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We examined the isotopic composition (d13C and d15N) of sea otter (Enhydra lutris) bone collagen from
ten late Holocene (ca. 5200 years BPeAD 1900) archaeological sites in northern British Columbia (BC),
Canada. Because sea otters are now extinct from much of this region and have not fully recolonized their
former range (e.g. Haida Gwaii and most of northern BC) these data represent an important ﬁrst step
towards better understanding sea otter foraging ecology in BC. The isotopic data suggest a diet composed
primarily of benthic invertebrates, with a very low reliance on epibenthic ﬁsh. There is very low isotopic
and thus inter-individual dietary variability in Holocene BC sea otters during the late Holocene.
Furthermore, zooarchaeological abundance data suggest that otters represented a widespread and
signiﬁcant focus of aboriginal hunting practices on the northern BC coast during the mid- to lateHolocene. The consistent reliance on a small number of low-trophic level prey and limited dietary
variability in Holocene BC sea otters may reﬂect top-down impacts on otter populations by aboriginal
peoples. As part of our assessment of sea otter diet, we review trophic discrimination factors (D13C and
D15N) for bone collagen from published literature and ﬁnd marked variability, with mean values
of þ3.7  1.6 for D13C (n ¼ 21) and þ3.6  1.3 for D15N (n ¼ 15).
Ó 2011 Elsevier Ltd. All rights reserved.
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1. Introduction
Sea otters (Enhydra lutris) were once ubiquitous on the northwest coast of North America, with a distribution spanning from the
Aleutian Islands to Baja California (Kenyon, 1969). The international
trade in sea otter pelts began in earnest in the region in the 1780s
and peaked during the ﬁrst half of the nineteenth century (Gibson,
1988). As a result of this maritime fur trade, sea otters were locally
extinct in many regions of the eastern north Paciﬁc by the middle of
the nineteenth century. Some estimate that up to 99% of the sea
otter population was wiped out as a result of the fur trade (Kenyon,
1969). After the unregulated harvesting of sea otters ceased in 1911,
groups of sea otters remained in only thirteen locations on the coast
(Riedman and Estes, 1988).
Although sea otters were once distributed along the entire coast
of British Columbia, with the probable exception of the Salish Sea
(Hanson and Kusmer, 2001; but see also Stewart and Wigen, 2003),
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they are presently restricted to the western side of Vancouver
Island and a portion of the central coast of British Columbia (Fig. 1).
Despite the noted ecological impact of sea otters on nearshore
marine ecosystems (Estes and Palmisano, 1974; Markel, 2011;
Watson and Estes, 2011), few archaeological or historical studies
have examined the abundance and/or foraging ecology of otter
populations on the northern Northwest Coast prior to the maritime
fur trade (Dick, 2006; McKechnie and Wigen, 2011; Orchard, 2009).
As a result, the effects of sea otters on coastal ecosystems during the
millennia preceding the maritime fur trade are not known. Fortunately, sea otter remains are abundant in archaeological assemblages from the area, as discussed below, and are even well
represented at the early Holocene site of Kilgii Gwaay (ca.
10,500e10,800 cal BP) in southern Haida Gwaii (Fedje et al., 2005).
Thus, there is considerable potential for analyses of archaeofaunal
assemblages to contribute to long-term understandings of sea otter
ecology.
Presently, what is known about sea otter foraging habits, and
behavior more generally, is based largely on direct observations of
relict and reintroduced groups of otters, with the vast majority of
the data coming from the Aleutian Islands, southeast Alaska, and
California. There is, however, uncertainty concerning sea otter
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Fig. 1. Maps of the northwest coast of North America (A), Haida Gwaii (B), and the Aleutian Islands (C) showing sample locations and other sites mentioned in the paper. The pre-fur
trade distribution of the sea otter spanned the entire coast illustrated here, with the exception of the Strait of Georgia region. The distribution of modern sea otter populations in
British Columbia is based on Nichol et al. (2009).

ecology prior to the maritime fur trade when many populations
were lost or dramatically reduced. This is likely true for many
species of predatory fauna, whose ranges and foraging habits have
been drastically altered over the last few hundred years (e.g. Becker
and Beissinger, 2006; Burton and Koch, 1999; Burton et al., 2001;
Chamberlain et al., 2005; Crockford et al., 2002; Emslie and
Patterson, 2007; Fox-Dobbs et al., 2006; Moss et al., 2006; Newsome et al., 2007c; Szpak et al., 2009).
Modern observations of sea otter diet show they preferentially
consume benthic invertebrates, particularly sea urchins, abalones,
clams, mussels, crabs and snails (Breen et al., 1982; Estes, 1990;
Green and Brueggeman, 1991; Hines and Pearse, 1982; Kvitek and
Oliver, 1988, 1992; Ostfeld, 1982). In some areas, ﬁsh are also

