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One of the principal goals of bioar-
chaeological research is to identify rcgulari-
ties in the way human populations respond
to changing environmental conditions,
Paleopathology has a key role to play in this
research since osteological indices of physi-
ological stress provide objective measures
of the nature and adequacy of a population’s
responsc to ecnvironmental challenges.

Major theoretical and methodological
advances have been made in bioarchaeology
during the past two decades. Researchers are
becoming increasingly aware of the prob-
lems inherent in making infercnces about the
living through studics of the skelctal remains
of the dcad. Onc sct of problems concerns
systcmatic biases in preservation and in age
and scx dctermination that greatly compli-
catc demographic reconstructions { Walker er
al. 1988, Walker 1995). The “osteological
paradox” is another related interpretive dif-
ficulty that arises from the demographic
characteristics of archaeological skelctal
collections (Wood et al. 1992). Although it
seems illogical, sometimes “better health
makes for worse skeletons”. This paradoxi-
cal situation arises because a person who
survived a disease long enough to develop
skeletal lesions is obviously healthier than
someone who died from the disease before
any skeletal lesions had formed.

In: Notes on Populational Significance of Paleopathological Conditions: Health, Illness
and Death in the Past. Alejandro Pérez-Pérez (ed.), Fundacié Uriach, Barcelona., 1996.

Thesc realizations have stimulated a vig-
orous ongoing debate that is leading re-
searchers to recvaluate the assumptions they
make when they attempt 1o rcconstruct the
demographic structure and health status of
ancient populations. The ovcerall effect of this
debate has clearly been very beneficial. Al-
though simplistically equating the “health”
of the dead with that of the living without
considering alternative interpretations is no
longer defensible, there is also a growing
consensus that the substantial interpretive
problems we face do have solutions.

It is clear, for cxamplc, that one of the keys
to increasing the rcliability of paleopa-
thological reconstructions lies in using a
broad rangc of conceptually and methodo-
logically independent data sources to develop
and test alternative hypotheses about a
group’s health status. By testing hypotheses
using osteological evidence in conjunction
with data {rom archaeology, palececology,
and other ficlds, bioarchacologists can greatly
increasc the reliability of the inferences they
makc. Onc sourcc of data on the health of an
ancient population may bc open to multiple
or paradoxical interpretations. However, as
the number of indcpendent data sources that
are consistent with the same conclusion in-
creases, the viability of alternative explana-
tions decreases dramatically.
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To illustrate this approach, I will describe
research my colleagues and 1 have done to
document the responses the prehistoric popu-
lation of the Santa Barbara Channel area of
southern California made to spatial and tem-
poral variation in the local environment.
First | will show how hypotheses about
health and nutrition based on analysis of
spatial variation in resource availability have
been tested using paleopathological and iso-
topic data. This is followed by a discussion
of how hypotheses derived from paleocli-
matic data have been tested using paleo-
pathological evidence.

Spatial variation in resource availabil-
ity

The Santa Barbara Channel area is an
extremely diverse environment with moun-
tain, coastal, and island habitats (Figure 1).
This ecological diversity influenced local
food availability and has many implications
for the health and nutrition of the Native
Americans who lived in this area of south-
ern California.
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The ecology of the four northern Chan-
nel Islands contrasts in many respects with
that of the adjacent mainland. Because of
their small size and isolation, they lack many
of the plants and animals found on the main-
land. The diversity of plants on the Channel
Islands is approximately half that of the
mainland coast. After the late Pleistocene
extinction of thc Channel Island pygmy
mammoth population, the only native terres-
trial mammals to survive on the northern
Channel Islands were a small species of fox,
a skunk, and three rodent species (Walker
1980).

These deficiencies in the terrestrial en-
vironment were offset to some extent by thc
rich supply of marine resources available to
the Channel Island Indians. The marine envi-
ronment of the islands is heavily influenced
by exposure to upwelling water that moves
southward along the California coast, pull-
ing nutrients up from deep in the ocean to
the surface. These nutrients support plank-
ton that attract large schools of sardines,
anchovies, and other small fish. These fish
in turn are fed upon by larger fish such as
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Figure I: Map of the Santa Barbara Channel area.
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tuna. as well as seals, sea lions, and sea birds
which breed in tremendous numbers on
Channel Island rookeries.

