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Low population density
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California’s Northern Channel
Islands
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Chronological and archaeofaunal data indicate that settlement of the

earliest, low-density populations on California’s Northern Channel Islands

was conditioned by variables other than those a�ecting later, high-density

populations. We use a variant of the Ideal Free Distribution (IFD) with

considerations for low population densities to model early settlement on

Santa Rosa Island (SRI). Early in time, individuals could have maximized their

per-capita resource return at the mouth of any of SRI’s 19 major drainages,

so it was not necessary to distribute themselves in only those habitats with

the highest potential return rate. Instead, while some individuals targeted

high-ranked habitats, others settled at low-ranked habitats along the south

coast that traditional IFD model variants predict would be first settled later.

These habitats may have been targeted for other, less often considered

environmental characteristics that might have been less important during

periods characterized by higher population density or resource stress, perhaps

including protection from prevailing northwesterly storms. During the relatively

dry Middle Holocene, when population density increased and there was a

greater focus on the high-ranked northwest coast, settlement intensity on the

south coast did not increase and may have decreased. Later, as settlement at

high-ranked habitats in-filled to the point that traditional IFD models predict

the lowest-ranked habitats should be settled, there is evidence of population

growth and reoccupation on the south coast. This study has implications for

understanding initial colonization of new geographic areas, including larger

regions in which the settlers did not have complete knowledge of all potential

settlement locations.

KEYWORDS

ideal free distribution, Chumash, California Channel Islands, settlement patterns,

archaeology

1 Introduction

Human settlement can be influenced by a wide variety of factors, including
resource distribution, seasonality, technological orientation, territoriality, defense, trade,
cosmology, and social organization (e.g., Billman and Feinman, 1999; Kennett, 2005;
Kowalewski, 2008; Winterhalder et al., 2010). Because of this causal complexity, a variety
of models have been developed to isolate the drivers of settlement behavior by generating
hypotheses about settlement distribution that can be tested with archaeological data in
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an effort to better understand these relationships (Jochim, 1976;
Bettinger, 1980; Pilgram, 1987; Krist, 2001; Codding and Jones,
2013; Jazwa, 2015). Simple models, while eschewing realism, have
the benefit of being clear, explicit, and generally applicable to a
wide variety of contexts, whether patterns of change in individual
geographic/cultural groups or broad cross-cultural/cross-regional
variation (Winterhalder, 2002), with deviations from model
predictions frequently yielding insight into the system in question
(Clarke, 1972). For example, while resource maximization may
govern the majority of economic decisions in some models, there
may be exceptions in which this is not the case. At very low
population densities associated with a settling population, people
may be unable or uninterested in living in places where resource
return is maximized. Instead, they need only to find a place
that is good enough to provide more resources than they can
consume (e.g., Jazwa et al., 2016b; Haas and Kuhn, 2019; Molter,
2021). Later, as population grows, settlement distribution should
shift to one matching the maximizing conditions of the model.
These deviations can be explained qualitatively or addressed by
modifying the existing model or offering a competing model. A
direct application of such a model variant, during a period of initial
colonization of a large geographic area, would allow archaeologists
to identify settlements and explain their distribution, while still
maintaining the flexibility to understand settlement expansion later
in time.

Fretwell and Lucas’s (1969) Ideal Free Distribution (IFD)
and Ideal Despotic Distribution (IDD) models have been applied
with increasing frequency to archaeological and anthropological
contexts (Weitzel and Codding, 2022). In these models, a
single variable for habitat quality, “suitability,” is plotted against
population density in a series of different habitats. In practice,
suitability is often calculated using the availability of key resources
like water, forage, game, net primary productivity, or by some other
proxy for environmental yield (e.g., Kennett et al., 2009; Codding
and Jones, 2013; Moritz et al., 2014; Yaworsky and Codding, 2018;
Hanna and Giovas, 2022; Vernon et al., 2022; Jazwa and Jazwa,
2022). In general, as population density increases in a habitat,
suitability decreases because of affiliated per-capita declines in
resource availability. The difference between the IFD and IDD
depends on how free individuals are to move between habitats
(Winterhalder et al., 2010). In the IDD, individuals’ freedom to
move to preferred habitats is constrained by territorial defensive
behaviors. The net effect of this distinction is that under IFD
conditions, we would expect the highest population densities in
the highest ranked habitats; in the IDD, we would expect lower
population densities in high-ranked habitats and earlier occupation
of lower-ranked habitats. Critically, the simplest formulations of
these models do not allow for population-independent changes
in habitat suitability, although recent models have expanded to
include this eventuality. For example, environmental change may
lead to a vertical shift in the suitability curve for some habitats (e.g.,
Jazwa et al., 2013). Still, modeling how habitat ranks might change
over time introduces more complexity to the IFD, which makes
applying these models in diachronic contexts challenging.

In this study, we apply the IFD to California’s northern Channel
Islands (NCI) to assess the degrees to which the initial, low
population density settlement of the islands was affected by factors

different than the environmental variables that govern settlement
distribution later in time (Figure 1). The NCI were among the
first settings where archaeologists applied the IFD (Kennett, 2005;
Kennett et al., 2009). Since then, there has been a growing body
of literature in which the IFD/IDD has been applied to cases
around the world (e.g., Kennett et al., 2006; Allen and O’Connell,
2008; O’Connell and Allen, 2012; Giovas and Fitzpatrick, 2014;
Prufer et al., 2017; Jazwa and Jazwa, 2017, 2022; Harvey, 2018,
2019; Yaworsky and Codding, 2018; Jazwa and Collins-Elliott, 2021;
Collins-Elliott and Jazwa, 2022; Hanna and Giovas, 2022; Plekhov
and Levine, 2022;Weitzel and Codding, 2022). Following the initial
approaches on the NCI, variants of the model have been developed
and their predictions have been tested with archaeological data,
including radiocarbon dates and faunal data (Winterhalder et al.,
2010; Jazwa et al., 2013, 2016b, 2019; Molter, 2021). In most cases,
these data matched IFD and/or IDD predictions, indicating that
settlement on the NCI was largely consistent with them, with some
deviations. Jazwa et al. (2016b; also Jazwa, 2015), for instance,
observed that relatively low-ranked habitats (i.e., those with low
initial suitability) along the southern coast of Santa Rosa Island
were settled earlier than expected, in some cases earlier than
some of the highest-ranked habitats on the island. This is a clear
deviation from the early settlement predictions of both the IFD and
IDD. They offered the possibility that at low population density,
it may not be necessary for individuals to target areas with the
most abundant resources. Instead, other, less quantifiable factors
like protection from prevailing storm systems by topographic
features or relative propensity for warm, sunny days may influence
settlement more than they would later during periods of higher
population density and affiliated increases in resource stress. In this
study, we move beyond this observation to alter assumptions and
predictions of the IFD for the NCI and test an alternative version
of the model that allows for a different settlement distribution
at low-population density. Broadly, in this study, we seek to
explain under what circumstances one might expect deviations
from standard IFD predictions at low population densities, which
has important implications for understanding settlement decisions
among founding populations in a new area.

1.1 Environment and culture history of the
NCI

The NCI are a series of four islands located off the coast of
California in the Santa Barbara Channel. From west to east, they
are San Miguel, Santa Rosa, Santa Cruz, and Anacapa Islands
(Figure 1). Sea level rise, beginning after the Last Glacial Maximum
and continuing through the initial periods of human occupation of
the islands, led to an∼85% reduction in land mass from the date of
the first evidence of people on the NCI around 13,000 until∼6,000
cal BP, when marine transgression slowed (Kennett et al., 2008;
Reeder-Myers et al., 2015). At the time of earliest occupation, lower
sea levels would have exposed land connecting the four NCI into
a single larger island, Santarosae (Shamalaḿa; Rick et al., 2023).
The NCI and the surrounding marine ecosystem have provided
islanders with a great abundance and diversity of subsistence
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FIGURE 1

Santa Rosa Island. The 19 major drainages are outlined, labeled, and numbered in parentheses based on their IFD ranking from Jazwa et al. (2016b).

The three low ranked drainages discussed in this paper are highlighted in gray. The general locations for the sites investigated as a part of this study

are marked with stars.

resources throughout their history. This is especially true along
what is today the northwest coast of Santa Rosa Island (SRI), which
contains large, well-watered drainages that are especially resilient to
periods of drought, as well as extensive rocky intertidal coastlines
where shellfish can be collected en masse. It is for this reason that
previous models have indicated that the habitats there would have
been high-ranked, and therefore preferred settlement locations,
through time (Kennett et al., 2009; Winterhalder et al., 2010; Jazwa
et al., 2016a,b). This is likely among the reasons that the oldest dated
site on the NCI, Arlington Springs (CA-SRI-173), is located there
(Johnson et al., 2002).

However, the earliest sites on the NCI, those dating to the
Paleocoastal Period (13,000–8,200 cal BP; terminal Pleistocene and
Early Holocene), are not consistent with what Kennett (2005) and
others (e.g., Jazwa, 2015) have described as permanent settlement
sites, namely those containing dense, accumulated midden
reflecting year-round occupation or consistent reoccupation.
Instead, most early sites on the NCI that still survive tend to be

more ephemeral occupations located along the edges of elevated
coastal terraces (e.g., Erlandson et al., 2011, 2020; Rick et al., 2013),
although some prominent sites containing characteristic bifacially
flaked artifacts and points (crescents, Channel Islands Barbed, and
Amol) have been identified closer to the coast (Erlandson et al.,
2011; Erlandson, 2013). Most of the coastal regions that would
likely have been targeted for early settlement, however, are now
underwater, submerged by rising sea levels, making developing
habitat suitability models for the terminal Pleistocene and early
Holocene difficult (Kennett et al., 2008; Reeder-Myers et al.,
2015). One recently investigated site at the mouth of Trancion
Canyon, CA-SRI-347, contains midden deposits consistent with
permanent occupation dating between ∼11,000 and 8,500 years
ago (unpublished radiocarbon dates obtained by Jazwa). This
site is unique because it is located adjacent to an area of
steep bathymetry where the shorelines have likely not moved
far, providing further evidence that additional early permanent
settlement sites likely exist in locations that have been submerged.

Frontiers in Environmental Archaeology 03 frontiersin.org

https://doi.org/10.3389/fearc.2025.1535110
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org


Jazwa et al. 10.3389/fearc.2025.1535110

Nevertheless, according to the IFD, habitats that were occupied
earliest should continue to be occupied as settlement expands, so
even if the earliest phases of occupation have been lost to rising sea
levels, the earliest available data on settlement locations should be
indicative of preferences in population distribution.

