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Abstract 
 
 The biodiversity on the Central Coast of British Columbia includes terrestrial and 
marine species. There are many species that link these two biotic communities, including 
clams. The goals of this study were to learn proper field sampling technique and to 
determine if there was a difference in clam diversity and community structure between 
two beaches. In this study we compared populations of clams on two different beaches in 
the Kwakshua Channel at Calvert Island, B.C. We stratified the beach and sampled 5 
equally spaced quadrats of 25cm x 25cm x 30cm along random transects. All clam 
species were identified, weighed and measured, and sediment size was measures. Using 
an ANOSIM test we determined that there was no difference in clam diversity and 
community structure between these two beaches. We did find a positive correlation 
between tidal height and the volume of live clams found on one of the beaches sampled. 
These results are important because they can be used as a basis for further study about 
clam communities, or they could be used in resource management in the Hakai/Luxvbalis 
Conservancy. 
 
Keywords: clam diversity, intertidal,  community structure, biodiversity, marine, 
terrestrial, coastal western hemlock. 
 
Introduction: 
 
  The Central Coast of British Columbia (BC) makes up a significant proportion 

of the Coastal Western Hemlock Zone, and likely encompasses the greatest diversity 

of wildlife and habitat of any of BC’s 16 biogeoclimatic zones (Ministry of Forests, 

1999). Unique to the Costal Western Hemlock Zone are the boundaries of transition 

between marine and terrestrial ecosystems. These transitional areas often exhibit 

characteristics of species composition, structure, and function that are 

representative of the ecosystems they transcend, and often include a unique array of 

biotic and abiotic features (Turner, 2003).  

   

Identification of spatial patterns and their associated temporal dynamics are 

important for gaining insight into the ecological processes that structure biological 

assemblages (Scheomean, 2002). A fundamental goal of community ecology is to 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determine the source of spatial and temporal differences in community structure. 

Important features of community structure include species diversity and 

abundance, trophic complexity, and habitat size and structure. Patterns in 

community structure can vary as a consequence of physical and physiological stress, 

such as tidal height and wave exposure, as well as biological factors (recruitment 

and predation) (Menge and Farrell, 1989). 

   

Much of the Coastal region of BC is characterized by heavy rainfall. An 

important step of this dynamic hydrological cycle is where rain falls in the high 

alpine region adding to the fresh water systems which carry terrestrial sediment 

down to the beaches, forming soft sediment environments that support complex 

communities of marine invertebrates. The community structure and distribution of 

infaunal species that inhabit many types of marine soft sediments have been gaining 

considerable attention, as the ecology of these systems is poorly understood 

(Schoeman, 2002). Coastal sandy beaches are distinguished as physically harsh 

environments that demand particular adaptations from local wildlife. These 

morphological and behavioral adaptations, when coupled with spatial and temporal 

habitat heterogeneity, characterize biotic community structure and distribution of 

soft bottom marine communities (Schoeman, 2002). 

   

Infaunal bivalves, specifically clams, are an important component of many 

soft bottom marine communities and play an active role in cycling nutrients 

between sediments and the overlying water column. Clams also serve as an 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important food source for marine predators, including other marine invertebrates, 

birds such as sea ducks, and humans (Whitely and Bendell‐Young, 2007). There is 

substantial evidence that clams have been intensively harvested on the central coast 

for thousands of years (Cannon and Burchell, 2009). Archeological studies 

conducted on shell middens located near the historical village sites of Namu (40km 

North of Calvert Island) and eight other clam middens located in the immediate 

vicinity revealed the existence of individual or family‐group ownership of different 

clam harvesting areas (“gardens”) that date back as early as 7000 years ago (Cannon 

and Burchell. 2009).  

   

Today, major commercial and recreational clam fisheries of British Columbia 

focus primarily on four species: butter clam  (Saxidomus gigantean), Pacific 

littleneck (Leukoma staminea), manila clam (Venerupis philippinarum), and Pacific 

razor clam (Siliqua patula).  Historically, S. gigantean was the most commercially 

important species for canning at processing facilities located along the coast. 

However, native L. staminea and introduced V. philippinarum now dominate the 

market as they more economically farmed, and do not sequester paralytic shellfish toxins 

(PSP) for as long as S. gigantean (DFO, 2009).  

   

This study aims to examine two productive clam habitats located within the 

bounds of the Kwakshua channel in order to better comprehend the spatial and 

temporal distribution of the different clam species found in the area. We 

hypothesize that the two survey locations, which are characterized by different 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physical features, will exhibit varying levels of species diversity. The main goals of 

this study are to gain a more comprehensive understanding of field sampling 

technique, as well as to produce a deliverable report of our finding that will 

hopefully be useful in the continued monitoring and future management of this 

natural resource.  

