
INTRODUCTION

Salinity variations play an important role in the
physical and biogeochemical processes of estuaries
and marine embayments. Within these marginal ma-
rine settings, either directly or indirectly, spatial and
temporal variations in salinity control turbidity and
sedimentation, the distribution of dissolved inorganic
and organic constitLlents. and the distribution and
abundance of f lora and fauna (reviews in Chester.
1990; Berner and Berner, 1996).

Recently, Florida Bay-an estuarine-like, shallow
marine embayment that receives significant terrestrial
runoff from peninsular Florida-has experienced dra-
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matic ecosystem changes including sea-grass die-offs,
decreases in populations of f ishes, pink shrimp, and
water birds. and increased blooms of algae (Boesch er
al., 1993). At the same tinre, the frequency and inten-
sity of hypersi,rl ine events in Florida Bay have appar-
ently increased leading to the hypothesis that the re-
cent ecosvstem changes in the bay have resulted fiorn
changes in salinity (Mclvor et ul., 1991). Further. it
has been hypothesized that salinity variations within
the bay are the result of anthropogenic factors, such
as diversion of freshwater runoff from the Everglades,
freshwater that would otherwise have drained intcr
Florida Bay (Mclvor et ul., 1991). Hydrologic mod-
eling studies support this hypothesis, showing that
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ABSTRACT

We investigatecl the use of ostracocle mctal/calciunr ratios {Mg/Ca. Sr/Ca. and Na/Ca) to reconstruct the salinity historl' of
central  Flor ida Bay f iorn i ts sedimentarv recorcl .  \ \ -e f rst  c lc leJopecl  p lo l is ional  part i t ion
averagc rre/Ca ratio firr rnodern Floricla Bav $'ater irnd l7l nrodern shells of Lrt.wxontlur ntuld,gordensi.s at a mean Florida Bay
u'atel tenrperirture ol 26.5'C. Trends in
dated sediment cores tion Russell Bank. Ptrrk Key. and Bob Allcn Keys appear to pror,icle a reasonablc cstimate of Florida Bay
sal in i ty history tbr  the past 130 years.  The most complete Mg/Ca rccord l lnm Russel l  Bank extends back to lU75 and shows a
good correspondence between est in lated paleosal in i ty ancl  measurccl  annual  ra in la l l  in south Flor ida.  Paleosir l in i ty est imates fbr
the Russell Bank area range fiotn -.-13 to ..'-5-5 ppt. Estirnates lbr the post i9-50s periocl arc cornparable to instrumental mea-
surements t t f  sal in i ty neat ' the Rr.rssel l  Rank si te.  Thc ovcral l  record incl icatcs a c lecirdal-scale lar iabi l i ty  in sal in i ty in which large
ampl i tude shi f ts in ostracode M-s/Ca lat ios rv i th high MgiCa (higher sal in i t l )  r 'a lues corresponding to per iods of  lovr,raint i r l l
f }om -.-1895 to ^-1920:rnd fronr 19.10 to present.  Thc intervening 20 lears ( .  l9 l0 lc) :10) are characrer izecl  by relat ivel-v low
ampl i tude shi t ts in Mg/Ca and rainfal l .  Since l9-50. per iods of  h igh sal in i t l  (^ ' .15 to -55 ppt)  occur dur ing cach decacle.  Pr ior
to 19.10, sal in i ty never exceedcd - ,1-5 ppt and gerrcral ly renrained belorv. l0 ppt.  c lespi te evidence in the rainiLl l  recorcl  ofdrv
inlervals in the ear ly I  900s equivalent to t l tose of  the last  -50 years.  Sal in i t l '  mir . r i rna associatcd rv i th the decadal-scale osci l lat ions
range f ioni  - l -5 to -2-5 ppt.  Four ol  t t rc f i r 'c  extreme low values (- . ' l9 l -5,  . . '19'10. -1983. -1998) appear to correspond with
t imes of  strongl l '  ncgat ive values of  the Southern (Jsci l lat ion Inclex.  that  is .  El  Nino condi t ions that br ing anontalor.rs ly high
u'inter rainfall in the southcastern U.S.

These resul ts st lppot ' t  the hypot l rcsis that  sersonal  and dccadal  scale sal in i tv f luctuat ions l re a natural  part  of the Flor ida Bay
ecosystem, and that these l luctuat ions are l i t rgely a lunct ion of  natural  var iabi l i ty  of  rccional  c l i rnate (rairr fa l l ) .  The relat ively
low peak sal in i ty values associated with apparent dry per- iods in the ear l1,  I  900s suggests rhat"  s ince  ̂ ,1950. anthropogenic tactors
may have plavcd a role in the nragrr i tude ol  the sal in i ty l luctuat ions in more reccnt t i rncs.
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large-scale decreases in freshwater influx to Florida

Bay from the Everglades wil l lead to extreme fluctu-

ations in salinity and an increased occurrence of hy-
persaline conditions, especially in near-shore sub-ba-

sins of central and northeastern Florida Bay (Fennema

er al., 1994).
While it is clear from historical accounts that the

bay has experienced hypersaline events in the last f 'ew

decades, very l itt le is known about the long-term sa-
linity history of Flonda Bay and whether or not the

recent events of hypersalinity are unprecedented prior

to human activit ies in South Florida. Unfortunately,
only short and discontinuous instrumental records of
Florida Bay salinity have been obtained over the last

50 years, and only trnecdotal salinity data exists prior

to this time. In place of instrumental data. lon-eer re-
cords of Bay salinity have been reconstrlrcted from
tbssil material deposited and preserved in the bay. For
example, on the basis of an oxygen isotopic (6'tO)

record fiom a Florida Bay coral, Swart e/ ol. (1996)

postulated that there has been no major long-term in-
crease in salinity in Florida Bay, irnplying that the
events of hypersalinity are part of the natural varitrbil-
ity of Florida Bay. They concluded, however, that fol-
lowing construction of the Miami-to-Key West rail-
road (1905-1910) there was a decrease in the vari-
abil ity of the E180 signal. suggesting a stabil ization of
salinity conditions in Florida Bay during the period
I 905-present relative to 1 825-190-5. Brewster-Wingard
et al. (1998) and Brewster-Wingard and Ishrnan ( 1999)
interpreted molluscan and foraminif-eral assemblages
from Florida Bay sediment cores to indicate progres-
sively increasing salinity during the later part of the
20th century and an increase in the amplitude of sa-
linity variabil ity about 1940.

The coral record of Swart et eLl. (1996) is from Lig-
numvitae Basin near the southwestern bay-ocean
boundary where seasonal and inter-annual salinity var-

iations are substantially lower than in central Florida
Biiy. Although they argue that salinity variations in
Lignumvitae Basin are representat ive of  sal in i ty
changes throughout most of Florida Bay, no compa-
rable studies from interior-basins (where corals are
rare) have confirmed this hypothesis. Further, Swart e/
al. (1996) noted the complexity of the coral 6180 sig-
nal, which is controlled by temperature, rainf-all, rela-
tive flr-rxes to the bay of freshwater and seawater, and
evaporation, and, consequently, the dilf iculty in inter.
preting this record without ambiguity.

In contrast to the coral 6r8O-based salinity record.
paleoecological studies of salinity-dependent fauna
and flora from sediment cores suggest multi-decadal
scale fluctuations of Florida Bay salinity superimposed
on an overall increase in salinitv during the last 200

years (Wingard et al., 1995). Like the 6180 record,

interpreting paleoecological signals may also be com-
plicated by a number of factors, including changes
over time in bottom sediment type, temperature, sub-
aquatic vegetation, food availabil ity, and predation,
leading to uncertainty in paleoecological-based salinity
reconstructions.

Here we develop a new geochemical proxy of Flor-
ida Bay salinity-the metail/Ca ratios preserved in fos-
sil ostracods shslls-i11d use it to reconstruct the sa-
linity of Florida Bay fbr the last 180 years. We also
compare the paleosalinity record to instrumental rain-
fall records of South Florida to examine the effects of
regional climate variabil ity on Florida Bay salinity.

ACKNOWLEDGEMENTS

We are grateful to L. Brewster-Wingard, S. Ishman,
R. Halley. C. Holmes. J. Stone, S. Schwede, and S.
Kim for their help in the field and in dating and pro-
cessing the core samples. Funded by USGS Place-
Based Studies Program.

REGIONAL SETTING

Florida Bay (Text-flg. 1) is a triangular-shaped, shal-
low, restricted marine embayment bounded to the
north by the coastal wetlands of the Everglades and to
the south by the Florida Keys which separate the bay
from open ocean waters of the Straits of Florida, The
western boundary of the bay is less distinct, mtrde up
of a system of shallow sediment banks that restrict
exchange between Florida Bay and the Gulf of Mex-
ico. Water depths range from less than I m to about 3
m generally deepening to the south and west (Text-fig.
l). Tidal eff-ects are minimal throughout much of the
bay.

Within the bay are a series of sub-basins separated
by a network of small islands, called keys, and mud-
banks. The mudbanks are submerged, accretionary
f'eatures and are the prirnary sites in the bay for the
accumulation of sediment, most of which is f ine-
grained calcium carbonate (mud) derived from calcar-
eous organisms living within the bay (Stockman er a/.,
1967; Enos and Perkins,1919).

Waters of Florida Bay are composed primarily of a
mixture of two salinity end-members: fresh, terrestrial
runoff/discharge from the Everglades with a salinity of
less than I ppt, and saline. surface waters from the
Gulf of Mexico and Straits of Florida with salinity
around 36 ppt. Mixing of these two end members leads
to a general northeast-to-southwest salinity gradient.

The bay's salinity can also greatly exceed 36 ppt as
a result of evaporation. Evaporative concentration of
Florida Bay waters generally occurs during the dry
season (-November to May) and salinity values ex-

Bulr-puN 361



OsrnacooE Ssp,r-l CugutstRv: Dwvp,n nNo CRoNtN

05' 81. 55'. sO 45', 40' 35' 80"30', 25' 20'

Tert- f ignrc l . -Map showing Florrch Ba1'  rcgion l tncl

b1'  Swart  et  u l .  (19961.

251

ceeding 50 ppt have been reported in interior portions
crl '  the Bay (Ginsburg. l9'72, and see ret' iews ir.r Swart
et ul., 1996 and Mclvor et ul., 1991). Wet setrson
(-May to October) rains bring new rr"tnoff from the
Ever-elades and reverse the dry season trend of increas-
ing sal in i ty.

The strong influence of rainfall/runoff on the salin-
ity of Florida Bay is evident f iom recent uronitoring
studies and vetries in ma-gnitude and tirning u'ith dis-
tance from the mainland (Text-tig. 2. Text-fig. 3). Shal-
low groundwater levels ir.r the Everglades, which are
largely controlled by rainf'all. show a significant cor-
relation with Florida Bay salinity proviclir.rg further er"-
idence of the impact rainfall/runolf on the salinity of
Flor ida Bay (Tabb, 1967: White,  1983t as reviewed in
Mclvor et ul.. 1994).

Unfortunately, these studies were conducted after
significant modificzrtions were made to thc uatural run-
off system in South Florida. which previously was
characterized by sheet f low south fiom Lake Okeecho-
bee through the Everglades to Florida tsay (Miller,
1991). During this century, a complex network of ca-
nals and levees has been constructed in order to control
f looding ar-rd to drain wetlarnds for agriculture, ult i-
mately resulting in a lowering of the water table and

an alteration of the near-surface hydrogeology over
rnuch of in southern trlorida (RAIL, 1973: Miller.
1997 ). Just afier t l 're onset of canal construction around
the turn of the century. the Miarni to Key West railroad
was completed. resr-rlt ing in partial or couplete clttsing
of rnany clf the ocean inlets between the Floridii Keys.
This has led to the hypothesis that the salinity of Flor-
ida Bay may har,e been markedly dift-erent prior to
large-scale human act iv i t ies in south Flor ida,  an idea
which we evaluarte here by reconstructing the salinity
history of central Florida Bay usin-e the chemistry of
lossi l  ostr ; lc t rde :hel ls.

CONTROLS ON OSTRACODE SHELL
CHEMISTRY

Pnrvtot-rs SruotEs

Ostracodes are rnicrocrllstaceans thart inhabit f iesh-
water, brackish. mnrine, and hypersaline environnrents.
They secrete a bivalved carapace" or shell. that is com-
rr-ronly preserved in sedirnents and whose chernistry is
increasin-tly being used fbr paleoenvironmental recon-
structions in various aquatic ecosystems (Chivas er a/.,
1983: Holmes. 1996).  The shel l  is  composed most ly
of the mineral calcite (CaCOr), which co-plecipitates
minor amounts of foreign metals such as nragnesi unr
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Hal ley er a1. data (199-5).
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of the wet (October) and dry (June) seasons. Contoured from

and strontium, that substitute into the crystal lattice in
place of calcium. The uptake of Mg or Sr into the
calcit ic ostracode shell can be described by the fbllow-
ing equat ion:

(me/Ca),,.,,.u..de crrcilc 
: (Kn_,,,")(me/Ca...,,,".)

where me/Ca represents the atornic ratio of Mg (or Sr)
to Ca, and KD_.,e is the element-specific partit ion co-
efficient. ThLrs, if Ko_,,," is constant or can be con-

strained. then the me/Ca ratio in ostracode calcite can
be used to determine the me/Ca ratio of the water in
which the shell was secreted (see Wansard, 1996).

In the waters of Florida Bay. me/Ca ratios appear
to vary with salinity as a result of mixing of freshwater
runoff and discharge from the Everglades. and sea-
water (Text-fig. 4). Thus. (rne/Ca),,.^r",, as calculated
fiom (me/Co)u,t.".u,rc c,rrcir., could be used to estimate
Florida Bay salinity.
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Text- f igure 3.-Time ser ies of  rnont l r l r  ra infhl l  in Solr th Flor ida
(Flor ida Area 5.  NOAA Data Archive) ancl  b i -nronthly sal in i ty (Hal-

ley et ttl.. 1995) at four krcntions in Florich Bal firr the peliocl fiotn

November 1994 to June 1996. Note apparent arrpl i tude decrease

:rnd delayed response of  sal in i ty change to rainfal l  t i th increased

distance fiorn mainlancl.

ln addition to (me/Ca),..,r",.. other factors potentially
control the uptake of fbreign ions into calcite. From
experimental and field studies with inor-uanic and bio-
genic calcite, Ku-nr* hars been shown to have a strong
therrnodependence (Chave, 195,1: Chivas et t i., 1983:.
Cadot and Kaesler 1977; Br"rrton and Walter. 199 l;
Dwyer et ctl., 1995). And Kr)-.. appears to be controlled
prirnarily by calcite precipitation rate (reviewed in
Morse and McKenzie,  1990).

