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Seasonality estimates of shellfish harvest at the Middle/MLT Period Yerba Buena site (CA-SFR-114) were 
determined using oxygen isotope values from three shellfish species: Macoma nasuta (bent-nose clam), Mytilus 
trossulus (bay mussel), and Ostrea lurida (Pacific oyster). While clam and mussel seasonality estimates are 
prevalent in archaeological isotopic studies, we also examined oyster seasonality for the first time in California. 
Overall, harvest was most intensive in summer and fall/early winter, although timing varied by species and 
temporal component. Bay mussel and Pacific oyster specimens were harvested primarily in the summer months 
in the Upper Midden area dated to the Middle-Late Transition and Late 1 Period, and the fall months in the 
Lower Midden area dated to the Middle 3 and Middle 4 periods. Unlike bay mussel and bent-nosed clam, 
harvest of Pacific oyster specimens was particularly prevalent in the fall months in the Upper Midden area. 

 
 

SHELLFISH REMAINS AND SITE SEASONALITY 
 

Stable isotope analysis of dietary shellfish remains have the potential to determine occupation 
seasonality of archaeological sites in California, as recent studies have used this approach to estimate seasons 
of shellfish harvest and, by extension, seasons of site occupation (Culleton et al. 2009; Eerkens et al. 2013, 
2014; Finstad et al. 2013; Schneider 2015; Schweikhardt et al. 2011). Dietary marine shellfish are particularly 
well-suited for understanding site occupation trends, because they are generally considered to have been 
persistently available and typically discarded at the time of processing, even if shellfish meat was being 
prepared for storage. Therefore, shellfish harvest seasonality provides evidence for seasons of site occupation.  

The shells of the bivalve species included in this study are made up of elemental isotopes absorbed 
through an organism’s environment into carbonate minerals in the shell. Because bivalve shells continue to 
grow throughout an organism’s lifetime without replacement, information about the organism’s environment, 
such as temperature and salinity, is permanently recorded in the shell at each increment of growth. The isotopic 
composition of carbonate minerals at the terminal edge of a shell records the environmental conditions at the 
time of that organism’s death. 

The oxygen isotope ratio (18O/16O) of water in the San Francisco Bay varies with changes in temperature 
and salinity, such that different ratios of oxygen isotopes are expected during different seasons of the year, as 
temperature and salinity fluctuate (Ingram et al. 1996a, 1996b). Thus, the oxygen isotope ratios at the terminal 
edge of a shell also records the season of the organism’s death, and subsequently the season of shellfish harvest 
from shells recovered from archaeological sites (Culleton et al. 2009; Eerkens et al. 2013, 2014). 

 
 

THE YERBA BUENA SITE 
 

Recent excavation efforts at the Yerba Buena site (CA-SFR-114) resulted in a large quantity of dietary 
shellfish from the San Francisco Bay, including Macoma nasuta (bent-nose clam), Mytilus trossulus (bay 
mussel), and Ostrea lurida (Pacific oyster). Both clam and mussel species have been used successfully in 
previous California studies to determine season of shellfish harvest using oxygen isotope ratios, so these two 
species were selected as the primary focus of this isotopic study. The Yerba Buena site also yielded a large 
percentage of dietary oyster remains, and since oxygen isotope analyses on oyster shells from California are 
so far unreported, this study aimed to address the feasibility of such analyses on Pacific oyster. 

The Yerba Buena site is located about four to nine meters under the modern surface of San Francisco 
(Figure 1) and was recorded prior to the construction of the George R. Moscone Convention Center (Moscone  
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Figure 1. Map showing the general location of CA-SFR-114. 
 

Center) by Archeo-Tec in the 1980s (Archeo-Tec 1990; Hattori and Pastron 1993, n.d.). Their subsequent 
data recovery efforts were extensive and determined that the site was a prehistoric shell midden deposit over 
one meter thick and dating primarily to the Middle Period, buried by dune sand and historic era fill. When 
expansion of the Moscone Center was planned, Far Western Anthropological Group, Inc. (Far Western) 
confirmed the presence of the site within the expansion area in 2013 using subsurface geoarchaeological cores 
(Byrd et al. 2013). Data recovery excavations were conducted in 2017, focusing on research questions not 
necessarily addressed 30 years prior, such as those included in the current isotopic study. The northeastern 
portion of the site within the expansion area preserved the entire occupation sequence of the site, 
stratigraphically split and radiocarbon dated into two temporal components that are referred to in this text as 
the Lower and Upper Middens. The Lower Midden was dated to the Middle 3 and Middle 4 Periods, and the 
Upper Midden was assigned to the Middle-Late Transition (MLT) and Late 1 Period (Byrd et al. 2018).  

Species identification of shellfish remains was conducted on 11.2 km of shell from 98 liters of sediment 
wet-screened through 1/8-inch mesh, collected from a single column sample of Control Unit (CU) 2. This 
analysis was performed to determine the frequencies of different shellfish species within the midden. Table 1 
displays the distribution of the most common dietary species identified, by weight and minimum numbers of  
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Table 1. Frequencies of Major Shellfish Species by Weight and Minimum 
Number of Individuals from the Upper and Lower Middens of SFR-114. 

SHELLFISH COMMON NAME 
UPPER 

MIDDEN (%) 
LOWER 

MIDDEN (%) 
TOTAL (%) 

Weighta 

Mytilus trossulus Bay mussel 61 79 68 

Macoma nasuta Bent-nose clam 33 18 27 

Ostrea lurida Pacific oyster 7 3 5 

Total (%)  100 100 100 

Total (g)  5,594.4 4,210.0 9,804.4 

MNIb 

Mytilus trossulus Bay mussel 78 89 83 

Macoma nasuta Bent-nose clam 6 4 5 

Ostrea lurida Pacific oyster 16 7 12 

Total (%)  100 100 100 

Total (N)  2,797 2,188 4,985 

Note: aCU 2; bCUs 2, 9, and 14 (CU = Control Unit). Upper Midden 0-40 cm levels; 
Lower Midden 40-90 cm levels. 

