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Abstract

A 160 year record of skeletal 5'3C and §'80 was examined in a specimen of the coral Solenastrea bournoni growing
in Florida Bay. Variations in the §'®0 of the skeleton can be correlated to changes in salinity while changes in the
8'3C reflect cycling of organic material within the Bay. Based on the correlation between salinity and skeletal 620,
we have concluded that there has been no long term increase in salinity in this area of Florida Bay over the past 160
years. Using salinity correlations between the various basins obtained from instrumental data, we have been able to
extend our interpretations to other parts of Florida Bay reaching similar conclusions. In contrast to current ideas
which have focused on changes in Florida Bay water quality over the past 20-yr history of the Bay as causative in its
decline, we have determined that changes in water quality in this basin were already set in motion between 1905 and
1912 by the construction of the Florida East Coast Railway from Miami to Key West. The construction of the railway
resulted in the restriction of the exchange of water between the Florida reef tract and the Gulf of Mexico causing
Florida Bay to become more eutrophic. Evidence of this process is observed in the sudden shift to relatively lower
613C values coincident with railway construction. Natural events also appear to have influenced the water in the Bay.
Between 1912 and 1948 frequent hurricanes had the effect of increasing exchange of water between the Bay and reef
tract and removing large quantities of organic rich sediments. However, since 1948 the number of hurricanes affecting
the area has decreased and the products of the oxidation of organic material have been increasingly retained within
the basin promoting the initiation of eutrophic conditions.

1. Introduction events such as the construction of canals to drain
the Everglades have adversely affected water qual-

There has recently been significant interest in ity in Florida Bay. It is suggested that elevated
determining the history of salinity and water qual- salinities, particularly over the past decade are the
ity in Florida Bay (Mclvor et al., 1994 and others). principal causative factor in promoting a decrease
In particular, speculation has focussed on whether in water quality, productivity, and biodiversity of
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its living resources. Since 1987, large areas of sea
grass die-off have occurred in more than 18% of
the Bay, blooms of microscopic algae have
occurred with increasing frequency and intensity
and populations of water birds, juvenile fish, and
pink shrimp have declined dramatically (Boesch
et al., 1993).

This paper reports on the 5'3C and §'®0 values
measured in a core taken from a specimen of
the coral Solenastrea bournoni which was found
growing in an area of Florida Bay known as
Lignumvitae Basin in 1986. These data have been
used to make interpretations regarding changes in
salinity and water quality within Florida Bay prior
to anthropogenic change. Interpretations resulting

from this study may contribute to future water
management decisions which focus on the amounts
and timing of freshwater input into Florida Bay.

1.1. Background

Florida Bay is a semi-enclosed basin bordered
to the north by the southern tip of peninsular
Florida and to the south by the Pleistocene aged
Florida Keys (Fig. 1). The water depth of the Bay
increases from less than 1 m in the east to more
than 3 m in the west, a change which reflects the
topography of the underlying Miami limestone.
Within the Bay are 237 mud islands, all of
Holocene age, interlinked by a series of shallow

Fig. 1. Location map of Florida Bay showing general location and the division into a series of basins. These basins have been
defined numbers by the Everglades National Park and those relevant to this study are indicated. The basins are generally delineated
by the presence of mudbanks (shown as a light stippled pattern). Basins discussed in the text are Whitewater Bay (#1). northeast

Florida Bay (#15), and Lignumvitae Basin (#30).



P.K. Swart et al./Palaeogeography, Palaeoclimatology, Palaeoecology 123 (1996) 219-237 221

mudbanks which have the effect of separating the
Bay into basins. Florida Bay water is derived from
the intrusion of oceanic water from the Florida
Reef Tract and the Gulf of Mexico, local precipita-
tion, and freshwater flow from Shark River Slough,
Taylor Slough, and the C-111 canal (Fig. 1). These
sources, combined with intense evaporation, result

in a body of water with highly variable salinities
(Fig. 2a,b).

The specimen of the coral Solenastrea bournoni,
which is the subject of this paper, was collected
from Lignumvitae Basin just to the north of
Lignumvitae Key and to the east of the Peterson
Keys. Although this basin is situated near to the
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Florida Keys, it still experiences high salinities
(Fig. 2a,b).

