = Naming yourself, your family, your work.

1.4.

& institution. Standing on Work takes place in front of community -

reputation. relationships you will be in forever.
Teachers stand and accept corrections
on your behalf.

How | Come to This Work

The further through this work we go, the more rooted in these places | become.
| first fell in love with these places when | was 19.

The words that my tongue stumbled on.

The care and intention for living with a place, rather than on top of.

| got off the boat and onto the beach. What is your name my Elder prompted? As
a witness at my naming, she held my teachings and wanted me to practice.

‘hwsyun’yun,” | attempted.

“Close.” she said. “It has to come from further back in your mouth. Try again.”

| blushed.

An Elder grabbed my arm and walked me through the bushes along the beach.
“See these trees?” We were standing in front of several saplings.

“These small ones?” | asked.

“In the old days, hwsyun’yun, you would find a little clearing of trees like these
ones. And you would look after them, because they would look after you for the
rest of your life. See this one? By the time you’re ready to build your canoe, this
one will be your paddle. And see this one? This one will become your digging

stick. And this one here? By the time your child is grown, that will be used to
grow the home. You look after them. They look after you.”



The next day | was on a boat and one of my teachers jumped into the ocean,
staying down for what felt like forever. The dark crest of his head popped out of
the surface followed quickly by large purple and red spines and corresponding
shrieks from the Elders aboard.

“skw'itth'i'"l!"” One yelled.

“Ooo! And rock stickers!!”

Laughter.

Food is passed around.

New textures.

Mouth fumbling, again.

| followed archaeologists around, listening to them discuss the secrets hidden in
the rocks and shrubs, in the trees and on the beaches.

“This here is where several houses used to stand. Can you see how the sand is
flatter there?” If | looked really hard, | could see it.

“Look at this one,” | exclaimed!
Digging clams with ecologists

“I thought clams didn’t grow in fresh water,” | asked? “Or this high up on the
beach?”

“This one is different,” he told me. “It comes from Japan and it can eat even when
it is far out of the water.”

By the end of the summer, | had decided | wanted to be a landscape detective,
uncovering new layers to the stories of these places. How did they come to be?
Who has shaped them? Was it grandfather glacier that left that rock? Or was it
our human ancestors marking a clear path for canoes?

During this time, we faced a problem: the beaches our ancestors so carefully
cared for weren’t thriving. There weren’t as many clams as there should be, the
beaches didn’t smell right, and my Elders told us how to get more.

“We must look after our clam beaches. Care for them. Tend to the rock walls.
Turn the beach and harvest the big clams so more will come back.”

I may not have known it at the time, but these instructions became the script for
the next chapter of my life.



1.5. Clam Garden Resurgence

How do we revitalize the relationships between clam gardens and people? It took
several years to figure out just how to make that happen. But together, we set out to
revive the health of our beaches and revitalize clam gardening as a way of life. Through
this journey, | have been the fortunate benefactor of an incredible education in culture,
language, and story, as well as experimental ecology, natural science, and Indigenous
research. The teachings | have been offered come with a responsibility to ensure that
these technologies, knowledge, and sovereign food systems persist into future
generations, and support thriving communities — human and more-than-human alike. My
learning journey has emphasized that resurgence, as with Indigenous research, occurs
at all scales and with all of creation (see Indigenous methodologies in Preface). Through
this work | have been humbled to hold the role of facilitator and | have aimed to do this

work shxunutun’s tu suleluxwtst.

hul'q'umi’num’ and WSANEC territories were some of the last to be settled in
North America with Fort Victoria established in 1843. While settlement occurred late, it
expanded quickly. By the 1860’s xwulunitums (settlers) had preempted 59,000 hectares
of our most productive lands (Hul'qumi’num Treaty Group 2005). In under 200 years the
territory of Coast Salish Nations is now the location of 2 rapidly growing urban centers, 7
major port cities, 3 National Parks, and nearly 9 million people - less than 1 percent of
whom are Indigenous. This heavy settler presence has left our communities with 2
percent of our ancestral territory, while 84 percent is privately owned (Hul’qumi’num
Treaty Group 2005). Five generations ago, we had flourishing food systems that had fed
our people for multiple millennia (Toniello et al. 2019, Trosper 2002, Trosper 2003). Now
Vancouver Island is considered a food desert. Thousands of years of sustainable
relationship with our s’'ulh tumuhw (land), and after 100 or 150 years of colonial
occupation many of our fisheries are depleted and considered threatened (Atlas et al.

2021; Hayes et al. In Press).

In 2014, the first round of funding was received to initiate the Clam Garden
Restoration Project through Parks Canada. | joined as the Project Manager for this

initiative, and together, the hul’q'umi’num’ and WSANEC Nations, Parks Canada, and

3 In the footsteps of our ancestors



academic researchers began the first collaborative efforts to experimentally restore two
clam garden structures in modern day*. The scope of the restoration effort through Parks
Canada was expansive. Yet, immediately once restoration efforts began, it became clear
that portions of work essential to our communities would not be addressed within the
scope of a federally funded restoration initiative. | was motivated to take on an additional
role as PhD scholar guided by Anne Salomon, Cliff Atleo Jr. and Isabelle Cété. In 2016,
this work became a part of my doctoral studies at SFU in the School of Resource and
Environmental Management. My intention in assuming this role was to uphold my
responsibility as a hul'qg’'umi’num’ mustimuhw (hul’q’'umi’num’ person), to live into our
relationships, and to continue breathing energy into this recently reawakened area of

sleeping knowledge and language.

Clam garden restoration occurred at two ancestral locations and was led by two
Indigenous knowledge working groups®, WSANEC and hul’'q'umi’num’. Both working
groups conducted internal knowledge gathering, collected and generated knowledge
important to respective communities, and created a version of that information to be
shared with the public (Fediuk 2011; H-GINPR Committee 2021; Olsen 2019) and used
to inform clam garden restoration. Together, between 2015 — 2019, we worked on the
land for over 1067 person days and more than 11,000 volunteer hours to restore 323m
of rock wall, count and measure more than 16,000 clams, and care for over 11,750m? of
beach terrace. We gathered for leadership meetings several times a year and worked to
prioritize reconnecting Indigenous people from multiple generations to these ancestral
places and foods. Each year an average of 130 Indigenous people spent a total of over
1300 hours on the land, including an average of 70 Indigenous youth with a total of
greater than 520 hours/year (Augustine, Stocks, and Slade 2023). Through these efforts,

we grew connections with scholars and university student volunteers who joined and

4 I've introduced myself as a human, as a hul’q’'umi’num’ mustimuhw, as a scientist, and as an
Indigenous scholar in relation to my family, my homelands, and my research topic in the preface.
Modelled after Maori scholar Graham Smith and Saulteaux scholar Margaret Kovach’s use of
prologues, and for the sake of academic clarity and efficiency, | have taken these pieces from my
introduction and placed them in a preface for optional reading. While | appreciate a desire to keep
this work concise and maintain a clarity of purpose, | also believe the full richness of Indigenous
research is held in introducing and examining our relationship to ourselves, our homelands, our
research topics, and all of creation. Please refer to the preface for a more fulsome accounting of
this relationality.

5 Details relating to the delegation of decision-making authorities and assignment of membership
for each working group is detailed in Augustine et al. 2023.
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learned from community efforts and who completed 19 independent research projects

connected with this restoration effort, my dissertation being one of them.

1.6. Dissertation Structure

The overarching goal of my dissertation was to draw on multiple knowledge
systems and illustrate the power of the worldviews that they emerge from. In this
dissertation, | aimed to experimentally restore two clam gardens and improve our
understanding of these multispecies food systems, including their ecological impacts. |
aimed to wield the tools offered by ecological sciences and Indigenous research to
illustrate the ways that ancestral clam gardening is embedded within a complex socio-
cultural system that cannot be separated from the people whom they encompass. | told

this story through several smaller stories.

Chapter 2

In Chapter 2, | tell an ecological story. One that draws on ecological methods to
illustrate select, poignant ways that humans perform essential ecological functions and
have in many cases created and maintained the landscapes and seascapes that British
Columbia coastlines are revered for. This story is framed through a landscape-scale
experiment that restores an ancestral social-ecological system. It is written for a
scientific and academic audience who are well versed in ecological theory and spend

less time considering the role of humans as ecological players.

Chapter 3

In Chapter 3, | tell a story that weaves together ecological surveys and food-web
analyses to provide a snapshot of the current form and function of Coast Salish Sea
Gardens. | expanded this contemporary ecological picture by placing it alongside and
within the context of Indigenous knowledge, both from hul’q'umi’num’ knowledge
holders, and my own. This piece is written for a scientific audience that regularly
considers the role of people in shaping our natural world, both ancestrally and today.
The compilation of different knowledge systems is intended to provide a more fulsome
understanding of the purpose and function of Coast Salish Sea Gardens as food

systems. It suggests the myriad ways that hul’q'umi’num’ caretaking practices are
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mediated both by governance protocols and a philosophical understanding of humans

role in and relationship with creation.

Chapter 4

In Chapter 4, | tell an Indigenous resurgence story. One that steps away from
quantitative results entirely and into the heart of protocol. This story was crafted through
Indigenous methods and serves as a demonstration of living into our teachings and our
ways. It was crafted for an audience of my aunties and uncles, my grandparents, my
Elders, and the young ones that are watching and learning. It included ceremony, and
through it, the execution of hul’q'umi’num’ governance of knowledge generation,
validation, and dissemination. It also included the creation of artwork, and through art,
the communication of a worldview. This story is documented orally, and access to it
remains available through the recounting of cultural work by witnesses. Throughout this
story | strategically invited others to eavesdrop, with the intention of sharing how
rigorous processes (often assumed to be reserved for academia and the written word)

are and have always been essential elements of hul’q'umi’num’ protocol.

Chapter 5

In Chapter 5, | complete my story by reflecting on this journey. This chapter is
where the threads of this dissertation come together: the quantitative measures of
ecological restoration, the cultural practices of resurgence, and the personal and
collective responsibilities that guide our work. Just as in a clam garden, where multiple
species, tides, and hands interact to create abundance, here | use multiple voices -

academic, cultural, and personal - to reflect the layered nature of resurgence.

Ultimately, a resurgence of people connected to land is a story that leads to
transformation. | arrived at transformation first through my study of social-ecological
systems, but my thinking evolved through the influence of scholars of Indigenous
resurgence throughout the world. Both Indigenous resurgence and transformation are
concepts that are applied, rooted, and based in action while backed by theory. The
choice to plant my work in these foundations came from a rapt attention to the state of
the world today, and a deep love for my community, my territory, and the other beings |

share this world with. The challenges we face are unprecedented; at the time of
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publication, we have less than ten years to reduce our global climate footprint to retain a
habitable planet. If | want a planet for my children to love, play, grow, and be shaped in,
action is essential and unavoidable. Those actions must be intentional and will
necessarily be uncomfortable. Indigenous resurgence and transformation offer new
ways of relating, making decisions, and ascribing values - and | believe that they offer

critical new windows of possibility in a dire world.
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Chapter 2. The walls trap the seeds

2.1. Introduction

Landscape-level experiments have propelled our understanding of ecological
processes and catalyzed step changes in sustainability science with major implications
for society (Carpenter, Kitchell, and Hodgson 1985; Schindler et al. 2008; Watershed et
al. 1970). At the same time, a growing appreciation for the profound ways in which
ecological history has shaped the distribution, abundance, and composition of species
suggests that our understanding of how ecosystems work must take history into account
(Jackson 2001; Smol 2010). With both advancements, however, humans are sometimes
considered external disruptors to otherwise functioning ecosystems (Fletcher et al. 2021;
Watson et al. 2018). Yet, human societies have been shaping and sustaining diverse
cultural landscapes across nearly three-quarters of Earth’s terrestrial ecosystems for
more than 12,000 years (Ellis et al. 2021). Ancestral cultural practices can therefore
illuminate how to sustain resilient relationships within ecosystems and should be
considered in ecological epistemology, experimentation, and environmental policy (Bird
and Nimmo 2018; Jessen et al. 2021; Salomon and McKechnie 2025).

Humans have been performing vital ecological functions across coastal
ecosystems for millennia (Ojeda et al. 2022; Dick et al. 2022). For example, people have
been transporting clams and seeds long distances to establish new populations, tilling
sediment to boost productivity, burning landscapes to promote nutrient cycling and
restrict succession, and building structures that alter the landscape to expand essential
habitats (Bird and Nimmo 2018; Ross et al. 2018; Salomon and McKechnie 2025; Smith
2011). These practices from the past, iterated over millennia, have a critical role to play
in enhancing the sustainability and resilience of our societies today (Boivin and Crowther
2021). For many colonized areas around the globe, however, ancestral ecological
practices were banned as a means of establishing colonial rule and dominance. As a
result, ancestral practices and the knowledge systems associated with them have been
marginalized or erased in recent centuries. Consequently, efforts to sustain or restore
ecosystem function will, in many cases, require restoring the ecological role of humans
(Bird and Nimmo 2018). Here, we describe the effects of a seascape-scale

reconstruction of two ancestral clam gardens as a biocultural experiment that
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reintroduced human care back to beaches. Through this process we are revitalizing and

reclaiming an ancestral innovation that sustained resilient food systems for millennia.

Ancestral clam gardens are intertidal rock-walled terraces engineered by people
since the mid to late Holocene. They serve as a mariculture technique practiced by
Indigenous peoples of the northeast Pacific, including a group of Nations collectively
referred to as Coast Salish. Coast Salish Nations have territories throughout islands and
watersheds of southwestern Canada and the northwestern United States and, while
distinct, share many cultural, linguistic, and familial ties. Prior to European colonization
and settlement, clam gardens were created and tended across well over 1,000
kilometers of coastline and over at least four millennia. Evidence for these features, their
prevalence, and function, is held within Indigenous Knowledge (Deur, Dick, Recalma-
Clutesi, et al. 2015; Lepofsky et al. 2015), the persistence of intertidal rock walls (Smith
et al. 2019), and revealed in the growth rates of ancient clams in shell middens (Toniello
et al. 2019).

Recent ecological evidence has shown that by reducing the slope of soft
sediment beaches, these ancestral terraces expand and generate clam habitat at
optimal tidal heights to amplify clam recruitment, growth, and survival (Groesbeck et al.
2014; Jackley et al. 2016; Lepofsky et al. 2015; Smith et al. 2019). Even in the absence
of contemporary tending by people, legacy clam gardens remain twice as productive as
non-walled beaches (Groesbeck et al. 2014) through enduring physical characteristics
that optimize conditions for clam growth. These untended gardens have been shown to
moderate sediment temperature extremes, facilitate across-beach water flow, and
enhance sediment carbonate (Salter 2018; Shaver 2023). The physical structures of
clam gardens are embedded within a specially crafted set of principles and practices of
beach care as active management that collectively creates a productive and intentionally
resilient food system (H-GINPR Committee 2021; Deur, Dick, Recalma-Clutesi, et al.
2015; Olsen 2019; Shaver 2023).

During the millennia following their original construction, clam gardens have
experienced profound disturbances in social and environmental conditions. Changes in
sea level, systematic dispossession and removal of people, commercial clam fisheries,
and coastal development have eroded the functionality of clam gardens, altering clam

community composition, density, recruitment, and survival. Yet more recently,
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knowledge systems associated with clam gardening have been reawakening. In 2014,
the historic Cowichan Nation, WSANEC Nation, Parks Canada, and academic
researchers began collaborative efforts to experimentally restore two ancestral clam

garden structures.

To understand how clam gardens function at the landscape level, we
reconstructed two intertidal rock walls and reapplied associated tending practices by
bringing people back into these biocultural seascapes. Specifically, we asked: do Coast
Salish ancestral clam gardens increase the density of native clams? Moreover, does
clam garden wall restoration and beach tending further magnify native clam densities?
And finally, how do these same tending practices affect invasive species clam density
and biomass through time? We found that the density of native harvestable clams
(s’axwa’, skw’lhey’, sweem, stl'ula’lm — see Section 2.6) increased dramatically following
wall restoration and detected no effect of beach tending after 3 years. Clam gardens
maintain different species assemblages that reflect differences in sediment
characteristics. These metrics of clam density, community and sediment composition are
not only scientific indicators; they are also measures of how well we are living into our

responsibilities as caretakers.

Experimental methods and significance of place

Led by Historic Cowichan and WSANEC Nations, two of the Coast Salish
Indigenous Nations (additional detail in Section 2.6), we restored ancestral clam garden
walls and revitalized ancestral beach tending practices in Coast Salish Territory as a
biocultural experiment using a before-after-control-impact paired series (BACIPS) design
(Figure 2.1-1 A). Ancestral Coast Salish people have existed on and tended this
seascape for at least 13,000 years (Croes et al. 2008; Kenady et al. 2011; Waters et al.
2011), with clam garden technology dating back to at least 4,000 (Smith et al. 2019).
Today, this seascape encompasses 19 unsettled land claims, 3 unique languages, 4
different treaty statuses, and 12 governments with overlapping jurisdictions showcasing
the monumental achievement of this seascape scale experiment in knowledge co-

production and action toward regional food sovereignty.

Restoration occurred at four sites constituting a replicated BACIPS. Sites
included two clam garden beaches and two non-walled beaches. Each site was chosen

due to its status as an important ancestral clam site. In each case, preliminary ecological
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surveys conducted between 2008-2012 showed low but non-zero clam densities that
suggested potential for restoration success. To detect the effects of wall restoration
(Figure 2.6-1 A&B), beach tending practices, and their combined effects, we applied
beach tending to one-half of each of the four sites. Beach tending practices included
semi-annual tilling of beach sediments to depths between 5 — 15 cm (Figure 2.6-1 C),
seasonal removal of detached seaweed (Ulva spp. and Saccharina spp.) (Figure 2.6-1
D), removal of large organic and inorganic debris when encountered, as well as episodic
removal of high-density clam predators (e.g. Neverita lewisii, Pisaster spp.) (H-GINPR
Committee 2021; Olsen 2019).

(A) I Non-walled beaches (x2) (B) I Walled beaches (x2)

J"“”"“""‘:—.... 5

Control

Active Active

(C) Clam garden (D) Clam garden
before restoration after restoration

Figure 2.1-1 Study design. A before-after-control-impact paired series (BACIPS)
design was used to test the effect of clam garden wall restoration and
beach tending practices on clam density and species composition. Clams
were monitored annually across treatments at three tidal ranges (low,
medium, high) at four sites; A) two non-walled control clam beaches and
B) two ancestral clam gardens. Clam garden walls were restored along
the length of two ancestral clam garden sites and beach tending was
applied to half of each beach (referred to as the “active” side), while the
other half of each beach was left untended (referred to as the “control”
side). A clam garden experimental site C) prior to (2009) and D) following
(2019) wall restoration. Image credits: C) Parks Canada & D) author.
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2.2. Results

2.2.1. Effect of clam garden prior to restoration

We found that ancestral clam gardens maintained densities of native harvestable
clams that were 3 — 80 times greater than those on non-walled beaches, even in the
absence of contemporary restoration and stewardship (Figure 2.2-1; Table 2.6-3).
Among years, the clam garden legacy effect, measured as differences in estimated
mean clam densities between clam gardens and non-walled beaches, was greatest in
the high intertidal, largely present in the mid intertidal, and not detected in the low
intertidal (Figure 2.2-1). Average clam density in the high intertidal was 51 times higher
in clam gardens than in non-walled beaches (Table 2.6-3). The greatest difference in
estimated mean clam densities between clam gardens and non-walled beaches, among
all sampled years, was 4.5 clams/25cm?® in 2015 in the high intertidal (Figure 2.2-1).
Meanwhile, the largest legacy effect in the mid intertidal was between clam garden
(Russell) and non-walled beach (Winter Cove), with 3.2 more native harvestable clams
per quadrat, or an average of 6 times more clams (Table 2.6-3). This legacy effect was
pronounced for butter and littleneck clams, which each have three times higher densities
(2.5 & 2.8 respectively; Table 2.6-5) at clam gardens compared to non-walled beaches

across all tidal heights and years, corrected for sampling effort.
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Figure 2.2-1 Clam Garden legacy effect on native harvestable clams. Differences in native clam density between ancestral
clam gardens and non-walled clam beaches prior to restoration activities across three intertidal heights. A) High, B)
Mid, and C) Low intertidal zone. Points denote median difference between posterior estimates. Lines denote 50% and
95% credible intervals (Cls). Each clam garden (Fulford and Russell) was compared to non-walled beach (Winter
Cove) unless otherwise noted (*) when they were compared to non-walled beach (Cabbage). Corresponding values
and conclusions supporting in Table 2.6-4. Image by author.

