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1. INTRODUCTION 

Bivalves are valuable archives of past environmental conditions because environmental 

signals are recorded in shell material as the organism precipitates its calcium carbonate skeleton 

(Clark, 1968; Davenport, 1938; Emiliani et al., 1964; Epstein et al., 1953; Pannella and 

MacClintock, 1968). Recent work with bivalve sclerochronology and sclerochemistry 

significantly contributes to our understandings past relationships between humans and their 

environments, especially where environmental reconstructions from skeletal hard tissues are 

combined with associated archaeological materials (Andrus, 2011; Culleton et al., 2009; 

Quitmyer et al., 1985; Thomas, 2015a, 2015b; Twaddle et al., 2016). Sclerochronology and 

sclerochemistry rely on regular macro- and micro-incremental growth and chemical properties 

that are recorded throughout the lifetime of a single organism (Fenger et al., 2007; Gröcke and 

Gillikin, 2008; Helama et al., 2006; Schöne and Surge, 2012).  

Bivalves that are good candidates for sclerochronological analysis have periodic growth 

patterns that result from environmentally influenced changes in the rate of shell precipitation. 

The deposition of micro- and macro-growth increments depend on an array of environmental 

properties, and so increments reflect environmental conditions during the time it formed. 

Analysis of such growth patterns and chemistry can provide information about paleoseasonality, 

paleotemperatures, and paleosalinity (Schöne and Gillikin, 2013). Seasonality, especially 

temperature ranges and precipitation patterns, is an important variable in the climate system and 

impacts the biogeographic distribution of flora and fauna, including human communities and 

their socioeconomic foundations. Understanding climate change and its effect on human 

societies in the past, present, and future requires an understanding of long-term natural 

variability (Crippa et al., 2016). 

In the Gulf of Alaska (GOA), situated in the North Pacific Ocean, fluctuating climate 

changes characterize the last 10,000 years. During the early Holocene (9-6 ka), summers were 

warmer and drier than today. However, the Neoglacial brought glacier expansion to the GOA 

between 6 and 5 ka (Calkin et al., 2001; Mann et al., 1998). During the Neoglacial, alternating 

intervals of cooling and warming lasted from several hundred to several thousand years (Mann et 

al., 1998). Both the Medieval Warm Period (AD 900-1350) and the Little Ice Age (AD 1350-

1850) were intervals of the Neoglacial. Such climatic variability almost certainly influenced 

human populations inhabiting the GOA during this time. Paleoclimate reconstructions are not 
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drivers of the path the ACC travels, typically bifurcating at the Kennedy-Stevenson Entrance, 

which results in part of the current travelling through Shelikof Strait and a weaker current 

flowing along the southern coast of Kodiak Island (Cummins and Freeland, 2007).  

The Kodiak archipelago has cool temperate maritime climate with frequent and heavy 

rainfall and abundant winter storms (Clark, 1998). Two distinct seasons characterize the climate 

of the Kodiak archipelago: summer and winter. In the summer, Kodiak receives increased 

amounts of sunlight, storms are less frequent, and the diversity and quantity of aquatic resources 

increase (Steffian et al., 2006). Increasing sunlight and reduced winter storms are conducive to 

plankton blooms and marine resources move from the outer coast to further inland. In the winter, 

sunlight decreases and the number of storms increase dramatically and marine resources return to 

deeper water (Steffian et al., 2006).  Additionally, the lowest tides of the year often occur in the 

winter, exposing shellfish beds for longer periods.  

Along the coast of British Columbia (Fig. 1), Spring upwelling winds and fall 

downwelling winds drive annual seasonal variations in climate (Cummins and Masson, 2014). 

During the winter, the coast receives heavy precipitation and strong storms that form in the North 

Pacific (Stahl et al., 2006) In the summer, glaciers and snow pack melt, discharging into 

downstream estuaries (Fleming et al., 2016). In general, glacially fed river regimes heavily 

influence the British Columbia coastline. In the fall and winter, heavy precipitation drives river 

regimes and in the summer, higher summer temperatures and mixing of autumn-winter 

precipitation and spring-summer snow melt mix, driving variability in density-driven coastal 

currents such as the Alaska Coastal Current (Fleming et al., 2016). Tides in British Columbia are 

semidiurnal (Dohler, 2007).  

1.2.2 Saxidomus gigantea: North Pacific marine archive  

Saxidomus gigantea (Fig. 2), commonly known as the butter clam, is an excellent archive 

of Pacific marine environments for numerous reasons. It is a temperate marine species that 

primarily inhabits estuarine settings along a wide geographic range along the North Pacific coast, 

from San Francisco Bay to the south up to the Aleutian Island in the north (Burchell et al., 

2013a; Gillikin et al., 2005a; Hallmann et al., 2009). Historically, S. gigantea represented an 

important resource for early Alaskan and British Columbian peoples and so it is abundant in 

archaeological deposits along the North Pacific coast dating back as much as 12,000 years B.P. 