important prey items (Estes, 1990; Watt et al., 2000), although this
behavior is less common. The foods consumed by sea otters are
inﬂuenced by local oceanographic conditions and community
ecology, the population status of prey species, and the population
status of the otters themselves (Estes et al., 1981, 1982; Estes, 1996;
Riedman and Estes, 1988; Rotterman and Simon-Jackson, 1988). For
example, in central California, abalones, rock crabs and sea urchins
were the most important prey for sea otters soon after they reoccupied the region. As the population expanded, however, less
economical prey such as mussels and turban snails were more
frequently consumed (Ebert, 1968; Estes et al., 1981).
It has been argued that the extent to which sea otters incorporate ﬁsh into their diets (piscivory) is ecologically signiﬁcant. Based
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on modern observations, piscivory appears to be most common in
the Aleutian Islands (Burgner and Nakatani, 1972; Estes et al., 1981,
1982; Estes, 1990; Kenyon, 1969) and possibly also in Russia
(summarized in Estes et al., 1981). In some areas it has been suggested that the amount of epibenthic ﬁsh consumed is a function of
sea otter, and sea otter prey, population density (Estes, 1990; Watt
et al., 2000). According to Estes et al. (1981) epibenthic ﬁsh are the
most important prey when sea otter populations are near equilibrium density. For example, sea otters in the Commander Islands
were at a lower population density than at Amchitka Island, Alaska;
the latter fed on ﬁsh, while the former did not. Conversely, earlier in
the twentieth century ﬁsh do not appear to have been consumed at
Amchitka when population densities were lower (Estes, 1990). The
consumption of ﬁsh is likely related to the otter-urchin-kelp trophic
cascade (Estes, 1996). Essentially, sea otters limit herbivorous
invertebrates (particularly sea urchins) through predation, which
allows the proliferation of dense kelp forests. These kelp forests
provide habitat for a number of other species, including ﬁsh, which
become more abundant (Bodkin, 1988; DeMartini and Roberts,
1990; Holbrook et al., 1990; Laur et al., 1988).
The extent of dietary variability among individuals within populations is signiﬁcant and has broad ecological and evolutionary
implications (Bolnick et al., 2003, 2011). Individuals within populations may differ considerably with respect to resource use, and
specialization occurs when particular individuals focus on certain
resources within the overall resource base (Araújo et al., 2011;
Bolnick et al., 2003; Svanbäck et al., 2011). High individual dietary
specialization is often associated with strong intraspeciﬁc competition, habitat fragmentation and food limitation (e.g. Rosenzweig,
1991; Svanbäck and Persson, 2004; Svanbäck et al., 2008; Tinker
et al., 2008). Recently, there have been a number of ecological
studies that have used stable isotope analysis to assess individual
dietary variability in a variety of species (Araújo et al., 2007;
Beaudoin et al., 1999; Durbec et al., 2010; Edwards et al., 2011;
Matich et al., 2011; Urton and Hobson, 2005; Vander Zanden et al.,
2010; Woo et al., 2008), including sea otters (Newsome et al., 2009b).
Sea otters are a good candidate for the study of dietary
specialization using stable isotopes for several reasons (roughly
following Newsome et al., 2009b): (1) sea otters consume a wide
variety of prey items from different trophic levels (Kenyon, 1969);
(2) unlike many species of large marine predators, sea otters tend
not to move widely between habitats throughout their lives (Estes
et al., 1998; Garshelis and Garshelis, 1984; Ralls et al., 1996) and
therefore, variability in consumer isotopic composition should not
be caused by differential use of isotopically distinct habitats; (3)
dietary specialization at the individual level has been observed in
several sea otter populations (Bentall, 2005; Estes et al., 2003;
Johnson et al., 2009; Newsome et al., 2009b; Tinker et al., 2007,
2008). In California, individual sea otters have been known to
utilize speciﬁc foraging strategies over long periods of time (several
years), consistently specializing on particular prey and passing
down specializations along matrilines, even if the specialization
becomes costly due to changes in prey abundance (Estes et al.,
2003). This observation implies that individual dietary specialization in sea otters should be evident from the isotopic analysis of
bone collagen, a tissue that reﬂects the diet over a period of several
years (Hedges et al., 2007).
While a number of studies have examined the ecology of modern
sea otter populations in British Columbia (e.g. Bigg and MacAskie,
1978; Breen et al., 1982; Nichol et al., 2009; Watson, 1997, 2000;
Watson and Estes, 2011), these studies have been limited to the
northwestern portion of Vancouver Island and small regions along
the islands of the adjacent central coast (Fig. 1) since these are the
only areas in BC in which sea otters presently reside. The purpose of
the current study was to utilize stable isotope analysis of
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archaeofaunal remains to assess the foraging ecology of sea otters
along the northern coast of BC during the mid to late Holocene.
Speciﬁcally, we sought to: (1) isotopically reconstruct the general
diet of Holocene sea otters, particularly the extent to which sea otters
incorporated nearshore ﬁsh into their diets, (2) assess the extent of
dietary variability in Holocene sea otters from BC and (3) consider
these data in the context of aboriginal otter hunting practices.
2. Stable carbon and nitrogen isotopes in the marine
environment
Because the carbon and nitrogen isotopic compositions of
consumer tissues reﬂect the isotopic composition of the diet
(Schoeninger and DeNiro, 1984), they can provide considerable
insight with respect to animal foraging ecology (Kelly, 2000;
Newsome et al., 2010a). There is a consistent enrichment in 15N
that occurs at each successive trophic level (3e5&), with carnivores being characterized by higher tissue d15N values than omnivores, and omnivores having higher tissue d15N values than
herbivores and so on (Minagawa and Wada, 1984). Based on
a number of controlled feeding and ﬁeld studies, diet-tissue fractionation factors for bone collagen vary considerably, possibly as
a function of physiology, experimental conditions and diet
composition (Fig. 2). Based on the data presented in Fig. 2, the mean
trophic discrimination factors for bone collagen are þ3.7  1.6 for
D13C (n ¼ 21) and þ3.6  1.3 for D15N (n ¼ 15). Diet-tissue fractionation factors have been determined for sea otter vibrissae
(Newsome et al., 2010c), but not for bone collagen. Because of this,
and the fact that prey isotopic compositions are not likely to be
spatially or temporally speciﬁc, it is difﬁcult to assess diet composition with a high degree of precision in archaeological contexts, as
is frequently accomplished with a mixing model (e.g. Phillips and
Koch, 2002; Phillips and Gregg, 2003).
In addition to diet, stable isotope analysis can shed light on
habitat use. Nearshore and benthic systems tend to be more
enriched in 15N than offshore and pelagic systems (France, 1995;
Wainright et al., 1998). Moreover, due to differences in the
isotopic composition of primary producers, d15N values in
consumers tend to vary with latitude (Saino and Hattori, 1987),
with animals foraging at high latitudes having lower tissue d15N
values than animals foraging at middle latitudes (Burton and Koch,
1999).
The two dominant classes of producers in the northeast Paciﬁc
are macroalgae (kelp) and microalgae (phytoplankton), which have
distinct d13C values. Macrophyte algae tend to be enriched in 13C
compared to phytoplankton (Dunton, 2001; France, 1995; Page
et al., 2008; Schaal et al., 2010; Wainright et al., 1998), thus
allowing the relative importance of kelp production to be quantiﬁed in nearshore systems. The mechanism(s) behind this pattern
are not entirely clear, but several explanations have been offered:
(1) macrophyte algae may utilize a greater proportion of bicar13
bonate (HCO
3 ), which is C-enriched by w9& compared to CO2(aq)
(Kroopnick, 1985; Maberly et al., 1992), (2) macrophyte algae may
discriminate less against 13C due to a much thicker boundary layer,
which may be related to reduced water velocity within kelp stands
(France, 1995; Osmond et al., 1981), or (3) [CO2(aq)] is lower inside
kelp beds, particularly when kelp standing stock is high, which
causes reduced discrimination against 13C due to CO2 limitation
(Simenstad et al., 1993). Regardless of the precise mechanism
responsible, numerous studies have demonstrated that the isotopic
composition of consumer tissues is informative with respect to the
relative percentage of kelp-derived carbon in nearshore foodwebs
(e.g. Bustamante and Branch, 1996; Duggins et al., 1989; Fredriksen,
2003; Kaehler et al., 2006; Kang et al., 2008; Schaal et al., 2009,
2010; Simenstad et al., 1993).
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Fig. 2. Diet-tissue fractionation factors for mammalian bone collagen: D C (closed circles, upper portion of Figure) and D15N (open rectangles, lower portion of Figure) taken from
published literature. Broken vertical lines represent means. Horizontal lines are standard deviations. Data points without standard deviations are not necessarily less variable, but
sufﬁcient data were not presented in the original sources. Abbreviations to the left of the data points: TC ¼ terrestrial carnivore(s), TO ¼ terrestrial omnivore(s), TH ¼ terrestrial
herbivore(s), R ¼ rodent, MH ¼ marine herbivore. Numbers to the right of the data points are references: 1 ¼ Bocherens and Drucker (2003), 2 ¼ Tieszen and Boutton (1989),
3 ¼ Fox-Dobbs et al. (2007), 4 ¼ Hare et al. (1991), 5 ¼ Howland et al. (2003), 6 ¼ DeNiro and Epstein (1978), 7 ¼ Ambrose and Norr (1993), 8 ¼ DeNiro and Epstein (1981),
9 ¼ Clementz et al. (2007), 10 ¼ Chisholm (1986), 11 ¼ Lee-Thorp et al. (1989), 12 ¼ van der Merwe (1989), 13 ¼ Murphy et al. (2007), 14 ¼ Vogel (1978), 15 ¼ Jim et al. (2004),
16 ¼ Sullivan and Krueger (1981), 17 ¼ Koch et al. (1991), 18 ¼ Vogel et al. (1990), 19 ¼ Schwarcz (1991), 20 ¼ Schoeninger and DeNiro (1984), 21 ¼ Ambrose (2000), 22 ¼ Sealy et al.
(1987), 23 ¼ Ambrose and DeNiro (1986), 24 ¼ Rodière et al. (1996).

Producer and consumer d13C values vary with latitude
(Goericke and Fry, 1994; Mendes et al., 2007; Rau et al., 1982;
Takai et al., 2000), although this variation appears to occur in
a discontinuous stepwise fashion, rather than as a gradient
(Cherel et al., 2005; Cherel and Hobson, 2007) and tends to be
more pronounced in the southern hemisphere compared to the
northern hemisphere (Schell et al., 1998). As with d15N, d13C
values of producers are higher in the nearshore and intertidal
zones than offshore pelagic zones (Wainright et al., 1998). Other
factors such as light intensity (Cornelisen et al., 2007), water
velocity (Osmond et al., 1981), salinity (Cornelisen et al., 2007)
and temperature (Wiencke and Fischer, 1990) have also been
noted to have effects on some aquatic producers, but these effects
have not been demonstrated to clearly manifest themselves in the
isotopic compositions of consumer tissues (e.g. Rasmussen and
Trudeau, 2010).

3. Materials and archaeological context
3.1. Materials
Sea otter (E. lutris) elements were identiﬁed using morphological characteristics and comparative faunal collections (details of
these procedures are described in the relevant sources for each site
as outlined in Table 1). Sea otter skeletal morphology is highly
distinct from other mammal species in the region, and thus these
identiﬁcations can be assigned a high degree of conﬁdence.
3.2. Study area
Samples utilized in this analysis were derived from archaeological sites located in northern BC. In terms of broad oceanographic conditions, this area is transitional in nature, located at the
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Table 1
Summary of archaeological sites from which sea otters were sampled for stable isotope analysis.
Site
Southern Haida Gwaii (SHG)
699T
717T
740T
781T
785T
924T
Northern Haida Gwaii (NHG)
Masset (GaUa-18)
Cohoe Creek (FjUb-10)
British Columbia Mainland (BCM)
Namu (ElSx-1)
Prince Rupert Harbour (GbTo-77)

Habitat typea

n Otters sampled

Dates

Reference

Rocky
Rocky
Rocky
Rocky
Rocky
Mixed

11
3
3
5
3
2

ca.
ca.
ca.
ca.
ca.
ca.