Temperature and salinity data

Temperature and salinity data for Florida Bay
were collected as early as 1946, however, the quan-
tity of data are sparse and discontinuous. Robblee
et al. (1989) collected these data together and
subdivided them on the basis of date and basin of
collection. Some of the basins relevant to this study
are shown in Fig. 1. These data show that the range
of salinity within Florida Bay is highly variable
(Fig. 2b) extending from as low as 2 g/kg in basin
12 to 70 g/kg in basin 41. Inter-annual variations
in salinity are typically greater than intra-annual
variations (Fig. 3). Generally, the salinity in one
basin can be correlated with the salinity in other
basins in the Bay (Fig. 4), although the slopes of
these relationships vary. From these correlations
we have been able to develop equations which allow
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Fig. 3. Monthly average salinity data for basin 30 for two time
periods between October 1973 to August 1976 and March 1965
to January 1968. The dark bar denotes the time from June to
August of each year, usually the time of the warmest
temperatures and highest salinities.

the salinities of different basins to be calculated
from the salinity in Linumvitae Basin on both a
daily and monthly basis. Statistically significant
correlations were present between salinities in most
basins using both daily and monthly datasets, how-
ever, higher correlation coefficients were obtained
using daily data. For example, Fig. 4 shows the
correlation between monthly average salinity values
for basins 15, 21, 29, 30, 31, and 32 between 1956
and 1986. In contrast, a correlation between
Lignumvitae Basin (basin 30) and northeast Florida
Bay (basin 15) based on daily data has a greater
statistical significance (Fig. 5).

Previous work on Solenastrea bournoni

The coral analyzed in this study was cored in
1986. At that time, two colonies of Solenastrea
bournoni (FB-5 and FB-6) within Lignumvitae
basin were drilled. The growth and fluorescence of
one of these, FB-5, was described in papers by
Hudson et al. (1989) and Smith et al. (1989).
Hudson et al. (1989) reported an average growth
rate of 8.95 mm a year for this coral, but noted
below average growth coincident with railway con-
struction between 1905 and 1912. They were, how-
ever, unable to correlate abnormally cold air
temperatures, hurricanes, or dredging activity with
growth rate changes.

The second paper, by Smith et al. (1989),
reported on the fluorescent characteristics of the
coral skeleton. They reported a marked decrease
in the fluorescence of the coral skeleton after 1940,
which they interpreted as being the result of a
reduction in the discharge of freshwater from the
Everglades through Shark River Slough. Smith
et al. also noticed a loss in the characteristic 4-6
yr rainfall frequency in the fluorescence data after
1932 which they concluded supported their inter-
pretation of the reduction in freshwater flow
through Shark River Slough.

This paper reports on the 6*C and 5'%0 values
of FB-6, which has interpretable density banding
patterns between 1824 and 1986.

2. Methods

Coring: The coral used in this study was cored
in 1986 using the techniques described by Hudson
et al. (1989).
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Fig. 5. Detailed correlation between salinity in Lignumvitae
Basin (basin 30, northeast Florida Bay (basin 15) and
Whitewater Bay (Basin 1). Correlations based on daily data
between 1956 and 1986.

X-ray densitometry. The core was slabbed and
subjected to X-radiography using standard meth-
ods (Dodge et al., 1984; Hudson et al., 1981a,b).

Isotope analyses: Samples for isotopic analyses
were drilled using a small diamond studded dental
drill combined with an XYZ stage. Between 3 and
12 samples were drilled in one year depending on

the growth rate of the coral. The coral was sampled
as far as possible along continuous polyp tracts.
These are marked on Fig. 6. The record is complete
with the exception of three years (1833-1836)
where the samples were lost as a result of an
equipment malfunction. The samples were ana-
lyzed for their §**C and 680 values using standard
methods (Swart et al., 1991). All data have been
corrected for the usual isobaric interferences.