22



2.2.2. Effect of wall & beach tending

Restoring clam garden walls increased native harvestable clam densities by an
average of 1.9 times within three to four years post restoration (Figure 2.2-2, Table
2.6-6). When compared to non-walled beaches, this equates to 4.6 times more clams,
with 5.6 times more butter clams and 14.3 times more littlenecks. However, the

magnitude and timing of this effect differed across clam gardens and among years.

The effect on native harvestable clam densities of restoring 225 m of an 824 m
long clam garden wall at Fulford was detected the year immediately following
reconstruction. Three years later (in 2019), there were 5.2 more clams/25cm?3 (quadrat),
which is 3-4 times greater (i.e. difference in differences effect) density than without
restoration (Table 2.6-6). Conversely, restoring the entirety of a 99 m long wall at the
Russell clam garden showed no effect for 4 years, until 2019 when there were 3 times
more clams than at the non-walled beaches (Table 2.6-6). This trend was driven by
small, post-recruitment size classes. The density of small clams (1-20 mm) increased 7 -
13 times, three or four years after wall restoration (Figure 2.2-2; Table 2.6-6). In 2019,
there were 6.3 more small clams per quadrat (i.e., 13 times more) at the Fulford clam
garden compared to the non-walled beach (Winter Cove) (Table 2.6-6). At the Russell
Island clam garden, the density of small clams compared to the non-walled beach
(Winter Cove) hovered around zero until 2019 when this difference increased by 2.6

clams per quadrat (i.e. increase of 7 times more clams) (Table 2.6-6).
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Figure 2.2-2 Native clam densities at clam gardens (n=2) and non-walled beaches
(n=2) before and after wall reconstruction (vertical dashed line), with
and without active beach tending (closed and open circles). Points
denote counts/25cm? at Russell (A — active side, B — control side), Fulford
(C — active, D — control), Cabbage (E — active, F — control) and Winter
Cove (G — active, H — control). Estimated mean densities shown for all
clam sizes (dashed) and for juvenile clams <20 mm (solid).

2.2.3. Composition of clam communities between clam gardens and
non-walled beaches

When assessed alone on clam gardens and non-walled sites, beach tending
showed no effect on native clam densities after 4 years of recurring annual treatment
(Table 2.6-7). Likewise, beach tending alone did not appear to alter sediment
characteristics over this time scale (Figure 2.6-15,Figure 2.6-16). However, when
assessed together, the restoration of clam garden walls with annual beach tending
increased native clam density by 3-5 times compared to non-walled beaches without
tending (Figure 2.2-2; Table 2.6-8). Small clam densities increased more than when all
size classes were compared together. Three years after combined restoration and

tending, 7 - 20 times more small clams were detected (Figure 2.2-2; Table 2.6-8).
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2.2.4. Composition of clam communities between clam gardens and
non-walled beaches

Clam community composition differs by both status as a clam garden or non-
walled beach (Figure 2.2-3) and site (Figure 2.6-4). We measured a 64.9% dissimilarity
in community composition between clam gardens and non-walled beaches, which
represents the unequal presence and abundance of native and exotic species. These
differences are driven by Macoma spp., butter, and varnish clams, that collectively
explain 68% of the variance between groups (Table 2.6-9). Across all four sites,
measures of dissimilarity range from 55 — 73% and the most influential species in these
comparisons correspondingly vary. Macoma spp. explain the greatest proportion of
difference across all comparisons, while butter, varnish, and littleneck clams each
explain an additional portion (Table 2.6-10). Native butter and littleneck clams were more
associated with clam gardens while non-native varnish clams were associated with one

of the non-walled sites (Cabbage).
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Figure 2.2-3 Clam community composition by status. Points denote community
composition within a quadrat in multivariate space. Points that are closer
together have more similar clam community composition than those
spaced farther apart. Species that explain differences in composition are
named while the strength of their influence is indicated by the size of the
arrow. Coloured ellipses denote communities organized by beach status
as clam garden (green) or non-walled beaches (blue). Overlapping
ellipses show similar community composition while distinct ellipses
illustrate divergence in observed species composition.

2.2.5. Sediments

Sediment characteristics vary by site, with little change over the course of the
experiment. However, the proportion of barnacle shells is consistently the most
influential when looking at dissimilarity between clam gardens and non-walled beaches,
contributing between 12-19% (Table 2.6-12). Furthermore, Russell (clam garden) has a
notably different dominant size class of >4.75mm (pebbles) as compared to the other
sites (Figure 2.6-15).
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2.3. Discussion

Large-scale experiments can reveal processes at play that matter to society.
Here, we added temporal and socio-cultural depth in re-remembering ancestral
innovations that operated at the seascape scale, sustaining resilient food systems and
human populations over multiple millennia (Holmes et al. 2022). We showed that
humans are central to creating seascape diversity and productivity. Ancestral gardens
hold 3 to 80 times more native clams than non-walled clam beaches (Figure 2.2-1, Table
2.6-3). When walls were restored and people returned to beaches, double the number of
native harvestable clams were produced (Figure 2.2-2). These findings challenge our
conceptualization of peoples’ role in ocean ecosystems, and in turn, how we design
ocean policies that support diversity, productivity, and the rights, responsibilities, and

titles of Indigenous peoples.

Our work adds to a growing body of evidence that ancestral clam gardens leave
an ecological legacy that supports the ongoing survival, growth, and production of native
clams even in the temporary absence of human care (Groesbeck et al. 2014; Jackley et
al. 2016). The biophysical structure of clam gardens alone creates persistent ecological
and hydrological conditions that magnify larval clam settlement, survival, and growth,
increasing overall clam density (Figure 2.2-1). Proposed mechanisms for these observed
changes include increased seawater flow and retention within the shallow sloping
garden terrace (Salter 2018), mediated temperature extremes and reduced physiological
stress (Shaver 2023). Moreover, by introducing a rock wall to soft sediment habitat
where barnacles can grow, die and slough off, clam gardens tend to increase sediment
carbonate and grain size, which improves the habitat characteristics for clams (Greiner
et al. 2018) (see Section 2.6.5 for further description of differences to sediment types
and characteristics). The absence of a garden effect on clam densities in the low
intertidal mirrors previous findings that show the effects of clam gardens tend to be most
pronounced in the mid to high intertidal where tidal height differences between clam
gardens and non-walled beaches are greatest (Groesbeck et al. 2014; Toniello et al.
2019). Contemporary sea level rise, however, will continue to nudge the lowest parts of
the beach out of the optimal tidal range for native clams and suggests that continued

wall restoration and elevational readjustment are necessary, a documented adaptive
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mariculture practice that developed along the northeast Pacific coast with sea level

changing over the Holocene (Holmes et al. 2022; Lepofsky et al. 2024).

“We’ll put a clam garden here, a rock garden that we’ll get more clams when they
spawn. [The ancestors] were ahead of our time. Those people were saying: ‘Trap the
seeds and keep them here.”” -A.S. (Fediuk 2011). Our results demonstrate that when
people return to beaches and revitalize the ancestral mariculture practice of engineering
intertidal rock walls, the density of small-sized (0.1-2 cm) clams increased 7-13 times.
These results demonstrate the ways in which Indigenous communities continue to work
as ecological engineers. While clam population trends throughout Coast Salish territory
appear to be affected by large-scale oceanographic processes that drive larval survival
and settlement regionally (Barber et al. 2019), clam garden walls appear to alter
conditions that enhance larval settlement and post-recruitment survival locally. Seawater
retention at the site level can facilitate both passive and active larval settlement by
increasing the time larvae spend in preferred habitat and through chemical cues via the
presence of carbonate from shelled invertebrates (Green et al. 2013). The coarse grains
of shell-enhanced sediment can help protect young clam recruits by inhibiting predation
and buffering water acidity (Green et al. 2013). Once settled, favourable conditions for
survival in clam garden structures (Green et al. 2013), rapid growth (Jackley et al. 2016),
and minimized metabolic stress (Shaver 2023) could support post-settlement survival
beyond the most sensitive life stage for clams (Alma et al. 2024; Paterson and Nell
1997). Given the high interannual variability of recruitment and high mortality rate of
clams within their first year of benthic life, it is encouraging that we observed between-
year persistence of increased densities of small clams following restoration (Figure
2.6-8).

Annual tending practices both with and without wall restoration did not have a
detectable effect on the density of native clams (Figure 2.2-2; Table 2.6-7) or on
sediment characteristics (Section 2.6.5) after 3 years. Tilling was applied to each site
based on observed necessity to reduce sediment compaction and remove cobble from
beach matrices. Knowledge holders described three sites as being substantially less
compact and “better for small clams” following repeat tilling, while one site did not
respond. This unresponsive site is now understood to require additional interventions
such as gravel and/or shell additions. Tending activities also included the removal of

ulvoid matting, which has been shown to impact native clam populations through

28



suffocation and increased predation by forcing clams to reduce their buried depth,
making them easily detectable by benthic carnivores (Auffrey, Robinson, and Barbeau
2004). Ulvoid matting was more frequent and dramatic at a Clam Garden (Russell), at
times reaching depths of more than 2-3 cm. Algae removal at this site became a regular
tending activity and, during the summer, small clams were observed settling in or on
shells caught within algal mats, meaning that clam recruits could have been incidentally
removed from beaches during tending practices. The removal of intertidal drift algae is a
difficult treatment to maintain as loads shift daily during high tides and removal
corresponds with only the lowest tides of the year. Ancestral beach tending is intended
to include regular harvest of all species cultivated. While clams were harvested from
sites whenever possible (see Section 2.6.3), additional food species were rarely
collected. Expanding tending to more fully encompass the ancestral care-taking portfolio
could continue to augment clam persistence. For instance, reviving the harvest of
significant clam predators, such as red rock crabs (Cancer productus), could exert top-
down influences on populations with observed high abundance (Golden et al. 2021;

Keough and Downes 1986).

While the impacts of beach tending alone were not detected in this experiment,
generations of Indigenous knowledge has recognised the importance of similar care-
taking practices for the optimal functioning of clam gardens in many places and cultural
contexts (H-GINPR Committee 2021; Deur, Dick, Recalma-Clutesi, et al. 2015; Lepofsky
et al. 2015; Olsen 2019). In fact, clam size and growth rate were shown to degrade
following the removal of human management from clam gardens in the nineteenth
century (Toniello et al. 2019). Moreover, the ancestral practices such as those described
by J.J (Fediuk 2011) of “return clams and oysters to the beach because the spawn
would go and cling to it” demonstrate intimate knowledge of ecological function and the
intentional enhancement of garden sites by facilitating necessary shell and sediment
types to increase retention and survival of clam recruits. It could be that the effects of
tending on sediment characteristics, carbonate, and quality, which in turn could continue

to enhance native clam densities, will take longer to become evident.

Overall, our detection of enhanced clam densities in the face of growing
pressures on native clam species, including increased mortality during extreme heat
events, because of invasive European green crab (Carcinus maenas) predation, and

owing to newly detected diseases, is particularly encouraging (Barber et al. 2019;
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Toniello et al. 2019; Vandepas et al. 2023). In the face of these ever-changing social and
ecological pressures, our results clearly demonstrate the potential that wall
reconstruction offers for clam gardens to provide heightened ecological productivity and
sustainable food sovereignty, particularly when combined with the additional benefits of

revitalizing beach care practices.

In a modern context, where invasive species introductions are increasing, our
evidence shows that clam gardening could slow or even prevent the spread of some
non-native species simply by maintaining sediment characteristics that support native
clams and are less favorable to invaders. Clam garden sites continue to be dominated
by native species despite non-native Manila clams outcompeting them on many beaches
in the region (Bendell 2014b). The full ecological effects of non-native species are not
yet known, although they are heavily preferred by industry and their success in the
northeast Pacific is augmented by commercial seeding (Bendell 2014a). Non-native
varnish clams have a wide range of temperature and salinity tolerance, rapid dispersal
and expansion, preferring warmer temperatures which will likely support their ability to
thrive in the face of anticipated climate changes in the region (Dudas and Dower 2006).
The biological differences observed between clam communities within clam gardens
compared to non-walled beaches are evidence of the lasting importance and role of
hul'q'umi’num’ and WSANEC peoples’ innovation and care, including sediment
characteristics (grain size and proportion of shell hash) as well as the enduring impact of
reduced beach slope, particularly in the highest intertidal where non-native varnish

clams are most often found (Sections 2.6.4; 2.6.5).

Although only recently discussed in academic literature, the need for continued
care of clam gardens has been known for four millennia and was put under threat by
colonization starting 250 years ago. The systematic and intentional dispossession,
discrimination, and genocide of Indigenous people along with the implementation of the
Indian Act and Indian Reserve system in Canada intentionally interrupted economies,
governance, and knowledge systems essential for the care and sustenance of people
and territories (Harris and Millerd 2010; Silver 2013). The development and imposition of
settler economies included the maximum exploitation of natural resources including
fisheries throughout British Columbia. The commercialization of clam fisheries and
growth of industrial clamming brought with it fisheries policies and practices that

preference non-native species for their longer shelf life, to the direct impact of native
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species that exhibit more resilience to local disturbance — also shifting the harvest and
management strategies most used by harvesters throughout the region (Bendell 2014a;
Quayle and Bourne 1972). By the early 2000’s while clam garden structures persisted, in
many instances their function was depressed, their structures no longer optimized, and
the knowledge of their care was weak as people continue to face dispossession and
discrimination to this day (Toniello et al. 2019). Ultimately, the care of clam garden food
systems is embedded within Indigenous knowledge systems and shared through
sophisticated governance and cultural processes (Atlas et al. 2020; H-GINPR 2021;
Deur, Dick, Recalma-Clutesi, et al. 2015; Olsen 2019) that must be revived for clam

gardens to function fully.

As a Coast Salish person from the Stz’'uminus Nation of the Historic Cowichan
Nation, lead author Augustine can attest that despite dramatic losses, we persist. As
Coast Salish and Indigenous people, we are actively investing in reclaiming and reviving
ancestral ways of life that underpin the health and wealth of the lands and territories with
which we live in relationship. We are reviving our languages that carry teachings of place
and whose dictionaries are often the lands and waters themselves (Deloria 2001;
Simpson 2014). We are reclaiming our legal and governance systems to reflect our
responsibility to ensure the ongoing health and balance of the lands and waters for
future generations (Atleo 2012; Corntassel 2012; Kobluk et al. 2024). Restoring clam
gardening is not the physical acts of piling rocks and tilling beaches so much as it is
revitalizing a way of life inclusive of place-based traditions of leadership, diplomacy,
education, and spirituality (Atleo 2012; Mitchell 2020; Simpson 2014). Reviving ancestral
relationships and responsibility with homelands requires the reassertion of Indigenous
science and experimentation (Cajete 1999). In this reassertion we also reclaim our
knowledge, language, teachings, stories, and places that are inseparable from the

gardens themselves.

Since this project’s inception, clam garden resurgence has taken off across the
northeast Pacific. Resurgence of many forms of Indigenous mariculture are also on the
rise across the Pacific Ocean (e.g. Atlas et al. 2020; Wickham et al. 2022; Innes-Gold
2023; Pacific Sea Garden Collaborative 2022). In all instances, these efforts are based
on a central tenet that restoring ecosystems requires restoring peoples’ relationship with
their territories and their foods. Indigenous mariculture practices of fishponds, fish weirs,

and others, while unique to Indigenous-land relations, offer important insights to all
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people seeking healthy food production and social-ecological resilience. We
demonstrate that people are embedded in larger social systems governed by laws and
culture, illustrating the inextricable connections required for a fulsome comprehension of

ecosystems.

Innovation is not only creating and celebrating new technologies but critically is
also a “radical re-remembering” (Holmes and Tolbert 2020) of constructions,
conceptions, and relationships that have been iterated despite change and disturbance.
Clam garden systems are embedded within a diverse portfolio of environmental care and
relating (aka ‘resource use and management’) strategies and are one component of a
larger, complex resource management system (Jackley et al. 2016). Importantly,
restoration is also a process of re-storying a land or seascape with the teachings that are
central to that place. In this example of restoring clam garden practices, we are
extending the temporal scope of coastal relationships and illustrating the need to
radically re-imagine ocean policies to support resilient, productive, biodiverse, and
equitable seascapes. Stories are a function of timeframe. As soon as we expand our
timeframe, we must re-story the landscape and change ocean policies to reflect it, which

requires the rights, responsibilities, and title of Indigenous peoples be at the forefront.

2.4. Materials and Methods

2.4.1. Indigenous Knowledge Working Groups

Restoration was guided and led by Indigenous Knowledge Working Groups
(IKWGs) from each historic Nation. Working group membership was determined by each
respective community and groups comprised Indigenous Elders and knowledge holders
with ancestral or specialized knowledge in culture, language, clam digging, and
aquaculture. While working groups primarily met independent of one another, they
shared knowledge and guidance on a clam garden annually. Working groups guided,
conducted, and oversaw the application of two beach restoration treatments: rock wall
restoration and beach terrace tending. IKWGs led this research and the overall
restoration project, alongside Parks Canada staff. This involved establishing data
sovereignty protocols, co-designing research questions, contextualizing results,

engaging community, disseminating knowledge, and guiding cultural protocol. These co-
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creation and co-delivery processes were made possible by relationships built on mutual

respect, learning, courage, and reciprocity that were cultivated and maintained.

2.4.2. Ecological Surveys

We surveyed clams annually from 2014 — 2019 at each site during summer tides
lower than +0.3 m chart datum. We separated clam habitat within each beach into three
relative intertidal zones, with low between 0.1-0.5 m and 0.8-0.85 m, mid between 0.8-
0.85 m and 1.05-1.7 m, and high between 1.05-1.7 m and 1.62-2.54 m (Figure 2.1-1 A;
Table 2.4-1). At each 25 cm? plot (48 per site), we identified clam species and measured
maximum lengths and weights of all visible clams using non-destructive methods. We
collected 50 g of beach sediment from a random subset of quadrats with care to sample
from an area representative of the matrix and exclude cobble. Researchers led and
quality-controlled surveys with assistance from Indigenous participants and volunteers.

Sampling effort was consistent between years.

2.4.3. Restoration

We applied treatments at the frequency, intensity, and duration deemed
necessary by knowledge holders to improve beach condition and function. In total
between 2015 and 2019, we tended nearly 12,000 m? of beach terrace (Augustine et al.
2023). Efforts were distributed between sites based on assessed needs. As such,
treatments were initiated at different times and remained unweighted by magnitude in

analyses.

2.4.4. Sediment Processing

To assess the proportion of sediments within different size classes, grain size (%
by weight) was determined by dry sieving into the following categories, >4.75 mm, 4.7
5mm -2 mm, 2 mm -1 mm, 1mm - 500 pm, 500 um — 250 um, 250 pum — 125 um, 125
um — 63 um, and < 63 um (Folk 1980, Salter 2018). To assess carbonate composition
(% by weight), sediments were burned using sequential weight loss-on-ignition, following
methods adapted from Wang et al. (2011). To assess the species composition of shell
hash, shell fragments >1 mm were identified as clam shell, barnacle shell, other shell,

and non-shell.
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2.4.5. Statistical Analysis

To assess the effect of clam garden restoration activities on culturally important
native clam density, we fit a series of generalized linear-mixed effects models. Native
bivalves included butter clams (Saxidomus gigantea), Pacific littleneck clams (Leukoma
staminea), Nuttall’s cockles (Clinocardium nuttallii), and horse clams (Tresus spp.). We
built these models for all clam sizes and, separately, for small clams <20 mm to gain
insight into the effects of restoration on clam recruitment. We also built models of
invasive clam density, including Manila clams (Ruditapes philippinarum), varnish clams

(Nuttallia obscurata), and European soft-shell clams (Mya spp.).

Due to site-specific variation among all four beaches, we specifically tested for an
effect of ‘site’ in lieu of clam garden vs control site. Because initiation of restoration
varied across site, we used calendar year in lieu of a binned ‘before’/after’ treatment.
Together, this modeling approach allowed us to examine the place-specific effects of
landscape restoration over time. We created a dummy variable for each level of
interaction between year x site (20 levels), as well as year, site x tending (40 levels) to

use in our paired comparisons.

To test the effect of clam gardens on native clam density in the absence of
restoration, we constructed models of clam densities in years prior to restoration as a
function of both intertidal zone and site nested within year. To test for an effect of clam
garden wall restoration and beach tending on native and invasive clam density and
biomass, we built models of clam densities (all and <20 mm) as a function of site, year
and tending with intertidal zone (within site) as a grouping factor. In each model, we
accounted for differences in quadrat volume by including an offset term for quadrat

volume.

