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Abstract 

The historical ecological approach provides unique insights into the relationship between 

humans and clams throughout the Holocene. Combing archaeological and palaeo-fossil 

records provides a time depth of clam history both with and in the absence of intensive 

human predation. These results show that butter clam (Saxidomus gigantea) growth was 

naturally improving from the early-to-mid Holocene and that humans took advantage of 

the expanding clam resources. Clam garden construction around 2,000 BP promoted the 

sustainability of clams, and despite increased harvesting pressure there is no evidence 

for resource depression. Since European contact, decline of traditional management 

practices and increases in industrial activities have resulted in reduced clam growth 

rates. Growth rates of living clams reflect the stunted growth of post-glacial early 

Holocene clams, making them the slowest growing clams in the past ~10,000 years. 

Deeper-time baselines more accurately represent clam population variability throughout 

time and are useful for modern coastal resource management. 

 

Keywords:  historical ecology; clam gardens; archaeology; palaeoecology; traditional 

resource management 
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1. Introduction 

Many peoples worldwide have developed intimate knowledge of and relationships with 

particularly valued species. These relationships developed over millennia of observations and 

interactions with these species in their natural ecosystems (Anderson 2005; Anderson et al. 

2011; Deur and Turner 2005; Minnis and Elisens 2000; Turner 2014, 2005). Such long-term 

relationships are often expressed in oral traditions, in language, in named locations, and in the 

archaeological and palaeoecological records. Over time, some particularly important species 

become “cultural keystones” (Garibaldi and Turner 2004) because their cultural saliency is so 

great that an alteration to their relationship with humans would fundamentally change a person’s 

identity. 

 Historical ecology provides a framework for tracking these human-species relationships 

through time (Armstrong and Veteo 2015; Armstrong et al 2017; Balée 2006; Crumley 1994). By 

incorporating multiple kinds of evidence and understanding how they fluctuate over the long 

term, we can begin to understand the ecological and social contexts of a landscape and the 

various consequences of human actions. Taking into account the deeper history of this 

relationship is requisite for understanding and better managing human-ecological relationships 

today (Braje et al.  2012; Erlandson and Rick 2010; McKechnie and Moss 2016; Rick et al. 

2016).   

Tracking these long-term relationships requires temporally-grounded records that can 

provide insights into both the ecological and cultural sides of this relationship. Archaeological 

faunal records on the one hand can provide detailed information about the ecology and the 

effects of human predation on those resources during times of human harvesting (e.g., Braje et 

al. 2012; Cannon and Burchell 2009; Erlandson et al. 2008, 2009). On the other hand, some 

palaeoecological records can provide insights into species ecology in the absence of significant 

human predation. Taken together, these two records can provide powerful historical ecological 

insights into the continuum of impacts on natural resources and the human-species 

relationships. In many landscapes, however, because of the intensity of long-term human-

environmental relationships, it is difficult to find ecological baselines that are not influenced by 

people to some extent, either in the distant past or in the industrial present. 

 On the Northwest Coast of North America, clams are valued cultural species (Lepofsky 
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and Caldwell 2013; Lepofsky et al. 2015; Moss 1993) whose widespread importance is 

reflected in origin stories, rituals, language, and in the kilometers of deep and ancient shell 

middens that line the coastline (Lepofsky et al. 2015). Firm archaeological evidence of clam 

consumption in this area dates back as early as ~9,000 Cal. BP (Ackerman et al. 1985). 

However, ground-water dissolution at the base of most archaeological sites almost certainly 

obscures earlier evidence of clam harvesting. By ~5000 BP, due to changing sea levels and the 

increasingly large and settled populations who created shell platforms as the foundation of their 

settlements, shell middens became widespread in the region (Martindale et al 2009). Detailed 

archaeological and ethnographic research indicates that bivalves, especially butter clams 

(Saxidomus gigantea), littlenecks (Leukoma staminea), and mussels (Mytilus californianus, M. 

edulis, M. trossulus, M. galloprovincialis) were eaten both seasonally and year-round, both fresh 

and dried. These bivalve species were reliable, abundant, easily harvested near people’s 

settlements (Burchell et al 2013; Moss 1993), and could be managed to increase abundance 

(Deur et al. 2015; Groesbeck et al. 2014; Jackley et al. 2016; Lepofsky and Caldwell 2013; 

Lepofsky et al. 2015). 

In addition to the regional archaeological record, the palaeoecological record of fossil 

and subfossil bivalve molluscs can provide long-term information on species abundance and 

richness in the absence of considerable human intervention (Kidwell 2015, 2002, 2001; 

Kvenvolden et al 1979), and is important in establishing ecological baseline data (Rowell et al. 

2008). Such buried bivalve subfossil assemblages in tidal and intertidal contexts have been 

noted on the Northwest Coast (Fedje et al. 2011; Moss et al. 1990), but to our knowledge the 

potential data from these contexts have not been fully harnessed. Combining palaeo- and 

archaeological faunal records provides a window into the social and ecological contexts of 

bivalve molluscs throughout the Holocene (e.g., Jackson et al. 2001; Kidwell 2015; Rick et al. 

2016). 

In this paper, we investigate the historical ecology of butter clams on northern Quadra 

Island, Salish Sea, British Columbia (BC) (Figure 1) over the last 11,000 years and their 

response to human harvest and management. To do this, we use both the palaeoecological and 

archaeological records to evaluate the effects of various environmental and cultural conditions, 

including human management of clam populations. Our study sites in Kanish and Waiatt Bays 

have a long history of human-clam relationships, which is evident in the archaeological shell 

middens and the plethora of clam garden features (Figure 1). Clam gardens are a form of 

traditional Indigenous clam management that involves the enhancement and expansion of 
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shellfish habitats, and thus clam abundance, through the construction of rock-faced sand 

terraces in the lower intertidal zone. Such features have been identified throughout the 

Northwest Coast and date to ~2,000 years ago (Deur et al. 2015; Neudorf et al. 2017; Smith et 

al. in prep). Traditional ecological knowledge of the Northwest Coast demonstrates that in 

addition to clam gardens, clams were managed in a variety of ways, including transplanting, 

tilling, non-human predator deterrence, and habitat enhancement (Caldwell et al. 2012; Deur et 

al. 2015; Ellis and Wilson 198; Lepofsky et al. 2015; Marlor 2009; Parks Canada 2011; Turner 

2005; Woods and Woods 2005).  

 We investigate the long-term relationship of humans and clams by evaluating butter 

clam growth rates and size-at-age, and model these attributes in different temporal, ecological, 

and cultural contexts. We also measure the number and area of clam gardens, as well as the 

extent of clam habitat created by building clam gardens. Understanding the environmental 

context of clams prior to extensive human harvesting, when people began to harvest clams in 

earnest, and when they began to construct clam gardens, allows us to explore the effects of 

human harvesting and mariculture on clam populations through time, as well as the effects of 

clam availability on human settlement in Kanish and Waiatt Bays. Furthermore, we can compare 

these data to the marine landscape of the modern industrialized era, which has not been 

managed by Indigenous peoples for decades, and is at risk from on-going industrial and 

housing developments, and the effects of climate change. 