For this reason, the earliest clear evidence for sustained
occupation of the coast of SRI dates to the beginning of the
middle Holocene (8,200–4,200 cal BP). The model developed by
Jazwa et al. (2016b: Figure 9) includes speculation as to what
settlement distribution may have looked like before this time, but
it was not possible to directly test model predictions for the very
earliest settlement on the island. Other than CA-SRI-347, among
the earliest dated permanent coastal residential sites on SRI are
CA-SRI-187 at the mouth of Old Ranch and Old Ranch House
Canyons (8,050–7,040 cal BP), CA-SRI-138 at the mouth of La
Jolla Vieja Canyon (7,545–7,415 cal BP), CA-SRI-3 at the mouth of
Tecolote Canyon (7,890–7,520 cal BP), and CA-SRI-4 at the mouth
of Arlington Canyon (7,470–6,920 cal BP; Kennett, 1998, 2005;
Winterhalder et al., 2010; Jazwa et al., 2013, 2016b; Jazwa, 2015).
While marine transgression continued after the earliest occupation
of these sites, it was limited enough that they would still have
been adjacent to or within several 100 meters of the coast at
any period for which there is evidence of occupation and could
therefore be considered coastal settlement sites. Furthermore, with
the exception of CA-SRI-3 and CA-SRI-4, which are associated
with adjacent drainages, these sites are located relatively far apart
from each other (7.5–10 km from each one to the next closest)
and adjacent to different environmental zones, including drainages
expected to be high-, middle-, and low-ranked for settlement (Jazwa
et al., 2016b). Still, compared to some locations on the NCI,
especially parts of northern Santa Cruz Island, all habitats on SRI
are relatively high-ranked and able to support small populations
(Kennett et al., 2009; Winterhalder et al., 2010).

During the Middle Holocene, populations increased and more
permanent villages were established on SRI. These primary villages
were mostly located on productive coastal habitats with access to
fresh water from springs or streams (Kennett, 2005; Winterhalder
et al., 2010; Jazwa et al., 2016a). In some cases, these water sources
were seasonal. While the Early Holocene was generally a wet
period in California and the Great Basin (Benson et al., 2001,
2002, 2013), climate records from throughout the region suggest
that the middle Holocene was overall a relatively dry interval
(e.g., LaMarche, 1973, 1974; Lindström, 1990; Thompson, 1992;
Quade et al., 1998; Hughes and Graumlich, 2000; Benson et al.,
2002; Kennett, 2005; Kennett et al., 2007). During drier periods,
the large, resilient drainages of the northwest coast of SRI would
have been especially valued locations for human occupation (Jazwa
et al., 2016a). As the island population increased during the Middle
Holocene, settlement focused on that part of the island, with people
becoming more sedentary to take advantage of the northwest
coast to access fresh water and its highly productive coastline.
The archaeological record is consistent with this prediction, with
evidence for Middle Holocene settlement at the mouth of Tecolote,
Arlington, Soledad, Dry, Verde, Cow, and Lobos Canyons along
the north coast (Kennett, 1998; Winterhalder et al., 2010; Jazwa
et al., 2016b). This increased focus on north coast settlement is
associated with a greater diversity of site types, with patterns of

interior residential bases accompanying coastal settlements and
special purpose shellfish harvesting and shucking sites (Kennett and
Clifford, 2004; Kennett, 2005; Jazwa et al., 2015; Jazwa and Zoellner,
2024). Movement to the interior during the summer and fall may
have also been related to fog water collection or terrestrial plant
harvesting (Jazwa et al., 2015, 2016a).

During the Middle Holocene, red abalone middens come to
characterize many sites across the NCI (Glassow, 2013). Red
abalone (Haliotis rufescens) is a large marine gastropod that
is among the highest return food species on the NCI (Braje
et al., 2007). In southern California, they tend to live in subtidal
environments, but may live in shallower, intertidal regions during
periods of cooler water (e.g., Raab, 1992; Glassow et al., 2012).
There is a debate over the reason for the appearance of these
sites during this period. Glassow (1993; Glassow, 2013; Glassow
et al., 2012) has argued for an environmental explanation, in
which red abalones were more readily available because sea
surface temperature (SST) was colder at this time (Kennett and
Kennett, 2000; Kennett et al., 2007). Conversely, Braje et al.
(2009; Erlandson et al., 2004, 2005, 2008) argue that red abalones
were more common during the Middle Holocene because they
were released from predation pressure from otters, who were
increasingly hunted by humans. Both may have influenced the
population of accessible abalone at this time, but notably, the
location of red abalone middens on Santa Rosa Island do not
necessarily follow the predictions of settlement rank models (Jazwa
et al., 2015, 2016b; Jazwa and Zoellner, 2024). Put another way,
the factors that influence where abalone are present may or may
not track the variables that influence the location of permanent
settlement sites. As Gamble (2017) points out, however, there is
great diversity in the nature and use of the red abalone middens,
including residential, special purpose, and potentially even feasting
sties. Jazwa et al. (2015) found the highest concentration of
red abalone in an otherwise relatively low-ranked habitat, Bee
Canyon, suggesting that sites like CA-SRI-338 were used primarily
for abalone processing before transportation back to permanent
settlements elsewhere on the island.

From 4,200 to 1,500 cal BP, sea surface temperature became
more variable (Kennett and Kennett, 2000). McFarland et al. (2025)
have argued that this led to a change in the relative proportions
of marine invertebrate taxa on the NCI, especially an increase
in the average proportion of urchins compared to other kelp-
dependent invertebrates. Furthermore, people living in the Santa
Barbara Channel region developed the single-piece fishhook by
around 2,500 cal BP (Rick et al., 2002), immediately preceding a
dramatic increase in fish in the archaeological record (Glassow,
1993; Kennett, 2005; Jazwa et al., 2016b, 2020). Both of these
changes are consistent with changes in the faunal record from
the NCI. The general pattern of climatic amelioration during the
Late Holocene (Kennett and Kennett, 2000; Kennett et al., 2007)
coincided with increases in population density, the number of
settlement sites, and the range of habitats occupied on the islands
(Kennett, 2005; Kennett et al., 2009; Winterhalder et al., 2010;
Jazwa et al., 2016b, 2019). By the start of the Medieval Climatic
Anomaly (MCA; ∼1,150–650 cal BP), for example, settlement
had expanded to the mouths of all 19 large drainages on SRI
(Jazwa et al., 2019). During the MCA, a period of extreme and
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persistent droughts occurred in the southwestern United States
and NCI settlement structure changed dramatically. Overall island
population densities continued to increase, though these appear to
have been concentrated in a smaller number of large coastal village
sites. These village sites were often in new locations, typically across
the drainage mouths from preexisting settlement sites. These sites
are often the large villages named in early 19th century mission
records (Johnson, 1993; Glassow et al., 2010). The villages generally
had high population densities and their political economy has
been described as that of a complex chiefdom with an economy
characterized by sophisticated sewn plank canoes called tomols and
purple olive shell (Callianax biplicata) beads produced by craft
specialists (e.g., Arnold, 1992, 2001; Kennett, 2005).

1.2 Settlement patterns and the ideal free
distribution

The NCI have proven to be a productive test area for applying
and refining applications of IFD/IDD models. Anthropological
applications of the IFD first appear in the literature in Kennett’s
(2005) book in theoretical terms, as speculation as to how they
could be applied to settlement on the NCI. After a similarly
theoretical application for the settlement of Oceania (Kennett
et al., 2006; Allen and O’Connell, 2008; revisited in O’Connell,
2020), the first formal test of the predictions of the model using
ecological and chronological data was in Kennett et al. (2009).
Winterhalder et al. (2010) followed that up by using a Bayesian
statistical approach applying the chronology of initial settlement
for drainages with dated sites to assess whether the suitability
calculations by Kennett et al. (2009) appropriately weighted natural
resource availability for the different habitats. Since that time,
the IFD/IDD have been applied to a great diversity of contexts
around the world, including elsewhere in North America, the
Caribbean, Mesoamerica, Greece, and northwest Africa, among
other places (e.g., Giovas and Fitzpatrick, 2014; Prufer et al., 2017;
Jazwa and Jazwa, 2017, 2022; Harvey, 2018, 2019; Yaworsky and
Codding, 2018; Jazwa and Collins-Elliott, 2021; Collins-Elliott and
Jazwa, 2022; Hanna and Giovas, 2022; Plekhov and Levine, 2022;
Weitzel and Codding, 2022). However, despite the initial studies
on the NCI demonstrating that settlement distributions are largely
consistent with IFD predictions, further studies have used the
archaeological record there to refine nuances of the model. The
NCI are particularly suitable for this purpose because they are
bounded by water and therefore we can assess a complete set of
potential habitats, settlement locations can generally be assumed to
be individual points at the mouths of prominent drainages based
on our knowledge of settlement on the coast, subsistence resources
are limited in range (but not quantity) compared to mainland
contexts, and there is a long history of archaeological research
with good information about settlement history of most of the
settlement locations. Since the initial applications, further research
has been conducted to better understand the effects of population-
independent environmental change (Jazwa et al., 2013), apply the
zooarchaeological record as a proxy for population density (Jazwa,
2015; Jazwa et al., 2016b), and assess the transition from the IFD to

IDD under periods of resource stress and population restructuring
(Jazwa et al., 2019).

In this study, we use the NCI archaeological record to better
understand how the IFD can be used to model settlement at
very low population densities. A fundamental prediction of the
IFD is that initial settlement will be in those habitats ranked
highest (e.g., Jazwa et al., 2016b). As population density increases,
settlement will expand to progressively lower ranked habitats,
with successively lower-ranked habitats settled and “filling in”
with human population until the ratio of people to resources in
each habitat makes per capita returns in each habitat effectively
equal. However, Jazwa et al. (2016b) found that the first prediction
regarding initial settlement was only partially supported on the
NCI. Some lower-ranked habitats, namely those along the south
coast of SRI, were first settled much earlier than predicted by
the model. In fact, settlement distribution best matched the
IFD only beginning during the Middle Holocene when intensive
settlement began to focus on the high-ranked, northwest coast
of SRI. Jazwa et al. (2016b) attempted to explain this in two
ways. First, they argued that the earliest settlements on the island
were not necessarily the earliest permanent settlements; those were
likely submerged by Pleistocene and Early Holocene sea level
transgressions. Jazwa has obtained radiocarbon dates reflecting
earlier evidence for permanent settlement at the mouth of Trancion
Canyon, the third highest ranked drainage overall, supporting this
idea. More importantly, however, Jazwa (2015) speculated that at
low population densities, settlement decisions may be governed by
different considerations than those used in previous iterations of
IFD modeling. Population density was low enough that individuals
could maximize their return at a wide variety of habitats. Unlike
later in time, there was no need for people to position themselves in
habitats that would maximize overall resource return. Rather, they
could have chosen from a large number of habitats that all could
have provided more subsistence resources than what population at
that size can exploit. In the case of the NCI, when considering all
potential habitats for Santa Cruz, San Miguel, and SRI, there are no
SRI habitats among the lowest ranked 1/3 of all drainages across
the islands. Low-ranked drainages that may be resource limiting,
even at low population densities, are confined to Santa Cruz and
San Miguel Islands (Winterhalder et al., 2010).

