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ABSTRACT 

Sclerochronological and sclerochemical analysis of shellfish remains from archaeological 

sites afford the opportunity to understand environmental change and its impacts on human 

populations through time. During the Late Holocene in the Gulf of Alaska, the 

paleoenvironmental record reflects fluctuating marine conditions throughout the region. The 

effects of changes in regional climate patterns, as well as human responses to such change, 

however, can exhibit great variability locally. In the Kodiak archipelago in the Gulf of Alaska, 

changing environmental conditions, population growth, technological transitions, and contact 

with other communities likely promoted the transition from needs based maritime hunting and 

gathering to surplus-based, semi-permanent villages. The precise role of climate in this transition 

is understudied. Few paleoclimate reconstructions are available for the Kodiak archipelago and 

while climate reconstructions for the Gulf of Alaska are not uncommon, regional climate 

reconstructions are often insufficient for archaeological research. Many climate reconstructions 

lack sub-annual resolution and cannot produce a detailed understanding of seasonal behaviors in 

human populations. Sclerochronological and sclerochemical analysis of shellfish remains from 

archaeological sites in the archipelago may provide additional paleoenvironmental information. 

Measuring and comparing the length of seasonal shell growth in select species of bivalves may 

complement stable oxygen isotope analysis, together providing a more precise paleoclimate 

reconstruction. This research utilizes the growth of Saxidomus gigantea, abundant both on 

modern and ancient coastlines to provide information about the length of its growing seasons. To 

measure seasonality, a total of 25 modern samples were collected from Alaska and British 
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Columbia and the number of circalunidian growth lines were counted between annual winter 

growth lines confirmed by oxygen isotope analysis. Clams collected from Alaska grew a total of 

143±34 days while the Canadian clams grew 273±14 days. Additionally, oxygen isotope values 

were more positive from annual winter growth lines from Alaskan samples than Canadian 

samples. This method was then applied to three archaeological samples collected from the Rice 

Ridge site (KOD-363), the Uyak site (KOD-145), and the Settlement Point site (AFG-105), 

which grew an average of 166±22, to confirm that these methods can be applied to 

archaeological samples through time to detect spatial and temporal changes in seasonality. These 

results suggest that changes in sea surface conditions and seasonality are detectable both 

spatially and temporally through detailed sclerochronological and sclerochemical analysis of 

shellfish remains from archaeological sites and offer the potential to reconstruct marine 

environmental conditions throughout the Holocene.   
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1. INTRODUCTION 

Bivalves are valuable archives of past environmental conditions because environmental 

signals are recorded in shell material as calcium carbonate is deposited (e.g. Clark, 1968; 

Davenport 1938; Emiliani et al., 1964; Epstein et al., 1953; Pannella et al., 1968). Recent work 

with bivalve sclerochronology and sclerochemistry has significantly contributed to 

understandings of past relationships between humans and their environments, especially where 

environmental reconstructions can be combined with ancillary archaeological materials (Andrus, 

2011; Culleton et al., 2009; Quitmeyer et al., 1985; Thomas, 2015a; Thomas, 2015b, Twaddle et 

al., 2016). Sclerochronology and sclerochemistry rely on regular macro- and micro-incremental 

growth and chemical properties that are recorded throughout the growth of a single organism. 

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

paleotemperatures, and paleosalinity (Schöne and Gillikin, 2013). In particular, seasonality, 

especially temperature ranges, 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 North Pacific Ocean, dramatic climate changes characterize the last 10,000 years 

(Fig. 1). During the Hypsithermal (9-6 ka), summers were warmer and drier than today. 

However, the Neoglacial brought glacier expansion to the Gulf of Alaska 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 
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Medieval Warm Period (AD 900-1350) and the Little Ice Age (AD 1350-1990) were intervals of  

the Neoglacial. Such climatic variability almost certainly influenced human populations 

inhabiting the Gulf of Alaska during this time. Paleoclimate reconstructions are not uncommon 

for the Gulf of Alaska, however, the effects of changes in regional climate patterns, as well as 

human responses to such change, can exhibit great variability locally (West, 2009). The Gulf of 

Alaska is divided into four regions, Prince William Sound, Cook Inlet, the Kodiak archipelago, 

Figure 1. Holocene climate variability. 
During the Early Holocene, a period commonly referred to as the Hypsithermal, mean summer 
temperatures were generally warmer and climate drier. Approximately 6-5 ka, the Neoglacial 
brought generally colder, but fluctuating, temperatures (Mann et al., 1998). 
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and the Pacific coast of the Alaska Peninsula (Steffian et al., 2016). This thesis focuses 

specifically on the Kodiak archipelago. 

In the Kodiak archipelago in the northwestern Gulf of Alaska, fluctuating environmental 

conditions, population growth, technological transitions, and contact with other communities 

likely promoted the transition from needs-based maritime hunter-gatherers to                                                                                                                                                                                   

surplus-based, semi-permanent villages (Clark, 1984; Fitzhugh, 2003; Steffian et al., 2016). The 

precise role of climate in this transition is poorly understood. Regional reconstructions are useful 

for generally understanding past climate but it is insufficient for archaeological research that 

oftentimes poses questions about the seasonal timing of resource use and site occupations and 

require sub-annual resolution to answer (West, 2009). Few paleoclimate reconstructions are 

available for the Kodiak archipelago (West, 2009); however, sclerochronological and 

sclerochemical analysis of shellfish present in the numerous middens located throughout the 

archipelago hold the potential to produce high-resolution local climate and environmental 

reconstructions.  

Saxidomus gigantea (DeShayes, 1839), also known as the common butter clam, is 

ubiquitous along the northwest coast of North America. Despite its abundance in the 

archaeological records of Alaska and British Columbia, its use as an environmental archive is 

relatively recent (Burchell et al., 2013; Gillikin et al., 2005, Hallmann et al., 2009, 2011, 2012; 

Kingston et al., 2008). To date, Nadine Hallman has produced the most comprehensive 

investigation of S. gigantea growth and life history. In her work she examined the biology, 

geochemistry, and seasonal growth patterns in the context of reconstructing paleoclimate and 

seasonality with particular emphasis on their applicability to inferring trends in past human 

subsistence behavior (Hallmann et al., 2013; Hallmann et al., 2011; Hallmann, 2011; Hallmann, 
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2009). Hallmann was able to establish the following fundamental characteristics of S. gigantea: 

1) latitudinal trends in biometric variables such as longevity, shell size and weight; 2) the nature 

of annual winter and environmentally forced disturbance macrobands; 3) the timing of 

microgrowth increments; 4) lunar and tidally driven trends in shell growth; and 5) temperature 

reconstructions with the current body of knowledge are not reliable.  

This thesis aims to extend Hallman’s work through sclerochemical and 

sclerochronological analysis of S. gigantea on clams collected on Kodiak Island, Alaska and 

compare them to clams collected from British Columbia as a means of detecting differences in 

seasonality in the North Pacific Ocean and apply these methods to archaeological samples to 

assess its use in archaeological studies. Measuring and comparing lengths of seasonal shell 

growth (defined as the number of circalunidian growth increments) from shells collected at 

higher latitudes in Alaska with those collected from lower latitudes in British Columbia could 

provide a geologic meter for assessing spatial and temporal changes in the length of growing 

seasons. These methods are then applied to shells collected from archaeological sites in the 

Kodiak archipelago to assess their applicability to ancient shells from the North Pacific Ocean in 

order to detect climate changes throughout the archipelago during the Holocene.  
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2. BACKGROUND 

 
2.1 GEOGRAPHY AND CLIMATE OF THE GULF OF ALASKA AND BRITISH 

COLUMBIA 
 

The Kodiak archipelago is a group of islands located in the northwestern Gulf of Alaska 

(GOA) and is separated from the Alaskan mainland by the Shelikof Strait (see Fig. 6 in Methods, 

p. 15). The Kodiak archipelago has low mountains and small glaciers relative to the Alaskan 

mainland (Steffian et al., 2016). Its coastline contains numerous bays where snow-fed rivers 

influence estuarine settings. These bays remain relatively ice-free throughout the year and serve 

as protection for marine resources such as salmon, marine mammals, and shellfish (Steffian et 

al., 2006). The Gulf of Alaska hosts a particularly rich amount of biodiversity due to water 

properties, chemistry, and geography (Hunt and Stabeno, 2005). However, these ecosystems are 

sensitive to atmospheric, oceanographic, and anthropogenic input and vary in their responses to 

those input (Betts et al. 2011; Causey et al. 2005; Corbett et al. 2008; Crockford and Frederick 

2007; Finney et al. 2010, Maschner et al. 2013, Misarti et al. 2009). Tides in the Kodiak 

archipelago are semidiurnal with a mean range of 2.1 m and a diurnal range of 2.7 m (NOAA 

tidal datums, station 94547292).  

The Aleutian Low (AL) pressure system largely controls climate in the GOA (Rodionov 

et al., 2007). The AL is a subpolar area of low pressure located in the Gulf of Alaska, the eastern 

Aleutian Islands, and Bering Sea, and most strongly influences climate during the winter. Its 

effect in the summer is minimal. The magnitude and position of the AL vary on monthly, annual, 

and decadal scales (Overland et al., 1999). The Alaskan Coastal Current (ACC), a branch of the 
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North Pacific gyre, chiefly supports this rich marine environment through the transport of heat, 

salt, and nutrients to the region (Ladd et al., 2015). Surface winds and freshwater influx are the  

largest drivers of the ACC. The ACC bifurcates at the Kennedy-Stevenson Entrance resulting in 

part of the current travelling through Shelikof Strait and a weaker current flowing along the 

southern coast of Kodiak Island (Cummins et al., 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 and 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 

occur in the winter, exposing shellfish beds for longer periods.  