 
Methods 

  The methods for this study were adopted from the methods developed by 

Anne Solomon for surveying clams in intertidal habitats. In this study, data was 

collected randomly using sites as independent replicates to avoid the issue of 

pseudoreplication. Three beaches were selected within in the bounds of the 

Kwakshua Channel on Calvert Island, Central Coast of B.C. (Figure 1). Within each 

site, a base line was laid out across the top of the clam habitat, typically along the 

mean high tide line.  

 

For Beach 1, an area of 128 x 25 m was mapped out into a grid using a 

compass and measuring tape, and seven locations were randomly chosen within the 

bounds of the sample area. From each location, a compass was used to determine 

the direction each transect would run. A 2 m transect ran North to south from the 

centre of each location. 25 x 25 cm quadrats were placed at the 2m, 1m, and 0m 

points of each transect, and excavated to a depth of 20 cm. All contents removed 

were sifted through by hand, all live and dead clams were separated, and the volume 

of the remaining sediment was measured and recorded. The total length (mm) and 

width (mm) of live and dead clams were measured using calipers, and recorded. 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Figure 1: Google Maps Image of the three beach sites where clams were surveyed 

 

For Beach 2 and 3 (figures 2 and 3 respectively), each area of suitable clam 

habitat was sectioned into six, evenly spaced strata, which ran perpendicular to the 

high tide line towards the water. Within each strata, a randomly placed transect ran 

from the baseline down the beach to low tide. Five 25 X 25 cm quadrats were evenly 

placed along each transect. Quadrats were excavated to a depth of 30 cm, and all 

biotic and abiotic contents were removed and placed into 5 gallon buckets. Buckets 

were then sifted through by hand and all contents were separated based on 

sediment size, clams that were living and clams that were dead. The length (mm), 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width (mm), weight (g), and species id for live clams were measured and recorded 

for diversity and abundance estimates, as well as the length, width, and species id of 

all dead clams collected. Volumetric (L) measurements of live clams, dead clams, 

sediment  >5 cm diameter, 5 <>15 cm diameter, and >15 cm were recorded. 

Additional notes were made on wall integrity of excavated quadrat sites, time that 

returning tides reached each of the sample sites along each transect, and general 

observations about the physical characteristics of each beach. 

 

 

Figure 2: Map of the clam survey site at Beach 2. 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Figure 3: Map of the clam survey site at the Telus Tower Beach. 

 

A one‐way ANOSIM (analysis of similarities) was used to determine if there 

was a difference in clam species diversity between Beach 2 and Telus Tower Beach, 

and was also used to determine if there was a difference in clam species diversity at 

different tidal heights. SIMPER was used to determine the percent similarity 

between the two sample sites. The Pearson Product‐Method Correlation test was 

implemented to determine if there was any correlation (positive or negative) 

between: tidal height versus volume of live clams, and volume of live clams versus 

mass of live clams. 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Results 
 

Seven species of clams were found and identified during out survey: Butter Clam  

(Saxidomus gigantea), Pacific Little Neck (Protothaca staminea), Pointed Macoma 

(Macoma inquinata), Pacific Gaper (Tresus nuttallii), Fat Gaper (Tresus capax), Nuttal’s 

Cockle (Clinocardium nuttallii), and Bent-nose Macoma (Macoma nasuta). We sampled 

a total of 97, 165, and 272 clams on Beaches 1, 2 and the Telus Tower Beach, 

respectively (Figure 4 and 5). 

 

 
Figure 4: The total number of clams surveyed at Beach 1. (Species codes: BC=Butter, 
PLN=Pacific Little Neck, PM=Pointed Macoma, PG=Pacific Gaper, FG=Fat Gaper, 
NC=Nuttal’s Cockle, BN=Bent-Nose Macoma) 
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Figure 5: The total number of Clams surveyed at Beach 2 and the Telus Tower Beach. 
(Species codes: BC=Butter, PLN=Pacific Little Neck, PM=Pointed Macoma, PG=Pacific 
Gaper, FG=Fat Gaper, NC=Nuttal’s Cockle, BN=Bent-Nose Macoma) 
 
 

The results of the ANOSIM test indicate that the beaches, Beach 2 and the Telus 

Tower Beach, are effectively the same (Figure 6). There is not a statistical difference in 

the two clam populations between these two beaches (Global R = 0.029, Significance 

level = 30.5%). We failed to reject our null hypothesis of no difference in clam species 

diversity. The SIMPER test results show that there is a 61.44%, and 55.12% similarity in 

the clam species on Beach 2, and the Telus Tower Beach, respectively. There is an 

average dissimilarity of 44.97% in the clam species between the two sites.  
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Figure 6: Nonmetric Multi-Dimensional Scaling plot showing the relationship of clam 
community diversity between Beach 2 and the Telus Tower Beach.  
 