Models were built in a Bayesian framework with weakly informative priors using
the brms package (Burkner 2021). For models of total clam density, including all sizes,
we used four Markov chain Monte Carlo chains simultaneously each with 2000 iterations
and 1000 warm-up iterations. We achieved convergence on all four chains (rhat = 0.999-
1.001 for coefficient estimates). For models of small clams <20 mm, we used four
Markov chain Monte Carlo chains simultaneously each with 3000 iterations and 1500

warm up iterations. We achieved convergence on all four chains (rhat =0.999-1.006 for
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coefficient estimates, rhat = 1.0001 — 1.007 respectively). All models were built with a

negative binomial error structure.

Comparisons

To assess change in the density and biomass of native and invasive clams, we
calculated the posterior probabilities of the differences in differences effect estimate (i.e.,
difference between treatment and control plots, compared before and after restoration).
In cases where there were multiple years of before data, yearly means were averaged
for comparison with individual ‘after’ years. To examine the legacy effect, we estimated
the difference in clam densities between clam garden and non-walled beaches in years
prior to restoration at three tidal heights. For the effect of wall restoration, we compared
the estimated within-year difference in densities between clam garden and non-walled
beaches in years before and after wall restoration. For tending we compared the
estimated within-site difference in densities between tended and control sides in years
before and after restoration. For the interaction between wall and tending we compared
the estimated differences between walled and tended areas to non-walled beach control
sides in years before and after restoration. To account for interannual variation we only
compared data within years, limiting our assessment of treatment effects to the years
when data was available for each comparison. When estimated median differences (+/-
95% credible interval) were greater than zero, we inferred a positive effect for a given
treatment (i.e. wall restoration, beach tending, or their combined effects). See Table

2.4-1 for a summary of the above-listed comparisons.

Table 2.4-1 Summary of paired comparisons used to test the effect of being a
clam garden (legacy effect), and each treatment (wall, tending).
Comparisons were made using the posterior probabilities of the mean
densities of clams in each grouping.

Effect Input variable Comparison Years compared

Legacy clam Density: native | (clam garden, strata 1) minus (non- | Within-year, before

garden harvestable walled beach, strata 1 restoration (2015 or 2016)
clams (clam garden, strata 2) minus (non-

walled beach, strata 2

(clam garden, strata 3
walled beach, strata 3

minus (non-

_— = |— = —
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Wall restoration | Density: native | After(Clam garden — non-walled Years before restoration
harvestable beach) minus Before(Clam garden | (combined if multiple)
clams - non-walled beach) compared to each
and individual year after
Density: Small restoration
(<20 mm) native
harvestable
clams

Tending Density: native | After(active side — control side) Years before restoration
harvestable minus Before(active side — control | (combined if multiple)
clams side) compared to each
and individual year after
Density: Small restoration
(<20 mm) native
harvestable
clams

Wall restoration | Density: native | After(wall + tended area — non- Years before restoration

x Tending harvestable walled control area) minus (combined if multiple)
clams Before(wall + tended area —non- | compared to each
and walled control area) individual year after
Density: Small restoration
(<20 mm) native
harvestable
clams

Magnitudes (times increase)

To accompany comparison outputs (difference in differences), we presented
results in terms of a times increase to expand quadrat-level estimates of change to the
beach level. These values were calculated from model means that correct for differences
in quadrat volume and sample size for all measured values at all sites between 2014 —
2019. In all cases model estimates were very close to empirical estimates. For each
model (wall, tending, wall x tending), we calculated the times increase by dividing the
difference between mean ‘treatment’ density and mean ‘control’ density after treatment
was initiated by the same difference before treatment was initiated. For the legacy effect
models, mean density at each walled site was divided by mean density at each non-
walled site, for each year before restoration was initiated. Species-specific differences
were calculated from empirical data as models did not converge for individual species.

All data were corrected for quadrat volume and weighted based on sample size.
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Nonmetric Multidimensional Scaling (nMDS)

To examine the variation in species composition across sites and status (clam
garden, non-walled) we used nonmetric multidimensional scaling analysis (nMDS)
(stress = 0.10). We used a similarity percentage analysis (SIMPER) to determine the

species most strongly influencing dissimilarities among groups.

Both the analyses for invasive species and clam biomass had confounding
factors (poaching and harvesting events) and a high percentage of zeros that limited our
ability to analyze these particular response variables at the landscape scale. We did not
explore these analyses further in the main text but see Supplemental information (for
site-specific and tidal height specific analyses on invasive species (Section 2.6.4), and

descriptive plots of clam biomass (Section 2.6.3).

2.4.6. Sediments

To examine differences in sediment across sites we used nMDS and SIMPER
analyses. We fit sediment characteristics onto the ordination scores for clam community
composition to explore how difference in sediment correlated with species composition.
See Supplemental information (Section 2.6.5) for more detailed description of sediment

characteristics across sites and analysis results.
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2.6. Supplemental Information

2.6.1. Additional Methods Details

Research setting

Coast Salish territories, spanning the waters and adjacent lands of what is known
today as the Salish Sea, Puget Sound, and the Strait of Juan de Fuca, were some of the
last to be settled in North America with Fort Victoria established in 1843. While
settlement occurred late, it expanded quickly. In under 200 years the territory of Coast
Salish Nations is now the location of two rapidly growing urban centers, seven major port
cities, three National Parks, and nearly 9 million people - less than 1 percent of whom
are Indigenous. Coast Salish Nations and families were split into colonially designated
Bands (or Tribes), and by the Canada-US border.

Two historic Coast Salish Nations are leading clam garden restoration in the
southern Gulf Islands: the Historic Cowichan Nation (Cowichan, Penelakut, Halalt,
Lyackson, and Stz’'uminus), and the WSANEC Nation (Tsawout, Tsartlip, Pauquachin,
and Tseycum), both of whom have territory in what is now Gulf Islands National Park
Reserve (GINPR). This includes 9 modern day bands each with their own governance

system.
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Study design

Table 2.6-1  Site Specific tidal height ranges for relative tidal height stratum.

Site Tidal Ranges (meters from Chart Datum)
Low Med High
Fulford (Clam garden) 05-0.85 0.85-1.05 1.05- 1.62
Winter Cove 0.40-0.8 0.8-1.34 1.34 - 1.62
Cabbage 0.15-0.83 0.83-1.7 1.7 -2.54
Russell (Clam garden) | 0.45-0.57 0.57-0.90 0.91.5
Restoration

Beginning in 2015, more than 400 IKWG and participants, researchers, and
volunteers contributed to restoration, with an average of 131 Indigenous participants and
70 Indigenous youth on the land each year. Rock walls were rebuilt at two experimental
clam garden sites to heights between 0.8 m — 1.0 m above chart datum (Figure 2.6-1 B),
consistent with the tidal range of skw’lhey’ (Pacific littleneck clam, Leukoma staminea)
and s’axwa’ (butter clam, Saxidomus gigantea) (Table 2.6-2) and observations on parts
of the coast where clam terraces continue to host high densities of clams (Groesbeck et
al. 2014; Jackley et al. 2016). We moved rocks and cobbles from the intertidal and
subtidal beach surface by hand, carefully adding them to the low tide ancestral wall
(Figure 2.6-1 C&D). We reconstructed over 325 m of wall over 1,000 person-days across
both sites. Following the guidance of knowledge holders, care was taken to protect
critical portions of the structure, including breaks in the wall that serve to promote water
flow and act as canoe runs (Augustine, Stocks, and Slade 2023; H-GINPR Committee
2021).
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Figure 2.6-1

e . - e - - -

Beach tending activities. (A) IKWG member carefully adds a rock to the
wall so it will endure through winter (2) Two Parks Canada staff position
new rocks on an ancient wall. (C) Clam gardeners /IKWG members till the

sediments at a non-walled reference site. (D) IKWG member removes
excess algae from a clam garden terrace to be distributed through the

nearshore forest. Images A, B & D) credit to Parks Canada, Image C) by

author.
Table 2.6-2 hul’q’umi’num’, SENCOTEN, common and scientific names for
native clam species found in Coast Salish clam gardens.
hul’q’umi’num’ SENCOTEN Common Scientific
S'axwa’ S'OXE Butter clam Saxidomus gigantea
Skw’'lhey’ SQLA] Littleneck clam Leukoma staminea
Sweem SWAAM Horse clam Tresus capax
Stl'ula’um STELOEM Cockle Clinocardium nuttallii
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2.6.2. Supplemental Figures and Tables for Restoration Analyses

Legacy effect

Table 2.6-3

Difference in clam density due to clam garden effect prior to
restoration, or legacy effect, for all sizes of native harvestable clams
(butter, littleneck, horse, cockle). Clam densities are estimated model
means from legacy effect model. Times increase is the quotient of the
average density of clams at a clam garden divided by the average density
at a non-walled beach.

Year Relative | Clam Clam Non- Non-walled | Times
tidal garden Garden walled Mean increase
height site Mean compared

2015 High Fulford 478 Winter 0.06 80.2

Cove
2016 High Fulford 4.39 Winter 0.39 11.2
Cove
2016 High Fulford 4.39 Cabbage 0.08 56.0
2015 High Russell 3.41 Winter 0.06 57.3
Cove
2015 Mid Fulford 2.82 Winter 0.65 4.3
Cove
2016 Mid Fulford 3.63 Winter 2.22 1.6
Cove
2016 Mid Fulford 3.63 Cabbage 1.26 2.9
2015 Mid Russell 3.96 Winter 0.65 6.1
Cove
2015 Low Fulford 2.31 Winter 277 0.8
Cove
2016 Low Fulford 343 Winter 2.09 1.6
Cove
2016 Low Fulford 3.43 Cabbage 2.76 1.2
2015 Low Russell 0.61 Winter 2.77 0.2
Cove
All 19
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Table 2.6-4 Estimated values (with 95% CI) resulting from paired comparisons
that assess the ‘legacy’ effect of clam garden sites versus non-
walled beaches prior to restoration within tidal zones. The estimate is
the median difference of differences in the posterior estimates of native
harvestable clam densities (with 95% CI). Visualized in Figure 2.6-3.

Relative
Non-walled | tidal Conclusion

CG Site | Clams Year compared height Estimate | Iwr upr supporting
Fulford Allsizes | 2015 | Winter Cove | High 4.50 2.64 | 8.07
Fulford All sizes | 2016 Winter Cove | High 3.85 212 | 6.84

Legac
Fulford All'sizes | 2016 | Cabbage High 415 251 | 7.11 Eff?act !
Russell | Allsizes | 2015 | Winter Cove | High 2.93 172 | 511
Fulford All sizes | 2015 Winter Cove | Mid 2.08 0.91 3.93
Fulford All sizes | 2016 Winter Cove | Mid 1.33 -0.65 | 3.95 | No effect
Fulford | All sizes | 2016 | Cabbage Mid 2.27 0.61 | 470 | Legacy
Russell | Allsizes | 2015 | Winter Cove | Mid 319 150 | 580 | FEfect
Fulford All sizes | 2015 Winter Cove | Low -0.42 -2.36 | 1.28
Fulford All sizes | 2016 Winter Cove | Low 1.27 -0.68 | 3.68

No effect
Fulford All sizes | 2016 Cabbage Low 0.62 -1.50 | 3.11
Russell All sizes | 2015 Winter Cove | Low -2.07 -4.00 |-0.90

Table 2.6-5 Average densities of native clam species (butter, pacific littleneck,
horse clams and cockle) at each site in years prior to restoration
(legacy effect). Mean densities are generated from empirical data.

Status Avg
Site Years Avg native | Avg butter littleneck

Clam

Garden fulford 2015, 2016 3.31 1.64 1.11
Clam

Garden russell 2014,2015 | 2.11 1.12 0.80
Non-walled

beach winter cove 2015, 2016 1.31 0.51 0.48
Non-walled

beach cabbage 2016 1.39 0.71 0.06
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Effect of wall restoration

Table 2.6-6

Paired comparison posteriors and supporting conclusions for the
effect of wall restoration. Estimated values (with 95% CI) resulting from
paired comparisons that assess the effect of wall restoration for each size
class, site, and ‘year after restoration’. The estimate is the median
difference of differences in the posterior estimates of clam densities (with
95% Cl). Visualized in Figure 2.6-2 B.

Year
compared | Non-walled Conclusion

CG Site | Clams to before | compared Estimate | lower | upper | supporting

Fulford All sizes | 2017 Winter Cove | 3.01 082 | 8.31

Fulford All sizes | 2018 Winter Cove | 2.32 0.61 | 6.60

Fulford All sizes | 2019 Winter Cove | 5.20 1.61 | 14.22 Effect of

Fulford | All sizes | 2017 Cabbage 3.05 079 |823 | Wal

Fulford All sizes | 2018 Cabbage 1.82 0.00 |6.10

Fulford All sizes | 2019 Cabbage 4.41 0.88 | 13.06

Russell All sizes | 2016 Winter Cove | -0.15 -1.67 | 1.41 No effect

Russell All sizes | 2017 Winter Cove | -0.59 -2.38 | 0.39 No effect

Russell All sizes | 2018 Winter Cove | -0.56 -2.38 | 040 No effect
Effect of

Russell All sizes | 2019 Winter Cove | 1.92 030 | 6.04 Wall

Fulford Small 2017 Winter Cove | 4.35 239 | 7.50

Fulford Small 2018 Winter Cove | 3.84 1.88 | 6.74

Fulford Small 2019 Winter Cove | 6.26 3.36 | 10.86 Effect of

Fulford | Small | 2017 Cabbage | 4.03 242 703 | Wal

Fulford Small 2018 Cabbage 3.12 117 | 5.97

Fulford Small 2019 Cabbage 5.50 259 | 10.00

Russell Small 2016 Winter Cove | -0.13 -0.60 | 0.24 No effect

Russell Small 2017 Winter Cove | -0.08 054 |0.32 No effect

Russell | Small 2018 Winter Cove | 0.01 -0.64 | 0.69 No effect
Effect of

Russell Small 2019 Winter Cove | 2.57 1.06 | 5.26 Wall
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Figure 2.6-2 Effect of wall restoration is the within-year differences compared across years before and after restoration, for
(A) All sizes at Fulford Clam Garden, (B) small clams (<20mm) at Fulford Clam Garden 1, (C) All sizes at Russell
Clam Garden, and (D) small clams (<20mm) at Russell Clam Garden 2. Non-Walled Control used for comparison
denoted in axis label. Points denote median difference between posterior estimates with 50% and 95% CI.

48



Effect of beach tending

Table 2.6-7 Effect of beach tending. Estimated values (with 95% CI) resulting from
paired comparisons that assess the effect of beach tending for each all
sizes for each ‘year after restoration’. The estimate is the median
difference of differences in the posterior estimates of clam densities (with

95% CI)
Clam Conclusion

Site & Side Size | Year | Comparedto | Estimate | lower | upper | supporting

Fulford Active | All 2019 | Fulford Control | 0.41 -4.26 5.90 No effect

Fulford Active | All 2018 | Fulford Control | -0.15 -4.11 3.45 No effect

Fulford Active | All 2017 | Fulford Control | -0.29 -4.93 3.40 No effect

Fulford Active | All 2016 | Fulford Control | 0.39 -2.09 3.58 No effect
Russell

Russell Active | Al 2019 | Control 1.07 -1.65 6.48 No effect
Russell

Russell Active | All 2018 | Control 0.19 -143 2.26 No effect
Russell

Russell Active | All 2017 | Control -1.49 -4.84 -0.10 Negative effect
Russell

Russell Active | All 2016 | Control -0.21 -2.71 2.07 No effect

Cabbage Cabbage

Active All 2019 | control -0.58 -2.68 1.30 No effect

Cabbage Cabbage

Active All 2018 | control -0.88 -3.19 0.58 No effect

Cabbage Cabbage

Active All 2017 | control -0.75 -2.85 0.57 No effect

Winter cove Winter cove

Active All 2019 | control 0.52 -0.14 1.96 No effect

Winter cove Winter cove

Active All 2018 | control 0.19 -0.65 1.38 No effect

Winter cove Winter cove

Active All 2017 | control -0.45 -1.93 0.28 No effect
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Effect of wall and tending restoration

Table 2.6-8 Estimated values (with 95% CI) resulting from paired comparisons
that assess the effect of wall and tending restoration for each size
class, site, and ‘year after restoration’. The estimate is the median
difference of differences in the posterior estimates of native harvestable
clam densities (with 95% CI). Visualized in Figure 2.6-3 B.

Year

CG Site & compared | Non-walled Conclusion

Side Clams | to before | compared Estimate | lower | upper | supporting
Winter Cove

Fulford Active | All 2019 Control 5.50 1.75 14.22 Effect
Winter Cove

Fulford Active | All 2018 Control 2.22 0.12 7.18 Effect
Winter Cove

Fulford Active | All 2017 Control 2.33 -0.19 7.92 No effect
Winter Cove

Russell Active | All 2019 Control 2.32 -0.06 8.52 No effect
Winter Cove

Russell Active | All 2018 Control -0.75 -3.57 0.96 No effect
Winter Cove

Russell Active | All 2017 Control -2.06 -5.55 -0.47 No effect
Winter Cove

Russell Active | All 2016 Control -0.81 -3.69 1.49 No effect
Winter Cove

Fulford Active | Small | 2019 Control 6.79 3.29 12.58
Winter Cove

Fulford Active | Small | 2018 Control 3.80 1.64 7.33

Effect

Winter Cove

Fulford Active | Small | 2017 Control 413 2.05 1.72
Winter Cove

Russell Active | Small | 2019 Control 3.59 1.43 8.37
Winter Cove

Russell Active | Small | 2018 Control -0.02 -1.09 1.08 No effect
Winter Cove

Russell Active | Small | 2017 Control -0.31 -1.14 0.22 No effect
Winter Cove

Russell Active | Small | 2016 Control -0.27 -1.06 0.29 No effect

50




=]

th

,

——]
——

——-—

change in estimated mean clam density
compared to before years
i

2016-before 2017-before 2018-before 2019-before 2017-before 2018-before 2019-before

Year compared Year compared

@)
o

oo
ce

I
"

change in estimated mean clam density
compared to before years

A

2016-before 2017-before 2018-before 2019-before 2017-before 2018-before 2019-before
Year-Site compared Year-Site compared

Figure 2.6-3 The effect of wall & tending restoration is the within-year differences compared across years before and after
restoration, for (A) All sizes and (C) small clams at Russell (Clam garden), (B) All sizes and (D) small clams at Fulford
(clam garden). Winter cove (Non-Walled beach) used as comparison. Points denote median difference between
posterior estimates with 50% and 95% CI. Corresponding values and conclusions supporting shown in Table 2.6-8.
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Community Similarity Analysis

Year

2014
2015
2016
2017
2018
2019

* B 4+ = e

Beach
* russell
fulford

* cabbage
* winter cove

NMDS1

Figure 2.6-4 Clam community composition by site. Points denote dissimilarity
estimates assessed for each quadrat. Points that are closer together have
more similar composition than those spaced farther apart. Species that
explain that differences in composition are named while the strength of
their influence is indicated by the size of the arrow. Coloured ellipses
denote communities organized by specific sites. Overlapping polygons
show similar community composition while distinct polygons illustrate
divergence in observed species composition.

Table 2.6-9 Species contributing to dissimilarities in clam species composition
between clam gardens and non-walled beaches. Values are percent
contributions to dissimilarity. Species contributing >1% shown.

Species Species contribution | Standard deviation | Cumulative
to average between of contribution contribution
group dissimilarity

Macoma sp 0.208 0.147 0.321

Butter 0.119 0.125 0.505

Varnish 0.114 0.192 0.68

Littleneck 0.091 0.1 0.821

Cockle 0.036 0.073 0.877

Softshell 0.028 0.085 0.921

Manila 0.023 0.069 0.956

Horse 0.019 0.070 0.985
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Table 2.6-10 Species contributing to dissimilarities in species composition

among all 4 sites. Values are percent contributions to dissimilarity. Three

most influential species and contribution to average between group

dissimilarity shown.

