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Figure 1. Map showing the six study sites at which current meters
have been moored to record flow into and out of Florida Bay. N, C
and S indicate the northern, central and southern stations along
the 81°05'W meridian; SS is the location of the study site between
Sprigger and Schooner Banks; Land T indicate locations of stations
in Long Key Channel and Channel Two.
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INTRODUCTION

This Final Report s ummar i.z e s : work .done by Harbor' Branch

scientists during a one-year study of "Long-term net transport

patterns in western Florida Bay." Many of the environmental issues

involving Florida Bay, including nutrient and larval transport, re

quire an understanding of transport processes, and the pathways

taken by dissolved and suspended material entering, moving through

and leaving the bay. The rationale for the study is that a clear

understanding of circulation patterns is required to make sound

management decisions. Also, a data base comprised of current ob

servations will provide information needed to verify model simu

lations of transport through Florida Bay.

The Harbor Branch study is one component of a collaborative

study with the University of Miami's Rosenstiel School of Marine

and Atmospheric Sciences. The experimental design of the Harbor

Branch work calls for the collection of current meter data from

-four sites along the western and southeastern sides of Florida Bay,

and the analysis of the data in a way that will characterize the

ebb and flood of the tide, as well as long-term net flow patterns

into and out of the bay.

Three study sites along the 81°05'W meridian (Fig. 1) were

selected on the basis of their suitability for supplying the boun

dary conditions needed for a hydrodynamic model. They are in a

flat-bottom area, west of the complex topography that defines the

many sub-basins of Florida Bay. Water depth along the 81°05 'W

meridian is 3-4 m and relatively constant. A fourth site, in Long

Key Channel, was selected to provide data representative of the
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exchange of water between Florida Bay and Hawk Channel on the

Atlantic side of the Keys. During the course of the one-year

study, two additional study sites were occupied. Currents were

recorded along the southern boundary of Everglades National Park

between Sprigger Bank and Schooner Bank. This station was estab

lished and maintained as part of the SEAKEYS program funded by the

MacArthur Foundation. Results are included here because of their

relevancy to the study funded by the Florida Department of Environ

mental Protection. Currents were being recorded in Channel Two at

the start of the study and this time series continued until a

current meter became available for Long Key Channel.

Services to be performed include the collection of one-year

time series of current speed and direction from each site to (a)

define the long-term net flow across the 81°05'W meridian and

through Long Key Channel, (b) describe seasonal variations, (c)

quantify the ebb and flood of the tide relative to the nontidal

exchange, and (d) provide the data base necessary for calibrating

and verifying computer models.

CHRONOLOGY (March 1994 through March 1995)

Data collection along the 81°05'W meridian began shortly after

the signing of the contract. We installed Endeco current meters at

the central and southern sites on March 16 and 17, respectively,

and we installed a General Oceanics Mark II current meter at the

northern station on March 16. Current meters provided by this

study became available during the fourth month of the contract

year. A General Oceanics Mark II current meter at the station
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between Sprigger Bank and Schooner Bank had been in operation since

mid December 1993. Also, as noted above, we had installed a

current meter in Channel Two in mid January 1994, and we used

Channel Two data to represent flow patterns through Long Key

Channel until a current meter was available. Tom Lee provided a

cur r en t; meter with a. conductivity sensor, which we used at our

station in Long Key Channel from May 17 to June 29, 1994. We

intentionally removed both the Long Key Channel current meter and

the Channel Two current meter during the first few weeks of the

Florida spiney lobster season to avoid vandalism by sport divers.

The Long Key Channel current meter was put back in service on

August 29, and the station was maintained through the end of the

contract year.

We have visited our study sites every 6-8 weeks to clean the

conductivity sensors, as well as to remove and replace the data

cartridges. This protocol provided us with the water samples

needed to calibrate the conductivity sensors, and the data needed

to provide relatively up-to-date quarterly reports.

DATA ANALYSIS

We present most of our results as time series--plots of

current speed, temperature or salinity vs. time. In those cases

where the flow is constrained by a channel, we present current me

ter data as the along-channel component of the flow, and results

are plotted as cumulative net displacement diagrams. Displacement

is defined to be the product of the current speed and the time

interval it represents. The convention for positive and negative
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displacements is stated in the caption for each plot. When a time

series from a tidal channel is interrupted (e.g., Long Key Channel

during mid and late summer 1994), we reset the displacement counter

to zero and continue plotting on the same time axis following the

gap.