Orchard
Orchard
Orchard
Orchard
Orchard
Orchard

500 BPAD 1880
1000 BPcontactb
440390 BP
1000 BPcontact
1500 BPcontact
1000 BPcontact

(2009)
(2009)
(2009)
(2009)
(2009)
(2009)

Soft Sediment
Soft Sediment

5
5

ca. 1500450 cal BP
ca. 52004300 cal BP

Christensen et al. (2010)
Christensen and Stafford (2005)

Mixed
Rocky

6
5

50004000 cal BP
23502140 cal BP

Cannon (1991)
Patton (2011)

a
All of these sites are immediately fronted by soft-sediment beaches (sand, gravel, cobbles) which facilitate site access. Habitat type is a more general assessment of the
dominant habitat type in the area.
b
Several of the sites show clear evidence of occupations into the early “contact” period. It is not possible to provide very speciﬁc dates for the end of these occupation periods,
but terminal dates likely range from ca. AD 1780 to 1830 (see Orchard, 2009).

southern extent of the Alaska Current and very close to the
northern boundary of the California Current. The study area is
roughly comparable to the “Charlotte Region” used in other
oceanographic analyses (Lucas et al., 2003; Ware and Thomson,
2005), encompassing the British Columbia mainland north of
Vancouver Island and Haida Gwaii. While there is considerable
variability throughout the region at the local scale, coastlines are
dominated by high-relief, rocky habitats, with gravel and sand
beaches being relatively uncommon due to very low sedimentary
input to the continental shelf since the last glaciation (Lucas et al.,
2003). We have further subdivided the samples into three
geographical areas (Southern Haida Gwaii, Northern Haida Gwaii
and BC Mainland), which are discussed in more detail below.
3.2.1. Southern Haida Gwaii (SHG)
Twenty-seven samples were recovered from six sites in Gwaii
Haanas National Park Reserve and Haida Heritage Site (hereafter
Gwaii Haanas) obtained through a regional program of archaeological sampling conducted by Orchard (2007, 2009). Each of the
sampled sites is archaeologically classiﬁed as a shell midden. Five of
these sites appear to represent small villages occupied primarily
during the millennium preceding European contact, and in some
cases containing brief occupations into the early fur-trade era. Site
699T, by contrast, represents a large village containing at least 16
houses, and became a major focus for human settlement during the
initial decades of the fur trade era when trading ships were regularly visiting the coast and introduced European diseases dramatically reduced First Nations populations.
In general, southern Haida Gwaii can be characterized as a highrelief, rocky habitat, with coastlines dominated by exposed bedrock
outcrops (Harper et al., 1994; Sloan, 2006). While each of the
archaeological sites from which sea otters were sampled are
immediately fronted by a beach of ﬁne- to coarse-grained sediments facilitating site access, as a whole they are located in habitats
dominated by rocky substrates. The one exception is site 924T,
which is located in a very protected location surrounded by relatively signiﬁcant expanses of soft-sediment habitat.
3.2.2. Northern Haida Gwaii (NHG)
In northern Haida Gwaii, ten samples were obtained from two
shell midden sites dating to the mid- and late-Holocene respectively
(ca. 5200e4000 BP and 1500e450 BP). These two sites are located
along the protected waters of Masset Inlet on northern Graham
Island, a primarily low-relief, soft-sediment-dominated terrain and
benthos which stands in contrast to the high-relief, rocky habitat of
Gwaii Haanas (Barrie et al., 1993; Josenhans et al., 1995; Sloan,

2006). The Cohoe Creek site (FjUb-10) is located on the eastern
shore of the protected, inner waters of Masset Inlet. In zooarchaeological assemblages from Cohoe Creek, marine mammals,
including sea otter, are relatively rare, being heavily outnumbered
by terrestrial mammals, particularly caribou (Rangifer tarandus) and
black bear (Ursus americanus) (Christensen and Stafford, 2005). The
site of GaUa-18 is located close to the exposed waters of Dixon
Entrance near the entrance to Masset Inlet (Christensen et al., 2010;
McKechnie, 2008). At GaUa-18, sea otter, followed by harbour seals
(Phoca vitulina), northern fur seals (Callorhinus ursinus) and
domestic dogs (Canis familiaris), dominate the mammal assemblage.
3.2.3. BC coastal mainland (BCM)
The ﬁnal two sets of samples were selected from assemblages on
or near the mainland coast of British Columbia. Samples from site
GbTo-77, located on the exposed northwestern coast of Digby
Island, near Prince Rupert (Fig. 1), date to approximately 2250 BP.
The vertebrate assemblage from the site is dominated by ﬁsh,
particularly salmon (Oncorhynchus spp.), with sea otter dominating
the marine mammal assemblage (Coupland et al., 2010; Patton,
2011).
Samples from the site of Namu (ElSx-1), located on the central
mainland coast of British Columbia (Fig. 1) in the reasonably protected waters of Fitzhugh Sound, span the period between 5000
and 4000 cal BP. The invertebrate assemblage at Namu is dominated by barnacles, whelks, small mussels, and clams (Conover,
1978) while the vertebrate assemblage from the site is dominated
by ﬁsh, and in particular salmon and herring (Clupea pallasii)
(Cannon, 1991). Sea otters, while present throughout the deposits
at the site, are rare in comparison to harbour seals and have the
lowest abundance of all examined sites.
4. Methods
4.1. Laboratory analyses
Bone collagen was extracted from 48 sea otter (E. lutris)
elements from ten late Holocene archaeological sites in coastal
British Columbia (Fig. 1, Table 1) and subjected to isotopic analysis
using previously described methods (Szpak et al., 2010). Brieﬂy,
cortical bone (250e750 mg) was mechanically cleaned of foreign
matter and ground to a coarse powder. The samples were demineralized in 0.5 M HCl at room temperature for several days, leaving
an insoluble collagen residue, which was then treated with 0.1 M
NaOH for w20 min between one and ﬁve times to remove humic
contaminants. Samples were heated in sealed glass tubes at 75  C
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for 16 h to hydrolyze the collagen, which was transferred into glass
vials and oven-dried at 90  C. Relative abundance of stable isotopes
and percentages of carbon and nitrogen were determined with
a Thermo Finnigan DeltaPLUS XP continuous-ﬂow mass spectrometer. Accuracy for measurements was better than 0.2& for d15N and
0.1& for d13C.
4.2. Statistical analyses
To compare sea otter bone collagen d13C and d15N values
between locations (sites or regions), we used a one-way analysis of
variance (ANOVA). Levene’s test was used to assess homogeneity of
variance; if variance was homoscedastic, a post hoc Tukey’s honestly signiﬁcant (HSD) statistic was applied and if variance was not
homoscedastic, Dunnett’s T3 test was applied. All statistical analyses were performed in SPSS 16 for Windows.
4.3. Quantiﬁcation of dietary variation using d space
To assess the extent of dietary variability within sea otter
groups, we utilized the notion that d space (convex hull area) can
serve as a proxy for trophic niche width or dietary variability
(Bearhop et al., 2004; Newsome et al., 2007a). Following this logic,
the amount of ‘space’ occupied by a polygon formed from a bivariate isotopic dataset (in this case d13C vs. d15N) is related to the
trophic niche width. This approach assumes that the range in
isotopic variability of potential prey items is similar between the
groups being compared. In this case, since all of these groups are of
the same species, this assumption is not altogether unreasonable,
although it does have limitations. Most importantly, this approach
ignores dietary variability between individuals if the isotopic
compositions of the prey items are similar. For instance, one individual may specialize heavily on geoducks (Panopea abrupta), while
another may specialize heavily on littleneck clams (Protothaca
staminea). If the isotopic compositions of these two prey items are
very similar, this will not be borne out in the estimation of dietary
variability using d space. This is, however, a more general problem
of dietary interpretation using isotopic analysis, rather than
a problem with this particular approach.
The d space can be calculated using the following equation for
the area of an irregular polygon

d Space ¼


X 13
1 n1
d Ci d15 Niþ1  d13 Ciþ1 d15 Ni
2 i¼0

An example of this equation applied to a sample dataset is
supplied in the Supplementary material, as well as an Excel
workbook that allows the user to calculate d space for any polygon
with 3e15 vertices.
4.4. Quantiﬁcation of zooarchaeological data
In addition to isotopic analyses of sea otter remains, zooarchaeological relative abundance data for sea otters and other relevant
taxa of mammals, ﬁsh, and invertebrates were compiled for each
site from previously published sources (see references in Table 1).
These data provide insight into the relative importance of sea otter
and related taxa in aboriginal economies. Furthermore, while these
data do not represent an unbiased cross-section of local environments, reﬂecting a “cultural ﬁlter” of human decisions and strategies of resource acquisition (e.g. Orchard and Mackie, 2004), they
nonetheless provide insight into important aspects of local
ecosystems from which those resources were drawn. Vertebrate
and invertebrate data were quantiﬁed using methods typically