Aside from temperature and Mg/Cil,,.,,.,., salinity may
independently affect Kr)-\r". While most workers have
concluded that K' n,,o is constant or increases with in-
creasing salinity, two survey studies of shells of ostra-
code genus Ctprideis fiom shallow c()astal ponds of
widely varryir.rg salinity (0 to >120 ppt) indicated a
negative relationship between Kr,, n " and salinity (Tee-

ter and Quick,  1990; Bodergat.  1985).  Sirni lar ly.  Wan-
sard ( 1996) noted the apparer.rt nonlinearity in Krr nr"
for Cypricleis when cornparring Kr,-r,. calculated for
freshwater specimens fiom Lake Banyoles, Spain
(0.0169) to the K,,-n'" c:rlculated fir l I.narine speeitlens
by Chivas et al. (19U6) (0.00,1-5). Unfbrtunately. results
of empirical f ield studies frot-t.t sites with significant
inter-annual environrnental variabil ity o1len are lncon-
clusive because, even for l ive specimens, it is ditf icult
to verify that the ostracode shells 

-trew 
Llnder the en-

vironmental conditions measured at the time of collec-
tion (e.g., Xia et al., 1991 ). To avoid the inherent un-

3.0

0 1020 3040 506070
Sal ini ty (ppt)

Text- f igure 4.-Model . l r ta (connectcd l i l led symbols) shorving

thc szrlinit,"- depenclencc of Mg/Ca (r.nol/rlol) and Sr/Ca (ntmol/rnol;

in waters of  Flor ida Bay. The nroclel  assunres conserrat i re mixi t tg

ol freshuater fiorn the South Florida sr-rrficial acluif'er system and

scas'atel '  r l i t l . r  the tb l lou, ing elemental  conccntrat ions (ppm):

(2t

1.0

2.0

0.0

Freshs'ater (Sonr.r tag.  1987 )
Sea\\ 'ater (sal in i ty -  35 ppt

Chester.  1990)

90 5.6 0.8
112 t290 1.9

26
1.0,110

Open syr.nbols u-e- ratios calculated frrnr Fkrricla B.ly water anal-

vses rc l lor tecl  by 'Berner (1966) and Burns and Swart  (1992).  and

thel, generally agree u'ith the r.nodel data. At salinity above nornral

scasirter. nre/Cu ratios of Florida Ba)' \\'aters ntay behare itr l nut.tt-

ber of u,err-s. Uncler sirllple eraporatiVe concentration. ratios u'ill

remain unchangecl .  Houever.  i f  cr  apolat ion concentr t l t iu l l  is  accont-

panied b1, s igni l icant amounts of  CaCO, precipi tat ion (biogenic or

inorganic) ,  nrc/Ca rat ios ol  bay n 'aters u ' i l l  cont inue to increase

along n' i th sal in i t l ' .  Relat ive to MgiCa. th is et l 'ect  nray bc c l iminished

lbr Sr/Ca because o1' the relatively high Sr/Ca ratio of aragonite. a

mineral  that  nrakes up l round 607. of  the sedintents deposi tccl  in

Flor ida Bay (Burns and Srvart .  1992).

certaint ies associated with t ie ld str-rdies.  DeDeckker el

ul. (1999) analyzed the chemistry of C.rprfuleis shells
raised in laboratory cultures under controlled temper-
ature. salinity, and Mg/Cit,.,,,., conditions. Their results
confirm the stron-g eff'ects of water ternperature and
Mg/Ca,.,,,.-,. on the uptake of Mg and the lack of any
sal in i t l  e l - l -eel .  posi t i re or negat ive.

In addition to magnesium and strontium. ostracode
shell calcite coprecipitates minor alnounts of sodium.
However, unlike Mg and Sr. Na is not incorporated in
the calcite crystal latt ice, but instead resides in crystal
def'ect sites (Busenber-e and Plr-rmmer, 1985). Evidently
sodium uptake is controlled by the sulfate (SOrr ) con-
centratior"r of the mother solution (Busenberg and
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Plummer, 1985). As a conservative ion in estuartne
settings (Chester, 1990), SOrr l ikely covaries with sa-
linity in Florida Bay rnuch like Ca, Mg. Sr, and Na.
Therefbre, the Na/Ca ratio of ostracode calcite may
also be indirectly controlled by salinity and be useful
for paleosalinity reconstructions in Florida Bay.

Phylogenetic and ontogenetic factors also influence
Ko-." and Ku_., of ostracode calcite (Chave, 1954; Ca-
dot and Kaesler, 19'71; Chivas et al., 1983). requiring
the use of shells of same genus and of the same on-
togenetic stage for meaningful paleoenvironmental re-
constructions based on shell chemistry. Thus it is nec-
essary to calibrate Ko ,,,. for shells of the species se-
lected for paleoenvironmental reconsrtructions.

SrRarr,cv ro DEVELop PeI-Eosl.lrNrry EeUATIoNS

Our strategy was to determine partition coeflicients
(Ko_n,") for foreign metals for adult shells of the com-
mon species Loroconcha matagordensls on the basis
of average me/Ca ratios fbr Florida Bay water and for
average me/Ca ratios in modern specimens of Lctxo-
concha matagordensis. Ko-." would then be used in
conjunction with fossil shell me/Ca ratios to calculate
past values of me/Ca*,,,". which in turn would be used
to estimate salinity based on the relationship displayed
in Text-figure 4.

This modern-average calibration method was pre-
ferred over a site-by-site direct calibration of measured
salinity to modern shell Mg/Ca at the site (i.e., Dwyer
et al., 1995) for three reasons. First, it is difficult to
separate the effects of water temperature, which an-
nually varies from about l5-33'C in Florida Bay, from
those of salinity. Previous studies, as well as our own
data shown below, suggest strong thermodependence
of ostracode Mg/Ca ratios. Separating salinity and
temperature effects in coastal environments is difficult
for most geochemical and faunal proxies of past en-
vironmental conditions. However, because temperature
and salinity are often positively corelated in Florida
Bay waters (Swart et al., 1996; results below), it is
quite probable that downcore variability in ostracode
shell Mg/Ca is due to changes in both factors (see
discussion).

Second, although salinity and temperature were
measured at the time of collection of modern L. ma-
tagordensis, the exact time that each individual ostra-
code secreted its adult shells was not known. Because
adults of L. matctgorclensis live for several months and
this species secretes its adult shells year round (King
and Kornicker, 19101' Kamiya, 1988), then many
adults, in fact. did not secrete their shell at the time of
collection. Because salinity and temperature vary tem-
porally and spatially, it is possible only to obtain a

range of possible salinit ies and temperatures for the
site fbr the previous f'ew months.

Third. durin-q our period of sampling. the rnean sa-
linity in the study area varied from -23.9 ppt (Feb-
ruary 1998) to -33.6 ppt (Ju1y 1998).  With few ex-
ceptions, our material does not include individuals that
l ived in extremely high (>40 ppt) or low (<18 ppt)
salinity environments such as those experienced by
Flor ida Bay histor ical ly (Robblee et  a l . ,  1991).  Con-
sequently, a revised calibration should be developed in
the future using individuals grown in cultures at
known temperatures, over the widest salinity range
possible, which lor L. matagordensis is 10 to >50 ppt.

METHODOLOGY

ANrlvsgs oF WATER AND LrvrNG OsrRacole SsEr-ls

Water and ostracode samples for this study were col-
lected from 25 U.S. Geological Survey sites across
most of Florida Bay (Text-Iig. 1). As part of a larger
study to characterize the Florida Bay ecosystem, most
of these sites have been sampled seasonally (February
and Jr-rly) since 1994 (Wingard et al., this volume).

Water samples, Iiltered in the lield using disposable
0.45 p,m syringe filters, were collected fiom each of
the 2,5 sites in July 1998 and February 1999.In ad-
dition, water samples (unfiltered) were collected in
August 1997 from 51 sites in Biscayne Bay and the
small bays that lie between Biscayne and Florida Bays.
At each site, water temperature and salinity were mea-
sured in the field using routinely-calibrated YSI or Hy-
drolabs brand field instruments (Brewster-Wingard et
al., this volume).

Ca, Mg, Sr, and Na concentrations of the water sam-
ples were measured by direct current plasma atomic
emission spectrophotometry (DCP) in the Plasma Lab
at Duke University Earth and Ocean Sciences to de-
termine the relationship between water me/Ca ratios
and salinity of south Florida's coastal waters. Final
data are reported as Mg/Ca, Sr/Ca, and Na/Ca atomic
ratios with analytical precision, based on replicate
analysis of IAPSO standard seawater, of +la/o, +27c,

and + 37c, respectively.
Ninety-seven living (whole carapaces with visible

soft parts), adult specimens of Loxoconcha mategor-
densi.s, a cosmopolitan phytal ostracode in Florida Bay
(Keyser, 1975; Cronin et al., this volume), were col-
lected fiom sub-aquatic vegetation from 16 of the 25
USGS sites in Florida Bay in February 1998, July
1998, and February 1999. Shell Mg/Ca, Sr/Ca, andNa/
Ca ratios of these specimens were measured by DCP
Procedures follow those in Dwyer et al. (1995). An
additional step included an overnight soaking of shells
in full-strength commercial bleach to remove organic
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matter prior to triple rinsing in deionized water. Re-
sults are reported as atomic ratios of Mg/Ca, Sr/Ca.
and Na/Ca in mmol/mol. Analytical precision, based
on replicate analysis of internal-consistency standards
is less Ihan +2Vo for Mg/Ca and Sr/Ca rritios. and
around +8Vc for Na/Ca.

From six of the sites we also analyzed the Mg/Ca,
Sr/Ca, and Na/Ca ratios of shells of dead adult speci-
mens of L. matagordensi.s collected fiom the upper l0
cm of sediment push cores. These core-top specimens
allowed a comparative evaluation of possible post-
mortem alteration eff-ects on shell chemistry.

Fossrr- M,qrEnr,ql FRoM SEDIMENT CoRES

Mg/Ca. Sr/Ca, and Na/Ca ratios were measured on
fossil ostracode shells f iom live I to 2 m long sedi-
ment cores. Four cores l ie along a roughly north-south
transect in central Florida Bay (Text-fi-tr. l). These in-
clude mudbank cores 84.-6,4, RB-198. and PKK-23
collected in 1994 near Bob Allen. RusseII. and Park
Keys, respectively, and core T-24 collected fiom with-
in Little Madeira Bay along the coast of the Everglades
near the freshwater outflow region of Taylor Slough.
The lifth core, MB-1. is from Manatee Bay in Barnes
Sound, an adjacent embayment northeast of Florida
Bay.

Chronstratigraphy for the cores was determined by
uranium disequil ibrium series methods (Wingard er ai.,
l995; Brewster-Wingard et al., 1997; Robbins er a/.,
in press) and preliminarily corroborated with exotic
pollen horizon studies (Wingard et al., 1995'). Calcu-
lated linear sediment accumulation rates for 8,4'-6,4.
RB-198, and PKK-23A are 1.04, 1.22, and 0.78 crn/
year, respectively, and were applied to the entire length
of the core. Chronstratigraphic information fbr core T-
24 and core MB-1 are sti l l  under development.

Samples lbr ostracode analysis were collected at ap-
proximately 2-cm intervals. Most intervals in the 5
cores contained ostracodes and the majority of these
yielded adult valves tbr geochemical analysis. Shells
of Loroconcha matagordeilsrs were sufficiently abun-
dant to produce continuous records in the Russell and
Park Key cores and the upper half of MB-l. KD,,,.
values for L. matagordensi.s calculated lrom modern
studies were then used to estimate salinity f iom fossil
me/Ca ratios. In cores or intervals with insuffrcient
numbers of L. matogordensis in (Bob Allen, T-21, and
the lower half of MB-1; Cronin et al., thts volume) we
analyzed adult shells of second genus, Perutor:ytheri-
dea. However, no Ko-.," values are available for Per-
crtoc-vthericlea, so any down-core trends Perrfiocyther-
idea me/Ca ratios can only be interpreted qualitatively.
Shells were prepared and analyzed fbr Ca, Mg, Sr. and
Na by DCP as fbr modern specimens discussed above.

RESULTS AND DISCUSSION

WarsR CuEtvrtsrpv

The results of water chemistry analysis are l isted in
Table I and summarized in Text-figure 5. As shown in
Text-fi-eure 5. Mg/Ca and Sr/Ca ratios of Florida and
Biscayne Bay decrease with decreasing salinity, shift-
ing gradually from 35 ppt and l5 ppt and more steeply
fiom l5 ppt to 0 ppt. Na/Ca ratios (not shown) behave
similarly.

The trends observed are similar to that predicted
from the preliminary water chemistry data presented
in Text-figure 4 and the assr.rmption of conservative
mixing of Ca, Mg, Sr, and Na between seawater and
1i'eshwater runolf fiorn southern peninsular Florida.
Mg/Ca values overlap directly with Mg/Ca ratios cal-
culated fiom the data of Berner (1966) who measured
Mg and Ca concentrations at salinity -5, 11 . and 43
ppt in the 1960's.

The steep decrease in me/Ca ratios with salinity is
not typical of estuaries of the eastern United States.
More typically. estuarine waters show litt le or no
chan-[e in Mg/Ca, Sr/Ca, or Na/Ca ratios. retaining
seawater-l ike values well belor.v l5 ppt. This occurs
because. relative to South Florida runoff, terrestrial
rr-rnoff is generally f'ar more depleted in Ca, Mg. Sr,
and Na and me/Ca ratios are thus overwhelmed by
seawater. The relatively high concentration of these el-
ements, especially Ca. in south Florida runoff is l ikely
the result of interaction between surface water and up-
per Tertiary carbonate rocks of southern Florida.