 

 

individuals (MNI), separated into the Lower and Upper Midden areas. While Table 1 reports on most of the 
shell assemblage (9.8 km), the other 1.4 km of shell were identified as naturally occurring shell that was not 
necessarily dietary, including mostly barnacle (Balanus spp.) and frilled dogwinkle (Nucella lamellosa).  

Temporal components combined, bay mussel dominates the assemblage (68%), although bent-nose 
clams (27%) and Pacific oysters (5%) make up large percentages of the identified shell. Representations of 
clams and oysters increased from the Lower to the Upper Midden (cumulatively 21% to 40%), possibly 
showing less of a reliance on mussels later in time. The same increase of clams and oysters was observed 
in calculated MNI data, determined by counting shell hinges within the assemblage. As observed in shell 
weights and displayed by Table 1, bay mussel was the dominant species present in both midden areas. The 
MNI also confirmed the increase in relative proportions of oysters and clams to mussels from the Lower 
Midden to the Upper Midden, although contrary to the weight results, the MNI data for both middens 
suggested a larger number of oysters than clams harvested. 

The dominance of bay mussel and relatively low proportions of bent-nose clam were not initially 
expected, as previous studies at SFR-114 documented more clam than mussel shell within the midden 
(Archeo-Tec 1990; Hattori and Pastron 1993, n.d.). However, these previous studies only included identified 
shell screened with 1/4-inch mesh, while the current study also includes shell caught between 1/4-inch and 
1/8-inch mesh sizes. Mussel shells are more fragile than thick-shelled clams, so the screen size bias may result 
from mussel fragmenting more than clam. Indeed, the fraction of shell caught in 1/4-inch screens in the current 
study revealed more bent-nose clam than bay mussel, comparable to the distributions found in the previous 
studies.  

Overall, bay mussel was the most represented shellfish species in the midden, suggesting that mussel 
was a particularly important dietary resource to the people occupying the site. This is perhaps due to the 
different habitats that shellfish species occupy. While species like bent-nose clams burrow in sands of 
intertidal and subtidal zones, bay mussels live in intertidal areas attached primarily to rocks closer to the 
coastline, thus offering an easily accessible dietary resource (Carleton 2007). Mussel could have been used 
to supplement diet in the low temperatures of the winter months, when other resources may not have been 
available.  
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APPROACH 
 
Shell specimens for oxygen and carbon isotope analysis, including 70 bent-nose clam, 70 bay mussel, 

and 35 Pacific oyster shell specimens, were selected from the shell assemblage, focusing on specimens with 
clear terminal edges. Shells were drilled with a Dremel® drill at the Far Western Davis Laboratory to collect 
four powdered samples from each specimen, labeled A, B, C, and D. Sample A of each shell was extracted 
from the terminal edge of the shell, and each subsequent sample was drilled in 2mm increments from the 
previous sample, such that Sample D was approximately 6mm from the terminal edge. 

All resulting samples were submitted to and analyzed by the Stable Isotope Laboratory at the University 
of California, Davis, Earth and Planetary Science Department using a Micromass Optima Isotope Ratio Mass 
Spectrometer. Although both carbon and oxygen isotope measurements were obtained, only oxygen results 
were used in the following seasonality analysis. Oxygen isotope results are expressed as δ18O values stated in 
Equation 1, where Rsample is the isotopic ratio (18O/16O) of the sample and Rstandard represents the ratio of the 
standard, which for shell is the Vienna Pee Dee Belemnite (VPDB) standard. 

 

Equation 1 δ 𝑂 = − 1 1,000 

 
 

Estimating Seasonal δ18O in Shell  
 

To estimate month of death for individual SFR-114 shells using each specimen’s δ18O values, expected 
annual curves for δ18O in the carbonate minerals of shell were constructed from modern temperature and 
salinity data from the San Francisco Bay. Water data from USGS San Francisco Bay Water Quality Sampling 
Station 21 (Station 21), which is located near the Bay Bridge and is the closest station to SFR-114, were used 
for this project (Schraga and Cloern 2017). A total of 140 temperature and salinity measurements, reported in 
degrees Celsius (°C) and practical salinity units (PSU), respectively, was obtained from Station 21 at 0.5 
meters below water surface between 1969 and 1987 at a variety of intervals throughout each year.  

Figure 2 displays annual polynomial regression curves for modern temperature and salinity at Station 
21 using these measurements. These curves indicate that both temperature and salinity hit maximums in the 
early fall, decrease in the late fall and early winter to a low in the late winter, and then climb back up during 
the spring and summer. 

Following the approach outlined by Eerkens et al. (2013) for Bay Area shell samples, the modern 
data were used to construct annual δ18O curves that show fluctuations in carbonate minerals of shell. 
Because isotopic fractionation in water is different from that in biogenic carbonates, the ratios of oxygen 
isotopes in shells are not direct correlates for ratios in an organism’s environment (McCrea 1950; O’Neil 
et al. 1969). Furthermore, isotopic fractionation differs in the carbonate minerals of aragonite and calcite, 
such that aragonite tends to absorb slightly more 18O from its environment than does calcite (Tarutani et 
al. 1969). Thus, two seasonality curves for δ18O were produced for the shell species in this study, including 
one for calcite in bay mussel and Pacific oyster, and another for aragonite in bent-nose clam. 