There is considerable inter-island vari-
ability in the abundance of marine and ter-
restrial resources. Traveling from east to
west along the chain from Santa Cruz to
Santa Rosa to San Miguel there is a decrease
in island size, topographical relief, and ter-
restrial plant and animal diversity. Availabil-
ity of marine resources varics in the oppo-
site direction. San Miguel Island has greater
exposure to the nutrient-laden water of the
California Current than the other islands and
is the site of one of the Pacific Coast's larg-
est seal and sea lion rookeries, inhabited
annually by over 20,000 animals. The
beaches of Santa Rosa Island and Santa Cruz.
Island, in contrast. are not used by large num-
bers of sea lions.

In addition to these differences in access
to potential food sources, the islands and
mainland also differ in other respects. Water
availability is much more limited on the Chan-
ncl Islands than it is on the mainland. The
islands also differ among themsclves in this
respect. Because of its small size and limited
watershed, San Miguel Island has only a few
freshwater springs. On the other hand, access
to freshwater was comparatively good on
Santa Cruz Island because of its much larger
size and greater topographical relief.

Hypotheses about diet and health based
on local ecology

These island-mainland differences in
food and water availability have clear dietary
and health implications that we have ex-
plored in our bioarchaeological research,
Peoplc living on the islands had greater ac-
cess to marine resources than people living
on the mainland. Terrestrial plant foods, in
contrast, were more abundant on the main-

land coast and mountains of thc mainland
interior. Based on this, we hypothesized that
the isotopic composition of collagen from
the bones ol islanders would show the high-
est concentrations of stable isotopes that are
most abundant in marine foods (C and “N)
and that the bones of people living away
from the coast in the mainland interior would
show the lowest concentrations of these
same isotopes.

Rcgional differences in food and water
availability also have implications for inter-
island and island-mainland differences in
health. The limited number of island water
sources suggests that health problems asso-
ciated with water contamination would be
more common on the islands (espccially the
smaller islands such as San Miguel) than
thcy would be on the mainland. The low di-
versity of terrestrial resources available to
the islanders suggests that the nutritional
problems they faccd were greater than those
of the mainlanders. The islanders did have
better access to iron-rich marine protein
sources (fish, shcllfish, and sea mammals)
than the mainlanders. Howcver, this advan-
tage docs not adequately compensate for
their limited access to carbohydrate-rich
plant foods. Trading with peoplc on the
mainland was one of the only ways in which
the islanders could effectively deal with this
problem. The mainlanders, in contrast, had
the option of augmenting their dietary pro-
tein through hunting dcer and other terrcs-
trial mammals not found on the islands.

Bioarchaeological tests of ecologically
based hypotheses

We have tested these ecologically based
hypotheses about regional variation in health
and nutrition using data obtained from Santa
Barbara Channel skeletal collections. Iso-
topic data clearly show the relationship we



100 Walker

75

50 p

% of People with Lesions

Mainland

Santa
Cruz

Santa
Rosa

San
Miguel

Figure 2: Geographical variation in the frequency of crania with cribra orbitalia in the Santa Barbara

Channel area. Thesc data are from Walker (1986).

predicted between local ecology and diet.
The isotopic values of the islanders indicate
a heavy dependence on marine protein
sources, those of people who lived on the
mainland coast are intermediate, and the iso-
topic values of people who lived away from
the coast in the mountains of the mainland
interior suggest a heavy dependence on ter-
restrial protein sources (Walker and DeNiro
1986).

