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Mussel shells from central California coastal archaeological
sites record changes in sea surface temperatures in the past 2000
years. Water temperatures, inferred from oxygen isotopes in the
shells, were about 1°C cooler than present and stable between 2000
and 700 yr ago. Between about 700 and 500 yr ago, seasonal
variation was greater than present, with extremes above and below
historic levels. Water temperatures were 2-3°C cooler than today
500-300 yr ago. The interval of variable sea temperatures 700-500
yr ago partially coincided with an interval of drought throughout
central California. A coincident disruption in human settlement
along the coast suggests movements of people related to declining
water sources. Quantities of fish bone in central coast middens
dating to this same period are high relative to other periods, and
the remains of northern anchovies, a species sensitive to changing
oceanographic conditions, are also abundant. The continued use of
local fisheries suggests that changes in settlement and diet were
influenced more by drought than by a decrease in marine produc-
tivity, as fish provided a staple during an interval of low terrestrial
productivity. © 1999 University of Washington.
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INTRODUCTION

The late Holocene is increasingly recognized as a time
change in prehistoric North America. In central and southern
California there is strong evidence for technological replacg-
ments, settlement shifts, changes in diet, altered exchan
practices, and increases in interpersonal violence, particula\ﬁ

Creamer, 1992; Larsont al., 1996), and the apparent syn-
chrony and suddenness of change across such a wide area
led to growing suspicion that climatic variability may have
been at least a partial cause underlying many of the cultur
transitions (Arnold, 1992a, 1992b; Colten, 1993, 1995; Jehes
al., 1999; Raab and Larson, 1997; Larsenal., 1996). The
interval of greatest cultural change corresponds with the Me
dieval Warm Period (Lamb, 1982) or Climatic Anomaly (Stine,
1994), a time of unusually warm, dry climate between ca. A.D
800 and 1400, and some archaeologists have suggested t
human populations in California were heavily impacted by
drought-related declines in available food and water (Jehes
al., in press; Raab and Larson, 1997). Others have argued tt
warm seas off the coast of southern California (Pisias, 197
Arnold and Tissott, 1993) reflected an extended EldNike
decline in marine productivity (Arnold 1992a, 1992b, p. 132;
Arnold and Tissott, 1993; Colten, 1993, 1995, p. 116) that, i
combination with drought, impacted prehistoric human societie:
A major disruption in settlement occurred along the centra
California coast (Fig. 1) during the later part of the Medieval
Warm Period. Most sites occupied prior to ca. A.D. 1200-
1400 show signs of abandonment, while others were settle
only after this interval (Fig. 2). This interruption, synchronous
w%'th changes in other regions, particularly the southern Cali
ornia coast, may reflect broad-scale environmental change, b
aleoenvironmental variability coeval with this disruption is
on(ley partially documented. Graumlich (1993) and Stine (1994
orking with tree ring and lake-level data, respectively, re.

Colten, 1993, 1995; Jones, 1995 Jones and Waugh, 19 ,rm Period in the interior ranges of central California, with
Kennett, 1998; Raab and Larson, 1997; Walkeal., 1989). e most prol_onged drought dgtmg ca. AD 1200-1350. Pre
During this same time interval, broad-scale population shifiinary studies of paleomarine conditions off the coast o
and increased interpersonal violence are evident in the Am&puthern California produced modest evidence for warm se;
ican Southwest (Douglas, 1929; Fritss al., 1965; Haas and 9uring the Medieval Warm Period (Arnold and Tissott, 1993

Pisias, 1978), but more recent and refined isotopic analyse

Supplementary data for this article may be found on the journal home pagddgdest that cold seas were prevalent in the Santa Barbz
(http://www.academicpress.com.qr). Channel during this interval (Kennett 1998, p. 123).