Therefore, it may be the case that settlement decisions at low
population densities may not be guided by efforts to maximize
resource return. Instead, in those cases, the components of the
model associated with calculating habitat suitability may only be
relevant to the extent that resources meet a certain threshold. In
those cases, settlers may choose between any of those habitats based
on a different set of criteria that are otherwise not considered of
high importance once population density increases to the point that
it is beneficial to maximize resource return. This decision may be
based on less quantifiable considerations as simple as propensity
for warm, sunny days and/or less frequent storms. Alternatively,
a common assumption of the IFD is one of complete knowledge
of the region under consideration, including sufficient information
to accurately appraise and compare relative suitabilities for all
habitats (Winterhalder et al., 2010: 471; Assumption f). This may
not necessarily be the case, especially in a large geographic area,
and a settling population may be willing to settle down in one of the
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first habitats that they encounter that are good enough to provide
the subsistence resources they need in quantities that are more than
they can consume, even if other, nearby habitats allow for greater
resource maximization (Haas and Kuhn, 2019).

1.2.1 A low density, target-oriented IFD variant for
SRI

To more realistically model how a low-density hunter-gatherer
population might be expected to target different habitats, we build
on the logic of target-oriented rather than maximizing economic
models (Bordley and LiCalzi, 2000; Schmidtz, 2004; Bettinger, 2009;
Morgan, 2009). In target-oriented models, economic decisions are
based on meeting some minimum threshold of production, return,
or yield. For hunter-gatherer populations, yield is often measured
in calories, with the target being the minimum number of calories a
population requires over a give timespan. As an example, consider
a population of 20 individuals: though caloric requirements vary
by age, sex, body size and activity level (Ainsworth et al., 1993),
such a population would require, on average, ∼2,000 calories per
person per day to stay healthy, or 40,000 calories per day for the
entire population. If a given habitat can produce enough resources
so this target can be met and population density remains constant,
then such a habitat can be said to satisfy the minimum subsistence
requirement for the population. In a generally highly productive
environment like the NCI, we posit that even relatively low-ranked
habitats could have met such targets and therefore been just as
attractive to early NCI occupants as more productive, ostensibly
high-ranked habitats.

In practice, we maintain the same habitat rankings through
time, but we relax two relevant assumptions of the model,
namely complete knowledge of the landscape at the time of initial
settlement and that individuals attempt to maximize resource
return (opting instead to meet resource return targets). We also add
predictions for low population densities and modify the existing
predictions for initial settlement. After settlement reaches an
unspecified population density threshold, the distribution should
look more like the traditional formulation of the IFD. Importantly,
this transition is likely to be gradual. Early settlement sites at lower
ranked habitats may persist as settlement intensity increases at
high-ranked habitats. This may continue at low levels temporarily
or until settlement at the low-ranked habitat is eventually predicted
to be settled following system-wide increases in population density.

Here, we adopt the hypothesis that at low population density
on SRI, settlement should not be organized to maximize overall
economic return, but instead to take advantage of other benefits
to habitats reaching an unspecified resource return threshold.
For consistency with the existing NCI literature, we modify the
model predictions given in Jazwa et al. (2016b; following Kennett
et al., 2009; Winterhalder et al., 2010; Jazwa et al., 2013) to
follow from this hypothesis. We also use the same resource weight
calculations given by Jazwa et al. (2016b) as they have been shown
to be largely appropriate for characterizing habitat suitability, at
least once overall population gets sufficiently large. In our new
formulation, the predictions are: (1) initial settlement can be at
any habitat as long as it meets a minimum suitability threshold; (2)
there should be a transition associated with increasing population
density to a focus on the higher ranked habitats, although early

occupations of low-ranked habitats may have persisted resulting
from a founder effect (Brantingham and Perreault, 2010; Jazwa
et al., 2016b: prediction 1 or J16, P1; Haas and Kuhn, 2019); (3)
over time, there should be evidence for resource depression in high-
ranked habitats, reflecting increased population density, while sites
from low-ranked habitats that continue to be occupied may or
may not show a similar pattern, as population density increase is
less likely there (J16, P2); (4) dates of settlement, resettlement, or
increase in population density for lower ranked locations should
coincide with periods of resource depression at higher ranked
locations (J16, P3); (5) settlement at the highest ranked locations
should persist even as settlement expands to other sites (J16, P4);
(6) extrinsic environmental change can depress suitability (J16, P5);
and (7) technological developments can influence habitat suitability
and settlement rankings (J16, P6).

In this study, we focus on the south coast of SRI (Figure 1),
an area that contains the 16th (San Augustin Canyon), 17th (La
Jolla Vieja Canyon), and 19th (Wreck Canyon) ranked drainages
of 19 overall on the island in the calculations presented by Jazwa
et al. (2016b). We focus on these habitats precisely because they
are low-ranked and should be first settled later than radiocarbon
dates indicate they are. These drainages contain less water than
those of the northwest coast and are less resilient to periods of
drought because they are relatively small, steep, and prevailing
northwesterly weather systems are blocked by the central ridgeline
of the island, creating something of a rain shadow (Jazwa et al.,
2016a). Additionally, while productive rocky intertidal coastline
and offshore kelp forests are present near these habitats, they are
more spatially limited than elsewhere on the island (Kennett et al.,
2009; Jazwa et al., 2016b). La Jolla Vieja Canyon is the one that
Jazwa (2015) recognized as being settled anomalously early based
on standard IFD predictions. Notably, in rankings by Kennett et al.
(2009) and Winterhalder et al. (2010) including all the NCI, these
three drainages are not near the bottom of the 46 ranked drainages
total, with the lowest of the three, San Augustin, ranked 27, and
all likely meeting the minimum threshold for resource availability.
We rely on chronological and faunal data presented by Jazwa et al.
(2016b, 2019) for comparisons with other habitats on the island
to test model predictions, but we present new or updated data
from sites along the south coast to address the new formulation of
the model.

2 Materials and methods

2.1 Field sampling

Shell midden deposits included in this study were excavated in
two phases. In 1996 and 1999, Douglas Kennett and Don Morris
excavated four 25× 25 cm units from CA-SRI-130, two 25× 25 cm
units and one 50× 50 cm unit (Unit 3) from CA-SRI-131, and four
25× 25 cm units from CA-SRI-1351 (Figure 1). In August 2019, we
excavated one 25 × 25 cm unit from CA-SRI-139 from an eroding

1 The large village site to the east of the mouth of San Augustin Canyon

has been misassigned in previous publications as CA-SRI-436 (e.g., Kennett,

1998, 2005; Glassow et al., 2010). For consistency with the site database

for Channel Islands National Park, we use the originally assigned trinomial

CA-SRI-135 in this paper.
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cliff-face with Richard-Patrick Cromwell and Gilbert Unzueta.
We excavated in arbitrary 10 cm levels, separating materials from
clearly defined strata and collecting radiocarbon samples in the field
from the wall profile after excavation. We also included previously
published comparison data for one 25 × 25 cm unit each from
CA-SRI-131 and−488, and two 25 × 25 cm units from CA-SRI-
138 (Jazwa, 2015; Jazwa et al., 2016b). We excavated using the
same methods as CA-SRI-139. Kennett and Morris also obtained
radiocarbon dates that we include in this analysis from further
excavation units at CA-SRI-147 (Braje et al., 2007), CA-SRI-62,
and CA-SRI-432, and field sampling from eroding escarpments at
CA-SRI-419 and CA-SRI-462. We collected samples from eroding
escarpments at CA-SRI-63, CA-SRI-144, and CA-SRI-145.

2.2 Radiocarbon chronology

We include 38 radiocarbon dates from the south coast of Santa
Rosa Island in this analysis, 12 of which are new dates obtained
for this study. Of those dates, 24 are from sites for which we are
including excavation data and the remaining 14 are from nearby
sites. For the 12 dates new to this study, we cleaned the samples,
subjected them to a 50% hydrochloric acid etch, hydrolyzed them
to generate carbon dioxide at the UNR Human Paleoecology and
Archaeometry Laboratory, and submitted them for measurement
for radiocarbon at the Pennsylvania State University AMS
Laboratory. Original references for the 26 previously published
dates are provided in Table 1.

We calibrated all the available dates for the south coast of Santa
Rosa Island in OxCal 4.4 (Bronk Ramsey, 2009) using theMarine20
calibration curve (Heaton et al., 2020).We used a variable1R value
for the Santa Barbara Channel region for samples with dates of
<2,500 radiocarbon years before present (Hendy et al., 2013) and
an estimated 1R value of 124 ± 30 for older samples obtained
from six historical, pre-bomb Callianax biplicata shells. All 1R
values have been corrected for the Marine 20 calibration curve
(Sean Hixon, Brendan Culleton, and Douglas Kennett, personal
communication, 2021).

For our analysis, we assess settlement expansion following a
modified version of Arnold’s (1992) chronological framework to
better distinguish important periods of change during the Late
Holocene: Early Period (7450–2550 cal BP), Middle Period (2550–
800 cal BP), Middle to Late Period Transition (MLT; 800–650 cal
BP), and Late Period (650–168 cal BP). Notably, the droughts of
the MCA occurred at the end of the Middle Period through the
MLT (i.e., Late Middle/MLT). The Early Period was not uniform,
so we distinguish the periods before and after the Middle and Late
Holocene boundary at 4200 cal BP for the purposes of this study.

2.3 Faunal analysis

After excavation, we size sorted the midden through nested
1/2”, 1/4”, and 1/8” screens. Materials from sites excavated in the
1990s were preliminarily sorted at University of California, Santa
Barbara and California State University, Long Beach by trained
undergraduate students under Kennett’s (1998; 2005) supervision.

We similarly size-separated the material from CA-SRI-139 prior
to sorting the midden to taxa. We sorted all the 1/2” material to
artifact type or taxa, in most cases assigning shellfish to the species
level. For the purposes of this analysis, we do not more precisely
identify fish and sea mammal bone. For the smaller material,
we similarly sorted subsamples, 100 g for 1/4” and 15 g for 1/8”,
excluding non-cultural rock. For residual bulk midden samples,
we sorted for diagnostic artifacts, bone, charcoal, ochre, Mytilus

californianus hinges, and Callianax biplicata shell. We used the
total weight of bulk midden and proportions of the subsamples
to estimate overall taxonomic contributions for each level. We
obtained the data published in Jazwa (2015) and Jazwa et al.
(2016b) following the same protocols. We combined data from
stratigraphic levels of the same units into associated contexts, with
a single excavation unit comprising either one or two contexts
depending on radiocarbon date sequences and similarities in faunal
constituents between levels. For comparison, we normalized faunal
weights in each context to one cubic meter. We calculated the
Shannon-Weaver diversity index (Shannon and Weaver, 1949),
evenness, and taxonomic richness for shellfish in each context using
these compiled shell weights.

We use meat weight calculations summarized by Rick (2004;
see also Colten, 2001; Jazwa et al., 2019) to estimate the relative
contribution of shellfish, fish, sea mammal, and bird to the diet for
each of these components. Meat weight calculations have important
limitations, especially for sea mammals that are likely to be field
processed. Not all elements have the samemeat to bone ratio, which
might bias the contribution of seamammal to the diet (Mason et al.,
1998; Gifford-Gonzalez and Hildebrandt, 2012). Nevertheless, the
great difference between the ratio of bone/shell to meat for fish,
sea mammal, shell, and bird makes it difficult to compare them
based on faunal weight, so we cautiously apply meat weights for
this comparison. Furthermore, the fact that all the sites considered
in this analysis are located on the coast likely reduces the extent of
field processing.