Modern values from Station 21 were adjusted using equations that produce expected δ18O values in 
calcite and aragonite as functions of temperature (°C), salinity (PSU), and the δ18O of water (δ18Ow) in the 
San Francisco Bay. Ingram et al. (1996a, 1996b) determined that δ18Ow in the San Francisco Bay, relative 
to the Vienna Standard Mean Ocean Water (VSMOW) standard, varies with salinity by the relationship stated 
in Equation 2, which has been adjusted with a -0.27‰ correction to δ18Ow due to the difference between 
water on the VSMOW scale and calcite on the VPDB scale (Bemis et al. 1998). Equation 3 was developed by 
Rosenheim et al. (2009) and provides a relationship between temperature, δ18Ow, and δ18Ocalcite. Likewise, Kim 
and O’Neil (1997) developed a relationship between temperature, δ18Ow, and δ18Oaragonite (Equation 4).  
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Figure 2. Polynomial regression curves of annual temperature and salinity 
measurements from USGS San Francisco Bay Water Quality Sampling Station 
21 between 1969 and 1987. 

 
 
Equation 2 δ 𝑂 = (0.34𝑆 − 11.6) − 0.27 

 
Equation 3 𝑇 = 16.1 − 6.5 δ 𝑂 − δ 𝑂  

 

Equation 4 𝑇 = 16.1 − 4.64 δ 𝑂 − δ 𝑂 + 0.09 δ 𝑂 − δ 𝑂  

 
Equations 2 and 3 were combined to produce a statement for δ18Oaragonite as a function of temperature 

and salinity, displayed in Equation 5. Likewise, Equations 2 and 4 were combined to produce Equation 6 
for δ18Ocalcite. 

 
Equation 5 δ 𝑂 = 0.34𝑆 − 0.154𝑡 − 9.25 
 

Equation 6 δ 𝑂 =
√ . .

.
+ 0.34𝑆 − 11.87 

 

Figure 3 displays polynomial regression curves for the predicted seasonal fluctuations of δ18O in calcite 
and aragonite over the course of a single year, using Equations 5 and 6 on modern temperature and salinity 
data from Station 21. No adjustments were made to the modern data to account for possible temperature and 
salinity shifts in the San Francisco Bay from the time of site occupation to the present, because the general 
pattern (or possibly the degree) of seasonal fluctuation is assumed to have persisted through time. As shown  
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Figure 3. Predicted polynomial regression curves of annual oxygen isotope 
values for calcite and aragonite minerals using USGS San Francisco Bay Water 
Quality Sampling Station 21 temperature and salinity measurements. 

 
 
in Figure 3, the δ18O value in shell increases through spring and summer, hits a maximum during the fall 
months of September and October, decreases through late fall and early winter, and finally reaches a minimum 
in the late winter and early spring months of February and March. This projected sinusoidal pattern of δ18O 
over an annual cycle, paired with the δ18O values from terminal edges of shell specimens, was used to estimate 
month of death of each organism, which can be assumed to be the month during which the clam or mussel 
was harvested at SFR-114. 

Two bay mussel, two bent-nose clam, and two Pacific oyster specimens were chosen for intensive 
sampling, with 10 serial samples each. Figure 4 presents δ18O values from a single specimen of all three 
species from the terminal edge of the shell to 18 mm from the edge, representing approximately three δ18O 
cycles (or years) of growth. As shown in Figure 4, and as expected, the specimens display a sinusoidal pattern 
of δ18O values, indicating that δ18O fluctuates with the seasons as the organism grows. These serial-sampled 
specimens demonstrate the efficacy of tracking yearly cycles in salinity and temperature and therefore 
demonstrate the ability to identify time-of-death in individual shells. 

 
 

Temporal Component Comparability 
 

The Upper and Lower portions of the midden that were sampled produced median intercept radiocarbon 
dates that are separated by approximately 600 years, from 1,280 to 644 cal B.P. The Medieval Climatic 
Anomaly (MCA) spanned the period 1,150 to 600 cal B.P., which included two prolonged droughts along  
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Figure 4. Oxygen isotope values of five serial sampled shell specimens from the terminal 
shell edge to 18 mm from the shell edge of each specimen. 

 
 

with a period of above-average precipitation, so while the Lower Midden area appears to have preceded these 
climatic changes, the Upper Midden area coincided with the tail end of the MCA. Both the temperature and 
salinity of San Francisco Bay are heavily influenced by snowmelt and run-off from the Sierra Nevada. In 
years with above-average precipitation, greater volumes of cold and fresh water flow into the Bay-Delta from 
the Sacramento and San Joaquin rivers, which reduces both temperature and salinity relative to years with less 
precipitation. As a result, it was necessary to ensure that both samples (Upper and Lower Middens) be plotted 
on the same δ18O seasonality curve without further adjustments. Samples C and D from each bay mussel and 
bent-nose clam shell were used as examples of random oxygen isotopic values from shells in both midden 
areas. Different seasonality curves should be used to interpret month of death if the average δ18O values of 
one portion of the midden is significantly different from the other in these random samples.  

Figure 5 presents the means and standard deviations of δ18O for Samples A through D, separated by 
species and midden portion. The p-values for each sample letter are displayed as well, representing the 
probability of obtaining the observed difference between the two midden parts if there was no statistically 
significant difference between the Upper and Lower Middens. As demonstrated by Figure 5, while the 
average δ18O value is consistently higher in the shells sampled from the Lower Midden than the Upper  
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Figure 5. Means and 1-sigma standard deviations of Samples A through D for Macoma nasuta 
and Mytilus trossulus, separated by midden portion. 

 
 

Midden, the δ18O values of each midden portion are not significantly different from each other in Samples 
C and D (p-value >0.05). Grouping the C and D samples within each species, the p-values between midden 
areas of bent-nose clam and bay mussel are 0.1885 and 0.0732, respectively. However, as demonstrated by 
the p-values of Sample A in both species (bent-nose clam = 0.0171, bay mussel = 0.0076), the δ18O values in 
the terminal edges of the Upper Midden specimens are significantly different from the Lower. This suggests 
the potential for differences in month of death trends between these two parts of the midden, which in turn 
suggests that seasonal harvesting patterns varied over time.  