between ca. A.D. 1000 and 1400 (Arnold, 1992a 1992g§;ted evidence of several major droughts during the Mediev:
t
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122° El Nifio events (Fiedler, 1984). The continued presence of tt
Momeren oer species suggests that local fisheries remained relatively pr
Y ductive, and that changes in settlement and diet were inflt
enced more by droughts during the Medieval Warm Periol
than by decreases in marine productivity, with fish providing
dietary staple.
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Archaeological data were obtained from 14 shell middens o
the coast of Monterey and northern San Luis Obispo countrie
in central California (Fig. 1, Table S)1 Thirteen sites lay on
CA-MNT-1232/H — CA-MNT-1277/H th.e gxposed, outer coast, and one (CA-MNT-3) was chate

CA-MNT-1227 % <, within Monterey I?ay. All but one (CA_—MNT-521) were situ-
o, CAMNT-1233"\miuca ©C ated.W|th|n a day s walk of the shoreline. Mus_sel sh_eIIs wer
v v s obtained from six late Holocene archaeological sites: CA
MNT-3, -1223, -1227, -1233, and CA-SLO-179 and -267.
Samples of fish bone were recovered from these six sites al
eight additional sites, CA-MNT-63, -73, -521, -759/H, -1228,
MONTEREY -1232/H, -1277/H, and CA-SLO-175. Two or more radiocar-
"“:-.'.-;__Sa"'&s;\wcigﬁérsﬁ‘ bon dates were obtained from each deposit (Table S2). A
H¢ shells discussed in this paper were directly dated. Nine site
CA-SLO-267""";-,,: have discrete occupational components dating between 6
PCAP SdLOBI175 B.C. and A.D. 1830; data from three other deposits datin
CA-SLO-179 7™ 4400-1700 B.C. provide comparison with the late Holocen

CAMBRIA findings (Fig. 2).

The study area, encompassing the Monterey Peninsula a
Big Sur coast, is one of the most rugged and diverse stretch

of shoreline in California. Peaks1500 m are present within 5
. FI(_B. 1. Map of Central California Coast showing location of archaeologgkmy of the shoreline, creating one of the steepest coastal gr
ical sites and study area. dients in the continental United States (Henson and Usne
1993, p. 12). This coast has a mild Mediterranean climate wit

In the current study, two sets of data from central Californign average annual temperature of 12.8°C. Winters are cool a
archaeological sites are examined: a paleo-sea-temperature\g&- and summers are warm, with frequent fog. Inland arez
quence based on oxygen isotope measurements of mug$Rjve 610 m have a more extreme temperature range owing
shells, and a suite of ichthyofaunal remains (particularly thogge absence of coastal fog. Higher elevations regularly recei
from northern anchovie€ngraulis mordax These data were snow in the winter and reach temperatures above 32°C
used to assess the relative productivity of nearshore marignmer (Engles, 1984).
environments during the late Holocene and to evaluate theThe shoreline, marked by steep cliffs and narrow isolate
possibility that fluctuations in the availability of marine foodgeaches, offered many littoral and offshore resources for pr
contributed to changes in human settlement and subsisten¢gstoric hunter-gatherers. These included shellfish, fish, se

Oxygen isotopic analyses of archaeological mussel she#{mmals, and marine algae (kelp). The California muss:
dating between ca. A.D. 1 and 1700, from the central CalifO(Myt”us californianug, common in the mid to high littoral
nia coast, show that sea temperatures were modestly cogigke, is well represented in local midden sites, including thos
(1°C) than present ca. A.D. 1-1300; between A.D. 1300 aflestigated. The most prolific fish habitats are rocky shelve
1500, they were highly variable, reaching seasonal highs aggy reefs associated with large, dense kelp beds. A variety
lows of a greater amplitude than today, and between ca. A&nall- to medium-sized fish frequent the kelp beds all yeal
1500 and 1700 they were significantly cooler (2-3°C) thaphey include rockfish§ebastespp). lingcod Ophiodon elon-
present. Quantities of fish bone in middens dating to the periggtug, cabezon $corpaenichthys marmorafysand sardine
of variable sea temperatures showed no decrease from eagig herring (Clupeidae). Northern anchovi&s fnorday are
periods, however, and remains of northern anchovies alg@st abundant in nearshore waters in the spring during se
remained relatively stable. Northern anchovy populations off