Finally, we estimated mussel size for those incomplete shell
fragments with the umbo present using the equation provided in
Singh and McKechnie (2015)2. For complete shells larger than
20mm long or fragments of shells estimated to be >20mm, we
obtained the average shell length by context. To avoid counting
individual mussels twice, we only included values from those shells
of the side with a higher count from each stratigraphic level (i.e.,
left or right valves). We also calculated the relative proportion of
mussels within each assemblage that were <20 mm long.

3 Results

3.1 Chronology

Based on the new and previously published radiocarbon dates,
it is clear that permanent settlements were established at the
mouths of both La Jolla Vieja and Wreck Canyons earlier than

2 We use the method and equation established by Singh and McKechnie

(2015). While a more precise method was recently published by McFarland

et al. (2023), the data for our analysis were collected before this method was

developed and we no longer have access to the original collections.

Frontiers in Environmental Archaeology 07 frontiersin.org

https://doi.org/10.3389/fearc.2025.1535110
https://www.frontiersin.org/journals/environmental-archaeology
https://www.frontiersin.org


Jazwa et al. 10.3389/fearc.2025.1535110

TABLE 1 Radiocarbon dates from the sites in this study, including excavated and unexcavated sites.

Conventional 95.4% cal BP

Site Lab # Landmark Provenience Species 14C
Age
(BP)

1R Unmodeled Modeled Reference

CA-
SRI-62

Beta-
96963

Johnson’s Lee Unit 1, 20–30
cmbs

Haliotis

cracherodii

2,660± 70 21± 67 2,440–1,860 2,450–1,920 (Kennett,
1998, p. 457)

CA-
SRI-62

Beta-
107046

Johnson’s Lee Unit 1, 40–50
cmbs

Mytilus

californianus

3,010± 60 124± 30 2,710–2,280 2,690–2,250 (Kennett,
1998, p. 457)

CA-
SRI-63

PSUAMS-
7015

Johnson’s Lee 64 cmbs Mytilus

californianus

3,155± 20 124± 30 2,790–2,460 N/A This study

CA-
SRI-130

PSUAMS-
9188

La Jolla Vieja
Canyon

Unit 1A, 15–25
cmbs

Mytilus

californianus

3,675± 20 124± 30 3,435–3,110 N/A This study

CA-
SRI-130

Beta-
107052

La Jolla Vieja
Canyon

Unit 1, 7–20
cmbs

Mytilus

californianus

1,940± 70 −105±
66

1,710–1,220 1,570–1,210 (Kennett,
1998, p. 458)

CA-
SRI-130

Beta-
95457

La Jolla Vieja
Canyon

Unit 1, 40–44 cm Haliotis

cracherodii

1,890± 60 −107±
67

1,640–1,170 1,650–1,280 (Kennett,
1998, p. 458)

CA-
SRI-131

UCIAMS-
137949

La Jolla Vieja
Canyon

Unit 1 (2013), 21
cmbs

Mytilus

californianus

2,990± 20 124± 30 2,655–2,295 N/A (Jazwa et al.,
2016b)

CA-
SRI-131

UCIAMS-
137950

La Jolla Vieja
Canyon

Unit 1 (2013), 88
cmbs

Septifer bifurcatus 3,865± 20 124± 30 3,670–3,350 N/A (Jazwa et al.,
2016b)

CA-
SRI-131

PSUAMS-
9185

La Jolla Vieja
Canyon

Unit 2, 0–10
cmbs

Mytilus

californianus

1,185± 15 58± 74 715–375 N/A This study

CA-
SRI-131

PSUAMS-
9186

La Jolla Vieja
Canyon

Unit 2, 90–100
cmbs

Mytilus

californianus

1,745± 15 −93± 71 1,415–1,020 N/A This study

CA-
SRI-131

OS-38219 La Jolla Vieja
Canyon

Unit 3, 0–10
cmbs

Haliotis sp.
fishhook

1,880± 55 −106±
67

1,620–1,170 N/A (Kennett,
2005, p.194)

CA-
SRI-135

OS-32097 San
Augustine
Canyon

Unit 1: 60–75
cmbs

Marine shell bead 990± 30 160± 76 485–65 475–150 (Kennett,
2005)

CA-
SRI-135

OS-32371 San
Augustine
Canyon

Unit 2: 50–60
cmbs

Marine shell 1,010± 30 158± 76 500–85 490–155 (Kennett,
2005)

CA-
SRI-135

PSUAMS-
9187

San
Augustine
Canyon

Unit 4, 0–15
cmbs

Mytilus

californianus

760± 15 135± 73 265–0 320–120 This study

CA-
SRI-138

UCIAMS-
130888

La Jolla Vieja
Canyon

Unit 1, 9.5 cmbs Mytilus

californianus

5,695± 20 124± 30 5,910–5,595 N/A (Jazwa et al.,
2016b)

CA-
SRI-138

PSUAMS-
6869

La Jolla Vieja
Canyon

Unit 1, 10 cmbs Mytilus

californianus

5,840± 25 124± 30 6,110–5,740 N/A This study

CA-
SRI-138

UCIAMS-
147341

La Jolla Vieja
Canyon

Unit 1, 49 cmbs Mytilus

californianus

4,820± 20 124± 30 4,895–4,540 N/A (Jazwa et al.,
2016b)

CA-
SRI-138

UCIAMS-
130889

La Jolla Vieja
Canyon

Unit 1, 73 cmbs Mytilus

californianus

7,235± 20 124± 30 7,555–7,270 N/A (Jazwa et al.,
2016b)

CA-
SRI-138

UCIAMS-
137951

La Jolla Vieja
Canyon

Unit 2, 14 cmbs Mytilus

californianus

1,270± 20 8± 73 855–495 870–505 (Jazwa et al.,
2016b)

CA-
SRI-138

UCIAMS-
147342

La Jolla Vieja
Canyon

Unit 2, 39 cmbs Mytilus

californianus

3,210± 20 124± 30 2,865–2,535 2,860–2,530 (Jazwa et al.,
2016b)

CA-
SRI-138

UCIAMS-
137952

La Jolla Vieja
Canyon

Unit 2, 67 cmbs Haliotis

cracherodii

3,465± 20 124± 30 3,190–2,840 3,180–2,820 (Jazwa et al.,
2016b)

CA-
SRI-139

PSUAMS-
6870

Wreck
Canyon

Unit 1, 6 cmbs Mytilus

californianus

3,445± 20 124± 30 3,165–2,810 3,185–2,830 This study

CA-
SRI-139

PSUAMS-
7019

Wreck
Canyon

Unit 1, 35 cmbs Mytilus

californianus

5,200± 25 124± 30 5,425–5,025 5,190–4,855 This study

CA-
SRI-139

PSUAMS-
6871

Wreck
Canyon

Unit 1, 61 cmbs Mytilus

californianus

4,890± 25 124± 30 5,020–4,635 5,235–4,890 This study

(Continued)
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TABLE 1 (Continued)

Conventional 95.4% cal BP

Site Lab # Landmark Provenience Species 14C
Age
(BP)

1R Unmodeled Modeled Reference

CA-
SRI-139

PSUAMS-
3648

Wreck
Canyon

23 cmbs Mytilus

californianus

6,340± 30 124± 30 6,625–6,285 N/A This study

CA-
SRI-144

PSUAMS-
7020

Johnson’s Lee 63 cmbs Mytilus

californianus

2,675± 20 29± 67 2,320–2,000 N/A This study

CA-
SRI-145

PSUAMS-
7021

Johnson’s Lee 90 cmbs Mytilus

californianus

4,640± 25 124± 30 4,725–4,320 N/A This study

CA-
SRI-147

OS-43077 La Jolla Vieja
Canyon

Unit 1, 10–20
cmbs

Mytilus

californianus

950± 45 161± 78 445–15 455–140 (Braje et al.,
2007)

CA-
SRI-147

Beta-
195746

La Jolla Vieja
Canyon

Unit 1, 60–70
cmbs

Mytilus

californianus

3,020± 60 124± 30 2,710–2,290 2,710–2,290 (Braje et al.,
2007)

CA-
SRI-147

Beta-
107053

La Jolla Vieja
Canyon

Unit 1, 100–110
cmbs

Mytilus

californianus

4,310± 90 124± 30 4,400–3,800 4,400–3,800 (Kennett,
1998, p. 458)

CA-
SRI-147

OS-46832 La Jolla Vieja
Canyon

Unit 1, 190–200
cmbs

Mytilus

californianus

5,270± 30 124± 30 5,485–5,095 5,480–5,100 (Braje et al.,
2007)

CA-
SRI-147

Beta-
87202

La Jolla Vieja
Canyon

Unit 1, 230 cmbs Haliotis rufescens 5,500± 60 124± 30 5,750–5,320 5,750–5,340 (Kennett,
1998, p. 458)

CA-
SRI-147

Beta-
92060

La Jolla Vieja
Canyon

Unit 1, 290–300
cmbs

Mytilus

californianus

7,010± 80 124± 30 7,420–6,960 7,410–6,950 (Kennett,
1998, p. 458)

CA-
SRI-419

Beta-
87201

La Jolla Vieja
Canyon

27 cmbs Marine shell 990± 80 160± 76 500–20 500–140 (Kennett,
1998, p. 459)

CA-
SRI-432

Beta-
107050

Ford Point Unit 1, 0–10
cmbs

Mytilus

californianus

2,280± 80 −22± 66 2,040–1,460 N/A (Kennett,
1998, p. 459)

CA-
SRI-462

Beta-
84008

Wreck
Canyon

None Marine shell 6,680± 70 124± 30 7,090–6,600 N/A (Kennett,
1998, p. 459)

CA-
SRI-488

UCIAMS-
137946

La Jolla Vieja
Canyon

Unit 1, 29 cmbs Mytilus

californianus

2,585± 20 −18± 67 2,295–1,945 2,215–1,925 (Jazwa et al.,
2016b)

CA-
SRI-488

UCIAMS-
130887

La Jolla Vieja
Canyon

Unit 1, 48 cmbs Mytilus

californianus

2,525± 15 −51± 67 2,275–1,920 2,280–1,995 (Jazwa et al.,
2016b)

All dates were calibrated in OxCal 4.1 (Bronk Ramsey, 2009) using the Marine 20 calibration curve (Heaton et al., 2020). 1R values for the Santa Barbara Channel region were determined as
discussed in the text.

would be predicted by the IFD. All dates are given as 95.4%
calibrated ranges. Early occupation at CA-SRI-138, Unit 1 dates to
7555–7270 cal BP (Table 1; Figure 2). Among permanent settlement
sites, only CA-SRI-187 at the mouth of Old Ranch and Old Ranch
House Canyons (Jazwa et al., 2013), CA-SRI-3 at the mouth of
Tecolote Canyon (Winterhalder et al., 2010), and CA-SRI-347 at
the mouth of Trancion Canyon (Jazwa, unpublished radiocarbon
dates) date earlier. All three of those drainages are much higher
ranked than La Jolla Vieja. There is a reversal in the radiocarbon
dates associated with the terminal occupation of CA-SRI-138, Unit
1, with the sample from 49 cmbs dating to 4895–4540 cal BP, but
samples from 9.5 and 10 cmbs date to 5910–5595 and 6110–5740
cal BP, respectively. This suggests some level of mixing in the upper
component of this unit, perhaps resulting from erosion from an
upslope, adjacent area of the site. However, settlement at Wreck
Canyon is also early. A radiocarbon date from CA-SRI-462 places
occupation at 7090–6600 cal BP, and one from CA-SRI-139 dates
to 6625–6285 cal BP. This date is not from the excavation unit at
the site. The bulk of occupation from that unit was from late in the
Middle Holocene, dating from 5235–4890 to 5190–4855 cal BP. A

lower density of deposits indicates persistent occupation at the site
as late as 3185–2830 cal BP.