Climate in British Columbia is very similar to that of the Gulf of Alaska. 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. Like 

southern Alaska, coastal British Columbia receives strong storms that form in the North Pacific 

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

into downstream estuaries. 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-
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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.  

 
 
2.2 ARCHAEOLOGY OF THE KODIAK ARCHIPELAGO 

 The archaeological record of the Kodiak archipelago spans from approximately 7500 BP 

to Russian contact during the eighteenth century (Fitzhugh, 2003; Kopperl, 2003; West, 2009). 

Three periods divide this record into distinct cultural traditions (Kopperl, 2003): Ocean Bay 

(7500-4000 cal BP), Kachemak (4000-900 cal BP), and Koniag (900-200 cal BP). Each period is 

distinct and some archaeologists suggest that each period seamlessly transitioned from the 

preceding period (Knecht, 1995; Kopperl, 2003; Steffian et al., 2016) while others argue that 

early populations either mixed with (Clark, 1998) or were replaced by newer populations 

(Dumond, 1987). Kodiak’s cultural history, much like the rest of the Alaska coast and the 

Northwest Coast, begins as small, maritime hunter-gatherers, which later developed into 

complex semi-sedentary societies with broad trade networks, surplus storage, and complex 

social, religious, and political systems (Fitzhugh, 2003) 

 Maritime hunter-gatherer culture characterizes the Ocean Bay period, which can be 

subdivided into two phases, Ocean Bay I and II. Populations of the Ocean Bay period were the 

earliest known inhabitants of the archipelago and already possessed technological adaptations to 

a maritime environment (Kopperl, 2003). Materials excavated from these sites suggest seasonal 

occupation.  

 During the Kachemak period, hunter-gatherers lived in well-established villages that 

were occupied most of the year. The Kachemak period is also divided into two phases, Early and 

Late Kachemak; however, sites from these phases can be difficult to distinguish from one 
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another without a carbon date (Steffian et al., 2016). Their location capping older Ocean Bay 

deposits and resemblances to Ocean Bay II technology suggests that the Kachemak tradition 

transitioned from the Ocean Bay tradition. Kachemak sites are also noted for evidence of 

intensified fishing of cod and salmon (Clark 1997; Steffian et al., 2006) and their abundant 

shellfish middens (Kopperl, 2003). Material culture suggests more semi- permanent site 

occupation than the Ocean Bay period and later Kachemak sites suggest that villages grew so 

large they prohibited relocation in times of resource scarcity (Steffian et al., 2016).  

 The Koniag tradition expands on the tradition established during the Kachemak period 

but the transition from Kachemak to Koniag can be difficult to constrain (Steffian et al., 2016). 

The Koniag period is divided into Early and Developed Koniag phases (Clark, 1984). One 

notable difference is that Koniag sites often mark a substantial increase in use of riverine and 

outer coastal resources. These sites suggest that inhabitants may have occupied these sites year-

round, including winter (Steffian et al., 2016).  

 

2.3 SAXIDOMUS GIGANTEA: NORTH PACIFIC MARINE ARCHIVE 

Before proceeding with research using any bivalve for seasonality and paleoclimate 

reconstructions, a detailed study of the life history and ontogeny of that species is essential 

(Hallmann et al., 2009; Schöne and Surge, 2012). Important traits to consider are 1) the timing of 

shell growth and duration of the growing period throughout ontogeny and 2) the development of 

growth patterns and geochemical chronologies in tandem with fluctuations in environmental 

conditions. Bivalves that are good candidates for sclerochronological analysis have periodic 

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

precipitation. In particular, the deposition of micro- and macro-growth increments depend on an 
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array of environmental properties and so increments reflect environmental conditions during the 

time each increment formed (Fenger et al., 2007; Grocke and Gillikin, 2008; Helama et al., 2006; 

Schöne and Surge, 2012).  

Saxidomus gigantea (Fig. 2, DeShayes, 1839), commonly known as the butter clam, is an 

excellent, though less studied, archive of marine conditions for numerous reasons. It is a 

temperate marine species that primarily inhabits estuarine settings along a wide geographic range 

along the North Pacific coast (Fig. 3) (Burchell et al., 2013; Gillikin et al., 2005; Hallmann et al., 

2009). S. gigantea historically represented an important resource for early Alaskan and British 

Columbian peoples and so it is abundant in archaeological deposits along the North Pacific coast 

as old as 12,000 BP (Gillikin et al., 2005; Hetherington and Reid, 2003). Kvenvolden et al. 

(1979) also recorded Pleistocene geologic deposits of well-preserved S. gigantea fossils, which 

potentially makes them a useful paleontological and paleoclimatological archive (Gillikin et al., 

2005). 

Figure 2. Image of disarticulated S. gigantea valve. 
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S. gigantea burrows up to a depth of ~30 cm below the intertidal zone (Burchell et al., 

2013; Gillikin et al., 2005; Nickerson, 1977; Paul et al., 1977). It can live approximately 20 years 

(Quayle and Bourne, 1972), during which it produces an aragonitic shell with visible annual 

winter bands (Hallmann et al., 2009). S. gigantea is a stenohaline bivalve that cannot tolerate low 

salinity and slows or ceases growth during freshwater discharge events (Bernard, 1983; Burchell 

et al., 2013; Gillikin et al., 2005; Hetherington and Reid, 2003) but tolerates temperatures as low 

as 4-5 ºC and a maximum temperature of up to 25 ºC (Quayle and Bourne, 1972).  

S. gigantea has been the focus of numerous studies that address the relationship between 

marine variables, such as salinity and water temperature, and their relationship to shell growth 

patterns (Burchell et al., 2013; Gillikin et al., 2005, Hallmann et al., 2009, 2011, 2013; Kingston 

et al., 2008). Gillikin et al. (2005) examined the reliability of stable isotope environmental 

reconstructions in S. gigantea by comparing three specimens from the same geographic location. 

They compared the accuracy of carbon and oxygen based reconstructions from shell carbonate to 

Figure 3. Geographic range of S. gigantea. 
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monitored environmental variables. They found that oxygen isotope values between the three 

bivalves were similar, with a difference in the average d18Oshell of 0.19‰, which is half of the 

reported values in corals (Gillikin et al., 2005). This suggests that external environmental factors 

predominantly control oxygen isotope ratios. Gillikin concludes that average temperature can be 

calculated with a 0.8 ºC uncertainty if the d18Owater is known. However, it is rarely the case that 

d18Owater is known. Gillikin et al. also concluded that carbon isotopes, though more complicated 

to interpret, could provide information regarding the salinity of the ambient water. Finally, they 

observed that S. gigantea does not precipitate microgrowth increments or lines in reduced saline 

conditions. Gillikin et al. concluded that only using a salinity independent proxy can yield more 

precise paleotemperature reconstructions.  

Hallmann et al., (2009, 2011) collected live samples of S. gigantea along a latitudinal 

gradient and employed high resolution oxygen isotope sclerochronology to determine the timing 

of shell growth. Samples from British Columbia were collected on a monthly basis and sea 

surface temperature (SST) records were obtained through NOAA for southern British Columbia 

and Alaska. Growth patterns and oxygen isotope data were cross-calibrated with SST 

measurements. From their samples they compared sea surface temperatures obtained from 

NOAA with temperatures reconstructed using the Bohm et al. (2000) paleothermometry equation 

(Fig. 4) to reduce the error of reconstructed temperatures (Hallmann et al., 2009). 

Hallmann et al. documented that clams from Alaska and British Columbia may live up to 

approximately 20 years and that there is no significant difference in longevity that could be 

attributed to latitude. They did note, however, that clams from British Columbia grew larger and 

heavier (as determined by shell height, length, and weight) than samples collected from Alaska.   
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Hallmann determined that winter growth lines correspond to positive d18Oshell values and 

that the use of oxygen isotopic analysis is imperative in confirming annual winter growth lines to 

distinguish them from environmental disturbance bands. They also noted that 

sclerochronological analysis 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 

Figure 4. Seasonal variability in oxygen isotope and microgrowth structures. 
Upper panel: Annual winter growth lines (teal bars) coincide with maxima in d18Oshell, 
representing minimum seasonal sea surface temperatures. The dark black curve is SST 
measured via satellite and the light gray curve is the reconstructed temperature using Bohm et 
al. (2000). Lower panel: LDGI width where R2 represents the relationship as explained by SST 
(modified from Hallmann et al., 2009). 
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disturbance.  Hallman also noticed that average annual growth increments were 55% wider in 

shells collected in British Columbia than clams collected in Alaska. 

S. gigantea, like many other bivalves, produces circatidal, circalunidian, and fortnightly 

growth patterns (Hallmann et al., 2009). Hallmann concluded that two bands per lunar day, one 

fainter than the other, represent circatidal rhythms. They also noted that S. gigantea fortnightly 

bundles, where LDGI are grouped into 13-15 increments of similar width. They were able to 

correlate the fortnightly bundles to tidal oscillations within the lunar calendar (Fig. 5). During 

Figure 5. Fortnightly bundles in Saxidomus gigantea.  
Wider growth increments form during neap tide and narrower increments form during spring 
tides. DOG = direction of growth (Hallmann et al., 2009 as cited by Schöne and Surge, 
2012).	
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neap tides, when shells are submerged for a longer interval, shells precipitated thicker LDGI. 