Statistical techniques: In order to perform time
series analyses, data were interpolated to a
common time interval using the method derived
from Davis (1973). Time series analyses were
performed using Statistica (Statsoft©) and single
spectral analysis was performed using a program
provided by Ed Cook (LDGO).

3. Results
3.1. Growth rate

The growth rate of the coral (FB-5) origin-
ally studied by Hudson et al. (1989) was highly
variable, exhibiting variations between 4.4
and 15.2mm/yr. In contrast, the coral (FB-6)
examined in this study exhibited lower, (mean=
5.07 mm/yr), but generally more uniform rates of
growth. Nevertheless, the growth rate of FB-6 is
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Fig. 6. X-radiograph of the coral used in the study.

punctuated by two sudden increases in growth
rate, in 1883 and 1924 (Fig. 7). The growth rate
of FB-6 showed no correlation with that of FB-5.

3.2. Stable isotopes
Oxygen

The 680 of the coral skeleton has a mean value
of —2.58%, and varies between —0.77 and

—5.76%o. The average annual variation is 1,21%o,
but this range varies between as little as 0.17%o to
as great as 4.42%o. The average 6'®0 is higher by
approximately 0.7%o compared to corals of the
same species growing off the Florida coast (Fig. 8).
There is no long term trend in the skeletal 530,
although the values tend to be less variable and
the average annual 3'®0 increases from —2.75 to
—2.44%0 after 1910 (Fig. 9).

Carbon

The 6'3C of the coral skeleton has a mean value
of —3.18%. and varies between —1.10 and
—5.20%0. The average annual range of 6'3C is
0.98%o, and varies between 0.15 and 2.66%0. The
average 613C of this coral is approximately 0.5%o
lower than a specimen of the same genus growing
off the Florida coast (Fig.8) and considerably
lower than specimens of Montastraea annularis
found on the reef tract. There are two major
decreases in the skeletal '°C, one around 1905
and one starting in 1948 (Fig. 9).

3.3. Fourier analysis

A spectral analysis of annual mean §'80 values,
shows statistically significant peaks at 7, 12, 25,
and 43 yr (Fig. 10). Statistically significant peaks
are present in the 6*3C spectra at 12, 25 and 100
yr. Cross spectral analysis indicates that signals at
12, 20-25, and 80—100 may be common to both
the 513C and 680 records. Single spectral analysis
of the 4'80 data indicates temporal variability of
all the frequencies, with perhaps the most signifi-
cant decrease taking place in the amplitude of the
7-yr signal between 1880 and 1920 (Fig. 11a).

4. Discussion
4.1. Density banding

In massive corals, a complete cycle of high and
low density skeleton is believed to form annually
(Knutson et al., 1972; Dodge and Thompson,
1974; Hudson et al., 1976; Wellington and Glynn,
1983). Through these growth increments, the coral
skeleton contains a chronology of annual growth
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Fig. 7. Time series of growth rate data reported in Hudson et al. (1988) on coral FB-5 and in this paper (FB-6).
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Fig. 8. Comparison of §'3C and 6'%0 data from Solenastrea
bournoni (n=1153) compared to a specimen of Montastraea
annularis (n=300) growing on Molasses reef (Fig. 1) and a
specimen of Solenastrea bournoni (n=28) collected from
Broward county, approximately 100 miles to the north of
Molasses. The Florida Bay coral has a statistically higher §'%0
and lower §*C composition than the coral from Broward
county.

variations. In South Florida, the dense band forms
in the late summer, but it is generally thought that
there is as much as a + two month variation in

timing. By counting the number of bands in a
coral, the age can be assessed. Errors in age
interpretation arise when dense bands are indistinct
or when so-called “stress bands”, resulting from
events such as temperature extremes, occur.
Generally speaking, a year in which a stress band
forms may actually contain two dense bands or a
thicker dense band which is a combination of the
stress and normal dense band. Although it is
possible to misinterpret a stress band as an annual
band, the annual bands can be recognized by their
regular spacing. Therefore, density changes can
still provide a clear annual chronology. We feel
reasonably confident that the density bands in this
coral do represent an annual phenomenon. If dense
bands are misinterpreted as annual bands, one can
expect the measured growth rate to show large
variations between years. This is not the case in
this coral with the exception of two years, 1954
and 1969. In these years, the coral exhibited a high
growth rate followed the next year by a low
extension rate. It is possible that there was a
misidentification of the stress and an annual band
coupled with a missing annual dense band, how-
ever, the error was accommodated the following
year. Hence over the life of the coral such errors
cancel each other out. In conclusion, while there
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Fig. 9. The 6'*C and 6'®0 data described in the text. The shading indicates deviations from the mean value.

may be some uncertainty as to the age within one
or two years, this uncertainty does not alter the
age of the coral significantly.