California are dependent upon seasonal upwelling (Baxter; taples with the S prefix are available as supplementary data on the jourr
1967), and declines in their population have been linked witbhme page.
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FIG. 2. Occupational sequence for the central California coast showing the Medieval Warm Period and settlement disruption ca. A.D. 1200-14(

sonal upwelling. During periods of warmer-than-average watpeaks (Michaelsen and Daily, 1983); Yarnal and Diaz, 1986
temperatures, adult anchovies become less available (Bax@me study by Schonher and Nicholson (1989)) found thi
1967, p. 110). Recovery of shell fishhooks and stone nefiationship to be regionally specific. Redmond and Kocl
weights from the coastal middens indicates that fish were tak@®91)) reported a meaningful correlation between ENSC

by hook and line and by nets. events and rainfall on the southern coast and interior deser
Hughes and Diaz (1994)), found that the ENSO cycle has be
CLIMATIC VARIABILITY ON THE CENTRAL operative in the northern Pacific for at least the last millen

CALIFORNIA COAST nium. In a study based on a 600-yr tree ring record, Haston ar

J\/Iichaelsen (1994)) concluded that the ENSO/rainfall relation

. N Ph\p may be more equivocal than reflected historically, but the
have influenced prehistoric hunter-gatherers along the cen rat iated with ENSO ts tend 1o b i
California coast. Interannual variability in marine and terredi St Years associated wi events tend to be exceptio

trial climate is often related to EI Nam and the El Nio ally 'vvet.. i

Southern Oscillation (ENSO), although the effect of EFalin _ Historic records of rainfall and sea temperatures fron
on marine and terrestrial biomes is very different. Elevatddonterey Bay since 1919 generally show a positive correlatio
sea-surface temperatures associated with the T biri9g2— between precipitation and sea temperature (Fig. 3), and
1983 had widespread effects on the California coastal envirgitonger relationship is evident between ENSO events ar
ment, including reduced upwelling, physical disturbances fginfall. Between 1927 and 1987, there were 13 ENSO even
kelp beds (Dayton and Tegner, 1990, p. 433; Tegner awith intensities varying between moderatd ¢ 8), strong
Dayton, 1987, 1991), and reduction in northern anchovy pofN = 2), and very strongN = 3) (Quinnet al.,1987). Historic
ulations due to reproductive failures (Fiedler, 1984). Manginfall and sea temperature data show an unquestionable c:
studies of California precipitation patterns based on historielation between very strong ENSO events (1941, 1958, ar
records show correlations between ENSO events and rainfe9i82/83) and high rainfall. Of nine years associated witt

Both long-term and short-term climate variability woul
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FIG. 3. ENSO events (from Quingt al., 1987) and mean monthly sea temperatures (°C) and rainfall (cm) for the Monterey Peninsula, Monterey Col
1927-1992.