Of the three drainages considered in this study, La Jolla Vieja
exhibits the greatest evidence of persistent occupation through
the Middle and Late Holocene. CA-SRI-147, the radiocarbon and
faunal record of which was reported by Braje et al. (2007), was
occupied as early as 7410–6950 cal BP and persisted until 455–
140 cal BP. This site is a rockshelter with at least three meters
of dense cultural deposits, but it is ∼1 km up the drainage,
meaning it is not a coastal settlement. Nevertheless, it was clearly
a focus of occupation for a long time. CA-SRI-130 and CA-
SRI-131 are located on either side of the drainage mouth, and
both have evidence for occupation dating to the beginning of
the Late Holocene, with CA-SRI-131 occupied as early as 3670–
3350 cal BP and CA-SRI-130 as early as 3435–3110 cal BP.
Occupation of CA-SRI-130 ended before the start of the MCA,
but it persisted at CA-SRI-131 until 715–375 cal BP. There is no
evidence for occupation of Wreck Canyon after the low density
of occupation at CA-SRI-139 dating to the beginning of the
Late Holocene.
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FIGURE 2

95.4% calibrated ranges for the radiocarbon dates from sites included in this analysis. All dates were calibrated in OxCal 4.1 (Bronk Ramsey, 2009)

using the Marine 20 calibration curve (Heaton et al., 2020) and the 1R values as discussed in the text. When possible, the dates are modeled in OxCal

to account for stratigraphy within excavation units.

Though not directly associated with any of the three drainages,
there is a Middle Holocene presence at Johnson’s Lee to
the west, with CA-SRI-145 dating as early as 4725–4320 cal
BP. The other dates currently available from Johnson’s Lee
correspond to the Late Holocene, with the latest from CA-SRI-
144 dating to 2320–2000 cal BP. However, Johnson’s Lee is
the likely location of the historically-named village of Nilal’uy,

perhaps at CA-SRI-62, and therefore was likely occupied until
the time of Spanish contact (Kennett, 2005; Glassow et al.,
2010). Unfortunately, that part of the island and that site were
heavily impacted by the construction, use, and razing of an
Air Force Base that was in use from 1952 to 1963, before
modern archaeological investigations were possible. CA-SRI-432,
at Ford Point between San Augustin and Wreck Canyons, was
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TABLE 2 Calculated faunal weight, meat weight density, and percent of total meat weight by major faunal component for all excavated sites.

Shell Fish Sea Mammal Bird Total

F
a
u
n
a
l

M
e
a
t
W
t.

F
a
u
n
a
l

M
e
a
t
W
t.

F
a
u
n
a
l

M
e
a
t
W
t.

F
a
u
n
a
l

M
e
a
t
W
t.

M
e
a
t
W
t.

S
it
e

U
n
it

L
e
v
e
l

D
ra
in
a
g
e

W
t.
(g
)

(g
/m

3 )

P
e
rc
e
n
t

W
t.
(g
)

(g
/m

3 )

P
e
rc
e
n
t

W
t.
(g
)

(g
/m

3 )

P
e
rc
e
n
t

W
t.
(g
)

(g
/m

3 )

P
e
rc
e
n
t

(g
/m

3 )

R
e
fe
re
n
c
e

CA-SRI-130 1A 0–25 cmbs La Jolla Vieja 4,208.9 111,784.2 81.2 13.0 23,046.4 16.7 1.2 1,843.1 1.3 1.1 1,056.0 0.8 137,729.7 This Study

CA-SRI-130 1B 0–54 cmbs La Jolla Vieja 5,745.5 63,347.0 34.7 22.2 18,187.6 10.0 139.9 100,335.0 55.0 1.4 631.1 0.3 182,500.7 This Study

CA-SRI-130 2A 7–40 cmbs La Jolla Vieja 2,424.1 47,472.4 81.7 7.5 10,072.7 17.3 0.4 434.1 0.7 0.2 130.9 0.2 58,110.1 This Study

CA-SRI-130 2B 25–41 cmbs La Jolla Vieja 1,462.5 74,895.0 56.3 20.2 55,870.9 42.0 0.9 2,153.8 1.6 0.0 0.0 0.0 132,919.7 This Study

CA-SRI-131 1 0–18 cmbs La Jolla Vieja 734.1 24,553.0 98.3 0.2 418.6 1.7 0.0 0.0 0.0 0.0 0.0 0.0 24,971.6 This Study

CA-SRI-131 2 0–110 cmbs La Jolla Vieja 7,926.2 52,017.2 13.7 690.5 278,189.6 73.2 141.7 49,867.8 13.1 0.3 67.6 0.0 380,142.2 This Study

CA-SRI-131 3 0–22 cmbs La Jolla Vieja 1,1860.3 94,332.2 34.5 117.3 59,071.5 21.6 270.7 119,116.8 43.6 2.5 670.9 0.2 273,191.4 This Study

CA-SRI-131 1 (2013) 10–60 cmbs La Jolla Vieja 6,447.1 153,080.7 89.3 6.7 5,912.3 3.4 7.9 6,117.8 3.6 13.1 6,297.6 3.7 171,408.3 (Jazwa et al., 2016b)

CA-SRI-131 1 (2013) 60–95 cmbs La Jolla Vieja 2,681.1 90,943.2 63.9 29.6 37,418.7 26.3 11.5 12,667.0 8.9 1.8 1,227.4 0.9 142,256.4 (Jazwa et al., 2016b)

CA-SRI-135 1 0–75 cmbs San Augustin 5,983.7 63,616.6 10.9 858.4 507,263.1 86.8 15.2 7,836.9 1.3 17.3 5,542.4 0.9 584,259.1 This Study

CA-SRI-135 2 0–76 cmbs San Augustin 4,491.0 46,784.5 4.0 1,888.8 1,101,480.3 93.8 41.7 21,265.4 1.8 15.4 4,847.4 0.4 1,174,377.6 This Study

CA-SRI-135 3 0–10 cmbs San Augustin 860.0 49,221.1 14.0 67.6 299,736.2 85.0 0.4 1,626.2 0.5 0.8 1,872.0 0.5 352,455.5 This Study

CA-SRI-135 4 0–30 cmbs San Augustin 3,622.0 82,000.7 55.5 40.8 60,319.5 40.8 3.8 4,852.9 3.3 0.7 584.0 0.4 147,757.2 This Study

CA-SRI-138 1 0–50 cmbs La Jolla Vieja 7,301.9 169,170.2 98.3 0.2 177.3 0.1 3.6 2,756.9 1.6 0.0 0.0 0.0 172,104.3 (Jazwa et al., 2016b)

CA-SRI-138 1 50–85 cmbs La Jolla Vieja 6,639.4 225,207.3 93.2 2.6 3,330.3 1.4 11.0 12,124.9 5.0 1.6 1,069.7 0.4 241,732.3 (Jazwa et al., 2016b)

CA-SRI-138 2 10–40 cmbs La Jolla Vieja 6,210.7 245,779.3 63.1 12.7 18,747.4 4.8 96.7 124,859.1 32.1 0.0 0.0 0.0 389,385.7 (Jazwa et al., 2016b)

CA-SRI-138 2 40–77 cmbs La Jolla Vieja 5,860.1 188,029.9 50.8 137.6 164,858.4 44.6 16.1 16,869.4 4.6 0.1 32.4 0.0 369,790.2 (Jazwa et al., 2016b)

CA-SRI-139 1 5–24 cmbs Wreck 806.7 22,444.3 73.7 3.4 8,000.9 26.3 0.0 0.0 0.0 0.0 0.0 0.0 30,445.3 This Study

CA-SRI-139 1 24–63 cmbs Wreck 1,0367.9 155,312.3 98.0 2.5 2,806.9 1.8 0.4 407.1 0.3 0.0 0.0 0.0 158,526.3 This Study

CA-SRI-488 1 30–66 cmbs La Jolla Vieja 2,388.8 38,483.9 93.5 1.7 2,142.1 5.2 0.5 527.0 1.3 0.0 0.0 0.0 41,153.1 (Jazwa, 2015)
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occupied from 2040 to 1460 cal BP. Finally, CA-SRI-135 at the
mouth of San Augustin Canyon, is the potential location of the
historically-named village of Helewashkuy (Kennett, 2005; Glassow
et al., 2010). The radiocarbon dates are consistent with this, with the
earliest dating to 490–155 cal BP. Dates from the four units from
the site are all within the last 500 years before present and the units
vary in depth but are highly dense. It is possible other sites near the
mouth of San Augustin may date earlier, but we have not yet been
able to obtain earlier dates from any of them.

3.2 Faunal data

We present data from 19 distinct components from six different
sites originally collected by Jazwa (2015) and Molter (2021). Over
time, there is a general decrease in the relative contribution of
shellfish to the diet along with an increase in sea mammal and
especially fish (Table 2; Figure 3; Supplementary Table 1), a pattern
common on the NCI (see Glassow, 1993; Colten, 2001; Jazwa
et al., 2016b, 2020; Hagerty, 2024). Overall, the densest estimated
meat weights are from the latest deposits, the Late Middle/MLT
occupation of CA-SRI-131, Unit 2 and the Late Period village
components from CA-SRI-135, along with the Middle Period
component from CA-SRI-138, Unit 2. This is consistent with
the late expansion of settlement to low ranked habitats discussed
in Jazwa et al. (2016b; also Winterhalder et al., 2010), and the
development of a limited number of high-density villages during
the Late Period, with locations influenced by territorial behavior
(Jazwa et al., 2019). The large amount of fish at CA-SRI-131, Unit 2
(73.2%) and at CA-SRI-135 (more than 85% of total meat weight in
each of Units 1–3) is consistent with late settlement sites elsewhere
on the island that relied on fish to support higher population
densities (e.g., Jazwa et al., 2020).

During the earliest occupation dating to the beginning of the
Early Period, however, there is nevertheless dense occupation at
CA-SRI-138, Unit 1 near the mouth of La Jolla Vieja Canyon,
with total estimated meat weight density of 241.7 kg/m3 in the
deeper component and 172.1 kg/m3 in the upper component.
These components have the 8th and 10th highest meat weight
densities of all 19 dated components we have for the south coast
of the island, meaning that meat weight density does not appear
to increase in a unilinear trajectory over time. The later deposits
at CA-SRI-138, Unit 2 increase in density into the later part of
the Early Period and the Middle Period, suggesting an increase
in population density at that location over time. However, there
is a gap in occupation between the latest date of occupation at
Unit 1 (4895–4540 cal BP) and the earliest date of occupation
at Unit 2 (3180–2020 cal BP). This may indicate that the site
was temporarily depopulated and later reoccupied in a manner
consistent with settlement expansion to lower-ranked habitats over
time, per the IFD.