Most importantly f i)r this study, the similarit ies in
water chernistry between Florida and Biscayne Bay
sanrpled fi'or-n 1991 to 1999 and the comparable Mg/
Ca ratios obtained by Berner (1966) fbr Florida Bay
suggest that the relationships between me/Ca,,,,". and
salinity are regionally and temporally persistent.

MooEns Sneli- CHsnlsrnv

Results of shell chen-ristry analyses of modern spec-
imens of adult Loxoconcha ntatogordensls fiom veg-
etation samples and sediment core tops are l isted in
Table 2 and the results of vegetation specimens are
summarized in Text-figure 6. Text-figure 6 shows shell
Mg/Ca and Sr/Ca ratios versus tneasured ambient wa-
ter salinity and temperature from sampling trips in
February 1998, July 1998 and February 1999.

It is clear liom Text-figure 6 that there are no ob-
vious trends betu'een rnodern shell me/Ca ratios across
the entire range of measured water temperature and
salinity. Mg/Ca ratios range from 23 to 54 mmol/mol.
Shells from February 1999. covering the f-ewest num-
ber of sites in the three seasonal data sets, appear to
show a positive correlation with both salinity and tem-
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Table l. Chemistry of waters from Florida ancl Biscayne Bavs. Calcium. magnesium. strontiunr, and sodium concentrations reported in
pprrl Mg/Ca and Na/Ca as mol/mol. and Sr/C:r as tnmol/mol. 'r'Salirrit) determinecl using sodiunt c()ncentration.
to map (Text-lig. 1). Biscayne Bav sarlple locations ar,ailable tl'orn the authoi.s.

Sal in i ty
Sanrple s i te (ppt)  Ca Mg Sr Na Mg/Ca Sr/Ca Na,/Ca

Flor idct  Bay ( .1u11 1998)

I
2-Top
3-Top
1
5
o
6-Top
1
6

9

l0
t l
12
13
l4
15
I 5-Top
l6-Top
I 7-Top
18
20
2l
2 I -Top
22-Top
23-Top
11

21-Top
l )

26-Top

Fbrida Bat' (Februa4

t
1
2
3
4
5
o
l

I

l0
1t
12
13
14
l-5
16
l1
17-banktop't'
l8
20
2I
2l
2 1 - lake"
2l - lakel '

22

a/

26
26

26.9
23.96
29.1
32..15
1) l<

3-5.9,+
3-s.3 1
37.r3
23.-5 I
28.24
3.1.63
30.78
36.85
10.12
;10.1
36.75
36.Iu
38.11
34.6 l
36.71
21 .82
39.31
38.12
38.56
36.2s
35.93
3-5.65
3-5.57
35.1 8

1999)
28.16
28.16
)s ) /

29.21
27.8r
29.35
28.87
30.41
19.3t i
21.06
26.86
21 .04
2t3.61
33.t ]
32.91
34.62
35.34
32.51
3 1.3
3-5.76
21.91
I  I  7f

31.72
36.9
35..1
3-5.1 I
34.0,+
35.r3
33.-5 I
33.51

3-32
333
362
401
.100
436

'136
151
3r9
412

'+35
380
132
503
,+98
453
450
432
422
.{38
349
469
159
469
433

,13 1
121
120

298
299
3-59
38-s
366
389
314
383
286
1/ l

36'7
358
370
4lu
122
113
441
421
111

311
;140
143
5.13
54.1
127
:+28
.+ l6
409
/+08

I (Xl5
972

I l0-5
1212
1)19
1319
I 370
l :13 1
914

r 196
I 342
| 192
1 363
I 573
l  538
1 386
1379
l32l
t290
1 352
l 054
t44l
I 405
1.{5-s
I _r68
1 307
l  337
1 301
| 304

824
814

I 026
I I :l-5
1 090
I 1,15
l lu
1 160
795
996

l 078
r0-58
I 106
1262
1287
13,+0
l  363
13011
1262
140 I
I  023
r313
1 333
l6:l(r
|  638
I 302
l  29u
1251
1223
1215

1192
6098
8303
956 I
93.+3

I 0657
l0-s4-5
10715
-582.1
-5831
9860
9161

1 0s23
1 1312
l l '+00
10512
I 0684
10121
9513

I 0454
8023

10946
10761
I l l04
| 0639
10 t91
10326
l0t26
10320

5104
53tt4
6205
t3520
u28 1
8470
83 l7
902r
5003
6111
6357
80.17
8362
9151
9735
9rJ80

| 0012
9953
9583

10250
6l 5'+
961 8
9633

I 1288
1084r
9153
9701
9126
9111
92.Or

1.99
4.81
5.0.1
5.23
5. 1-5
5.22
_s.18
5.11
4.72
1.79
5.08
5.11
5.20
5. l6
-5.09
-5.0'+
s.05
5.07
-5.04
-5.09
1.91
5.06
5.05
-5.11
5.2r
5.10
5. r2
-5.02
5.12

,1.5-5
:1.:18
1.7 |
4.90
4.91
.r.85
4.90
1.99
4.-59
1.-79
r1.84
4.88
1.91
1.91
,s.03
1.99
s.03
-s.05
1.99
5.08
4.t35
4.92
4.96
5.(X)
4.97
-s.03
5.00
4.98
4.93
1.91

8.39
8.59
u.4,1
8.6 1
8.,+9
8.58
8.-53
8.50
8.-r7
8.52
8.:18
8.56
ti .60
8.67
8.66
8.;+8
8.61
8.5 u
8.46
8.56
8.29
8.61
8.-54
8.69
8.65
8.51
8.50
8.,+6
8.63

8.,1s
8.21
8.35
8.30
8.-33
8.22
8.25
8.30
8.19
8.35
8.38
8.2'+
8.38
rJ.2l
8.37
8.34
8.50
x.6)
8.40
8.57
8.53
8.1t3
8.2-s
8.86
8.70
t3.56
8.49
8.37
8.,+0
8.29

,10.86
31.89
10.02
41 .5' t
10.72
42.63
42.20
,+1.01
31.78
24.67
39.17
.11.98
42.12
39.'+-5
39.91
10.42
11.11
12.10
39.52
:11 .63
40.03
40.66
,10.86
41.24
42.81
12.O3
41.80
41.31
12.82

33.32
31.3.1
30.14
38.-5: l
39.43
31 .93
38.75
1t.02
30.51
- r  l . : - l

30.19
39.22
39.,+5
39.4 i
40.21
3ri.87
39.06
,10.63
40.03
39.3 I
30.89
38.09
37.91
36.27
34.1-5
39.8 r
39.54
39.48
40. 1-5
39.3,1

6
6
l
ti
1
8
d

d

6
6

8
7
8

t0

6

8
8
8
8
6

9
9
8
8
8
6

8

6
5
1
l
7
1
1
1
.5
o
7
6
1
8
8
8
5
8
8

6
6

8
l1
t()
IJ
8
8
8
7
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Tablc l.-Continued

Sal in i ty
Sample s i te (ppt) Sr Na/Ca

Biscuyne &n (AugLtst  1997)

MRO6
TM02
MROT
MRO5
MRO.l
MRO3
wc02
SPO I
SKOI
MRO2
LRO3
PROI
BLO2
AROI
BLO I
MWOl
cL02
MROI
88.51
BBOI
LRO I
MtOl
CCOI
BBO3
CDOI
BB5O
BB,t8
BBr+8
BBO9
BB39A
BB34
BB1]
BB I0
BB21
BB5A
BB23
BB29
B83 I
BB28
BB4:I
BB4I
88.15
BB:I5
BB32
NNH
B82.5
B8,{6
BBOT
BB35
BB.l2
BB36
BB,t3
BB37
BB39i '

Stuulard.s'j

IAPSO
IAPSO
IAPSO
IAPSO
IAPSO
IAPSO

0.3
0.3
0.4
0.5
o.-l
1.2
1.4
/. -)
2.1
2.8
3.8
5.1
9.4

10.9
12.: l
12.6
13..1
16.1
t ] .1
18.2
19. l
20.8

23.6
23.1
21.1
26
26
26.1
26.9
29
30.2
31. I
3Ll
31.9
32
32.1
32.1
32.6
32.9
33
33. I
-3-t.l
33.8
33.9
3-s.2
3-s.2
35.6
35.8
36. l
36. ' l
36.7
37.3
33.9

-t -).+
33.0
32.1
35. I
33.s
32.9

6:+
66
60
66
1I
16
80
88
9).
93
96

1:+ I
t71
r90
103
t98
205
112
t - ) - )

26'7
t26
269
290
32u
319
3t1
320
311
3l. t
3'i6
321
366
38-1
3l l6
398
383
391
393
39:l
391
390
.1(X)
.lcJ.l

312
,+ l l
. |3

- l  t6
:+21
.120
.+28
.+-30

-136

1)a

121

.130

.+,+0
;136

9
d

1t
t,+
26
39
.11

65
94
91
87

112
334
387
469
119
,+-59
219
631
691
209
708
755
r) l l l
li7.+
891
9.15
938
919

l ot9
961

1i l0
I  166
| 111
1220
I 165
I t9 l
r 206
l t00
l2 r9
l2l0
t220
t2 i lJ
i l -sI
1273
r 283
l 305
I 330
I 322
I 353
I 335
135,t
1311
t3lcJ

l3l . l
1310
1-r28
133.1
13.+5
l3:19

3
I

il
13

t ]2
306
361
562
11 |
181

I 380
209\)

-3020
3,+7u
3370
3.+08
2.11 I
:1:1 I 8
.165 8
18.t5
50.17
5253
511 5
5680
-5798
7161
I 537
7353
1903
7562
[J6E6
8r) l2
9009
9292
9(X)9
91 1.1
9233
9l l l

933 8
9)71
c)2.10
9-162
8917
r)-t 3 8

1 00u7
1 0320
105 l - l
1 0165
1061 5
I0 r7.1
to111
10101
1o371

l 0235
l(x)93
10015
107.10
t0211
to0l l

0.23
0.20
0.3 r
0.34
0.60
0.85
0.87
1.21
1.68
1.61
1.;+9
2.Ol
3. t ]
3.37
3. {J0
3.11
3.69
-1.2:t
.+.'r6
.1.3 I
a l l

.{.3.1
1.29
.1.6 I
. t  < l

,+.6,+
.1. utt
.1.88
;1.82
.1.9 I
.1.86
5.0t)
-5.00
-s.01
-5.06
5.0 I
5.0 1
5.06
5.03
5.06
5.12
5.0-+
5.1 I
-5.10
-5.10
-) .  I  - t

-5. Iu
5.  i . l
5.18
J. l l

-5. t1
5. l -s
.5. I r)

-5.16

5.1,+
5. l0
5.07
5.12
-s.05
5. lo

.1.35
1.02
5.71
,1.88
5.05
5.20
5.68
4.65
5.12
5.9 1
-5.-50
6. l l
a al

| . - ) :
1.63
1.59
7.7 |
1.12.
t i . l9
8.0-5
6.:+-5
8.01
8.0.1
8. l6
t3. I '+
8.33
8.39
8.:16
8.32
8.37
8.29
u..+ I
8.35
8.. lu
8..16
8.51
8.11
8.57
8.39
8.5.1
8.-s9
t3.,t I
8.-s7
8.53
8.53
13.'17
[3.62
8.62.
8.-59
8.78
8..+ I
8. '10
8.67
8.63

u.2u
[3. I .+
8.33
8.57
8.3u
8.3 8

0.07
0.0,1
0.33
t.  l3
4.23
7.08
8.05

I l . l0
14.58
14.81
13.1 I
r7.08
2l .0; l
21 .16
29.8'1
29.10
28.9.1
29.66
32.99
30.;15
25.36
32.11
31.54
30.71
31.06
3r.90
10.7 |
1t .19
:10.82
39.87
10.29
,11 .39
.10..11
.10.68
,+0.75
.10.98
,10.5-5
.11.01

'10.38
10.99
.l I .:lit
.10.31
: l  1.5 I
. l  I  .78
,+0.4I
12.60
.13.19
12.91
12.56
.13.28

+2. I  o

.12.81
-+1.)  /

12.29
:l  1.5: l
.10..+3
13.51
:10.6.1
10.26

8
8
8
8

8

6
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Table 2.  Chcmistry of  l iv ing ancl  scdiment coretop shel ls of

adtrlt specirnens of Loxotoruha ntalttgortlertsl-s. Mg/Ca- Sr/Ca. and

Na/Ca ratios reported as mmol/mol. 'r' Salinitv determinecl r.rsing so-

dium concentration. Florida Bay sites comesponcl to ntxp lText-fi,s.

I ). Sample descriptors (e.g. # I . A) ret'er to separate subsamples ii-om

the si tes.  Biscayne Bai '  sample BB-5 I  is  located near the MBI core

si te (Tert- f ig.  l ) .  VPI (v isutr l  preservat ion inder)  is  a tneasure ct f

shell clarity rangin-e fiorn 1 (clear. unaltered) to 7 (opaqr-re. highll'

a l tered).