4.2. Oxygen isotopes

The average 6'80 of the skeleton (m= —2.57;
n=1153) is markedly higher than corals growing
in normal marine environments and a specimen of
the same species growing on the Florida reef tract
(Fig. 8). The higher skeletal 630 value reflects the
high 6'®¥0 value of the Bay water itself (Lloyd,
1964; Swart ct al., 1989), which is enriched in 30O
as a result of evaporation and the input of '*0
enriched freshwater from the Everglades (Meyers
et al., 1993).

Inter-annual variations

Using measured temperature variations in
Lignumvitae basin over the time period between
1956 and 1992 (14-32°C), we have been unable
to find any correlation between §'80 and temper-
ature (Fig. 12b). In addition, based on previous
relationships between temperature and 6'30 in
corals { Weber and Woodhead, 1972), the average
annual range in 6'%0 in the coral skeleton corres-
ponds to less than 50% of what might be expected

on the basis of the annual monthly range in water
temperature of approximately 10°C; assuming con-
stant 880 of the water. As discussed by Leder
et al. (1991), possible explanations for this reduced
range, include an insufficient number of samples
taken within one year, and changes in the §'*0 of
the water linked to variations in evaporation and
terrestrial runoff.

Number of samples

It has been recognized by Leder et al. (1992,
1994, in press), that both the number of samples
taken within one year and the location of these
samples within the coral skeleton can significantly
alter the range of isotopic compositions measured
within an annual growth increment. Our sampling
regime produces an average of the isotopic com-
position of the skeleton over a period of several
months, integrating variations in temperature,
physiological effects, and the isotopic composition
of the water. As a result, we are unable to attach
any significance to the annual range of either the
S13C or 5180 in the skeleton.

Salinity variations
Although there have been no systematic studies
of the 680 of the water within Florida Bay, the
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analysis identified the variation of a particular frequency with time.

salinity of the Bay shows both large inter- and
intra-annual variations. Typically, salinity values
are the highest during the summer, as a result of
evaporation, and lower during the winter when
the Bay becomes dominated by water from the
Gulf of Mexico and the Florida Reef Tract. The
absence of clear predictability in salinity can be
seen by examining two periods for which there is
more or less continuous data from basin 20
(October 1973 to September 1976 and March 1965

to January 1969) (Fig. 3). In both datasets salinity
values appear to be higher in the preceding summer
than the following winter. Superimposed on the
seasonal trend are longer term variations which
result in large differences in salinity between succes-
sive summers and winters. These changes in salinity
should be manifested in the 6'%0 of the coral, but
as the maximum enrichment in the water occurs
during the warmest portion of the year (the
summer), the temperature and salinity effects tend
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to counteract each other, thereby reducing the
observed range of oxygen isotopic variation seen
in the coral.

Timing of density band formation

Normally the high density band in Florida corals
is believed to form between July and August. This
has been determined both by direct observation
and the position of the high density band relative
to the occurrence of the lowest stable 5'%0 value
(Emiliani et al.,, 1978; Leder et al., 1991). In
Florida Bay, the dense band also seems to form
mainly during the period when the §%0 value is
lowest. However, there are some years when the
dense band forms at the time when the skeletal
680 is at its highest value within an individual
year (Fig. 13). In Fig. 13, the position of the dense
band is marked by both the vertical shading and
the position of the date. During this portion of
the record, from 1966 to 1986, there were five

years in which the dense band coincided with the
highest 6'®0 values. The lack of coincidence of
the dense band and the zone of minimum §80
values may indicate either that the basin was more
saline during the summer in these years, or that
the dense band formed at some other time. Such
a change in timing need not be by more than a
few months in order to shift the dense band into
a portion of the skeleton with higher §%0.