Sites compared Species 1 Species 2 Species 3
Russell Fulford Macoma (0.192) Butter (0.138) Littleneck (0.112)
Russell Winter Cove Macoma (0.223) Butter (0.130) Littleneck (0.099)
Russell Cabbage Macoma (0.218) Varnish (0.175) Butter (0.140)
Fulford Winter Cove Macoma (0.186) Butter (0.097) Littleneck (0.088)
Fulford Cabbage Macoma (0.207) Varnish (0.164) Butter (0.111)
Winter Cove Cabbage Macoma (0.232) Varnish (0.181) Butter (0.060)

2.6.3. Description of Clam Biomass Including Harvest

Clam gardens are biocultural landscapes that are cared for with the intention of
harvesting foods; therefore, we expect that the restoration of clam garden walls and
tending practices should increase the biomass of clams. However, at this stage, the
increases in densities that we observed over the course of the study were primarily
driven by small clams (<20 mm) that had weights not detected by the scale (<0.1 g).
Additionally, an important part of beach care was harvest of large clams at both the clam
garden sites (Figure 2.6-5). Therefore, we expect that changes in clam biomass will
increase over longer time scales, as smaller size classes continue to grow and replace
the harvested adults. At this stage we did not complete a full analysis of biomass but we
include size frequency plots of legal size butter clams (Figure 2.6-6), all butter clams
(Figure 2.6-7), native harvestable clams (Figure 2.6-8), native clams (Figure 2.6-9) and
target (harvestable) clams (Figure 2.6-10) over the course of the study to show the

changes in size distributions (as a proxy for weights) over time and across sites.
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Figure 2.6-5 The summed weight (g) of native clams that were sampled (lines)
and harvested (bars) at Clam Garden Sites (Fulford and Russell).
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Figure 2.6-9 Size (mm) frequency of native clams (butter, littleneck, horse,
cockle, macoma sp.) at two Clam Garden sites (green) and non-
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Target Clam Size Frequency
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Figure 2.6-10 Size (mm) frequency of target clams (butter, littleneck, horse,
cockle, Manila, softshell, varnish) at two Clam Garden sites (green)
and non-walled beaches for all years of study.

2.6.4. Restoration Effects on Invasive Species

We were interested in exploring the effect of restoration activities, specifically
tending, on invasive clam species, Manila clams (Venerupis phippinarum), varnish clams

(Nuttallia obscurata), and European soft shell clams (Mya spp.).

We built a model of invasive clam densities as a function of the interaction
between site, year, and treatment with intertidal zone (within site) as a grouping factor
(and an offset term for quadrat volume). However, this model did not converge, likely
because invasive species occurred primarily in the high intertidal zone across all
beaches, and therefore there were many groupings with entirely zeros. Given our in situ
observations of invasive clam distribution we decided to run two additional models on

subsets of data: one on densities of all invasive clams in the high intertidal zone across
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all sites (n = 305), and one for varnish clams at one site specifically (across all intertidal

zones) (n = 191).

Models were built in a Bayesian framework with weakly informative priors using
the brms package (Burkner 2017). For both models we used four Markov chain Monte
Carlo chains simultaneously each with 2000 iterations and 1000 warm up iterations. We
achieved convergence on all four chains (rhat = 0.9994-1.0028 and rhat = 0.9996-
1.0042 for coefficient estimates respectively). All models were built using a negative

binomial error structure.

To assess the effect of treatment on invasive species, we calculated the posterior
probabilities of the within-year differences between tending and non-tending at each site,
and compared these differences across years before and after restoration. In cases
where there were multiple years of before data, yearly medians were averaged for
comparison with individual ‘after’ years. When the estimated differences (+/- 95%
credible interval) were greater than zero, we inferred a positive effect for a given

treatment.

Results: Invasive species at high tidal height

We did not find evidence for an effect of tending on invasive clam densities over
the study period (Figure 2.6-11).
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Figure 2.6-11 Effect of tending on invasive clams in the high intertidal. (A) All sizes at Fulford Clam Garden (B) All Sizes at
Russell Clam garden (C) All sizes at Winter cove (Non-walled beach) and (D) All sizes at Cabbage (Non-walled
beach). Points denote median difference between posterior estimates (with 50% and 95% CI) of the within year
differences compared across years before and after restoration.
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We ran the model with and without one sample from Russell in 2019, because it
appeared to have a disproportionate effect on the results. We found that, in absence of
this sample, we got different results for the effect of tending at Russell in 2019; without
the outlier we see a much smaller change and more uncertainty around the

presence/direction of the effect (Figure 2.6-12).

compared to before years
[42]

change in estimated mean clam density

[43]

2016-before 2017-before 201 8-befare 2011 9-befare
Years compared

Figure 2.6-12 Effect of tending with the outlier removed at Russell Clam Garden.
Points denote median difference between posterior estimates (with 50%
and 95% CI) of the within year differences compared across years before
and after restoration.

Results: Varnish clams at Cabbage

Despite an increase in varnish clams at Cabbage (Non-Walled beach) over the
study period, we did not detect an effect of the tending treatment on varnish densities at
any tidal height (Figure 2.6-13). Importantly, between sampling in 2017 and 2018 (one
year after tending treatment began), there was a poaching event at the beach that would
have disturbed the sediment on both the active and the control side. This poaching
activity may confound our ability to detect an effect of tending treatment. However,

varnish clam densities on both sides of the beach were increasing in 2017 (prior to
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poaching), and decreased in 2019 after a peak in 2018 (Figure 2.6-14), which suggests

that these densities might be driven by larger-scale processes.
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Figure 2.6-13 Effect of tending on Varnish clams at Cabbage (Non-Walled Beach) at (A) low, (B) mid and (C) high relative
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Figure 2.6-14 Varnish clam densities (#/25cm?) at Cabbage (Non-Walled Beach) on
the tended (active) and non-tended (control) sides with poaching
disturbance (shown in blue) — note that in 2018 and 2019 the majority
of quadrats sampled on the active and control sides were in an area that
was subject to poaching activity.

2.6.5. Analysis and description of sediment characteristics

Restoration activities, such as fluffing the beach, were expected to alter sediment
characteristics and improve quality of sediment for native clam species, which would
lead to increased clam densities and growth rates (Salter 2018; Toniello et al. 2019). To
further explore the effect of restoration activities, including the absence of a tending
effect on clams after 3-4 years, we processed and analyzed sediment samples across all
4 sites from 2015-2020 including grain size, organic and inorganic carbon, and in 2020,

proportion and type of shell hash was measured.
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Table 2.6-11 Measured sediment grain size classes with categorization for
analysis

Grain Size Class Category for analysis

>4.75mm Pebbles
2-4.75mm Gravels
1-2 mm Gravels
500um = 1mm Sands
250 - 500 um Sands
125 - 250 um Silts

63 - 125 um Silts
<63 um Silts

Analysis: To analyze the sediment data, we grouped the sediment grain size into
categories (Table 2.6-11). Using the 2019 data, including shell hash type from 2020, we
performed an ordination to explore differences in sediment characteristics across sites.
We subset data to account for differential sampling for sediment grain size, carbonate
concentration and shell hash type across years. Shell hash proportion and type in 2020
were assumed to be similar to conditions experienced in 2019 by bivalves and therefore
included in the analysis. Additionally, we fit the sediment characteristics data for all years
onto the ordination results for clam species composition to explore how sediment might
explain the variation in clam communities. Sediment grain size and carbonate were
available at the stratum level by year, whereas proportion of shell hash type was at the
stratum level for 2020 only and, given that we did not observe many changes in
sediments over time, we assumed these conditions to be constant over the study period

for this analysis.

Results

Sediment characteristics varied by site, with little change over the course of the
experiment. Proportion of grain size classes remained relatively consistent within each
site over time with no notable changes to the most dominant size classes at any site
(Figure 2.6-15). Russell (clam garden) had a notably different dominant size class of
>4.75mm as compared to the other sites, whereas Fulford (clam garden), Cabbage and
Winter Cove (non-walled beaches) were more similar with silts/sands dominating. The

proportion of carbonate in the sediment at all 4 sites stayed relatively consistent over the
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course of the study, with Russell having much higher carbonate levels as compared to
other sites (Figure 2.6-16). Across all sites carbonate was highest in the high intertidal
zone compared to mid or low (Figure 2.6-17). The type of shell by weight in sediments
varied by site, but with notably higher proportion of barnacle shell at Fulford and, in
particular, Russell (the two clam garden sites) as compared to non-walled beaches
(Figure 2.6-18). The dissimilarities in sediment characteristics between Russell, Fulford
and the two non-walled beaches were visible in our nmds results and SIMPER analysis
(Figure 2.6-19, Table 2.6-12). Again, Russell appears to have relatively unique sediment
characteristics with pebbles (>4.75mm), proportion of barnacle hash, silts, and inorganic
carbon levels contributing most to the dissimilarity of Russell compared to other sites.
Proportion of barnacle shell was consistently the most influential when looking at
dissimilarity between clam gardens and non-walled beaches, contributing between 12-
19% (Table 2.6-12).
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Distribution of Sediment across Sediment Grain Size Classes, years 2015 - 2020, n = 18
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Figure 2.6-15 Sediment grain size classes from 2015-2020 at all 4 beaches. Proportion of each grain size class by weight shown
over time across sites.
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£ Sediment Carbonate by Site from 2015-2020, n = 18
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Figure 2.6-16 Proportion carbonate by weight in sediment samples from 2015-2020 at all 4 beaches.
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Figure 2.6-17 Proportion carbonate by weight in sediment at low, mid and high intertidal height pooled for years 2015-2020
at all 4 beaches (including 2 non-walled control and 2 clam gardens). Note different Y axes.
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Figure 2.6-18 Proportion of shell type by weight in sediment samples (2.00mm - 4.7mm size class) at Cabbage, Winter
Cove, Fulford, Russell in 2020 (n = 6 at each site).
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Figure 2.6-19 Sediment composition by site in 2019. Points denote dissimilarity

Table 2.6-12

estimates assessed for each quadrat. Points that are closer together have
more similar sediment compisition than those spaced further apart.
Calculated based on euclidian distances.

Sediments contributing to dissimilarities between sediment
composition between all 4 sites. Values are percent contributions to
dissimilarity. Three most influential sediments and contribution to average
between group dissimilarity shown.

Sites compared Sediment 1 Sediment 2 Sediment 3
Russell Fulford Silts (0.078) Pebbles (0.072) Inorganic carbon
(0.068)

Russell Winter Cove | Proportion barnacle Silts (0.098) Pebbles (0.082)
(0.186)

Russell Cabbage Proportion barnacle Pebbles (0.089) Inorganic carbon
(0.178) (0.080)

Fulford Winter Cove Proportion barnacle Silts (0.056) Sands (0.038)
(0.13)

Fulford Cabbage Proportion barnacle Silts (0.068) Proportion clam (0.039)
(0.120)

Winter Cove | Cabbage Silts (0.089) Proportion clam Sands (0.061)

(0.062)
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When linked to clam species composition data, percentage of barnacle shell in
the sediment had the strongest relationships with species present in clam gardens
versus non-walled beaches (longer arrow pointed towards clam garden sites) (Figure
2.6-20). Gravels and silts had a similar strength of correlation, with gravels correlated
with species present at Cabbage (non-walled beach) and Russell clam garden, and silts
with species present at Winter Cove (non-walled beach). Both organic and inorganic

carbon had a weaker relationship with species present at clam garden sites.
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Figure 2.6-20 Clam species composition by site and status with sediment characteristics fit onto ordination scores. Points
denote dissimilarity estimates assessed for each quadrat (bray-curtis distances). Points that are closer together have
more similar species composition than those spaced further apart. Sediment characteristics for each quadrat that
explain that differences in ordination scores are named while the strength of the correlation is indicated by the size of
the arrow (only significant relationships depicted). Coloured polygons denote communities organized by site (A) and
beach status as walled or non-walled (B). Overlapping polygons show similar community composition while distinct
polygons illustrate divergence in observed species composition.
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Discussion

Sediment characteristics are clearly distinct at Russell clam garden as compared
to both non-walled beaches, and even distinct, although less so, from Fulford clam
garden. These differences likely reflect a combination of history and site-specific
features. At Russell we observe the prominence of shell hash, higher carbonate levels
and larger sediment grain sizes, possibly reflecting a legacy of historic clam tending
practices, compared to industrial histories at the other sites. Russell also has two rocky
outcrops with lots of barnacles that are likely driving the presence of barnacle shellhash
at this particular site. The proportion of barnacle shell appears to be one factor creating
desirable sediment conditions for the species of clams found at clam gardens (native,

harvestable species).

The 4 beaches have different histories of industrial activity that would’ve altered
sediments characterisitcs and we hypothesize continue to impact sediment conditions
today. Cabbage and Winter Cove have histories of commercial clam digging. Fulford has
a history of logging upstream and commerical clam digging. Within the region industrial
clamming, notably for non-native species, expanded throughout the 1900’s with little
regulatory oversight, increasing in intensity with the lifting of tariffs in the 1930’s (Hayes
et al. In Press). In the 60’s and 70’s, the advent and proliferation of hydraulic diggers
removed 90 percent of clams from all beaches harvested (Quayle and Bourne 1972).
Hydraulic hoses work by liquifying beaches to separate the lighter clams from heavier
sediments and in the process alter sediment matrices (Quayle and Bourne 1972). This
method quickly gained a reputation for killing beaches and preventing the natural
reseeding of beaches (Fediuk 2011; Snow 1963). In addition to commercial clamming,
extensive logging and oceanside development were profuse throughout the 1900’s,
featuring practices that can suffocate benthic organisms, create anoxic conditions, and
displace larger gravels (Quayle and Bourne 1972) — all of which can be associated with
impacts to biotic and abiotic communities (Gerwing et al. 2018). These industrial
histories could help explain the similar increased levels of silts and sands at Winter

Cove, Cabbage and Fulford.

Far back beyond the 1900’s, Russell and Fulford have long histories as clam
gardens (Smith et al. In Prep), and within the history of Russell there is a notable lack of

industrial clamming or logging activity. Therefore the distinct sediment characteristics at
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Russell, such as larger grain sizes and higher carbonate levels (Figure 2.6-15; Figure
2.6-16), most likely reflect a legacy of clam gardening activities. Notably Russell, and to
some degree Fulford, have high proportion of barnacle shellhash, creating favourable
conditions for clam settlement and growth. Although Fulford has a more complex history
it appears to still retain this legacy characteristic, with higher proportion of barnacle shell
compared to non-walled beaches, albeit still lower than Russell. As seen in Figure 2.2-2
in text, clam garden species composition is driven by native harvestable species such as
butter and littleneck clams, whereas non-walled beaches have more non-native and
invasive species such as Manila and varnish clams. Sediment charcteristics, reflective of
these different histories, could be facilitating differences in species compositions

between clam gardens and non-walled beaches.

At this stage, we found no evidence that beach tending changes sediment
characteristics, including grain size composition and proportion of shellhash. It is
possible that changes to sediment happen over long time scales, however it ss also
possible that some beaches will require additional interventions. For example, barnacle
populations are now low at Fulford, which limits the recovery potential of barnacle
shellhash at that site. Therefore, Fulford may be a good candidate for shellhash
additions by people. Gravel additions could also bolster tilling activity to change grain
size composition of sediments. Sediment augmentation may be a necessary aspect of

tending to restore sediments to more desirable conditions for native clam species.

Despite not documenting changes in sediment characteristics — we have still
seen an increase in small clam sizes. It is possible that the act of fluffing, while not
changing sediment composition, has reduced compaction and made it easier for clams
to settle and grow. We expect that with the return of ancestral clam garden governance
with sustained and expanded care, we will continue to see resurgence of improved
ecological conditions that will result in enhanced clam density with positive translations

for revitalizing seascapes of food sovereignty.
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Chapter 3. Ancestral mariculture cultivates
multispecies relationships and responsibilities

3.1. Introduction

With growing recognition that food systems globally must be transformed to meet
the UN’s sustainable development goals for climate, biodiversity, and justice, blue foods
derived from aquatic habitats, are being sought as low-carbon, nutrient-dense,
sustainable alternatives (Gephart et al. 2021; Golden et al. 2021; Naylor et al. 2021).
Consequently, the current focus of the blue foods agenda has been to develop and
expand novel approaches and technologies to amplify food production while supporting
resilient food systems (Gephart et al. 2021). Yet, millennia-old Indigenous mariculture
technologies and management systems offer insights into resilient whole-system
approaches to food cultivation (Trosper 2003). Here, we look at the social-ecological
relationships within a Coast Salish mariculture system through multiple lines of evidence
drawn from diverse knowledge systems to reveal key characteristics of resilient food

systems.

From a western science perspective, food systems include the processes and
infrastructure needed for food production, processing, distribution, consumption, and
disposal (Pothukuchi & Kaufman, 2000). Resilient food systems are required to ensure
food security in a future that promises continued disruptions to food producers and
supply chains. Ocean-grown foods, in particular, are disproportionately cultivated by
small scale actors (Short et al. 2021), and this recognition has included calls for
improved health, access, and benefit for place-based Indigenous communities to/from
their traditional ocean-based foods (Bennett et al. 2018; Soma et al. 2022, 2024).
Among Indigenous food sovereignty practitioners, food is viewed as a sacred gift from
the creator that comes with the responsibility to nurture healthy, interdependent
relationships with the land, plants, and animals that provide (BC Food Systems Network
2008; Coté 2016; Kamal et al. 2015; Maudrie et al. 2021). To cultivate and restore
resilient food sources, contextualizing food within the social-ecological system (SES)

from which it is produced can reveal the characteristics that foster resilience.

Resilience is understood in academic literature as the ability of a system to

absorb disturbance and to reorganize (i.e., adapt) while retaining its defining
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characteristics (function, structure, identity, and feedbacks; Holling 1973; Walker et al.
2004). By viewing food systems as complex adaptive systems we can connect how
outcomes, such as biomass of food, and emergent characteristics, such as resilience,
are the product of the interactions and feedbacks among system components (Biggs et
al. 2012; Ostrom 2009). For several decades scholars have looked to Indigenous
communities of the northeast Pacific for examples of resilient social-ecological systems
(Atleo 2012; Trosper 2002, 2003). The persistence of these communities over more than
13,000 years (Croes et al. 2008; McLaren et al. 2019), with evidence of ongoing
sustainable food harvests for target species (Campbell and Butler 2010; Toniello et al.
2019), points to examples of resilience with lessons to offer (Turner and Spalding 2013).
Here we apply this foundational concept of resilience to an Indigenous food system and

critically examine it with Indigenous methodologies.

Clam gardens are a form of Indigenous mariculture technology that have been
around for millennia (Lepofsky et al. 2015), demonstrating their capacity for resilience
amid sea level change, different climatic conditions, and disruptions to ocean conditions
(Smith et al. 2019, In Prep; Toniello et al. 2019). Since their re-discovery by Western
scientists in the early 2000’s, ecological research has revealed that clam gardens create
conditions that double clam growth rates, and double to quadruple clam biomass
(Groesbeck et al. 2014). Their rock wall and terraced beach structures promote
increased water flow (Salter 2018) and buffer temperature extremes (Salter 2018;
Shaver 2023). Previously, Indigenous knowledge in places with dropping sea levels has
emphasized the importance of gardens for clams (Deur, Dick, Recalma-Clutesi, et al.
2015). Yet in Coast Salish territory where sea levels have been rising, hul’q'umi’'num’
people describe these places as ‘sea gardens’, as social-ecological systems that include
the cultivation of not just clams but many species, and the care of many landscapes
together, which make them a thriving food system (H-GINPR Committee 2021).

We bring together Western (ecology) and Indigenous methodologies (Hatch et al.
2023; Reid et al. 2020; Tengod et al. 2014) to explore the social-ecological composition,
interactions, priorities, and context that make sea gardens a resilient social-ecological
food system. Specifically, we use ecological surveys, stable isotopes, my positionality as
a hul’q’'umi’num’ person, and teachings from my Elders. In collaboration with knowledge
holders from the Cowichan Nation, we asked 1) How do important ancestral sea garden

foods and strongly interacting species vary across sites and seasons?, 2) How are these
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foods/species interconnected, ecologically and socially?, 3) How does the biomass of
foods change across this seascape seasonally and how does that influence seasonal
food gathering practices both now and in the past? These objectives, as well as the
experimental design, analysis, and synthesis were based on Indigenous knowledge held
by lead author Augustine and shared by Cowichan and WSANEC knowledge holders
through the clam garden restoration project (for a complete list of co-development
activities see Augustine, Stocks, and Slade (2023) (Fediuk 2011; H-GINPR Committee
2021; Olsen 2019).

3.2. Methods

3.2.1. Coast Salish Sea Garden Seascape

This work took place at four sites within an Indigenous food system embedded
within Coast Salish territory, on the west coast of what is now known as British
Columbia, Canada. Two of the sites are 1 and 4 thousand years old (Smith et al. In
Prep), and are under active restoration as part of the ‘Clam Garden Restoration Project’
led by Historic Cowichan Nation®, WSANEC Nation, and Parks Canada. The other two
sites are within 3-4.5 km and can be reached within a one-hour canoe paddle from the
restoration sites and each other. All four sites could be harvested within a single low tide
trip (Fediuk 2011) and were governed by ancestral laws and kinship networks, making
them part of a Coast Salish sea garden food system. All sites exhibit similar intertidal
and nearshore subtidal rocky reef characteristics adjacent to intertidal soft sediment

clam beaches.