Bulr-Ern 361

Table l .  Cont i r . turd

Sample
Sitc

Ternp. Sal in i t l
( 'C) (PPt)  vPl MgiCa Sr/Ca Na/Ca

. l t r lv  I998

11#\

lA#3

lA#3

23#r

8A#2
8A#2
r6#2
16#2
11A#2
I tA#2
11A#2

12,\#2
l8#l
l8#1
l8#l
20A#3
20A#3
26#2
26#2
26#2
6A
6A
OA
.lA#l

'+A#1
,+A#1

t4#l
14#1
1.+#l
22
22
22
8
d

8
d

6

February 1999

18
l8
t8
l8
Iu
8
d

8
8
8

36.25 2.5
26.9 2.5
26.9 2.5
36.16 2.5

40.70 4.05 14.71
39.1 1 .1.31 l1 .O9
35.88 3.96 13.99
14.49 3.68 17.00

28.'12
31.3
31.3
31.9'1

Sample
Site

Temp. Salinity
('c) (ppt) vPI Mgica Sr/Ca Na/Ca

30.42 39.93 2.5 36.1 1 4.20 11.31
30.12 39.93 2.5 12.18 1.27 15.17

Flor ida Bal  L iv ing Specimens

February 1998

1'7
11
l7
t ]
l7
l7
1
I

t
1

t# l
l#t
l# l
1#4
1#1
5#5

-5#5
5#5
8#1
8#1
8#1
I l#5
I  l#5
I  l#5

1,1#l
A#l
16#1
16# I
I  6#t
17#3
l'/#3
I 8#2
t8#2
20#l
20#1
20#1
2l Shel l
2 l  Shel l
2 l  Shel l

23#l
26#I
26#l

29.13 3.11 14.18
26.06 3.39 12.21
35.64 3.46 15.41
37.78 3.65 15.0.+
29.)0 3.3,+ 13.11
,+3.08 3. lO 17.56
31 .70 3.19 15.70
36.-59 3.51 l6.t j3
3 8.6.1 3.86 15.85
.16.84 3.29 r1 .O3
37.t1 3.98 16.7t3
27 .O1 '1. 1 8 1:1.-53
28.18 3.60 18..1-5
29.85 3.81 26.86
3-5.58 '+. l0 16..+3
40.3;1 3.68 11.51
39.68 '1.05 15. '+4
26.10 1.19 13.9-5
26.50 4. l0 13.67
2-s.59 4.01 1 1.88
30.-s6 1.23 11.78
37.-53 3.69 1s. '14
.1,+.9U 3.99 13.96
35.34 3.86 16.02
29.20 3.93 16.s5
25.91 3.78 14.04
29.8-5 3.76 15.56
27.13 3.53 t6.77
28.r t  3.91 15.71
28.81 3.93 18.28
26.42 3.58 14.8,1
24.46 3.67 14.87
30.07 3.59 16.91
26.1.2 3.64 15.21
29.11 3.16 I 6. l  3
25.33 .1.01 1 '+.61
31.13 ,1.01 15.61
29.91 3.86 11.23
29.-53 1.02 15.79
29.02 3.70 15.36
29.93 3.10 l ,+.06
23.11 3.70 12.31
22.53 3.91 13.93
30.89 3.5,1 14.83
26.91 3.53 15.56
36.37 3.70 14.94
34.11 3.4-s 1 '+.-50

25.9 31.1
25.9 3 t . ]
25.9 31.7
25.9 3t  .1
25.9 31.1
25.9 31.7
21 15.8
21 15.8
2I r5.8
2t r  5.8
2t 15.8
2l  I  -5.8
2l  t5.u
21.6 16.1
2t.6 16.7
21.9 11 .6
21 .9 1,1 .6
21.9 11 .6
20 15.2
20 1s.2
20 15.2
t9.1 19.3
t9.4 19.3
19.1 19.3
21.6 20.1
21 .6 20.1
23.8 26.9
23.8 26.9
26.3 30.1
26.3 30.1
26.3 30. r
25.9 31 .1
25.9 3t.1
24.9 29.7
24.9 29.'7
19.9 11 .1
19.9 17.1
19.9 17 .1
21 28.9
24 28.9
21 28.9
24.9 30.2
21.9 30.2
21.9 30.2
23.5 33
21 .6 31.6
21 .6 3 r .6

1

1

I

4

1

4

I
4

3
2

2.5

2.5

2.5

2.-5

2.-5

2.5
l . )

/ . )
2..5
l .J

2..5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
1..)

2.5
l . : )

2.5
2.5
2.-5
2.5
2.5
2.5
2.5
2.5
2.5
2.-5
2.5
2.5
2.-5
2.5
2.-5

30.8Cr
30.86
29.38
29.38
32.99
32.99
32.99

34.5 u
3,1.5 u
29.25
29.25
29.25
32.02
32.02
33.26
33.26
33.26
33.29
33.29
33.29
32.88
32.88
32.88

-33.0 l
33.0 l
33.01
30.4
30..1
30.4
30.9
30.9
30.9
30.9
30.9

22.6
l - .o

22.6
22.6
22.6
20
20
20
20
20

23.88 2.5
23.88 2.5
3t3.73 2.5
38.73 2.5
33.13 2.5
33. 13 2.5
33. l3 2.-5
31.9'+ 2.5
36.91 2.s
36.91 2.-5
37.15 2.5
37. l5 2.-s
31 .) ,5 2.5
28.1-5 2.5
28. 1 -5 2.5
35.,+3 2.s
35.,+3 2.5
35.43 2.5
35.91 2.5
35.9:1 2.5
35.9,1 2.5
32. l-5 2.-5
32.15 2.5
32.15 2.5
.+ 1.03 2.5
.11.03 2.5
,11 .03 2.5
39.9 3
39.9 3
39.9 s
23.9 1
23.9 1
23.9 i
23.9 1
23.9 1

35.U 3
3s.8 3
35.8 3
3-s.8 3
35.8 3
19..1 3
19.4 3
19. ' l  3
19.:1 2
19.1 3

38.2.2 3.91 16.45
43.36 4.16 14.66
37.85 ,1.01 2r.12
32.71 3.11 t ]  .22
39.9-5 3.83 14.00
3s.8-5 3.92 13.38
11.12 3.15 t6.51
39.79 3.55 15.,16
38.1'+ 3.83 16.53
35..11 1.02 1.1.81
37.98 3.89 14.65
41.91 3.84 18.69
.13.09 3.65 16.3,1
35.3 l  4.23 16.91
38.60 4.62 18.97
32.89 3.12 11 .12
34.-s I  3.33 16.87
35.40 3.r11 16.32
39.06 3.91 16.24
,11.-54 3.93 15.68
12.19 '1.03 l-5.23
38.18 3.90 11.21
,15.04 3.8,1 16.89
12.19 3. '79 14.55
30.04 3.69 11 .62
29.70 3.90 18.8s
34.29 1.23 11.39
38.82 4.00 16.63
3s.30 ,1.18 r6.90
37.46 1.32 27.50
44.12 3.86 13.12
31 .95 1.11 16.25
50.39 4.O2 16.0,1
4t .17 4.11 14.16
14.62 3.75 12.76

44.99 3.32 l-s.30
33.53 3.,15 l-5.6C)
.+6.06 3.15 t7.42
38.7.+ 3.14 16.33
53.83 3.36 1.1.16
3r.13 4.35 r5.87
37.92 ,+.03 18.78
38.77 ,+.05 15.60
31 .31 1.42 15.6-5
33.99 1.25 15.35
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Teble 2.-Cont inued

Sample
Site

Temp. Salinit-v
( 'C) (PPt)  vPl Mg/Ca Sr/Ca Na/Ca

Tenrp. Sal in i i l
( 'C) (ppt)  VPI Mg/Ca Sr/Ca Na/Ca

Sample
Site

Coretop Specinrens

Floridu Bat (July 1998)

22
22

26
26
/o

21
2I
)1
2l

23
IB
IB
IB
1B
IB
1B
IB
1B
IB
IB
IB
IB
20A

9

9

15
l5
t5
l5
l5
22
22
26
26
)6
26
26
2l
21
21
23
23
23
23
IB
1B
1B
IB
It l
IB
20A
20A
20A

30.42 39.93
30.12 39.93
33.26 -35.: i3
33.26 3-5.:13
33.26 3-5..13
33.26 3-5..+3
30.34 39.3.1
30.3't  39.3,1
30.3'1 39.3.1
30.3,+ 39.3'+
31.c):1 36.16
31 .9:+ 36.16
31.3 26.9
3l  .3 16.9
31.3 26.9
3l .3 26.9
31.3 26.9
31.3 26.9
3 r .3 26.9
3 r .3 26.9
3 t .3 16.9
31.3 26.9
3 r .3 26.9
31.3 26.9
32.02 18. r5
31.32 28.8
.r  t .3 l  2[3.8
3 r  .32 18.8
3l .32 28.8
3 r  .32 28.8
31.32 18.8
28.-5:1 36.7-5
28.-5.1 36.7-5
28.5;1 36.75
28.5.1 36.75
28.5.1 36.75
30.'12 39.9-3
30.-+2 39.93
33.26 35.: t3
33.2(r 35..13

-r3.26 35..+-l
33.26 -r-s..13
33.26 35. '+3
30.3.+ .19.3.+
30.3.1 39.3.+
30.3.1 3c).3,1
3 I .9.1 36.7 6
31.9: l  36.16
31.9: t  36.16
3 I .9,1 36.1 6
3 i . l  26.9
31.3 26.9
3l .3 )6.9
3l .3 16.9
31.3 26.9
3 ] .3 ).6.9
32.02 28.15
3). .02 28.1-s
32.02 28. l -5

35.87 3.85
36.09 3.58
33.85 3.90
39.68 3.6 r
35.75 3.76
3'+.83 3.73
35.93 3.96
)1.22 -r.69
30. u 1 1.66
39.53 .1.  l3
31.12 3.95
37.6) 3.8-r
10.12 3.85
.12.00 3. i7
36. r . {  3.69
3 7.5 8 3.69
12.12 3.80
33.82 3.16
33. l0 3. t i  I
38. lE -3.67
-10.27 3 l  I
.{9.81 .1. l ;1
-16. I5 .+.02
.11 . .16 3.71

-16.25 3.75
37.35 3. .16
51. l5 3.31
.18.07 ,1.01
39. r7 3.51
.11.-l-5 .+.lE
.10.7 3 3.68
:18..)t)  3.3u
50. Ic l  3.16
-1(r.-59 3.80
-1.1.-57 3.83
36..1-5 .1. I l
i6.07 3.17

-16.(17 3.1J6
-5 1.86 2.9i)
11.11 3.2.1
3.+.51 3.3r)
l t .0-_i -1.7-+
.13.1 I  3.59
:t3. .1I  3.71
t6.39 3.26
.r9.86 3.75
+i.07 .+.0,+
3c).gc) -1.75
39.-5-5 3.98
36.9.+ 3.57
,14.0.1 .1.06
,+5.:10 3.39
3r1.83 3.70
.r.1.t .3 .r.51
3 3.3 8 1.11

't2.95 3.96
36.22 3.37
.+1.39 +. I  l
-16.61 3.69

3 r .32 28.8
3 t .32 18.8
3 t  .31 28.8
31.32 28.8
3 r  .32 28.8
28._s,+ 36.75

3l .35 l1 .1
3 1.35 11 .1
31.35 l1 .1
3 l . -15 t7 .1

3 t .35 )1.1

31.35 11 .1
i  1.35 t ]  .1

3 1.35 17 .1

/+8.09 3.89 13.58
38.12 3.89 16.57
38.89 .1.01 13.21
28.11 3.90 i-5.20
31 .11 3.53 11.71
.+0.00 3.11 16.-54

33.1.1 3.64 16.39
30.81 3.73 11 .13
37.59 4. t I  15.76
1). .5O 3.91 1.1.98
32.-s0 3. .+6 15.52
3 1 .02 3.5 5 t6.11

'10.05 3.6.1 16.55
.l  L0.1 3.83 11 .35

2.5
2.5
2.5
2.5
/ .J

2.5
2.5
2.-5
2.-5
2..5
l.-5
2.-s
l.-5
1.5
1.5
2.5
1.5
2.5
2.5
i .  - )

2.5
2.5
/ . )
t .5
l .-5
/ . )
2.-5
z.-)
2.5
f .-s
2.5
2.5
1.5
2.5
2.5
2.5
L-5
l.-5
l.-5
l.-5
2.-5
l.-5
2.-5
2.5
t .5
2.5
2.5
t .5
2.5
2.5
- t . -)

2.5
2.5
1.5
1.5
2.5
2.5
1.5
2.5

t6.21
18.3i)
15.11
11.13
16.9c)
I 5.-50
11 .11
t 5.-52
I -5.:lt)
16.69
15.9-7
16.73
16. t3
t1.11
l -s.u9
11.13
17.89
1.1.98
I 6.75
I 5.50
15.1-5
13.99
16.3-t
1.1.8.1
I  -5.06
16.03
l  1.09
l-s.5c)
1-s.57
l .+.0E
1.1.37
l :1.35
1.1.20
t] .16
11.1 1
17.;10
t6.7-5
1,1.8.1
n. '16
I 5..+0
1.5.-53
I '1.7 I
I -5.-16
l6. l - {
l6. l  I
13.33
t7.16
15.58
t1 .16
15. i l
17.16
t6.5 I
16.0I
13.89
13.38
l :1.50
15.E6
r5.8!)
l  5.99

9

9

9
1-5

2.5
2.5
2.5
2.5
2.5
2

3
.l

3
I
3
2
3
2

Bl. \ (  ( / \  / / (  6r , ,  ,411.1151 lQ9'  t

BB5 1
B85 I
BB5 I
BB5 I
BB5 t
BB5 I
BB5 ]
BB.5 I

per.rtl lre. Therc also seems to be broad positive cor-
relation between Mg/Ca and temperature. Further-
rnore. shells collected tiom Jr-rly 1998, when both sa-
linity ancl temperature were relatively high. all have
Mg/Ca ratios > -30 mmol/rnol.

Sr/Ca ratios range fior-n 3.3 to 4.6 mmol/rlol and
appear to display a broad negative correlation with
both salinity and temperature, especially within the
Febrr-rar1' data. Na/Ca ratios (not shown) range fi'om
12 to l9 mrnol/mol and show no v.rriation with salinitv
or temperature.

Core-top specimens (Table 2). consisting of both ar-
ticuli i ted and disarticLrlated valves. yield Mg/Ca, Sr/Ca,
and Nii/Cii rati()s th.it are indistinguishable tiom those
of vegetation sarrpies. This implies that post-mortem
effects on shell lne/Ca ratios in Florida Bav are nes-

Modern Water Chemistry

o-.-WF

o."ffi*
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o

'o
o o StCa (mmol/mol)

o Mg/Ca (mol/mol)

0 5 10 .15 20 25 30 35 40 45
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Text flgurc 5.-Mg/Ca ar.rd Sr/Ca ratios of uaters fl'om Florida

and Biscal 'ne Ba1's col lected in 1997-99.
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?rble 3.-Chernistry of  tbssi l  shel ls
cores fiom Florida Bay. Core numbc-rs colrespond to map (Text-Iig. l). Mg/Ca. Sr/Ca. and Na/Ca ratios reported as mmol/rnol. Intra-sample
average ratios reported in right three columns. Most shells analyzed were adult stage. Ihough sonre juvenile molts u'ere also analyzed. VPI
,r ' t t r " t  t . " t " . t '

Depth
(cm) Year Genus Species

Mg/Ca Sr/Ca Na./Ca
Mg/Ca Sr/Ca Na/Ca (avg.)  (avg.)  (avg.)VP]

Rttssell Bank Core l98
Site 12* 199U.0
Site 12' i  l99t i .0
Si te l2 i '  1998.0
Site 12" 1998.0
r 1991.2
| 1991.2
1 1994.2
3 1992.s
3 1992.5
5 1990.9
5 1990.9

-5 1990.9
7 1989.3
7 1989.3
9 1987.6
9 19t37.6
9 l9rJ7.6
lr  1986.0
I I
il
l -1

r  986.0
1986.0
1984.3

13 1984.3
I  3 1984.3
1-5 1982.1
15
l5
l1
11 1981.1
17 198r.r
19 1919.1
l9
2l

25
27

37

L,

L,
L.
L.
L.
L,
L,
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L,
L.
L.