 

The second set of ANOSIM test results indicates that there is no difference in clam 

diversity at different tidal heights (Figure 7). There is no statistical difference between 

clam diversity and tidal heights (Global R = 0.098, Significance level = 6.2%). Therefore, 

we failed to reject our null hypothesis of no difference in clam diversity at different tidal 

heights.  
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Figure 7: Nonmetric Multi-Dimensional Scaling plot showing the relationship between 
clam community diversity and tidal height. 
 
  

The Pearson Product-Moment Correlation test indicated that there was a slight 

negative correlation between tidal height and the volume of live clams for Beach 2 (r = -

0.268, p-value = 0.399). These results were not statistically significant. There was a 

positive correlation between tidal height and the volume of live clams on the Telus Tower 

Beach (r = 0.535, p-value = 0.0028). These results are statistically significant. The 

Pearson Product-Moment Correlation results indicated a slight negative correlation 

between the volume and mass of live clams on Beach 2 (r=-0.068, p-value=0.833). This 

is not a statistically significant result. There was a positive correlation between the 

volume and mass of live clams on the Telus Tower Beach (r=0.986, p-value=6.518 x 

1022). This result is statistically significant (Table 1). 
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Table 1: Test results of the Pearson Product-Moment Correlation between tidal height 
and volume of live clams, and volume and mass of live clams. 
Beach Independent 

Variable 
Dependent 
Variable 

r-value 
 

P-value 
 

Beach 2 Tidal Height Volume of Live 
Clams 

-0.268 
 

0.399 
 

Telus Tower Tidal Height Volume of Live 
Clams 

0.535 
 

0.0028 
 
 

Beach 2 Volume of 
Live Clams 

Mass of Live Clams  -0.068 
 

0.833 
 

Telus Tower Volume of 
Live Clams 

Mass of Live Clams  0.986 
 

6.518 E-22 
 

 
 
Discussion 
 
  
 The biodiversity on the Central Coast of British Columbia is an astounding mix of 

terrestrial and marine species. Clams play an important role in soft-bottom communities 

on the coast, as nutrient cyclers, and as a food source for many organisms. We found 

seven species of clams in total during our sampling. These seven species were not found 

at every beach. Beach 1 did not have any Pointed Macoma (M. inquinata), Pacific Gaper 

(T. nuttallii), or Fat Gaper (T. capax) clams. Beach 2 had all species present except for 

Bent-nose Macoma (M. nasuta). The Telus Tower Beach did not have either species of 

gaper (T. nuttallii, and capax). Even though there was this observable difference in types 

of clams found the statistical differences were not significant. The species of clams that 

were identified in Pruth Bay at the end of Kwakshua channel by Christou, et al. (2011) 

had some differences with the species that we identified. They found some of the 

invasive Manilla clam (Venerupis philippinarum), White Sand Macoma (Macoma secta), 

and Baltic Macoma (Macoma balthica) species at their study site. Their study site in 

Pruth bay was more sheltered and further into Kwakshua channel then our study sites.  
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The beach types that we compared statistically were different in substrate type 

and size. Beach 2 was only 19 meters in width, and had a predominantly shell fragment 

substrate. The Telus Tower Beach was 60m in width and was a mix of mud/clay, and 

cobble/boulders. Even though there were size and substrate differences, both beaches also 

had had some similarities that might have had an effect on the clam community at each. 

Both of our study beaches were located in the same protected area in Kwakshua Channel. 

The sites were in relatively close proximity to each other, and the amount of high wave 

exposure at each site is quite minimal. Clams prefer habitat that has sheltered water and 

fine-grained sediments (Harbo, 2011). The sheltered waters and finer sediments of both 

beaches may have played a role in the similar clam community composition that was saw 

statistically. In a study about the effects of farmed clam habitat on the community 

structure stated that regional distinctness between the farmed sites was reduced and they 

noticed very little difference between the clam communities at the farmed sites (Whiteley 

and Bendell-Young, 2007).  