Correlation with temperature and salinity

The salinity and temperature database available
for correlation has been discussed earlier. As only
a relatively short and discontinuous salinity record
was available for basin 30, we have correlated the
salinity of basin 30 to that of basin 15 and then
used the basin 15 record to reconstruct a longer
time series for basin 30. The correlation coefficient
between salinity in basin 30 and 15 is 0.61, statistic-
ally significant at the >95% confidence level. In

O /oo

18
)

C Joo

13
)

6

Fig. 13. Time series analysis of 6'*C and 6!%0 from 1966 to 1986. In this figure the position of the date is located on the graph
where the dense band occurs relative to the oxygen isotope curve. Note there appears to be a depletion in the §!'3C coincident with

the density band.
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order to correlate these data to the 6'80 of the
coral skeleton, we first extrapolated our §'®0
values to 12 samples a year assuming that the
density band in the skeleton formed during July.
The salinity and temperature data were then corre-
lated with the 6'®0 data (Fig. 12a). While a corre-
lation between salinity and skeletal 6'80 (Fig. 14)
shows a regression coefficient of 0.41 (statistically
significant at >99.99% level), no statistically sig-
nificant correlation was observed between water
temperature and 6'%0 (r=0.08). The reason for
the absence of correlation between skeletal 520
and temperature is evident if one examines the
available temperature and skeletal 530 data. The
380 composition of the coral skeleton shows a
regular annual variation which is sometimes in
phase and some times out of phase with temper-
ature. The variability of the correlation between
temperature and 680 suggests that either other
factors such as salinity are masking the temper-
ature induced isotopic effect in the coral skeleton,
or that the chronology based on the density bands
is slightly incorrect. The data presented in this
paper suggests that while some salinity induced
masking is taking place, the main factor resulting
in the absent correlation between temperature and
6'80 is the variable timing in the dense band
formation. The precise position of the density band

is critical in determining the degree of correlation
between temperature and 6'*0 on an intra-annual
scale, and therefore an error of several months can
clearly alter the chronology and hence correlation,
without affecting the annual age assignment.

In contrast, the correlation between skeletal
5'80 and salinity is much more robust as there is
less of an intra-annual signal in salinity and more
variability between years. The result is that the
5'%0 and the salinity clearly track each other
(Fig. 12a). Scatter in this correlation arises from a
combination of several processes (Fig. 15). First,
some problems can occur in the chronology of the
coral as previously discussed and the assumption
that growth rate between the bands is constant.
Second, while temperature is not directly correlat-
able with §'80, it still has an important control
on the 680 of coral skeletons. At this location,
temperature varies in a seasonal manner and while
temperature influences the seasonal 620 signal, it
is not primarily responsible for inter-annual varia-
tions in skeletal 6'80 which are in some instances
greater than intra-annual changes. If temperature
were the most important factor, we believe that
the §*®0 value would behave in a more predictable
manner relative to the position of the density
bands. Third, the relationship between salinity and
the 5'80 of the water is not a simple matter of
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Fig. 14. Correlation between the mean monthly salinity data calculated for Lignumvitae basin (basin 30) and the §'*0 composition
of the coral Solenastrea bournoni. The overall correlation coefficient is 0.41 for a sample size of 197.
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Fig. 15. Model accounting for variation in the oxygen isotopic
variation of Florida Bay water. The numbers on the figure
refer to the factors accounting for the variation in the oxygen
isotopic composition and are discussed in the text. The §'30
of the water is controlled by mixing between ocean water and
precipitation and runoff. Precipitation and runoff while having
similar salinities, have quite different §'®0 values. Evaporation
of the resultant mixtures increases both the salinity and §'%0
values. The maximum 6'®0 composition which can be attained
is limited by exchange with the atmosphere.

mixing isotopically depleted freshwater water with
seawater. In fact, there are at least four factors
important in altering the magnitude and slope of
the salinity vs. 880 relationship in the waters.
These are:

(1) The evaporation of Florida Bay water results
in an increase in salinity and to some extent the
580 of the Bay water (Lloyd, 1964; Swart et al.,
1989). This increase in turn is reflected in the
580 value of the coral skeleton. The maximum
extent to which the §'%0 of the Bay water can
increase is limited by exchange with the
atmosphere(Gonfiantini, 1986; Swart et al., 1989).
In the case of Florida Bay, the maximum 50 of
the water that can be attained through evaporation

has been calculated by Swart et al. (1989) to be
approximately + 3%o.