 
 

RESULTS 
 

The month of death of each specimen was determined using the δ18O values of Sample A (extracted 
from the terminal edge of the shell) and Sample B (the adjacent sample). The δ18O value of Sample A was 
plotted onto the appropriate annual curve in Figure 3 for either calcite or aragonite. Since the same isotopic 
value is expected twice during the same year as the curve fluctuates, data from Sample B were used to 
determine if the δ18O values of the specimen were increasing or decreasing at the terminal edge of the shell 
at the time the individual was harvested. An increase in δ18O from Sample B to Sample A indicates shell 
death while the annual curve was on an upslope (between March and September); while a decrease from 
Sample B to Sample A indicates shell death on the curve’s downslope (between October and February). 
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Figure 6 demonstrates the use of this method on four shell specimens, including two from bent-nose 
clam and two from bay mussel. The δ18O results from these specimens are plotted on either the calcite or 
aragonite polynomial regression curves from Figure 3, with the assumption that 2mm of growth between each 
sample represents approximately three months of time. Both bent-nose clam specimens show an increase in 
δ18O from Sample B to Sample A, with terminal edge values on the calcite polynomial regression curve during 
the months of August and October. Likewise, the bay mussel specimens exhibit harvest during the months of 
July and December on the aragonite polynomial regression curve. If the δ18O value of either Sample A or 
Sample B was not available for a given shell due to machine error or sample loss, the month of death was not 
estimated. As such, 15 bay mussel specimens could not be assigned to a month of death.  

All isotopic measurements from Samples A-D of shell specimens submitted to the Stable Isotope 
Laboratory are presented in Table 2, organized by species and separated by depth into the Upper and Lower 
Midden areas of the dune crest (CUs 2, 9, and 14). The Upper Midden specimens were primarily from 
excavation level 10-20 cm (67%), as well as from excavation level 20-30 cm (29%). The Lower Midden 
specimens were primarily from the 70-80 cm level (76%), as well as from excavation levels 80-90 cm 
(21%) and 60-70 cm (3%). Both the Upper and Lower Midden areas were sampled for bay mussel and bent-
nose clam, but only the Upper Midden was sampled for Pacific oyster. Table 3 summarizes the estimated 
month of death, and hence month of harvest, results for all 160 specimens. 

Figure 7 displays the month of harvest results for bent-nose clam and bay mussel within each midden 
portion. As shown in this figure, nearly 40% of bent-nose clam specimens in the Upper Midden were procured 
in the month of July and more than 20% in August, with an almost normal distribution centered on these two 
months, followed by a harvest increase in December. This suggests that bent-nose clam procurement was 
especially dominant in the summer months during the period when the Upper Midden was deposited. Over 
one-third of Lower Midden bent-nose clam specimens display an October month of death, with smaller 
percentages between August and December, indicating a mostly fall season of bent-nose clam harvest when 
the Lower Midden was deposited. Neither part of the midden included specimens with estimated deaths 
between January and April, indicating a lack of bent-nose clam harvest during much of the winter and spring. 

As displayed in Figure 7, a similar pattern of harvest applies for bay mussel specimens. As with the 
bent-nose clam specimens, July was the most dominant month of death in Upper Midden bay mussel 
specimens, making up 30% of the assemblage. Overall, summer and early fall harvest dominated the Upper 
Midden assemblage, although 22% displayed a December month of death, with smaller percentages in the 
late winter. This resurgence of winter harvest for the Upper Midden is also observed in the bent-nose clam 
specimens, although to a lesser degree. The Lower Midden bay mussel specimens displayed a unimodal, 
normal distribution of harvest month centered on October. The October and November months reflect 46% 
of shell specimens, indicating again that harvest was dominant in the fall for occupants of the Lower Midden. 
Bay mussel procurement spanned the months of May through February for inhabitants of the Lower Midden, 
with a lack of harvested specimens only in March and April. 

Finally, Figure 7 displays month of harvest results for Pacific oyster from the Upper Midden area, while 
no Pacific oyster specimens were studied from the Lower Midden area. October was by far the dominant 
month of harvest reflected in the Upper Midden, accounting for 57% of the sampled oysters. The remainder 
of these specimens produced a normal distribution around the month of October, with 11% of shells harvested 
in each of the months of September and November and 8% in each of the next closest months of August and 
December. Nearly all specimens assigned to the October month of death displayed terminal shell isotopic 
values that were higher than would be predicted for the warmest and most saline parts of the year, falling 
outside of the predicted annual δ18O curve shown in Figure 3. The average δ18O value for terminal edge 
samples (Sample A) was -1.33, which is right at the maximum predicted δ18O value for a given year. However, 
the average δ18O value for random locations on the oyster shells (Sample D) was -2.16, which falls in the 
middle of the predicted annual δ18O polynomial regression curve for calcite. This indicates that the observed 
high δ18O values in the terminal edges of Pacific oyster are indeed due to shell death during the warm and 
highly saline water conditions of the fall season, rather than due to some underlying problem with using 
Pacific oysters in this analytical approach. 
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Figure 6. Examples of δ18O values from two Macoma nasuta and two Mytilus trossulus shell 
specimens plotted on either the calcite or aragonite predicted δ18O polynomial regression curves. 
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Table 2. Oxygen Isotope Values for all Macoma nasuta, Mytilus trossulus, 
and Ostrea lurida Samples from CA-SFR-114. 
 

CAT. 
NO. 