Skeletal studies have also confirmed the
hypothesis that the health and nutrition of
people on the islands was poorer than that
of people on the mainland. This is suggested,
for example, by the significantly smaller
average stature of the late prehistoric period
island population in comparison to that of
contemporaneous people on the mainland
(160.6 cm versus 162.7 cm, t=1.9, P=0.05).
It seems likely the islander’s small stature
reflects comparatively unfavorable condi-
tions for the growth and development of
children on the islands. Island-mainland ge-
netic differences may have contributed to the
stature difference. However, we know that
marriage partners were exchanged between
the two areas (Johnson 1988) and this sug-
gests that island-mainland genetic differ-
ences were not great.

Significant island-mainland and inter-is-
land differences in health are also suggested
by spatial variation in cribra orbitalia, a skel-
etal pathology associated with anemia
(Walker 1985, 1986). The frequency of
cribra orbitalia is greatest on tiny San Miguel
Island; less on Santa Rosa Island with its
larger size and more diverse terrestrial re-
sources (Figure 2). On Santa Cruz, the larg-
est of the Northern Channel Islands, the fre-
quency of this pathology is only slightly
higher than on the mainland.

The island-mainland and inter-island dif-
ference in evidence of anemia conform
closely to our predictions based on differ-
ences in local ecology. Since marine re-
sources are rich in iron, it seems unlikely
that the prevalence of anemia on the Chan-
nel Islands reflects a diet deficient in iron. A
plausible alternative explanation is that iron
loss owing to diarrheal disease contributed
to the high frequency of cribra orbitalia
among the islanders. This is suggested by
the fact that diarrheal infections caused by
water contamination are an important cause
of childhood anemia in modern populations
(Mata et al 1980). As mentioned earlier, such
health problems would have been especially
likely on the smalter Channetl Islands such
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as San Miguel where access to freshwater is
limited and many people would be forced to
use the same water source (Walker 1986).

Temporal variation in resource availabil-
ity

An extremely detailed paleoecological
record is preserved in laminated sediment
in the deep submarine trench that separates
the Channel Islands from the mainland coast.
This record of temporal variation in the lo-
cal environment provides many opportuni-
ties to test bioarchaeological hypotheses
about the relationship between fluctuations
in environmental productivity and health.
Deep sea cores obtained from these
sediments provide a year-by-year record of
climatic fluctuations and biological
productivity in the Channel Island environ-
ment during the past 8,000 years.

Studies of the relative abundance of tem-
perature-sensitive plankton species in these
cores show that the temperature of the ocean
surrounding the Channel Islands has fluctu-
ated markedly through time (Figure 3, Pisias
1978). These changes in water temperature
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would have a dramatic effect on the avail-
ability of fish and other marine animals to
the Channel Island Indians. During cold
water periods upwelling would be strong and
marine productivity high. During warm wa-
ter periods, in contrast, marinc productivity
would be low. '

Of special interest in this regard are the
environmental changes that occurred around
the end of the last millennium (Figure 3). It
was at this time that the chiefdoms docu-
mented ethnographically in the Santa
Barbara Channel area were forming. Stud-
ies of Santa Barbara Basin sediments and
other paleoclimatic indicators show that the
period between A.D. 500 and A.D. 1300 was
one of relative climatic instability with
warm-dry conditions punctuated by episodes
of severe drought and reduced marine
productivity (Pisias 1978 1979, Moratto et
al. 1978:151, Moratto 19984, Stine 1994).

Environmental conditions were espe-
cially unfavorable between the 8th and 12th
centuries. During this period there were epi-
sodes of severe drought and unusually warm
ocean temperatures. Such conditions would
greatly reduce local productivity and this
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Figure 3: Estimates of fluctuations in sea surface temperature in the Santa Barbara Channel during the last
two thousand years. Values are in degrees centigrade. They are based on analysis of radiolarian assem-
blages in deep sea cores taken from the Santa Barbara Channel (Pisias 1978).
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Figure 4: Temporal variation in cribra orbitalia and tibial periostcal reactions in the Santa Barbara Chan-
nel area. Data are from Lambert (1994). EE =Early Early period (ca. 3500-6000 B.C.). LE= Late Early
Period (ca 2400-1400 B.C.), EM= Early Middlc period (ca. 800 B.C. -A.D. 300), LE= Late Middle period
(ca. A.D. 300-A.D. 1150), L= Late Period (ca. [150-1782)

would have significant health implications
for the Santa Barbara Channel area popula-
tion. Skeletal remains of people who lived
during this period would be expected to show
increased evidence of malnutrition and in-
fectious disease. Evidence of warfare and
violence might also be expected to increase
owing to competition among groups for
scarce resources.