CA-SRI-139, at the mouth ofWreck Canyon, was also occupied
relatively early, with its most intensive occupation phase during
the Middle Holocene. While its deposit was not as dense as the
earliest occupation at La Jolla Vieja Canyon, the overall meat weight
density of the denser, earlier phase at the site was 12th overall at
158.5 kg/m3. However, both CA-SRI-139 and CA-SRI-138, Unit

FIGURE 3

Meat weight density of the distinct components of each excavation

unit. Time is generally represented as left to right, and top to bottom

from (a) to (c). All components in this figure (a, b) are from La Jolla

Vieja Canyon except the two from CA-SRI-139, which are in bold

and italicized. They are from Wreck Canyon. All components in this

figure (c) are from San Augustin Canyon.

1 indicate an almost complete reliance on shellfish, with very
little fish or sea mammal in the record. In fact, the three Middle
Holocene occupation phases associated with these sites are among
the five densest in terms of shellfish meat weight density (2nd, 4th,
and 5th) among those considered here. Clearly, then, there is an
important focus on these habitats early in time that persists, but
only grows slowly through time during the Middle Period, MLT,
and Late Period.
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TABLE 3 Calculated shell weight and shell weight density of major species for all excavated sites.
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CA-
SRI-
130

1A 0–25
cmbs

2,718.9 174,008.1 47.6 3,048.7 55.7 3,563.2 9.2 586.7 705.4 45,143.9 31.8 2,038.0 10.4 662.4 113.5 7,265.1 0.0 0.0 99.0 6,336.9 37.2 2,380.7 346.8 22,198.1 This
Study

CA-
SRI-
130

1B 0–54
cmbs

4,355.5 129,051.2 51.0 1,510.6 42.1 1,248.7 11.0 325.2 301.0 8,918.3 126.3 3,741.4 27.7 820.9 32.2 955.2 15.7 463.9 224.7 6,656.5 52.4 1,552.9 373.9 11,077.2 This
Study

CA-
SRI-
130

2A 7–40
cmbs

1,365.2 66,190.8 6.1 294.2 9.0 435.9 0.0 0.0 320.0 15,515.6 33.6 1,627.4 9.7 468.3 84.3 4,085.7 0.0 0.0 59.0 2,858.6 16.7 811.3 500.3 24,258.8 This
Study

CA-
SRI-
130

2B 25–
41
cmbs

370.0 37,004.9 13.7 1,372.8 0.0 0.0 0.0 0.0 831.5 83,148.4 15.4 1,540.0 1.0 96.4 28.0 2,800.8 6.7 674.5 37.8 3,782.7 20.6 2,061.7 130.3 13,034.2 This
Study

CA-
SRI-
131

1 0–18
cmbs

584.9 51,990.8 18.3 1,622.3 0.0 0.0 2.1 185.6 29.5 2,618.7 1.8 159.3 0.0 0.0 17.1 1,516.0 8.4 743.1 24.5 2,175.4 1.8 161.9 35.1 3,117.4 This
Study

CA-
SRI-
131

2 0–
110
cmbs

4,239.7 61,668.7 164.5 2,393.1 47.4 689.9 112.4 1,634.5 1,226.1 17,833.5 181.0 2,633.4 145.3 2,113.8 213.1 3,099.2 1.0 13.8 200.7 2,920.0 280.7 4,082.6 946.1 13,761.7 This
Study

CA-
SRI-
131

3 0–22
cmbs

8,436.8 153,396.5 126.3 2,296.0 15.8 287.8 0.0 0.0 688.2 12,513.4 101.2 1,840.8 93.5 1,699.8 545.9 9,925.7 11.1 202.0 544.3 9,896.1 205.1 3,728.8 655.4 11,916.1 This
Study

CA-
SRI-
131

1
(2,013)

10–
60
cmbs

4,822.7 154,327.0 26.4 845.9 4.52 144.6 22.4 716.8 349.4 11,180.3 237.9 7,613.6 9.08 290.6 121.3 3,881.4 0.0 0.0 148.1 4,739.0 64.8 2,073.7 598.3 19,145.3 (Jazwa
et al.,
2016b)

CA-
SRI-
131

1
(2013)

60–
95
cmbs

1,659.5 75,860.9 42.0 1,920.8 48.4 2,212.2 33.4 1,527.8 430.1 19,663.3 68.0 3,107.4 5.0 229.9 61.3 2,801.7 0.8 34.7 42.8 1,955.7 60.9 2,782.4 215.3 9,842.8 (Jazwa
et al.,
2016b)

CA-
SRI-
135

1 0–75
cmbs

2,715.3 57,926.2 24.9 530.5 96.2 2,052.9 3.3 69.8 614.3 13,104.4 121.5 2,591.8 1,388.1 29,613.6 52.4 1,117.3 17.3 368.2 317.5 6,774.2 97.0 2,068.9 435.5 9,289.9 This
Study

CA-
SRI-
135

2 0–76
cmbs

1,907.4 40,155.5 106.8 2,247.4 17.0 357.3 16.5 347.1 488.5 10,283.4 99.8 2,100.7 802.7 16,898.0 79.7 1,678.0 0.0 0.0 230.9 4,860.2 73.0 1,536.8 543.8 11,449.2 This
Study

CA-
SRI-
135

3 0–10
cmbs

730.9 116,937.2 8.2 1,310.9 0.0 0.0 0.0 0.0 0.0 0.0 7.1 1,130.1 68.7 10,993.6 0.0 0.0 2.5 406.8 15.0 2,395.8 7.8 1,243.1 8.2 1,310.9 This
Study
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TABLE 3 (Continued)
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CA-
SRI-
135

4 0–30
cmbs

1,504.4 80,235.1 50.8 2,707.2 0.0 0.0 0.0 0.0 121.9 6,501.0 463.7 24,728.8 379.7 20,249.5 18.2 971.6 0.0 0.0 90.0 4,802.1 0.0 0.0 808.2 43,105.5 This
Study

CA-
SRI-
138

1 0–50
cmbs

5,141.1 164,515.8 33.4 1,068.0 276.7 8,853.4 107.3 3,434.5 483.9 15,483.3 568.2 18,181.0 5.8 185.6 67.9 2,171.7 20.8 665.6 104.2 3,333.6 71.4 2,284.3 376.1 12,034.5 (Jazwa
et al.,
2016b)

CA-
SRI-
138

1 50–
85
cmbs

3,599.8 164,563.1 390.2 17,837.6 84.1 3,845.2 43.1 1,970.9 465.9 21,298.0 407.5 18,629.5 2.5 115.2 83.8 3,830.0 3.1 141.6 81.1 3,706.2 53.4 2,441.3 1,339.4 61,228.0 (Jazwa
et al.,
2016b)

CA-
SRI-
138

2 10–
40
cmbs

5,281.8 281,697.1 0.5 26.7 40.0 2,134.1 0.9 45.4 158.5 8,452.0 149.0 7,947.7 11.2 598.9 21.1 1,127.7 0.0 0.0 167.7 8,943.7 42.8 2,281.9 213.8 11,403.7 (Jazwa
et al.,
2016b)

CA-
SRI-
138

2 40–
77
cmbs

4,511.5 195,093.7 35.3 1,528.2 37.4 1,616.0 2.4 102.8 395.7 17,111.5 71.7 3,100.6 8.7 377.5 65.2 2,820.7 26.7 1,154.6 276.0 11,936.6 24.3 1,048.9 345.8 14,955.6 (Jazwa
et al.,
2016b)

CA-
SRI-
139

1 5–24
cmbs

734.1 61,818.5 3.3 277.9 0.0 0.0 0.0 0.0 18.2 1,531.5 23.4 1,969.2 7.4 624.8 8.4 709.5 0.0 0.0 5.3 450.4 0.6 53.1 5.8 491.7 This
Study

CA-
SRI-
139

1 24–
63
cmbs

6,123.5 251,220.2 195.7 8,030.5 20.8 853.3 0.0 0.0 372.2 15,269.6 2,880.6 118,178.5 98.1 4,024.3 105.2 4,316.0 0.0 0.0 111.5 4,575.7 11.5 472.1 397.0 16,285.7 This
Study

CA-
SRI-
488

1 30–
66
cmbs

2,004.6 89,092.2 2.1 94.3 72.7 3,229.4 8.0 354.0 39.1 1,738.6 13.5 601.6 1.1 48.4 18.1 805.9 8.8 388.9 23.6 1,047.8 2.7 118.9 156.3 6,944.8 (Jazwa,
2015)
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When focusing on the particular shellfish species present
at the components considered here, it is clear that California
mussel (Mytilus californianus) is the dominant species through
time (Table 3; Figure 4). This is not unexpected as it follows the
pattern commonly observed in faunal analysis of most sites on the
NCI (Colten, 2001; Rick, 2007, 2011; Braje et al., 2007; Erlandson
et al., 2009; Jazwa et al., 2015, 2016b, 2019; Jazwa and Zoellner,
2024). The Middle Holocene component of CA-SRI-139 has an
especially high density of California mussel (251.2 kg/m3), second
only to the Middle Period occupation of CA-SRI-138, Unit 2.
Black turban snails (Tegula funebralis) are also especially prominent
at CA-SRI-139, far more abundant than at any other site in the
study area (118.2 kg/m3), consistent with some contemporaneous
sites on the north coast of SRI (Jazwa et al., 2015). Purple urchin
(Strongylocentrotus purpuratus) and platform mussel (Mytilisepta

bifurcata) are among the other prominent species in the study area.
Diversity of shellfish taxa tells an interesting story of dietary

change on the south coast of SRI (Table 4; Figure 5). Diversity is
highest during the Late Period, which makes sense considering that
was the time when populations were highest (greatest at CA-SRI-
135, Unit 2; 1.8). However, diversity was also relatively high early
in time during the Early Period. The decrease in shellfish diversity
during the Middle Period does make sense in the context of an
increasing focus on fish and sea mammal at the time. However, the
high diversity at the earliest occupation of CA-SRI-138, Unit 1 (1.4),
indicates that the population targeted a wide range of species in
moderate amounts early in time. This is indicative of a substantial
population, although not nearly as large as the density of people
present later in time. Taxonomic richness is relatively high early,
with 16 taxa present at theMiddle Holocene deposits fromCA-SRI-
139. There is variability in richness later toward the end of the Early
Period and throughout the Middle Period, despite overall lower
diversity. This suggests that while even though people at some
sites like CA-SRI-488 targeted a relatively high number of different
taxa (19), the focus was on a relatively small number of species,
as reflected by the diversity score of 0.7. During the Late Period,
as represented by CA-SRI-135, there is generally a high taxonomic
richness, 20 at Unit 1 and 17 at Unit 2, although it is lower at the
relatively shallow Units 3 and 4.