employed among Northwest Coast zooarchaeologists, as reﬂected
in the original sources listed in Table 1. Speciﬁcally, vertebrates
were quantiﬁed by number of identiﬁed specimens (NISP) and
invertebrate taxa were quantiﬁed by percent weight of recovered
shell. NISP values, though not entirely unproblematic and not
representing a direct measure of dietary importance (Grayson,
1984; Lyman, 2008), provide a simple, un-derived measure of the
numbers of skeletal remains of a given taxon identiﬁed in an
archaeological assemblage, and can be used to assess the relative
frequencies of the various recovered faunal taxa. Methods of
quantifying shellﬁsh have likewise been the subject of some debate
(Claassen, 2000; Glassow, 2000; Mason et al., 1998, 2000). The
simple use of total shell weights per taxon, however, has seen
widespread use on the Northwest Coast (see references in Table 1),
and provides a simple measure of the relative abundance of
invertebrate remains in archaeological assemblages. Unfortunately,
as discussed below, this approach under-represents invertebrate
taxa that have limited or very light shells.
5. Results
5.1. Bone collagen d13C and d15N Values
The d13C and d15N values for sea otter bone collagen and associated elemental data (%C, %N, C:N ratio) are presented in Table 2.
All samples produced C:N ratios, percentages of carbon and
nitrogen, and collagen yields characteristic of well preserved
collagen (Ambrose, 1990; DeNiro, 1985; Szpak, 2011). Bone collagen
isotopic compositions for all sea otters analyzed ranged from 14.3
to 10.4&, with a mean value of 11.2  0.7& for d13C, and 11.8 to
14.7&, with a mean of 13.5  0.7& for d15N. Individual sea otter
bone collagen d13C and d15N values are plotted in Fig. 3 alongside
potential prey items and other marine predators from the same
context.
One sea otter that is associated with a post-European contact era
occupation in southern Haida Gwaii presented a statistically
signiﬁcant d13C outlier value (14.3&) relative to all other BC otters
(Grubb’s test, z ¼ 4.84, p < 0.05). Using the same statistical test, we
did not ﬁnd any other outliers for d13C or d15N in the comparative
sea otter bone collagen data (discussed below). Therefore, we
expect this value is anomalous and it has been discarded from
further calculations.
5.2. Zooarchaeological data
Select zooarchaeological data from the ten sites from which sea
otters were sampled for isotopic analysis are presented in Table 3.
These data represent the remains of vertebrate and invertebrate
animals that were actively harvested by indigenous peoples during
the past several millennia. Overall, there is a considerable diversity
of marine life represented at each site and a general consistency
between sites. Marine species dominate, with ﬁsh the most
numerically abundant vertebrate taxa followed by mammals and
birds. Within the mammalian component of the 10 assemblages,
sea otters represent a consistent and prominent contributor in all
sites with the exception of Namu, where otters are present in low
numbers in comparison with harbour seals (Table 2).
Ecologically, the ten sites span the range of local environments
represented within the study area: rocky, exposed coastlines, protected fjordland channels, and low-relief sediment shoals (Fig. 1).
As noted by Orchard (2009) for the southern Haida Gwaii samples,
local variations in wave exposure and habitat are reﬂected in
invertebrate, and to a lesser extent ﬁsh, assemblages from the 10
study sites, with more exposed locations dominated by California
mussel (Mytilus californianus) and deep-water ground ﬁsh, more
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Table 2
Bone collagen isotopic and elemental data for Holocene British Columbia sea otters.
Context

Age

d13C (&)

d15N (&)

Collagen
yield (%)

%C

%N

C:N
ratio

Southern Haida Gwaii (SHG)
SO-04
699T
SO-05
699T
SO-06
699T
SO-11
699T
SO-14
699T
SO-15
699T
SO-20
699T
SO-28
699T
SO-29
699T
SO-09
699T
SO-07
717T
SO-21
717T
SO-22
717T
SO-24
740T
SO-25
740T
SO-26
740T
SO-02
781T
SO-12
781T
SO-13
781T
781T
SO-16
SO-27
781T
SO-08
785T
SO-10
785T
SO-18
785T
SO-03
924T
SO-19
924T
a
699T
SO-01

699T4A4a
699T5A1b
699T4A1a
699T4A2d
699T5A2c
699T5A2c
699T5A2b
699T6A2b
699T6A2b
699T5A2b
717T1A2a
717T1A2a
717T1A2a
740T2A3
740T2A4
740T2B2
781T1A3a
781T4A2a
781T4A2b
781T1A3b
781T2A3b
785T1A2c
785T2A2d
785T2A4b
924T3A3d
924T3A3b
699T4A2c

ca. 500 BPeAD 1880
ca. AD 1780e1880
ca. 500 BPeAD 1880
ca. 500 BPeAD 1880
ca. AD 1780e1880
ca. AD 1780e1880
ca. AD 1780e1880
ca. AD 1780e1880
ca. AD 1780e1880
ca. AD 1780e1880
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 440e390 BP
ca. 440e390 BP
ca. 440e390 BP
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 1500 BPecontact
ca. 1500 BPecontact
ca. 1500 BPecontact
ca. 1000 BPecontact
ca. 1000 BPecontact
ca. 500 BPeAD 1880
Southern Haida Gwaii (n [ 26)

10.7
10.8
11.0
10.7
11.2
10.4
10.9
11.2
10.5
12.5
10.5
10.5
11.1
10.4
11.8
10.7
11.1
11.2
11.0
10.9
10.5
11.4
10.5
10.5
10.4
11.4
14.3a
L10.9 ± 0.5

13.4
13.9
14.3
13.5
14.1
13.7
13.3
13.5
12.8
13.2
13.3
14.3
14.6
13.7
13.6
14.5
13.5
13.3
13.5
14.6
14.0
13.6
14.3
14.4
13.5
12.8
13.2
13.7 ± 0.5

13.5
8.0
6.8
18.4
9.6
10.8
12.5
6.9
5.8
7.8
10.5
13.1
12.8
10.9
10.8
9.0
8.9
10.2
11.1
13.5
9.4
13.5
7.2
10.5
13.5
7.2
5.5

39.0
35.6
37.2
41.0
35.4
34.4
38.5
31.6
33.3
36.7
37.7
37.7
33.9
31.6
29.6
34.6
34.5
34.8
37.0
35.0
32.2
36.6
36.1
33.0
36.5
34.8
35.9

13.5
12.1
12.6
15.1
13.1
12.6
13.9
11.4
12.2
13.4
13.2
14.0
12.4
11.4
10.7
12.5
11.7
12.6
13.6
12.8
11.7
12.2
13.1
12.2
12.7
12.7
12.2

3.37
3.43
3.46
3.17
3.16
3.19
3.24
3.22
3.18
3.19
3.32
3.15
3.18
3.23
3.23
3.24
3.45
3.23
3.19
3.19
3.20
3.49
3.20
3.17
3.35
3.21
3.44

Northern Haida Gwaii (NHG)
SO-201
Masset
SO-202
Masset
SO-203
Masset
SO-204
Masset
SO-205
Masset
SO-301
Cohoe Creek
SO-303
Cohoe Creek
SO-304
Cohoe Creek
SO-305
Cohoe Creek
SO-306
Cohoe Creek

Area 1 Monitoring
Area 2 Monitoring
Area 1 Monitoring
Area 2 Monitoring
BL1; 3N/0E; Lev 6
Un 2; Lev 2; Lay A1
Un 2e1; Lev 4; Lay A4
Un 2; Lev 4e6; Lay A2/A4
Un 2e2; Lev 6; Lay A4F
Un 2e1; Lev 5; Lay A

ca. 800e150 cal BP
ca. 1500e900 cal BP
ca. 800e150 cal BP
ca. 1500e900 cal BP
ca. 800e150 cal BP
Component 4 (5000e4300 BP)
Component 3 (5200e5000 BP)
Component 4 (5000e4300 BP)
Component 3 (5200e5000 BP)
Component 4 (5000e4300 BP)
Northern Haida Gwaii (n [ 10)

11.7
11.3
12.1
11.3
11.8
10.8
11.6
11.6
11.1
11.3
L11.5 ± 0.4

13.2
13.0
11.8
12.8
12.7
13.6
13.5
13.5
14.1
13.3
13.2 ± 0.6

11.7
5.8
4.8
10.3
10.5
7.5
7.2
4.9
4.9
7.9

42.5
41.3
39.4
40.3
42.1
34.2
40.6
39.3
40.2
41.5

14.8
14.5
14.0
14.3
14.8
12.4
14.2
14.0
14.4
15.0

3.34
3.32
3.28
3.28
3.32
3.21
3.34
3.27
3.26
3.24

68e70S, 6e8W,
160e170 cm DBS
68e70S, 6e8W,
200e210 cm DBS
68e70S, 6e8W,
220e230 cm DBS
68e70S, 8e10W,
160e170 cm DBS
68e70S, 8e10W,
200e210 cm DBS
68e70S, 8e10W,
230e240 cm DBS
S0W6, Lot 4, 1/400

Top-Period 4 (5000e4000 cal BP)

11.4

13.1

9.1

34.8

13.4

3.04

Mid-Period 4 (5000e4000 cal BP)

11.6

12.9

13.3

37.2

13.9

3.13

Mid-Period 4 (5000e4000 cal BP)

11.6

12.9

7.2

36.7

13.4

3.21

Top-Period 4 (5000e4000 cal BP)

11.6

12.6

4.5

34.8

12.7

3.20

Mid-Period 4 (5000e4000 cal BP)

12.1

13.2

12.8

40.5

14.9

3.18

Mid-Period 4 (5000e4000 cal BP)

11.9

12.6

8.8

35.2

12.8

3.21

House D (2350e2140 cal BP)

10.9

12.3

10.0

33.3

12.3

3.15

S8W5, Lot 7, Lev. 2, 1/400

House D (2350e2140 cal BP)

11.3

12.5

8.2

35.2

13.1

3.13

S7W2, Lot 4, Lev. 8, 1/400

House D (2350e2140 cal BP)

11.3

14.7

9.0

37.3

13.5

3.23

00

House D (2350e2140 cal BP)

11.0

13.8

6.8

35.9

13.2

3.17

House D (2350e2140 cal BP)

11.5

12.5

7.9

36.0

13.0

3.22

B.C. Mainland (n [ 11)

L11.5 ± 0.4

13.0 ± 0.7

Sample #

Site

B.C. Mainland (BCM)
SO-3122
Namu
SO-3258

Namu

SO-3314

Namu

SO-4665

Namu

SO-4910

Namu

SO-5190

Namu

SO-106

Prince Rupert
Harbour
Prince Rupert
Harbour
Prince Rupert
Harbour
Prince Rupert
Harbour
Prince Rupert
Harbour