In those cases where the flow is not constrained by a channel,

we plot current meter data in the form of progressive vector dia

grams. The hourly measured current is decomposed into north-south

and east-west components, cumulative net displacements are calcu

lated as described above, and the components are then recombined.

The cumulative east-west and north-south displacement at any time

during the study defines the resultant speed and direction from the

start of the time series.

North-south and east-west current components are low-pass

filtered to remove tidal oscillations, then plotted as a function

of time to reveal nontidal flow patterns. We use a 127-weight

Lanczos filter with a half-power point at a period of 37 hours

(Bloomfield, 1976).

Hourly water temperature observations are plotted as a

function of time without filtering. Gaps appear in some tempera

ture plots, but partial records can be concatenated, and then

plotted along the same time axis to provide a better picture of

temperature fluctuations over longer time scales.

Conductivity has been converted to salinity using the practi

cal salinity scale (Perkin and Lewis, 1980), and in accordance with

Millero (1993) we do not use the term "parts per thousand" or the

abbreviation "%0."
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We calculate harmonic constants of the principal tidal con

stituents using either of two NOS computer programs. For shorter

time series, we use the 29-day harmonic analysis computer program

(Dennis and Long 1971). If the time series is substantially longer

than 29 days, we conduct several analyses and then vector-average

the harmonic constants. The principal constituents are selected on

the basis of their amplitude. By our definition, a tidal

constituent is "principal" if it has an amplitude in excess of 1 em

for water levels and 1 em S-l for currents. When time series are

longer than six months, tides are quantified using the NOS least

squares harmonic analysis computer program ," LSQHA II (Schureman

1958) . This program quantifies 37 tidal constituents (most of

which are too small to be of practical significance), and it

calculates harmonic constants from the entire time series. This

approach provides no information on the scatter about the mean

values of the amplitude and local phase angle.

The contract did not call for the analysis of wind data,

however we have obtained hourly wind observations recorded at the

C-MAN weather station located at 24°50' 3 6 "N, 80° 51' 42 "W,

approximately 5 km northwest of Long Key. We use the algorithm

recommended by Wu (1980) to convert wind speeds and directions to

wind stress. To bring out seasonal scale variations in wind

forcing, we plot the hourly wind stress vectors as progressive

vector diagrams. This approach effectively suppresses high

frequency fluctuations that are of lesser interest, and it empha

sizes wind stress in a given direction that persists over time

scales in excess of a few days.



-6-

The collection of bottom pressure data was also outside the

scope of the contract, however we took advantage of the opportunity

to collect pressure data from the northern and southern stations

along the 81°05'W meridian. Results from the southern station are

included here to describe tide-induced transport at that location.

Data from the northern station are still being digitized by the

instrument manufacturer, and results will not be available for this

report.

We calculate volume transport past our study sites by com

bining water level data with current data. At study sites where we

have current meter and bottom pressure data, we can use measure

ments to calculate total transport although we have to specify the

shape of the current profile. We can isolate tidal transport if we

have harmonic constants for the principal tidal constituents (M2 ,

S2' N2, K1 , 0 1 and P1). In that case, predicted values are substi

tuted for observations. For purely tidal transport (ignoring wind

forcing and the effect of horizontal density gradients), we assume

a logarithmic current profile and integrate over the time-varying

water depth (Smith 1994). This provide a value for local transport

in m2 S-l. The unit of m2 indicates that we calculate transport from

surface to bottom in only the downstream direction at any instant

of time. In open-water settings, tidal currents rotate clockwise

In elliptical patterns. Transport is alternately east-west, then

north-south, but the units are m2 S-l, nonetheless. In tidal chan

nels, we extrapolate laterally to calculate volume transport in m-3

S-l. Incorporating flow meter data from several stations across the

channel, we take into account the ebb-dominant and flood-dominant
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parts of the channel.

When salinity data are available, we convert salinity to salt

content (in kg m- 3 ) to calculate salt transport (in kg S-l). Given

a time series of hourly salt transport, we use the series mean to

define perturbation values (hourly deviations from the mean), then

perform a perturbation analysis. This quantifies the magnitude and

relative importance of the steady and time-varying transport of

salt. We have done this for Long Key Channel, where the time

varying fluctuations in current and salt content are dominated by

tidal processes.



