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ABSTRACT Yet, except for tree-ring records (i.e., Cook and
Salinity oscillations caused by multidecadal climatic variability had major impacts on the Chesa- Jacoby, 1983; Stahle et al., 1998), multicentury
peake Bay estuarine ecosystem during the past 1000 yr. Microfossils from sediments dated bgecords are sparse from most of the United States,
radiometry (14C, 13Cs,21%b) and pollen stratigraphy indicate that salinity in mesohaline regions and the ecological impacts of Holocene climate
oscillated 1015 ppt during periods of extreme drought (low fresh-water discharge) and wet climatevariability remain poorly known.
(high discharge). During the past 500 yr, 14 wet-dry cycles occurred, including sixteenth and early We investigated the past millennium of paleo-
seventeenth century megadroughts that exceeded twentieth century droughts in their severityclimatic history of the mid-Atlantic region pre-
These droughts correspond to extremely dry climate also recorded in North American tree-ring served in the sedimentary record of Chesapeake
records and by early colonists. Wet periods occurred every ~60—70 yr, began abruptly, lasted <20 yrBay. Chesapeake Bay, the largest estuary in the
and had mean annual rainfall ~25%—-30% and fresh-water discharge ~40%—-50% greater than United States, is a 320-km-long, 20—40-km-
during droughts. A shift toward wetter regional climate occurred in the early nineteenth century, wide, 6500 krg drowned river valley (average
lowering salinity and compounding the effects of agricultural land clearance on bay ecosystemsand maximum depths of 8.5 m and 53 m, respec-
tively) inundated by the late Quaternary sea-level
Keywords: Holocene climate, benthic foraminifera, Chesapeake Bay, estuarine ecosystem, eaisteca. 6—8 ka (Colman and Mixon, 1988). The

U.S. precipitation, eastern U.S. climate. bay’s thick Holocene section (Colman and
Halka, 1989) contains micropaleontological and
INTRODUCTION that decadal- and centennial-scale climate changgsochemical evidence for changes in fresh-water

Twentieth century climatic variability is are characteristic of the past millennium, a periodnd sediment inflow, salinity, dissolved oxygen,
caused by ocean-atmosphere interactions (Lathat includes the Medieval Warm Period (ninthrand temperature (Cronin et al., 1999a). Its record
and Barnett, 1994; Woodhouse and Overpeckyrough fourteenth centuries) and the Little Icef decadal- and centennial-scale variability holds
1998), solar variability (Crowley and Kim, 1996; Age (fifteenth through nineteenth centuriespromise for understanding impacts of past and
Lean and Rind, 1998), volcanic processefHughes and Diaz, 1994; Overpeck et al., 1997¢limate change.

(Robock and Mao, 1995), climatological “noise.”
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A Foraminiferal salinity model and age models were obtained by using pollen
20 * stratigraphy and radiometric dating. Prior studies
18 y=0.181x + 10.659 r-sq - 0.66 (Brush et al., 1982; Brush, 1989; Cooper and
16 Brush, 1991) provide a framework for post-
144 colonial pollen stratigraphy. Two events are espe-
127 cially useful markers: the appearance of abundant
1037 (>10% of the total assemblag&nbrosia(rag-

&7 weed) between ca. A. D. 1800 and 1850 (the agri-
6 ! T J J J J T T cultural horizon) and the disappearance of
Castanea dentat&chestnut) ca. 1930. We con-
verted 2214C dates on shells into calendar years
B PTXT-2 Estimated Salinity DC Rainfall & Potomac R. Discharge using the mpdel of Stuw_er and Reimer (1993).

infyear Ages for sediments deposited over the past century
N0 B R a0 at sites PTXT-2 and PTMC-3 were obtained from
b 2000 short-lived radioisotopes$™Cs and?1%Ph. A13Cs
~ 1990 spike at 30 cm (ca. 1963) in PTXT-2-G-4, 27 cm
in PTMC-3-P-2, and 56 cm in AZM-3 is cor-
roborated by%Pb profiles. Errors associated with
- 1970 each dating method are ~+20 yr for the agricultural
L 1960 horizon, ~+5 yr for thé3Cs spike, ~+5-20 yr for
the21%b profile, and +62—145 yr for radiocarbon
s dates. Age and core site data are available from the
e, - 1940 GSA data repository (see footnote 1). From dated
5t horizons, we computed calendar-year age models
that are corroborated by instrumental and tree-ring
records (see following).
L 1010 We used the benthic foraminifEtphidium
i : “on L 000 and several ostracode species to trace salinity
Ty variability (Ellison and Nichols, 1976; Cronin
avg. discharge | DO ee o 1890 etal., 1999b). A linear model to calculate paleo-
\ o L 10 salinity from the relative frequencies Blphid-
Y ium on the basis of its frequencies in surface
T - 1870 sediment is expressed as S = (0.181 X P) + 10.66
,,‘5--'*"" L 1860 (r=0.66), where S = salinity and P = percentage
W0 : of Elphidiumfor salinity between 10 and 20 ppt
. \ 180 (Fig. 2A). For P values >45%, the model
o averEnial e extrapolates salinity on the basis of populations
1830 : —— —— : i : ‘ ——L 183 from the lower bay wherElphidiumis more
30 25 20 15 10 7000 8000 9000 10000 11000 12000 13000 abundant (P = ~50%—-85% of the total forami-
salinity (ppt) cubic feet per second (csf) niferal assemblage) at salinities of 20—30 ppt
Figure 2. A: Relationship between salinity and Elphidium percentage in upper (Ellison and '\_l'(?hOl_S’ 1976). At salinities below
1 cm of sediment in Chesapeake Bay and its tributaries in salinity measured at ~10 ppt,Elphidiumis absent (P = 0%). Other
10—-20 ppt. B: Historical rainfall in Washington, D.C., from NOAA's National Climate environmental factors (i.e., dissolved oxygen,
Data Center (www.noaa.ncdc.gov/ghcn/ghcnV1.CLIMVIS.html) and Potomac substrate) account for the rest of the variability in