However, during spring tides, shells are aerially exposed for longer intervals and precipitate 

thinner LDGI. 
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3. METHODS 

3.1 SAMPLE COLLECTION 

A total of 20 S. gigantea clams were live collected from Kodiak Island, Alaska (see Fig. 

2, p. 6) and 5 from along the coast of British Columbia (see Fig. 2, p. 6). Clams were collected 

from intertidal zones at -1 ft. 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 Canadian samples were collected 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 (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, AK 

(Fig. 7). The Rice Ridge site represents Ocean Bay I and II phases (6080±90 -3850±80 

radiocarbon years BP) (Mills 1994). Uyak is particularly notable for extensive shell midden 

deposits, some as thick as 6 meters (Heizer, 1956; Hrdlicka, 1944). 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).  

  



	

	 16 

 

 

  

Figure 6. Map of modern sampling sites. 
The Kodiak archipelago is located in the western Gulf of Alaska (A). Climate in the region, 
from southern British Columbia to Southern Alaska, is largely controlled by the Aleutian Low 
pressure system and the Alaska Coastal Current. Five samples were collected at four sites on 
Kodiak Island, Alaska (A): Mayflower Beach, Mission Beach, Near Island, and Old Harbor. 
Five samples were collected from five sites (one sample per site) in British Columbia (B): 
Casey Strait, Dundas Island, Ladysmith, North Calvert Island, and Prince Rupert Harbor. 
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Figure 7. Map of archaeological sampling sites.  
Specimen of S. gigantea were excavated from three different archaeological sites on Kodiak 
Island: Rice Ridge (KOD-363), Uyak (KOD-145), and Settlement Point (AFG-105). 
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3.2 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. Sectioned valves were polished 

with 100 then 600 grit sand paper followed with a Crystalite 100 mesh diamond disc and finally 

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

were prepared following a modified version of Ropes (1987). Each shell section was etched in 

HCl (5% for modern and 2% 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 

30 seconds. Valves were allowed to dry completely at room temperature before removing the 

valve from the acetate paper.  

Digital images of each acetate peel were taken at 40x magnification. Frames of each 

acetate peel were stitched together using Adobe Photoshop and then uploaded to the open source 

image analysis program ImageJ. To determine the length of the growing season, ImageJ was 

used to quantify the number of LDGI between consecutive annual winter bands (confirmed using 

oxygen isotope analysis procedures described below) were counted (Fig. 8). Hallmann (2011) 

noted that in S. gigantea, years 2-6 are ontogenetically stable and so the second year of growth 

was targeted first for analysis. In some samples, subsequent years up to year five of ontogeny 

were counted where possible.  
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3.3 STABLE ISOTOPE ANALYSIS OF SHELL MATERIAL 

After preparation of the acetate peels and before quantifying LDGI, annual winter growth 

bands were confirmed using oxygen isotope analysis. During microsampling, drilled pits were 

numbered and a note made when sampling through a macrogrowth band so that the notes could 

be compared to the resulting d18Oshell data (see Appendix A). Macrobands coinciding with more 

positive d18Oshell values relative to the rest of the sampled values were considered annual winter 

bands (Fig. 9). LDGI were then counted between consecutive confirmed annual winter bands to 

determine the length of the growing season. The sectioned valves used to prepare the acetate 

Figure 8. Quantifying LDGI using ImageJ. 
LDGI are marked and counted using ImageJ, which can also measure the width 
of each increment (40x magnification). 
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peels were adhered to glass slides using Crystalbond adhesive. Two to three millimeter slabs 

were cut from each section using a low-speed precision saw (Buehler Isomet Plus).  

Following the methods outlined in Hallmann et al. (2011), a total of 244 powder samples 

were taken from between years two and five of ontogeny in the outer portion of the cross-

sections of 25 shells. Sequential microdrilling with a cylindrical drill bit (500 µm diameter, 

Brasseler, model no. H1.1.005 #1/4) was used to obtain powder samples from drilled pits. Each 

pit had a diameter of approximately 550 µm and the distance between pits was negligible. 

Powder samples weighed between 45 and 105 µg. One shell from each location was drilled 

Figure 9. Summary of sampling methods. 
(A) Valves were cut perpendicularly in the direction of maximum growth to expose interior 
growth patterns and sectioned into 2-3 mm thick slices. (B) Shells were sequentially drilled 
from one macroband to another, which were confirmed as annual winter growth with d18Oshell 
values. (C) Acetate peels were prepared from polished cross-section and imaged at 40x 
magnification. LDGI were counted between confirmed annual winter bands. 
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sequentially through an entire annual increment to confirm that the highest values of d18Oshell 

were measured along macro annual growth lines rather than between annual lines (Fig. 10A). 

Subsequent shells from each location were sequentially drilled preceding, during, and succeeding 

suspect winter growth lines to avoid mistaken identification of environmentally forced 

disturbance macrobands as annual winter bands (Fig. 10B).  

Oxygen isotope analysis was conducted using isotope ratio mass spectrometry (IRMS) on 

a Thermo Delta-V Plus at 50 °C isotope ratio mass spectrometer coupled with a Thermo Gas 

Figure 10. Microsampling methods for oxygen isotope analysis. 
Full sequential sampling was conducted once per site (A) and the localized growth line 
sampling on subsequent samples from each site (B) (modified from Hallmann, 2011). 
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Bench II via continuous flow of He+. Samples were calibrated against NBS-19 (Carrara marble 

standard) with a precision error of 1σ. Values of d18Oshell are reported relative to the Vienna Pee 

Dee Belemnite (VPDB) standard and given in parts per mil (‰). 
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4. RESULTS 

4.1 SHELL OXYGEN ISOTOPES 

The maximum d18Oshell value measured among Alaskan samples was 1.9‰ and the 

minimum value was -0.8‰ (Table 1, Appendix A). The highest d18Oshell value coincided with an 

annual winter growth line and so the maximum winter growth value measured was also 1.9‰ 

and the minimum winter growth value measured was 0.1‰. The average winter growth value 

measured 1.0‰ and the median winter growth value was also 1‰. Only one false band, defined 

as an observed macrogrowth band that did not coincide with a peak in d18Oshell, was observed in 

the Alaskan shells (Table 1) while six were identified in Canadian samples. 

The overall maximum d18Oshell value measured from the Canadian samples was 0.9‰ and 

the minimum value measured was -4.0‰ (Table 1). The maximum winter growth value 

measured 0.9‰ and coincided with the highest overall value measured. The lowest winter 

growth measured was -2.8‰. The average winter growth value measured in the Canadian 

samples was -0.4‰ and the median winter growth values was -0.1‰. A total of six false bands 

Table 1. Oxygen isotope data from Alaskan (AK) and British Columbian (B.C) samples. 
All values are reported in per mil (‰) 

 
AK Samples B.C. samples 

Overall Max 1.9 0.9 
Overall Min  -0.8 -4 
Winter growth Max  1.9 0.8 
Winter growth Min  0.1 -2.8 
Winter growth Average  1 -0.4 
Winter growth Median  1 -0.1 
Total # false bands 1 6 
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were observed in the Canadian samples, four of which coincided with troughs of d18Oshell  (Table 

1). 

 

4.2 ANNUAL AND SUB-ANNUAL GROWTH PATTERNS 

Acetate peels were sufficient to visualize annual winter lines (Fig. 11A), circalunidian 

LDGI (Fig. 11C), and fortnightly bundles (Fig. 11C). Disturbance lines that corresponded with 

negative d18Oshell troughs are also visible in the acetate peels (Fig. 11B).  In general, annual 

winter lines in Alaskan clams were more readily identifiable (Fig. 12). Annual winter lines in the 

Canadian samples were more difficult to identify and in some cases were not identifiable without 

additional confirmation from d18Oshell values (Fig. 12). 

LDGI were counted from a total of 20 Alaskan shells and 5 Canadian shells. LDGI were 

counted for years two through five when possible. The average number of LDGI in Alaskan 

shells was 143±34 while the average number of LDGI in Canadian shells was 273±14 (Fig. 13). 

Shells from Alaska grew fewer microgrowth increments than shells from Canada. For both 

Alaskan and Canadian samples, the higher number of LDGI were observed earlier in ontogeny 

while the lower counts of LDGI were observed later in ontogeny (Fig. 13).  
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Figure 11. Observed growth patterns in modern samples. 
(A) Winter growth lines are identifiable from a gradual decrease in growth preceding winter 
and a gradual increase following winter. (B) Disturbance bands that result from other 
environmental stressors exhibit a sudden stop in growth and a gradual recovery following 
the disturbance band. (C) LDGI and tidal bundling are both visible. During spring tides (S), 
growth increments are narrower. During neap tides (N), growth increments are broader. 
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Figure 12. Comparison of Alaskan to British Columbian winter growth bands. 
Alaskan clams typically had readily identifiable annual winter bands. Annual bands in 
Canadian shells were difficult to identify without oxygen isotope analysis 
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Figure 13. Number of LDGI counted in modern samples. 
LDGI were counted between consecutive annual winter bands between years two and five of 
ontogeny. Multiple years per sample were counted where possible. 
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4.3 ARCHAEOLOGICAL SAMPLES  

LDGI were counted from five years of growth from three archaeological shells collected 

from Kodiak Island, AK (Fig. 14). The minimum number of LDGI recorded was 149 and the 

highest was 200. The average number of LDGI from these samples was 166±22. These shells did 

not grow continuously and exhibited well-defined annual winter bands (Fig. 15).   

