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REPORTS 

The Little Ice Age and 
Coastal Southern California 
Human Economy 

HENRY C. KOERPER 
JOHN S. KILLINGLEY 

R. E. TAYLOR 

Lowered mean temperatures, glacial ad
vances, expansion of polar pack-ice, and 
tree-line retreats characterize a period of 
predominantly cool climate known as the 
Lhtle Ice Age, ca. A.D. 1400-1850 (Calder 
1975; Gribbin and Lamb 1978). This interval 
of climatic deterioration coincided with wide
spread disruption of human subsistence econ
omies. Especially affected were hunter-
gatherers inhabiting northern latitudes (e.g., 
Thule Eskimo), but the climatic change also 
impacted sedentary populations practicing 
relatively intensive agriculture in more tem
perate regions (Lamb 1977; Kington 1980; 
Lindgren and Neumann 1981). Decreased 
sunspot activity (Bray 1965, 1971; Eddy 
1977; Stuvier and Quay 1980) and increased 
volcanism on earth (Bray 1974; Schneider and 
Mass 1975), both of which may reflect a 
reduction in the amount of solar energy 
reaching the planet, also occurred during the 
Little Ice Age. Mounting evidence supports 
the hypothesis that climatic fluctuations dur
ing the Holocene have been the result of 
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varying levels of solar activity (Denton and 
Karlen 1973; Druffel 1982). Lamb (1977) 
estimated that a decrease in solar radiation of 
less than one percent from the preceding 
Little Climatic Optimum would have been 
sufficient to cause the worsened conditions. 

We are interested in determining the 
magnitude of cooling in coastal southern 
Cahfornia during the Little Ice Age, since the 
regional archaeological record does not appear 
to indicate major subsistence disruption 
among indigenous hunter-gatherer popula
tions at that time. Koerper (1981), in fact, 
interpreted avahable prehistoric settlement 
data as showing generahy increasing sedentism 
throughout the Holocene along the coast with 
no suggestion of late period deviation from 
this trend. 

Previous work (Kihingley and Berger 
1979) has shown that oxygen isotopic analy
sis of dated Mytilus californianus shell, by 
measuring the ' * O content of its calcite, can 
provide a record-by-proxy of past oceanwater 
temperatures in the range of interest. Accord
ingly, fragments of M. californianus shell from 
an archaeological midden deposit (CA-ORA-
855) in San Juan Capistrano (Fig. 1) were 
subjected to isotopic analysis. The site may 
represent remains of the historicahy recorded 
Juaneno village of Putuidem (O'Neh and 
Evans 1980). Excavations at CA-ORA-855 
(Koerper and Drover 1983) also revealed 
evidence of prehistoric occupation, apparent
ly dating to the latter half of Wallace's (1955) 
Late Prehistoric Horizon as suggested by the 
recovery of numerous Cottonwood Triangular 
projectile points, a single "Sonoran"-style 
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Iig, 1, Map of coastal southern California showing 
location of CA-ORA-855. 

point, and the absence of all other known 
late-period point forms. Additional temporal 
indicators found at the site include Tizon 
Brown ceramic sherds and a high proportion 
of sidewall - to - spire - ground Olivella shell 
beads. Nine radiocarbon determinations, cor
rected for fractionation and reservoir effects, 
corroborate the artifactual cross-dating and 
place site occupation from about the 14th 
century A.D. to Euroamerican contact in the 
late 18th century - roughly the duration of 
the Little Ice Age, 

Each shell was cleaned of surface debris 
ultrasonically and by scraping, Calcite samples 
were then removed, using a 0.5 mm.-diameter 
drill at rotighly 2.0 mm, intervals starting at 
the ventral edge and working back along the 
growth surface. A relatively large number of 
samples (an average of 14) were obtained 
from each specimen to ensure that at least 
one annual growth cycle was represented. 