3.2.2. Seasonal Variation in Sea Garden Ecological Community

To assess seasonal variation in the density of culturally and ecologically
important species in this Coast Salish sea garden seascape, we conducted non-
destructive subtidal surveys during high tides monthly from April — September in 2018
and 2019, and once in February 2020. Twelve 1m? quadrats were haphazardly

distributed along the submerged portion of the sea garden rockwall, between +0.5m to -

6 Cowichan Nation includes 5 modern bands: Cowichan Tribes, Stz’'uminus First Nation, Halalt
First Nation, Penelakut First Nation and Lyackson First Nation. Cowichan people speak the
hul’q'umi’num’ language.
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2m chart datum. Each quadrat was placed 5-10 fin kicks apart depending on the width of

the wall.

All understory kelp species were identified and counted in each quadrat. The
stipe or blade lengths of 30 individuals were measured per species and quadrat. Kelps
under 15cm were counted as ‘juvenile browns’ as species specific identification at and
below this size is unreliable. Macroinvertebrates were identified and measured to the
neared mm except Cucumaria miniata which were largely cryptic. Canopy kelps were
counted using 2 x 20m transects swum on SCUBA by paired observers at a depth of

approximately -2.0m.

Intertidal clams were surveyed at restoration sites once annually, during daytime
low tides in June or July, from 2014-2019. Clams were sampled using quadrats (n=48)
randomly stratified by tidal height with all individuals identified, measured and weighed
(for detailed methods see Augustine Chapter 2). Clams were not surveyed seasonally as

adult clams tend to vary more across years and sites than seasonally within site.

3.2.3. Food Web Relationships

We investigated the feeding and behavioural relationships among culturally and
ecologically important species at two active restoration sites by drawing on three lines of
evidence. First, we considered species presence and distribution via ecological surveys
(as described above). We also quantified variation in carbon and isotopic signatures
through stable isotope analysis, with 8'3C indicating dietary sources assimilated by each
consumer, and 8'N signifying their relative trophic position (Peterson and Fry 1987).
Lastly, we expanded our assessment of a sea garden interaction web by contextualizing
current sea garden feeding and behavioural interactions with Coast Salish knowledge of
optimal sea garden function. This knowledge was shared by Cowichan and WSANEC
Elders and knowledge holders who have extensive lived and multigenerational
relationships with these plants, animals, and places that describe how flourishing sea
garden systems function (Fediuk 2011; H-GINPR 2021; Olsen 2019).
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Stable Isotope Collection & Analysis

To elucidate the trophic level and dietary sources of 16 ecologically and culturally
important sea garden food sources, we collected individuals from across two active
restoration sites in July 2021. Ancestral Coast Salish seafoods spanned multiple trophic
levels, including primary producers, filter feeders, detritivores and predators. When
possible, we collected 10 individuals per species per site. When limited by variability in
the presence and abundance of each species across sites, our sample sizes were

smaller and restricted at some sites (Table 3.6-2).

Specific muscle tissue types were dissected from each consumer based on
tissue turnover rates and the literature, while sections of blade were dissected from
individual kelps (see Table 3.6-2 for tissue type). All tissue was acid-rinsed in 10% HCI
followed by deionized water, dried at 658°C for 24 h, individually ground, weighed, and
packaged in 835 mm tin capsules for stable isotope analysis. To quantify the variation in
the isotopic signature of particulate organic matter (POM), aliquots of 2.5L of seawater,
collected between 3-10 m depth, were filtered through 0.53-Im pre-combusted GF/F

filters, immediately frozen, then thawed and dried in the lab.

Samples were analyzed using a PDZ Europa ANCA-GSL elemental analyzer
interfaced to a PDZ Europa 20-20 isotope ratio mass spectrometer by the Stable Isotope
Facility at the University of California Davis. For each sample, approximately 1.0 mg of
tissue was analyzed for §'3C and §'°N. All isotopic results are expressed as & values in
parts per thousand (%) relative to internationally known standards, Vienna-Pee Dee
Belemnite limestone (VPDB) for carbon and atmospheric N2 for nitrogen. Duplicate

values were obtained for 30 samples for quality assurance.

To examine dietary sources and trophic position of sampled sea garden species,
we created a scatter plot of §'3C and §'°N values and species-specific means. The
carbon isotopic signature of each consumer was used to infer the relative contribution of
kelp vs. phytoplankton-derived carbon assimilated by consumers, while their nitrogen

isotopic signatures were used to infer their trophic level.
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3.2.4. Ancestral Coast Salish Seasonal Harvest & Clam Cultivation
Practices

We generated a hul’q'umi’num’ seasonal harvest wheel through the author’s
knowledge gained through 15 years of training as a hul'q'umi'num’ seafood gardener, as
well as conversations with family and teachers. We also analyzed hul’q'umi’num’
knowledge interviews for evidence of seasonal harvest and caretaking practices (Fediuk
2011). Many of these teachings are information that author Augustine was expected to
draw on while guiding clam garden restoration in her territory and other territories. These
teachings and experiences are also summarized in reports prepared for public
audiences that summarize hul'q'umi'num’ and WSANEC knowledge related to clamming
and clam gardening in Coast Salish territories (HLRS 2021; Olsen 2019). To assess
aspects of social-ecological resilience of the sea garden food system, we analyzed
hul'q’'umi’num’ caretaking practices of human-clam relationships using the resilience

principles outlined in Biggs et al. (2012).

3.2.5. Relative Seasonal Availability of Contemporary Seafoods

To examine seasonal ‘food availability’ we used species-specific density
estimates and length-weight regressions (Cline 2023; Augustine unpublished data, and
Table 3.6-1) to calculate area-specific biomass of species that are important foods for
humans. To account for variation, we averaged across survey years. To estimate total
food availability within this sea garden seascape, we summed the average observed
biomass of all subtidal edible kelps and invertebrates across all 4 sites within a month in
the surveyed area (when necessary, we standardized this value to g/50 m?). We also
estimated clam biomass from multiple intertidal survey years during summer low tides
and summed the average observed biomass of targeted clam species across all 4 sites
during a peak harvest month. We scaled biomass estimates to the habitat area to
provide an illustration of the volume of food produced today through an ancestral Coast
Salish food system. Area estimates for soft sediment and rocky intertidal habitats were
drawn from geo-rectified drone imagery, habitat maps, and archaeological reports (Table
3.6-3 A-C). These estimates are meant to reflect the experience of a harvester who,
when collecting foods, would likely visit multiple nearby locations to care for and harvest
distinct seafoods. Therefore, our biomass estimate of total available seafoods is

intended to depict what a harvester could encounter.
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3.3. Results

3.3.1. Sea Garden Ecological Community

Within four Coast Salish sea gardens, we identified 37 Indigenous seafood
species that contribute to this food system. While some of these are known as survival
foods (editable but not sought after), 15 continue to be desired and/or targeted today.
We detected strong seasonal variation in the presence, density, and biomass of
culturally and ecologically important rocky reef associated seafoods (kelp and
macroinvertebrates) across sites and seasons (Figure 3.3-1; Figure 3.6-1Figure 3.6-2).
We also found variation in the density of soft sediment associated seafoods (harvestable
clams) across sites and years (Figure 3.3-2; Figure 3.6-1Figure 3.6-2). Specifically, there
were greater densities of butter and littlenecks clams compared to other clam species,
with non-native Manila clams increasing in 2019 at Russell (Figure 3.3-2). Across years
we detected a 3.6-fold increase in the density of all clam species, except horse clams, at
both sea garden restoration sites. This increase can be attributed to an increase in small
(2-20 mm) butter clams. As of 2019, no change in clam biomass had been detected
(Chapter 2).

Species-specific densities varied across sites. For instance, edible kelp densities
were 2.5 - 3.1 fold greater at Russell compared to all other sites across all months
(Figure 3.3-1 K,L), while Parastichopus californicus (giant sea cucumbers) were
predominantly found at Fulford & Isabella (Figure 3.3-1 ). Some species, such as
Mopalia chitons, varied in relative abundance between sites during different months
(Figure 3.3-1 E), while species such as Cucumaria miniata (red sea cucumber) and
Pododesmus macroschisma (false jingle), known as ‘survival foods’, were detected in
highest abundance during the winter months with low kelp coverage (Figure 3.6-1 A, G,
I). There were notably low or missing densities of important food species, such as
Strongylocentrotus purpuratus and S. droebachiensis (purple and green sea urchins

respectively), regardless of site or season (Figure 3.3-1 G, H).
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Figure 3.3-1 Seasonal variation in sea garden food species and strong ecological interactors. Monthly mean densities (+/-
SE) of sea garden predators (A-D), herbivores (E-H), detritivores (1,J) and kelp (K,L) measured by subtidal SCUBA
surveys at four Coast Salish sea garden sites from 2018-2020 (see Table 3.6-1 for specific species and species

groups).
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Figure 3.3-2 Annual variation in harvested clam species. Annual mean densities
(+/- SE) of native (butter, littleneck, horse, cockle) and introduced (Manila)
clams measured at two different sites from 2014-2019. Sea garden
restoration activities, including reconstruction of a rock wall, began before
data collection in 2016 at Russell and before data collection in 2017 at
Fulford.

3.3.2. Food Web Relationships

Isotopic analysis of end members showed distinct carbon signatures between
pelagic primary producers (POM: -21.5 to -19.9%0) and kelp-derived organic carbon (-
14.9 to -10.6%0). Among the seaweeds, sea lettuce (Ulva spp.) was found to be
depleted in the heavy isotope of carbon, with isotopic signatures ranging between -20.6
to -12.5%o0, (Figure 3.3-3). All upper-level consumers (detritivores, and predators) were
positioned towards the right of the §'3C axis, suggesting that they assimilate a relatively
high proportion of kelp-derived organic carbon. Filter-feeding clams (Saxidomus
gigantea, Leukoma staminea), rock scallop (Crassadoma gigantea), and barnacles
(Semibalanus balanoides), however were positioned along the centre of the x-axis
suggesting they are assimilating approximately equal proportions of both pelagic and
benthic sources of carbon.
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Among the consumers sampled, red rock crab (Cancer productus) had the
highest §'°N signatures (11.2-12.8%o0), occupying the highest trophic position of sampled
predators. The leafy hornmouth (Ceratostoma foliatum) and dogwinkle (Nucella
lamellosa), both predatory snails, had 8'°N signatures ranging from 9.46 to 11.3%o,
suggesting they are mesopredators in this food system. Ochre stars (Pisaster
ochraceus) had even lower §'°N signatures of 9.0-10.7%o0, with §'°N levels more similar
to that of the detritivore California sea cucumbers (P. californicus) (9.0-11.0%o0) and

grazing mossy chitons (Mopalia muscosa) (8.5-11.1%o0).

There were also several species important to sea garden function and resilience
that were missing from current sea garden systems and consequently, our isoscape
(Table 3.3-1). Strong interactors and predators such as sunflower stars (Pycnopodia
helianthoides), sea urchins (Strongylocentrotus purpuratus, S. droebachiensis and
Mesocentrotus franciscanus), octopus (Enteroctopus dofleini), and sea otters (Enhydra
lutris) are all notably absent from the sea garden food web as described in the §'*C and
8'°N isoscape (Figure 3.3-4), in contrast to the feeding relationships revealed by

Indigenous knowledge.

85



12.54

10.04

7.54

515N (%o AIR)

5.04

2.5

4

Mesopredators

‘ 4 Red Rock Crab

@ Ochre Star
@ Leafy Hommouth

’ - Wrinkled Dogwinkle
s Mossy Chiton
l ) Filter Feeders
Butter Clam

: I
'.' Littleneck Clam
* l 4@ Rock Scallop
1
i

Acorn Barnacle
Detritovores
- California Sea Cucumber

@ Red Sea Cucumber

Primary Producers
@ Bull Kelp
@ Sugar Kelp
4 Sea Lettuce
@ POM

Site
@® Fulford
A Russel

-20.0 —1%.5 —15'3.0 -1é.5
513C (%o VPDB)

Figure 3.3-3 Sea garden feeding interactions. Mean +/- SD of Stable isotopes of key

sea garden food species and strong interactors collected from two walled
sea garden sites. All upper-level consumers (detritivores and predators)
are positioned towards the right of the 613C axis, suggesting that they are
assimilating a relatively high proportion of kelp-derived organic carbon.

86



Trophic Jo ) e
Level ' /

NS Interactions

" Present

Missing

L

Figure 3.3-4 Sea garden interaction web highlighting strong feeding and
behavioral interactions (solid black line), lost interactions (grey
dotted lines) and missing species (greyed out). Interactions based on
evidence from Indigenous and western knowledge (see Table 3.6-1 for
complete list of species names).

3.3.3. Ancestral Coast Salish Seasonal Harvest & Clam Cultivation
Practices

Ancestrally, Coast Salish food systems included year-round harvest that shifted
focus among seafoods seasonally (Figure 3.3-5 A; Figure 3.3-1; Full species list with all
names in Table 3.6-1). Spring was dominated by harvest practices that took advantage
of daylight low tides throughout the Gulf Islands to access intertidal shellfish, such as
xulum’ chitons, s-eyo'abalone, kwuneem-mun' scallops, and ey’x crabs, and new growth
of annual, high intertidal seaweeds such as /hug’us red laver and sea lettuce. It was also
a time when people developed technologies to collect the spawned eggs of slhewut'

Pacific herring aggregations, a pelagic fish that migrates from open ocean habitat to the
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coast each spring to spawn. Spring was also the time to take advantage of new
terrestrial plant growth, with the thqui’ (edible shoots) and flowers bringing the first
vegetables of the year. By June, focused harvest shifted to those species only available
at most extreme low tides such as pun'eq geoduck, qumine' gooseneck barnacle and
kwuneem-mun'r scallops. g'am'bull kelps, lhug’us nori and gw'agwugw rockweed
seaweeds were also prized in June, hitting peak size and not yet dried from low tide
exposure (Table 3.3-1). While opportunistic or survival harvest occurred year-round,
most shellfish and seaweed harvesting paused during summer months. Households
transitioned to harvesting on Fraser and Cowichan rivers as salmon runs arrived one
after another starting from the time the lila’ salmonberries came out (June) through
September (Table 3.3-1, Figure 3.3-5). Summer was also the season with the greatest
abundance of plant foods with abundant harvests of berries and reeds. With fall came a
return to salmon-bearing streams closer to winter village sites and the harvest of the
year’s final plants. The arrival of kw’a’luhw chum salmon on winter rivers marked a
transition to ha’put deer and kwewe uts elk. Some people harvested marine mammals
such as ‘e s-hw harbour seal and whales through fall into the winter. Much of the
intensive clamming (Table 3.3-2) was done in the colder months during low tides in

November — January (Table 3.3-2).
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Figure 3.3-5 Seasonal availability & harvest of sea foods in a Coast Salish sea
garden food system. a) hul'q'umi’num’ seasonal harvesting rounds
depicting seasonal intervals that foods are available, harvested, and
managed (also see Table 3.3-1), b) kelp biomass (g/50 m?), c)
macroinvertebrate biomass (g/50 m?), d) kelp, macroinvertebrate and
clam biomass. Panels b & ¢ show total monthly biomass (g) of food per
50 m? surveys across all four sea garden sites from 2018 -2020 (No
surveys took place in March, Oct, Nov, Dec or Jan). Panel d combines
panels b & c with average clam biomass available; clam biomass was
surveyed in summer tides but is visualized in winter due to timing of
harvest. Biomass was standardized to the same survey area as kelps and
invertebrates (g/50 m?).
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Coast Salish people developed specific care-taking practices that maintained
resilient sea garden food systems. Broadly, important food beaches often had special
care and access conditions. For example, many sites were under the designated care of
a particular family, while others were prioritized for winter foods for an adjacent village
(Table 3.3-2). In addition to site-specific access, families maintained proprietary care
techniques, food preservation methods, and preferred foods (Table 3.3-1,Table 3.3-2).
Clams were often reseeded in areas with lower densities, beaches were passed by
when they showed indications of recent harvest, and clam sediment was enhanced by
returning shells to the beach. When clam sizes were too small, Elders taught youth to
refrain from harvesting them (Table 3.3-2). These clam-human caretaking practices
provide evidence of the key characteristics of social-ecological resilience such as
adapting harvest based on local impacts (managing feedbacks), and a willingness to

experiment (encourage learning) (Table 3.3-2).

Waterways throughout Coast Salish territory acted as primary travel routes
connecting villages, households, and harvest beaches (Table 3.3-2). While families had
proprietorship over specific beaches, seafoods were traded among families within and
among villages. Moreover, a large diversity of foods was harvested and traded, specific
to family, season, and place (Table 3.3-1,Table 3.3-2). There was strong priority on
knowledge sharing between Elders and youth with an emphasis on building keen and
multi-sensory observation techniques over repeated and frequent visits to the same
place, ensuring that care is taken when sites or species indicate that it is necessary, and
ensuring continuity of care-taking practices throughout visited areas and through time.
These practices provide evidence of movement (manage connectivity) between different
sites, people, and foods (maintain diversity and redundancy). Decentralized governance
allows management to occur by anyone engaging in gardening (broaden participation)
that occurs at nested scales of households, sites, and larger regions (polycentric

governance) (Table 3.3-2).

3.3.4. Relative Seasonal Availability of Contemporary Seafoods

The relative availability of contemporary seafoods vary throughout the seasons.
In the summer, kelps are at their largest and most dense with on average 2318 (+/- 641)
— 3210 (+/- 486) g/m? available across sites in June during the time of harvest (Figure

3.3-5 B). When scaled to the size of rocky reef habitat across all four sites in this sea
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garden food systems, this amounts to over 31,000 kg (+/- 3000 SE) of kelp available as
primary production to consumers within these sea garden food systems, from clams all

the way up to humans (Table 3.6-3 B).

As prized winter foods, clams contributed substantially to both food and
economic systems of our ancestors when many fewer foods were available. During peak
harvest months of December (Figure 3.3-5 D) we found on average 254 g/25 cm?® -145
g/25 cm?® of clam biomass at the two restoration sites (Fulford and Russell respectively).
When scaled to the size of the intertidal terrace (clam habitat) at each site, Fulford would
have 71,781 (+/- 6630) kg and Russell would have 3,171 (+/- 407) kg of clam biomass.