  

The statistical correlations that we determined indicate that there is a slight 

negative correlation between tidal height and volume of live clams at Beach site 2. This 

result was not statistically significant. The sample size for this beach was small, this 

could have affected these statistical data. There was a positive correlation between tidal 

height and live clam volume on the Telus Tower Beach. This result was statistically 

significant. This tells us that the largest volume of clams were found in the cobble and 

boulder band, higher up on the beach. This result was contradictory to what Christou, et 
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al. (2011) found. They observed that the highest clam abundance was found mostly 

within the mid to low intertidal. The positive correlation that we saw would mean that as 

tidal height increased, or as you went higher up the intertidal, the volume of live clams 

would increase. We performed the correlation test between the volume and mass of live 

clams to see if volume was correlated to mass and could be used as an indicator of clam 

mass. We found a very significant correlation on the Telus Tower Beach between clam 

volume and mass. There was a slight negative correlation found on Beach 2 between 

volume and mass of live clams. We suspect that our small sample size is affecting the 

difference in these correlation results.  

 

Sources of Error: 
 
  There are several issues with the design of this study that may have affected 

the outcome of our results. First, the depth of 30 cm for which we excavated each 

sampling station may not have been deep enough to give an accurate depiction of 

the actual number of clams found in that specific area. Clam survey techniques 

outlined by the Department of Fisheries and Oceans (DFO) recommend that quadrats 

should be excavated to a depth of 20 cm for both L. staminea and V. philippinarum, and a 

depth of 30 cm for S. gigantean. However, DFO also mentions that sample sites should 

be dug deeper if clams are still being removed from the diggings at minimum depth 

(Gillespie and Kronlund, 1999). We noticed that we were still finding a substantial 

number of live clams the further down we dug, but because were only including contents 

that were excavated to a depth of 30 cm we excluded a substantial amount of the actual 

biomass located in each quadrat. This could have resulted in inaccurate depiction of the 
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population size within our sample area, and was likely to be the most significant source 

or error for this study. Second, during the set up of our survey area we were required to 

regularly walk directly over the areas that we intended to sample. Regular disturbance to 

our sample site could have encouraged target bivalve species to dig down deeper or away 

from our sample area, thus excluding them from our survey. Furthermore, the number of 

samples taken from each location may not have been large enough to accurately measure 

the difference between the two beaches. Due to the small size of beach 1, we were only 

able to measure a third of the number of sample sites compared to the Telus Tower 

beach. We may have been able to more confidently concluded that there was no 

difference in clam species diversity between the two beaches if they were more similar in 

size. Finally, variable weather patterns during the sampling period may have affected size 

and weight of the clams we were finding. A study conducted by Goong and Chew (2001) 

examined the relationship between butter clam growth rate and salinity, and found that 

salinity was positively correlated with butter clam growth rates. During our sampling 

period, substantial rainfall created fresh water streams that emptied directly into or near 

our sample site. This could have affected the overall size and weight of the clams that we 

surveyed.  

 

Future  studies  

 In a future study the difference in clam diversity and community structure  

between the ancient modified clam gardens and the unmodified clam beaches could be 

compared. More specifically after successfully completely our survey using the same 

field methods as Simon Fraser University Resilience Class used during their survey of a 
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clam garden in Kwakshua Channel we can compare our data. This would allow us to 

quantitatively answer the above question. It would be interesting to see what the 

implications are, if differences do exist. How did the clam gardens influence food 

security for First Nations and how will the findings influence contemporary coastal 

peoples’ food security and sustainable economies. Management of this natural resource 

and the Hakai Luxvbalis Conservancy is shared between the Province of British 

Columbia and the Heiltsuk Nation with the Heiltsuk Integrated Resource Management 

Department (HIRMD) (Brown, 2012). HIRMD has also expressed interest in this study 

and obtaining the results for future resource management.  

 

 Our results lay a foundation for another future study to look at other factors that 

influence clam diversity and distribution. Williams (2006) in Clam Gardens Aboriginal 

Mariculture on Canada’s West Coast speculates that butter clams like to grow near 

boulders because they are attracted to warm areas. The radiant heat from the sun warms 

the boulders. Williams references a Kwakwaka'wakw clam digger and his speculations of 

why First Nations developed clam gardens. Future research could look at abiotic factors 

such as temperature and how it affects population diversity and distribution.  

 

 In conclusion, our observations of the beaches studied show a heterogeneity of 

the clam community structures within the Kwakshua Channel. We feel that we 

accomplished our goals in gaining field sampling techniques and experience. This was a 

really fun project and we enjoyed completing it.  
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