-8-

Figure CND94WFBN. Along-channel current components from the north
ern station along the 81°05'W meridian, March 16, 1994 to April 5,
1995. Currents were recorded 1.5 m above the bottom in 4 m of
water. The study site is 3.25 km south of East Cape, in one of the
primary tidal channels connecting Florida Bay with the Gulf of
Mexico. Along-channel flow is oriented along headings of 110° and
290°. By convention, positive displacements represent flow leaving
Florida Bay and entering the Gulf.

The pattern that emerges from this 385-day record can be di
vided into three parts. From mid March through mid June, the plot
indicates a series of very low-frequency reversals, however the
resultant flow after nearly three months is negligible. Strongest
nontidal inflow and outflow is recorded approximately every two
weeks. The associated cumulative displacement ranges from 5-15 km.
From mid June to mid August, and again from mid September to the
first week of October, nontidal flow is into the Gulf, averaging
about 1.5 em S-l. Nontidal flow reverses in mid October, and the
net flow from then through late February is into Florida Bay. Dur
ing the final six weeks of the study, net advective transport is
negligible. Over the entire study period, outflow past the study
site is slightly greater than inflow, and the resultant flow
indicates water leaving Florida Bay.

The ebb and flood of the tide appears as a high frequency os
cillation superimposed onto low-frequency, nontidal fluctuations.
The M2 tidal constituent amplitude at the study site is 34.3 em s".
which translates into a tidal excursion of 4.9 km.
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Figure NC94WFBN. Nontidal current components from the northern
station along the 81°05'W meridian, March 19, 1994 to April 2,
1995. Currents were recorded 1.5 m above the bottom in 4 m of
water. The study site is 3. 25km .sout.h of East Cape. Current
vectors have been decomposed into across-channel (top plot) and
along-channel (bottom) components, then smoothed with a numerical
filter to remove the ebb and flood of the tide. positive across
channel flow is toward 020°; positive along-channel flow is toward
290° .

The pattern for the across-channel flow consists of a contin
uous series of minor oscillations, with current speeds varying ±1-3
em S-l. The standard deviation of the across-channel flow is 1.3
em :S-l. Nontidal current speeds reach -5 em S-l during a one-week
period in late March and early April. The effect of Tropical Storm
Gordon was recorded in mid November as a rapid change from strong
positive to strong negative flow. Over longer, but subseasonal
time scales, low-frequency across-channel flow varies just a few em
S-l about the long-term mean.

Along-channel component flow shows greater variability over
time scales of 2-3 days, as well as over subseasonal time scales.
Current speeds commonly fluctuate ±2-4 em S-l; the standard devia
tion of the along-channel components is 2.3 em S-l. Bursts of
outflow and inflow reach 6 em S-l at several points along the plot.
The passage of Tropical Storm Gordon in November produced an
outflow of 9 em S-l. The change from outflow to inflow seen in the
progressive vector diagram (see Fig. CND94WFBN) appears here as a
relatively subtle decrease from slightly positive speeds from mid
June to early October to slightly negative speeds through the
remainder of the study.
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Figure PV94WFBC. Progressive vector diagram of currents recorded
at the central station along the 81°05'W meridian March 16, 1994 to
AprilS, 1995. The current meter was moored 1. 5 m above the bottom
in 3.5 m of water. Dots appear on the first day of each month.

The nontidal flow consists of an oscillatory pattern that
varies slowly in direction between east and northeast. The net
nontidal drift is toward the northeast. The resultant flow during
this 386-day time period is 2.0 em S-1 toward 050°. During the
first part of the study period, again during July and August, and
during much of January and February the nontidal flow is more
easterly. At other times, easterly flow appears for time periods
on~he order of a few days before turning back to the northeast.
Nontidal flow at this location is directly into the interior of
Florida Bay. In contrast, data recorded at the southern study site
along the 81°05'W meridian, just 14 km to the south, indicate a net
flow out of Florida Bay during this same time period (see Figure
PV94WFBS). At the northern study site (Figure PVDWFBN), the flow
exhibits a seasonal reversal not found further south.

Superimposed onto the nontidal flow past the study site are
tidal motions that form ellipses when the nontidal drift is weak.
When nontidal drift is stronger, such as during the month of May,
the ebb and flood of the tide trace out a zig-zag pattern and do
not rotate through a full 360°. The major axis of the M2 ellipse
is oriented approximately west-northwest, east-southeast. The
amplitude of the M2 tidal constituent along the major axis is 27.5
ern S-1.
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Figure NCWFBC. Nontidal, low-pass filtered current components from
the middle station along the 81°05'W meridian, March 19, 1994 to
April 2, 1995. Currents were recorded 1.5 m above the bottom in 4
m of water. Current vectors have been decomposed into north-south
(top plot) and east-west (bottom plot) components, then filtered to
remove the ebb and flood of the tide. positive values indicate
flow toward the north and east, respectively. These low-frequency
fluctuations include seasonal and sub-seasonal scale fluctua-tions
over time scales in excess of several days.