Our results show that conditions for clam productivity improve throughout the early to 

mid Holocene and humans took full advantage of the large clams that resulted from these 

enhanced growing conditions. This harvesting pressure is reflected in a reduced number of 

clams in the intertidal subfossil record and a burgeoning archaeological record of harvested 

clams. Despite this increased pressure, there is no evidence that people were forced to harvest 

smaller individuals through time. Rather, we hypothesize that the harvesting pressure was 

ameliorated by the huge increase in clam habitat resulting from the creation of clam gardens. It 

is not until the introduction of industrial activities and the dramatic depopulation of Indigenous 

people in the region that we see clam populations suffering. Collectively, our data highlight the 

value of an historical ecological approach to studying cultural keystone species and the potential 

for using these data to understand modern ecological processes.  
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Figure 1. Study area, including Kanish Bay and Waiatt Bay, northern Quadra Island, BC. Clam garden sites (blue 
dots), large village midden sites (yellow diamonds), and sampling sites (red stars) within the study area. 
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2. Study Area  

Kanish and Waiatt Bays, located on the northern end of Quadra Island, are within the 

traditional territories of the southern Kwakwaka’wakw (Laich-kwil-tach) and northern Coast 

Salish First Nations. The area is relatively remote, with access largely limited to boat travel. 

Much of the region is provincial park or leased government land. The seasonal and year-round 

population consists mainly of newcomers to the region and is limited, with less than 15 homes 

bordering the bays. Both bays are seasonally popular tourist destinations for boaters and hikers, 

and both local First Nations and visitors harvest clams from some of the beaches. Kanish Bay 

was heavily impacted by logging in the early 20th century, and logging continues in some upper 

watersheds today. Evidence of sediment runoff as a result of the logging is observable when 

digging in some of the beaches. There have also been local impacts from fish farming. With the 

exception of these few visible and traceable impacts, the beaches are relatively undisturbed by 

industrial activity.  

 Kanish and Waiatt Bays were ideal locations for long-term settlement of Indigenous 

populations throughout most of the Holocene. A short 1.5 km trail between the two bays, which 

is still used by hikers, provided easy access between bays and bridged the ecosystems, forming 

a single cultural landscape. Both bays offer numerous sheltered coves, protection from the 

elements, access to freshwater, and an abundance and variety of terrestrial and marine flora 

and fauna, including shellfish. In most weather conditions, people could also travel easily among 

the settlements within each bay via canoe.   

Archaeological investigations indicate that the bays were settled at least by 9,000 BP 

(Toniello et al. 2017), when sea level stands were ~2 meters higher than today (Fedje et al. 

2017). Sea level was relatively stable between 9,000-5,000 BP. Over the next 3,000 years, sea 

level dropped 2 meters, reaching modern levels by ~2,000 BP (Crowell 2017; Fedje et al. 2017). 

Our testing of archaeological sites suggests that these initial human settlements were relatively 

small, and probably had low to moderate impact on the landscape in the form of settlement 

construction and predation on local plants and animals. By as early as 5,000 years ago, people 

in Kanish and Waiatt Bays were aggregating in large, permanent settlements, evidenced today 

by enormous archaeological shell midden sites (Toniello et al. 2017). Radiocarbon dates from 

the base and caps of these sites suggest that by ~2,500 BP, most large villages were settled 

and continued to be occupied until the late 1700s when European diseases severely decreased 
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Indigenous populations (Harris 1994, Taylor 2009, Toniello et al. 2017). The number and extent 

of shell middens in the bays illustrates that nearly every portion of foreshore that could be 

transformed into flat, usable land, was used for settlements.   

The importance of clams to the pre-contact Indigenous people of Kanish and Waiatt 

Bays is reflected in the region’s shell middens and also the expansive record of clam gardens. 

The density of clam garden features within Kanish and Waiatt Bays are among the highest 

documented on the Northwest Coast. Our dating of clam gardens through a variety of novel 

methods indicate that clam gardens were constructed at least as early as 2,000 BP (Lepofsky et 

al. 2015; Neudorf et al. 2017; Smith et al. in prep). Clam garden walls and adjoining beach 

terraces are abundant within this study area, present in almost every conceivable nook, and 

constructed on both soft and hard substrates (Figure 1, 2).  

 

 

Figure 2. Examples of clam gardens constructed on bedrock (left), and on soft sediment (right). 
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3. Material and Methods 

3.1 Butter Clams (Saxidomus gigantea Deshayes) 

Butter clams can be found along the Pacific Northwest Coast from Alaska to California in 

a mixed intertidal substrate of gravel, sand, and shell (Quayle and Bourne 1972). This species 

lives up to 30cm below the beach surface, and range from the mid-to-lower intertidal to up to 

30m below tidal datum (Quayle and Bourne 1972). Today, butter clams can live upwards of 20 

years (Harbo 1997), and mature at a mean size of 38mm, which is reached by age 4 or 5 on 

average in southern areas, and age 8 to 9 on average in northern ranges (Quayle and Bourne 

1972). Butter clams are a cosmopolitan species on the west coast of North America, are 

abundant in archeology sites along the B.C. coast, and are important in traditional diets 

(Cannon and Burchell 2009; Deur et al. 2015; Lepofsky et al. 2015; Williams 2006). This 

species is also abundant in the intertidal fossil and subfossil deposits along the coast. The 

earliest known butter clam in British Columbia, which is from Lax-Kw'alaams, BC, dates to 

~15,000 years BP (Hetherington and Reid 2003). In Kanish Bay, butter clams are present in 

intertidal subfossil deposits throughout the Holocene, as early as 11,500 BP. The widespread 

temporal distribution of this species within the study area is likely due to the availability of 

suitable environmental conditions throughout most of the Holocene, including stabilizing sea 

levels (Fedje et al.2017), gravel sand beaches (Orford et al.  2002), and warm sea surface 

temperature (SST) (Keinast and McKay 2001).  

 

3.2 How Does Butter Clam Growth Vary Through Time and What are 
the Environmental and Cultural Attributes Affecting Growth?      

There are many factors that affect the abundance of clams available for human foraging. 

The first order factor is habitat availability, or how much habitat is available to clams. More 

available clam habitat results in more clams. The second order is quality of habitat which can 

influence density of clams, growth of clams, and survivorship of clams. We assess how several 

environmental and cultural factors, including SST, beach slope, intertidal substrate, clam garden 

construction, and degree of human interaction, may alter the overall productivity of clam habitats 

(Table 1). We collected butter clam shells from paleo-beach deposits below clam gardens, from 
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within clam gardens, and from archaeological shell middens within Kanish Bay. Each of these 

sampling universes is affected by different environmental and cultural attributes throughout the 

Holocene (Table 2). Sclerochronological analyses of butter clam thin-sections provides 

information about relative growth rates, sizes, and demographics of butter clam populations 

within different environmental, cultural, and management contexts. Assessing the butter clam 

subfossil assemblages from middens (harvested clams) and from in situ beach contexts 

provides insights into the interaction of people and clams, and the effects of building clam 

gardens on clam growth and abundance. 