SHELL 

ID 
UNIT 

LEVEL 
(CM) 

SAMPLE ESTIMATED MONTH 

OF DEATH A B C D 

MACOMA NASUTA UPPER MIDDEN 

14 1 CU 2 10–20 -1.85 -2.58 -1.78 -0.55 August 

14 2 CU 2 10–20 -1.99 -1.98 -0.32 -0.55 May 

14 3 CU 2 10–20 -3.01 -2.74 -2.62 -2.61 December 

14 4 CU 2 10–20 -0.67 -1.47 -1.20 -1.64 September 

14 5 CU 2 10–20 -1.84 -2.90 -1.71 -2.71 August 

14 6 CU 2 10–20 -2.61 -2.31 -3.29 -3.14 December 

14 7 CU 2 10–20 -2.34 -2.43 -1.74 -2.49 July 

14 8 CU 2 10–20 -1.99 -2.43 -3.06 -2.97 August 

14 9 CU 2 10–20 -2.44 -2.96 -1.94 -3.28 July 

462 1 CU 2 10–20 -1.03 -1.15 -1.56 -1.21 October 

462 2 CU 2 10–20 -1.45 -2.23 -1.69 -2.31 September 

462 3 CU 2 10–20 -2.60 -1.84 -2.77 -0.29 December 

18 1 CU 2 20–30 -1.63 -1.80 -3.56 -3.74 August 

18 2 CU 2 20–30 -0.78 -1.50 -1.26 -3.18 September 

18 3 CU 2 20–30 -2.64 -3.01 -1.20 -1.98 June 

18 4 CU 2 20–30 -2.91 -2.98 -1.37 -3.13 June 

18 5 CU 2 20–30 -2.50 -3.86 -3.72 -3.17 July 

18 6 CU 2 20–30 -1.59 -1.42 -2.68 -3.92 November 

18 7 CU 2 20–30 -2.11 -1.63 -1.23 -2.23 December 

640 1 CU 2 20–30 -1.91 -2.41 -3.20 -2.46 August 

640 2 CU 2 20–30 -1.85 -2.19 -1.89 -1.48 August 

195 1 CU 9 10–20 -1.26 -2.25 -0.93 -0.82 October 

195 2 CU 9 10–20 -2.34 -2.67 -0.97 -1.65 July 

200 1 CU 9 20–30 -2.55 -2.76 -1.91 -2.22 July 

200 2 CU 9 20–30 -2.47 -2.81 -2.73 -1.62 July 

200 3 CU 9 20–30 -2.56 -2.96 -1.36 -2.81 July 

200 4 CU 9 20–30 -2.37 -2.65 -2.14 -2.87 July 

200 5 CU 9 20–30 -1.90 -2.69 -2.70 -3.20 August 

200 6 CU 9 20–30 -2.05 -2.16 -1.52 -0.91 July 

200 7 CU 9 20–30 -2.83 -1.98 -1.26 -3.05 December 

200 8 CU 9 20–30 -2.05 -2.73 -2.08 -1.23 July 

200 9 CU 9 20–30 -2.03 -2.49 -2.18 -1.12 July 

200 10 CU 9 20–30 -2.27 -2.81 -2.13 -1.86 July 

200 11 CU 9 20–30 -2.43 -2.60 -2.17 -2.55 July 

MACOMA NASUTA LOWER MIDDEN 

39 1 CU 2 70–80 -2.00 -1.76 -1.39 -1.17 November 

39 2 CU 2 70–80 -2.79 -2.66 -2.32 -2.94 December 

39 3 CU 2 70–80 -1.53 -1.14 -1.37 -1.19 November 

39 4 CU 2 70–80 -1.63 -3.13 -2.82 -1.45 August 

39 5 CU 2 70–80 0.02 -0.30 -0.91 -1.62 October 

39 6 CU 2 70–80 -2.54 -2.40 -1.65 -1.22 December 

39 7 CU 2 70–80 -3.30 -3.65 -1.20 -2.17 May 

39 8 CU 2 70–80 -1.23 -2.27 -2.71 -0.85 September 

39 9 CU 2 70–80 -2.47 -3.27 -1.45 -2.64 July 

39 10 CU 2 70-80 -1.25 -1.44 -2.87 -3.64 September 

39 11 CU 2 70–80 -3.00 -1.97 -2.24 -3.01 December 

39 12 CU 2 70–80 -1.73 -1.69 -1.78 -1.33 November 

continued  
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Table 2. Oxygen Isotope Values for all Macoma nasuta, Mytilus trossulus, 
and Ostrea lurida Samples from CA-SFR-114. 
 

CAT. 
NO. 

SHELL 

ID 
UNIT 

LEVEL 
(CM) 