River discharge at Point of Rocks, Maryland (U.S. Geological Survey Sta- L
tion 01638500), and paleosalinity at PTXT-2 based on foraminifers. D1-D2 are dry Elphidiumabundance.
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periods; W1-W3 are wet periods. Dotted lines show approximate modern range TO_CrOSS'CheCk this model, we Compare_d paleo-
in salinity and precipitation at core site over past decade. Discrepancies between salinity trends from core PTXT-2-P-5 to instru-
paleosalinity estimate and Washington rainfall from 1830 to 1860 may be due to mental records of Washington, D.C., rainfall and

age dating uncertainty or inadequate rainfall records. Potomac River discharge for the past 175 and

90 yr, respectively (Fig. 2B). For downcore

MATERIAL AND METHODS mum wet-season salinities from 1984 to 199@nalyses, ~100 foraminifers were isolated from

We studied cores across a salinity gradient efere 10 and 18 ppt, respectively; dry-season mid0—60 g at 2 cm spacing. Confidence intervals for
<10-22 ppt in the mesohaline bay (Fig. limaand maximawere 17 and 22 ppt, respectivel¥00 individuals are +5% to 9%, depending on the
Table 1). Chesapeake Bay salinity is influencedPost-1950 data show that interdecadal midbay sispecies’ relative frequency; thus, temporal changes
by seasonal and annual fresh-water dischardgace-water salinity extremes ranged from maximia relative frequencies of 10% to >80% are statis-
which is largely a function of precipitation in theof 15-16 ppt during the dry 1960s to minima ofically significant (Buzas, 1990). Although the
watershed (Najjar, 1999; Cronin et al., 1999a)x5-7 ppt during the wet 1970s. Thus, this region isarliest rainfall records may not be accurate, the
Monitoring records in the bay just off the Potomasensitive to both short- and long-term fresh-watetecadal trends revealed by &ighidiumrecord
River, for example, show that minimum and maxidischarge variability and is well suited to recordtill generally match Washington rainfall and
- climatically driven salinity oscillations. Potomac River discharge. Three periods of

'GSA Data Repository item 20004, Table 1, Site and L ithologic and X-ray radiograph studies showeduced salinity (W1-W3) correspond to periods
geochronologic data for Chesapeake Bay cores, is a"?iat sediments in the midbay consist mostly aff greater than average discharge and rainfall
able on request from Documents Secretary, GSA, P.Q. . L )
Box 9140, Boulder, CO 80301, ediing@geosociety.on me-gramed organlc-rlgh mud and flng sanc(lSﬁO—lQlO, 1930—.19505, and post-1970). Dry
or at www.geosociety.org/pubs/drpint.htm. (Kerhin etal., 1998). Sediment-accumulation rategeriods (D1, D2) during the 1930s and 1960s cor-
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respond to times of high bay salinity. Similar bu
damped patterns are evident at the other sit
(Fig. 1). A salinity excursion of 10-15 ppt (i.e.,
W1 and W2) equals an increase in annu:
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south and shallow to deep salinity gradient, & 5 : - |
measured by the percentag&lghidium Farther g R . w8 » i - "
. D8 T L
south and deeper water core sites have on aver: 1700 oo wo 1700
greater proportions dlphidiumand thus higher 1675 - 10 » L 1675
estimated salinity. The shallowest site (sitt D10 W11 R
PTXT-2, 12 m water depth) was the most sensitiv R I DS~ e
to decadal salinity variability; the deepest and mo 1625 .o = - 1625
; o W12 =
oceanward site (PTMC-3) was the least sensitiv 1600 » L 1600
This pattern reflects the influence of saline Atlanti D12 ;1’:5:;‘;"12 g‘)‘fanies ==l _
water in the deep channel, even during we R . ' -
periods, and the greater sensitivity of shallower re 1550 4 wis . - 1550
gions to changes in fresh-water flow. Second, pr 1525 1 D13 ¢ - - L o5
eighteenth century salinity was on average sevel iz i
parts per thousand higher than salinity during tr 1500 7 W14 -
past two centuries; all cores show evidence for lo 1475 -} D14£ v - 1475
frequencies dElphidiumsince about 1800—-1850, 1450 : : : : . : s : 1450
although this signature may partially reflect the in 30 25 20 15 10 1 0 1
fluence of nineteenth and twentieth century lanc salinity (ppt) PHDI (9-pt smooth) from