When examined as a whole (Figure 3.3-5 D), the seasonal variation in relative
abundance and access among seafood species becomes clear. The prominence of
kelps in these sea garden landscapes through the summer switches to clams through
the winter, with other macroinvertebrates composing substantial portions of the available
and harvested food systems that can be masked by poor visibility and are typically
harvested alongside clams or kelps. Of note are red rock crabs, an abundant species on
and adjacent to garden walls that are simultaneously a clam predator and an important
cultural food species (Figure 3.3-5 C). When scaled to the size of rock wall habitat
across all sites, we are looking at a cumulative biomass of 574.6 kg (+/-99.0) of detected
crab (Table 3.6-3 C).
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Table 3.3-1

Indigenous knowledge of seasonal harvest from Cowichan Nation

Shellfish > Mammals

Priority Food”

Spring

“Clams, you try
and get them
before the
seaweed starts to
float. If you get
them before
[then] the meat
will be nice and
white. But after
the seaweed
starts to float,
after April, then
the clams turn
green” — AS

"You want to put
clams away before
the real warm
weather came in
and pollutions got
heavy in the
water..." - JJ

"Besides
clamming you
would often get
other foods at
the same time.
Crabs, scallops
abalone, but
especially
scallops."- JJ

“We come out here right
away [beginning of April] me
and my grandfather because
we like to pick seaweeds
and we wanted to have the
best spot for camping... you
stay there till the seaweeds
are finished... You can fish
early in the morning. When
the tide starts to drop, then
you get the tools for taking
the seaweed off the rock,
then you letit dry... When
the tide comes up then you
pick them all up and... move
it up to higher ground. And
you can fish in the evening
again.” - AS

7 Most photos taken by author. Photo of cooking deer was taken and shared by John Marston. Salmon in the smokehouse and urchins were
shared by Stuart Pagaduan.
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Shellfish > Mammals

Priority Food”

Summer | “...once the “Out at the point, in | "In the summer | “Some of these places, swift
waters got too the water below low | you can’t harvest | and a bluff, is where we
warm, you water is kwuneem- | clams anymore | waited for kw'aat’ which is
wouldn’t harvest | mun’, is the because it's too | dolphin or kw'ul'akw'ut’
clams ... they, weathervane warm, but that's | which is your porpoise....
too, are making scallop. You wentin | near the time They come right along the
the spawn also. an extreme low tide. | that everyone shore and you're waiting
The clams and Early June is one of | starts chasing there with your harpoons.
the oysters.... those times. You're | the fish because | That's one of the ways we
The red tides already there the salmon are got our dolphins and
come around that | waiting for that in season now." | porpoise.” - AC
same time. So ... | lowest tide. You -JJ
everybody would | keep going,
quit harvesting checking. They're
clams. Now you'd | facing up with their
start chasing the | mouth open.” - AC
fish.”—JJ

Fall "Go clamming... “We used out there | “There’s a The grandparents went to “When the tide was
through colder to where there’s lots | known camp get them and they’d get high we couldn’t get
times, through the | of current for sea area by little home with a whole canoe clams or anything,
wintertime. It's urchins, both the islets [where] | load of sea urchins and we’d go hunting... we
easier in the red and the green did get Xi'hwa mussels, crabs, sometimes | were always on the
winter because and Ihew-qum’. there but when | | flounders and of course water you know. You

they last longer
when you take
them out of the
beach. They
could last4 -5
days depending
on the species" -
JJ

Lhew-qum,” your
bay mussels... they
grew much larger
out there compared
to home and you
can peel off a big
clump of them.”-AC

went back years
later they weren't
there. Xiihwa is
the red sea
urchin” — AC

clams.”-AC

could paddle along
shore and get deer.”
-CJ
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Shellfish > Mammals

Priority Food”

Winter

“...along the
beach, going out,
when the tide
goes out, it goes
way down. ... on
extreme low tide
you can get
pun’eq. You only
get it on extreme
low tide, minus
tide and that is
your geoduck...
you get two low
extreme low tides
ayear. Oneisin
December or
January, the other
one is June, six
months apart™-AC

“as a young boy |
remember going
fishing down the
river to go to the
bay to dig for clams
and getting oysters
and crab and we
were taught to work
with the tides
because the tide
brought us out and
then when the tide
come up ... the tide
would sort of push
us upriver. [ was
probably 10.”-CJ

“All winter we
were just eating
deer meat and
smoked fish so
when the
daytime tide
come it was
really a treat to
go out there and
get fresh clams
and fresh
oysters and
crab. That starts
around March-
CJ

“...when you went clam
digging, you dried right

there. It was important to go
up on land and get... one of
the really important things

was ocean spray shrub” -AC

“My great-grandfather
talks about harvesting
whales here. He’s
talking about the big
ones [not killer
whales]... He also
talks about harvesting
porpoises and sea
lions and seals... we
need to spear them,
harpoon them. When
they take, off the line
gets tight, really tight,
like somebody drew
guitar string where its
actually making a
noise.” -AC
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Table 3.3-2 Coast Salish management of human-clam relationships

Caring for human-
clam relationships

lllustrative hul'q'umi'num’' knowledge excerpts®

SES Resilience
Principle(s)®

Characteristic of Principle

Seafoods are the
foundation of our
livelihoods

“the oceans and the rivers were highways for harvesting, for
socializing, for visiting our relatives” — AC

“You looked after your Elders when | was growing up. That was my
project, my job. To make sure they had food, they had
everything... | used to walk down there and get clams for my
grandmother. I'd get maybe one or two buckets and bring it home
after school when the tides out. | did a lot of gathering for her” — JN

Manage connectivity

Sharing of resources, information, and
knowledge; Building and maintaining
relationships

Responsibility; Common Indigenous Law; Among
generations

Everyone used to be walking distance from clams - “Oh just going
to walk down and dig some clams” And you were always gone just
a few hours. - JJ

Manage slow variables &
feedbacks

Local harvesting and observations promote
learning; Understanding of local changes and
impacts; Adaptation in magnitude of harvesting
effort and practices

Different families have
different practices,
techniques, specialities
& timing

“All families had their own practices of how to do it’ — JJ

Certain families would do seaweed when the seaweed was in
harvestable times. It doesn’t last too long, and then you'd go off
back into harvesting clams again. - JJ

“My grandfather would harvest for the people. He was the leader.
He met a lot of elders at the time so he would bring the oysters,
clams, salmon, flounder, rock cod...he fished, he harvested. The
reason we fravelled a lot by boat is because of that. There were
seasonal types that he acquired, like you know, the four seasons
that he used for particular areas. He knew where to get it all.”-JN

Maintain diversity;
Promote polycentric
governance

Nested governance systems starting within
families; Diversity of livelihood priorities

Nested governance systems starting within
families

Diversity of seafoods and landscapes from which
they are cultivated; Nested governance systems
starting within families

8 All quotes in Tables 1 & 2 are excerpts from hul’q’'umi’num’ knowledge summary report Fediuk 2011
9 As described in Biggs et al. 2012
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Caring for human-
clam relationships

lllustrative hul'q'umi'num’ knowledge excerpts?®

SES Resilience
Principle(s)®

Characteristic of Principle

How to care for a beach

“The clams get older and there’s no more breathing room there,
and then they die. They're not being cultivated properly...where we
used to dig like in Saltspring, on the first beach and on the second
beach. | got there at one time and the clams were just laying on top
of the ground, like they just popped up and died. They're not
getting turned over properly all the time” — AS

Encourage learning &
experimentation; Manage
slow variables &
feedbacks

Willingness to experiment; Local observations;
New knowledge; Feedbacks

“The size of the clams really matters, how big a clam you take. You
can't take everything. And when you're digging butter clams ...
leave them almost two and half inches. ... Anything bigger you can
take ... You put your [small] clams back in the ground and either
step on it or bury it again, so we'll always have clams.” — AS

Promote polycentric
governance; Manage
slow variables

Nested governance systems

I'm identifying the youth...doing the same thing my grandfather
taught me... teach 'em how to save the beaches and what to watch
for. The signs that you have when you can eat it and harvest it. He
used to tell me, “you can't eat this yet. It's too small” We want to be
sure that they understand what that means. — JN

Broaden Participation;
Manage connectivity;
Manage slow variables &
feedbacks; Encourage
learning &
experimentation

Among generations; Prioritized learning of local
monitoring, feedbacks; Experimentation

“The clams and oysters — even the oysters especially would
have... would spawn, and then their spawn would have to go and
cling to different things and start growing as an oyster again. It was
a main reason you would return your shells after they would dry.
You would return your shells to the ocean.”-JJ

Manage connectivity;
Manage slow variables &
feedbacks

Recruitment patterns; Sediment quality; Among
generation observation and management

Bringing beaches back

“If you have a sandy beach.. You lay that out [gravel]. That
changes the whole approach of clams...They need to have some
of the gravel.” - JN

“...the elders will take time to clean the rocks and pile it in one area
as they're digging. They'll just keep tossin' it till it's clean. That way
it's like a garden, when you do your garden at home. They take out
the rocks and they move it to the side. You'll see the rocks piled.” —
FJ

Foster complex adaptive
thinking; Encourage
learning &
experimentation; Manage
slow variables &
feedbacks

Expectation that change will occur; Paying close
attention to changes over time; Experimentation
to adapt to changes
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Caring for human-
clam relationships

lllustrative hul'q'umi'num’ knowledge excerpts?®

SES Resilience
Principle(s)®

Characteristic of Principle

“Granny told us ..."Just keep rolling rocks in there, rocks from the
top and bring it down....so you're extending your beach™ — CJ

“Because of the turning over with a pump... it would wash away all
the minerals for the clams to where the beach was totally, you
know... It just became useless to any rehabilitation of the clam
itself on its own. All species were targeted — Manila, native, and
butter clam were really targeted with the pump” — JJ

Foster complex adaptive
thinking

Expectation of uncertainty in complex systems

Used to transplant clams between beaches and then monitor. If
they don't survive, something is wrong with that beach. - JJ

Encourage learning &
experimentation; Foster
complex adaptive thinking

Observations of slow variables; Management
experiments and continued observation in
response; Expectation of uncertainty in complex
systems

Beaches are cared for
individually

“You didn’t deplete the food at home. We saved that. If we need it,
its there so..."-AC

Promote polycentric
governance

Individualized management for specific places
within a landscape

"Our teachings were to move from beach to beach. If you came
across a beach that had been dug (and you could tell because it
had been turned over already) then you would move on." - JJ

Manage slow variables &
feedbacks; Maintain
diversity

Observations and feedbacks executed by all
participants; Clam beaches managed individually,
and within landscape collective

Clam garden on Valdez was good for when you couldn't’ get out in
the winter. Winters used to be harsher - JJ

Maintain diversity

“when you went this far, you stayed several days, made it
worthwhile. By staying there several days and drying lots of clams,
that's why you get big middens out here”. — AC

Maintain diversity;
Promote polycentric
governance

“Was one of those kind of places for my family when they were
travelling somewhere. They stop there and dig a little big (for
butters). Enough for a meal or two...” - AC

Maintain diversity;
Manage slow variables &
feedbacks; Promote
polycentric governance

“It's a tiny one, two people can dig it out in one night...” -AC

Maintain diversity;
Manage slow variables &
feedbacks; Promote
polycentric governance

Diversity of management priorities for individual
landscapes within the larger region
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Caring for human-
clam relationships

lllustrative hul'q'umi'num’ knowledge excerpts?®

SES Resilience
Principle(s)®

Characteristic of Principle

Changes to our
harvesting and
seasonal rounds

“Back then it wasn't like the way it is now. It was just a real short
period [when we couldn’t harvest due to red tide].” - JN

Foster complex adaptive
thinking

Expectation of uncertainty in complex systems

“It shows in our longhouses today, to where you're getting more of
a white man or an oriental plate served to you... and that’s taken
the place of the clam, where you know, rather than clam chowder
you're having hamburger soup, see?... The clam was the easiest
way to help along with your potlatches and longhouses and dances
and memorials. Especially at a funeral which was not expected.
You could run down to the beach, dig a bunch of clams and have,
you know, a big clam dinner, an oyster dinner, for the people that
come.” - JJ

Foster complex adaptive
thinking

Preparedness to cope with unexpected events

Engaging with youth is
important to protecting
our ways of life

I'm identifying the youth...doing the same thing my grandfather
taught me... teach ‘em how to save the beaches and what to watch
for. The signs that you have when you can eat it and harvest it. He
used to tell me, “you can't eat this yet. It's too small” We want to be
sure that they understand what that means. — JN

Manage connectivity;
Manage slow variables &
feedbacks

Among generations; Learning monitoring and
feedbacks; Ability of managers and harvesters to
respond to change

“We need to have a youth camp. Have the elders sit and talk with
them like they used to and demonstrate what we can do with our
product, such as steam our clams, bake our fish. Look at all that.
And the important part about a meal together is this: what | learned
from him is when I'm eating, and he’s talking to me, I'm digesting
his words and it sticks with me.” — JN

Manage connectivity;
Broaden participation

Among generation information sharing;
Participation of diverse users and learners
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3.4. Discussion

“The ocean is our grocery store” ~ J.N. hul’'q’'umi’num’ Elder

By drawing on Indigenous and western knowledge, and their unique
methodologies, we reveal a richer understanding of a Coast Salish food system, one that
has sustained coastal Indigenous communities in this region for at least 4 millennia
(Holmes et al. 2022; Smith et al. 2019; In Prep). Here, we show that clam gardens and
their associated care-taking practices support a resilient multispecies food system that
encompasses a diversity of seasonally available marine foods, making these gardens
actually ‘sea gardens’. Human-constructed rock walls and beach terraces, both
submerged at high tide, support 37 types of marine foods contributing to at least 2.8-3.4
kg/ m? of edible kelps, clams, and crabs available across the seascape during the peak
growing seasons of spring and summer. Our stable isotope analysis suggests that kelp-
derived organic carbon is an important source in this seascape, fueling sea garden
production from lower trophic level consumers such as red sea cucumbers and clams, to
higher trophic level consumers such as leafy hornmouth snails and red rock crab.
Considering key species interactions through the lens of Indigenous knowledge extends
both the trophic levels and temporal depth of our results, revealing that some predators,
once culturally and ecologically important players in Coast Salish sea garden food
systems, are now missing, including sea otters, sea urchins, sunflower sea stars,
octopus, and abalone. Moreover, a diversity of care-taking practices sustained these
relationships prior to the incursion of colonial laws and practices. Collectively, these
findings highlight the diversity and resilience of social-ecological relationships that exist
within this sea garden food system and illustrate the ways that multiple methodological

approaches can support their more fulsome and comprehensive restoration.

Maintaining productivity, biodiversity, and resilience of sea gardens

Our work expands on earlier scholarship by Jackley et al. (2016) to show that the
productivity, biodiversity, and resilience of sea gardens are sustained by social and
cultural interactions that create a food system seascape rich in seasonally varying
sources of food, 15 of which are targeted today. Ecological surveys, seasonal harvesting
rounds, and Coast Salish care-taking practices all provide evidence that sea gardens on

this part of the coast provide food year-round. Foundational food species such as
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salmon'® and clams are asynchronously accessible throughout the year, with salmon
most easily accessible when aggregating at river mouths in the summer, and clams most
accessible and safer to eat during winter low tides and low sea surface temperatures.
Moreover, the biomass of edible macroinvertebrates was highest in February (Figure
3.3-5 C), when macroalgal cover is lowest and macroinvertebrate detectability is thus
highest and therefore more accessible to harvest. Seasonal shifts among priority foods
is common among Indigenous land management systems both in the northeast Pacific
(Thompson et al. 2019) and elsewhere in the world (Kassam et al. 2021; Ruelle et al.
2022), likely contributing to the resilience of these food systems. In fact, asynchrony
within harvest portfolios has increasingly become identified as a source of resilience and
productivity at the aggregate scale (Moore, Connors, and Hodgson 2021; Schindler,
Armstrong, and Reed 2015). In the case of this food system, productivity was also

sustained by diverse and asynchronous sources of carbon.

We found that most of the consumers in this Coast Salish sea garden system are
fueled in large part by nearshore kelps. Because the oldest portions of these sea garden
rock walls remain fully submerged, these gardens include subtidal rocky reef habitat for
many kelps and kelp-associated species, providing a novel habitat that would not have
occurred on these soft sediment clam beaches in the absence of humans. In this part of
the coast, where sea levels are rising, clam garden walls have been built up landward
over time (Smith et al. In Prep), creating wider and deeper rocky reef habitat than sea
gardens elsewhere on the coast where sea levels are falling. Consequently, the high
proportion of consumers assimilating kelp-derived organic carbon that we document
here differ substantially from clams in clam gardens on other parts of the British
Columbia coast where relative sea levels have dropped. For example, over 150 km
northwards, on Quadra Island, clams in clam gardens are primarily assimilating pelagic

sources of carbon derived from phytoplankton (Cruz Coto et al. 2023). In both cases,

0 While many families had differing winter and spring priorities, during the time of salmon
hundreds of hul’q'umi’num’ households congregated at t/’'uqtinus, a village at the mouth of the
Fraser River, laying claim to one of the richest fishing grounds on the planet. When settlers
documented this village, they recorded 108 longhouses, indicating the expansive nature of this
permanent village even after waves of disease and warfare had killed 90 percent of many
Cowichan villages. In fact, while we now know the river named after explorer and fur trader Simon
Fraser, early explorers and settlers often referred to it as the ‘Cowichan River’, reflecting the
fierce encounters they had with Cowichans while traveling this thoroughfare.
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humans have engineered food systems that alter carbon flux and increase productivity
(Groesbeck et al. 2014; Toniello et al. 2019; Chapter 2).

In fact, humans have and continue to play key roles in shaping ecological
conditions (Atlas et al. 2021; Salomon and McKechnie 2025). Our results show that
Cowichan caretakers engaged in sea gardening by transplanting seafoods, terraforming
beaches, transporting wall and beach materials, selectively harvesting, and
experimenting in response to ecological feedbacks and previous harvest practices
(Figure 3.3-4; Table 3.3-1Table 3.3-2). These practices highlight the ecological role that
humans play within ecosystems, and how they support system resilience, productivity,
and biodiversity. Both ecology and Indigenous knowledge tell us that some more-than
human relatives and their interactions are significant enough to ecosystem function that
key relationships among species require management. For example, to encourage clam
spat to settle, people would return clam and oyster shells to the beach (Table 3.3-2) and
when key clam predators (e.g. ochre star) were encountered in large abundance, they
were relocated (H-GINPR Committee 2021). While the feeding and behavioral
interactions that we observed directly constitute ongoing legacies of this management

system, not all ancestral interactions remain present today.

When examined within the context of Indigenous knowledge, we found that
current sea garden food webs are missing key interactors and priority food species
(Figure 3.3-4). Many of these ecological changes are the direct and indirect result of
colonial disruption. For instance, industrial harvest of sea otters and abalone have
dramatically reduced their abundance and social-ecological roles since
commercialization. Similarly, native clam populations in British Columbia plummeted
following a century of colonial shellfish management (Hayes et al. In Press), which
prioritized seeding and harvesting of non-native Manila clams (Bendell 2014). The shift
from an ancestral focus on multispecies cultivation following colonial disruption is
experience shared among First Nations. In many cases, including Coast Salish clam
gardening, the fulsome restoration of the food system will need to include the restoration
of species relationships within it, including those of humans (H-GINPR Committee 2021;
Olsen 2019). As one WSANEC knowledge holder shared “you got to add urchins there.
Put ‘em on the inside of the wall and the urchins will clean the beach and the milk will

make the baby clams grow better” (Augustine, Stocks, and Slade 2023).
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Care-taking practices confer social-ecological resilience

“you know you get on the beach and there’s these little white barnacles...

if nobody’s been there, these little baby barnacles will be just laying all over

the place. And as you walk you look on the ground and you’ll see all these

little eyes... They'll be all so close together that you know that nobody’s

been there and there’s a lot of clams underneath....your heart starts racing.

You run back, get your rake and “Yee hah! [laughs] You know you’re in

promised land” - C.J.

Resilience within a social-ecological system is bolstered by maintaining
connectivity among respective interactors (Biggs et al. 2012). This is reflected in the
hul'q’'umi’num’ phrase: mukw’stem ‘I’ utunu tumuhw ‘o’ slhilhukwtul — everything on this
earth is interconnected. Within sea gardens, the connection between ochre stars and
their predation on barnacles is likely a key mechanism supporting clam growth. Growing
evidence suggests that the carbonate-rich sediment of clam gardens is one of the main
variables magnifying clam growth in these gardens (Salter 2018; Shaver 2023; and
Chapter 2). Sea garden sediments are composed primarily of barnacle shell (Chapter 2),
which grow in high densities on rocks at many garden sites alongside their predator
ochre stars. Predation on barnacles by ochre stars contributes to the buildup of
carbonate rich shellhash. In addition to predation effects, barnacle shell is broken as
humans move rocks while care-taking the gardens (Deur, Dick, Recalma-Clutesi, et al.

2015).

The harvest, care, and management of these ancestral food systems along the
northeastern Pacific is specific to place, family group, season, and species, having
developed via place-based observation and adaptation over millennia (Table 3.3-2).
Here, we show that in Coast Salish territory, as elsewhere in the region (Trosper 2002,
2003), some sites and foods were the responsibility and specialty of specific families
(Table 3.3-1Table 3.3-2), demonstrating long-standing local knowledge and adaptation.
Moreover, this food system was made more resilient to external disturbances through
extensive gifting and trading networks among family groups maintained through
marriage and kinship (Table 3.3-2). Among the Haitzaqv and Liqwiltokw, some clam
beaches were important for year-round provision of multiple species of clams, and
harvested continuously over many millennia (Cannon and Burchell 2009; Toniello et al.
2019), while other Nations have season and species-specific practices. For example, in
shishalh territory, butter clams are preferentially collected in the spring while littleneck

clams are collected year-round (Leclerc et al. 2024). This may be attributed to evidence
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that suggests that butter clams retain biotoxins harmful to human health for longer
durations than littleneck clams (Quayle and Bourne 1972). This specific place-based
knowledge documents the understanding and management of slow variables like the
ocean conditions that favour harmful algal blooms (Garcia 2023; Kibler et al. 2022).
Finally, sea gardens themselves exist within, and are engineered to persist within a
range of geomorphological and oceanographic conditions (Holmes et al. 2022). In the
context of each unique social-ecological setting, place-specific mariculture practices

were innovated.

We show that in Coast Salish territory, intertidal rock walls are built and
maintained to cultivate clams alongside many other marine species. “The rock walls are
built at varying levels and this was to encourage different species...For example, sub-
zero tide walls also encourage Black Katy Chiton, gumboot chiton, and rock scallop, and
seaweed; rock walls higher up encourage littleneck clams; mid-level rock walls on the
beach encourage butters and oysters” (p9: H-GINPR Committee 2021). Yet, sea
gardens are but one innovation within a vast suite of care-taking practices and cultivated
coastal landscapes, often built in combination with and close proximity to root gardens,
berry gardens, crab apple groves, octopus houses, and cultivated forests (Caldwell et al.
2012; Jackley et al. 2016; Pacific Sea Garden Collective 2022; Wickham et al. 2022).
Diverse mariculture systems are practiced by other coastal Indigenous communities of
the Pacific (Turner 2016). While native Hawai’ians are known for their ancestral marine
fish ponds, these aquaculture systems also cultivate alga, freshwater fish and terrestrial
plants, sometimes together and often extending from mountain top to seafloor (Costa-
Pierce 1987). Ancestral mariculture food systems include a portfolio of food cultivation
practices that provide diversity and redundancy of foods throughout the seasons and

across regions.