SAMPLE ESTIMATED MONTH 

OF DEATH A B C D 

39 13 CU 2 70–80 -1.41 -1.65 -3.19 -1.25 September 

42 1 CU 2 80–90 -1.73 -2.80 -3.54 -1.15 August 

42 2 CU 2 80–90 -2.59 -1.82 -2.08 -1.93 December 

42 3 CU 2 80–90 -2.81 -2.68 -1.35 -2.83 December 

42 4 CU 2 80–90 -1.36 -1.85 -2.63 -3.43 October 

42 5 CU 2 80–90 -1.02 -1.98 -2.28 -2.92 October 

42 6 CU 2 80–90 -2.67 -2.18 -2.06 -0.98 December 

42 7 CU 2 80–90 -0.43 -1.18 -1.57 -2.39 October 

216 1 CU 9 70–80 -0.44 -1.95 -1.11 -0.28 October 

216 2 CU 9 70–80 -1.41 -1.33 -1.24 -2.00 November 

216 3 CU 9 70–80 -1.92 -4.36 -3.14 -3.97 August 

216 4 CU 9 70–80 -1.92 -1.95 -2.86 -2.55 August 

216 5 CU 9 70–80 -1.69 -1.85 -1.74 -1.21 August 

216 6 CU 9 70–80 -1.14 -2.49 -2.03 -1.69 October 

220 1 CU 9 80–90 -1.38 -2.37 -2.01 -0.88 October 

220 2 CU 9 80–90 -1.41 -2.51 -1.55 -2.39 September 

220 3 CU 9 80–90 -1.29 -1.55 -0.68 -1.29 October 

220 4 CU 9 80–90 -2.27 -1.81 -2.35 -1.47 December 

220 5 CU 9 80–90 -1.27 -2.67 0.03 -1.57 October 

220 6 CU 9 80–90 -2.30 -1.46 -2.04 -1.42 December 

220 7 CU 9 80–90 -1.72 -2.68 -3.06 -2.66 August 

559 1 CU 9 80–90 -1.18 -1.75 -1.88 -1.83 October 

303 1 CU 14 60–70 -1.36 -3.90 -2.07 -1.12 October 

303 2 CU 14 60–70 -0.95 -2.04 -1.65 -0.05 October 

MYTILUS TROSSULUS UPPER MIDDEN 

635 1 CU 2 10–20 -2.92 -3.62 -2.31 -4.02 June 

635 2 CU 2 10–20 -2.43 -1.78 -3.67 -3.25 December 

635 3 CU 2 10–20 -3.81 -2.42 -1.73 -1.51 February 

635 4 CU 2 10–20 -0.02 -0.41 -1.36 -2.28 September 

635 5 CU 2 10–20 -2.52 -3.02 -4.26 -2.29 July 

635 6 CU 2 10–20 Lost Lost Lost -1.37 - 

635 7 CU 2 10–20 -2.70 -2.51 -2.43 -3.47 December 

635 8 CU 2 10–20 -2.85 -3.44 -3.34 -2.11 June 

635 9 CU 2 10–20 -4.24 -1.54 -2.05 -2.24 March 

635 10 CU 2 10–20 -2.24 -2.49 -3.45 0.35 July 

635 11 CU 2 10–20 -2.31 -3.16 -2.88 Lost July 

635 12 CU 2 10–20 Lost Lost Lost -2.84 -- 

635 13 CU 2 10–20 -1.84 Lost -2.09 -2.36 -- 

635 14 CU 2 10–20 -2.18 Lost -4.74 -2.91 -- 

635 15 CU 2 10–20 -2.48 -3.33 -3.45 -3.25 July 

635 16 CU 2 10–20 -2.53 -2.34 -3.06 -4.06 December 

635 17 CU 2 10–20 -2.38 -2.94 -2.79 -3.51 July 

635 18 CU 2 10–20 -2.08 -1.96 -2.32 -2.88 December 

635 19 CU 2 10–20 -2.25 -4.43 -1.95 -1.18 July 

635 20 CU 2 10–20 -2.74 -1.99 -2.21 -3.45 December 

635 21 CU 2 10–20 -2.22 -3.32 -2.71 -4.68 July 

635 22 CU 2 10–20 -2.25 Lost Lost -3.58 -- 

635 23 CU 2 10–20 -2.87 -2.02 -3.16 -3.48 January 

continued 
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Table 2. Oxygen Isotope Values for all Macoma nasuta, Mytilus trossulus, 
and Ostrea lurida Samples from CA-SFR-114. 
 

CAT. 
NO. 

SHELL 

ID 
UNIT 

LEVEL 
(CM) 