3.2.1 Field Sampling 

S. gigagntea have robust shells that appear to preserve well in the intertidal palaeo- and 

archeological records, which make them strong candidates for sclerochronology analyses. 

These specimens can provide deep-time ecological information across all depositional contexts, 

including archaeological midden deposits (Burchell et al. 2013; Cannon and Burchell 2009, 

2016; Hallmann et al. 2013). Butter clams were collected from three site types in Kanish Bay: 1) 

palaeo-beach deposits below clam gardens (N=3 sites); 2) clam garden deposits (including live-

collected and recently dead specimens) (N=2 sites); and 3) archaeological shell midden 

deposits (N=2 sites) (Figure 1 and Table 2). Paleo-beach and clam garden sampling sites were 

selected for two reasons. Firstly, because they are situated at relatively higher elevation above 

chart datum and thus allowed for extended excavation time during the low tide window; and 

secondly, because they have a soft-sediment substrate that allowed us to collect specimens 

from both pre- (paleo beach) and post- clam garden contexts. 

Evidence from the taphonomy, position, and articulation of both valves from the intertidal 

subfossil clams from paleo-beach and clam garden deposits indicates that these specimens 

died of natural causes in situ and since remained relatively undisturbed within the sediment 

column. To retrieve these samples, excavation units were placed in clam garden terraces, in 

beach sediments seaward of the clam garden walls, and in clam garden rock walls themselves. 

When possible, we aimed to reach the basal clay deposited after the retreat of the Cordilleran 

glaciers 13,500 BP (Blais-Stevens et al. 2001; Ryder et al. 1991). This was not always possible 

due to the constraints of the tide and groundwater flooding of the excavation units. In each 

excavation unit, all shells in good condition (full valves, limited breakage) were collected for 

laboratory analysis. This resulted in some sampling bias towards larger or more robust shells 

and against the smaller, more fragile shells that are more susceptible to taphonomic processes. 
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Clams that were harvested, and thus did not die in situ, include live-collected specimens 

and midden-deposited specimens. Living butter clams are relatively rare in Kanish Bay 

beaches, so we collected every living specimen that was encountered from within five shallow 

shovel tests along a transect (7m, 16m, 25m, 28m, and 32m perpendicular from the clam 

garden wall) within the clam garden at EbSh-13. Clam specimens from the two midden locations 

(EbSh-14, EbSh-13) come from dated column samples excavated in 2013 (Puckett et al. 2014). 

Since midden specimens represent clams that were harvested selectively by Indigenous people, 

they do not necessarily represent the full natural range of variation in clam sizes and ages. 

3.2.2 Defining and Predicting the Affects of Environmental and Cultural Attributes 
on Butter Clam Growth 

There are several changing ecological conditions that are affected by abiotic 

environmental and cultural attributes that we can assess through the preserved record of the 

Holocene and that may have affected butter clam growth (Table 1). We recorded the various 

conditions of the environmental and cultural attributes throughout the Holocene to determine if 

any of these conditions influenced clam growth (Table 2). The environmental abiotic attributes 

that we measure in this study include substrate, beach slope, and sea surface temperature. 

Cultural attributes include the presence of modified clam habitat (clam gardens), and the degree 

of human interaction.  

The environmental attribute of substrate was evaluated during intertidal excavations, 

which exposed intertidal sediment stratigraphy. Pre- clam garden beach slope was assessed by 

analyzing the geomorphology of the beach and surrounding landform, whereas contemporary 

clam garden beaches are relatively flat. Sea surface temperature data were provided by Keinast 

and McKay (2001).  

The cultural attribute of the presence or absence of clam garden beach modification was 

evaluated based on the temporal and stratigraphic association of clam garden rock walls and 

clam garden terrace sediments with butter clam samples. The degree of human interaction with 

these habitats was determined by temporal and geographical proximity to archaeological 

settlements. Assessment of these attributes allowed us to make predictions about shell size and 

growth rates unique to the environmental and cultural context of each temporal context. 
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Table 1. Predicted effects of attributes on butter clam growth. 

1. While not all human interactions are beneficial (e.g., over-harvesting, trampling, displacing sediment, leaving open holes, etc.), 

many will have a positive or at least a neutral effect on the health of clam populations (Lepofsky et al. 2015). 
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Table 2. Environmental and cultural attributes of each butter clam temporal context. 

 

1. Since shells from midden were selected from the beach by ancient harvesters, they will tend to be biased towards larger 

specimens at any given age than the other (non-midden) samples. In the case of the living specimens harvested by Toniello, there 

are no sampling biases as all encountered specimens were collected. However, because they were harvested, live-collected 

specimens did not reach maximum age or size. 

2. Human interaction is inferred from number, size, and proximity of ancient settlements to the harvested beach. The closer a large 

settlement and shell midden, the greater the influence of tilling and harvesting on intertidal ecology.
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3.2.3 Butter Clam Sample Selection and Sclerochronology 

We selected a sub-sample of 125 butter clam shells in good condition for thin-section 

preparation and sclerochronological analysis (Table 2). Shells were determined to be in good 

condition if both valves were present with limited wear, and if the umbo was preserved. As with 

the in-field sampling methods, this presents some bias towards larger specimens, as larger, 

more robust shells are more likely to be preserved in full than smaller, more delicate shells. 

Keeping the selection criteria biased toward larger clams across all sampling contexts (middens 

and in situ beach assemblages) should maintain consistency and reduce skewed results. 

Intertidal subfossil clams were selected for analysis from sites that were known to have 

adequate temporal representation. The temporal context of intertidal clam specimens was 

determined in the field by analyzing the depositional context, and in the laboratory by 

radiocarbon dating select samples from each depositional context. Dated samples were 

processed by John Southon at W.M. Keck Carbon Cycle AMS Laboratory at UC Irvine using 

Accelerator Mass Spectrometry (AMS) Radiocarbon dating techniques. Butter clam shells in 

good condition from each temporal context were sampled at random using a number 

randomizer. 

 Thin-sections of butter clam shells were prepared for sclerochronological analysis by 

cutting along the axis of maximum growth of each butter clam. The preparation and processing 

of shell thin-sections follows standard laboratory methods (see Schöne et al. 2005). For clams 

that died naturally, differences in age and size at death are indicative of how well the clam was 

able to adapt to the ecological and environmental conditions available. Growth rates, as 

determined by annual growth increments preserved in the shell, were measured to determine 

growth differences from year to year, in the juvenile stages (years 0-5), and after sexual maturity 

(years 5-9). Although size is the main factor determining when a specimen matures (Quayle and 

Bourne), we use age as a proxy for size due to ease of measuring growth annually.  