strong or very strong events, seven show inordinately higharine productivity, terrestrial productivity commonly in-
precipitation. Intervals of non-El Nmconditions (e.g., 1932— creases during very strong El iryears as a result of high
1938, 1945-1950, 1960-1964) show moderate sea tempegdnfall. Very strong El Nilm events would lower marine re-
tures, and of 34 years during which there was no ENSO evesource potential for hunter-gatherers, but the impact of the:
22 (64.7%) show rainfall below the yearly mean. The overadivents would commonly be offset by enhanced terrestrial pre
pattern is consistent with ENSO events in Peru, where EbNimluctivity. There would be no simultaneous deterioration o
was originally linked with “years of abundance” and withboth marine and terrestrial resource bases.
heavy rainfall on the coastal deserts (Philander, 1990), p. 1). El Nifio events are brief phenomena, during which high se
Moderate ENSO events show marked variability in rainfatemperatures persist for no more than 2 or 3 years. This tirr
and sea temperatures, and some tendency toward an assaciae is essentially invisible in the archaeological record c
tion with below-average rainfall. Of the 15 years with modemainland California, where midden deposits generally reflec
ate ENSO events, 10 were associated with lower-than-averageupation over several centuries, if not millennia, and wher
rainfall. The two lowest rainfall years of the century on thioturbation disturbs vertical stratigraphy. Lack of precision ir
Monterey coast (1931 and 1977) occurred during moderaterine-shell-derived radiocarbon dates, based on varied cc
ENSO events. Rainfall records from the southern Sierra Neections for upwelling (Ingram and Southon, 1996), furthel
vada, at the same latitude as the Monterey coast and whieesens time resolution, so that individual El"birvents
Graumlich (1993)) detected Medieval-age droughts, show tbannot be identified. Nevertheless, relationship exists betwe:
same relationship between ENSO events and precipitati@NSO events and climatic variability. One study (Anderson
Very strong ENSO events are marked by high rainfall, whil&994) suggests that warmer, drier conditions of the Medievz:
non-ENSO years are drier. In general, at this latitude, tferiod may be the result of the low-frequency and low:
positive relationship between ENSO events and rainfall is feittensity of El Nifo events.
at least as far inland as the interior ranges. Paleo-sea-temperature studies also indicate longer-durati
On an interannual scale, the relationship between rainfglatterns in sea temperature variability off the California coas
sea-surface temperatures, and upwelling intensity had impduwing the Holocene. Kennett (1998, p. 123) reported evidenc
tant implications for coastal hunting and gathering groups wlad cool, productive seas between A.D. 450 and 1150 off th
lived on the central California coast and subsisted on a mix sbuthern California coast, and Koerpetral. (1985) reported
terrestrial and marine foods. Although El Nirevents lower isotopic support for sea temperatures 2—-3°C below prese
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during the Little Ice Age (ca. A.D. 1400-1850). These longralue of —0.3, based on a water sample from the Montere'
term trends are different from the variability associated witReninsula.
the ENSO cycle, in that natural systems would have had timeWhenéw is constant, thé*0/*°O ratio decreases by0.2%o
to respond gradually. A millennium of slightly warmer seafor every 1°C increase in water temperature. All measuremen
would not be synonymous with low marine productivity, buare expressed i@ (delta) notation, as a deviation from an
rather with a gradual latitudinal shift of habitats that wouléhternationally accepted standard (PeeDee Belemnite, a c:
allow species to expand and/or contract their territories, altdronate fossil from South Carolina). More-negati&esalues
ing the mix available to hunter-gatherers (Baatyal., 1995; indicate higher proportions of the light®0 isotope compared
Davenportet al., 1993), but not necessarily causing majowith the heavier®O isotope, and vice versa. The precision of
problems in the overall availability of marine foods. the oxygen isotopic ratios is/—0.1.
After carbonate samples were extracted for oxygen isotor
LATE HOLOCENE SEA TEMPERATURES INFERRED analyses, all shells were radiocarbon-dated by Beta Analyti
FROM OXYGEN ISOTOPE ANALYSIS Miami, Florida, using standard ra_d_lometnc tec_hnlques. Da_te
were corrected on a sample-specific basis for isotope fractio
. . . ation, and the resulting ages were converted into calendr
Studies of modern marine mollusks from known environs

ments indicate that oxygen isotopic analysis is an effecti\(/jéﬂ"teS using the Stuiver and Reimer (1993)) CALIB progran

method for reconstructing sea-surface temperature (e [‘FMt-h a reservoir value §R) of 290 = 35 yr, developed by

steinet al.. 1953 Killin |eg and Berger 197%) ThJéO/mg" rpgram and Southon (1996) for northern California. Despite
. N ' giey anc ger, .' these procedures, there remains a degree of imprecision inh

ratio of mollusk shells is sensitive to changes in water temper-

ature (Epsteiret al., 1953; Wefer and Berger, 1991). Incre_ent in dates obtained from marine shells due to temporal ar