Broadening the concept of resilience

Our results highlight that principles of resilience, such as maintaining
connectivity, diversity, and nested scales of governance (Table 3.3-2), are constructed
based on the way we understand ourselves as part of the natural world (Trosper 2003).
Within a hul’q'umi’num’ worldview, we teach young people to move with humility,
remember that you are the land. Through this perspective, contributing to and

maintaining balance becomes the objective throughout a region, and one’s relationship
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with the more-than-human kin is one of responsibility and respect, rather than a human
‘right-to-nature’ or ‘nature’s contributions to people’ (DePuy et al. 2021; Diaz et al. 2018).
Within a hul’q'umi’num’ worldview, our relationships go beyond the ecosystem services
goal of resilient systems and are based in the care of all our relations, rather than the
commodification of one or several relationships as a service. This interconnectivity
extends to the spiritual realm (Trosper 2003) and is maintained through ceremonial
protocols that reinforce Indigenous governance. Resilience then is an emergent property
that is embedded in Indigenous worldview and starts from a spirit of ensuring the thriving
of all, not just humans. This view is emblematic of First Nations of Turtle Island (Deur,
Dick, Recalma-Clutesi, et al. 2015; Lepofsky et al. 2017; Mathews and Turner 2017) and
more broadly Indigenous land management around the Pacific (Costa-Pierce 1987; Levy
2023; Stephenson et al. 2014).

Looking back towards the future of sea garden food systems

The continued existence of clam gardening is a testament to the resilience of
these social-ecological systems. The last two-three centuries have seen tremendous
disturbance to both clam garden social and ecological conditions characteristic of the
four preceding millennia. Colonization and commercialization have changed patterns of
intergenerational knowledge transfer, ecological community structure (Chapter 2), and
social priorities. Young Coast Salish people used to harvest to care for their families,
living off one small boat (Fediuk 2011). A single generation ago, some Elders were able
to live without money entirely. The environmental footprint of human settlements in
Coast Salish territory also has an ongoing impact on the availability of ancestral foods.
Clam harvest is permanently closed in many places throughout Coast Salish territory

due to concerns around sanitary contamination.

Clam gardens continue to be revived in the face of new ecological and social
conditions and novel emerging barriers to contend with. For instance, current colonial
political systems require that modern First Nations bands prove exclusive use to
ancestral sites even though ancestral governance is not reflected in modern band
structures imposed by the Indian Act. Moreover, the Indian Act imposed governance
structures and processes that continue without consideration of ancestral practices of
kinship, trade, or shared resources. The requirement of exclusive use continues to be

used by Provincial and Federal governments in legal cases and creates a de facto
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restriction to foods and food places that impact the modern connectivity of food systems,

even within the short distance between our study sites.

Environmental changes also continue to present new conditions. The increased
frequency and duration of harmful algal blooms have made many seafoods unsafe to eat
for lengthening periods of time (Moore et al. 2009; Ralston and Moore 2020; Wells et al.
2015), shifting seasonal food harvest strategies (Fediuk 2011; Fediuk and Thom 2003;
Olsen 2019). The influx of non-native invasive species such as Sargassum (Figure
3.6-1) have changed the seasonal fluctuations to kelp forest structure, while species like
European green crab pose a threat to the survival of many intertidal and subtidal

species, clams in particular (Grason et al. 2024).

Multiple knowledge systems

The results of this study illustrate the synergies that can be offered by
considering diverse methodologies and scholarly concepts within the context of
Indigenous knowledge. Stable isotopes for example, provide a snapshot of present-time
feeding interactions yet are limited in their ability to shed light on past conditions (for an
example see the natural history of clams as described in Quayle & Bourne 1972 vs.
Toniello et al. 2019). Ecological and Indigenous knowledge converge on the
understanding of strong interactors in their ability to shape an ecosystem and its
function. Moreover, there is overlap in the conceptualization of resilience by both
western (Folke et al. 2010; Walker et al. 2004) and Indigenous scholars (Atleo 2012;
Trosper 2003; 2009). This work is unique in the way it brings together discrete
knowledge from distinct knowledge systems to provide a novel interpretation of the role

of Indigenous care-taking in resilient social-ecological systems.

Ultimately, Indigenous stewardship is made possible by Indigenous sovereignty
that centres responsibility to all relations within the system as a whole, alongside the
practice and teaching of Indigenous science. Doing so requires creative approaches to
collaboration, experimentation, and restoration efforts. | believe my friend
QWUSTENUXUN says it best. “Traditional foods carry teachings of social responsibility,
ethical harvesting, and remind us that we are all connected. Knowing where to find
traditional foods, when to harvest them, and how fo ensure that they continue to thrive
are all but forgotten teachings. Our forests, rivers, and oceans are our greatest teachers.

Unlocking their secrets and searching out their teachings can be the most rewarding
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lessons one can leamn. It is our duty as people of the new world to scour the land in
search of these teachings; for the benefit of our children, our grandchildren, and the

generations to come.”
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3.6. Supplemental Information

3.6.1. Supplemental Methods

Limitations for biomass calculations in Figure 3.3-5: During the ecological

fieldwork, we counted all kelps within each sample unit but only measured the length for

a subset of 30 individual kelps. Therefore the biomass estimates (Figure 3.3-5 B,D) are

an underestimate, as they do not include any additional stipes and their biomass.

Additionally, the length-weight regressions for invertebrates are for the full organism

(often measured in the field), so this overrepresents biomass of “food”. For example,

urchins are broken open and their gonads or ‘uni’ are eaten. Finally, in Figure 3.3-5 B-D

the lack of food biomass in Jan, Mar, Apr, Oct, Nov, Dec is because no surveys were

completed not because there isn’t any food. The only exception is in Feb for kelp.

Table 3.6-1 Description of main food species and interactors in a Coast Salish
food system including; Common, scientific & hul’q’umi’num’ names,
food/interactor classification and source for length-weight
regression data when applicable.

Species Common Name hul'q'umi’num’ Food Splinteractor Length-weight
name source
Saccharina Sugar Kelp Food; Edible Kelp Augustine
latissima unpublished data
Nereocystis Bull Kelp g'am' Food
luetkeana
Ulva spp Sea Lettuce Some forms as
Food
Pyropia Nori lhug'us Preferred food
Cancer productus Red Rock Crab kwakwatl'shun Food Cline 2024
Dermasterias Leather Star Interactor
imbricata
Evasterias troschelii | Mottled Star Interactor
Henricia leviscula Blood Star Interactor
Pisaster ocraceus | Ochre Star Interactor
Telmessus Helmet Crab Not preferred
cheiragonus
Ceratostoma Leafy Hornmouth Food Cline 2024
foliatum
Diodora aspera Keyhole Limpet Food Cline 2024
Mopalia (kennerleyi, | Northern Hairy, Food Cline 2024
lignosa, muscosa) | Woody, & Mossy
Chiton
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Species Common Name hul'q'umi'num’ Food Spl/interactor Length-weight
name source
Nucella lamellosa Wrinkled tth'ugw'iye’ Food Cline 2024
Dogwinkle
Crassadoma Rock Scallop Preferred Food Cline 2024
gigantea
Strongylocentrotus | Purple Urchin xihwu Preferred Food Augustine
purpuratus unpublished data
Saxidomus Butter Clam s-axwa' Preferred Food Augustine
gigantea Chapter 2
Strongylocentrotus | Green Urchin skw'itth'' Preferred Food Augustine
droebachiensis unpublished data
Tresus capax Horse Clam sweem Food Augustine
Chapter 2
Leukoma staminea | Littleneck Clam skw'lhey' Preferred Food Augustine
Chapter 2
Venerupis Manila Clam Preferred Food Augustine
philippinarum Chapter 2
Clinocardium Cockle stl'ula'um Preferred Food Augustine
nuttallii Chapter 2
Cucumaria miniata | Red Sea Survival food Cline 2024
Cucumber
Parastichopus Giant Sea thikwt Food Mueller 2016
californicus Cucumber
Pandalus danae, Coonstripe, Green | maal'mul’ Food Wieland 2002
Hippolyte clarki Shrimp
Pododesmus False Jingle Survival food
macroschisma
Pugettia producta Kelp Crab Survival food
Semibalanus Acorn Barnacle qumine' Size selected food
balanoides
Crassostrea gigas | Oyster tl'uxwtl'uxw Preferred Food
Panopea generosa | Geoduck pun'eq Preferred Food
Costeria costata 5-Ribbed Kelp Food; Edible Kelp Augustine
unpublished data
Macoma nasuta Bentnose Survival food
Macoma
Macoma sp. Dented Macoma Survival food
Mesocentrotus Red Sea Urchin xii hwa Preferred Food
franciscanus
Polliicipes Gooseneck qumine' Food
polymerus Barnacle
Haliotis Abalone s-eyo' Preferred Food
kamtschatkana
Patinopecten Weathervane kwuneem-mun' | Preferred Food
caurinus Scallop
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. hul'q'umi‘num' Length-weight
Species Common Name qname Food Spl/interactor gource g

Fucus Rockweed gw'agwuqw Food (and
medicine!)

Nuttallia obscurata | Varnish clam Not preferred

Mya arenaria Softshell clam Not preferred

Euspira lewisii Moon snail qumene' Interactor, Survival
Food

Octopus dofleini Giant Pacific sqi'mukw Preferred Food

Octopus

Metacarcinus Dungeness crab | ey'x Preferred Food Cline 2024

magister

Clupea pallasii Pacific herring slhewut' Preferred Food

Holodiscus discolor | Ocean Spray gethulhp Medicine

Malas fusca Crab apple qwa’'up-ulhp Preferred Food

Oncorhynchus keta | Chum salmon kw'a’luhw Preferred Food

Oncorhynchus Sockeye salmon | thugi’ Preferred Food

herka

Oncorhynchus Pink Salmon haan Preferred Food

gorbuscha

Oncorhynchus Coho Salmon the’'wun Preferred Food

kisutch

Oncorhynchus Chinook Salmon | stth’a’qwi’ Preferred Food

tshawytscha

Oncorhynchus Steelhead S-Xuw'q'um’ Preferred Food

mykiss

Eschrichtius Grey whale Food

robustus

Odocoileus Deer ha'put Preferred Food

hemionus

Phoca vitulina Harbour Seal ‘e s-hw Food

Platichthys stellatus | Flounder p'uwi’ Preferred Food

Pycnopodia Sunflower star Interactor

helianthoides

Enhydra lutris Sea otter tumus Interactor

Pollicipes Gooseneck qumine' Food

polymerus barnacles

Cervus elaphus Elk kwewe'uts Preferred Food

roosevelti

Ophiodon elongatus | Cod ‘eety Preferred Food

Rubus spectabilis Salmonberry lila’ Preferred Food

Lagenorynchus Dolphin Food

obliquidens

Phocoena Harbour Porpoise, Food

phocoena, Dall's porpoise
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Species Common Name hul'q'umi'num Food Spl/interactor Length-weight
name source
Phocoenoides dalli
Mahonia nervosa Oregon Grape suniiulhp Preferred Food
Mytilus edulis Mussels lhew'qum’ Preferred Food
Hippoglossus Halibut stsa’tx Preferred Food
stenolepis

References: Cline, Amy Rose. (2024) "Coast Salish foods gathered on clam gardens and rocky intertidal beaches".
WWU Graduate School Collection. 1284; Mueller, K. W. 2016. Fishery biology of the sea cucumber Parastichopus
californicus (Stimpson, 1857) from the San Juan Islands, Washington. Harvest Management Division Technical Report,
October 2016, Lummi Natural Resources Department, Bellingham, Washington. Pp. 98 including Appendices; Wieland,
K., 2002. A new length-weight relationship for survey for northern shrimp (Pandalus borealis) off West Greenland
(NAFO Subareas 0+1). NAFO SCR Doc. 02/144

Table 3.6-2 Stable isotope sample size and protocol for culturally and
ecologically important sea garden species.

Common Name | Species Name | N per Site N total f’art of organism sampled for stable
isotope analysis
Sugarwrack Saccharina 11 (Fulford), | 18 Centre of blade, no epiphytes
Kelp latissima 7 (Russell) Measuring blade length
Giant Sea Parastichopus | 2 (Fulford), 2 | 4 Took the longitudinal muscles
Cucumber californicus (Russell) Longest axis measured
Red Sea Cucumaria 10 (Fulford), | 19 Lateral muscles (all 5) + the end of
Cucumber miniata 9 (Russell) body; Measured length
Red Rock Crab | Cancer 7 (Fulford), | 17 Claw muscle.
productus 10 (Russell) Measuring carapace width (widest to
width point)
Rock scallop Crassadoma 4 (Fulford),9 | 13 Portion of aducter.
gigantea (Russell) Longest axis measured
Wrinkled Nucella 11 (Fulford), | 13 Took bulk of meat but excluded
Dogwinkle lamellosa 2 (Russell) operculum + digestive system
Snails Measured longest ascir
Leafy Ceratostoma 9 (Fulford),9 | 18 Took bulk of meat but excluded
Hornmouth foliatum (Russell) operculum + digestive system
Snails Measured longest ascir
Purple Star Pisaster 1 (Fulford), | 12 Tube feet
[Ochre Star ocraceus 11 (Russell) Longest point to point
Bull Kelp Nereocystis 7 (Russell) |7 One front per plant taken
luetkeana Sampled from centre of frond
Front length measured (some
delayed)
POM - 6 (Fulford), 6 | 12 2.5L water per manifold filtered
(Russell) through 0.53
Butter clam Saxidomus 10 (Fulford), | 20 As close to entire foot as possible
gigantea 10 (Russell) Longest axis measured
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Part of organism sampled for stable

Common Name | Species Name | N per Site N total . .
isotope analysis
Sea lettuce/ Ulva spp. 7 (Fulford), | 17 Individual blade from different plants
Green String 10 (Russell)
Lettuce
Keyhole Limpit | Diodora aspera | 1 (Fulford) 1 Most of the animal (excluding
digestive system); Longest axis
measured
Mossy chiton Mopalia mucosa | 8 (Russell) | 8 Took a part of foot (around the size of
a pinky finger); Longest axis
measured
Acorn Barnacle | Semibalanus 10 (Russell) | 10 Took body minus digestive system;
balanoides Kept feet separate
Length and height measured
Littleneck clam | Leukoma 11 (Fulford), | 22 As close to entire foot as possible
staminea 11 (Russell) Longest axis measured
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3.6.2. Supplemental Results

Sea Garden Ecological Community Variation
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Figure 3.6-1 Seasonal variation of sea garden survival food species and strong
interactors. Monthly mean densities (+/- SE) of sea garden predators (A-
D), herbivores (E-I), detritovores (l) and kelp (K,L) measured by subtidal
SCUBA surveys at four different sites from 2018-2020.
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Figure 3.6-2 Annual variation in additional clam species. Annual mean densities
(+/- SE) measured at two different sites from 2014-2019.
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Food Availability & Seasonal Harvest

Table 3.6-3

Site level biomass estimates of key food species within a Coast

Salish food system/seascape. Average biomass estimates are from
ecological surveys (across all years), and estimated areas are from in situ
mapping of habitat types. Scaled biomass estimated are shared as an

indicator of the magnitude of availability and not an estimate of standing
stock.

(A) Clams — Butter, Littleneck, Horse, Cockle, Manila (average across all years)

Beach Avg biomass per | Std error (g) | Area of soft Site level biomass of
quadrat sediment (m2) | clams (kg)
(9/0.0625m2)

Fulford 254.9 23.5 17600 71780.9 (+/- 6630.7)

Russell 145.6 18.7 1361 3171.4 (+/-407.1)

(B) Kelp in June (the time when it's harvested)

Beach Avg biomass per | Std error (g) | Area of Rocky | Site level biomass of
quadrat (g/m2) reef (m2) kelp (kg)

Fulford 2572.8 560.9 6145 15809.8 (+/-3446.7)

Isabella 3173.5 633.3 2916 9253.9 (+/-1846.7)

Russell 2318.2 640.7 1596 3699.9 (+/- 1022.5)

Portland 3210.0 486.0 615 1974.2 (+/-298.9)

All 4 sites 2815.8 291.2 11272 31739.7 (+/-3282.4)

(C) Crabs in August

Beach Avg biomass per | Std error (§) | Area of Rocky | Site level biomass of
quadrat (g/m2) reef (m2) crabs (kg)

Fulford 42.0 12.3 6145 258.0 (+/- 75.6)

Isabella 22.7 6.7 2916 66.2 (+/- 19.5)

Russell 59.3 16.5 1596 94.6 (+/- 26.3)

Portland 80.0 27.0 615 49.2 (+/-16.6)

All 4 sites 50.98 8.78 11272 574.6 (+/-99.0)
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Chapter 4. Decolonizing Academic Research by
Enacting hul’g’'umi’num’ Protocol

“The rights to harvest and steward our territory come from obligations
created by the Transformer Xeels and will continue into the future and
forever.”

~Hul'q'umi’num Treaty Group, 2005

For the third chapter of my dissertation, instead of a written manuscript, on
February 6, 2025, my family and | hosted family work'" that followed hul’q’'umi’num’
cultural protocol (Figure 4.1-1). Together, we shared and celebrated the significance of
our community’s knowledge and transformative actions in reviving our ancestral ways of
clam gardening, and the coast-wide resurgence that it has sparked, as Nations up and
down the coast reclaim their practices of caring for beaches. In doing this work following
our old ways (even when that included modern knowledge, methods and technologies), |
enacted, embodied and upheld hul’'g’'umi’num’ protocol of knowledge generation,
validation, and record keeping as an alternative to academic contributions through

written dissertations and peer review processes.

4.1. Witnessing

One method of record keeping within our oral tradition occurs through witnessing.
Everyone in attendance at cultural work acts as witnesses and each person holds the
responsibility of reporting the events and attendees to their respective families. Our
official records of work are kept through the calling of witnesses. These publicly
identified witnesses agree to become an oral record, retaining the responsibility to
remember, share, and settle disputes about the work that was intended and that which

occurred.

" “Work” refers to formal events involving ceremony and governance protocols. “Work” includes
the accumulation of knowledge, teachings, and responsibilities over time.
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Those who seek to have a full recounting of the work my family and | have done can
reach out to official withesses. While in western research traditions, knowledge
validation often ends at peer review and publication. In our protocol, it begins with
witnessing - a practice that binds knowledge to relationships, responsibilities, and

community memory.

Called Witnesses

Harvey George | Halalt First Nation

Bill White | Snuneymuxw First Nation

Desiree Lawson | Heiltsuk Nation

Paul Cline | Lummi Nation

Giselle Martin | Tla’o’quaht First Nation

Umeek Richard Atleo Sr. | Ahousaht First Nation

Andrea Reid | Nisga’a Nation

Kii'iljuus Barbara Wilson | Haida Nation

Carl Olsen | Tsartlip First Nation

Nancy Turner | Professor Emeritus, University of Victoria

Naomi Krogman | Dean Faculty of Environment, Simon Fraser University
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S’AXWU Q'WEXT

Please join my family and | as we recognize the Elders who
guided my work in revitalizing clam gardens. These teachers
breathed life back into clam garden practices and created a

wave of revitalization that is sweeping the coast. You will
hear from some local leaders in clam garden restoration and
| will share the findings from my PhD research. This event will

be an invitation to join in clam garden revitalization!

THURSDAY, FEBRUARY 6TH, 2025

Stz’'uminus Community Centre
3949 Shell Beach Rd
Ladysmith, BC V9G 1K6

Table at 4pm. Work begins at Spm

Allergy Alert. meal will include seafood

Skye Augustine,
Jane Marston (grandmother), Denise Augustine (mother)

Figure 4.1-1 Invitation to our family work.
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Chapter 5. Discussion

This is a story by Simon Charlie that was shared with my shhwum'nikw
(uncle/aunt) in the early 1990’s while carving at the home of my si’lu (grandparent). It is

a well-known hul’q'umi’num’ story that has been told and retold many times.

Many years ago, in a local village, there was a boy whose time as a young
person had come to an end. The people in his village were struggling and he had
to find his ts’'wut tun (spirit guide). He left and was gone a long time. After many
adventures and nearly dying, the young man finds his ts’'wut tun and is offered
gifts. With this help, he makes his way home, eager to help his people.