 

  

Figure 14. Number of LDGI counted in archaeological samples 
The methods used on modern S. gigantea were then applied to archaeological samples from 
Kodiak Alaska. Three samples were analyzed between years two and five of ontogeny. 
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Figure 15. Annual winter growth line from archaeological sample SP8. 
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5. DISCUSSION 

5.1 SHELL OXYGEN ISOTOPES 

 Oxygen isotope profiles from both Alaska (Fig. 16A) and British Columbia (Fig. 16B and 

C) displayed clear annual cycles and peaks in d18Oshell coincided with observed macrobands. 

Between each d18Oshell peak were troughs. Hallmann et al. (2009) showed that the most positive 

d18Oshell values coincided with the lowest winter temperatures recorded and that those  

Figure 16.  Representative isotope values from Alaska and British Columbia. 
Isotopes values from both Alaskan and British Columbian samples show cyclical nature with 
the most positive d18Oshell values occurring in winter and the most negative values occurring 
during spring or summer. 
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temperatures also coincided with annual winter bands. 

The maximum d18Oshell value measured among Alaskan samples was 1.9‰ and the 

overall maximum d18Oshell for from British Columbian samples was 0.9‰, which follows the 

trend that Gillikin and Hallmann observe in their data. The most positive value that Hallmann 

measured in her Alaskan shells was 0.8±0.12‰ and her British Columbia maximum was -

0.48±0.37‰ (Table 2). The maximum d18Oshell value Gillikin measured was 0.13‰. Gillikin’s 

Table 2. Comparison of maximum and minimum d18Oshell values and LDGI from Alaska to 
northern Washington 
Location Latitude/ 

Longitude 
Maximum 
d18Oshell 

Minimum 
d18Oshell 

Average 
#LDGI 

Study 

Little Takli Island, 
AK 

58° 3'12.13"N, 
154°26'26.01"W 

0.8 -1.97 170 Hallmann 
et al. 
(2009) 

Mission Beach, 
Kodiak, AK 

57°47'57.18"N, 
152°22'5.71"W 

1.7 -0.1 171 This thesis 

Near Island, 
Kodiak, AK 

57°46'56.16"N, 
152°23'37.17"W 

1.6 -0.6 145 This thesis 

Mayflower Beach, 
Kodiak, AK 

57°39'26.61"N, 
152°27'54.43"W 

1.5 -0.8 163 This thesis 

Old Harbor, 
Kodiak, AK 

57°12'45.42"N, 
153°17'38.57"W 

1.9 -0.7 115 This thesis 

Dundas Island, 
B.C 

54°34'39.35"N, 
130°45'24.22"W 

0.9 -1.9 292 This thesis 

Casey Strait, B.C. 54°16'36.10", 
130°21'34.28"W 

-0.3 -4.0 263 This thesis 

Prince Rupert 
Harbor, B.C. 

54°12'54.82"N, 
130°19'15.45"W 

0.1 -3.8 255 This thesis 

North Calvert 
Island, B.C. 

51°38'6.90"N,  
128° 8'42.43"W 

0.4 -2.5 272 This thesis 

Ladysmith, B.C 48°59'31.00"N, 
123°48'26.10"W 

-0.8 -3.9 284 This thesis 

North Pender 
Island, B.C. 

48°45'26.35"N, 
123°15'44.52"W 

-0.5 -3.6 321 Hallmann 
et al. 
(2009) 

Puget Sound, WA 47°42'45.00"N, 
122°22'46.10"W 

0.13 -2.4 not 
measured 

Gillikin et 
al. (2005) 
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samples are the southernmost (Puget Sound, Washington) collected while Hallmann’s Alaskan 

samples were collected furthest north (Little Takli Island, Alaska). The values measured between 

Gillikin, Hallmann, and this study suggest that a strong (R2=0.64911, Fig. 17A) latitudinal 

gradient in d18Oshell values may exist with the most positive values measured in the shells 

collected at the highest latitude (Table 2). 

The minimum d18Oshell values are more complicated to interpret. The minimum Alaskan 

value was -0.8‰ and the minimum value measured from British Columbia was -4.0‰. The 

minimum value that Hallmann recorded from Alaska was -1.97±0.45‰. Her minimum from 

British Columbia was -3.60±0.37‰ and Gillikin recorded a minimum of -2.44‰ in Puget Sound 

(Table 2). The minimum d18Oshell values do not appear to correlate strongly to latitude 

(R2=0.46323, Fig. 17A), though a moderate relationship does seem to exist. One explanation for 

Figure 17. Latitudinal trends in maximum and minimum d18Oshell and number of LDGI. 
A) Maximum and minimum d18Oshell values have a moderate relationship to latitude. (B) The 
number of LDGI in one season of growth is somewhat strongly related to latitude. 
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the weaker relationship is that minimum d18Oshell values correspond with high summer 

temperatures when snow and ice melt discharge into nearby estuaries, reducing the salinity and 

d18Owater. Therefore, freshwater may exert heavier influence on the d18Owater, and therefore the  

d18Oshell, during the summer than in the winter, rendering the minimum d18Owater a less useful 

qualitative measure of temperature without further calibration. 

Gillikin and Hallmann both conclude that temperature reconstructions from d18Oshell 

values and the Bohm et al. (2000) paleothermometry equation are not reliable. Hallmann’s 

reconstructed temperatures exceeded instrumental temperatures 7.6 °C in British Columbia and 

5.7 °C in Alaska (Hallmann, 2011). S. gigantea is common in estuarine environments and so the 

poorly understood relationship between salinity and d18Owater in S. gigantea obfuscates our ability 

to accurately reconstruct temperatures. However, while the oxygen isotope values cannot yield 

accurate temperature reconstructions, they are still useful in distinguishing annual winter bands 

from other environmental disturbances, allowing for accurate estimates of the length of a 

growing season.  

 

5.2 ANNUAL AND SUB-ANNUAL GROWTH PATTERNS 

Acetate peels revealed annual winter lines, circalunidian LDGI, and fortnightly bundles 

(Fig. 11). In general, annual winter lines in Alaskan clams were more readily identifiable (Fig. 

12). Annual winter lines in the Canadian samples were more difficult to identify and in some 

cases were not identifiable without additional confirmation from d18Oshell values (Fig. 12). 

Alaskan shells grew an average of 143±34 days out of the year and British Columbian shells 

grew 273±14 days (Fig. 13), a difference of 90 days, or approximately three months. Hallmann 

also noticed a marked difference in the length of growing season in clams collected from Alaska 
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and British Columbia (Table 2). Clams from Alaska grew fewer days than clams from British 

Columbia. Comparing the data collected in this study to Hallman’s data also suggests a strong 

relationship between the length of the growing season and latitude (R2=0.74298, Fig. 17B). 

Accurate temperature reconstructions are not possible at present, however, S. gigantea 

has a lower temperature growth cessation threshold of 4-5°C and so we can assume that the 

number of days during the year that temperature was at or below that threshold is equal to 365 

minus the number of LDGI. Consequently, according to the data presented here, Alaskan 

samples ceased growth for approximately 213 days (356-average LDGI), or approximately 7 

months. British Columbian samples ceased to grow an average of 83 days (approximately 2.8 

months).  The water remains colder for longer with increasing latitude and near Kodiak, Alaska, 

it is not unusual for temperatures to fall below 4-5°C for six months out of the year between 

Figure 18. Average monthly sea surface temperatures from 2010-2012. 
Temperatures collected on eastern coast of Kodiak Island, AK (57°43'53" N, 152°30'41" W) 
(data courtesy of NOAA). 
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November and April  (Fig. 18). Hallmann also reports that temperatures in Alaska typically fall 

below 4-5°C for six to seven months (October/November to April/May) each year and in Canada 

typically only reach below 4-5°C for two to three months (mid-November to early February) out 

of the year (Hallmann et al, 2009). Therefore, the number of LDGI counted in Alaskan and 

British Columbian samples are reasonable in comparison to respective average sea surface 

temperatures. 

 

While there is a generally good relationship between length of growing season and 

latitude, differences were observed among and between Alaskan sites (Table 3). The sample size 

from British Columbian sites was not large enough to compare differences among individuals 

from each site. The highest average length of a growing season was recorded from Mission 

Beach (171±27 days) and the lowest recorded was from Old Harbor (115±30days). Mayflower 

Beach samples grew an average of 163±19 days and samples from Near Island grew 145±25. 

The difference in LDGI between the highest average number of LDGI (Mission Beach=171±27) 

and the lowest (Old Harbor=115±30) was 56 days, or roughly two months. Mission Beach and 

Old Harbor are also the sites with the most distance (~85.5 km) between them (Table 3). 

Mayflower Beach (16.7 km) and Near Island (2.4 km) are both located near Mission Beach. If 

the average length of a growing season for Alaskan samples is calculated omitting values for Old 

Harbor, the average number of LDGI increases to 157±27 (the standard deviation for the average 

Table 3. Variation in #LDGI at individual Alaskan collection sites. 
Location Latitude/Longitude Average #LDGI 
Mission Beach, Kodiak, AK 57°47'57.18"N, 152°22'5.71"W 171±27 
Near Island, Kodiak, AK 57°46'56.16"N, 152°23'37.17"W 145±25 
Mayflower Beach, Kodiak, AK 57°39'26.61"N, 152°27'54.43"W 163±19 
Old Harbor, Kodiak, AK 57°12'45.42"N, 153°17'38.57"W 115±30 
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length of a growing season for all of the Alaskan sites was 34), which compares to the average 

Hallmann calculated for her Alaskan samples (170±18). Her Alaskan samples, however, were 

collected 125.6 km away from Mission Beach. It is important to note that while the highest 

standard deviation measured when comparing samples within a single site was 30 days (Old 

Harbor), a margin of 30 days (approximately one month) relative to other paleoclimate archives 

is acceptable. Several factors, both environmental and physiological, can explain the variability 

among and between sites. However, Hallmann et al. (2009) and Schöne and Surge (2012) both 

assert that temperature is largely responsible for controlling shell growth.  