, ; §gatial variation in upwelling. As the effects of varied up-
mental samples taken along a shell’'s growth axis permitS .~ . ; : : :
Welllmg intensity cannot be controlled using available radio.

measurement of oxygen isotopic ratios and, hence, of seasona] . o ; .
Yo b ric methods, it is important to recognize the 1-sigma prok

temperature change through the life of a mollusk me
P g g ' abilities associated with dates, although recent studies shc

evidence for occasional variation BR greater than that en-

Methods compassed by 1-sigma probabilities (Ingram and Southol

A total of 196 oxygen isotopic measurements was obtaindd96)-
from 14 archaeologicall. californianusshells (Table S3). All
shells were cleaned and rinsed with deionized water to remdwesults
adhering midden soil and visible organic material. The outer ] ) )
surfaces of the shells were etched using a dilute solution of! € number of incremental oxygen isotopic measuremen
HCL (0.5 M) to remove any diagenetically altered carbonatfr €ach shell ranged from 6 to 31 depending upon the leng
Calcite samples were extracted from the exterior prismafié €ach specimen. Midpoint, maximum, and minimum oxyger
layer of the shell in 2 mm increments along the shell’s growtOtopic values from each shell profile are shown in Table
axis (0.5 mm drill). Powdered calcite samples)(3 mg) were along with temperature calibrations based on Horibe and Of
heated at 400°C under vacuumr fd h to remove organic (19_72). During the period A.D. 1-1300 (180 B.C.—A.D. 1400,
compounds. After cooling to room temperature, samples weke9ma), represented by seven shells and 76 readings, oxyc
reacted with orthophosphoric acid at 90°C (Fairbanks aut§OtoPiC values ranged from a minimum of 0.423 (13.99°C)
sample device). The oxygen isotopic ratio of the evolved, C@ mMaximum of 1.752 (8.81°C), with a midpoint of 11.40°C
was measured using mass spectrometry (Finnegan/MATZﬁab'e 1). Midpoint values for_all seven shells from this perioc
Mass Spectrometer) at the Department of Geology, Universfi{f '€ss than 12°C. The period from A.D. 1300-1500 (A.D
of California, Santa Barbara. Water temperatures were calci/0—1520, 1-sigma), represented by three shells and 64 re:
lated using the paleotemperature equation developed by Hori@S: Shows a range between0.716 (18.87°C) and 1.713
and Aba (1972) for calcite, based on controlled experimeri&95°C). All three shells have midpoints greater than 12°C

with Patinopecten yessoerfiom Mutsu Bay, Japan: The period A.D. 1500-1700 (A.D. 1460-1860, 1 sigma)
represented by four shells and 56 readings, shows a range fr

0.490 (13.71°C) to 2.165 (7.31°C).

Twelve shells and 169 readings from the outer coast sho
variation with historic sea temperatures recorded at Grani
In this equationT represents temperature (°Gc represents Creek Marine Station in the Big Sur region (Fig. 4). The perioc
the **0/*°0 of the carbonate, expressed as a deviation in pa#<. 1-1300 shows maximum temperatures below those r
per thousand from a standard carbonate, @mdepresents the corded historically, but lows are similar to those of the presen
oxygen isotopic composition of the water expressed as devidie midpoint of 11.40°C is lower than the historic midpoint of
tion from standard mean ocean water (smow). We uséd a 12.38°C. Consistency in the midpoints and ranges from th

T=17.04— 4.346c — éw) + 0.16(8c — w)2.
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TABLE 1
Midpoint, Maximum, and Minimum Oxygen Isotopic Values of M. californianus Shells from Study Sites