Both plots show variations in nontidal flow occurring over
time scales on the order of a few days superimposed onto seasonal
scale fluctuations. Over the shorter time scales, variations in
east-west flow are greatest, but the seasonal-scale fluctuations
are more prominant in the north-south flow. As a result, the
standard deviations are similar--1. 7 em S-l for the north-south flow
and 1.9 em S-l for the east-west flow. The most prominant feature
in the north-south component plot is the period of positive
(northward) flow in early summer. This is not seen in the east-
west flow. Instead there is a subtle wave-like pattern with
relatively strong eastward flow in May and June, and then again in
January and February.

The passage of Tropical Storm Gordon appears as temporarily
stronger flow to the north followed by strong flow to the south.
Current speeds are similar during a period of northward flow in mid
June. The northward flow in June lasts nearly a week, however, and
it is not followed by a return flow toward the south. The signa
ture of the tropical storm is apparent in the plot of east-west
flow, but it is similar in magnitude to several other periods of
strong eastward or westward flow during fall and winter months
which probably reflect the passage of cold fronts.

10
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Figure PVDWFBS . Progressive vector diagram of currents recorded at
the southern station along the 81°05'W meridian. Current speeds
and directions were recorded hourly from April 18, 1994 to January
18, 1995. The current meter was moored 1.5 m above the bottom in
3.5 m of water. Dots are spaced at the first day of each month
along the plot.

The pattern of nontidal flow past this study site consists of
alternating south-southwestward and northwestward flow. Major
shifts in current direction occur at irregular intervals, but gen
erally over time periods of several weeks. The resultant flow dur
ing this 263-day time period is 0.7 cm S-l toward 280°. This rep
resents an outflow from the southwestern corner of Florida Bay.

; Tidal oscillations are superimposed onto the nontidal flow.
Amplitudes of the north-south and east-west components of the M2
constituent are 12.9 cm S-l and 5.0 cm s", respectively. Incor
porating the local phase angles, they form tidal ellipses with a
major axis oriented approximately 340-116° (see Figure TIDELLIP) .
It is noteworthy that the orientation of the M2 tidal ellipse at
this site is rotated approximately 45° clockwise relative to the M2
ellipses at the two more northern study sites along the 81°05'W
meridian. This may be the effect of local topographic steering.
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Figure NCWFBS. Nontidal, low-pass filtered current components from
the southern station along the 81°05'W meridian, March 20, 1994 to
April 2, 1995. Gaps in the record occur from April 11-20, 1994 and
from January 15 to February 19, 1995 due to instrument malfunction.
Current observations were decomposed into north-south and east-west
components, then smoothed with a numerical filter to remove the ebb
and flood of the tide. By definition, positive flow represents
northward and eastward flow.

~he low-frequency nontidal flow shown in these two plots show
subtle seasonal variations in two forms. First, the general rise
and fall of the curve in the top plot over seasonal time scales
indicates a more persistent southward flow in late spring and early
summer, and a more persistent northward flow in late summer and
early fall. During mid fall and early winter there is a return to
more southward nontidal flow. A similar pattern does not appear in
the lower plot, but stronger eastward flow is suggested during
winter months, just before and after the gap in the record.

The second form of seasonality involves the deviations from
the seasonal fluctuation over time scales on the order of several
days. Again, differences are relatively subtle, but deviations
appear to be larger during fall and winter months--as one might
expect due to the wind forcing associated with the passage of cold
fronts. For example, in the upper curve, deviations can be on the
order of ±5 ern S-l from the seasonal norm from November through
March. During the rest of the year, these variations are on the
order of 2-3 ern S-l from the seasonal value. In the east-west
component plot, fluctuations are greater in winter months, but
scatter about the seasonal cycle is less throughout the year. The
standard deviations of the north-south and east-west nontidal flow
are 1.7 and 0.9 ern S-l , respectively.