(2) The inundation of Florida Bay water by
marine waters from the Gulf of Mexico or the
Gulf Stream can act to either reduce or increase
the salinity depending upon the salinity and iso-
topic composition of the Bay at the time of
inundation.

(3) Reductions in salinity and 680 result from
the addition of water through precipitation. The
average 6'%0 of the precipitation in the Bay is
approximately —3%o (Swart et al., 1989).

(4) Input of water from the Everglades while
reducing the salinity, actually can cause an increase
in the §'80. This is because these waters are highly
evaporated (Meyers et al., 1993) and have there-
fore attained the maximum 6'®0 possible under
the prevailing environmental conditions.

Long term variations in salinity

Based on the correlation between salinity and
580 in the coral skeletons (Fig. 9), it is possible
to calculate long term variations in salinity in
Lignumvitae Basin over the entire record of the
coral. Our conclusion is that although there was a
slight increase in the 6'®0 value of the coral
coincident with the construction of the Florida
East Coast Railway, there is no overall increase in
the 6'80 between 1824 and 1986. Consequently,
we conclude that there has been no long term
increase in the salinity of Lignumvitac Basin.
Similarly, using the correlations between
Lignumvitae Basin and other basins (Fig. 4), salin-
ities in these basins can be calculated (Fig. 16). As
the correlation coefficient between the salinity and
skeletal 680 only explains 20% of the variance,
the variations in the calculated salinities are not
as great as were actually measured. However, this
does not alter one of the important findings of this
work which is that there has been no long term
increase in the salinity of Florida Bay over the
past 160 years.

Spectral analysis of oxygen isotopic data

Spectral analysis of the time series of the oxygen
isotopic data revealed statistically significant peaks
in the spectral density at frequencies corresponding
to 7, 12, 25, and 43 years (Figs. 10 and 11). While
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Fig. 16. Calculated salinity variations in Lignumvitae Basin using the 6*30 record shown in Fig. 8. Also shown is the calculated
salinity in basin 12 and basin 29 as calculated using the correlations between basins shown in Fig. 5.

single spectral analysis of all of these signals
showed variation in amplitude with time, only the
7-yr signal decreased from the start of the record
to the present day. The majority of the decrease
occurs in a narrow time period between 1880 and
1920, and may be related to the construction of
the railway. Smith et al. (1989) observed a change
in the periodicity of a 5-yr cycle in fluorescence
data prior to and after 1940. The 5-yr frequency
is characteristic of rainfall in the South Florida
area and therefore Smith et al. concluded that the
loss of this signal supported their contention that
there had been a decrease in the water flow through
the Shark Valley Slough. If variations in the skele-
tal '®0 are related to changes in salinity which in
turn are related to precipitation and runoff, then
it is surprising that no 5-yr signal is present in the
isotopic record of the coral. One explanation may
be that there is a lag between precipitation in the
Everglades and its effect on the salinity in Florida
Bay which may last upto 2 years.

Relationship of oxygen isotopic variations to major
storms

Throughout the 6*C and 680 record of this
coral and particularly in the 20th century, there
appears to be a periodicity in the record corre-
sponding to between 7 and 12 yr. These fluctua-

tions from relatively high 60 values to lower
values often occur during years of major hurri-
canes. We suggest that the passage of hurricanes
causes more '®*0-depleted ocean water to influence
the Bay resulting in a change in the 620 values
of the coral skeleton (see discussion on carbon).