Fourteen shells from the site were sampled in 
this manner, as were three modern M califor-
nianus shells. The latter were collected ahve 
close to the outlet of San Juan Creek near 
Dana Point, presumably an area where local 
Juaneho would have gathered the molluscs. 
All of the calcite samples were baked under 
vacuum for one hour at 300'' C. before being 
analyzed using standard procedures outlined 
by Berger and Kdlingley (1977). Isotopic 
values for oxygen were expressed in the usual 
-S' * O notation with respect to the PDB 
standard. The measurements are precise to 

about 0 .1%0. 
The resultant isotopic data show a distinct 

offset to higher 6 ' * O values for the midden 
shell (Fig. 2a) compared to those for the 
modern shell (Fig. 2b). Based on average 
monthly ocean temperature and salinity data 
for the years 1973 through 1982 on the coast 
at San Clemente (just south of CA-ORA-855), 
expected calcite 5 ' * 0 values (Fig. 2c) were 
calculated using the paleotemperature equa
tion of Epstein e ta l . (1953) and 5 '®0 salin
ity (water) relationships (Craig and Gordon 
1965). The coincidence of the range of 
calculated 6' * O values (-1.5 to 0.5 7oo » and 
the values measured for modern shell (-1.5 to 
0.5 Voo ). we believe, establishes the accuracy 
of the method and therefore permits an 
interpretation of the midden shell data in 
terms of temperature. 

The midden shell samples have a mean 
6 ' « 0 value of 0.133 (±0.428) with respect to 
PDB, which translates into a mean tempera
ture of 13.5^' (±1.8°) C. if the isotopic 
composition of prehistoric ocean water is 
assumed to have been similar to that of today. 
A mean temperature of 16.4° (±2.2°) C. for 
the 1973 - 1982 period compares well with a 
50-year mean temperature of 16.8° (±2,5° )C. 
reported for La Jolla, roughly 60 km. south 
of San Clemente (S. A, Tont, personal com
munication 1983). Assuming comparable pre
historic and modern ocean salinities in tlie 
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Fig. 2. Calcite S '^O values for 14 Mytilus californiaiuts shells recovered at a depth of 30-'^0 cm. from 
CA-ORA-855 (a) and three modern .M. californianus shells from Dana Point, California Ibi: expected 
calcite 6 ' * O values (c, see text lor explanation ). 

region, fi'^0 analysis indicates that the mid
den shell grew in ocean surface water approxi
mately 3.0° C. colder than at present along 
the southern California coast. Major changes 
in sea-surface temperatures have been related 
to changes in the level of solar activity (Pisias 
1978), although oxygen isotopic analysis of 
foraminifera in varved sediments of the Santa 
Barbara Basin suggests that mcreased upwell-
ing during the Little Ice Age (Dunbar 1981) 
may account for some of this temperature 
differential (Tont 1975), 

Local air and ocean temperatures show a 
close relationship along the west coast of the 
United States (Hubbs 1948; Roden 1966; 
Hannes 1974), and Tont (1976) demonstrated 
an excellent positive correlation between sea-
surface and air temperatures for coastal south

ern California. Therefore, it can be inferred 
that air temperatures were also correspond
ingly cooler in the area of San Juan Capis
lrano during the Little Ice Age, 

Warm ocean surface temperatures off 
southern California increase atmospheric 
water vapor and thus often lead lo increased 
onshore rainfall, while cooler waters tend to 
be associated with greater aridity (Naniias 
1969; Pisias 1978, 1979; see also Soutar and 
Crill 1977). However, given the magnitude of 
increased effective moisture indicated for 
California during the Little Ice Age (Moratto, 
King, and Woolfenden 1978), generally more 
moist conditions probably prevailed in the 
region as the result of lower temperatures and 
correspondingly lower rates of evaporation 
(cf. Antevs 1955), 
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In sum, Little Ice Age climatic patterns 
detrimental to hunter-gatherer subsistence 
economies in southern California seem un
likely (see Johnson 1977). Although oxygen 
isotopic analysis of ancient and modern sheh 
suggests a climatic shift along the coast 
comparable to that recognized in other re
gions, late prehistoric populations do not 
appear to have been adversely affected. The 
lack of evident human impact may also reflect 
a broad base of subsistence resources and 
hunter-gather adaptive strategies that amelio
rated the effects of variable resource avail
ability and productivity. 
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Early Holocene Settlement 
and Subsistence in Relation 
to Coastal Paleogeography: 
Evidence from 
CA-SBA-1807 

JON M. ERLANDSON 

During the summer of 1984, archaeo
logical investigations on the coast west of 
Santa Barbara provided preliminary data from 
an eariy Milhng Stone site (CA-SBA-1807) 
dating to 8,000 radiocarbon years B.P. Radio-
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