10......
'IICIl

I-E 5
::J o0 ......
0000

0II-
Iz
I-w
e:e: -5Oe:
Z::J

(J

-10
16 11 6 31 26 21 15
MAR MAY JUL AUG OCT DEC FEB

10
f'CIl

I- E 500 0w ......
3:00 0 11II-
I-zoow
<l::e: -5we:

::Jo
-10

16 11 6 31 26 21 15
MAR MAY JUL AUG OCT DEC FEB

1994-95



-14-

Figure TIDELLIP. Tidal ellipses for the M2 constituent at the
three study sites along the 81°05' meridian. Ellipses were com
puted from harmonic constants obtained from mid-depth current
measurements.

Results show that M2 tidal currents rotate clockwise at each
study site, as one would expect due to the deflecting effect of the
Coriolis force. Ellipses defined by north-south and east-west
currents components are greatly elongated, with the lengths of the
major axes anywhere from 14 (northern station) to 6 (southern
station) times the lengths of the minor axes. The orientation of
the ellipses at the northern and central stations is 290-110°; at
the. southerns station, the ellipse is rotated 50° clockwise,
perhaps as a result of topographic steering.

Strongest M2 current speeds decrease from north to south. At
the northern station, flood and ebb current speeds are as high as
35 em s". At the central study site, M2 tidal currents reach 28 cm
S-l, and at the southern study site M2 currents are as high as 14 ern
S-1 during' each tidal cycle.
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Figure CNTWFBS. Progressive vector diagram showing the tide
induced cumulative net transport of water past the southern study
site on the 81°05W meridian. This simulation is for a 696-hour
time period, arbitrarily chosen to be July 1-29, 1995. Transport
is in response to the six principal tidal constituents.

Results show that the interaction of rotary tidal current with
the rise and fall of the water surface produces a net transport
towa~d the south-southwest (161°). The transport rate is 0.02 m2

S-l. The spring-neap tide cycle produces alternating periods of
relatively fast and slow transport. For example, neap tide con
ditions result in the more tightly overlapping ellipses early in
th~ plot, then again just after the midpoint of the simulation.

, The progressive vector diagram computed from currents measured
at this location (see Figure PVDWFBS) is not directly comparable
with the tide-induced transport, because the cumulative net dis
placement calculations do not incorporate total water depth. Nor
do they involve a known or assumed current profile. Nevertheless,
it is noteworthy that the progressive vector diagram shows currents
alternating between southward and northwestward for the most part;
the resultant flow from mid April 1994 through mid January 1995 is
directed toward 280°.
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Figure PVSPRG. Progressive vector diagram of currents recorded at
a study site located along the southwestern edge of Everglades
National Park midway between Sprigger and Schooner Banks (24°56.3'
N, 80°57.5' W). Current speeds and directions were recorded 1.5 m
above the bottom in 3.5 m of water December 14, 1993 to January 18,
1995. Dots appear on the first day of each month. Three gaps in
the record (May 31 to June 28, Aug 9-14, and Nov. 30 to Dec. 4,
1994) were patched by combining the predicted tide with nontidal
flow obtained from statistically significant relationships between
low-frequency wind stress and current components.

The pattern reveals a net southwestward flow past the study
site. Over shorter time scales the nontidal flow can be anywhere
from southeastward to west-southwestward, but it is generally with
in the southwestward quadrant. Low-frequency variability in the
nontidal flow is not a continuous feature of the plot. Reversals
in the east-west component are most prominant when the flow direc
tion changes from southwestward to southward. For example, during
March, April and May, the progressive vectors trace out a zig-zag
pattern to the south, with little resultant east-west flow. Sus
tained periods of southwestward flow for the first two and a half
months of the record, and again from September 1994 to the end of
the record, suggest that this is an area through which water leaves
Florida Bay. The resultant flow during this 400-day time period
was 1.3 cm S-l toward 233°.

Tidal oscillations superimposed onto the nontidal flow are
poorly defined because of the long time period of the current meter
record. The ebb and flood of the tide is in a nearly east-west
direction, however. Harmonic analysis indicates that the amplitude
of the M2 component of the tidal current is 22.4 cm S-l along the
major axis.
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Figure CND94CH2. Cumulative net displacement of the along-channel
current components in Channel Two, a tidal channel connecting Flor
ida Bay with Hawk Channel near Lower Matecumbe Key. Data were re
corded hourly from January 28 through July 25, 1994 1.5 m above the
bottom in 4 m of water. Negative displacements indicate a flow of
water from Florida Bay into Hawk Channel.