L.
L.
L,

L,
L.
L.
L.
L.
L.
L.
L.

L.
L,

L.
L,

L,
L.
L.
L.
L.
L.

L.
L,

L.
L.
L.
L.
L.
L.
L.
L.

L.

A

A

A

A

A

A

A

A

A
A

A
A

A

A
A
A

A

A

2.
2.
2.
2.
I
2
1
3
3
3
2
I
3
3
2
4
I
).
3
I
2
4
1
1
2
3
4
I
3
2.
1
3
3
3
3
3
3
3
3
3
3
3
3
3
1
3
4
3
2
3
3
3
3
3
3
3

1982.1
1982.7
1981.1

1979.1
1977.8

r961.7

nttttugord.

ttttttttgortl,

molagot d.

nlatdgord.

ntdtlgor(1.

nrut(rgo rd,

ntatugord.

matagord.

rnatttgord.

m0tagord.

tnatdt:ord.

mutugorcl.

mcttagortl.

nt.1tdgo rLl.

rnatagord.

il10t0gord.

ntutagord.

ttttttttgortl.

nntagord.

nntagord.

tnatctgord.

nratdgord.

ntatagord.

tn0tagorcl.

matagord.

tncttctgo rd.

nrutrtgord.

rttutttgord-

matutgortl.

matogortl.

tnalagord.

tnatagorLl.

mato.gord.

ntcttctgord.

nuttctgord.

natcrgorcl.

rnutugord.

ntcttttgord.

mat(tg0rd.

nuftagord.

matagor.l.

nlatagord.

m0tagord.

ntatagord.

mulagord.

nntugortl.

tn0tagord.

ntutugorcl.

Ln]togord.

rnatugord.

tltdtegord.

l11atugord.

ntutttgord.

nmtog()rd.

matag()rd.

nutagctrd.

29.20
)5.91
38.14
3-5.;1 I
40.51
31 .07
35.89
39.82
36.91
10.19
36.91
t l  l l

36.87
42.35
32.10
36.91
39.1 9
31.43
31.39
3,+.6 |
29.81
36.75
38. l . t
41.81
33.30
30.17
3l  .3t)
39.24
)+.+l

3-5..10
11.18
36.75
32.97
43.13
37.60
37.30
3-5. I  8
35.-59
36.14
3 1.2.5
+I.-)-)

30.07
33.82
28.06
12.4'7
,+3.0 I
33.07
39.89
3,5.68
,+ I .36
1t.01
36.3'+
39.80
12.91
:i8.80

16.63

5
5
5
5

3.93
3.78
3. [J3
1.O2
4.O1
1.r7
3.85
.+.08

3.8 r
3.41
3.98
3.93
3.90
3.9f:i
3.60
3.-s6
4.06
,1.1 8

1.31
3.83
3.68
3.84
3.91
3.15
4.01
3.73
3.18
3.76
3.19
3.50
4.27
3.68
3.36
3.-5 I
3.85
3.6t)
3.15
3.9.5
3.6i)
3.50
3.55
4.02
3.s2
;+.13

3.68
3.88
1.21
:1.13
4.06

-3.52
3.71
4.01
,+.0-5
,1.05

3.71

16.55 32.11 3.89 t-5.50
l.+.0.1
16.-53
14.87
16.60 31 .81 .1.03 16.25
I6.81
1-5.3,1
15.67 38.39 3.95 I  6.88
18.10
16.04 39.16 3.78 15.64
16.23
1.1.66
rs.2'7 39.61 3.9,+ 15.61
16.o1
16.63 36.08 3.14 15.95
15.,+8
15.11
1,7.10 32.,18 ,1.09 16.-50
16.68
t5.42
r 8. I  1 34.92 3.78 I 6.09
I -5.44
M.t l
13.13 3-s.10 3.91 11.19
r5.58
r5.65
13.99 31.99 3.56 11.9'/
t-5.-58
15.33
15.13 '+0.09 3.64 15.12
14.50
18.29 36.15 4.21 18.29
16.2-5 38.00 3.5 I  15.  r  4
15.78
13..10
13.09 36.02 3.14 11.16
I -5.0u
16.12
16.60 36.61 3.68 l -5.13
16.36
1) 1)

16.42 3 t .95 3.78 16.92
17.42
11.19 37.85 3.78 15.53
1,+.05
15.36
15.93 36.21 1.09 15.39
15.11 39.59 3.78 l5. l  I
14.53
15.71
15.71 41.31 ' { .03 15.63
t3.92
15.87 16.31 3.92 l -s.11
15.38
t2. t6
t5.11 4t .16 4.o9 15.29

23 1916.1
23 1976.1
23 1916.1
25 t974.5
2-5 1911.5

t971.5
1972.9

21 t912.9
21 1912.9
29 rgt  | .2
29 197 r .2
31 1969.6
3 1 1969.6
3 r 1969.6
33 1968.0
33 1968.0
33 1968.0
35 1966.3
35 1966.3
3s 1966.3
31 1961.7

39 I  963.0
39 I  963.0
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Tirble 3.-Continued

Depth
(cm) Year

Mg/Ca Sr/Ca Na/C
(i l \  g.  )  { i r \  8.  r  , " r  

-a. i

39
41
: l I

+-l

.13

41
1a

41
19
19
49
5l
5l
5l

-s3
-53
-53
55
55
55
51
51
5l

-59
-5r)
59
6l
6l
63
63
63
65
65
65
61
61
69
69
69
1l
1l
11
11
13
t3
13
15
15
15
11
11
'79

19
-79

81
IJI
8l
u3
t33

1963.0 L.
I  961 .4 L.
l  961 . '+ L.
1959.E L.
1959.U L.
l95t t . l  L.
1956.5 L.
19-56.5 L.
19-56.5 L.
195'1.8 I-.
l954.t i  L.
195,1.8 L.
1953.2 1..
1953.2 L.
1953.2 L.
195l  6 L.
l9-5 I .6 L.
19-s I .6 r,.
19.19.9 L.
19,19.9 L.
1949.9 L.
l9'+t i .3 L.
1948.3 L.
1948.3 L.
19,+6.6 L.
19,16.6 L.
1946.6 L.
19;15.0 L.
l9:15.0 L.
1943..+ L.
19.+3.,1 L.
l9:13.,1 L.
194t.7 L.
1.91t.1 L.
t911.1 L.
l9;10. I  L.
19.10.1 r, .
1938. '1 L.
1938.,+ L.
1938.4 L.
1936.8 L.
1936.8 L.
1936.8 L.
1936.8 L.
1935.2 L.
193-5.1 L.
I r )35.2 L.
1933.5 L.
1933.5 L.
1933.-5 L.
193 L9 L.
193 I  .9 L.
1930.2 L.
1930.2 L.
I930.2 L.
1928.6 L.
1928.6 L.
1928.6 L.
1921 .0 L.
1921 .O L.

matagord.

matagofd.

matagord.

rnatagord.

matagord.

matagorcl.

nlatagord.

mzrtagord.

matagord.

matagorcl.

matagord.

nuttttgortl.

tnalago nl-

ntttttt gortl.

nttt ltt,qord.

tnttltt,gorl.

tttatagortl.

Ltrdtu.q0rd.

rirut0g()rd.

nt0tagord.

tnutugord.

ttttttttgord.

nrtlu go rtl.

nldtu,q()rd.

trttttttgonl,

rtttttttgonl.

nktt0gord.

lldtasO r(l-

nttttttgonl.

u lutuK0rd.

ttttttttgonl.

rnuta,qord.

Ltldtagor(1.

nluti l.q()rd.

i l lLttugord.

ti l0ldgord.

t11tlt ugo rd.

rtttt la,qo rl.

t11iltu.q(,r1.

r t t t t tutgord.

nr(tl0gord.

rruiagord.

tit(!turg()r(l.

ntutug()r(t.

n1dtugord.

rntttu,qonl.

t7t(rtdg()rd.

tl lutugord.

ntttktgord.

tnttlttgord.

nldtd,qord.

ntuttt gortl.

ttttttttgortl.

nttttttgtt rt l.

nttttagord.

tttttttt gord.

i l1utu g0r(!.

rtttt l tt go n!.

't '+3.68
2 11.97
3 .10.36

3 33..10

'+9.18
3 35.52
3 39.51
3 48.59
3 38.70
3 36.0[3
3 .16.31
3 .1.1.06

3 2U.07
. l  28.57
3 11.57
3 31.80
3 10.19
3 .+0.5.r

3.-5 36.35
3.5 35.1t)
3.5 3.1.60
3.5 12.12
3.5 31.,19
3.-5 37.39
3.5 ,1.1.98

3.5 36.10
3.-5 .12.90

3.5 31.1)
3.5 .111.9 I
3.5 3 -r .84
3.5 26.60

-r.5 3.5.-59
3.-5 .12.19

-r.-s 25 .11
3.5 38.35
3.5 26.85
3.5 39..18
3.5 31.2.1
-1.,5 36.17
3.5 11 .51
3.--s 35.,15
3.-s 3L0.1
3.-5 33.75
3.-5 29.80
3.:5 -13.92
3.5 29.10
3.5 .16.-13

-r.-5 33..16
3.-5 33.55
3.-5 36. t8
3.5 -1,+.:19
3.5 11.11
3.5 36.38
3.5 29.61
3.-s .18.5.1
3.5 32.32
3.5 .12.56
3.5 '+2.1-5
3.-5 32.5.1
3.5 ,12.E8

A

A

A

A

3.97
3.9.1

4.11
3.66
3.82
3.21
4.00
1.O2
3.93
3..1.1
1.O1
3.65
3.98
.1.05

3..1|i
:1.10
3.73
3.8E

3.11
.1.05
3.80
.+.09
3.33
3.88
3.76
3.89
3.25
-4. / :

3.93
3.93
'i. I c)

3.22
3.68
3.75
.1.08
3.9,1
-1.60
3.3 t
3.94

'1.15
I  a<

3.89

3.11
3.9.1
3.50
i .66
3.3c)
3.61
:1.19

3.75
3.8.5
3.81
3.89

3.57
3.11

3.9 l

-1.98

t ]  .39
17.50
13.08
I 5.7-5
16.63
14.83
t] .12
I  3.49
t5.93
15.5' t
11.15
l'+. I -5
t ]  .61
13.90
I -5.0c1
I -5..18
l.+.00
1,1. |  5
13.88
16.28
1.+.73
1 3.05
l.+.80
t1 .92
1.1.,+ |
I  6.87
1,1.08
13.72
16.26
18. l6
I -s.67
15.39
15.56
15.:10
|  -5.92
I ' l .8cl
16.00
16.06
17.20
12.18
20.:t3
l ,+.2 l
11. t0
t7.3-5
I -5.-5 5
I  E.9l
I  1.85
13.69
15.08
15.22
16. l8
t2.61
l :+.19
15.96
15.30
r5. l l
l .+.32
l :1.30
11.11
16.96

11.29

35.52

.12.15

3 3.74

31 . t l

3-5.3 8

37.1t)

, l  I  .53

1t.61

32.01

3-5.:1.1

33. l6

38.52

32.16

39.82

3:1..10

39.61

38.1 8

39.08

3-5.98

3.92 16.19

3.82 14.83
3.11 1 -s.5 1

3.8 I  l '1.8 I

3.90 15.s3

3.80 l '1.5:+

3.86 I .1.96

3.9t i  15.25

3.65 15.12

3.57 t1.99

-3.t i6 |  6..11

3.70 15.63

3.91 15.45

3.62 15.15

4.06 t1.21

3.11 15..14

3.51 I .1.66

3.91 l , l .4 l

3.8-5 1-5.  l8

3.85 I  ,1.6 l

3.96 15.62
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Tablc 3.  Cont inued

Bl' lrErur -161

Depth
(cm) Year Genus Species N{ol t VPI M-c/Ca Sr/Ca

Mg/Ca Sr/Ca Na/Ca
(i l \8.)  { l r \ ! . )  { r \ t . )Na/Ca

83
85
85
87
87
87
89
89
u9
93
93
93
95
97
99
101
103
I03
103
105
105
I05
101
i07
109
109
109
113
113
t i )

119
121
t23
123
125
125
l2-5
129
129
129
13r
l3t
131
137
137
t31
1.+l
113
143
143

1921 .0
l 92-5.3
I  925.3
).923.1
t923.7
t923.1
1922.O
t922..O
1922.0
r9l8.8
l9 |  8.8
1 91 8.8
1.911 .1
1 9 I -5.-5
1913.9
1912.2
1910.6
19 r0.6
19 r0.6
1908.9
1908.9
1908.9
1907.3
1907.3
l 90-5.7
1905.7
1905.7
1902.1
1902.1
1900.7
il397.-5
I t395.8
t 894.2
r891.2
1892.5
1892.5
1892.5
1889.3
1889.3
1889.3
1887.6
1887.6
1882.7
1882.7
I  UU2.7
r882.7
1819.4
1811 .8
1877.8
1877.8

.1.00

3.99
3.83

-3.80
3.17
1.20
.+.05
1.12
3.8,1
3..10
3.t ]
1. t2
3.60
3.98
3.59
3.65
3.79
3.60
3.98
3.70
3.8.1
,+.03
1.20
3.76
3.80
3.6.1
3.66
3.68
3.88
3.;13
3.6tr1
3.8.+
3.60

'1.05
4.08
3.26
3.52
3.8't
3.11
3.82
3.90
3.78
3.99
3..15
3.12
3.87
3.99
3.89
3.65

't.3-5
3.91
.r.03
:+.1 l
3.93
,+.58

3.99
-1.16

I -s.10
t]  .69
13.12
16.18
I 7.83
15. l9
t4.o1
14.43
1;+. 1 6
15.3.1
15. l0
I 5..+tt
14.6u
14.84
16.6,1
15.51
l;1.09
I 3.60
13.84
13.66
16.77
I 5.25
r6.  t3
l:1. I  5
16.61
t l  .9 l
13.16
13.96
15. '13
11 .37
15.21
I -5.28
I -s. tt9
1 -s.  10
13.33
22.80
r3.63
15.02
1 5.13
16.69
18. l0
19. l5
15.19
l.+.-5:l
13.22
12.33
1 7.01
15.32
13.1 9
I -s.90

I t . .13
t2.76
i -r.f)5
12.-52
I l . -57
r2..25
12.55
I2.61

32.lJ8

39.36

-15.4-3

38.23

32.87
28.91
32.60
- )o.-1 /

33.22

37.66

36.32

-13.07

32.3-3

32.88
;18.35
3 3.6: l

3-5.3 5

3 3.'+(-)

31 .81

31 .51

L.
L.
L.
L.
L.
L.
L.
L.
L.

L.
L.

L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L,

L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
L.
t,.
L.