 

5.3 CAN SEASONALITY AS MEASURED BY d18Oshell AND LDGI CAPTURE REGIONAL 

TRENDS? 

Maximum and minimum values of d18Oshell increased with increasing latitude (Fig. 19A 

and B,) and the length of the growing season, as measured by the number of LDGI per year, 

decreased with increasing latitude (Fig. 19C). This suggests that temperature is a driving factor 

of the differences measured, though other factors are most certainly at play. These results suggest 

that there is a strong relationship between latitude for both maximum d18Oshell (R2=0.64911) and 

the length of a growing season (R2=0.74298). Furthermore, although seasonal freshwater 

discharge may heavily influence minimum d18Oshell values, minimum d18Oshell are still at least 

moderately related to latitude (R2=0.56866).  

Finally, overlapping maximum and minimum values of d18Oshell and the number of LDGI 

with the sites from which samples were collected illustrates an interesting trend. These patterns 

roughly follow the Alaska Coastal Current (Fig. 20). The Alaska Coastal Current (ACC) is an 

extension of the North Pacific Current, which presently bifurcates near southern British 
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Figure 19. Map of latitudinal trends in maximum and minimum d18Oshell and number of LDGI. 
(A) Maximum d18Oshell generally increases with increasing latitude. (B) Minimum d18Oshell 
generally increases with latitude. (C) The number of LDGI decreases with latitude. 
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Columbia into the ACC and California current. However, while these results do suggest a 

latitudinal gradient, they are not sufficient to deduce what influence the ACC has on this system 

and so further investigation is required. However, a relationship between the ACC and d18Oshell 

and the length of a growing season might further explain trends in  d18Oshell and LDGI data. 

 

 
5.4 ARCHAEOLOGICAL SAMPLES 

The average number of LDGI measured from archaeological samples was 166±22. This 

is within the same range of modern Alaskan samples (143±34). The minimum number of LDGI 

recorded was 149 and the highest was 200. These shells did not grow continuously and exhibited 

well defined annual winter bands (Fig. 14). d18Oshell values also compared to modern values. The 

maximum d18Oshell measured was 1.6‰ and the minimum was -0.6‰. The average d18Oshell value 

at was 0.5‰, 0.3‰, and 0.0‰ at Rice Ridge, Settlement Point, and Uyak sites respectively. 

Figure 20. Map of the Alaska Coastal Current.  
The Alaska Coastal Current is an offshoot of the North Pacific Current. The North Pacific 
Current splits into the ACC and the California Current at approximately 50º N latitude (Albert 
Hermann, NOAA). 
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Only three shells were analyzed and so an interpretation of the data at this point would not be 

reliable. However, it is apparent that the methods employed on modern shells are applicable to 

archaeological samples as well, making S. gigantea a useful tool for interpreting past 

environmental and climate change and, because S. gigantea shells are abundant in the Alaskan 

and British Columbian archaeological record, subsequent changes in human behavior.  

Applying this method to a larger number of archaeological samples affords the 

opportunity for archaeologists to be able to reconstruct environmental conditions during each site 

occupation where shellfish remains are present. Consequently, archaeologists would have an 

environmental background from which they can make deductions about site occupation, 

subsistence strategies, foraging habits, site formation and ritual behavior (Andrus, 2011) in 

relation to environmental change or stasis. Such environmental knowledge is requisite in 

understanding behaviors of past populations, particularly in relation to seasonal behaviors. In 

addition, these methods can extend regional climate reconstructions to confirm or refute their 

effects in local contexts. Finally, this can also generally allow archaeologists to better understand 

population level responses to climate changes in the past. 

 

5.5 LIMITATIONS 

While the results presented here and those of Gillikin et al., (2005) and Hallmann et al., 

(2009) contribute considerably to our understanding of a relatively new climate archive, many 

questions remain unanswered. Most importantly, the degree of the influence of varying salinity 

along the North Pacific Coast is unknown and can affect seasonal changes in  d18O of the water, 

which compromises any paleothermometry calculations made from S. gigantea using a general 

aragonitic formula. Further geochemical studies are required to deconstruct this relationship. 
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Additionally, while most bivalves precipitate their shells in equilibrium with the ambient water 

(Schöne and Surge, 2012), this is not yet confirmed with S. gigantea (Hallmann et al., 2009). 

Another point to consider is the effect ontogeny has on shell growth. Hallmann et al. 

(2009) notes that while growth rates slow over ontogeny, the first six years of the organism’s life 

is relatively unaffected. Here, the length of a growing season was considered for up to the first 5 

years of the clam’s life. Measure of the duration of a growing season were not compared with 

like years of ontogeny because inter-annual and inter-individual variation does exist regardless 

(Hallmann et al., 2009) and such high-precision timing constraints of archaeological samples are 

not usually possible. Comparing a range of ontogeny more accurately represents the challenges 

in working with ancient or archaeological samples.  

One question that persists in most sclerochronological and sclerochemical studies, 

including this study, is the impact of population and individual variability in response to 

environmental conditions (Schöne, 2008). In particular, the number of LDGI vary within and 

across sampling sites. These variations can result from differing micro- and macro-

environmental conditions such as geography, hydrology, predation, and storms. Some clams 

likely adjust more favorably to environmental stressors while others may not and this can 

produce differences in individual growth. While this does not negate the importance of the 

results presented here, it does suggest that further research is imperative in order to further 

disentangle these relationships and attempt to provide answer to these questions.  
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6. 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 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 Canadian clams have 

some distinct bands but also some that are difficult to identify without oxygen isotopes. Oxygen 

isotopes should be used to confirm that macro growth lines are annual winter growth. 

 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 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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APPENDIX  

 
Supplemental data set 1. Sample ID and collection site information for modern samples 
Sample ID Location Lat./Long. 
CS413.3 Casey Strait, B.C 54°16'24"N, 130°21'30.W" 
DI706.1 Dundas Island, B.C.  54°34'39.35"N, 130°45'24.22"W 
LS413.2 Ladysmith, B.C.  48°59'31.00"N, 123°48'26.10"W 
MB715.1 Mission Beach, Kodiak Island, AK  57°47'57.18"N, 152°22'5.71"W 
MB715.2 Mission Beach, Kodiak Island, AK  57°47'57.18"N, 152°22'5.71"W 
MB715.3 Mission Beach, Kodiak Island, AK  57°47'57.18"N, 152°22'5.71"W 
MB715.4 Mission Beach, Kodiak Island, AK  57°47'57.18"N, 152°22'5.71"W 
MB715.5 Mission Beach, Kodiak Island, AK  57°47'57.18"N, 152°22'5.71"W 

MFB715.1 
Mayflower Beach, Kodiak Island, 
AK  57°39'26.61"N, 152°27'54.43"W 

MFB715.2 
Mayflower Beach, Kodiak Island, 
AK  57°39'26.61"N, 152°27'54.43"W 

MFB715.3 
Mayflower Beach, Kodiak Island, 
AK  57°39'26.61"N, 152°27'54. "W 

MFB715.4 
Mayflower Beach, Kodiak Island, 
AK  57°39'26.61"N, 152°27'54.43"W 

MFB715.5 
Mayflower Beach, Kodiak Island, 
AK  57°39'26.61"N, 152°27'54.43"W 

NCI515.2 North Calvert Island, B.C.  51°38'6.90"N, 128° 8'42.43"W 
NI715.1 Near Island, AK  57°46'56.16"N, 152°23'37.17"W 
NI715.2 Near Island, AK  57°46'56.16"N, 152°23'37.17"W 
NI715.3 Near Island, AK  57°46'56.16"N, 152°23'37.17"W 
NI715.4 Near Island, AK  57°46'56.16"N, 152°23'37.17"W 
NI715.5 Near Island, AK  57°46'56.16"N, 152°23'37.17"W 
OH1615.1 Old Harbor, Kodiak Island, AK  57°12'45.42"N, 153°17'38.57"W 
OH1615.2 Old Harbor, Kodiak Island, AK  57°12'45.42"N, 153°17'38.57"W 
OH1615.3 Old Harbor, Kodiak Island, AK  57°12'45.42"N, 153°17'38.57"W 
OH1615.4 Old Harbor, Kodiak Island, AK  57°12'45.42"N, 153°17'38.57"W 
OH1615.5 Old Harbor, Kodiak Island, AK  57°12'45.42"N, 153°17'38.57"W 
PRH513.3 Prince Rupert Harbor, B.C.  54°12'54.82"N, 130°19'15.45"W 
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Supplemental data set 2. Alaskan isotope data (color groupings represent sequential 
drilling sequences) 

 

 
Location Notes: 

d18O  
(‰ VPDB) 