With the exception of a few temporary reversals lasting on the
order of several days to about two weeks the plot shows a quasi
steadynontidal flow into Hawk Channel at an average rate of 4.0 em
s ". 'Phe.re is some indication that flow into Hawk Channel is great
er during winter months than in spring and summer months. Superim
posed onto the long-term net flow are the tidal ebbs and floods.
Harmonic analysis indicates that the amplitude of the M2 tidal con
stituent at the study site is 48 em S-l. While the tides dominate
the instantaneous current, they contribute relatively little to the
long-term advective transport. Over time scales greater than about
a day, the nontidal flow is of primary importance. A noteworthy
feature in the plot is the strong Bay-to-Atlantic flow occurring
March 3-4. During that time the nontidal flow is strong enough to
eliminate the flood tide completely for three tidal cycles. The
average flow during this 36-hour period is 73 em S-l into Hawk
Channel. An inspection of a plot of wind data recorded nearby (see
Fig. CMANWS94) reveals that wind stress probably caused the rapid
nontidal outflow during this time period.
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Figure CNDLKC. Cumulative net displacement of along-channel cur
rent components in Long Key Channel. Data were recorded hourly
from May 17, 1994 to March 8, 1995. A one-month (July 25 to Aug
ust 29, 1994) gap occurred when the current meter was intention
ally removed during the opening of Florida's lobster season. The
current meter was moored 1.5 m above the bottom in 4 m of water.
Negative displacements indicate a flow of water from Florida Bay
into Hawk Channel on the Atlantic Ocean side of the Keys.

The pattern shows a quasi-steady, long-term outflow from
Florida Bay averaging 5.3 cm s' during the first segment, and 5.1
cm S-l during the longer, 191-day segment. Outflow increases by a
factor of four during the course of the longer segment, perhaps as
part of an annual cycle. During September and October, the mean
outflow averages just over 2 cm S-l, while during the final three
months of the study the outflow has increased to an average of just
under 9 cm s :".

Low-frequency variations appear as temporary reversals, com
monly lasting 3-4 days and occurring quasi-periodically, about
every two weeks throughout the record. A strong Atlantic-to-bay
flow lasting 2-3 days in mid November reflects the passage of
Tropical Storm Gordon. Another reversal in late December, however,
is similar in magnitude and is probably wind related.

Displacement associated with tidal ebbs and floods are super
imposed onto both the long-term outflow and the low-frequency fluc
tuations. The amplitude of the M2 tidal constituent was determined
by harmonic analysis to be 47 em S-l.
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Figure TWFBN. Water temperatures (OC) recorded 1.5 m above the
bottom in 3.5 m of water at the northern station along the 81°05'W
meridian. The study site is located 3.25 km south of East Cape in

·the northwest corner of Florida Bay. Data were recorded hourly
from March 16, 1994 to April 5, 1995.

The full annual temperature cycle is clearly apparent in this
385-day time series. The study period begins and ends with spring
warming in progress. Water temperatures increase at an average
rate'of O.8°C per week during the first 13 weeks. Temperatures
generally remain between 29-31°C for most of June, July and early
August. Seasonal cooling begins in early September, and water
temperature decreases at an average rate of about O.4°C per week
from September through January. Mid-winter temperatures reach a
minimum of 15°C during the second week of February with the passage
of a cold front. Spring warming in mid February begins abruptly,
with an increase of over 10°C in about one week. Low-frequency
fluctuations of 2-5°C over time scales of 1-2 weeks and are caused
by day-to-day variations in local weather conditions.

Superimposed onto both the seasonal and low-frequency varia
tions are high-frequency temperature fluctuations of 1-2°C. These
are primarily a result of local diurnal warming and cooling, al
though they may include the effects of tidal exchanges between
Florida Bay and adjacent deeper waters of the Gulf of Mexico.
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Figure TWFBC. Water temperatures (Oe) recorded 1.5 m above the
bottom in 3.5 m of water at the central western Florida Bay study
site from March 16, 1994 to April 5, 1995.

The pattern is almost identical to those recorded 14 krn to the
north and south during the same time period (see Figures TWFBN and
TWFBS). Seasonal warming dominates the early part of this 385-day
time series; temperature increases at an average rate of 0.7°e per
week for the first 13 weeks of the study period. Temperatures
generally remain within 29-31°e for of most June, July and early
August. A gradual seasonal cooling begins in early September, and
water temperature decreases at an average rate of about O.4°e per
week through the end of January. Temperature generally remain
within 1°C of 18°C from mid January to mid February. Low-frequency
fluctuations of 1-4°e, occurring over time scales of about 2 weeks,
occur throughout the record in response to changing weather
patterns. Temperature changes are especially large during winter
months, when cold-air outbreaks influence the relatively shallow
waters of Florida Bay.