Understanding the process through which
- these people adapted to the environmental
challenges they faced at this time is of con-
siderable theoretical interest. These re-
sponses resulted in the development of lo-
cal economic specialization, increased so-
cial differentiation, and the rise of chiefdoms
that integrated the local population into
larger polities. Since this period was one of
environmental instability and rapid social
change in other parts of the world, the proc-
esses affecting the Santa Barbara Channel
population at this time may have analogs in
other areas and thus be of general signifi-
cance.

Temporal variation in health

Studies of Late Middle period skeletal
collections dating from this period of
unfavorable environmental conditions con-
firm the hypothesis that these were stressful
times in which the health of the Santa
Barbara Channel area population declined
and warfare and violence increased (Walker
and Lambert 1989, Lambert and Walker
1991, Lambert 1994). For example, the fre-
quency of people with cribra orbitalia is
higher in the Late Middle period than it is
before or after it (Figure 4, Lambert 1994).
This apparent increase in anemia during a
time of drought is consistent with the hy-
pothesis presented earlier that problems of
water shortage posed a health hazard, espe-
cially on the Channel Islands.

The frequency of burials with periosteal
reactions on their tibiae also increases dur-
ing the Late Middle period (Figure 4). Le-
sions such as these are produced by a variety
of pathological processes including infec-
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tions and traumatic injuries. Their increase
during the Late Middle is strong evidence
that the health of the Santa Barbara Channel
area population declined at this time.

Skeletal evidence that warfare and vio-
lence increased during the Late Middle pc-
riod reinforces paleopathological evidence
for a decline in health and nutrition during
this period. The frequency of burials with
evidence of projectile point injuries increases
dramatically between the Early Middle pe-
riod and Late Middle period and then de-
creases markedly in the Late period (Figure
5 Lambert 1994). This increase in violence
is consistent with the hypothesis that
unfavorable environmental conditions in-
creased competition over access to local sub-
sistence resources.

Conclusions

Bioarchaeological data from the Santa
Barbara Channel area show a reassuring cor-
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relation between spatial and temporal varia-
tions in environmental conditions and skel-
etal evidence for nutritional stress and in-
fectious disease. As predicted based upon
variation in the abundance of essential re-
sources in the local ecosystem, the skeletons
of people who lived in marginal island en-
vironments such as that of San Miguel Is-
land show greater evidence of nutritional
stress than people who lived on the main-
land. A positive correlation has also been
demonstrated between periods of unfavor-
able environmental conditions and skeletal
evidence of poor health.

This consistency between independent
data sources shows that the problems
bioarchaeologists face in making inferences
about the health of the living from the re-
mains of the dead are not insurmountable. It
suggests that in many cases there is a posi-
tive correlation between the frequency of
skeletal pathologies and the health of the liv-
ing. In some cases better health undoubtedly
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Figure 5: Temporal variation in burials with evidence of projcctile point injuries in the Santa Barbara
Channel area. Data are from Lambert (1994). EE =Early Early period (ca. 3500-6000 B.C.), LE= Late
Early Period (ca 2400-1400 B.C.), EM= Early Middle period (ca. 800 B.C. -A.D. 300), LE= Late Middle
period (ca. A.D. 300-A.D. 1150), L= Latc Period (ca. 1150-1782).



104 _ Walker

does result in worse skeletons. I belicve that
the best strategy (or identi{ying and accu-
rately interpreting such paradoxical situations
is a broad-bascd integrativc approach that
exploits strengths of many independent data
sources like that described in this paper.
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