During the first three years of growth, clams grow their fastest, which provides higher 

resolution in detecting measurable differences in growth during these years. In addition, this 

early life history stage is the most vulnerable stage of animals - how fast the clam achieves 

adequate size to ensure survival from predation and other fecundity- related attributes. We 

chose to define the juvenile growth as 0-5 years because 95% of the specimens we collected 

are mature by age 5, which fits with modern measurements of maturity occurring between 4-5 
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years (Quayle and Bourne 1972). Analysis of the average growth up to the year of maturity 

(years 0-5) was analyzed to account for the cumulative effects of annual growth, and to ensure 

we reduce the impact of growth advantages by accounting for specimens that experience 

compensatory growth, or “catch up” in size in later years (Munroe et al. 2016). Mature annual 

growth lines are important in determining how well the clam is growing after sexual 

reproduction.   

3.2.4. Statistical Analyses 

We produced von Bertanlanffy (1938) growth curves to model the growth rate of clams in 

each temporal context. L-infinity values were produced to accompany the growth curve model 

and assist in assessing differences between butter clams from different temporal contexts. L-

infinity values are informed by known parameters (size at age, size at death, age at death), 

represent an average age of clam longevity, and are a numeric representation of general clam 

health. These outputs allowed us to generate hypotheses about 1) the juvenile growth rate; 2) 

growth rates after sexual maturity; 3) the size at age; and 4) the size and age at death.  We 

tested for difference in these parameters between the three different clam living conditions (prior 

to human settlement, during active clam gardening, and post-European colonization). ANOVA 

and Welch paired with Tukey’s HSD and Games-Howell post-hoc statistical tests were 

performed to determine the extent and significance of the variation in growth rates, size, age, 

and maturity of butter clams between each temporal context. We used multiple regression 

analyses to explore which of the various environmental and cultural attributes we identified may 

be contributing to these differences. 

 

3.3 How Does the Area of Clam Habitat Change with the Construction 
of Clam Gardens, and How Does this Affect Clam Abundance? 

 To determine if clam availability and abundance shifted throughout time as a result of 

changes to the area of available intertidal clam habitat, we measured the total surface area of 

clam habitat within clam gardens today. We then calculated the overall increase in intertidal 

clam habitat provided by the clam gardens by estimating the area of pre- clam garden habitat. 

These measurements help us to assess the availability of intertidal clam habitat, and therefore 

clam abundance, prior to- and during- large-scale human management of clam resources. We 
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recognize that butter clam habitat extends into sub-tidal areas; however, because these areas 

are not readily accessible to human harvesters or to us as researchers, we only focus our 

estimates on intertidal clam habitat.  

3.3.1 What is the Total Area of Clam Habitat in Clam Gardens Today? 

Over 3,000 high-resolution drone photographs were taken during the 2016 field season 

survey, and were stitched together to create a high-resolution map of the study area with up to 

20cm accuracy (Holmes 2016). The western extent of Kanish Bay was not photographed by 

drone due to poor weather conditions and is supplemented by Google Earth imagery in lieu of 

higher-resolution drone images. Clam gardens are clearly visible on both the drone-

photographed and the Google Earth maps. Clam habitat within each clam garden terrace was 

delineated using the polygon tool on GIS computer software. We then calculated the area of 

each polygon giving us a total of the productive clam habitat in clam gardens today. The area of 

clam habitat available in clam gardens today is a proxy measure of the maximum clam habitat 

within clam gardens available to people living in Kanish and Waiatt Bays in the past. Our 

estimates of the areal extent of clam habitat were based on previous surveys (Groesbeck et al. 

2014; Harper 2007; Harper and Morris 2004) and our own observations of clam beaches in the 

study area. At each clam garden location, the area of clam habitat was under-estimated in order 

to ensure a conservative overall estimate of the productive habitat within clam gardens today.  

3.3.2 How Much Clam Habitat was Provided by Building Clam Gardens?  

Estimating the area of clam habitat in Kanish and Waiatt Bay prior to the construction of 

clam gardens required understanding the underlying geomorphology of each clam beach. 

During the 2013-2016 field seasons, we characterized the underlying substrates by excavating 

over 100 shovel tests in 14 clam garden terraces and 3 non-walled intertidal sand flats abutting 

the clam gardens, and 15 trenches through 8 clam garden rock walls.  

To quantify the increase in clam habitat provided by clam gardens, four researchers 

independently evaluated each clam garden beach in the study area based on the pre- clam 

garden geology at each location. A list of categories was developed to guide the assessment of 

prior geomorphic beach conditions (Table 3). The pre- clam garden geology was partially 

informed by the results of our excavation units, and also inferred from surrounding slope and 

sedimentation processes. The goal of this assessment was to determine whether or not there 
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was viable clam habitat prior to clam garden construction, as well as to estimate the extent of 

such habitat. Based on these criteria, each researcher independently estimated the percentage 

increase of area of clam habitat based on their assessment of prior habitat conditions. The 

percentage-categories (Table 3) provide us with a minimum and maximum value of the 

estimated increase in clam habitat surface area for each clam garden location. In some cases, 

single clam gardens were separated into multiple categories. For instance, most Category A 

clam gardens have smaller Category D “extensions” on either end. 

 

Table 3. Attributes for assessing the percentage increase in clam habitat created by building a clam garden.  
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4. Results 

4.1 The Effects of Environmental and Cultural Attributes on Butter 
Clam Growth  

The environmental and cultural attributes outlined in Table 2 account for only a small 

percent of the total variation in butter clam growth among the samples. In the early 

developmental years of the butter clam juvenile growth stage (years 0-5), site (p=0.252), 

substrate (p=0.007), SST(p=0.010), and slope (p=0.212) attributes together account for 26.1% 

of the variation in butter clam growth rate. In the years after butter clam sexual maturity (years 

5-9), only site (p=0.165) and substrate (p=0.076), and the additional attribute of human 

influence (p=0.020), contribute to the variation in butter clam growth. Together, these three 

attributes account for 25% of variability in butter clam growth rate during these later years. 

The variable of site (i.e., beach), which includes countless attributes that fluctuate 

throughout time, has a significant influence on the growth of clams throughout their lives. Each 

of the five sampling sites (EbSh-5, EbSh-13, EbSh-14, EbSh-36, EbSh-77) provided different 

growing conditions for clams (Table 1, Table 2) that differentially affected clam growth 

throughout time. Site-specific effects are especially prevalent in the two early Holocene 

temporal contexts (11,500-11,000 BP and 10,900-9,500 BP), which both include butter clam 

samples from sites EbSh-5 and EbSh-36 (Figure 3).  
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Figure 3. Von Bertalanffy modelled growth curves for butter clams dated to 11,500-11,000 BP and 10,900-9,500 BP, 
collected at sites EbSh-5 and EbSh-36. 