Superimposed onto the seasonal and low-frequency variability
is a diurnal warming and cooling of approximately 0.5°-1. ooe.
Temperature fluctuations associated with tidal exchanges between
Florida Bay and adjacent Gulf waters are not apparent in the plot.
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Figure TWFBN. Water temperatures (OC) recorded 1.5 m above the
bottom in 3.5 m of water at the northern station along the 81°05'W
meridian. The study site is located 3.25 km south of East Cape in

·the northwest corner of Florida Bay. Data were recorded hourly
from March 16, 1994 to April 5, 1995.

The full annual temperature cycle is clearly apparent in this
385-day time series. The study period begins and ends with spring
warming in progress. Water temperatures increase at an average
rate'of O.8°C per week during the first 13 weeks. Temperatures
generally remain between 29-31°C for most of June, July and early
August. Seasonal cooling begins in early September, and water
temperature decreases at an average rate of about O.4°C per week
from September through January. Mid-winter temperatures reach a
minimum of 15°C during the second week of February with the passage
of a cold front. Spring warming in mid February begins abruptly,
with an increase of over 10°C in about one week. Low-frequency
fluctuations of 2-5°C over time scales of 1-2 weeks and are caused
by day-to-day variations in local weather conditions.

Superimposed onto both the seasonal and low-frequency varia
tions are high-frequency temperature fluctuations of 1-2°C. These
are primarily a result of local diurnal warming and cooling, al
though they may include the effects of tidal exchanges between
Florida Bay and adjacent deeper waters of the Gulf of Mexico.
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Figure TWFBS. Water temperatures (OC) recorded 1.5 m above the
bottom in 3.5 m of water at the southern study site along the 81°
05'W meridian from March 16, 1994 to April 4, 1995. The gaps in
the record from April 14-18, 1994 and from January 18·to February
16, 1995 are a result of instrument malfunction.

The annual cycle, seen here in its entirety, is virtually
identical to the annual cycles recorded at the central and northern
stations along the 81° 05'W meridian (see Figures TWFBC and TWFBN) .
Seasonal warming dominates the first three months of the time
series. Temperatures increase at an average rate of O.7°C per week
for the first 13 weeks of the study period. From early June
through early September, temperatures generally remain with ±1-2°
of; 30°C. Seasonal cooling begins in early September and
temperatures decrease an average of O. 5°C per week for the next
four months. The beginning of spring warming appears at the end of
the record. Low-frequency fluctuations of 1-4°C occur over time
scales of several days to about two weeks throughout the record,
though they are somewhat greater during winter months, when cold
air outbreaks move through the Florida Keys.

Superimposed onto the seasonal and low-frequency variations
are high-frequency fluctuations of about 1°C. These are largely a
result of diurnal warming and cooling. Semidiurnal period warming
and cooling associated with tidal exchanges are a minor feature in
the plot.
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Figure TSPRG. Water temperatures (OC) recorded 1.5 m above the
bottom in 3.5 m of water at a study site located midway between
Sprigger Bank and Schooner Bank in southwestern Florida Bay. Data
were recorded from December 14, 1993 to January 18, 1995. Tempo
rary breaks in the record occur August 9-14 and November 30 to
December 4 due to instrument malfunctions.

Data from this location represent a full annual cycle from a
study-site that is not directly influenced by tidal exchanges with
either the deeper waters of the Gulf of Mexico or Hawk Channel on
the Atlantic side of the Keys. The plot begins with temperatures
approaching midwinter low values. Temperatures remain generally
be~ween 18-21°C for the last half of December and all of January.
A minimum of 16°C is reached in late December with the passage of
a cold front. Seasonal warming begins in early February and for
the next four months temperatures increase at an average rate of
0.6°C per week. From June to early September temperatures remain
generally between 28° and 31°C. Fall cooling begins in early
September and for the next four months temperatures decrease at an
average rate of about 0.6°C per week.