MB715.1.1  57°47'57.18"N, 152°22'5.71"W 2nd winter growth 1.4 
MB715.1.2  57°47'57.18"N, 152°22'5.71"W   -0.1 
MB715.1.3  57°47'57.18"N, 152°22'5.71"W   1.2 
MB715.1.4  57°47'57.18"N, 152°22'5.71"W 3rd winter growth 1.6 
MB715.1.5  57°47'57.18"N, 152°22'5.71"W   0.1 
MB715.1.6  57°47'57.18"N, 152°22'5.71"W 4th winter growth 1.7 
MB715.1.7  57°47'57.18"N, 152°22'5.71"W   1.2 
MB715.2.1  57°47'57.18"N, 152°22'5.71"W   0.0 
MB715.2.2  57°47'57.18"N, 152°22'5.71"W   0.3 
MB715.2.3  57°47'57.18"N, 152°22'5.71"W 1st winter growth 1.5 
MB715.2.4  57°47'57.18"N, 152°22'5.71"W   0.2 
MB715.2.5  57°47'57.18"N, 152°22'5.71"W   0.4 
MB715.2.6  57°47'57.18"N, 152°22'5.71"W 2nd winter growth 1.6 
MB715.2.7  57°47'57.18"N, 152°22'5.71"W   0.3 
MB715.2.8  57°47'57.18"N, 152°22'5.71"W   0.9 
MB715.2.9  57°47'57.18"N, 152°22'5.71"W 3rd winter growth 1.6 
MB715.3.1  57°47'57.18"N, 152°22'5.71"W   0.4 
MB715.3.2  57°47'57.18"N, 152°22'5.71"W 1st winter growth 1.4 
MB715.3.3  57°47'57.18"N, 152°22'5.71"W   1.2 
MB715.3.4  57°47'57.18"N, 152°22'5.71"W   0.5 
MB715.3.5  57°47'57.18"N, 152°22'5.71"W 2nd winter growth 1.0 
MB715.3.6  57°47'57.18"N, 152°22'5.71"W   1.0 
MB715.4.1  57°47'57.18"N, 152°22'5.71"W   0.3 
MB715.4.2  57°47'57.18"N, 152°22'5.71"W   0.4 
MB715.4.3  57°47'57.18"N, 152°22'5.71"W 1st winter growth 1.5 
MB715.4.4  57°47'57.18"N, 152°22'5.71"W   0.2 
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MB715.4.5  57°47'57.18"N, 152°22'5.71"W   0.5 
MB715.4.6  57°47'57.18"N, 152°22'5.71"W 2nd winter growth 1.7 
MB715.5.1  57°47'57.18"N, 152°22'5.71"W   1.0 
MB715.5.2  57°47'57.18"N, 152°22'5.71"W winter growth 1.5 
MB715.5.3  57°47'57.18"N, 152°22'5.71"W   1.3 
MB715.5.4  57°47'57.18"N, 152°22'5.71"W   1.2 
MB715.5.5  57°47'57.18"N, 152°22'5.71"W   1.0 
MB715.5.6  57°47'57.18"N, 152°22'5.71"W   0.9 
MB715.5.7  57°47'57.18"N, 152°22'5.71"W   0.8 
MB715.5.8  57°47'57.18"N, 152°22'5.71"W   0.8 
MB715.5.9  57°47'57.18"N, 152°22'5.71"W   0.4 
MB715.5.10  57°47'57.18"N, 152°22'5.71"W   0.3 
MB715.5.11  57°47'57.18"N, 152°22'5.71"W   0.3 
MB715.5.12  57°47'57.18"N, 152°22'5.71"W   0.4 
MB715.5.13  57°47'57.18"N, 152°22'5.71"W   1.0 
MB715.5.14  57°47'57.18"N, 152°22'5.71"W winter growth 1.5 
MFB715.1.1  57°39'26.61"N, 152°27'54.43"W   0.2 
MFB715.1.2  57°39'26.61"N, 152°27'54.43"W 1st winter growth 0.5 
MFB715.1.3  57°39'26.61"N, 152°27'54.43"W   0.3 
MFB715.1.4  57°39'26.61"N, 152°27'54.43"W 2nd winter growth 0.2 
MFB715.1.5  57°39'26.61"N, 152°27'54.43"W   -0.1 
MFB715.1.6  57°39'26.61"N, 152°27'54.43"W   -0.1 
MFB715.2.1  57°39'26.61"N, 152°27'54.43"W   -0.2 
MFB715.2.2  57°39'26.61"N, 152°27'54.43"W   0.2 
MFB715.2.3  57°39'26.61"N, 152°27'54.43"W 1st winter growth 1.1 
MFB715.2.4  57°39'26.61"N, 152°27'54.43"W   -0.2 
MFB715.2.5  57°39'26.61"N, 152°27'54.43"W 2nd winter growth 0.2 
MFB715.2.6  57°39'26.61"N, 152°27'54.43"W   0.0 
MFB715.3.1  57°39'26.61"N, 152°27'54.43"W   0.0 
MFB715.3.2  57°39'26.61"N, 152°27'54.43"W   0.2 
MFB715.3.3  57°39'26.61"N, 152°27'54.43"W 1st winter growth 1.3 
MFB715.3.4  57°39'26.61"N, 152°27'54.43"W   0.0 
MFB715.3.5  57°39'26.61"N, 152°27'54.43"W   0.3 
MFB715.3.6  57°39'26.61"N, 152°27'54.43"W possible winter growth  0.8 
MFB715.3.7  57°39'26.61"N, 152°27'54.43"W   -0.1 
MFB715.3.8  57°39'26.61"N, 152°27'54.43"W possible winter growth  0.7 
MFB715.4.1  57°39'26.61"N, 152°27'54.43"W   0.0 
MFB715.4.2  57°39'26.61"N, 152°27'54.43"W possible winter growth 1.3 
MFB715.4.3  57°39'26.61"N, 152°27'54.43"W   no 
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data 
MFB715.4.4  57°39'26.61"N, 152°27'54.43"W   0.3 
MFB715.4.5  57°39'26.61"N, 152°27'54.43"W 2nd winter growth 0.3 
MFB715.4.6  57°39'26.61"N, 152°27'54.43"W   0.2 
MFB715.4.7  57°39'26.61"N, 152°27'54.43"W   0.1 
MFB715.4.8  57°39'26.61"N, 152°27'54.43"W 3rd winter growth 0.7 
MFB715.4.9  57°39'26.61"N, 152°27'54.43"W   0.6 
MFB715.5.1  57°39'26.61"N, 152°27'54.43"W 1st winter growth 0.1 
MFB715.5.2  57°39'26.61"N, 152°27'54.43"W   0.3 
MFB715.5.3  57°39'26.61"N, 152°27'54.43"W   -0.5 
MFB715.5.4  57°39'26.61"N, 152°27'54.43"W   -0.5 
MFB715.5.5  57°39'26.61"N, 152°27'54.43"W   0.0 
MFB715.5.6  57°39'26.61"N, 152°27'54.43"W   -0.4 
MFB715.5.7  57°39'26.61"N, 152°27'54.43"W   -0.6 
MFB715.5.8  57°39'26.61"N, 152°27'54.43"W   -0.2 
MFB715.5.9  57°39'26.61"N, 152°27'54.43"W   0.1 
MFB715.5.10  57°39'26.61"N, 152°27'54.43"W   0.7 
MFB715.5.11  57°39'26.61"N, 152°27'54.43"W 2nd winter growth 1.6 
NI715.1.1  57°46'56.16"N, 152°23'37.17"W 1st winter growth   
NI715.1.2  57°46'56.16"N, 152°23'37.17"W     
NI715.1.3  57°46'56.16"N, 152°23'37.17"W     
NI715.1.4  57°46'56.16"N, 152°23'37.17"W     
NI715.1.5  57°46'56.16"N, 152°23'37.17"W     
NI715.1.6  57°46'56.16"N, 152°23'37.17"W 2nd winter growth   
NI715.1.7  57°46'56.16"N, 152°23'37.17"W     
NI715.2.1  57°46'56.16"N, 152°23'37.17"W   0.2 
NI715.2.2  57°46'56.16"N, 152°23'37.17"W 1st winter growth 1.1 
NI715.2.3  57°46'56.16"N, 152°23'37.17"W   0.1 
NI715.2.4  57°46'56.16"N, 152°23'37.17"W 2nd winter growth 0.6 
NI715.2.5  57°46'56.16"N, 152°23'37.17"W   0.8 
NI715.2.6  57°46'56.16"N, 152°23'37.17"W 3rd winter growth 0.3 
NI715.3.1  57°46'56.16"N, 152°23'37.17"W   0.0 
NI715.3.2  57°46'56.16"N, 152°23'37.17"W 1st winter growth 1.0 
NI715.3.3  57°46'56.16"N, 152°23'37.17"W   0.6 
NI715.3.4  57°46'56.16"N, 152°23'37.17"W   0.3 
NI715.3.5  57°46'56.16"N, 152°23'37.17"W   0.7 
NI715.3.6  57°46'56.16"N, 152°23'37.17"W 2nd winter growth 0.8 
NI715.4.1  57°46'56.16"N, 152°23'37.17"W 1st winter growth 0.3 
NI715.4.2  57°46'56.16"N, 152°23'37.17"W   0.1 
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NI715.4.3  57°46'56.16"N, 152°23'37.17"W   0.0 
NI715.4.4  57°46'56.16"N, 152°23'37.17"W 2nd winter growth 1.0 
NI715.4.5  57°46'56.16"N, 152°23'37.17"W   -0.1 
NI715.4.6  57°46'56.16"N, 152°23'37.17"W   -0.3 
NI715.4.7  57°46'56.16"N, 152°23'37.17"W 3rd winter growth 1.5 
NI715.5.1  57°46'56.16"N, 152°23'37.17"W   -0.4 
NI715.5.2  57°46'56.16"N, 152°23'37.17"W 1st winter growth 0.7 
NI715.5.3  57°46'56.16"N, 152°23'37.17"W   0.5 
NI715.5.4  57°46'56.16"N, 152°23'37.17"W   0.3 
NI715.5.5  57°46'56.16"N, 152°23'37.17"W   0.2 
NI715.5.6  57°46'56.16"N, 152°23'37.17"W   0.1 
NI715.5.7  57°46'56.16"N, 152°23'37.17"W   0.2 
NI715.5.8  57°46'56.16"N, 152°23'37.17"W   -0.2 
NI715.5.9  57°46'56.16"N, 152°23'37.17"W   -0.8 
NI715.5.10  57°46'56.16"N, 152°23'37.17"W   -0.2 
NI715.5.11  57°46'56.16"N, 152°23'37.17"W   -0.5 
NI715.5.12  57°46'56.16"N, 152°23'37.17"W   -0.1 
NI715.5.13  57°46'56.16"N, 152°23'37.17"W   -0.3 
NI715.5.14  57°46'56.16"N, 152°23'37.17"W   0.3 
NI715.5.15  57°46'56.16"N, 152°23'37.17"W 2nd winter growth 1.1 
OH615.1.1  57°12'45.42"N, 153°17'38.57"W 1st winter growth 0.5 
OH615.1.2  57°12'45.42"N, 153°17'38.57"W   1.2 
OH615.1.3  57°12'45.42"N, 153°17'38.57"W 2nd winter growth 0.9 
OH615.1.4  57°12'45.42"N, 153°17'38.57"W   0.6 
OH615.2.1  57°12'45.42"N, 153°17'38.57"W false band -0.6 
OH615.2.2  57°12'45.42"N, 153°17'38.57"W   -0.1 
OH615.2.3  57°12'45.42"N, 153°17'38.57"W 1st winter growth 0.1 
OH615.2.4  57°12'45.42"N, 153°17'38.57"W   0.5 
OH615.2.5  57°12'45.42"N, 153°17'38.57"W 2nd winter growth 0.9 
OH615.3.1  57°12'45.42"N, 153°17'38.57"W   0.2 
OH615.3.2  57°12'45.42"N, 153°17'38.57"W   0.7 
OH615.3.3  57°12'45.42"N, 153°17'38.57"W 1st winter growth 1.9 
OH615.3.4  57°12'45.42"N, 153°17'38.57"W 2nd winter growth 1.6 
OH615.3.5  57°12'45.42"N, 153°17'38.57"W   1.3 
OH615.4.1  57°12'45.42"N, 153°17'38.57"W 1st winter growth 0.4 
OH615.4.2  57°12'45.42"N, 153°17'38.57"W 2nd winter growth 0.6 
OH615.4.3  57°12'45.42"N, 153°17'38.57"W 3rd winter growth 0.5 
OH615.4.4  57°12'45.42"N, 153°17'38.57"W   -0.2 
OH615.5.1  57°12'45.42"N, 153°17'38.57"W   0.4 
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OH615.5.2  57°12'45.42"N, 153°17'38.57"W 1st winter growth 0.7 
OH615.5.3  57°12'45.42"N, 153°17'38.57"W   0.4 
OH615.5.4  57°12'45.42"N, 153°17'38.57"W   -0.2 
OH615.5.5  57°12'45.42"N, 153°17'38.57"W   -0.7 
OH615.5.6  57°12'45.42"N, 153°17'38.57"W   -0.3 
OH615.5.7  57°12'45.42"N, 153°17'38.57"W   -0.5 
OH615.5.8  57°12'45.42"N, 153°17'38.57"W   0.4 
OH615.5.9  57°12'45.42"N, 153°17'38.57"W 2nd winter growth 0.6 
OH615.5.10  57°12'45.42"N, 153°17'38.57"W   0.2 
OH615.5.11  57°12'45.42"N, 153°17'38.57"W   -0.4 
OH615.5.12  57°12'45.42"N, 153°17'38.57"W   -0.4 
OH615.5.13  57°12'45.42"N, 153°17'38.57"W 3rd winter growth 0.6 
 