SO-107
SO-108
SO-109
SO-110

S7W3, Lot 2, Lev. 3, 1/4
S1W6, Lot 4, 1/4

00

Values shown in boldface are means  1 SD.
a
Outlier for d13C (Grubb’s test, Z ¼ 4.84, p < 0.05), excluded from calculations.
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Harbour seal (3)
18
Lingcod (3)

Rockfish (9)

16

Cabezon (2)
Greenling (2)
14
15

Prickleback (2)

12
Kelp crab (8)
Snails (20)
Red sea urchin (18)
10

Clams (3)
Mussel (5)

-16

-15

-14

-13

Bone Collagen-Diet Trophic
Discrimination Factors

-12

-11

-10

-9

13

Fig. 3. Individual sea otter bone collagen d13C and d15N values (solid circles) plotted against mean isotopic values from possible otter prey items mean values for harbour seal are
and other predatory taxa. Sample sizes are listed in parentheses. Vertebrate data (ﬁsh and mammal bone collagen) are archaeological samples from southern Haida Gwaii (Szpak
et al., 2009); invertebrate data (muscle) represent modern samples (d13C values have been adjusted by þ1& to account for the Suess Effect): red sea urchin (Barkley Sound; Berger
and Jelinski, 2008), mussel (Mytlius sp.) (Langara Island, Northern Haida Gwaii; Hobson et al., 1999), clams (Barkley Sound; Hobson et al., 1994), snails and kelp crab (Barkley Sound;
Markel, 2011). Trophic discrimination factors for diet-collagen shown are þ3.7& for D13C and þ3.6& for D15N, which represent mean values from Fig. 2.

protected locations dominated by clams and salmon, and semiprotected locations showing a combination of these two patterns.
This pattern is also consistent with trends in zooarchaeological data
represented in the remaining four sites (Table 3).
A comparison between known prey types of contemporary
otters and the species present in these archaeological assemblages
(e.g., urchins, mussels, clams and the kelp-associated ﬁsh species)
indicates that the residents of each site accessed highly productive
marine habitat, ideal for otters. The remains of marine shellﬁsh, for
example, are abundant in all of these sites and invariably dominated by large quantities of mussels and clams (Table 3). Sea
urchins, a well-documented otter prey type, are commonly present
in many of the shellﬁsh assemblages, but are much less abundant in
comparison to bulkier taxa such as bivalves. Importantly, invertebrate data from the majority of these assemblages come from the
ﬁne-screening (2.0e2.8 mm screens) of ﬁeld-collected bulk-matrix
samples, and thus the low sea urchin frequencies should not be
a result of recovery factors. The exception to this is the site of Namu,
where invertebrate remains were identiﬁed from matrix samples
screened through 4 mm mesh (Conover, 1978). The low frequency
of urchin may, however, be inﬂuenced by weight-based quantiﬁcation methods in which sea urchin is severely under-represented
in relation to invertebrates with much denser, heavier shells.
The abundance of sea otter remains themselves is signiﬁcant.
Despite the varied geographical contexts in which these sites are
found, sea otter remains are ubiquitous, and in many cases represent the most common marine mammal in these assemblages
(Table 3). While the abundance of marine mammals as a whole is
numerically dwarfed, in most cases, by the much greater abundance of ﬁsh remains, the greater size and thus dietary contribution
of marine mammals suggests that these species were a signiﬁcant
aspect of human hunting practices that is not well reﬂected by their
absolute abundance in these assemblages. Collectively, our data
indicate that sea otters were readily and consistently harvested by
the indigenous occupants of these sites throughout the middle to
late Holocene. Moreover, these zooarchaeological data provide
a useful context within which to understand and interpret the
results of isotopic analysis.

6. Discussion
6.1. General dietary patterns of Holocene British Columbia sea otters
Assuming fractionation factors similar to those discussed
previously for d13C and d15N (Fig. 2), our data suggest sea otters
from Holocene BC had diets that were characterized by a high
reliance on sessile and slow-moving invertebrates (Fig. 3), which is
in accordance with data recorded for reintroduced sea otters on the
west coast of Vancouver Island (Breen et al., 1982; Watson, 1993).
As discussed previously (Section 2.0), the exact composition of the
diet is difﬁcult to determine, but in very general terms, it appears
that higher-trophic level prey items (e.g. crabs, nearshore ﬁsh) did
not make a signiﬁcant contribution to the diet.
Abalone and sea urchins are important prey items for sea otters
in areas that have recently been recolonized, although both species
decline rapidly in abundance with continued sea otter presence.
The zooarchaeological data (Table 3) indicate a low abundance of
sea urchin and a near absence of abalone (present in only trace
quantities at one site). As discussed previously, this likely reﬂects, in
part, our quantiﬁcation methodology and sampling intensity, but
the low abundance of these two taxa may also relate to the local
presence of sea otters. On the basis of modern studies of kelp forest
communities in the northeast Paciﬁc, sea urchins and abalone tend
to be restricted to populations of small, crevice-dwelling individuals in areas in which sea otters occur (Cooper et al., 1977; Estes and
Palmisano, 1974; Hines and Pearse, 1982). These circumstances
would limit the availability of urchins and abalone to human harvesting across the wider region and have a corresponding effect on
their proportional abundance in zooarchaeological assemblages.
Slightly greater quantities of these invertebrates may have existed
in the vicinity of village sites, where sea otter populations may have
been limited as discussed below, but consistent, low-level human
harvesting would likely have limited these populations as well.
Historical ecologists have noted an increase in the human use of sea
urchin and particularly abalone following the extirpation of sea
otters from Haida Gwaii (Grzybowski and Slocombe, 1988; Sloan,
2003, 2004), pointing to the recovery of these populations in the

Table 3
Summary of zooarchaeological data showing the relative abundances of sea otters and relevant sea otter prey items (invertebrates and ﬁsh) by archaeological site.
Site

Sea otter
(% marine mammals
by NISPa)

Marine
Mammalsb (NISPa)

Marine Mammalsb
(% Total vertebrates
by NISPa)

Clam
(% Total invertebrates
by weight)

Urchin
(% Total invertebrates
by weight)

Reference(s)

0.02
0.01

Orchard
Orchard
Orchard
Orchard
Orchard
Orchard

Southern Haida Gwaii (SHG)
699T
717T
740T
781T
785T
924T
Northern Haida Gwaii (NHG)
Masset (GaUa-18)

54.1
34.3
64
13.2
29
50

148
35
25
76
31
14

1.23
0.5
7.44
0.23
0.48
0.08

98.43
54.40
80.40
8.58
23.78
25.18

0.25
41.51
3.24
68.61
75.43
73.78

78.9

351

23.38

52.90

22.90

9.10

Cohoe Creek (FjUb-10)

24.3

37

1.87

n/a

n/a

n/a

British Columbia Mainland (BCM)
Namu (ElSx-1)

6.5

925

0.93

3.25

57.39

0.01

Prince Rupert Harbour (GbTo-77)

18.6

59

Site

Fish (NISPa)

Greenling
(% Total ﬁsh by NISPa)

11651
6877
112
3495
6317
16721

0.40

1020

1.80

Southern Haida Gwaii (SHG)
699T
717T
740T
781T
785T
924T
Northern Haida Gwaii (NHG)
Masset (GaUa-18)
Cohoe Creek (FjUb-10)

1732

British Columbia Mainland (BCM)
Namu (ElSx-1)
Prince Rupert Harbour (GbTo-77)

96856
9934

6.25
0.46
0.54

0.58
Prickleback/Gunnel
(% Total ﬁsh by NISPa)

6.51
0.54
9.82
0.09
1.12
0.07

0.01
0.14

Cannon (1991);
Conover (1978)
Patton (2011)

6.65

44.81

1.37

Sculpin
(% Total ﬁsh by NISPa)

Rockﬁsh
(% Total ﬁsh
by NISPa)

Reference(s)

0.03

0.27
0.10
1.79
0.80
1.39
0.10

2.1
0.07
16.07
3.55
7.95
0.11

Orchard
Orchard
Orchard
Orchard
Orchard
Orchard

0.08

2.10

0.06

Christensen
et al. (2010)
Christensen and
Stafford (2005)

Lingcod
(% Total ﬁsh by NISPa)

34.90

0.02
0.09

0.04
0.75

(2009)
(2009)
(2009)
(2009)
(2009)
(2009)

Christensen
et al. (2010)
Christensen and
Stafford (2005)

2.02

0.49
0.75

(2009)
(2009)
(2009)
(2009)
(2009)
(2009)

2.21
0.24
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Mussel
(% Total invertebrates
by weight)

Cannon (1991)
Patton (2011)

a

NISP, the Number of Identiﬁed Specimens Present, represents the number of bones or bone fragments identiﬁed to at least taxonomic family, genus or species.
The Marine Mammal category includes all Mammalian species that primarily occupy a marine environment, including the Northern River Otter (Lontra canadensis) which, in coastal regions of British Columbia, subsists
primarily on marine prey items (e.g. Roe et al., 2010).
b
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-15

-14

-13

-11

-12

Harbour seal
20

SHG (3)
18

SAN (37)

16

14

12

10

Northern fur seal

SHG (4)

20

18

16

SAN (27)

14

12

10

Northern sea lion

SHG (3)

20

18

15N
coll.