 

4.2 Variation in Age, Size, and Growth Rates of Butter Clams 

Differences between butter clams from different temporal contexts are visible in the 

variations in the von Bertanlanffy modeled growth curves (Figure 4), as well as in the size, age, 

and growth rates (Figure 5). Modeled growth curves allow us to see patterns between butter 

clam growth from different temporal contexts, and to further explore which environmental and/or 

cultural attributes may explain these differences. The only significant differences in butter clam 

size at death are found in intertidal subfossil samples from two temporal contexts: the 11,500-

11,000 BP samples, which are smaller in size than both the 10,900-9,500 BP and 4,200-2,900 

BP samples (ANOVA p=0.000, Tukey HSD p=0.000-0.022); and the 4,200-2,900 BP samples, 

which are significantly larger in size than butter clams from any other intertidal or midden 

contexts (ANOVA p=0.000, Tukey HSD p=0.000-0.022) (Figure 5a). Differences in age at death 

are visible in the 4,200-2,900 BP intertidal subfossil samples, which are significantly older at 

death than both the early historic 250-100 BP clam garden beach subfossil samples as well as 

the live-collected samples (Welch p=0.000, Games-Howell p=0.018-0.020). The two midden 

samples, which are human-harvested between 2,800-2,300 BP and 500-200 BP, are younger at 
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death than all samples pre-dating them (>2,800 BP) (Welch p=0.000, Games-Howell p=0.000-

0.046); and (Figure 5b).  

We detected few differences in year-to-year growth and cumulative growth rates 

between butter clams from different temporal contexts. In the first year of growth, the only 

significant difference is visible in the 250-100 BP clam garden beach subfossil samples, which 

grew faster than all other butter clam samples (Welch p=0.000, Games-Howell p=0.000-0.002) 

(Figure 5c). By the second year of growth (year 1-2), there are no differences among the 

samples, suggesting that the other clams “caught up” through compensatory growth (Munroe et 

al. 2016). The legacy of increased growth in the first year of these samples, however, can be 

detected in the cumulative growth rate from years 0-2, which remains significantly greater than 

all other temporal contexts except modern (Welch p=0.000, Games-Howell p=0.000-0.0031) 

(Figure 5d). The absence of detectable statistical differences in clam growth at other ontogenic 

stages likely reflects the fact that yearly differences are small and our archaeological and 

intertidal butter clam depositional contexts are temporally broad, which can increase the 

variability in our sampling.  

When the cumulative growth rates for the juvenile stage of growth (years 0-5) in butter 

clams are examined, we see differences among the butter clams from different temporal 

contexts that are less detectable when examining the small incremental growth per year. 

Differences in these pre-mature clam growth rates is visible in the 11,500-11,000 BP subfossil 

clams, which grow slower than all other temporal contexts examined, except the live-collected 

specimens (Welch p=0.000, Games-Howell p=0.000-0.003) (Figure 5e). Additional differences 

are visible in the cumulative growth rates after sexual maturity (years 5-9) between faster-

growing butter clam midden samples (2,800-2,300 BP and 500-200 BP) and slower-growing 

11,500-11,000 BP subfossil butter clams (Welch p=0.004, Games-Howell p=0.036-0.048) 

(Figure 5f).  
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Figure 4. Von Bertalanffy modelled growth curves for butter clams from seven temporal contexts 
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Figure 5. Butter clam size, age, and growth rates (juvenile = 0-1, 0-2, 0-5 years; and mature = 5-9 years) for each 
temporal context. 

Dark grey represents subfossil shells from intertidal deposits, light grey represents shells from 
archaeological midden contexts and live-harvested samples. 
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4.3 Variation in Butter Clams Shells by Temporal Context: A Proxy for 
Environmental and Cultural Influence and Change 

 Beginning in the early Holocene (11,500 BP) and continuing through to the late middle 

Holocene (2,900 BP), there appears to be a trend toward increasingly favourable growing 

conditions for butter clams (Table 1, Table 2). Counts of shell annuli and measurements of 

growth increments indicate that butter clams grew faster, and lived to be significantly older and 

larger as time passed. This is indicated by our measurements of significant increased specimen 

size at death (ANOVA p=0.000, Tukey HSD p=0.000-0.022) (Figure 5a); as well as trends 

towards older age at death (Figure 5b), increased juvenile growth rate (years 0-5) (Figure 5e), 

increased mature growth rate (years 5-9) (Figure 5f) and increased L-infinity value (Figure 6) 

from 11,500 BP to 2,900 BP. The 11,500-11,000 BP intertidal subfossil samples represent some 

of the first butter clams to settle within this study area after the retreat of the glaciers. These thin 

and gracile subfossil shells (Figure 7), which have slower growth rates and are smaller at any 

given age than all other temporal contexts (Figure 4), likely reflect the sub-optimal conditions in 

which they grew, including cold SST (Figure 6), poorly drained clay substrate, and relatively 

steeper beach slope (Table 2).  

The 10,900-9,500 BP samples are relatively bigger in size, and trend towards longer-

lived and having increased juvenile (years 0-5) and mature (years 5-9) growth rates than the 

previous period (Figure 5e, 5f). These shells are larger in size at any given age than the 11,500-

11,000 samples (Figure 4), and are thick and robust (Figure 7) as a result of their slow growth 

during the mature stage (i.e., narrow growth rings, represented in the flat growth curve) (Figure 

4). Their atypical growth pattern suggests that despite improvements in substrate, these 

specimens also grew under stressful conditions, likely including the warmer-than-ideal SST 

during this time (Figure 6), and nonlethal effects of non-human predation (Nakaoka 2000; Smee 

and Weissburg 2006). 

Mid-Holocene butter clams (4,200-2,900 BP) are bigger in size at death (Figure 5a), and 

trend toward being older at death (Figure3b) than butter clams from all other temporal contexts 

before and after this period. The juvenile (years 0-5) and mature (years 5-9) growth rates also 

trend toward faster-growing in this period (Figure 5e, 5f), which is visible in the relatively larger 

size at age than the previous temporal contexts (Figure 4). The large size and long-lived age of 

the mid-Holocene clams (4,200-2,900 BP) is likely related to the improved growing conditions, 

which include preferred SST and substrate (Figure 6), and decreased beach slope (Table 2). 
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Despite an increase in human populations, indicated by the accumulation of large shell middens 

beginning around ~5,000 BP, the abundance of large, old clams from the 4,200-2,900 BP 

intertidal subfossil assemblage at site EbSh-77 indicates that this specific population, at least, 

was not under significant predatory pressure by humans.  

Butter clam samples from both midden contexts (2,800-2,300 BP and 500-200 BP) tend 

to grow similarly and no significant difference in juvenile (years 0-5) or mature (years 5-9) 

growth rates was detected when compared to the earlier mid-Holocene samples (4,200-2,900 

BP) (Figure 5 e, f). The calculated growth curves for these butter clams also follow the mid-

Holocene samples (Figure 4), likely due to the beneficial ecological conditions that were 

established in the mid-Holocene and that remained unchanged (Figure 6). The increase in 

human influence during this time seems to have no influence on the overall growth rate of butter 

clams. The multiple-regression analysis of ecological and cultural attributes (above) does show 

that human interaction influences butter clam growth rate after sexual maturation (years 5-9), 

though we conclude that this is largely being driven by the affect of human harvesting biases 

that show up in the midden samples. That is, humans will tend to harvest clams of larger size 

(i.e., the mature specimens). Our lack of detecting a difference in growth rates for the juvenile 

years of clam growth suggests that harvest levels where not high enough to affect the life 

history of these clams. In other words, human harvest was not high enough to affect the gene 

pool resulting in selection for individuals that grow fast enough and mature early enough to 

contribute to the next generation. Nor did humans have enough influence on the physiology to 

trigger a fast growth through thinning the population causing a release from density dependent 

growth.  