4.3. Carbon isotopes

The mean 6'3C of the coral skeleton in this
study is lower than corals of the same species
growing off Broward county and substantially
lower than other species such as Montastraea
annularis found on the Florida Reef Tract
(Fig. 11). This difference is probably a result of
the lower 6°C of the DIC in Florida Bay
(Patterson and Walters, 1994). On an intra-annual
basis there appears to be a cycle in the 3'3C, with
lower values coincident with the density band
formation during the summer. This annual
cyclicity may be linked to either seasonal changes
in the 6'°C of the DIC in Bay water, becoming
isotopically depleted during the summer months
or changes in the rate of respiration relative to
photosynthesis in the zooxanthellae (Swart, 1983).
Although, low 6'3C values are manifest throughout
the skeletal record, a major change toward more
lower 8*3C values occurs between 1905 and 1912
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coincident with the construction of the railway
(Figs. 9 and 17). Between the end of the construc-
tion and 1946, there was a slight drift toward
higher §'3C values. Since 1946 the §'3C values
have become lower by at least 1%o. The most
plausible cause for the overall negative §'3C values
of this coral, as well as the abrupt shift coincident
with the construction of the railway, is that during
construction several of the passes through the Keys
were infilled reducing exchange of water between
Florida Bay and the reef tract. This infilling
resulted in more of the products of oxidative decay
of organic material (**C depleted carbon, P, and
N) being retained within the Bay, producing Bay
water with a dissolved inorganic carbon content
more depleted in '*C. Subsequent to construction
of the railway, the 6'*C of the coral skeleton
increased slightly until 1946. Major excursions in
the skeletal §'3C, from low to high values and in
the %0, from high to low values correspond

approximately with the occurrence of major hurri-
canes and storms. These storms had the effect of
breaking down the isolation of the Bay, removing
large amounts of organic rich sediments and intro-
ducing water enriched in *C from the Florida
Reef Tract and the Gulf of Mexico (Fig. 17; Trend
A). Between 1910 and 1948, seven class-3 or
greater hurricanes passed through Florida Bay.
Between 1948 and 1986, the time of the collection
of the coral, the 6°C of the coral gradually became
isotopically lighter (Fig. 17; Trend B and D). A
reversal in the trend in §3C occurred between
1959 and 1966, the only time period since 1948
during which major hurricanes affected Florida
Bay (Fig. 17).

One puzzling aspect of the decrease in skeletal
813C is the absence of a corresponding increase in
the 6'®0 over the same period. There are two
possible explanations for the absence of a similar
trend in 5'®0. First, the 6'%0 of water in the Bay
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Fig. 17. The 6'*C and §'80 composition of the coral since 1900 showing the timing of major hurricanes. Data have been smoothed
with a 12 point running average method. The large change in the §'*C composition occurs coincident with the railway construction.
Between 1910 and 1948 (Trend A) the 6'3C composition showed a long term increase. This we suggest is related to the large number
of hurricanes in this interval which caused the isolation of Florida Bay to break down. From 1948 to 1986 (trends B and D) the
8'*C composition became more depleted coincident with a reduction in the number of hurricanes. The only exception to the
decreasing isotopic trend occurred between 1959 and 1966 (trend C) which coincided with three hurricanes.
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is already near the maximum attainable under
evaporative conditions (Swart et al., 1989) and
therefore further evaporation would not apprecia-
bly increase the §'80. Second, changes in the
carbon balance may be more susceptible to varia-
tions in hurricanes and storms while oxygen may
be more function of rainfall amounts, a parameter
which is unrelated to hurricane intensity.

Changes in the oxygen isotopic composition related
to railway construction

Although there appears to be an increase in
5180, similar to 6'3C, coincident with railway
construction, on closer inspection it is evident that
the lower 630 values actually occurs several years
before the change in 6'3C. We can only speculate
that the low 680 values between 1895 and 1905
are related to a substantial lowering of the salinity
at this time. Although no salinity measurements
exist from this period, support for this hypothesis
is provided by reports from sponge fishermen who
noted a severe decline in the sponge populations
at this time, a phenomenon they attribute to an
influx of freshwater. In addition there are reports
at this time of freshwater off Key West (Zieman,
pers. comm.). In addition to the large changes in
880 which are not associated with railway con-
struction, there is a small, but nevertheless statistic-
ally significant increase in the mean 680 of the
coral skeleton coincident with this event. The mean
580 of the skeleton increases from —2.75%o in
pre-railway skeleton to —2.44%o for the period
between 1905 and 1986. Using the relationship
shown in Fig. 14, this increase is equivalent to an
average increase in salinity of approximately 0.8
g/kg.