SAMPLE ESTIMATED MONTH 

OF DEATH A B C D 

635 24 CU 2 10–20 Lost Lost -2.37 -2.57 -- 

635 25 CU 2 10–20 -1.62 -2.66 -3.29 -2.14 September 

635 26 CU 2 10–20 -2.09 -3.95 -4.15 -2.51 August 

635 27 CU 2 10–20 -2.57 -2.40 -2.64 -3.54 December 

635 28 CU 2 10–20 -2.71 -3.77 -1.91 -2.58 July 

635 29 CU 2 10–20 -1.93 -2.66 -3.19 -3.46 August 

635 30 CU 2 10–20 Lost -3.08 -1.46 -1.80 -- 

635 31 CU 2 10–20 -3.45 -2.20 -4.65 -2.70 January 

635 32 CU 2 10–20 -2.22 -4.53 Lost -1.12 August 

635 33 CU 2 10–20 -2.14 -3.42 -2.08 -2.32 August 

635 34 CU 2 10–20 -1.53 -1.75 -1.89 -2.19 October 

635 35 CU 2 10–20 Lost -2.15 -2.31 -2.39 -- 

MYTILUS TROSSULUS LOWER MIDDEN 
 

702 1 CU 2 70–80 -2.89 -4.91 -5.81 Lost July 

702 2 CU 2 70–80 Lost -1.93 -2.35 -2.69 -- 

702 3 CU 2 70–80 -1.66 -2.28 -2.76 -3.55 September 

702 4 CU 2 70–80 -0.05 -0.55 -1.49 -2.37 October 

702 5 CU 2 70–80 -1.35 -0.40 -0.68 -0.64 November 

702 6 CU 2 70–80 -2.89 -3.38 -2.17 -1.26 July 

702 7 CU 2 70–80 -2.01 -2.73 -1.81 -2.02 August 

702 8 CU 2 70–80 -2.07 -2.60 -2.81 -2.91 August 

702 9 CU 2 70–80 -1.05 Lost -1.95 -2.10 -- 

702 10 CU 2 70–80 -0.71 -2.33 -2.69 -2.59 October 

702 11 CU 2 70–80 -2.40 Lost -2.47 -3.00 -- 

702 12 CU 2 70–80 -0.96 -0.85 -1.26 -2.09 November 

702 13 CU 2 70–80 -1.71 Lost -2.06 -2.60 -- 

702 14 CU 2 70–80 -1.85 -2.70 Lost Lost September 

702 15 CU 2 70–80 Lost Lost Lost -2.56 -- 

702 16 CU 2 70–80 Lost -6.47 -4.81 -2.57 -- 

702 17 CU 2 70–80 -1.28 -1.29 -2.03 -2.73 November 

702 18 CU 2 70–80 -2.77 -2.41 -2.08 -1.42 December 

702 19 CU 2 70–80 -0.75 -1.22 Lost -2.27 October 

702 20 CU 2 70–80 -1.65 -3.42 -3.33 -3.92 October 

702 21 CU 2 70–80 -3.27 -3.39 -3.23 -2.91 June 

702 22 CU 2 70–80 -1.23 -0.38 -1.67 -2.41 November 

702 23 CU 2 70–80 -0.64 -0.21 -0.90 -1.79 November 

702 24 CU 2 70–80 -3.35 -2.40 -2.03 -2.18 January 

702 25 CU 2 70–80 -4.01 -1.55 -2.01 -2.48 February 

702 26 CU 2 70–80 -1.96 -2.69 -1.88 -2.05 September 

702 27 CU 2 70–80 -2.01 -1.82 -2.04 -1.99 December 

702 28 CU 2 70–80 -1.12 -2.11 -2.80 -2.62 October 

702 29 CU 2 70–80 -2.02 -1.64 -3.26 -3.08 December 

483 1 CU 2 70–80 -3.47 -3.72 Lost -5.19 May 

483 2 CU 2 70–80 Lost -0.40 Lost -3.70 -- 

483 3 CU 2 70–80 -0.91 -0.35 0.07 -0.01 November 

483 4 CU 2 70–80 -2.09 -2.76 -1.99 -2.14 August 

483 5 CU 2 70–80 -0.87 -1.35 -2.51 -3.04 October 

483 6 CU 2 70–80 -1.00 -1.58 -2.21 -2.80 October 

continued 
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Table 2. Oxygen Isotope Values for all Macoma nasuta, Mytilus trossulus, 
and Ostrea lurida Samples from CA-SFR-114. 
 

CAT. 
NO. 

SHELL 

ID 
UNIT 

LEVEL 
(CM) 

SAMPLE ESTIMATED MONTH 

OF DEATH A B C D 

OSTREA LURIDA UPPER MIDDEN 

14 1 CU 2 10–20 -0.82 -1.79 -2.03 -2.24 October 

14 2 CU 2 10–20 -0.93 -0.87 -1.60 -1.84 November 

14 3 CU 2 10–20 -1.41 -1.67 -2.28 -2.42 October 

14 4 CU 2 10–20 -1.25 -1.59 -1.69 -1.38 October 

14 5 CU 2 10–20 -3.37 -2.81 -2.38 -3.31 January 

14 6 CU 2 10–20 -1.96 -2.95 -3.25 -4.11 August 

14 7 CU 2 10–20 -1.60 -2.42 -2.15 -0.98 September 

14 8 CU 2 10–20 -1.02 -1.23 -1.29 -1.60 October 

14 9 CU 2 10–20 -1.56 -2.00 -2.38 -2.89 September 

462 1 CU 2 10–20 -1.22 -1.50 -1.98 -2.51 October 

462 2 CU 2 10–20 -1.15 -1.49 -2.17 -2.67 October 

635 1 CU 2 10–20 -1.48 -1.91 -0.53 -0.61 September 

635 2 CU 2 10–20 -1.24 -1.53 -1.66 -1.98 October 

635 3 CU 2 10–20 -1.35 -1.93 -2.30 -2.12 October 

635 4 CU 2 10–20 -2.02 -2.29 -2.73 -3.54 August 

635 5 CU 2 10–20 -2.41 -2.20 -1.95 -3.40 December 

635 6 CU 2 10–20 -1.73 -2.13 -2.44 -2.54 September 

635 7 CU 2 10–20 -0.45 -0.86 -1.25 -1.53 October 

18 1 CU 2 20–30 -0.98 -1.51 -2.23 -1.92 October 

18 2 CU 2 20–30 -0.83 -1.52 -1.77 -1.82 October 

466 1 CU 2 20–30 -2.83 -1.71 -2.34 -3.27 December 

466 2 CU 2 20–30 -0.51 -1.67 -2.39 -2.54 October 

466 3 CU 2 20–30 -1.21 -0.76 -1.22 -1.57 November 

640 1 CU 2 20–30 -2.02 -0.68 -0.43 -1.04 December 

640 2 CU 2 20–30 -0.73 -1.67 -2.05 -2.53 October 

640 3 CU 2 20–30 -1.87 -1.99 -2.83 -2.60 August 

640 4 CU 2 20–30 -0.62 -1.64 -1.52 -2.10 October 

640 5 CU 2 20–30 -1.27 -1.30 -1.50 -1.43 October 

640 6 CU 2 20–30 -1.35 -1.28 -1.44 -1.94 November 

640 7 CU 2 20–30 -1.22 -2.15 -0.53 -1.59 October 

640 8 CU 2 20–30 -0.79 -1.44 -1.71 -2.15 October 

195 8 CU 9 10–20 -0.25 -1.13 -1.49 -2.18 October 

195 9 CU 9 10–20 -0.87 -1.16 -1.31 -1.46 October 

195 10 CU 9 10–20 -0.70 -1.48 -1.71 -1.88 October 

200 1 CU 9 20–30 -1.67 -0.73 -1.38 -1.85 November 

 
 

DISCUSSION 
 

Overall, bent-nose clam and bay mussel specimens display similar patterns of seasonal harvest at the 
Yerba Buena site. Shellfish collection in the Lower Midden was focused (88%) from late summer through 
early winter (August-December), with much more limited collection from mid-winter through early summer 
(January-June). Collection of both species was most intensive in mid-fall, effectively creating unimodal 
distribution, spiking at the month of October. Clam and mussel samples from the Upper Midden were 
harvested over a similar time span, albeit slightly longer, with 90% of collection occurring from mid-summer 
through early winter (July-December) and little collection during the other six months, especially in the spring  
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Table 3. Estimated Month of Death Totals for Macoma nasuta, Mytilus trossulus, and Ostrea lurida 
from CA-SFR-114 Separated by Midden Portion. 