use changes. Third, during part of the Medieve
Warm Period (ca. A.D. 1250-1350), site PTMC-2
underwent a period of low salinity signifying ex-
tremely wet climate. However, further study of the
Medieval Warm Period variability is needed.
Fourth, site PTXT-2 provides a detailed sedi
mentary record of decadal variability in Chesa

Stahle et al. 1998

Figure 3. Comparison of 500 yr salinity record at PTXT-2-P-5 to nine point smoothed
tree-ring Palmer Hydrological Drought Index (PHDI) for area (from Stahle et al., 1998).
Negative (positive) PHDI values signify dry (wet) conditions. Wet periods (< 25 ppt
salinity) are W1-W14; dry periods (high salinity) are D1-D14. Dashed lines connect

major salinity and tree-ring events.

14C dates are indicated by arrows.

peake Bay salinity over the past 550 yr, revealingnd streamflow, of 40%—50%. Another importan{PHDI) for July reconstructed from tree rings
14 oscillations between high (25—-28 ppt) and lowharacteristic of these salinity cycles is that thifom southern Virginia and northeastern North
(14-16 ppt) salinity since A.D. 1450 (Fig. 3,shift from dry to wet climate was extremely rapidCarolina (Stahle et al., 1998). The PHDI record
W1-W14 and D1-D14). These oscillations sigeccurring over about a decade. was smoothed for easier comparison to the sedi-
nify multidecadal periods of wet and dry regional Large-scale fluctuations in salinity are alsanentary record. Although a precise correlation
climate. During the most extreme excursionidicated by ostracode assemblagégthero- between paleosalinity and PHDI is difficult to
(W14, W13, W12, W10, W6, W3, W1), the fre- morpha newportensisalinity range ~>16—-32 achieve because of dating error, there are note-
quency ofElphidiumwas low, taxa tolerant of ppt) oscillated approximately in phase wiEh ~ worthy similarities between the two records.
lower salinity predominated\thmobaculitésand phidium During droughts, marine speciéag@- First, there is strong evidence that sustained
salinity fell by ~10—15 ppt. Conversely, dry inter-tocytheretta edwardshctinocythereis captionis droughts during the middle to late sixteenth and
vals are prolonged periods Bfphidiumdomi-  Pellucistoma magniventyanhabited mid-Chesa- early seventeenth century were more severe than
nance and high salinity and low rainfall sustainegeake Bay, reflecting diminished fresh-water intwentieth century droughts. Events D14, D13,
over several decades; these intervals correspondltox; by the late 1700s, the brackish-wateD12, and D11 represent sixteenth and early
periods referred to as “mega-droughts” by Woodspecie$erissocytheridea brachyfornfel5 ppt) seventeenth century periods of high salinity
house and Overpeck (1998) and “sustained sevaemposed 30% to >50% of the assemblage. corresponding to continental-scale droughts from
droughts” by Meko et al. (1995). There also ap- Mexico, California, the Colorado Plateau, and
pears to be a quasicyclic pattern to the major saiMEGADROUGHTS IN THE EASTERN the southeastern United States (Meko et al.,
ity excursions with a period of ~60—70 yr. If the reUNITED STATES 1995; Woodhouse and Overpeck, 1998). Their
lationships among rainfall, streamflow and salinity It is useful to compare the Chesapeake Bagxistence in the Chesapeake record demonstrates
were similar to those for the nineteenth and twersalinity record to other climatic records for Norththat decadal climate variability had a severe
tieth centuries, these salinity oscillations equate #merica. Figure 3 compares the PTXT-2 salinitympact on this large estuary. These droughts
changes in regional precipitation of ~25%—30%ecord to the Palmer Hydrological Drought Indexprobably had severe impacts on Spanish and
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English colonists during the 1560s, ca. 1587basin rainfall and discharge due to doubling of ~ Ecology and Biology: Halifax, Nova Scotia,

1589, and ca. 1606-1612 (Stahle et al., 1998xtmospheric CQ) as predicted by regional cli- t(i:oan”fd:'l'\gi‘”;iae Sediments Special Publica-
Secqnd, from the late seventeenth until thmgte (Crane and “Hewnson 1998) and hydr(ﬁenderson’, K.G., and Vega, A. J., 1996, Regional pre-
early nineteenth century, more frequent lowelogical models (Najjar, 1999). cipitation variability in the southern United
amplitude salinity excursions (W11-W4) signify States: Physical Geography, v. 17, p. 93-112.
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