L.
L.
L.

L.
L.
L.

L.

P.
P.

P.
P.

P.
P.
P.
P.

matagorcl.

rrctagorcl.

matagord.

m:rtag()rd.

matagord.

matagord.

matagord.

matagord.

matagord.

matagorcl.

matagord.

matagorcl.

rtttttttgord.

tnttktgord.

ttttttctgctrcl.

nutagord.

ntatugord.

rtttrtttgortl.

rruttagord.

rtttttttgord.

nLetdgord.

rttttlttgorcl.

mttttt gord.

ntttla gorcl.

n1atilg0rd.

nrulttgord-

n11tatg0t d.

tttttttt go rtl.

tnatogord.

nuLtagord.

ntttlttgortl.

nlatugord.

tnotagord.

rnataSirtrt l.

rnatagortl.

ntatctgct rd.

tnatagord.

mutagortl.

trtatctgortl.

matagorcl.

matagoftl.

tttttttt grtrd.

matagord.

nttlagord.

rnatugord.

matagortl.

nttttttgortl.

ttt.cttagord.

rncttctgord.

tnoktgorcl.

,tetipLulcl.

.tetipunct.

settl)utl( t.

. t?trPturLt .

set i pLil1ct-

s eti pLul ct.

.\(t ipr.{n(t.

.tetipLulct.

A

A

A

A
A

A

A

A
A
A
A

A

A

A

A

A
A

A

A

A

A or A- l
A or A- l
A or A- l

A- l  or  A-2

3.5 -12.53
3.5 3.+.1 I
3.5 3 r  .65

-r.-5 -13.-59
3 .5 '1 r .0-5
3.5 13.41
3.5 37.86
3.5 3.1.23
3.-s 31.21
3.5 3;t.39
3.-5 -52.25
3.-5 28.03
3.5 32.87
3.5 28.91
3.5 -12..60
3.5 36.37
3.5 36.,19
3.-5 32.29
3.5 30.87
3.5 32.82
3.-5 :+5.68
3.5 34.17
3.5 3 t  .31
-3.5 :l I .3.1
3.5 36.09
3.-s 35.36
3.-5 21 .16
3.5 32. r5
3.5 32.52
3.5 32.88
3.5 .18.35
3.-5 3 -3.6.1
3.5 31 .01
3.5 35.5.1
3.5 36. l9
3.5 32.10
3.5 37. l6
3.5 38.87
3.5 2.9 .21
3._5 32.13
3.-s 34.92
3.5 '{0.82
3.5 11 .33
3.5 28.12
3.5 37.26
3.-5 35.56
3.5 3;1.89
3.5 39.58
3.5 12.35
3.5 38.87

l  18.70
2 31.30
I 30.-50
2 25.22
2 20.27
I 20.88
1 20.12
|  22.81

3.73 15.55

3.70 16.,+0

1.r2 11.22

3.61 15.30

1.12 1.1.68
3.60 1.1.84
3.9U 16.6,1
3.59 l -5.51
3.68 13.t35

3.8,1 15.23

.1.  11 l -5.1:+

3.13 16.11

3.61 11.69

3.88 t ]  .31
3. '13 1-s.21
3.61 I 5.28

3.80 16.59

3.10 1-5.6i

3.86 18.63

3.11 14.-s2

34.89
10.26

- ) .4 /

3.8.1
t ]  .01
14.80

Bob ALLen Keys Core 6A

199:1.0
199:1.0
199.1.0
1991.O
t992.1
t992.1
t992.1
t992.r

18.7i) 4.35

20.21 3.93 I  l . t /
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Table 3.-Cont inuecl

Depth Mr: /Ca Sr/Cr Na/Cr
(cm) Year Genus Species Molt  VPI Mg/Ca Sr/Ca Na/Ca (avg.)  (avg.)  1avg.)

9 1986.3 P set ipunct.  A or A- l  2 21 .97 '+.  14 13.92 21.81 4.  16 1 '+.15

9 1986.3 P set ipunct.  AorA- l  2 21.6-5 '+.18 l '1.39

9 1986.3 P set ipunct.  A-2 2 3l . l -5 ,1.11 11.82

15 1980.6 P set ipunct.  A |  22.D, . t .15 11.21 22.22 4.15 11.21

15 I  980.6 P. set ipLt tct .  A- |  1 17 .69 4.  I  :1 |  1.21

l-5 1980.6 P. set ipunu. A-.1 1 21 .89 3.98 8.8-5

17 1918.1 P. set ip l ln( ' l .  A-2 1 32.08 1.11 13.65

19 1976.1 P. set iptrnct .  A-2' l  2 26.26 3.99 |  1.19

l9 1916.1 P. set ipun<.- t .  A-3 2 19.93 3.9.1 11.08

21 1.911.8 P. set ipt l t t ' t .  A ' l  1 22.51 .+.30 12.83 26.53 4.39 13.19

21 197'1.8 P. .set ipunt- t .  A I  30. .1c) .1. :1.8 13.5.1

23 1912..9 P. : jet ipunct.  A |  13.03 .+.  I  1 13.00 23.03 '+.1 I  l -3.00

25 1911 .O P. .set i t )Lur( t .  A 2 11 .63 '1. I  I  11.11 11 .91 .1.  13 11.24

25 1971.0 P. \et ipmr(t .  A 2 18.31 .{ .16 1.1.31

21 1969.0 P. s(r ipLut( l .  A I  21.56 '1.11 11.35 21.82 3.82 10.9'1

27 1969.0 P. set ip lu l ( t .  A I  2 l  .08 3.-5 I  10.53

31 1965.2 P. set ipmt(t .  A )  21.66 -1.55 13.69 21.11 4.38 13.2'+

31 196-5.2 P. set i t ) t ln( t .  A or A- I  I  2:1.  15 1.21 12.19

33 1963.3 P. set ipt ln( t .  A 2 2l  . lO '1.- l l  1 '1.-+0 21 .42 1.11 l '1.38

33 196:1.3 P. s( t ipunct.  A I  l l . l5 .1. .16 l '1.36

35 1961.3 P. . \?t i l )un(t .  A 2 2-+.01 1.21 l l .3 '+ 23.27 4.  18 12.11

35 1961.3 P. . \et ipLut( t .  A 2 22.50 '1.  13 11.87

31 1959.,1 P. sel i f t . l t r (  t .  A 2 20. '11 4.00 10.U3 20.35 '1.0-5 l ) .25

31 1959..1 P. set ipLul( t .  A I  10.26 '+.  I  I  13.67

11 1955.6 P. . tet ipun( t .  ; \  2 16.36 '1.09 12.17 16.36 '1.09 12.17

43 1953.7 P. set ipnl( . t .  A 2 l1 .39 3.81 12.-50 17.5.1 .1.02 12..+-5

43 1953.1 P. . \ ( t ipun( t .  A 2 1 '7.69 1.))  l l . '10

11 19,19.8 P. set i t r luto.  A 2 19.61 '1.36 13.72 19.4(1 1.31 13.96

17 19.+9.t i  P.  set ipun(r .  A 2 19.32 '+.38 I ' { .10

59 193U.3 P. .set ipuntt .  A 2 21.36 -3.83 10.39 2"+.36 3.83 10 39

63 193.+. .1 P. set i t )Lurct .  A 1 )1.19 1.1) l l . -59 23.3-1 1.17 12.91

63 1934..+ P. . \ ( t ipun( t .  A )  22.19 1.21 I  3.23

67 1930.6 P. sel iput l ( t .  A 2 25.86 .1.26 13.93 2-5.136 '4.26 13.93

69 1928.7 P. s( t ipund. A |  20.1 1 .1,39 l .+.09 10. '7 |  .1.39 1.1.09

l1 1926.1 P. set iput t ( t .  A 2 29.29 122 13.29 16.33 "+.23 12.66

7 | 192.6.1 P. setiprut(t. ;\ 2. 23.-36 '1.2-5 12.02

11 l92l .O P. set iput t ( l .  A I  18.5E 1.Ol l -1.0 ' l  18.58 4.01 13.0'1

19 1919.0 P. set ipunct.  A 2 18.9 |  3.9 '1 l l ,  13 19.93 '1.  13 12. '18
'79 1919.0 P. set iptrr t t ' t .  A I  10.96 -1.32 l2. t t2

83 1915.2 P. set iputr( t .  A 2 21.16 .1.  i . l  13.-16 11.36 '1.11 13. '16

8.5 1913.3 P. set iputrd.  A 2 23.06 .1.  11 13.03 23.06 '1.  l l  13.03

8'7 l9 l l .3 P. .eet ipuncr.  A 2 2l . lJ3 :1.  1 l  12. .13 20.96 '1.13 12.29

87 1911.3 P. . \et ipr lnct .  A 2 20.09 '1.3-5 12.16

91 1907.5 P. Set ipun(t .  A 2 2.1.06 ,1.7- l  12.01 20.53 '1.31 1).11

91 1907.5 P. set ipunct.  A 2 17.00 3.90 l ) .13

93 1905.6 P. s( t ipuu( l .  A 2 16.90 1.27 13.58 l { r .90 1.27 13 -58
l0l  1897.9 P. s?t i t tuna. A 2 17.81 4.03 11.1-5 18.6,1 .1.  18 11.06

I 01 I  897.9 P. s( t i l ) Iut( t .  ' \  2 19. '+5 '1.- l '1 I  0.96

l0-5 t  89'1.0 P. set i t )ut1d. A 2 13. l0 1.26 12.12 23.10 1.26 12.12

1Oi 1892.1 P. s?t iput l ( t .  ' \  |  22.67 '1. ' l - l  I  1.92 22.79 1.37 I  1.95

1O1 1892. I  P.  set iput tct .  A 1 22.90 .1.31 I  l .9 l l

109 1890.2 P. sct i l tL l t r ' t .  \  2 19.20 '1.02 12. '19 19.10 1.O2 1).19

I 13 1886.3 P. s( t ip lut( t .  A 2 15.t12 .1.0E I  I  . .13 l7 .11 '1.09 I  1.8e

l l3 1886.3 P. set iptr t rct .  A 19.87 .1.11 12.35

111 I  U82.5 P. tet ipund. A )  22.11 1.29 13.09

l2l  |  878.7 P. ser ipt .utd.  A 2 19.01 '1.05 l ) .11

125 187.+.U P. . tet iput lct .  A 2 16.69 3.31 10.27 17.:13 3.89 11.93

125 187.+.8 P. set ipuno. A 2 I  8. l8 '+. '+8 13.59

121 1872.9 P. \et ip lu ld.  A 2 20.15 '1.0- l  l2 6l

133 1867.1 P. Set ipunL' t .  A I  16.55 .+.18 12.81 11 .O7 3.99 12.1f
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?rble 3.-Continucd.