A further influence that the construction of the
railway may have had on the salinity of
Lignumvitae Basin is the reduction in the range of
the inter and intra-annual salinity values. This is
evident in the standard deviation of the annual
average 6180 values. Prior to 1905 the standard
deviation is 0.46%o0 compared to 0.27%o for the
years between 1905 and 1986. This suggests a
larger inter-annual variation in §'®*0Q and hence
salinity prior to the construction of the railway.

Relationship of isotopic data to growth rate

The growth rate of the FB-6 coral averages
5.07 mm a year, but is punctuated by two abrupt
changes, one at 1883 and one at 1928. We believe
that these changes in growth rates were probably
caused by large storms which altered the growth
orientation of the colony. Although the coral
colony is large, it is at the present day not cemented
to the bottom and could be easily moved by
currents and wave action.

It has been previously suggested that the §*C
and 6'30 of the coral skeleton is related to growth
rate, with slower growth rates corresponding
to more !®Q-enriched skeletal carbonate
(McConnaughey, 1989a,b). If this were in fact
instrumental in causing isotopic variation, then
there should be pronounced changes in both the
8'3C and 6'®0 associated with the large decrease
in growth from 1927 to 1928 and from 1883 to
1884. No such relationships were observed suggest-
ing that growth rate is not important in controlling
either 6'3C or 6'®0 in this coral.

5. Conclusions

(1) The 6'3C and 880 of the coral skeleton of
this specimen of Solenastrea bournoni records the
long term environmental conditions within Florida
Bay, in particular changes in the salinity and the
amount of oxidized organic carbon being released
from the sediments.

(2) The 680 of the coral skeleton can be
correlated with the salinity in the basin from which
it was collected between the period 1956 and 1986.
For the 197 months for which salinity data were
available an r value of 0.41 has been determined,
statistically significant at greater than 99.99% con-
fidence limits. The carbon isotopic composition
showed no statistically significant relationship with
either temperature or salinity over this period.

(3) Based on the correlation between skeletal
5180 and salinity between 1956 and 1986, our data
suggests that there is no evidence of a long term
increase in the salinity of the Bay from where this
coral was collected related to either climatic or
anthropogenic influences. Such anthropogenic
influences include the alteration of water flow
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which occurred as a result of various engineering
projects which were carried out during 1950s and
1960s designed to control water levels in the
Everglades and adjacent agricultural areas. A small
increase in 6'®0 was noticed coincident with the
construction of the Florida East Coast Railway
between 1907 and 1910. Based on the coral isotopic
record, the salinity of the basin in which this coral
grew has varied only between 34 and 42 g/kg
throughout the lifespan of this coral. Employing
transfer functions calculated using the instrumental
data available for this period, we have estimated
salinities in other portions of Florida Bay.

(4) The 6*3C records of the coral skeleton shows
two major changes. The first occurred between
1907 and 1910 and is coincident with the construc-
tion of the railway between Miami and Key West.
We suggest that this process restricted access
between the Bay and the reef tract allowing a build
up of the products of the oxidation of organic
carbon within the Bay. The second change
occurred between 1948 and 1986 and is manifested
as a continual decrease in the carbon isotopic ratio
of the coral. Between 1910 and 1948, the large
number of hurricanes promoted the continual
flushing of the system and export of organic rich
sediments out of the Bay. After 1948, the number
of hurricanes decreased, allowing the organic mate-
rial to be retained in the Bay. Throughout the
period between 1910 and 1948 the isotopic records
of both carbon and oxygen exhibit rapid changes.
The 6°C changes form low to high values while
the 680 varies from high to low values. These
changes are approximately coincident with major
hurricanes.
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