Midden samples of butter clams that were harvested from within a clam garden (500-200 

BP) show no difference in size at death (Figure 5a), age at death (Figure3b), nor growth rates 

(Figure 5c-f) from the midden samples that were harvested from a non-walled beach (2,800-

2,300 BP). The lack of change in growth rate suggests that while the change in slope and 

substrate provided by the construction of clam gardens renders a more suitable habitat, they 

were not enough to have a significant effect on butter clam growth rate. In addition, the lack of 

differences in age at death and size at death between the two midden samples suggests that 

the resources were not being harvested to the extent that people were forced to take smaller 

and smaller clams. As we discuss further below, we hypothesize that this lack of resource 

depression was largely due to increases in clam habitat as a result of clam garden construction.  
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 The 250-100 BP intertidal subfossil specimens, which lived and died within clam garden 

beaches, are slightly smaller in size and younger at death (Figure 5a, b), and trend toward a 

decreased size at age after maturity (Figure 4) compared to the earlier intertidal subfossil butter 

clams from the mid-Holocene. Although not significant, the overall decrease in growth of these 

samples is also visible in the decline of the L-infinity value (Figure 6). Most environmental and 

cultural attributes that we assess in this research remain unchanged during the late Holocene, 

with the exception of the reduction in human interaction with clam habitats after European 

contact. We conclude that the trend we observe toward smaller size and younger age at death 

is a result of this decline in human interaction, including lack of management of clams through 

tilling, rock removal, predator removal, and harvesting.  

The butter clams living within clam gardens today continue to show a trend toward 

decreased size at death (Figure 5a), age at death (Figure 5b), and growth rate (Figure 5f, Figure 

4), which is also visible in the decreasing L-infinity value (Figure 6). Our findings of slightly 

younger age and smaller size at death for this sample group is likely due to the live-collected 

samples being harvested before natural death. However, we feel this should only slightly bias 

our results because we selected the largest individuals found for these analyses. Although there 

are no significant differences in cumulative growth rates (years 0-5 and 5-9) between the live-

collected clams and any other temporal context, the modeled growth curve (Figure 4) shows 

that the size at any given age of these live-collected butter clams is most similar to the early 

Holocene samples. We attribute their smaller size at age to the absence of human intervention 

at this time, as well as an increase in silt deposition as a result of industrial logging (Table 2, 

Figure 6). 
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Figure 6. Human settlement, intertidal environment, and butter clam growth histories of northern Quadra Island. 

Regional sea level (RSL) data provided by Fedje et al. (2017) and Crowell (2017). Sea surface 
temperature (SST) data for the Northeast Pacific provided by Kienast and McKay (2001), indicating 
temperature outside (red) and within (green) preferred range for butter clams. 

 

Figure 7. Butter clams from 11,500-11,000 BP (left) and 10,900-9,500 BP (right) showing the difference in shell 
thickness and shape. 
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4.4 Shifted Baselines of Butter Clam Maturation age  

Our data allow us to evaluate changes in butter clam maturation size and age 

throughout the Holocene and indicates that modern butter clams are maturing at smaller sizes 

than those represented in our intertidal and archaeological subfossil assemblages. In particular, 

live-collected butter clams from Quadra Island mature at the same size as modern clams 

collected from elsewhere in the Salish Sea, BC (Quadra mean size = 38.79mm, SD 9.1mm; 

Salish Sea mean size = ~38mm [Quayle and Bourne 1972], T-test p=0.743). That these living 

butter clam samples fall within the modern regional average indicates both that our methods for 

assessing maturation are sound and that our data are somewhat representative of the regional 

pattern.    

We note, however, that most of the intertidal and archaeological subfossil assemblages 

collected for this research are consistently larger than our live-collected samples or modern 

butter clams from elsewhere in Salish Sea. That is, each of the subfossil assemblages, except 

for midden samples from 500-200 BP, are significantly larger than the contemporary maturation 

data from the Salish Sea (Quayle and Bourne 1972; t-test, p ≤ 0.047). This in turn suggests that 

the modern measurements of butter clams reported in the literature reflect a shifted baseline 

and that contemporary fisheries data may not always be an accurate representation of the 

growth patterns of past clam populations (Figure 8). Establishing a deeper-time baseline for 

fisheries data that more accurately represents population variability through time can be useful 

for modern coastal resource management. 
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Figure 8. Butter clam size at maturation of each temporal context 

Dotted lines indicate the mean size at maturation as indicated by contemporary fisheries data (~38mm, 
red) (Quayle and Bourne 1972), and the subfossil clams collected for this research from 11,500 BP to 100 
BP (44mm, green).  

4.5 Clam Garden Area and Habitat Increase 

 Our calculations of of clam garden area and analysis of clam habitat increase indicates 

that the building of clam gardens had a significant effect on the availability and productivity of 

clams. The creation of clam gardens reduced human harvest pressure on the more limited 

natural clam beaches in the bays. The increased productivity of clams in clam gardens and 

increased habitat for clams resulted in a lack of resource depression observed between the 

butter clam midden samples dating pre- and post- clam garden construction. We calculate a 

total of 15.6 hectares (ha) of clam habitat surface area represented by clam gardens within 

Kanish and Waiatt Bays today, which is a conservative estimate for the maximum area of clam 

gardens last used by local populations. Based on the categories created to estimate clam 

habitat increase (Table 3), clam gardens increased the surface area of clam habitat between 

4.4-8.3 ha, or by 28-53% from non-altered pre- clam garden clam habitats. 
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Categories A-C clam gardens have relatively even distribution in percentage of total 

number of clam gardens, but vary in the relative percentage of total area they represent (Figure 

9). Category D clam gardens, which were constructed on bedrock and/or boulder outcrops, are 

the most numerous, representing 40% of the total number of clam gardens. Bedrock clam 

gardens are numerous, and account for 75-100% increase in clam habitat at each bedrock clam 

garden location, yet only represent 2.1 ha (13.5%) of the total clam garden surface area due to 

their small size. Despite an overall small contribution to the surface area of clam habitat, 

bedrock clam gardens represent an intensification of bivalve-resources. The intensification of 

clam harvesting, as depicted in the construction of bedrock clam gardens ~1,500 years BP 

(Neudorf et al. 2017), occurs during a time of village site expansion (Toniello et al. 2017). This 

suggests that human population increase likely prompted the need for additional clam 

resources.  

 

Figure 9. Clam garden categories, as outlined in Table 3, showing relative percentages of both the total number of 
clam gardens and the total area of clam garden habitat. 