Bul lerrN 361

Depth Mg/Ca Sr/Ca NaiCa
(cm) Year Genus Spe cics Molt  VPI Mg/Ca Sr/Ca Na/Ca (avg.)  (avg.)  (avg. )

133 1867.1 P. set ipun(t .  A I  17.-59 3.80 |  |  .41
135 1136.5.2 P. setipLutct. A 2 2.1.-5-5 .1.0-5 9.ulJ
131 1863.3 P. set ip l t tct .  A 2 21.10 '1.23 12.16 23.69 1.11 12.72
131 1863.3 P. set i t lunct .  A 13.29 ,1.05 12.68
l-19 1861.3 P. s( t ipt .or( t .  A 2 21 .31 .+.30 13.07
l ,+1 18-59.4 P. set ipturct .  A 2 17.08 .1.09 13.10
l '11 1859.,+ P. . tet ipuLt( ' t .  A 16.7-1 1.11 12.21
111 1859.,1 P. . \et iput lo.  A 2 2:1.98 .+. l8 10.8.1
143 1857.5 P. set ip lut( : r .  A 2 20.78 1.25 12.39 19.82 :1.15 11.46
l '+3 1 8-57.5 P. set iptut( ; t .  A 2 I  6.66 3.61 9.63
143 18-57.5 P. set iputT(t .  A )  22.02 .1.-59 12.36
145 185-5.6 P. set ipLutct .  A 2 19.00 1.56 I  |  . .1,1 20.21 4.O2 LO.l  l
145 18-5-5.6 P. set ipLln(t .  A 2 21 .12 3. '+8 9.98
111 1853.7 P. s( t ipLtn(t .  A 2 22.82 ;1.31 10.31 22.82 : t .31 10.31
l5l  1849.U P. . tet ipLut( t .  A 2 11 .94 1.02 11.66 l1 .91 4.()2 11.66
153 1817.9 P. set ip lu l ( t .  A 2 27 .13 ;+.39 12.7 1 23.29 ,+.  18 I  I  .58
1-53 1847.9 P. set iput lct .  A 2.  19.16 3.91 10. '+6
155 1846.0 P. set ip lu l ( t .  A 2 22.18 '+.11 12.68 20. 11 1.11 12.11
1 -5-5 11t46.0 P. set ipLtn. t .  A 2 11 .14 1.17 12.26
151 184,+.0 P. set iput tct .  A 2 20.18 r1.  15 12.61 20.48 4.  15 12.6+

Little Macleira Core 721

I 1991.4 P. set iput lct .  A 2 2l  .01 3.23 8.64 26.66 3.58 9.59
1 1991.4 P. set iput lct .  A 2 32.26 3.93 10.54
1 1 19-55.7 P. set ip lutct .  A 1 30.12 3.-58 10.00 30.70 3.60 10.13
1 I  19-55.7 P. set ipunct.  30.68 3.62 10.26
27 1898.6 P. ser iput lct .  Al  3 23.17 1.12 9.96 23.11 1. t2 9.96
33 1877.1 P. set iput lL- t .  A 3 2-5.03 3.97 8.6.1 25.03 3.()7 8.64
31 1862.9 P. set ipuncr.  A 3 19.53 ,+.28 8.23 2l  .41 1.25 9.61
31 1862.9 P. set iput lct .  A 3 23.41 1.22 I  1.0-5
39 18-55.7 P. set ipunct.  A 3 21 .55 4.21 t0.19 2i .55 1.2t  10.19
19 1820.0 P. . tet ipLtnct .  A 3 23.32 1.16 6.71 2.3.32 '+.16 6.71
53 180-5.7 P. set iput lct .  A 3 29.65 1.14 10.03 29.65 1.44 10.03
59 17821.3 P. set ipLtnct .  A 3 25.26 3.82 8.92 25.26 3.82 8.92
19 11 12.9 P. set ipmk' t .  A? 3 2-5.60 4.61 8. .+9 25.60 4.61 u.49

Park Key Core 23A

Site I  1 1998.0 L.  mutt tgord.  39.23 3.839 tr l .895 39.23 3.839 14.895
I 1993.1 L.  mtnagiord.  A 37.168 3.839 15.114 35.29 3.89 18.82
I 1993.7 L.  natagort l .  A 3l  .848 1.021 17.60()
I 1993.7 L. matagortl. A 36.855 3.822 23.107
3 1991.2 L.  ntaragord.  A 32.219 3.73-5 t6. t t t  35.69 3. i i  16.78
3 1991.2 L. nkltdgorul. A 31 .O2l 3.'769 16.Uti0
3 1991.2 L.  nnta3iort l .  A 31 .751 3.801 11 .Ot9
5 1988.6 L.  natagort l .  A -  32.898 3.698 14.9 16 31 .12 3.67 15.89
-5 1988.6 L.  matagctr t l .  A 32.163 3.39 I  14.189

-5 1988.6 L.  ntatagort l .  A 16.902 3.919 18.559
7 1986.0 L.  tnatagord.  A 35.712 4.021 19. '+59 .10.07 3.96 16.22
7 19t36.0 L. mdt(lgord. A ,16.036 3.907 11.129
7 1986.0 L.  matagort l .  A 3t3. .+35 3.956 11. j65
9 1983.5 L.  rnatugord.  A 31 .912 3.931 t  j  .30j  36.89 j .13 16.92
9 19t33.-5 L.  tnatagord.  A 31.171 3.517 t j .5 j1
9 1983.5 L.  nt t t tugord.  A .11.13:+ 3.7-{9 1-5.879
I I  1980.9 L.  nt t tagort l .  A 35.521 3.609 l5. l '+9 3 '7.56 3.78 1-5.90
11 1980.9 L.  r t tut t tgord.  A 33.892 3.804 13.350
11 1980.9 L,  matu{ord.  A .13.266 3.9,+l  19.202
13 1978.3 L.  ntut t tgr t r t l .  A -  33.939 3.853 1.1.738 4L27 3.8,1 l j .1 l
13 i978.3 L.  mtf tagorcl .  A :18.610 3.83 I  20.08;+
1-5 1975.8 L.  n lotogord.  A 34.569 .1.039 11.296 34.92 3.g6 13. j1
l -5 197-5.8 L.  ntatagord.  A 35.272 3.687 13.189
l l  1913.2 L.  tnatagonl .  A 36. i61 3.692 19.534 38.09 3. j2 16.40
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Table 3.-Conrinued

Depth
(cm) Year Genus Species VPI Mg/Ca Sr/Ca Na./Ca

Mg/Cu Sr/Ca Nir /Cr
(rrg.)  (avg.)  (u\S.)

l1
11
19
19
19
21
2I
21

23
25
z)
2l
27
2l
29
29
31
3l
3l
33
3-5
3-5
35
31
31
37
39
:+l

4I
43
+-)

;13
15

/s

1a

11

11
49
49
.5 I
5 l

-53
-53
53
55
55
51
51
59
59
59
61
6l
65
69

L.

L.

L.

L.

L.

L,

L.

L.

L.

L.

L.

L,

L.

L.

L.

L.

L.

L.

L.

L,

L.

L.

L.

L,

L.

L,

L.

L.

L.

L.

L.

L.

L,

L.

L.

L,

L,

L,

L,
L,

L.

L.

L.

L.

L.

L.

L.

L,

L.

L.

L.

L,

L.

L.

L.

L.

L.

L.

t913.2
1913.2
IL)]0.6
r910.6
1910.6
I  968. I
I  968. I
1968.1
1965.5
I 96-s.5
l 96_5.5
1962.9
1962.9
1960.4
1960.,1
t960.4
1957.8
l9-57.8
195-5.3
r9-5-5.3
195-5.3
t952.1
l9-50. I
1 950. l
1 950. I
t941 .6
t911 .6
t911 .6
1945.0
t942.1
1912.4
1939.9
r939.9
r939.9
1931 .3
t937.3
r937.3
1931.1
1934.1
1934.'7
1932.2
1932.2
1929.6
r929.6
1927.1
1927.1
1927.1
1921.5
1924.5
1921.9
192t.9
19 t9.4
I  919.4
t9t9.4
I  91 6.8
l  9 l  6.8
19r.1
1960.5

ntttlttgord-

rntttagonl.

mdtatiord.

rnatogrtrd.

matagonl.

mutag()rd.

matagctrd.

nntugord.

mtttttgord.

tnetagord.

rnotag0rd.

nntagord.

ntttttt gord.

tnutatord.

nntagord.

rnata5;ord.

rnutagrtrd.

mdt0gord.

tnatag0rd.

matagord.

n'ttttagord.

rnatagortl.

nntagord.

ntatagord.

tnattrgord.

nntugord.

matagorcl-

nntugortl.

malagorcl.

rnutagord.

tndlagord.

rnatagortl.

tnaktgortl.

nakrgorcl.

tnatLtgord.

tnuktgortl.

tnat0gord.

nuttttgord.

nntagorcl.

matagord.

matagord.

rntttu,qord.

rnttkt gortl.

n[ttagord.

mtttugord.

rnatagortl.

natagrtrt l.

ntatdgord.

mat0gord.

tnututgord.

tntttttgord.

matagord.

rnatagord.

nuLtugord.

mutttgord.

matctgorcl.

nalagord.

ntcttagord.

39.-s29
37.991
40.801
16.616
31.916
43.454
38.430
31 .993
.11 .083
44.U53
4'+. 190
43.U 13
21 .063
31 . t6 l
3-s.08 I
39.151
12.313
3,1.93.1
38.633
36. Uu2
,17.863

38.,165
32.028
35. l  32
.{6.068

39.966
36.81 l
49. l  68
31 .609
39.738
43.387
36.224
,10.6,{5

33.668
.10.307

3u.335
3U.279
31.r51
31.143
3,+.881
33.969
46.919
31.512
35.9:18
30.785
46.299
31.636
,+0.095

37.t  19
39.9 t ]
37.298
41.102
42.O2.1
43.619
3'7.332
11 .322
32.995
31.3'19

3.83,+
3.621
3.9,+ I
3.50-5
1.218
3.955
3.916
3.8 r5
3.730
3.805
3.8 15
3.u32
3.099
3.8rl5
3.162
3.661
1.Ot9
1.025
3.83'1
3.639
,1.055

3.512
3.120
3.61u
3.852
3.811
3.92t3
1.210

-j.1 I0
3.832
4.211
3.,{-36
1.351
3.6'15
3.80,+
3.s'10

'+.0 I 9
3.93-s
3.1 70
3.661
3.978
;1.-500

3.568
;1.032

3.7-s l
3.43 1
3.900
,t. 16-5
3.855
3.587
3.163
3.125
3.638
,1.002
:1.  188
3.608
3.151
3.681

13.869
15.795
I 6.625 '10.81
17.558
19.266
18.219 31 .96
r8.228
l5.t i0-5
13.934 43.38
17.531
t2.  l3-5
l -1.306 3-5.'14
10.613
t5.234 37.33
l,+.89,+
18.617
1:1.  1 68 38.62
15.12.+
18.0-52 ; l  I . l3
15.-5-5-5
13.613
18.343
11.121 31 .11
15.580
1.s.419
11 .063 .11 .98
I7.330
23.390
16.r61 31 .61
I t .676 ,+1.56

r1.591
14.897 36.85
19.00,1
1.1.923
16..182 3U.97
16.605
15.730
16.2-33 35.59
13.0.10
16.9).5
l _5.483 40.16
I 3.6 l , {
1.1.314 35.26
r8.0s' l
20.072 36.21
1:1.939
13. '183
r6.014 38.61
17. I  l6
l1 .332 38.61
16.194
13.998 43.11
15.739
16.583
16.191 12.33
17.898
t9.r31 33.00
16.232 35.54

3.90 t7.82

3.90 11 .12

3.78 14.53

3.17 12.19

3.16 16.2-s

4.05 1,1.65

3.84 15.11

3.73 15.14

,1.01 19.26

3.7r 16.16
1.O2 13. 14

3.81 16.2.7

3.19 16.21

3.59 I  5.40

4.21 1'+.-s5

3.t30 16.18

3.69 16. 1 6

4.01 t6.57

3.68 1 6.9 1

3. '79 15.41

3.90 1 7.35

3.16 19.1'+
3.61 16.12



270

Russell Bank Core 198
Mg/Ca (avg)

15 20 25 30 35 40 45 50

Park Key Core 23A
Mg/Ca (avg)

15 20 25 30 35 40 45

Bulrern 361

Sr/Ca (avg)

3.5 4.0 4.5

Sr/Ca (avg)

3.5 4.0 4.5

Sr/Ca (avg)

3.0 3.5 4.0 4.5

'8

q,n

10
20
30
40
50

9rc
E80
Eso

100
110
120
130
140
tcu

0
10
20
30
40
50

EOU
9zn

i<an
0)
o90

100
110
120
130
t+u
150

10
20
30
40
50

EOU
o-^

c ' "

F80
6so

100
110
120
130
140
150

5.03.0

10

20

Bob Allen Core 6C
Mg/Ca (avg)

15 20 25 30 35 40 45

E

c)
o

30

F'Ah
J-v

7, 
-^o""

o
60

bo

€"

5.0
0

20

40

^An

Fon
c)otoo

20

40

^An
tr

:^^
c)o too

120

140

'b

*9=$
oF
tbo
0

€€

".#_*
***

"b
F9"

0

20

40

a60
E

:^^
o
oloo

120

140

Texrfigure 7 -N{g/Ca, Sr/Ca. and Na./Ca rarios of fossil
Key, Bob Allen Keys, Little Madeira Bay. and N{anatee Bay.

160

ostracode shells versus depth frorn sediment cores collected from Russell Bank. park
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Manatee Bay Core MBI
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Text-figure 9. Ostracode Mg/Ca-based salinity estin.rates lbr Russell core 198 and -5-year running mean of annual rainfall. Salinitl ' derivation

discussed in text .  SM designates intervals of  re lat ive sal in i ty maximum.
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A comparison of the Mg/Ca record fiom the Russell

core to the rainfall record reveals many similarities
(Text-figure 8). For example, the rainfall data indicate

that since the late 1950's there have been 3 quasi-de-

cadai oscil lations in precipitation over southern Flori-

da. While the amplitude correspondence varies, within

the resolution of sediment chronology, the three rait-t-

fall oscillations are matched one-fbr-one by oscilla-
tions in ostracode Mg/Ca ratios. Over this time inter-
val, peaks in Mg/Ca occur during dry intervals in the

early 1960's, rnid-to-late 1970's, and the late 1980's,

all periods of known hypersalinity within Florida Bay.
The decadal-scale correlation between rainf'all and

Mg/Ca persists in the earlier part of the records as
well. Based on the rainfall record, this was a period

of low amplitude rainfall oscillations relative to the
last 50 years, a pattern that also appears in the Mg/Ca
record. Thus, Mg/Ca and rainf'all show a correspon-
dence over multi-decadal t imescales.

In addition to the longer-term correlation, it also ap-
pears that single-year climate events may be recorded
in the Mg/Ca record. For example, four of the extreme
minima over the last century closely correspond with
years when the El Nino southern oscillation index
(SOI) was strongly negative (Text-hg. 8). Typically,
south Florida receives unusually high dry-season rain-

fall under such climate conditions (Douglas and En-
glehart. 1981), presumably leading to signil icantly

lower salinity in Florida Bay.
M-e/Ca records from the Park and Bob Allen cores

also corespond with the rainfall record, though the

similarit ies are not as strong as in the Russell core.
This may be a result of the lower resolution sampling
within these cores or in the case of Bob Allen. dlle to

an ecological effect related ro Peratoc'1'theritlea. An-

other possibil i ty is that these sites have stronger local
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Russel l  Bank Core 198
Ostracode Mg/Ca - Based Salinity vs.

Sal in i ty
(ppt)

effects than Russell Bank. The Bob Allen and Park
core sites appear to be located on the leeward side of
complexes of islands and broad, shallow mudbanks
which often experience wide temperature and salinity
shifts relative to more open waters of Florida Bay. In
contrast, the Russell Bank core site appears to be lo-
cated in a much smaller lee on a nalrow mudbank that
extends out into open waters of the largest and deepest
sub-bay within the eastern sector of Florida Bay. Thus.
the Russell Bank site nay be better situated to monitor
large-scale changes in Florida Bay.