Midpoint Maximum Minimum
Unit/level
Sample No. Location (cm) Calibrated"“C rangé 80 °C 80 °C 80 °C N
A5 CA-MNT-1223 5/20-30 AD 1630 (1690) 1860 1.278 10.61 0.887 12.11 1.669 9.11 1
11 CA-MNT-3* 7/60-70 AD 1470 (1630) 1720 1.003 11.70 0.490 13.71 1.516 9.69 1
2 CA-MNT-1223 11/40-50 AD 1460 (1600) 1700 1.546 9.62 0.990 11.71 2.101 7.54 1
1 CA-MNT-1227 6/20-30 AD 1460 (1550) 1680 1.640 9.27 1.115 11.22 2.165 7.31 1
6 CA-MNT-1233 3/40-50 AD 1310 (1430) 1520 0.779 14.11 -0.716 18.87 1.607 9.35 20
3 CA-MNT-1233 2/70-80 AD 1300 (1400) 1470 0.877 12.27 0.040 15.58 1.713 8.95 3
12 CA-MNT-3" 7/50-60 AD 1270 (1360) 1460 0.433 13.98 -0.037 15.91 0.902 12.05 13
A3 CA-SLO-179 13/50-60 AD 1210 (1300) 1400 1.217 10.85 0.851 12.26 1.583 9.44 ]
A8 CA-SLO-267 8/10-20 AD 1060 (1200) 1290 0.964 11.82 0.716 12.80 1.212 10.84
A2 CA-SLO-179 14/30-40 AD 1000 (1070) 1220 1.102 11.31 0.629 13.15 1.575 9.47 ]
7 CA-MNT-1233 3/50-60 AD 980 (1060) 1220 0.963 11.86 0.423 13.99 1.503 9.74 1
A7 CA-SLO-179 9/60-70 AD 930 (1030) 1160 0.943 11.93 0.475 13.77 1.410 10.09
A6 CA-SLO-179 13/100-110 AD 390 (500) 630 0.975 11.80 0.530 13.55 1.420 10.05 ]
Al CA-SLO-267 12/30-40 180 BC (30 BC) AD 90 1.356 10.32 0.959 11.83 1.752 8.81 2
Total 196

Note.All oxygen isotopic values are expressed in de8protation, as a deviation from PDB. Oxygen isotopic values were calibrated using the Horibe ¢
Oba (1972) equation for calcite. Maximum isotope values correspond with minimum water temperature values, and vice versa.

* Radiocarbon dates calibrated using Stuiver and Reimer (1993). One sigma range shown here.

® Samples are from Monterey Bay; all other specimens are from the open coast.

seven shells representing this period suggests that conditiddethods

were relatively stable and slightly cooler than present. The _ _ i

period A.D. 1300—1500 shows a range in temperatures greatefiSh remains were recovered from study sites by two mett
than those in the other late Holocene intervals and in histoR€S- Samples were obtained with 3-mm (1/8 inch) mesh durin
records, with peak sea temperatures greater than those toﬂéfdff‘rd excavation of & 2 m units, and finer-mesh (1.5 mm
and seasonal lows lower than the present ones. The range€{ie inch)) samples were also recovered from bulk soil col
individual specimens and the combined sample marking tH{§'NS processed in the laboratory. The larger-mesh samples
period also differ from those of a very strong El"Nimvent mm) were recovered from soil processed in the field throug

(represented by temperatures from 1983) in that both extrefi@ker screens, with fish bones being extracted along wi

highs and extreme lows are represented, whereas during2gifacts and other faunal remains. Column samples wel

Nifio events temperatures below 11°C do not occur (Fig. 3)¢€ded to recover anchovy and other small fish bones n

The range (731_12110C) and mldelnt (9710C) marking tﬁstalned |n 3-mm mesh. They Were- collected as bulk $amp_|€
period A.D. 15001700 are both decidedly lower than tHgom the field and were processed in the laboratory with soil
present. washed through nested 6-mm, 3-mm, and 1.5-mm mesh. A