This analysis included 192 measurements on 176 clam gardens. Clam garden category A 
represent an estimated 0-25% increase, category B represent an estimated 25-50%, category C 
represent an estimated 50-75%, and category D represent an estimated 75-100% increase in 
clam habitat surface area. 
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5. Discussion 

5.1 Relationships Between the Environmental History, Human History 
and Butter Clam Growth in Northern Quadra Island 

With the retreat of the Cordilleran ice sheets ~13,500 BP, coastal areas provided 

increased habitat for many species – including humans and bivalves. Our earliest intertidal 

butter clam subfossils dating to 11,500-11,000 BP burrowed into sands mixed with the glacial-

marine clays below, on steep beach slopes, and in relatively cold SSTs (Table 2, Figure 6). 

These stressful conditions likely contributed to their small size and age at death (Figure 5a, 5b, 

6), their slow growth rates (Figure 4, 5e, 5f, 6), and the gracility of their shells (Figure 7). We do 

not know the nature, if any, of human-clam interactions during this earliest Holocene period. 

Currently, evidence for early human occupation of northern Quadra is limited to inferences 

based on the location of high-elevation, shell-free archaeological sites. These sites are 

associated with marine deposits in association with higher sea level dated to 13,000 to 12,500 

BP (Fedje et al. 2017). Based on the early Holocene archaeological record of other locations on 

Quadra Island (Fedje et al. 2017), we suspect that humans were minimally visiting Kanish and 

Waiatt Bays by at least 10,000 years ago, and probably earlier. We recognize that there will 

always be a bias against the preservation of clam shells in older archaeological deposits due to 

the acidic soils of the Pacific Norwest, so if early sites are confirmed, it would be difficult to 

explore the role of clams in the human diet.  

Bivalve environmental conditions began improving ~11,000 BP. These changes include 

a transition to gravel-sand substrate due to paraglacial deposits and hydrodynamic erosion 

(Orford et al. 2002), an increase in SSTs, and stabilizing sea levels (Fedje et al. 2017) (Table 2, 

Figure 6). These factors likely contributed to an increased phytoplankton food supply (Eppley 

1972) and more stable substrates for bivalve settlement (Roegner 2000). These improved 

conditions are reflected in our data and observations of relatively larger size, faster growth 

rates, and older age at death of the 10,900-9,500 BP intertidal subfossils compared to the 

earlier temporal context (Figure 4 & 7). The robustness of the 10,900-9,500 BP shells (Figure 

7), however, suggests that these specimens were also experiencing some form of stress that 

we hypothesize is due to either the rapid fluctuation in SSTs, or the warmer-than-ideal SSTs 

during this time (Figure 6). The abundance of early Holocene subfossil shells within the intertidal 

sediment column, and the absence of securely-dated archaeological sites from this time period, 
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suggests that these clam populations were not under significant predatory pressure by humans 

during this time. 

There is a temporal gap in our clam samples from the period 9,500-4,200 BP. Sea level 

and SSTs remain stable during this time. We suggest that taphonomic factors are responsible 

for the lack of intertidal subfossil shells representative of this ~5,000-year period. In particular, 

we suspect that the persistent wave action caused by relatively stable sea level during this time 

(Crowell 2017; Fedje et al. 2017), coupled with a possible period of reduced sedimentation (e.g., 

Aitken and Bell 1998), resulted in increased sediment erosion and the displacement and 

deterioration of intertidal subfossil shells. We hypothesize that before and after this time, the 

steady decline in sea level (Fedje et al. 2017) resulted in less wave action at any given location, 

and that the regular influx of sediment caused dead clams to be buried more quickly making 

them more likely to be preserved in the intertidal sediment column (Claassen 1998).  

By the late mid-Holocene, environmental conditions affecting butter clam growth 

continued to improve. These improvements include the further accumulation of gravel-sand 

substrates and stabilized SSTs (Table 2, Figure 6). These beneficial environmental conditions 

are visible in the trend of increased age at death, size at death, and growth rate of the 4,200-

2,900 BP intertidal subfossil butter clams as compared to those from the early Holocene (Figure 

5a, b, e, f & 6). These apparently healthier, longer-lived clams were living under less stressful 

conditions than those preceding them. The large size of these clams were certainly appealing to 

human harvesters, who began to harvest clams in earnest by ~5,000 BP, as indicated by the 

preservation of shells within the middens (Puckett et al. 2014; Toniello et al. 2017). The 

abundance of long-lived clams in the intertidal subfossil record, however, suggests that this 

specific clam assemblage dating to 4,200-2,900 BP and originating from one particular beach 

(EbSh-77) 0.8km from the nearest village, was not under heavy predatory pressure by humans. 

We suspect that the absence of evidence for heavy human predation on this sampling 

population reflects the fact that humans were focusing their harvesting pressure on beaches 

immediately adjacent to village sites at this time.  

After ~3,000 BP large village settlements increase in number in Kanish and Waiatt Bays, 

filling all inhabitable coastal landforms, and reflecting an increase in human populations 

(Toniello et al. 2017). As a result, clam harvesting intensified (M. Puckett and T. Crowell 

unpublished data; Toniello et al. 2017). Consequently, clam shells are not as prevalent in the 

intertidal palaeo-record, and instead are deposited in archaeological shell middens. The growth 
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rates of midden butter clam shells indicate that favourable butter clam growing conditions 

established by the mid-Holocene continued until the early historic period. SSTs remained within 

the preferred temperature range for butter clams, and at least some clam beaches offered sand-

gravel and shell hash substrates (Table 2, Figure 6). These preferred conditions are reflected in 

the relatively steep growth curve of the 2,800-2,300 BP shell midden samples, which follows the 

same growth-rate as the 4,200-2,900 BP intertidal subfossil samples (Figure 4). The similarity in 

size and growth rates of the 2,800-2,300 BP midden samples and the intertidal subfossil shells 

immediately predating them suggests that humans were taking full advantage of this enhanced 

clam resource.  

By ~2,000 years ago, human relationships with clams intensified through the 

construction of clam gardens (Neudorf et al. 2017; Smith et al. in prep). The construction of 

clam gardens was an on-going inter-generational process (Lepofsky et al. 2015; Neudorf et al. 

2017), which ultimately resulted in an estimated 27-54% increase in the area of clam habitat in 

Kanish and Waiatt Bays. A significant portion of this increase in habitat (an estimated 10.3-

13.5%) occurred in areas that did not have clam habitat prior to human modification, such as on 

bedrock and boulder outcrops (Table 3 and Figure 9D). Most of the clam gardens within Kanish 

and Waiatt Bays were constructed on pre-existing clam habitat. Building clam gardens in these 

locations not only expanded the area of viable clam habitat, but also increased accessibility of 

clams to human harvesters by decreasing beach slope, increasing the amount of time the beach 

is exposed during low tide, and increasing the proximity of clams to village settlements (Deur et 

al. 2015). The act of investing time and energy into building harvestable clam habitat and 

creating clam habitats where none existed before is a sign of clam resource intensification and 

demonstrates the importance of this resource to growing human populations.  