 
 
Supplemental data set 3. Canadian isotope data (color groupings represent sequential drilling 
sequences) 

 
Location Notes: 

d18O (‰ 
VPDB) 

CS413.3.1 54°16'24"N, 130°21'30.W"   -1.3 
CS413.3.2 54°16'24"N, 130°21'30.W" 1st winter growth -0.3 
CS413.3.3 54°16'24"N, 130°21'30.W"   -2.8 
CS413.3.4 54°16'24"N, 130°21'30.W"   -3.9 
CS413.3.5 54°16'24"N, 130°21'30.W"   -4.0 
CS413.3.6 54°16'24"N, 130°21'30.W"   -3.7 
CS413.3.7 54°16'24"N, 130°21'30.W"   -3.4 
CS413.3.8 54°16'24"N, 130°21'30.W"   -2.7 
CS413.3.9 54°16'24"N, 130°21'30.W"     
CS413.3.10 54°16'24"N, 130°21'30.W"   -2.4 
CS413.3.11 54°16'24"N, 130°21'30.W" 

 
-2.2 

CS413.3.12 54°16'24"N, 130°21'30.W"   -2.2 
CS413.3.13 54°16'24"N, 130°21'30.W"   -1.6 
CS413.3.14 54°16'24"N, 130°21'30.W" 2nd winter growth -1.0 
CS413.3.15 54°16'24"N, 130°21'30.W"   -1.1 
CS413.3.16 54°16'24"N, 130°21'30.W" false band -3.0 
DI706.1.1 54°34'39.35"N, 130°45'24.22"W   -1.5 
DI706.1.2 54°34'39.35"N, 130°45'24.22"W   -0.4 
DI706.1.3 54°34'39.35"N, 130°45'24.22"W   0.2 
DI706.1.4 54°34'39.35"N, 130°45'24.22"W 1st winter growth 0.3 
DI706.1.5 54°34'39.35"N, 130°45'24.22"W   -0.9 
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DI706.1.6 54°34'39.35"N, 130°45'24.22"W   -1.5 
DI706.1.7 54°34'39.35"N, 130°45'24.22"W   -1.9 
DI706.1.8 54°34'39.35"N, 130°45'24.22"W   -1.7 
DI706.1.9 54°34'39.35"N, 130°45'24.22"W   -1.6 
DI706.1.10 54°34'39.35"N, 130°45'24.22"W   -1.0 
DI706.1.11 54°34'39.35"N, 130°45'24.22"W 2nd winter growth 0.9 
DI706.1.12 54°34'39.35"N, 130°45'24.22"W   0.8 
DI706.1.13 54°34'39.35"N, 130°45'24.22"W false band -1.4 
DI706.1.14 54°34'39.35"N, 130°45'24.22"W   -1.4 
DI706.1.15 54°34'39.35"N, 130°45'24.22"W   -1.2 
DI706.1.16 54°34'39.35"N, 130°45'24.22"W   -1.3 
DI706.1.17 54°34'39.35"N, 130°45'24.22"W   -1.0 
DI706.1.18 54°34'39.35"N, 130°45'24.22"W 