Finally, we provide the estimated average mussel size by context
and relative proportion of mussels within each assemblage that
were <20mm long (Table 5; Figure 6). This provides a proxy for
the likelihood that mussels were collected by plucking individual
shells or stripping them from the rock. The latter is more likely to
occur when fewer large, high-return mussels are present (Jones and
Richman, 1995; Bettinger et al., 1997). In general, average mussel
size is highest at the earliest occupied components, including
CA-SRI-138, Unit 1 (49.9) and CA-SRI-139 (54.3). These are
consistent with average sizes for components with high average
mussel size elsewhere on the island (Jazwa et al., 2016b). Overall,
mussel size decreases later in the Early Period and into the
Middle Period, with the highest proportion of small mussels
during theMiddle Period. This suggests evidence for overpredation
on mussels around the time that people adopt more fish and
sea mammal in their diet. As these alternatives become more
prominent, mussel size recovers, although never to the average size
reflected early in time. Average size at CA-SRI-135 varies from 43.1
to 46.6 mm.

FIGURE 4

Shell weight density of the nine most important dietary constituents.

Components are separated and the graphs represent time as in

Figure 3. Time is generally represented as left to right, and top to

bottom from (a) to (c). All components in this figure (a, b) are from

La Jolla Vieja Canyon except the two from CA-SRI-139, which are in

bold and italicized. They are from Wreck Canyon. All components in

this figure (c) are from San Augustin Canyon.

4 Discussion

The chronology of human population distribution on SRI
indicates that there is a difference in those factors guiding
settlement decisions between the initial settlers through the
beginning of the Middle Holocene and those people who occupied
the island after the period of population aggregation and growth
during relatively dry conditions of the Middle Holocene (Kennett,
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TABLE 4 Taphonomic richness, Shannon-Weaver diversity index, evenness for shellfish weights for all excavated sites.

Shell Weight

Site Unit Level Richness Diversity Evenness Density (kg/m3) Reference

CA-SRI-130 1A 0–25 cmbs 15 1.2 0.5 269.0 This Study

CA-SRI-130 1B 0–54 cmbs 20 1.1 0.4 170.2 This Study

CA-SRI-130 2A 7–40 cmbs 14 1.3 0.5 117.5 This Study

CA-SRI-130 2B 25–41 cmbs 13 1.3 0.5 146.3 This Study

CA-SRI-131 1 0–18 cmbs 13 0.9 0.4 65.1 This Study

CA-SRI-131 2 0–110 cmbs 18 1.6 0.6 115.3 This Study

CA-SRI-131 3 0–22 cmbs 14 1.3 0.5 222.7 This Study

CA-SRI-131 1 (2013) 10–60 cmbs 11 1.0 0.4 206.3 (Jazwa et al., 2016b)

CA-SRI-131 1 (2013) 60–95 cmbs 16 1.3 0.5 122.6 (Jazwa et al., 2016b)

CA-SRI-135 1 0–75 cmbs 20 1.7 0.6 127.7 This Study

CA-SRI-135 2 0–76 cmbs 17 1.8 0.6 94.5 This Study

CA-SRI-135 3 0–10 cmbs 9 0.7 0.3 137.6 This Study

CA-SRI-135 4 0–30 cmbs 13 1.7 0.7 193.2 This Study

CA-SRI-138 1 0–50 cmbs 15 1.2 0.4 233.7 (Jazwa et al., 2016b)

CA-SRI-138 1 50–85 cmbs 14 1.4 0.5 303.5 (Jazwa et al., 2016b)

CA-SRI-138 2 10–40 cmbs 15 0.7 0.3 331.2 (Jazwa et al., 2016b)

CA-SRI-138 2 40–77 cmbs 14 1.0 0.4 253.4 (Jazwa et al., 2016b)

CA-SRI-139 1 5–24 cmbs 10 0.5 0.2 68.2 This Study

CA-SRI-139 1 24–63 cmbs 16 1.2 0.4 425.4 This Study

CA-SRI-488 1 30–66 cmbs 19 0.7 0.2 106.1 (Jazwa, 2015)

2005; Jazwa et al., 2015). During theMiddle Holocene, relatively dry
conditions prompted islanders to target locations near some of the
wettest drainages on SRI that were most resilient to drought (Jazwa
et al., 2016a,b). At that time, there was a restructuring of settlement
patterns to include more, high population density residential sites,
along with seasonal or otherwise short-term special purpose sites
(Kennett, 2005; Jazwa et al., 2015). Beginning during this period,
settlement patterns closely fit predictions of the IFD until theMCA.
Afterward, settlement patterns transition to more closely fit the
IDD, a mark of increasing territoriality (Kennett et al., 2009; Jazwa
et al., 2019).

Initial settlement, in this case including the Paleocoastal period
and beginning of the Middle Holocene, appears to be governed
by a different set of decisions. Rather than a focus on just
the highest ranked habitats as predicted by the IFD, there is
an early phase in which settlement is distributed among both
high- and low-ranked habitats. This requires an updated set of
target-oriented as opposed to maximizing predictions for the
IFD (Table 6). Using SRI as an example, there are five known
habitats with settlement sites that predate 7000 years ago. Of these
sites, CA-SRI-3 (Tecolote Canyon; Drainage Rank 1), CA-SRI-
4 (Arlington Canyon; Drainage Rank 2), CA-SRI-347 (Trancion
Canyon; Drainage Rank 3), and CA-SRI-187 (Old Ranch House
Canyon; Drainage Rank 7), are in high or medium-high ranked
habitats (Kennett, 1998; Winterhalder et al., 2010; Jazwa et al.,

2013). However, the final site, CA-SRI-138, is anomalous to this
pattern and located at the mouth of La Jolla Vieja Canyon,
which is ranked 17th out of 19 drainages. Furthermore, as
settlement expands during the Middle Holocene, there is evidence
for occupation at CA-SRI-139 and CA-SRI-462, at the mouth of
Wreck Canyon (ranked 19), earlier than many other drainages,
most notably Cañada Verde, which was ranked fourth in the
formulation by Jazwa et al. (2016b) and first by Winterhalder et al.
(2010). Additionally, faunal density at these early deposits from
both CA-SRI-138 and−139 is high enough to reflect permanent
settlement (following Kennett, 2005; Kennett et al., 2009) rather
than ephemeral occupation. This is consistent with prediction 1 of
our updated IFD model. Additionally, with the exception of CA-
SRI-3 and−4, which are located at adjacent drainages, all other
early settlement sites we have dated are spaced around the island,
at least 7.5 km from each other, suggesting that there is no evidence
for concentrated occupation of the island in any one location at
this time.

Those early occupation phases at CA-SRI-138 and −139
contain a higher density of shellfish than nearly all the subsequent
components along the south coast of Santa Rosa Island for which
we have excavation data (Figures 3, 4). While some later phases
have higher overall meat weight density when considering all
faunal constituents, they are more reliant on fish and sea mammal
than during the earlier period. This suggests a restructuring of
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FIGURE 5

The Shannon-Weaver diversity index, evenness, and taxonomic

richness. Components are separated and the graphs represent time

as in Figure 3. Time is generally represented as left to right, and top

to bottom from (a) to (c). All components in this figure (a, b) are

from La Jolla Vieja Canyon except the two from CA-SRI-139, which

are in bold and italicized. They are from Wreck Canyon. All

components in this figure (c) are from San Augustin Canyon.

diet beginning during the Middle Period, consistent with the
introduction of the shell fishhook. In the second half of the Middle
Holocene, however, settlement expanded greatly along the north
coast of SRI, both to new, relatively high-ranked habitats, and
within high-ranked habitats. On the south coast, settlement did
not expand to the same degree as on the north coast, indicating
a transition to focus more on higher ranked habitats that had a
higher potential for maximizing resource return (Prediction 2).
Furthermore, there is an apparent gap in occupation at the mouth
of La Jolla Vieja Canyon after 4985–4540 cal BP until a different
area of the site was occupied at the very end of the Early Period.

Other than a much lower density component associated with the
upper strata at CA-SRI-139, there is no available evidence for
occupation of Wreck Canyon after this time.

Island-wide, Jazwa et al. (2016b) argued that there is evidence
for resource depression over time between habitats, but evidence
within habitats was more equivocal. At Bee Canyon, a relatively
low-ranked habitat on the west coast of the island, there is evidence
for increase in shellfish diversity and variation in mussel size over
time. As important, there is a general increase in fish and sea
mammal over time at each of the drainages that were considered.
Both of these patterns indicate increasing population density.
However, on the south coast of SRI, our current study, which
includes data from a greater number of excavated units, sheds
additional light on local patterns. California mussels are the most
abundant species at most sites on the NCI, and therefore can reflect
patterns of overpredation. On the south coast of SRI, there is a
decrease in mussel size from the Early Period to the Middle Period,
before increasing slightly into the Late Period. However, shellfish
diversity also decreases during the Middle Period. Typically, one
would expect diversity to increase over time, as there is stress on
the highest ranked species, namely mussels (Jazwa et al., 2016b). In
the lower-ranked habitats considered here, however, a transitional
phase in which resources become stressed before adopting a greater
focus on fishing and sea mammal hunting may not have occurred.
Put another way, as settlement distribution on SRI adopted a
distribution more consistent with a traditional IFD toward the
end of the Early Period, population may have diminished in the
habitats considered here. Then, as population in-filled at higher
ranked habitats, eventually people refocused on the lower-ranked
habitats like the ones on the south coast (Prediction 4). Aside from
a heavy focus on collecting mussels at CA-SRI-138, the diet of the
growing population at that time was more reliant on fishing and sea
mammal hunting (Prediction 3). This new array of dietary taxa was
supported by the development of the single-piece shell fishhook and
later by the tomol plank canoe (Prediction 7).

Jazwa et al. (2016b, 2019) argued that during theMiddle Period,
settlement eventually expanded to include nearly all of the 19 major
drainages on the island. The possible exception to this is Wreck
Canyon, which does not have any available radiocarbon dates after
3165–2810 cal BP. This suggests that once settlement included
each habitat, settlement persisted there (Prediction 5). There are
three exceptions to this. First, occupation of the early-settled
habitats in low-ranked La Jolla Vieja andWreck Canyons decreased
or gradually terminated during the period of transition from
the low-population conditions considered in this paper to those
more consistent with traditional IFD formulations (Prediction
2). Second, at CA-SRI-187 at the mouth of Old Ranch and Old
Ranch House Canyons on the east end of SRI, the closure of
the productive Abalone Rocks Estuary by 5000 cal BP caused a
decrease in suitability of those habitats relative to others on the
islands and led to a temporary depopulation of the site (Jazwa
et al., 2013; Prediction 6). Finally, beginning during theMCA, there
was a major restructuring of settlement distribution on the island
consistent with a transition to IDD settlement patterns (Jazwa
et al., 2019; Prediction 5). On the south coast, this translated to
a focus on settlement at major village sites at the mouth of San
Augustin Canyon (CA-SRI-135) and Johnson’s Lee (CA-SRI-62).
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TABLE 5 Mussel size, estimated for the relationship between umbo size and shell length given in Singh and McKechnie (2015).