(‰)

SAN (15)

16

14

12

10

Pacific cod
20

18

SHG (2)

16

SAN (101)
14

12

10

S otter
Sea
tt
20

18

16

SAN (88)
14

SHG (26)
12

wider region following the removal of their major predator. In more
general terms, conﬂicts between sea otters and shellﬁsheries have
been documented in several regions from California to Alaska
(Estes and VanBlaricom, 1985; Sloan, 2004; Watson and Smith,
1996; Watson, 2000). Thus, while it is not possible to determine
with conﬁdence that the sea otters analyzed here were consuming
signiﬁcant quantities of abalone and sea urchin, the clear dietary
focus of these sea otters on low-trophic level prey, combined with
the relative paucity of abalone and sea urchin remains from the
archaeological assemblages, suggests that these taxa may have
been one of the preferred prey items of late Holocene sea otters in
northern coastal British Columbia.
Fig. 3 demonstrates that BC sea otters were feeding at trophic
levels comparable to small, epibenthic ﬁsh, and it is therefore
highly unlikely that sea otters were consuming signiﬁcant
proportions of these, or similar, ﬁsh. Comparatively, mean archaeological and modern sea otter bone collagen d15N values from the
Aleutian Islands (Alaska) tend to be higher than those observed in
this study for British Columbia, while d13C values are lower (Fig. 4).
Direct dietary comparisons between consumers from different
regions and temporal spans based on stable isotope data are
difﬁcult due to isotopic variability that may characterize primary
producers. If the isotopic compositions of producers differ significantly from one region to another, these differences may be
passed on to higher trophic level consumers, suggesting divergent
diets, rather than differences in oceanographic conditions. As such,
we compared the isotopic composition of bone collagen for other
marine predators between late Holocene Alaska (Sanak Island in
the Aleutian Islands; Misarti et al., 2009) and British Columbia
(southern Haida Gwaii; Szpak et al., 2009). For each of the ﬁve taxa
for which data were available from both locations (sea otter,
harbour seal, northern fur seal, northern sea lion [Eumetopias
jubatus], Paciﬁc cod [Gadus macrocephalus]), the animals from
British Columbia were enriched in both 15N and 13C compared to
those from the Aleutians (Fig. 4). While the data for some taxa are
limited, this pattern ﬁts with the isotopic composition of
producers in one region (northern British Columbia) being isotopically distinct from those in another (Aleutian Islands), a pattern
that has been observed in many different regions (Cherel and
Hobson, 2007; Dunton et al., 1989; Ohizumi and Miyazaki, 2010;
Saupe et al., 1989). The presence of a consistent difference
amongst a variety of predatory species however, contrasts sharply
with the pattern observed in the sea otter bone collagen. The d13C
values are still signiﬁcantly higher in southern Haida Gwaii than
Sanak Island in the Aleutians (Tukey’s HSD, p < 0.001), which ﬁts
with the pattern observed for other taxa (Fig. 4). The d15N values,
however, are signiﬁcantly higher in the Sanak sea otters (Dunnett’s
T3, p < 0.001). Given the isotopic compositions of bone collagen in
other predatory species, a signiﬁcant difference in foraging ecology
between sea otters in the two regions is the most likely explanation for this pattern. Speciﬁcally, we suggest this pattern involves
the differential consumption of higher trophic level prey (e.g.
ﬁshes), which do not appear to have played an important role in
the diets of sea otters in British Columbia, but likely did in the
Aleutian Islands. The implications of this are discussed in more
detail below (Section 6.3).
Alternatively, this contrast may relate to differential prey
availability between the two regions (Kenyon, 1969; Walker et al.,
2008; Watt et al., 2000). In particular, researchers have noted
signiﬁcant dietary differences between sea otters inhabiting rocky

10
-16

-15

-14
13C
coll.

-13

(‰)

-12

-11

Fig. 4. Comparison of d13C and d15N values from southern Haida Gwaii (SHG; Szpak
et al., 2009) and Sanak Island (SAN; Misarti et al., 2009) for selected taxa. Sample
sizes are listed in parentheses.
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communities and those inhabiting soft-bottom communities
(Kvitek and Oliver, 1988, 1992; Kvitek et al., 1992; Lee et al., 2010).
Both archaeological sites in northern Haida Gwaii from which sea
otters were sampled are presently characterized by soft-bottom
communities. There are, however, only minor differences in sea
otter bone collagen isotopic composition from contemporaneous
samples from hard-bottom habitats. While otters in both habitats
consume primarily benthic invertebrates, in soft-sediment
communities sea otters tend to consume mostly various species
of clams (e.g. butter clam [Saxidomus gigantae] and Paciﬁc littleneck
clam). As is the case for hard substrate (rocky) habitats, sea otters
have been shown to inﬂuence the abundance and distribution of
their invertebrate prey in soft-bottom communities (Kvitek et al.,
1992). Because these habitats lack the understory kelp characteristic of rocky communities, however, an increase in kelp-associated
ﬁshes would not be expected to coincide with local sea otter
presence (Kvitek and Oliver, 1992; Kvitek et al., 1992). Thus, it
remains possible that the slightly lower d15N values in the sites
from northern Haida Gwaii, compared to southern Haida Gwaii
(Table 2), reﬂect habitat type, a possibility that is explored in more
detail below (Section 6.2).
Finally, it is possible that the relationship between sea otter
population status and piscivory described for the Aleutian Islands
has limited applicability across larger spatial and temporal scales.
The generality of the otter-urchin-kelp trophic cascade has been
questioned, particularly in light of the fact that in California kelp
forests thrive in areas where sea otters have remained absent since
the fur trade (Carter et al., 2007; Foster and Schiel, 1988; Foster, 1990;
Schiel and Foster, 1986). The impact of sea otters on nearshore
ecosystems in California is quite different than in Alaska or British
Columbia because additional predatory species (particularly California spiny lobster [Panulirus interuptus] and California sheephead
[Semicossyphus pulcher], neither of which occur in central or
northern British Columbia) can act to control the abundance of sea
urchins in the absence of sea otters (Cowen, 1983; Harrold and Reed,
1985). Based on modern surveys conducted on the west coast of
Vancouver Island (Breen et al., 1982; Watson, 1993; Watson and
Estes, 2011), the nature of the otter-urchin-kelp trophic cascade in
British Columbia appears to be generally more similar to the Aleutians, rather than southern California (see Steneck et al., 2002).
6.2. Isotopic variability and niche width
Fig. 5 depicts three idealized scenarios with various degrees of
dietary specialization at the individual and population levels. The
total variability in consumer diet (total niche width, TNW) is
composed of a within-individual component (WIC) and a betweenindividual component (BIC) (Bolnick et al., 2002, 2003). The withinindividual component refers to the average variance in prey
consumed by an individual. To quantify this component by isotopic
analysis, it is necessary to sample multiple tissues that form at
different times or remodel at different rates, or to serially sample
a continuously-growing tissue that is inert once formed (e.g. hair,
whisker, nail) (Bearhop et al., 2004). It is therefore not possible to
resolve this aspect of niche variation using the isotopic composition
of bone collagen. The between-individual component is the variance between individuals within a population. This component can
be assessed with the isotopic analysis of time-averaged tissues such
as bone collagen and is roughly analogous to the calculated d space.
The calculated d space, as well as variance for each group of sea
otters is presented in Table 4; for comparative purposes, additional
Holocene sea otter bone collagen data from Alaska and California
are also included. The d space for each group of sea otters from this
study, and from Alaskan studies are presented graphically in Fig. 6.
Among BC sea otters, the d space is greatest for southern Haida

Fig. 5. Schematic diagrams of consumer populations with idealized levels of specialization. W, X, Y and Z are prey items, or classes of prey items, with distinct isotopic
compositions. Relative proportions of these dietary items are represented in the pie
charts at speciﬁc points in time (1, 2, 3, 4) and as an average diet for each individual (I,
II, III, IV) over the time span (1/4). The average diet can be thought of as roughly
analogous to the isotopic composition of a time-averaged tissue and the diet at speciﬁc
points of time are analogous to the isotopic composition of a continuously-growing
tissue that is inert once formed. In a generalist population composed of generalist
individuals (A), the within-individual component (WIC) is high because all individuals
consume all four prey items. The between-individual component (BIC) is low because
the average diet of each individual is very similar. BIC is lower in the average diet than
at any of the speciﬁc points in time. For a specialist population composed of specialist
individuals (B), both WIC and BIC are low, and in comparison to (A) and (C), the total
niche width (TNW) is also low because only a single prey item is consumed by all
individuals in the population. For a generalist population composed of specialist
individuals (C), WIC is low because individuals specialize on particular prey items, but
BIC is high because the overall resource base of the population (TNW) is large.