When he returns home, he discovers an empty village — people had been
starving, and they left to find more food. After searching for signs of life, he spots
the dog of his si’lu curled up on the edge of the village. The dog stands and starts
fo dig. The man kneels on the beach and finds a clam shell. His grandmother,
with her unwavering faith that her grandson would make it home, had saved a
single flame inside the shell and buried it, leaving her precious pup to guide the
way.

With this fire, the man cooked food and ate before venturing to rejoin his people.

5.1. Contributions Offered by This Work

The social-ecological experiment discussed in chapter two provides insights into
the ways that humans have contributed to shaping nearshore ecosystems along the
northeastern Pacific coastline that we see today. By returning people to ancestral
places, this work illuminates the ways in which humans can and have shaped habitats to
modify larval clam movement and settlement patterns. These results add context to the
ideal sediment make up that has been known for generations to grow great clams and
highlights the differences that exist in bivalve communities between clam gardens and
non-walled beaches. This chapter presents the ecological evidence of what our Elders

have long known — that a clam garden is alive when it is cared for.

Chapter three deepens the resurgence narrative by expanding from single
species to whole system perspectives. This strengthens our understanding of clam
gardens within hul’'q'umi’num’ territories and land management by situating them as one
feature within a complex of sea gardening techniques and places that nourish a resilient
food system. We now know that sea garden food webs are fueled by kelp from

nearshore kelp forests that grow in these gardens as a legacy of the rock walls
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engineered by ancestors amid continually rising tides through this territory. Through
incorporating Indigenous knowledge alongside ecological assessments of modern sea
garden conditions, we resituate sea gardening practices within systems of management,
and complex social-ecological interactions. By doing so, we begin to reveal (or re-
remember) ancestral governance that supported the resilience of this food system. We
now know that to complete the restoration of clam garden systems, there are characters
that need to be reintroduced. We can remember that clam gardening is in fact a part of a
multispecies mariculture system within rock wall complexes, that are nested within land

and seascape scale management systems.

Together chapters two and three contribute to our understanding of the role that
people can and have played in influencing nearshore ecology. They also explain why
bringing people and their ecological roles back into ecosystems can contribute to the
maintenance, and in this case restoration, of thriving ecosystems. Yet, returning people
to systems necessarily involves revitalizing and returning the relationships among
people, including their families, communities, governance system, and worldviews. As
Kwagu't scholar Tialitila’'ogwa (Sarah Hunt) says, “Indigenous knowledge cannot be

separated from the people who govern that knowledge.”

Chapter four steps entirely into community space and is an enactment of
hul'q’'umi’num’ governance and research; a sharing of clam garden knowledge, both
cultural and scientific, for my community by my family and I. We enacted our knowledge
systems/governance, in our ancestral lands, while speaking the words of our ancestors,
and by doing so, helped my community hear and understand the work that was done
and the knowledge that was created and shared. By communicating a vision for
flourishing sea gardens, this event set the stage for future clam gardeners to imagine a

return to way of life more connected to these gifts our ancestors left us.

5.2. A Flourishing hul’q’'umi’num’ Sea Garden

I come from a family of artists who, in the tradition of hul’q'umi’num’ ways of
knowing and understanding, use visual arts to record, interrogate, and generate
knowledge. For example, my uncle, Luke Marston, designed and built the bentwood box
that traveled across Canada during the Truth and Reconciliation Commission. The

images on the box, the items placed into the box, and the accompanying stories
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captured throughout the commission serve as a record of history and as a map toward

reconciliation (https://nctr.ca/exhibits/bentwood-box/). Likewise, it was important to my

community, my family, and | to capture and record the significant research and learning
that has occurred under the guidance of hul’'q’'umi’num’ knowledge holders over the past
15 years of training in becoming sea gardeners. | commissioned hul’q’'umi’num’ artist
and graphic designer Arianna Augustine (who also happens to be my sister) to create a
piece of art that would communicate the most important elements of the research and
learning, namely, what makes a thriving hul’q’'umi’'num’ sea garden. Using information
provided in discussions with me, other collaborating researchers, and guiding community

members, Arianna created the art piece, Garden of Gifts (Figure 5.2-1).
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Figure 5.2-1 Garden of Gifts by Arianna Augustine

5.2.1. Garden of Gifts

Garden of Gifts is a metaphorical and instructional depiction of a flourishing
hul'q’'umi’num’ sea garden. The images are contained within concentric circles. The
outer ring represents the intertidal rock wall with waves that move between the rocks.
The outer ring also contains 13 white circles, which represent the 13 moons and
changing tides of the calendar year. This ring depicts the passage of time where the six
circles on the left invite us to remember at least six generations into the past. The circles
on the right invite us to consider at least six generations into the future. The single circle

at the top center of the image indicates the present. Within the outer ring is a heron and
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two salmon, representatives of the diverse relatives who are nourished by, interact with
and contribute to the sea garden environment, some of whom are common on gardens
today, and some of whom we have yet to invite back. There is a clam in the center of the
image. In the top half of the clam is a woman bearing a child reminding us about the
importance of humans coming together, across generations to tend the sea garden. The
bottom half represents the spirit world and reminds us of the ancestors who walked
before us, clearing a path, and passing on knowledge. Within the hinge of the clam is a
wool dog curled next to the fire, another place where stories are told, teachings are
shared, and where the two worlds connect. The hands in the artwork are raised in
gratitude and invite us to remember the importance of reciprocity in creating a sea

garden that is flourishing. We care for our relatives, and they look after us.

The number four shows up in Garden of Gifts. Among other things, the number
four signifies balance and abundance, both indicators of a flourishing sea garden. The
four seasons are referenced by the 13 moons completing a solar rotation. The four
elements are represented: water (the waves that flow between rocks with the tides),
earth (the rocks that surround the garden), air (shown by those with wings, the heron),
and fire (protected by the wool dog in the centre). The four beings are included: two
legged (human), four legged (dog), feathered (heron), and finned (salmon), as are the
four worlds: sky world (heron), underwater world (salmon), our world (human), and the

spirit world (spirit depicted as a mirror image of human).

The artwork speaks to interconnectedness. We grow gardens to feed all our
relatives: the crabs and heron, the octopus and racoon, our human families, the
ancestors and those yet to come. We look after our relatives in the sea garden, and they

look after us. The garden wall holds it all together.

5.3. Transforming Knowledge into Wisdom with Heart,
Mind, and Spirit

The illustration held in Garden of Gifts is a far cry from an initial assignment |
received years ago: to draw the social-ecological system of a clam garden. Back then, |
produced box-and-flow diagrams, tracing nutrient cycles through upwelling, policy
channels through the Department of Fisheries and Oceans, and the interactions

between commercial non-native shellfisheries and First Nations subsistence harvests of
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native species. While these diagrams captured certain current influences on the system,
they felt reductive, stripped of the relationships, histories, and living presences that make

these places so full of life and longevity.

When | imagined showing one of my Elders or family members my “social-
ecological system” diagram and asking what was missing, | realized | had begun with the
wrong question. Sea gardening is not only a technology. It is not merely a network of
actors, nor a food web to be mapped. It is a way of life. To envision a thriving
hul'q’'umi’num’ sea garden, we must stand within a different worldview altogether. From
there, the question must be approached from an entirely different place

epistemologically and relationally.

People often ask me: What is it about clam gardens that inspires people so
deeply? | have ready, simplified answers. But the truth is that the depth of the inspiration
lies in this very epistemological difference. To understand and to revive sea gardening
requires that we set down our egos and remember that we are not separate from nature,
we are part of creation, bound in relationship with all other parts. And that relationship is

ancient, stretching back thousands of years in continuity.

Within my scholarly circles, hope is often framed as fragile and necessary,
because, as the refrain goes, the world is ending. But for my people, the world has
ended again and again. We are not strangers to apocalypse. Surrender is not an option.
When you know who you come from, and all they have given for you to stand here now,
you understand that everything is a gift. You learn that it is possible, sometimes only

possible, to take the next right step while still in the dark.

Our ancestors gave everything they had to ensure our presence today. They
found ways to survive against all odds, and survival was never without profound,
heartbreaking loss. Our Elders work tirelessly because they see clearly all that is still
being lost. | am the inheritor of immense investments, fierce dreams for a better future,
and sacrifices that are almost impossible to imagine. Elders have given their lives to
protect our languages because they hold our worldview. They have risked everything to
keep our ceremonies alive because they are the backbone of our governance systems.
Our ancestors left the land and seascape scattered with markers to help us remember

who we are and the relationships that sustain us.
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While so much has been taken, the far-sighted choices of those before us have
given us the chance to use our languages to reintroduce ourselves to place, to use our
stories to read the encyclopedias embedded in our territories, and to engage in
ceremony to renew our ancient treaties with the natural world. These actions offer every
colonized part of ourselves an alternative, a way to reimagine what it means to be
human, to be a relative in our homelands, to be a caretaker, and to be an ancestor for

those yet to come.

How do we work toward a better world while standing in the ruins of this one? We
remember how deeply we are held, by a wounded world and by wounded people, and
yet we are still showered in gifts. When we let the sacredness of that truth touch our

hearts, we reconnect with spirit and with one another.

This understanding is not separate from my research, it is my research. As an
Indigenous scholar, my methodology cannot be severed from the relationships,
responsibilities, and histories that have shaped me. My work sets out to embody sea
gardening knowledge, considering how it is carried, protected, and renewed across
generations and how these practices embody governance systems, ecological
stewardship, and kinship obligations. By situating portions of my inquiry within my own
positionality, | acknowledge that the knowledge | seek is not abstract data to be
extracted, but a living inheritance that demands reciprocity. It is in this spirit that | turn to

Garden of Gifts an expression of these same teachings through the language of art.

This is why Garden of Gifts speaks so clearly. It offers a visual language for the
interconnectedness | have been taught all my life: the reciprocity between human and
more-than-human relatives, the responsibilities that flow across generations, and the
balance that sustains a flourishing sea garden. In this way, the artwork does what our
best stories do - it bypasses the tidy compartments of the mind, opening instead a
pathway between heart, mind, and spirit. In a world saturated with information, art, like
ceremony, transforms knowledge into wisdom (Power 2024). And wisdom, as | have

come to understand, lives only where context, experience, and heart meet.
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5.4. Trickster and Transformation of Systems

Trickster is a transformer figure carried through many Indigenous cultures and
stories. Trickster often transforms into other beings, getting into trouble by disregarding
cultural practices or giving sway to human tendencies such as greed, vanity, and
foolishness. The result of trickster’s lessons is often nearing death or death and
resurrection, using humour and absurdity to teach important lessons about balance and
harmony (Archibald 2008). Though trickster transforms alone, this powerful spiritual
figure carries equally powerful lessons that influence the direction of communities and

worlds.

There is an analogous idea in resilience scholarship; that experimental learning
and transformations at small scales can lead to the transformation of systems through
cross-scale learning, creative destruction, and feedbacks, facilitated by key bridging

individuals and organizations (Folke et al. 2010; Walker et al. 2004).

My journey into clam garden restoration began as a youthful mission to action a
vision | heard articulated by my Elders that was imbued with hope for a better future for
our people and our relatives of the deep. Over 15 years, my work and clam garden
restoration has grown to be a part of a regional and international movement, a
resurgence of an ancestral way of life grounded in Indigenous governance. At its core,
this resurgence is an illustration of a distinct epistemological approach to understanding
our place and purpose in the world that has underpinned relationships between people
and places for millennia. For the past 200 years however, it has been systemically
attacked and depressed by the colonial project. The transformation that is both required
and resultant from the actioning of clam garden work occurs at all scales and begins with
the individual at home — in the ways we speak our languages, enact protocol, and share

responsibilities (Figure 5.4-1).
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Figure 5.4-1 Linked scales of transformation from local to international spheres
of influence. The arrows show the flows of knowledge, people,
relationships, capacity, and influence. Image credit from left to right:
Ashley Marson, Parks Canada, author, author.

5.4.1. Individual and Family Systems

I like to know that like the trickster, | can transform. | can write in a formal voice,
conduct science, and present information in a context that appeals to academics and
decision makers. | can tell stories, engage in ceremony, communicate with my aunties
and grandparents, and continue to learn the words of this land. All of these are my voice,

as | learn to walk in multiple worlds.

I have had the opportunity to spend time in ancestral places at high and low
tides. | have gotten to know these places above and below the water, working within
multiple knowledges, being urged to slow down. | have watched little ones grow up
familiar and comfortable with these places and practices, with the flavours and textures

of their ocean relatives that were foreign to some kids 10 years ago (Figure 5.4-3).

My family has been strengthened and transformed through preparing for cultural
work: sitting with Elders and knowledge holders, learning language, harvesting foods

and medicines, sitting together as we prepare giveaways and gifts, rehearsing, and
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finally hosting and living our culture as a family (Chapter 4). My family and | have
contributed to the changing of places, through the physical acts of restoring with
community, and through the creation of art that describes our sea garden communities.
We have contributed to the changing of institutions, those places and people that govern
and legitimize knowledge (Universities such as SFU) and assume management authority

(Federal Government Agencies such as Parks Canada).

5.4.2. Sea Garden Communities

Working together, we have changed places and people (Figure 5.4-2, Figure
5.4-3). We have restored rock walls that we now know are more than 4,000 years old
(Smith et al. In Prep). We have been awed while the number of baby clams increases by
7-13 times within three years of walls being restored (Chapter 2). We heard Elders bring
teachings back to ancestral beaches and listened as the beaches re-awakened stories
and language. We learned that these places are known as ‘sea gardens’ in Coast Salish
territory (Figure 5.4-3; Chapter 3). Joining me and my family, hundreds of Coast Salish
people are now following their ancestors’ practices (Figure 5.4-2), and in partnerships
with scientists and resource managers there has been opportunity to build different,
trusting relationships while working together toward a common goal (Augustine, Stocks,
and Slade 2023).

In one way, these are just two beaches that we have begun the process of
reviving, and yet these experiments have helped catalyze a change in conversation and
build momentum at regional, national and international scales (e.g. Matei 2020; Selkirk
2021).
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Figure 5.4-2 Photos of clam gardens that are full of life. From top left clockwise:
rocks are added to the rock wall, fousilum leads a thank you song, at
night a clam garden full of people working together, and intergenerational
sharing about the clams found. Image credit to Parks Canada.
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Figure 5.4-3 Photos of sea garden foods. From top left clockwise; learning how to
string and barbeque clams, shucking s-axwa', thugi’ cooks in a pi’kwan, a
pot of steamers and prawns is ready to feed our community. Image credit:
Parks Canada, author, Ashley Marston, author.

5.4.3. Networked Resurgence

Clam garden restoration and care continues in hul’'qumi'num’ and WSANEC
communities, but we are not alone. We created the clam garden network
(clamgarden.com), a community of practitioners, scholars and knowledge holders, where
we come together to share and celebrate the knowledge and lessons of ‘how to’
actionize this work. By 2025, Nanwakolas Council, MALEXEL, and Metlakatla Nations
have also initiated clam garden restoration efforts in their own territories. With intentions
to revive the condition of beaches, to remember and reinstruct the practices of clam
garden care, and to adapt food systems to anticipated changes to sea levels,
Ka:'yu:'k't'h'/Che:k:tles7et'h’, Aa?uukvi?ath, Huu-ay-aht, Swinomish Indian Tribal
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Community, and Kake Tribal Corporation have initiated modern garden construction
efforts. All these communities are aligned in their visions and connected through the flow
of people, including myself and my family, who often are invited between communities to
participate in clam garden restoration and building events. And this influence keeps

growing.

5.4.4. International Networks

Internationally, Indigenous communities are coming together to share and learn
from each other’s practices and reunite in kinship networks. We have created the
Indigenous Aquaculture Collaborative (https://indigenousaquaculture.org/), which
connects Indigenous communities around the Pacific that are revitalizing ancient
mariculture technologies. At biannual meetings, our collective gathers to actionize
restoration with the community hosting us, whether it be loko I'a (fishponds) in Hawali’i,
or clam gardens in the northeast Pacific. Through sharing and building together we have
discovered that while all of our sea gardens are unique to place and diverse in their form
and intents, sea gardens around the Pacific share a focus on intergenerational
knowledge, ecological ingenuity, sophisticated governance, spirituality, and cultural
revival (Levy 2023; Pacific Sea Garden Collective 2022). Gathering and contributing to
one another’s innovations has inspired experiments or refinements in techniques and
resurgence approaches; for instance, through specialized skill development of rock wall

construction or the incorporation of ancestral language.

We also face analogous challenges within our individual contexts and support
one another in tackling those. For instance, how to revitalize ancestral technologies
under colonial laws and regulations. Working together allows us to strategically amplify
our impact. Together we coordinate responses to restrictions by diversifying who is
educating a regulator, strategizing on who is applying for a permit that is not designed
for, nor reflective of, Indigenous aquaculture, and who is asserting inherent rights. With
roots in the deep past, our cross-pacific kinship network offers many participants an
opportunity to visit new places with a shared understanding of what it means to be a
visitor, without the need to translate across worldviews, and with a rare experience of

visiting another place and another people who feel like they could be ‘home’.
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The revival of Indigenous aquaculture sparks cosmological and spiritual
transformations in our respective places by reviving our ways of living, reconciling our
relationships with our lands, and rebuilding our relationships with each other. This
ancestral kinship, lived today, is reuniting a constellation of approaches and practices,
unified by underlying beliefs about who we are and our place in this world. We inspire
one another and demonstrate the ways in which seemingly local systems of
management can provide foundations for food security for thousands of years, and ways
their return can offer opportunities for transformation at all levels — from the individual, to

the international.

5.4.5. Leverage Points

In order to address intersecting crises of biodiversity loss, climate change, and
inequity, it is becoming increasingly clear that we need transformations, in our
institutions but also in our epistemologies (how knowledge is created) and our
conceptualization of human-nature relationships (DePuy et al. 2021; Gram-Hanssen,
Schafenacker, and Bentz 2022; Marshall et al. 2021). Through the foundational work of
Donella Meadows, Abson et al. (2017) suggest that to create these changes,
interventions need to pull on deep leverage points that impact the intent (the values,
goals, and worldviews of actors that shape a system) and the design (social structures
and institutions) of systems. These deeper leverage points underpin interventions at
shallower realms of leverage; such as feedbacks (interactions between system

elements), and parameters (mechanistic characteristics of these interactions).

Leverage points through clam gardens

* Through my dissertation, | have been intentionally pushing on the intent and
design of the academic system by bridging worldviews, drawing on multiple
ways of knowing, and conducting and catalyzing research that is accountable
to my hul'q’'umi’num’ community and my academic community.

» Through our collective work with the clam garden project, we have changed
the standards that are being applied to conservation and restoration initiatives
within Parks Canada (system parameters). The clam garden project has also
influenced feedbacks in the form of relationships between people and
beaches, Parks Staff and communities; while also intentionally setting up a
structure that gives power to Indigenous knowledge working groups (system
design), so that their priorities, values and goals can influence the course of
the project (system intent).
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» At the regional scale, clam garden network is creating flows of information
between communities and across temporal and spatial scales (system
feedbacks), to level-up, amplify, and enact lessons learned from place-based
initiatives across the northeastern Pacific.

» Partnerships with Parks Canada and Universities, provided a pathway for sea
garden restoration to change conversations that contribute to changing
policies and planning efforts. For instance, a new process with the BC
Heritage Conservation Act (system feedback) and as a feature in the BC
Provincial Marine Strategy.

» Fisheries and Ocean’s Canada has now approached the Clam Garden
Network to learn about practices and how to permit an approach to restoration
that includes some ancestral practices currently banned by the Fisheries Act.

» Our international community of practice was created with the goal of
supporting Indigenous mariculture revitalization (intent) and have shared
knowledge, experiences, and moved rocks together to revitalize Indigenous
aquaculture systems around the Pacific.

In this dissertation | show how the small experiments of doing things differently
can contribute to changes in ecological systems on beaches, and to local relationships
between people and the lands they are in relationship with. This revival is not only
impacting Indigenous communities and important shellfish beaches, but influencing
change at regional, national, and international scales. Restoring ancestral relationships
between people and their food systems contributes to a changing conversation that
moves from describing Indigenous Nations in BC as ‘hunter-gathers who are successful
because food came to them’, to recognizing the active role that people have played in
modifying and ensuring the sustainable cultivation of foods over multiple thousands of
years (Toniello et al. 2019; Trosper 2003, 2009; Wickham et al. 2022). The work of my
dissertation and clam garden restoration more broadly has created change that is
starting to hit on Abson et al (2017)’s deeper leverage points for sustainability
transformations; restructuring institutions, re-connecting humans and nature, and re-
thinking how knowledge is created. Given the ripples we have already made, we hope
this begins a groundswell for creating system wide changes. | believe that this could
offer lessons and hope for world where we relate to the natural world around us,

ourselves, and each other differently.
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