Average Mussel Mytilus californianus Small mussels (< 20mm)

Site Unit Level Size (mm) MNI MNI/m3 MNI % of Total
MNI

CA-SRI-130 1A 0–25 cmbs 43.3 112 7,168.0 2 1.8

CA-SRI-130 1B 0–54 cmbs 38.7 751 22,251.9 75 9.1

CA-SRI-130 2A 7–40 cmbs 43.4 111 5,381.8 1 0.9

CA-SRI-130 2B 25–41 cmbs 41.9 52 5,200.0 0 0.0

CA-SRI-131 1 0–18 cmbs 44.2 61 5,422.2 0 0.0

CA-SRI-131 2 0–110 cmbs 43.8 321 4,669.1 0 0.0

CA-SRI-131 3 0–22 cmbs 45.4 191 3,472.7 0 0.0

CA-SRI-131 1 (2013) 10–60 cmbs 43.1 933 29,856.0 47 5.0

CA-SRI-131 1 (2013) 60–95 cmbs 43.5 285 13,028.6 22 7.7

CA-SRI-135 1 0–75 cmbs 43.1 687 14,656.0 1 0.1

CA-SRI-135 2 0–76 cmbs 43.5 564 11,873.7 0 0.0

CA-SRI-135 3 0–10 cmbs 45.6 196 31,360.0 0 0.0

CA-SRI-135 4 0–30 cmbs 46.6 36 1,920.0 0 0.0

CA-SRI-138 1 0–50 cmbs 49.9 472 15,104.0 20 4.2

CA-SRI-138 1 50–85 cmbs 49.8 325 14,857.1 7 2.2

CA-SRI-138 2 10–40 cmbs 40.0 1,587 84,640.0 232 14.6

CA-SRI-138 2 40–77 cmbs 40.9 1,162 50,248.6 122 10.5

CA-SRI-139 1 5–24 cmbs 53.3 27 2,273.7 0 0.0

CA-SRI-139 1 24–63 cmbs 54.5 285 11,692.3 0 0.0

CA-SRI-488 1 30–66 cmbs 33.9 661 29,377.8 356 53.9

MNI of Mytilus californianus and the percentage of small (<20mm) mussels are also included.

The faunal record from the Late Period village of Helewashkuy
at CA-SRI-135 is consistent with other Late Period villages on
the island. It is overwhelmingly dominated by fish and shellfish
diversity is relatively high, both of which likely indicate high human
population density.

4.1 Settlement distribution at low
population density

This study is directly applicable to understanding settlement
distributions associated with initial movement into a new
geographic region. The IFD has been shown to be effective at
understanding settlement distribution and expansion over time
(Codding and Jones, 2013; Yaworsky and Codding, 2018; Harvey,
2019; Weitzel and Codding, 2022; Jazwa and Collins-Elliott, 2021;
Jazwa and Jazwa, 2022; Miller and Carmody, 2022). However, Jazwa
et al. (2016b) highlighted limitations to the IFD for low population
density. In the example given here, we argue that there is no
benefit to small groups of people targeting the best habitats with
the greatest potential for resource return. They can still individually
act in a way that maximizes their return within their habitat (i.e.,
by targeting California mussels), but will have a comparable return
at all habitats that meet a minimum threshold rank. In doing

so, they might choose to distribute themselves on the landscape
in such a way as to prioritize other traits typically excluded in
ranking habitat suitability per the IFD. On SRI, prevailing winds
and storms generally come from the northwest, and the central
ridgeline of the relatively rugged island blocks the south side from
them. Even during calmweather periods in the summer, the authors
have numerous anecdotal observations of days in which the north
coast is overcast and cold, but the south side is warm and sunny.
Such conditions are less important during periods of resource stress
when it is necessary to target habitats with the most abundant
resources, but all else being equal, such factors may be considered.
Considerations like viewshed (e.g., Lake et al., 1998; Jones, 2006)
may also be relevant.

As important, a common assumption of the IFD is one of
complete knowledge of the region under consideration, including
sufficient information to accurately appraise and compare relative
suitabilities for all habitats (Winterhalder et al., 2010: 471;
Assumption f). This may not necessarily be the case, especially in
a large geographic area, and a settling population may be willing
to settle down in one of the first habitats that they encounter that
is good enough to provide the subsistence resources they need in
quantities that are more than they can consume, even if other,
nearby habitats allow for greater resource maximization (Haas and
Kuhn, 2019). In such cases, early settlement decisions may have
been conditioned by factors such as proximity to previously settled
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FIGURE 6

Average mussel size and percent of small (<20mm) mussels. Note

that the y-axis represents both average mussel length (mm) and

percent of small mussels (%). Components are separated and the

graphs represent time as in Figure 3. Time is generally represented

as left to right, and top to bottom from (a) to (c). All components in

this figure (a, b) are from La Jolla Vieja Canyon except the two from

CA-SRI-139, which are in bold and italicized. They are from Wreck

Canyon. All components in this figure (c) are from San Augustin

Canyon.

regions. On the NCI, this is less likely to be relevant as the islands
are relatively small and it is likely that settlers would be able to
quickly assess all potential habitats. However, when considering
the initial peopling of the Americas south of the Cordilleran Ice
Sheet, for example, people would have first encountered habitats
along their route rather than more distant interior habitats that

may have had higher resource return. This requires a relaxation
of the assumption of complete knowledge in cases in which such
information is not available.

While we have chosen to model human settlement patterns for
low population densities as a variant of the IFD with modified
predictions, the behavior we describe here is consistent with
satisficing rather than maximizing models (Bordley and LiCalzi,
2000; Schmidtz, 2004). Satisficing economic models are target-
as opposed to maximization-oriented and have been shown to
mediate decision making problems relating to risk, uncertainty,
and incomplete knowledge (Halstead and O‘Shea, 1989; Low, 1990;
Goland, 1991; Winterhalder and Leslie, 2002; Morgan, 2009), as
may have been the case for early settlers on the NCI. The use of a
formal satisficing model at low population densities that gives way
to a standard IFD model once a population threshold has been met
could provide insight that our approach might not.

Finally, our study is limited in that much of the land that
would have been on the coast of Santarosae during the Paleocoastal
period has since been submerged by marine transgression. While
an increasing number of Paleocoastal sites have been found across
the NCI (Erlandson et al., 2011, 2015, 2016, 2019, 2020; Rick et al.,
2013; Jazwa and Rosencrance, 2019; Braje et al., 2020), most are
inland. While several coastal sites have been found, CA-SRI-347
at the mouth of Trancion Canyon provides the best evidence for
permanent settlement. We cannot say for certain that the patterns
we observed in this study are characteristic of the full phase of early
occupation, but rather the end of the early, low-density phase of
human presence on the NCI. Regardless, we can say that population
density was low enough at the very beginning of the Early Period
that settlement should be focused on the highest-ranked habitats
under the standard formulation of the IFD, which it clearly was
not. Our study consequently provides insight into early settlement
decisions at low population density when there is little or no
resource stress, regardless of whether or not it represents the precise
settlement distribution of the very earliest settlers of the NCI.

5 Conclusion

Periods of initial settlement of a geographic region are of
particular interest in archaeology. This includes movement into
previously uncolonized areas like the initial peopling of the
Americas (e.g., Anderson and Gillam, 2000; Braje et al., 2020;
Meltzer, 2021). It stands to reason that this initial phase of
occupation might be governed by different considerations than
later in time when population density is higher and people have
a more complete understanding of the landscape, the resources
available there, and risks and variation that might affect them
on a yearly or longer-term timeline. Ideal distribution models
have become prominent in archaeology as tools to understand
settlement expansion (e.g., Kennett et al., 2006; Winterhalder
et al., 2010; Codding and Jones, 2013; Jazwa et al., 2013, 2016b;
Giovas and Fitzpatrick, 2014; Codding and Bird, 2015; Prufer
et al., 2017; Yaworsky and Codding, 2018; Harvey, 2019; Jazwa
and Collins-Elliott, 2021; Jazwa and Jazwa, 2022; Weitzel and
Codding, 2022). One of the greatest benefits of these models is
their ability to apply proxies to understand a variety of relevant
factors. These include population density and growth, migration,
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TABLE 6 Model predictions and assessments for the updated IFD variant considering settlement decisions at low overall population density.

Prediction Description Result Notes

1 Initial settlement anywhere that meets minimum threshold Supported Settlement in high-, middle-, and low-ranked habitats

2 Transition to focus on the higher ranked habitats Supported Middle Holocene focus on the high-ranked northwest
coast

3 Evidence for resource depression Supported Evidence for some depletion of mussels during the
Middle Period as fishing becomes more common.

4 Expansion associated with resource depression Tentatively Supported Greater temporal precision would help address in the
future

5 Settlement persistence following expansion Supported Except the Late Period following transition to IDD
(Jazwa et al., 2019)

6 Environmental change can depress or increase suitability Supported Middle Holocene fresh water scarcity and closure of
estuary near CA-SRI-187 (Jazwa et al., 2013)

7 Technological developments can influence suitability Supported Fishhook and Tomol development

settlement, resource selection and exploitation, environmental
change, subsistence efficiency and economic returns, hierarchy, and
competition (e.g., Smith and Winterhalder, 1992; Tregenza et al.,
1996;Winterhalder, 2002; Kennett, 2005; Bird andO’Connell, 2006;
Jazwa et al., 2013, 2016b; Nettle et al., 2013; Codding and Bird,
2015). The IFD and IDD are flexible. For example, they adapt well
to different geographic scales and allow for consideration of what
might happen when the population has grown such that it benefits
some individuals to control the settlement of others (IDD). Here,
we consider the opposite, when population is sufficiently small
that there is not a risk of others diminishing habitat suitability
appreciably, but also that settlers would benefit equally from
settling in a variety of habitats.

We use the example of early settlement of SRI because its
habitats are all relatively productive compared to other potential
locations, even on neighboring Santa Cruz and Santa Rosa Islands
(Kennett et al., 2009). Additionally, the island is geographically
bounded by the Santa Barbara Channel, resource distribution and
use are well understood, and archaeological research over more
than the past century has generated a comprehensive dataset
of site distribution and chronology. It is for these reason that
the NCI have served as a test case for archaeological theory,
including in the development of ideal distribution models. We
have shown that on SRI, population density during the Paleocoastal
period and the beginning of the Early Period was sufficiently
small that people settled in both high- and low-ranked habitats,
while not living in some other high- and middle-ranked habitats.
We focused our analysis on the south coast specifically because
the habitats there are notably unremarkable (i.e., low-ranked),
but nevertheless contain evidence of early permanent settlement.
During the Early Period, prior to the Middle to Late Holocene
boundary, there was a transitional phase associated with relatively
dry conditions in which population began to focus more on the
northwest coast of the island and develop a system of settlement
and mobility including permanent settlement sites and special
purpose sites that were used seasonally (Kennett, 2005; Jazwa
et al., 2015). At this time, settlement at low-ranked habitats
continued, but either did not grow or diminished. Later, during
the Middle Period, as population density grew across the island,
eventually settlement at the low-ranked south coast habitats

expanded consistent with IFD predictions, and during the Late
Period, it was the location of two of the eight village sites
documented in Spanish mission records (Glassow et al., 2010).
This provides a framework for understanding the processes behind
settlement distribution during the earliest phases of occupation of
a new area and could be applied elsewhere to better predict and
understand the decisions made by small groups as they expand into
new places.
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