We found no significant differences between growth rates in clams living in pre-clam 

garden beaches (2,800-2,300 BP midden samples) and those from clam garden beaches (500-

200 BP midden samples). We expect that long-term harvesting of clams would show some 

effects of predatory pressure, such as a gradual decline in harvested clam size over time (cf. 

Broughton 2002, Butler 2001, Erlandson et al. 2008). Instead, our samples suggest that there is 

variability in growth, and that the size and growth rates of harvested clams appear to be 

relatively stable between these two contexts. Increased available clam habitat due to clam 

garden construction, combined with other management techniques (e.g., tilling, removal of non-

human predators, altering substrate, rock removal), could be responsible for this stability during 

a time of increased harvest and growing numbers of human settlements. The size and 
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abundance of mature clams within the midden samples (79% of midden samples were sexually 

mature and over 50mm when harvested) (Figure 5a & b) further suggests that there was a 

culturally prescribed set of harvesting restrictions or preferences about clam size.  

The suitability of clam habitats within the study area began to decline ~250 years ago, 

coinciding with the decrease in Indigenous populations after European contact. This is reflected 

in the trend of overall decline in butter clam growth rate in the 250-100 BP clam garden beach 

subfossil samples and the live-collected butter clam samples compared to those pre-dating 

them (Figure 4). This decline occurred despite the relative stability of intertidal environmental 

conditions since the mid-Holocene (Figure 6). We hypothesize that the lack of human 

management of clam resources contributed to the degradation of habitat and trend toward 

decreased growth of these recent samples (Figure 4, 6). In general, the decimation of 

Indigenous populations ~250 years ago not only resulted in far fewer clams being harvested, 

and thus a return of intertidal subfossil clam assemblages, but also a decline in clam habitat 

maintenance that was part and parcel of daily human-clam interactions. 

The increase of industrial logging activities in the past ~100 years (Taylor 2009) resulted 

in the deposition of land-based silts that further stunted the growth of butter clam specimens 

living within clam garden beaches today. The relatively slower growth of these live-collected 

butter clams resulted in these specimens being smaller at age than any other temporal group in 

the past ~9,500 years. The growth curve of the live-collected specimens is most similar to those 

of the early Holocene samples (11,500-11,000 and 10,900-9,500 BP), which also grew in silt-

rich substrates (Figure 4, 6). Our results suggest that without regular maintenance of clam 

beaches by humans, butter clams are especially vulnerable to the negative effects of 

contemporary industrial activities such as logging. In fact, the shallow slope of the clam garden 

beaches and the lip of the clam garden wall may be helping to trap the influx of fine silts from 

recent logging events. These results demonstrate that clam garden beaches today could be 

worse habitat for butter clams than the pre-industrial and human-managed beaches that existed 

within Kanish and Waiatt Bays in the past. 

Previous findings by Groesbeck et al. (2014) show that butter clam productivity today, as 

viewed through density and biomass measurements, is heightened within clam garden habitats. 

Our analyses show that butter clam productivity within clam gardens today, as viewed through 

growth rate measurements, is less than clams living in tended clam gardens (500-200 BP 

midden), tended un-walled beaches (2,800-2,300 BP midden), and un-tended late mid-
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Holocene (4,200-2,900 BP intertidal) beaches in the past. The contemporary butter clam 

populations are stressed and are not representative of the clams living within clam gardens in 

the past. We suggest, based on our analyses, that clam garden habitats that are traditionally 

managed and maintained are likely to produce clams that far exceed the increased productivity 

percentages reported by Groesbeck et al. (2014). 

 

5.2. Historical Ecology of Butter Clams on N. Quadra Island 

 Our exploration of the historical ecology of humans and clams on Quadra Island 

illustrates the long-term intertwined histories of these two species. Clams were an important part 

of of the settlement history and subsistence practices in Kanish and Waiatt Bays, as indicated 

by the abundance of clam garden features and expansive shell middens. The intertidal subfossil 

assemblages extending back to the early Holocene provides the baseline data from which to 

assess how clam growth changes throughout time as the human-clam relationship intensifies 

and changes. We are able to recreate this history by using evidence from archaeological shell 

middens as well as from the intertidal subfossil record. Collectively, these sources of data reflect 

both Indigenous clam management and use, as well as the palaeo-ecological record of 

Holocene butter clams. Holocene-scale analyses allow us to see patterns in butter clam growth 

that has been difficult to detect with a narrower temporal focus (i.e., Groesbeck et al. 2014; 

Quayle and Bourne 1972). This long-term perspective also allows us to identify that modern 

estimates of butter clam maturation size reflect a shifted baseline. Taken together, our study 

emphasizes the value of an historical ecological approach that 1) fully integrates humans into 

ecological studies, and 2) takes into account the long-term histories in order to fully understand 

the role of humans within ecosystems. 

Our data demonstrate how the relationship between humans and clams fluctuates over 

time. In the pre-contact era, from the middle Holocene onward, humans directly, and in many 

cases intentionally, manipulated the intertidal landscape through intensive clam harvesting and 

the creation of clam habitat. The construction of clam gardens by humans not only provided a 

desirable habitat for clams, but also expanded the available area in which clams live, ultimately 

increasing clam abundance and combatting resource depression. In turn, the increased 

availability of clams positively affected human populations by providing a stable food source that 

allowed human settlements to expand and thrive within Kanish and Waiatt Bays. The ability to 
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increase available habitat by constructing clam gardens, coupled with a conservation ethic 

embedded within the worldview of coastal First Nations (Deur et al. 2015; Turner 2005, 2014), 

resulted in stable clam resources during times of intense harvesting pressure. It is not until the 

post-European era that we see negative human impacts on clam populations from the lack of 

Indigenous traditional management practices coupled with industrial development. 

The present-day intertidal landscape of Kanish and Waiatt Bays retains the legacy of 

millennia of Indigenous traditional resource management practices, but also reflects the 

absence of Indigenous people and practices since European contact. Today, many coastal First 

Nations have observed that clam beaches are unhealthy and less productive because of a lack 

of traditional management (Marlor 2009; Parks Canada 2011). Intertidal environments are at 

continued risk of habitat disruption from on-going industrial activities (logging, fishing), increased 

tourism, pollution, and climate change. Concerns about marine environment degradation and 

the loss of coastal resources have emerged in recent years, and efforts to manage, restore, and 

conserve coastal resources and improve biodiversity and food security have developed (Berkes 

2015). Management strategies that incorporate local and traditional ecological knowledge (e.g., 

Augustine and Dearden 2014) as well as archaeological and palaeoecological data (e.g., 

Jackson et al. 2001; Rick et al. 2016) are key to the long-term sustainability and resilience of 

ecosystems (Berkes 2015; Berkes and Turner 2006; Berkes et al 2000; Jackley et al. 2016; 

Smith 2009;). Examining butter clams from a variety of ecological and cultural contexts 

throughout the Holocene provides useful data for the management of marine clam resources 

along the Pacific Northwest Coast, and beyond. 
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