(Burchell et al., 2013a; Gillikin et al., 2005a; Hetherington and Reid, 2003). Kvenvolden et al., 
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growth bands associated with winter and environmental disturbance bands related to freshwater 

influx.  

They also note that sclerochronological analysis of microstructures can serve as 

additional confirmation of annual bands. Around annual bands, shell growth steadily decreases 

as it approaches winter and steadily increases as temperatures begin to rise. This differs from 

other environmental disturbances in that abrupt growth cessations precede disturbance bands and 

growth steadily recovers following the disturbance.  Hallmann also noticed that average annual 

growth increments between annual growth bands were 55% wider in shells collected in British 

Columbia than clams collected in Alaska. Finally, Hallmann et al. (2011, 2009)establish that S. 

gigantea, like many other bivalves, produces circatidal, circalunidian, and fortnightly growth 

patterns that correlate with tidal oscillations within the lunar calendar (Hallmann et al., 2009). 

Hallmann concluded that S. gigantea produces two bands per lunar day, one fainter than the 

other, represent circatidal rhythms.  
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2. METHODS 

2.1 SAMPLE COLLECTION 

A total of 20 S. gigantea clams were live collected from Kodiak Island, Alaska (Figure 1) 

and 5 from along the coast of British Columbia (Figure 1). Clams were collected from intertidal 

zones at -1 foot low tides or lower. The substrate from which specimens were collected were 

typically pebble to gravel segments of the beach. Alaskan samples were collected during June 

and July of 2015 and British Columbian samples were collected during the months of April, May 

and July between 2006 and 2013. The southernmost collection site is Ladysmith, B.C. 

(48°59'31.00"N, 123°48'26.10"W) and the northernmost at Mission Beach, Kodiak Island, 

Alaska (57°47'57.18"N, 152°22'5.71"W), a difference of 8.9° latitude.  

Archaeological samples were obtained from three sites on the Kodiak archipelago 

(Steffian, 1992): Rice Ridge (KOD-363), Uyak (KOD-145), and Settlement Point (AFG-105) 

(Fig. 1). The Rice Ridge site on the northwest side of the island is the oldest and was occupied 

from 6000-3800 BP, during both the Ocean Bay I and II phases (Kopperl, 2003; Mills, 1994). 

The Uyak site, on the southwest side of the island, had extensive shell midden deposits, some as 

thick as 6 meters (Heizer, 1963; Hrdlicka, 1975). The site contains sequences from Kachemak 

and Koniag phases, which represents a time frame from 2560±30 to 1270±30 years BP (West 

and Jarvis, 2015). The Settlement Point site is located fifteen kilometers north of Kodiak on 

Afognak Island (Kopperl, 2003). This site has deposits representing Early Koniag occupation, 

620±50 to 340±60 years BP (Partlow, 2000). 

 

2.2 SCLEROCHRONOLOGICAL ANALYSIS 

Using a trim saw (Hillquist), one valve of each clam was sectioned perpendicular to the 

axis of maximum growth from the umbo to the ventral margin (Fig. 3A). Sectioned valves were 

polished with 100 and 600 grit sand paper followed, a Crystalite 100 mesh diamond disc, and 15-

micron diamond paste on a Buehler Ecomet 3 variable speed grinder-polisher. Acetate peels 

were prepared following a modified version of Ropes (1984) Each shell section was etched in 

HCl (2% for modern and 1% for archaeological samples) for 45 seconds, rinsed with distilled 

water, and allowed to dry at room temperature before binding to acetate paper. Dry valves were 

rinsed with acetone and pressed to clear Grafix acetate paper (0.127 mm thick) for approximately 
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5.  CONCLUSIONS 

Clams collected from generally colder water (Alaska) had a growing season that lasts 

143±34 days, or approximately 90 days shorter than clams collected from where the water 

remains warmer longer (British Columbia) and stable oxygen isotope values measured at annual 

winter bands were noticeably more positive from higher latitudes. Additionally, Alaskan clams 

have distinct winter growth bands that were almost immediately identifiable visually while 

British Columbian clams have some distinct bands but also some that are difficult to identify 

without stable oxygen isotope analysis. Oxygen isotopes should be used to confirm that macro-

growth bands are annual winter growth bands. 

 This method is applicable to ancient and archaeological shells with a small modification 

during the etching process. Because older shells are more delicate, a weaker strength HCl is 

more appropriate and will dissolve less of the shell. Additionally, some ancient clams may be 

better prepared in epoxy, which will support the valve during sectioning and polishing. The 

oxygen isotope data and number of LDGI per year in archaeological clams collected from Alaska 

are comparable to data in modern Alaskan clams. However, it is important to note that these 

clams were mostly examined to see if the same methods used on modern shells could be 

effectively applied to older shells. Interpretations of past climate should not be made from the 

archaeological results presented here without a more robust sample size. Regardless, further use 

of sclerochronological and sclerochemical analysis of Saxidomus gigantea presents a unique 

opportunity to answer questions about both past environmental and climate change and the 

effects of that change on past human populations.  
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