ESTIMATED 

MONTH OF 

DEATH 

MACOMA NASUTA 

(BENT-NOSE CLAM) 

MYTILUS TROSSULUS 

(BAY MUSSEL) 

OSTREA LURIDA 

(PACIFIC OYSTER) 
TOTALS 

UPPER 

MIDDEN 
LOWER 

MIDDEN 
SUBTOTAL 

UPPER 

MIDDEN 
LOWER 

MIDDEN 
SUBTOTAL 

UPPER        

MIDDEN 

January -- -- -- 2 1 3 1 4 

February  -- -- -- 1 1 2 -- 2 

March -- -- -- 1 -- 1 -- 1 

April -- -- -- -- -- -- -- -- 

May 1 1 2 -- 1 1 -- 3 

June 2 -- 2 2 1 3 -- 5 

July 13 1 14 8 2 10 -- 24 

August 7 6 13 4 3 7 3 23 

September 3 4 7 2 3 5 4 16 

October 2 12 14 1 7 8 20 42 

November 1 4 5 -- 6 6 4 15 

December 5 8 13 6 3 9 3 25 

Totals 34 36 70 27 28 55 35 160 

 
 

 

 

Figure 7. Month of death estimates for Macoma nasuta, Mytilus trossulus, 
and Ostrea lurida from CA-SFR-114, separated by midden portion. 
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(March-May). However, unlike the Lower Midden specimens, bent-nose clam and bay mussel collected from 
the Upper Midden indicate that harvest peaked in summer, around the month of July. 

Although the seasonality patterns were similar between mussels and clams, variation was observed. 
Bay mussel harvest spanned a larger portion of the year than bent-nose clam, and thus represents a resource 
with a broader procurement period. Harvest during the winter months and the early months of spring 
(January-April) were completely absent in the sample of bent-nose clam. This is consistent with the relative 
proportions of dietary shell found at the site. Near year-round consumption of bay mussel would likely 
result in larger numbers of mussel remains than other species within the shell midden, as observed. Winter 
harvest of bay mussel was minimal, suggesting that this easily procured dietary resource was used as a 
supplement in winter when other resources may have been sparse, even though summer and fall months 
may have been preferred. This may also explain the resurgence of early winter harvest in both bay mussels 
and bent-nose clams reflected in the Upper Midden specimens.  

Pacific oyster shells are somewhat of an outlier to the trends observed in bent-nose clam and bay 
mussel, as harvest was limited to only six months of the year and was dominant in the fall months during 
the occupation span of the Upper Midden area, rather than in the summer as seen in the other two species. 
This strong October pulse of oyster collection reflected in the SFR-114 Upper Midden was unexpected and 
provides, for the first time, insight into the timing of oyster exploitation in the San Francisco Bay Area. 
Unfortunately, because the Lower Midden area was not sampled for Pacific oyster, it is unknown if this 
same harvest pattern occurred in the older component of the midden. 

The most likely explanation for the discrete and unique harvest pattern in oysters is that oysters were 
not readily available close to the settlement during the occupation span of the Upper Midden. Instead, oyster 
collection could have been the result of distinct behaviors that only occurred for a short time each year. 
Pacific oysters may have been obtained from oyster beds somewhere else along San Francisco Bay or 
brought to the site by another community for an annual fall event. This could explain the relatively low 
abundance of oyster shell in the midden. Although we are uncertain where the oysters were acquired, one 
possibility is south of Coyote Point, where oysters were clearly an abundant, high value resource targeted 
prehistorically for collection through boat transport and subsurface diving (Byrd et al. 2017:9-22/23; 
Whitaker and Byrd 2014).  

Results from the current study were compared to other San Francisco Bay Area sites with oxygen 
isotope results from clams and mussels. As with the Upper Midden results from the current study, dated 
primarily to the MLT, shell harvest at Late Period sites CA-SFR-171, CA-SMA-6, and CA-CCO-297 
displayed a noticeable harvest spike in the middle of summer, although overall harvest breadth did not span 
the same range of months as the current study (Byrd and Kaijankoski 2011; Byrd et al. 2012; Eerkens et al. 
2013, 2014). In fact, bent-nose clams at SFR-171 were procured primarily in the spring months, leading up 
to the dominant harvest month of July. Oxygen isotope results from Early/Middle Period site CA-ALA-17 
resulted in a bimodal distribution of bent-nose clam harvest, peaking both in the spring and fall seasons 
(Culleton et al. 2009). The Lower Midden results from the Middle 3 and Middle 4 periods from the current 
study, however, do not indicate a pattern of spring shellfish harvest. Additional studies of this earlier time 
period would help to determine if mussel and clam harvest preferences indeed changed over time from the 
Middle to the Late Period in the San Francisco Bay Area. 

 
 

CONCLUSIONS 
 

These new shell oxygen isotope results from the Yerba Buena site in San Francisco provides insight 
into local settlement organization through seasonality of shellfish harvest. Overall, shellfish were harvested 
throughout most of the year. This analysis, along with a few other lines of evidence reported at length in 
Byrd et al. (2018), assisted in interpreting the site as a major residential settlement that was occupied year-
round. Fall harvest of bay mussel and bent-nosed clam was especially prevalent in the Middle Period, and 
then later, summer harvest dominated in the MLT and Late 1 Period. Pacific oyster harvest, however, 
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appeared to occur only during the fall months in the MLT and Late 1 Period. The results highlight the 
importance of gathering data from multiple time periods as well as multiple species. Had the midden been 
analyzed as a single dataset rather than split by component, clam and mussel harvest would have displayed 
near constant harvest during the summer and fall months, losing the precision obtained by analyzing each 
component separately. Likewise, the addition of oyster specimens to this study not only revealed that this 
type of seasonality study is feasible for Pacific oyster, but also that the addition of another type of edible 
shellfish can illuminate different trends of harvest seasonality between species. 
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