Gwaii and lowest for northern Haida Gwaii, while BC mainland
otters are intermediate between the two. The isotopic variability in
BC sea otter bone collagen is consistently lower than all other
archaeological groups for which data were available, even when all
three BC sub-groups are combined (Table 4, Fig. 6).
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Table 4
Comparison of sea otter isotopic variability British Columbia, Alaska and California sea otters.
Location

n

d13C (%)

d15N (%)

Mean

SD

Variance

Mean

SD

Variance

d Space

Reference

BC Mainland (BCM)
Southern Haida Gwaii (SHG)
Northern Haida Gwaii (NHG)
All BC Data

11
26
10
47

11.5
10.9
11.5
11.2

0.4
0.5
0.4
0.5

0.1
0.2
0.1
0.3

13.0
13.5
13.2
13.4

0.7
0.7
0.6
0.7

0.5
0.4
0.4
0.4

1.71
2.45
0.94
3.98

This
This
This
This

Sanak Island (Aleutian Islands)
Umnak Island (Aleutian Islands)
Adak Island (Aleutian Islands)
Central Aleutian Islands (modern)a

82
11
24
97

11.9
12.2
12.7
13.3b

0.7
0.7
0.7
1.3

0.6
0.5
0.5
n.c.

14.6
12.2
12.6
11.7

1.4
0.9
1.6
1.2

2.0
0.7
2.4
n.c.

19.80
4.04
7.99
n.c.

Misarti (2007)
Byers et al. (2010)
Krylovich (2011)
Newsome et al. (2009a)

Gulf of Alaska (modern)
Prince William Sound (modern)a

13
95

13.4b
12.2b

0.8
0.5

0.7
n.c.

11.3
12.6

1.1
0.6

1.2
n.c.

5.68
n.c.

Misarti (2007)
Newsome et al. (2009a)

Diablo Canyon (central California)
Central California (modern)

21
7

10.5
11.6b

0.8
0.8

0.6
0.6

14.2
14.7

1.3
1.2

1.7
1.3

8.36
4.40

Jones et al. (2011)
Jones et al. (2011)

San Nicholas Island
(southern California, modern, vibrissae)c
Monterey Bay (central California, modern, vibrissae)c

10

12.6b

0.6

0.3

15.1

0.7

0.5

1.56

Newsome et al. (2010a)

31

12.0b

0.9

0.8

15.2

0.9

0.7

6.35

Newsome et al. (2009b)

a
b
c

study
study
study
study

Only mean and standard deviation presented, variance and d space could not be calculated.
Modern values have not been adjusted to correct for the Suess Effect.
Isotopic data are for serially sampled sea otter vibrissae (whiskers); individual means were used in the calculations.

Fig. 6. Individual d13C and d15N values for BC (left), Alaska (center) and California (right) sea otters. Archaeological data (bone collagen) are represented by circles, modern data are
represented by squares (collagen) or triangles (vibrissae keratin). The shaded polygon formed by connecting the outermost points is equivalent to the d space (Table 4). Tissue
analyzed is indicated in the lower left portion of each part of the ﬁgure. Vibrissae d13C and d15N values represent means for individuals. d13C values of modern samples have been
adjusted by þ1& to account for the Suess Effect.
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The pattern of low isotopic variability observed in Holocene BC
sea otters is consistent with either a specialist population of
specialist individuals (Fig. 5B), or a generalist population of
generalist individuals (Fig. 5A). It is important to point out,
however, that it is difﬁcult, if not impossible, to differentiate
between scenarios A and B in Fig. 5 using the isotopic composition
of bone collagen if the isotopic composition of functionally different
prey items (e.g. sea urchins vs. clams) is negligible. In other words,
a population composed of individuals that all eat principally the
same prey item (Fig. 5B) may be isotopically indistinguishable from
a population composed of individuals that eat a variety of isotopically similar prey (Fig. 5A).
Individual-level dietary specialization in California sea otter
populations has recently been observed in several studies, using
both observational (Bentall, 2005; Estes et al., 2003; Johnson et al.,
2009; Newsome et al., 2009b; Tinker et al., 2007, 2008) and isotopic
(Newsome et al., 2009b) data. These known cases of individual
dietary specialization are consistent with a generalist population
composed of specialist individuals where dietary differences
between individuals are large. The isotopic data presented by
Newsome et al. (2009b) for these sea otters (serially-sampled
vibrissae, Monterey Bay, California) correspond to a calculated
d space of 6.35, which is markedly higher than any of the Holocene
BC sea otter groups (Table 4). Conversely, sea otters from San Nicolas Island (southern California) tend to have broadly similar diets,
consuming a small number of prey items in proportion to the
number of potential prey consumed by the population (Tinker et al.,
2008). Newsome et al. (2010c) presented isotopic data (serially
sampled vibrissae) from these sea otters, and found much less
isotopic variability in comparison to the Monterey Bay sea otters,
which corresponds to a calculated d space of 1.56, a value that is
comparable to Holocene sea otters from BC (Table 4). The differences in isotopic variability (San Nicolas Island vs. Monterey Bay)
can be attributed to differences in sea otter population status and
prey availability between the two regions, which are discussed in
more detail below (Section 6.3).
The lack of isotopic variability in the bone collagen of Holocene
BC sea otters suggests a narrow trophic niche width at the population level. The isotopic data are not consistent with signiﬁcant
long-term dietary specialization on isotopically distinct prey at the
individual level. Alternatively, it is possible that foraging specializations in these Holocene BC sea otters existed only for short
periods of time and were ephemeral in nature. If this were the case,
isotopic evidence for individual dietary specializations may be
blurred or lost completely due to the slow turnover rate of bone
collagen. Based on the predictions of Bearhop et al. (2004),
however, a population of dietary specialists would have a similar
isotopic variance in both short- and long-term integrators of diet.
Additionally, it is possible that these sea otters may have exhibited
more specialization at the individual level than suggested by the
isotopic data because the prey on which they specialized had very
similar isotopic compositions. Regardless, there is very little interindividual isotopic variation in the BC sea otters compared to
other populations, suggesting consistent reliance on a small
number of isotopically similar prey items.
The sea otters from northern Haida Gwaii are characterized by
the lowest isotopic variability of any of the groups presented in
Table 4. This is very likely related to differential prey utilization
driven by habitat type. As discussed previously, the northern Haida
Gwaii sites are presently located in areas dominated by primarily
soft-sediment habitats (Table 1). In these areas, sea otters tend to
prey heavily upon a few species of infaunal bivalves (e.g. butter
clam, littleneck clam), and are characterized by fairly low dietary
variability at the population level (Finerty et al., 2010; Kvitek et al.,
1988, 1992; Kvitek and Oliver, 1992). Conversely, the southern
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Haida Gwaii and BC mainland sites are located in areas that are
today primarily dominated by rocky habitats. The slightly higher
d space in these sea otters is consistent with the consumption of
a suite of prey items with a slightly wider range in isotopic variability than the northern Haida Gwaii sea otters. The isotopic
variability in southern Haida Gwaii and BC mainland sea otter bone
collagen is, however, still markedly lower than in other groups
(Table 4; Fig. 6). This suggests that something other than habitat
type may be inﬂuencing dietary variability in these animals, which
is discussed in more detail below.
6.3. Sea otter populations status
Because attempts to reestablish sea otter populations in the
northeast Paciﬁc occurred within the last ﬁfty years, it has been
possible to examine the foraging ecology of expanding sea otter
populations that were known to be below equilibrium density.
There are two aspects of this research that are particularly relevant.
First, when sea otter populations are at low density, they tend to
target a small number of prey items of high economic value (e.g. sea
urchins, abalones). Conversely, when sea otter populations are at
higher density, they tend to consume a much higher number of less
energetically beneﬁcial prey items (Ebert, 1968; Estes et al., 1981;
Laidre and Jameson, 2006; Ostfeld, 1982). Second, as discussed
previously, ﬁsh appear to be important components of the diet only
when sea otters occur at high densities, although this behavior has
not been observed in some areas of the sea otter’s present range
(e.g. California) and has not been observed in soft-sediment habitats. Other prey items that are also of comparatively high trophic
level (e.g. crabs) also tend not to be consumed in signiﬁcant
quantities when sea otters occur at low densities, but may be
consumed in signiﬁcant quantities when otter population densities
are high (Ostfeld, 1982). Therefore, from an isotopic perspective,
low and high-density sea otter populations in rocky substrate
habitats should be distinct. Relative to low-density populations,
high-density populations should be characterized by more isotopic
variability (larger d space), and higher mean tissue d15N values.
The isotopic evidence presented in this study suggests sea otters
did not consume signiﬁcant quantities of ﬁsh. In the Aleutian
Islands ﬁsh are thought to have become more important in the diet
of sea otters as population density increased (Estes, 1990), an effect
that is likely mediated by the otter-urchin-kelp trophic cascade,
with ﬁsh becoming more abundant in response to increased kelp
habitat (Bodkin, 1988; DeMartini and Roberts, 1990; Holbrook et al.,
1990; Laur et al., 1988). Furthermore, by including ﬁsh in their diets,
sea otters increased their prey base and achieved a higher equilibrium density than when eating invertebrates alone (Estes, 1990).
Therefore, the lack of piscivory in the otters analyzed in this study
may suggest that these animals did not attain the elevated population density described for modern ﬁsh-consuming populations
in the Aleutian and Commander Islands. This only applies to the
SHG and BCM sea otters from rocky substrate habitats, and not
those animals from soft-sediment habitats (NHG).
The lack of isotopic and dietary variability in the Holocene BC
sea otters is also consistent with a population at lower density.
Increased individual specialization when predator populations and
intraspeciﬁc competition are high, and food is limited has been
observed in a number of other taxa (Schindler et al., 1997; Svanbäck
and Persson, 2004). Sea otters in a food-rich environment tend to
have broadly similar diets composed of a small number of prey
items; conversely, dietary variation among individuals is high in
a food-poor environment with high otter population density
(Bentall, 2005; Tinker et al., 2008). In a comparative study of
geographically separate sea otter populations (western Aleutians,
Prince William Sound, central California), Estes et al. (1981) found
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the greatest amount of dietary diversity to be associated with highdensity populations.
A host of factors can inﬂuence the abundance of sea otters,
including: infectious disease, predation, variability in prey
recruitment rates, food availability, and seasonal, annual and
decadal shifts in oceanographic conditions (Estes et al., 1998, 2004;
Johnson et al., 2009; Laidre et al., 2006; Mayer et al., 2003). Many of
these factors are unpredictable, occur sporadically and are
exceedingly difﬁcult to study, even in modern settings. On the basis
of the isotopic evidence, it is plausible that sea otter populations in
Holocene British Columbia existed at relatively low densities. Given
that the animals analyzed in this study are all from archaeological
deposits, we would like to highlight the potential inﬂuence of
human hunting on sea otter populations.
Our zooarchaeological data indicate that aboriginal peoples
utilized a host of marine resources, including otters and otter prey,
and that hunting and collection strategies were well established
in aboriginal cultural practices for millennia prior to the maritime
fur trade (Table 3). Sea otters were a particular focus for aboriginal
hunting strategies, representing the most commonly identiﬁed
mammalian species in several of the study sites and being present
in all examined time periods. Collectively, these observations
point to the importance and temporal depth of sea otter hunting
among First Nations on the northern coast of British Columbia,
particularly the Haida, prior to the onset of the maritime fur trade.
Sea otter abundances along the mainland coast are slightly lower
than the general trends evident in Haida Gwaii (Table 3), but sea
otters remain an important component of those assemblages.
While the relative proportion of otters in archaeological contexts
does not directly reﬂect the proportional abundance of otters in
the marine environment, these data clearly indicate that the
hunting of sea otters by First Nations was ubiquitous on the
northern coast of British Columbia throughout the mid- to lateHolocene.
Estes et al. (2003) point out that individualized foraging
specializations are expected to occur less frequently among species
under top-down, as opposed to bottom-up, control. For instance,
when sea otter populations declined dramatically at Amchitka
Island in the 1990s, possibly due to increased predation by killer
whales (see Estes et al., 1998; Estes et al., 2004), individual variation
in sea otter diet was low (Watt et al., 2000). As discussed above,
there have been several instances of low-density, recently established sea otter populations (e.g. San Nicolas Island) with very low
dietary variation. The isotopic pattern observed for Holocene BC
otters is consistent with a scenario in which downward pressure
was exerted on sea otter populations via aboriginal hunting. This is
in accordance with early historic accounts of the maritime fur trade,
which document huge fur returns from early trading in Haida Gwaii
(Bartlett, 1925: 300; Beresford, 1968: 201; Hoskins, 1969: 215). The
largest returns were those made by the earliest traders in the area,
however, who were likely tapping into stockpiled fur supplies for
use in indigenous trade networks prior to European ships arriving
on the north coast. Sea otter furs were clearly an important item of
both trade and domestic use prior to contact, and Murdock (1934:
239), for example, indicates that even prior to the onset of the
maritime fur trade “the rare furs of the sea otter constituted the
standard of value and the medium of exchange”. After the initial
seasons of the maritime trade, returns notably declined, and often
involved trade in furs obtained fresh by the Haida from foraging
trips some distance from village sites (Bishop, 1967: 64; Hoskins,
1969: 200e201; Ingraham, 1971: 133). As such, we suspect that
otter distribution may have been patchy in British Columbia prior to
the onset of the fur trade, with reduced abundance in the vicinity of
village sites, and greater abundance in areas more distantly
removed from human occupation.