Two shells and 27 readings from Monterey Bay were treatfigh Pones from both types of samples were washed and se
separately because water temperatures within the bay regated from other faunal materials. Elements were then ide

warmer than those along the open coast. Twenty-seven retified to species using a reference collection at California Sta
ings from two shells generally show similar directional trenddniversity, Bakersfield. Results were first tabulated by numbe
t identified specimens (NISP), which were converted tc

relative to the historic record, but the limited sample does nB ) ] o WE
exhibit the same extremes in range (Fig. 4). NISP/r_‘rf to account for site-to-site variation in the volume of
deposit processed.
THE ICHTHYOFAUNAL RECORD Results
Fish remains from the same coastal archaeological sites werd total of 4657 fish elements was recovered from 68°®in

evaluated under the premise that changes in the abundancdegosit processed with 3-mm mesh (Table S4). Taxonom
fish bones or in taxonomic representation might reflect changdentification included 24 species, 4 sets of remains that cou
in marine productivity related to variation in sea temperaturesnly be identified to the genus level and 10 representing tt
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FIG. 4. Range and midpoint dfO values and inferred temperatures for 14 archaeological specimbhgibfs californianuscompared with historic ranges
and midpoints: (a)Monterey Bay; (b) outer coast of Big Sur and northern San Luis Obispo County. N is the number of individual isotopic readings.

family/order level. Thirty taxa are represented, with most abone between 6.3 and 15.0 NISP/rand no anchovy bones
semblages dominated by rockfish, cabezon, and surfperci@sble S5). Sites exhibiting the highest densities of fish re
The NISP/m values exhibit a considerable range. Sites occmains were occupied 600 B.C.—A.D. 1250 (up to 360.0 NISF
pied prior to 600 B.C. show relatively low frequency of fistm®) and A.D. 1000—1450 (up to 1253.1 NISPjniThese were



LATE HOLOCENE OCEAN TEMPERATURES, CALIFORNIA 81

also the only deposits to yield northern anchovy remains. Sitesn, 1994), but the range of variation in sea temperatures betwe
occupied between A.D. 1450 and 1850 showed relatively lo&uD. 1300 and 1500 suggests conditions not wholly accounted fi
frequency of fish bone between 0.3 and 79.7 NISP/m by the ENSO cycle. They may contribute to Stine’s (1994) chat
Fish remains from archaeological sites represent an imperfacterization of the Medieval Period as somewhat anomalous re
index of the vitality of prehistoric fisheries, in that bones reflecttive to the rest of the Holocene.
directly the intensity of human fishing and not necessarily the Fish remains from middens suggest that fisheries remain
abundance of fish in near-shore waters. The volumetric densityrefatively productive during the period of warm, variable seas
remains and the relative proportion of different taxa can also Bées occupied A.D. 1000—1450 show relatively high frequencie
influenced by seasonality of occupation and post-depositiomdifish bone, with no indication of a decrease from earlier period:
taphonomic factors. Furthermore, some fish bone is deposited’ire continued presence of northern anchdynforday remains
sites secondarily arriving in the stomach contents of marine mafurther suggests that fisheries remained reliable. Large populatio
mals and/or larger fish (Fitch, 1972). Such caveats notwithstamd-anchovies are generally inconsistent with El®irand the
ing, the frequency of fish bone in sites dating 600 B.C.—A.D. 1250esence of this species is compatible with a low incidence of vel
and A.D. 1000-1450 suggests that humans fished regularly, if ssbng ENSO events. The small size of this taxon further sugges
intensively, during these periods and that fish were abundamneasure of dietary stress—given the considerable investment
enough to warrant the effort. The presence of northern anchdirye and technology required to capture and process these sn
bones in deposits dating between 600 B.C. and A.D. 1450 stigh. Fish seem to have provided an important dietary stap
gests that fishing equipment included nets with small enoudhring the Medieval droughts, and the marked disruption in ht
mesh to capture this diminutive species and that upwelling wamn settlement on the central California coast is probably more
regular and sufficiently intense to encourage the presence of theskection of response to drought-related subsistence stress rat
fish near shore. than to a decline in marine productivity. Disruption to the marine
environment related to variable sea temperatures during the e
DISCUSSION Medieval Warm Period cannot be entirely ruled out, howevel
owing to the lack of chronological resolution associated with
Comparison of historic sea-surface temperatures with thasentral California shell midden deposits.
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