A PRr-Eos,cLrNITy CURVE pon CeNrn,\L FLoRIDA BAY

Using the down-core Loxctconclru Mg/Ca ratios and
the provisional Ko v, tbr Loxoconcha, we calculated
estimates of past Mg/Ca ratios of Florida Bay water
and converted them to estimates of past salinity based
on the correlation between salinity and Mg/Ca*.,.,
(Texrfig. 5). Text-figure 9 shows ostracode Mg/Ca-
based salinity estimates derived for Russell Bank and
the south Florida rainfall record. Two extreme values
at intervals equivalent to 1963 (91 ppt)  and 1897 (1 13
ppt) are excluded fiom this plot. Calculated salinity
estimates range fiom 13 to over 50 ppt. The overall
average is 32 ppt with around two thirds of the values
falling between 20 and 43 ppt.

The salinity estimates are quite reasonable, strongly
overlapping with the range of instrumental salinity
measurements taken at or near this site over the last

-50 years which range from l0 to 5-5 ppt (Swart e/ a/.,
1996, Halley et ol., 1995). One notable example is the
salinity during the late 1980's which has been widely
discussed in the context of Florida Bay seagrass
dieoffs. Another is the high salinity recorded during
the mid 1970s (Swart et ctl., 1996). It is important to
note that calculated salinity estimates that are greater

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000



than -42 ppt lie outside the range of our modern cal-
ibration data set and thus are unconstrained. These es-
timates may be high because the slope of best-fit curve
to the Mg/Cas,rrer versus salinity data increases contin-
uously above 42 ppt, even though it appears that water
Mg/Ca ratios begin to plateau near the seawater value.
Thus, we might expect that ostracode shell Mg/Ca ra-
tios would also plateau at a value around 38 mmol/
mol, a value that is actually exceeded in a number of
intervals in the Russell core, perhaps suggesting that
Mg/Ca ratios of Florida Bay water increases further
with increasing salinity.

An alternative interpretation of the trends in shell
Mg/Ca is that the signal may be all or partially related
to temperature. Temperature and salinity measure-
ments collected seasonally for the last few years
(Brewster-Wingard et ul., 2001) near the Russell core
site suggest that temperature and salinity covilry at this
site, more so than at Bob Allen and Park Key. Given
the thermodependence on Mg uptake in Loxoconchtt
and other ostracode genera (Cadot and Kaesler. 1977:
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an alteration of the salinity regime due to hurnan alter-
ation of freshwater flow into Florida Bay.

Ilerner, E.K., and Berner, R.A.
1996. Global  envi lonment.  Prent ice Hal l .  New Jerscl ,  376 pp.

Berner. R.A,
1966. Chenr ical  c l iagenesis of  some modcrn carbonate secl i -

ments.  American Journal  of  Science. r 'o l .  26.{ .  op.  I  36.
Bodergat, A.

198-5. Spark-source ntass spectrometry of carapaces ctf Cr7;rl-
tlei-s Iorosu (Crustacea, Ostracoda)l a model ro reconsrrllct
mult i far ious sal inc enl i ronrnents.  zn D.E. Caldvr 'e l l .  J .A.
Br ier ley,  C.L.  Br ier ley.  r : r l . i . ,  Plarretary ecology. Van Nos-
trand Reinhold.  Nerv York.  pp.  l7 l3- l t t -5.

Boesch, I).F., Armstrong, N.E., DiElia, C.F., N,Iaynard, N.G.,
Paerl, H.W., :rnd Williams. S.L.

1993. Deter iorat ion ol  the Flor ida Ba\ ec() ! , \stcrr) :  an evaluat ion
of the scientific evidence. Report ol Working Group on
Flor ida Ba1,.  Nat ional  Fis l . r  and \ \ ' i id l i te Foundar ion.
South Flor ida Water Managernent Distr ict .  27 pp.

Brewster-Wingard, G.L,, lshman, S.E., Wiilard, D.A., Ed*'ards,
L.E.,  and Holmes, C,W.

1997. Preliminarv paleontological repol't on cores l9A anil l98
irom Rlrssell Bank, Er'erglades National Park. Florida Ba1'.
U.S. Ceological Survey Open-file Rcport 97-.160. 29 pp.

Brervster-Wingard, G. L., Ishman, S. E., and Holmes, C, W.
1998. Environntental  inpacts on the southern Flor ida coastal

\ \ 'aters:  A history of  change in Flor ida Bay. Journal  of
Coastal  Research, Io l .  26.  pp. 162-172.

Brewster-Wingard, G. L., and Ishman, S. E,.
1999. Histor ical  t rends in sal in i ty and slrbstrate in cenrral  Flor,

ida Bay: A paleoecological  reconstruct ion using r ] ]odern
analogue data.  Estuar ies.  r ,o l .  22.  pp. 369 31i3.

Brewster-\\'ingard, G.1,., Stone, J.R., and Holmes. C.\\,.
2001. Molluscan faunal distribution in Fkrrida Bay, past and pre-

sent: and integraticln Of dou,r]-core ancl modern data. Bul-
let ins of  American Paleorr to logy. no. 361. pp. I99-23 I .

Burns, S.J., and Swart. P.K.

1992. Diagenet ic processes in Holocene carbonate secl iments:
Flor ida Bay rnudbanks and is lands. Secl imentology, r ,o l .
. r ( ) .  pp.  lR5 .ro+.

tsurton, Il,A., and Walter, L,N,I.
I991. The ef I 'ects of  PCO. and temperature on nragnestum ln-

corporar ion in calc i te in seau,ater ancl  MgCl,-CaCl.  so-
lut ions.  Geochimica et  Cosnrochirnica Acta.  r 'o l .  55,  pp.
117-185.

Busenberg, E., and Plummer, L.N.
1985. Kinet ic and thermodvnant ic l 'actors control l ing the disrr . i -

but ion of  SO,:  and Na in calc i tes and selected arago-
ni tcs.  Ceochirnica et  Closmochin ' r ica Acta.  vol .  .19.  pp.
113 725.

Cadot, H.NI., and Kaesler, R.I-.
1911 .  Magnesiunt content of  calc i te in carapaces ol  benthic ma-

r ine Ostracoda. Unir . ,ers i ty ol '  Kansas paleontological

Contr ibut ions.  Paper E7. pp. l -23.
Chave,

l9-5.1

Chester,

|  990.
Chivas,

I  983.

K.E.
Aspects of the biogcochemistrv tll 'rna,unesium L calcareous
marine or_ganisrrs. Jour-nal ol Geology. vol. 62. pp. 26G283.

R.A.

Marine Geochenr istry.  f - lnwyn Hynan. London. 698 pp.
A.R., De f)eckker, P., and ShelIeS', J.M.G.

Magrresiut .n.  strol . l t iL lnt .  and bar iunt  part i t ioning in non-
marine ostracode shel ls and their  usc in paleoenvrron-
mel l ta l  rec()nst t 'uct ions-"  prel inr ina'y studv. ,? R.E Mad-
docks. er l . ,  Appl icat ions of  Ostracoda. Universi ty of '
Houston Geosciencc. pp. 238 2-19.

Chivas, A.R., De Deckker, P., and Shelley, J.M.G.
1986. Magnesiurn contetr t  t l l 'non-rnar ine ostracod shel ls:  I  nen

paleosalinontetcr and palcothernrorneier. PalleogeogriL-
phy. Palaeoclintatologv. Pal:reoecology. vol. 5:1, pp. :13-
6t .

Cronin, T.NI., Holmes, C.,Wingard, L., Ishman, S. Dowsett. D.,
and lVaibel, N.



216

2001. Historical trends in epiphytal ostracodes fiorn Florida

Bay: implications for seagrass and ntacro-benthic algal

var iabi l i ty .  Bul let ins of  American Paleontology, no. 361.

pp.159-197.

De Deckker, P., Chivas, A.R., and Shelley, J.M.(i.
1999. Uptake of Mg and Sr in the euryhaline ostracod Ct'pritleis

determined tiom in vitlo experiments. Palaeogeography,

Palaeocl imatology. Palaeoecology. vol .  1218. pp. 105- l  16.

Douglas, A.V., and Englehart, P.J.

1981. On a statistical relationship between autumn rainfall in

the central equatorial Paci{ic and subsequent winter pre-

cipitation in Florida. Monthly Weather Review, American

Meteorological Society, November. pp. 237 7 -2382.

Dwyer, G.S., Cronin, T.M., Baker, P.A., Raymo' M.E., Buzas,

J.S., and Correge, T.

1995. North Atlantic Deep Water Temperature Change During

Late Pliocene and Quaternary Climatic Cycles. Science,

vol .  270. pp. 13,17 1351.

Enos. P.. and Perkins. R.D.

1979. Evolution of Florida Bay from island stratigraphy. Geo-

logical  Society of  America Bu1let in.  vol .  90,  pp. 59-83.

Fennema, R.J., Neidrauer, C.J., Johnson, R.A.' MacVicar, and

Perkins. W.A.

1994. A computer model to simulate natural Everglades hy-

drology. lz Everglades, The Ecosystem and its Restora-

t ion.  S.M. Davis and J.C. Ogden. er l .s. ,  St  Lucie Press,

Delray Beach, Florida, pp. 219-290.

Ginsburg, R.N., editor.

19'72. Sedimenta II, South Florida Carbonate Sediments. publi-

cation of the Rosenstiel School of Marine and Atmospher-

ic Science, Universi ty of  Miami,  Miami Flor ida,12 pp.

Halley, R., Smith, D., and Hansen, M.

1995. Florida Bay Surtace Salinities. U.S. Geological Survey

Open-file Report 95 634.

Holmes, J.A.
1996. Trace-element and stable-isotope geochemistry of non-

rnarine ostracod shells ln Quaternary palaeoenvironmental

reconstruction. Journal of Paleolin'rnology, vol. 15, pp.
t t f  l f<

Kamiya, T.
1988. Morphological and ethological adaptations of Ostracoda

to microhabitats rn Zostera beds. ln Developments in Pa-

laeontology and Stratigraphy 1 1, Evolutionary Biology of

Ostracoda. T. Hanai, N. Ikeya, K. lshizaki, eds., Elsevier.

pp. 303-318.
Keyser, D.

1915. Ostracoden aus den Mangrovegebieten von Sudwest-Flor-

ida. Abhandlungen und Verhandlungen des Naturwissen-

schafilichen Vereins in Hamburg, vol. 18/19, pp. 255

290.
King, C.E., and Kornicker, L.S.

1970. Ostracoda in Texas bays and lagoons: an ecologic study.

Smithsonian Contributions to Zoology, vol. 24, pp. I 87.

Mclvor, C.C., Ley, J.A., and Bjork, R.D.

1994. Changes in freshwater inllou' tiom the Everglades to Flor-

ida Bay including efI'ects on biota and biotic processes,

ln Everglades. The Ecosystem and its Restoration. S.M.

Davis and J.C. Ogden. er1.r.. St Lucie Press, Delray Beach,

Flor ida.  pp. 1 17-148.

Miller, J.A.
1991 . Hydrogeology of Florida. ln The Geokrgy of Florida. A.F

Randazzo and D.S. Jones. er1s.. University Press of Flor-

ida,  Miarni .  pp.  69-88.

Morse, J.W., and Nlackenzie, F.T.

1990. Geochemistry of Sedimentary Carbonates. Elsevier New

York. 707 pp.

NOAA Data Archive (ht tp: / /www.ncdc.noaa.gov/onl ineprod/

droughVxmgr.html ).
RAIL.

1913. Resource and Land Infbrmation for South Dade County,

Flor ida.  U.S. Geological  Survey lnvest igat ion l -850. 66

pp.

Robbins, J.A., Holmes, C.W., Halley, R.8., Bothner, M., Shinn,

E., Graney, J., Keeler, G., ten Brink, M., Orlandini,

K.A., and Rudnick, D.

2001. Time constrai.nts characterizing predeposition integrati.on

of 137Ce and Pb fluxes to sediments in Florida Bav. Geo-

chimica et Cosn.rochimica Acta. (in press).

Sonntag. W.H.
1987. Chernical characteristics of water in the surficial aquif'er

system, Dade County. Florida. U.S. Geological Survey

Water Resources Repofi no. 87-,1080, 42 pp.

Stockman, K.W., Ginsburg, R.N., and Shinn, E.A.

1.961 . The production of lime rnud by algae in south Florida.

Journal of Sedimentary Petrology. vol. 37, pp. 633-6,18.

Swart, P.K., Healy, G.F., Dodge, R.E., Kramer, P., Hudson, J.H.,
Halley, R.B., and Robblee, M.B.

1996. The stable oxygen and carbon isotopic record from a coral

growing in Florida Bay: a 160 year record of climatic and

anthropogenic influence. Palaeogeography, Palaeoclima-

tology. Palaeoecology, vol. 123, pp. 219-231.

Tabb, D.C.
1967. Predictions of estuarine salinities in Everglades National

Park, Florida by the use of ground water records. Unpub-

lished Ph.D. thesis. Universitv of Miami, Coral Cables

Florida, 107 pp.

Teeter, J.W., and Quick, T.J.

1990. Magnesium-salinity relation in the saline lake ostracode

Ctprideis americantt. Geology, vol. 18, pp.220-222.

Wansard, G.
1996. Quantilication of paleotemperature changes during isoto-

pic stage 2 in the La Draga continental sequence (NE

Spain) based on the Mg/Ca ratio of freshwater ostracods.

Quaternary Science Reviews, vol .  15,  pp.231-245.

White, D.

1983. Oceanographic monitoring study 1980-1983. South Flor-

ida Research Center, Everglades National Park, Home-

stead, Florida, 144 pp.

Wingard, G.L., lshman, S.E., Cronin, T.M., Edwards,. L.E., Wil-

lard, D.A., and Halley, R.B.

1995. Preliminary analysis of down-core biotic assenrblages:

Bob Allen keys, Everglades National Park. Florida Bay.

U.S. Geological Survey Open-Ii1e Report 95-628.

Xia, J., Engstrom, D.R., and Ito, E.
1991. Geochemistry of ostracode calcite: Part 2. The effects of

water chemistry and seasonal tenperature raliations on

Candona rantsoni. Geochimica et Cosmochimica Acta.

vol .  61.  pp. 383 391.

Bullerm 361