Similar patterns have been described for other mammalian
species based on modern observations. In areas where hunting
occurs and/or encounters with humans are more frequent, these
species tend to be less abundant (Frid and Dill, 2002; Martin and
Baltzinger, 2002; McCain et al., 2003; Preisler et al., 2006; Rogala
et al., 2011; Theuerkauf and Rouys, 2008). This reduction in abundance is not necessarily related entirely to mortality caused by
human predation, but may also reﬂect a shift in habitat selection
associated with predator avoidance. These ‘non-consumptive
effects’ can be as signiﬁcant, or more signiﬁcant, than the lethal
effects of predation at the population level (Martin and Baltzinger,
2002; Schmitz et al., 1997; Wirsing et al., 2008). This does not
suggest that human hunting of sea otters was insigniﬁcant, but that
these non-lethal effects may also have been important in structuring sea otter abundance within the vicinity of human settlements. The combination of lethal and non-lethal interactions
would have the effect of producing an average sea otter population
density for Haida Gwaii, and potentially elsewhere on the Northwest Coast, below equilibrium, with populations of otters in higher
density areas migrating into lower density areas in search of
preferred foods as populations grew. On the basis of archaeological
evidence, a similar pattern of reduced sea otter abundance in the
vicinity of human occupations has also been suggested for areas of
the Northern Channel Islands of California (Rick et al., 2008) and
the Aleutian Islands (Corbett et al., 2008; Simenstad et al., 1978), as
well as for Stellar sea lions on the Oregon coast (Lyman, 2003). The
competition between humans and sea otters for prey may also have
been an important factor in limiting otter abundance in the vicinity
of human habitations. Many of the shellﬁsh that are important prey
items for sea otters (e.g. urchins, abalones) are also consumed by
humans, and this has resulted in a number of conﬂicts between
people and sea otters in the last ﬁfty years (Estes and VanBlaricom,
1985; Sloan, 2004; Watson and Smith, 1996; Watson, 2000).
The consistent and long-term interactions between sea otters
and First Nations peoples may have resulted in the local depression
of sea otter populations in some parts of northern British Columbia
in the late Holocene without greatly impacting total otter populations throughout the larger region. This may reﬂect, at least in
part, the importance of non-lethal interactions between humans
and sea otters, in which prey species (in this case sea otters) are
‘intimidated’ by predators (humans) and as a result alter their
foraging behavior and distribution (Wirsing et al., 2008). The
potential impact of these processes (‘landscapes or seascapes of
fear’) is becoming recognized in a diverse array of modern
ecosystems (Brown et al., 1999; Dill et al., 2003; Laundré et al.,
2001; Laundré, 2010; Ripple and Beschta, 2004; Wirsing et al.,
2008), but may also be useful with respect to understanding
prehistoric human subsistence practices.
7. Summary and conclusions
The isotopic and archaeological data presented in this study
provide new insight into the foraging ecology and population
dynamics of late Holocene sea otters in BC. Isotopic, and therefore
dietary, variability was very low in these animals, particularly in
light of the number of potential food items for sea otters and their
capacity to specialize. We infer that sea otters exhibited a very low
reliance on ﬁsh, and an extremely high reliance on a small number
of sessile, benthic invertebrates. We hypothesize that otters in this
region did not reach the elevated equilibrium densities described
for some Alaskan populations, although it remains possible that
this elevated equilibrium density is a (1) recent phenomenon and/
or (2) has limited applicability in time and space. We suggest that
this lack of variability in sea otter diet may be indicative of topdown impacts on sea otter populations by persistent hunting, or
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threat of hunting, by indigenous peoples throughout the late
Holocene.
Foster and Schiel (1988) stressed the importance of documenting the spatial and temporal variation in communities with sea
otters, suggesting that the lack of such information has been
a major stumbling block in interpreting data from modern studies.
In this respect, sea otters do not represent an isolated case, but this
problem is ubiquitous in contemporary ecology. Several authors
have commented on the problem of not having adequate baselines
against which changes in ecological systems can be measured
because of large-scale alterations to community structure in the
last few decades or centuries (e.g. Connell et al., 2008; Dayton et al.,
1998; Jackson, 2001; Sáenz-Arroyo et al., 2005; Sandin et al., 2008;
Steneck and Carlton, 2001). Additional investigation of the
archaeological record of ecologically important marine mammals
represents an important and largely underutilized method of
documenting long-term variation in community ecology. The
combination of zooarchaeological and stable isotope data is
particularly useful for this purpose. Within the last decade, there
has been a surge in this avenue of research (Burton et al., 2001,
2002; Corbett et al., 2008; Gifford-Gonzalez et al., 2005; Krylovich, 2011; Misarti et al., 2009; Moss et al., 2006; Newsome et al.,
2007b, 2007c, 2010b; Szpak et al., 2009), which has greatly
contributed to the understanding of nearshore marine ecosystems.
This includes understanding aspects of animal diet, habitat use,
migration patterns and interactions with humans.
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