 
0.6 

DI706.1.19 54°34'39.35"N, 130°45'24.22"W 3rd winter growth 0.7 
LS413.2.1 48°59'31.00"N, 123°48'26.10"W   -1.2 
LS413.2.2 48°59'31.00"N, 123°48'26.10"W 1st winter growth -0.8 
LS413.2.3 48°59'31.00"N, 123°48'26.10"W   -0.8 
LS413.2.4 48°59'31.00"N, 123°48'26.10"W   -1.0 
LS413.2.5 48°59'31.00"N, 123°48'26.10"W   -1.1 
LS413.2.6 48°59'31.00"N, 123°48'26.10"W   -1.4 
LS413.2.7 48°59'31.00"N, 123°48'26.10"W   -1.4 
LS413.2.8 48°59'31.00"N, 123°48'26.10"W   -1.6 
LS413.2.9 48°59'31.00"N, 123°48'26.10"W   -2.1 
LS413.2.10 48°59'31.00"N, 123°48'26.10"W   -2.4 
LS413.2.11 48°59'31.00"N, 123°48'26.10"W   -2.6 
LS413.2.12 48°59'31.00"N, 123°48'26.10"W   -2.2 
LS413.2.13 48°59'31.00"N, 123°48'26.10"W   -3.3 
LS413.2.14 48°59'31.00"N, 123°48'26.10"W   -3.2 
LS413.2.15 48°59'31.00"N, 123°48'26.10"W   -3.1 
LS413.2.16 48°59'31.00"N, 123°48'26.10"W   -3.5 
LS413.2.17 48°59'31.00"N, 123°48'26.10"W   -3.9 
LS413.2.18 48°59'31.00"N, 123°48'26.10"W   -3.2 
LS413.2.19 48°59'31.00"N, 123°48'26.10"W 2nd winter growth -2.8 
NCI515.2.1 51°38'6.90"N, 128° 8'42.43"W   0.3 
NCI515.2.2 51°38'6.90"N, 128° 8'42.43"W 1st winter growth 0.4 
NCI515.2.3 51°38'6.90"N, 128° 8'42.43"W   0.2 
NCI515.2.4 51°38'6.90"N, 128° 8'42.43"W   0.0 
NCI515.2.5 51°38'6.90"N, 128° 8'42.43"W   -1.5 
NCI515.2.6 51°38'6.90"N, 128° 8'42.43"W   -0.2 
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NCI515.2.7 51°38'6.90"N, 128° 8'42.43"W   -1.1 
NCI515.2.8 51°38'6.90"N, 128° 8'42.43"W   -2.0 
NCI515.2.9 51°38'6.90"N, 128° 8'42.43"W   -2.1 
NCI515.2.10 51°38'6.90"N, 128° 8'42.43"W   -2.1 
NCI515.2.11 51°38'6.90"N, 128° 8'42.43"W   -2.0 
NCI515.2.12 51°38'6.90"N, 128° 8'42.43"W   -2.5 
NCI515.2.13 51°38'6.90"N, 128° 8'42.43"W   -2.4 
NCI515.2.14 51°38'6.90"N, 128° 8'42.43"W false band -2.2 
NCI515.2.15 51°38'6.90"N, 128° 8'42.43"W   -1.5 
NCI515.2.16 51°38'6.90"N, 128° 8'42.43"W   -0.8 
NCI515.2.17 51°38'6.90"N, 128° 8'42.43"W 2nd winter growth 0.0 
PRH513.3.1 54°12'54.82"N, 130°19'15.45"W   -1.7 
PRH513.3.2 54°12'54.82"N, 130°19'15.45"W 1st winter growth -1.1 
PRH513.3.3 54°12'54.82"N, 130°19'15.45"W false band -3.8 
PRH513.3.4 54°12'54.82"N, 130°19'15.45"W   -1.9 
PRH513.3.5 54°12'54.82"N, 130°19'15.45"W   -1.3 
PRH513.3.6 54°12'54.82"N, 130°19'15.45"W 2nd winter growth 0.1 
PRH513.3.7 54°12'54.82"N, 130°19'15.45"W   -1.2 
PRH513.3.8 54°12'54.82"N, 130°19'15.45"W   -2.4 
PRH513.3.9 54°12'54.82"N, 130°19'15.45"W false band -3.2 
PRH513.3.10 54°12'54.82"N, 130°19'15.45"W   -3.3 
PRH513.3.11 54°12'54.82"N, 130°19'15.45"W   -3.0 
PRH513.3.12 54°12'54.82"N, 130°19'15.45"W   -2.2 
PRH513.3.13 54°12'54.82"N, 130°19'15.45"W   -2.5 
PRH513.3.14 54°12'54.82"N, 130°19'15.45"W   -1.8 
PRH513.3.15 54°12'54.82"N, 130°19'15.45"W   -1.6 
PRH513.3.16 54°12'54.82"N, 130°19'15.45"W   -0.9 
PRH513.3.17 54°12'54.82"N, 130°19'15.45"W   -1.1 
PRH513.3.18 54°12'54.82"N, 130°19'15.45"W   -0.2 
PRH513.3.19 54°12'54.82"N, 130°19'15.45"W   -0.7 
PRH513.3.20 54°12'54.82"N, 130°19'15.45"W   0.1 
PRH513.3.21 54°12'54.82"N, 130°19'15.45"W 3rd winter growth 0.0 
PRH513.3.22 54°12'54.82"N, 130°19'15.45"W   -0.8 
PRH513.3.23 54°12'54.82"N, 130°19'15.45"W false band -3.1 
 
 
 
Supplemental data set 4. Kodiak archaeological isotope data (color groupings 
represent sequential drilling sequences) 
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Location Notes: d18O (‰ VPDB) 

Uyak59.1 Uyak site   0.2 
Uyak59.2 Uyak site   0.2 
Uyak59.3 Uyak site   0.3 
Uyak59.4 Uyak site   0.3 
Uyak59.5 Uyak site   0.1 
Uyak59.6 Uyak site   0.2 
Uyak59.7 Uyak site   0.2 
Uyak59.8 Uyak site   0.1 
Uyak59.9 Uyak site   0.0 
Uyak59.10 Uyak site   0.0 
Uyak59.11 Uyak site   0.0 
Uyak59.12 Uyak site 1st winter growth 0.5 
Uyak59.13 Uyak site   0.0 
Uyak59.14 Uyak site   -0.3 
Uyak59.15 Uyak site   -0.2 
Uyak59.16 Uyak site   -0.3 
Uyak59.17 Uyak site   -0.1 
Uyak59.18 Uyak site   -0.2 
Uyak59.19 Uyak site 2nd winter growth 0.4 
Uyak59.20 Uyak site   -0.5 
Uyak59.21 Uyak site   -0.4 
Uyak59.22 Uyak site   -0.6 
Uyak59.23 Uyak site   -0.2 
Uyak59.24 Uyak site   -0.2 
Uyak59.25 Uyak site 3rd winter growth 0.6 
Uyak59.26 Uyak site   0.6 
Sp-8.1 Settlement Point site   -0.5 
Sp-8.2 Settlement Point site 1st winter growth 1.3 
Sp-8.3 Settlement Point site   0.6 
Sp-8.4 Settlement Point site   0.1 
Sp-8.5 Settlement Point site   0.4 
Sp-8.6 Settlement Point site   0.2 
Sp-8.7 Settlement Point site   -0.2 
Sp-8.8 Settlement Point site   0.1 
Sp-8.9 Settlement Point site   0.2 
Sp-8.10 Settlement Point site   -0.1 
Sp-8.11 Settlement Point site 2nd winter growth 1.2 
Sp-8.12 Settlement Point site   1.0 
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Sp-8.13 Settlement Point site   0.2 
Sp-8.14 Settlement Point site   0.6 
Sp-8.15 Settlement Point site   0.3 
Sp-8.16 Settlement Point site   0.2 
SP 8.17 Settlement Point site   0.4 
SP 8.18 Settlement Point site   0.2 
SP 8.19 Settlement Point site   -0.2 
SP 8.20 Settlement Point site   -0.1 
SP 8.21 Settlement Point site 3rd winter growth 0.9 
RR10.1 Rice Ridge site 1st winter growth 1.1 
RR10.2 Rice Ridge site   0.5 
RR10.3 Rice Ridge site   0.2 
RR10.4 Rice Ridge site   0.2 
RR10.5 Rice Ridge site   0.2 
RR10.6 Rice Ridge site   0.1 
RR10.8 Rice Ridge site   0.0 
RR10.9 Rice Ridge site   0.2 
RR10.10 Rice Ridge site   0.1 
RR10.11 Rice Ridge site   0.1 
RR10.12 Rice Ridge site   0.2 
RR10.13 Rice Ridge site   0.2 
RR10.14 Rice Ridge site   0.4 
RR10.15 Rice Ridge site   0.2 
RR 10.16 Rice Ridge site 2nd winter growth 1.2 
RR 10.17 Rice Ridge site   -0.1 
RR 10.18 Rice Ridge site   0.2 
RR 10.19 Rice Ridge site   0.5 
RR 10.20 Rice Ridge site   0.3 
RR 10.21 Rice Ridge site   0.7 
RR 10.22 Rice Ridge site   0.4 
RR 10.23 Rice Ridge site   0.4 
RR 10.24 Rice Ridge site   0.5 
RR 10.25 Rice Ridge site   0.3 
RR 10.26 Rice Ridge site   0.4 
RR 10.27 Rice Ridge site   0.3 
RR 10.28 Rice Ridge site   0.3 
RR 10.29 Rice Ridge site   0.7 
RR 10.30 Rice Ridge site 3rd winter growth 1.0 
RR 10.31 Rice Ridge site   0.7 
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RR 10.32 Rice Ridge site   0.7 
RR 10.33 Rice Ridge site   0.6 
RR 10.34 Rice Ridge site   0.4 
RR 10.35 Rice Ridge site   0.4 
RR 10.36 Rice Ridge site   0.3 
RR 10.37 Rice Ridge site   0.5 
RR 10.38 Rice Ridge site   0.5 
RR 10.39 Rice Ridge site   1.1 
RR 10.40 Rice Ridge site 4th winter growth 1.6 
RR 10.41 Rice Ridge site   1.5 
 
 
Supplemental data set 4. Number of LDGI in 
modern and archaeological samples 
Sample ID (ontogenetic 
year) LDGI 
MB715.1(2) 201 
MB715.2(2) 136 
MB715.3(2) 201 
MB715.4(2) 129 
MB715.4(3) 187 
MB715.4(4) 170 
MB715.5(2) 171 
MFB715.1(2) 138 
MFB715.2(2) 191 
MFB715.3(2) 178 
MFB715.4(2) 159 
MFB715.5(2) 149 
NI715.1(2) 116 
NI715.2(2) 110 
NI715.2(3) 173 
NI715.2(4) 168 
NI715.3(2) 181 
NI715.4(2) 171 
NI715.5(2) 139 
NI715.5(3) 144 
NI715.5(4) 129 
NI715.5(5) 122 
OH1615.1(2) 103 
OH615.1(3) 133 
OH615.2(2) 162 
OH615.3(3) 98 
OH615.3(4) 181 
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OH615.3(5) 86 
OH1615.4(2) 105 
OH615.4(3) 91 
OH615.4(4) 121 
OH615.4(5) 93 
OH1615.5(5) 94 
CS413.3(2) 263 
DI706.1(2) 293 
LS413.2(2) 284 
NCI515.2(2) 272 
PRH513.3(2) 255 
RR10(2) 144 
SP-8(2) 150 
SP-8(3) 152 
SP-8(4) 208 
Uyak59(2) 161 
Uyak59(3) 179 
 
 