Fluctuations of 2-7°C occurring over time scales of 3-10 days
appear throughout the record, although they are greatest during
winter months, when cold fronts move through the Florida Keys.
Superimposed onto the low-frequency and seasonal patterns are high
frequency fluctuations of O.S-l.GoC reflecting local diurnal warm
ing and cooling processes. These diurnal fluctuations are greatest
from mid spring to mid fall.
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T94CH2. Water temperatures (OC) recorded 1.5 m above the bottom in
4 m of water in Channel 2, a tidal channel connecting Florida Bay
with Hawk Channel near Lower Matecumbe Key. Data were recorded
hourly from January 28 to July 25, 1994.

The plot shows large temperature fluctuations occurring from
January through March. variations of 6-8°C occur over time scales
of about two weeks and probably reflect the passage of cold fronts.
Seasonal warming begins near the end of March and for the next two
and a'half months temperatures increase at an average rate of O.8°C
per week. From early June through the end of the record tempera
tures remain generally between 30-32°C. Low-frequency variations
occur during spring and summer months, but they are smaller in mag
nicude. Fluctuations are I-4°C over time scales of several days to
about two weeks. Superimposed onto the seasonal and low-frequency
patterns are high-frequency fluctuations of O.5-2.0°C associated
with local diurnal warming and cooling, and resulting from tidal
exchanges between Florida Bay and the Atlantic Ocean.
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Figure TLKC. Water temperatures (OC) recorded 1.5 m above the
bottom in 4 m of water in Long Key Channel, from May 17, 1994 to
March 8, 1995. A break in the record appears from July 25 to Aug
ust 29, 1994. The current meter was removed intentionally during
this time to avoid theft or vandalism during the first weeks of
lobster season.

After a temporary cooling period at the start of the record,
when temperatures decrease 4°C in five days, temperatures rise to
annual maximum values of 30-32°C. Seasonal cooling had begun by
the time the current meter was back in place in late August. The
pattern of cooling, followed by partial recovery--resulting in a
net. lowering of temperature--is characteristic of fall cooling in
the Florida Keys. For the five-month period from September through
January, temperatures decrease at an average rate of O. 3°C per
week. Spring warming begins abruptly in early February when
temperatures increase goC in one week.

Low-frequency variations of 1-4°C over time scales of 1-3
weeks are superimposed onto the seasonal warming and cooling.
These fluctuations are especially pronounced during winter months,
when major changes in air temperature accompany changes in cloud
cover and wind speed. High-frequency fluctuations of 1-2°C reflect
the combined effects of diurnal warming and cooling, and tidal
exchanges between Florida Bay and Hawk Channel on the Atlantic
Ocean side of the Florida Keys.
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Figure SWFBC. Salinity recorded at the central study site along
the 81°05'W meridian, June 28, 1994 to AprilS, 1995. Salinity was
recorded 2 m above the bottom in approximately 4 m of water.

Following an initial increase from 38 to 40 during the first
3 weeks of the record, salinities decrease to approximately 35 over
the next 2 months. During this period, salinity fluctuations are
on the order of 1-2 over time intervals of about a week. Tidal
period fluctuations are on the order of 0.5.

The first of two protracted periods of low salinity begins in
early October. Over a period of about two weeks, salinity decreas
es from 36 to about 22, and values remain between 21 and 24 for
nea~ly a month. Salinity increases again between mid November and
early December, but a second period of low salinity begins in mid
December. By early February, salinity is again in the low 20's.
Salinity rises quickly during the final 2-3 weeks of the study.
The data base is insufficient to explore these features in detail
as a response to local precipitation or freshwater runoff.

High-frequency fluctuations associated with the ebb and flood
of the tide are relatively small at this location. They are most
prominent during the last half of the study--at times of low
salinity in October and November, and when salinity is changing
during the final period of low salinity. Even then, horizontal
salinity gradients within one tidal excursion of the study site are
relatively small and fluctuations are an order of magnitude less
than those recorded over time scales of weeks to months.
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Figure SWFBS. Salinities (~) recorded 1.5 m above the bottom in
3.5 m of water at the southern study site along the 81°05' W
meridian from March 17, 1994 to April 4, 1995. Gaps in the record
(April 14 to June 28, 1994 and January 18 to February 16, 1995)
occurred as a result of instrument malfunction.

Although the data cover a time period of just over 12 months,
it is difficult to characterize an annual cycle. Salinities of
around 35 recorded just before the gap increase to values of 37-40,
and these high values persist through mid summer and early fall.
Salinity decreases sharply in late September, and values remain
around 35 for 3-4 weeks before climbing again during fall and early
winter months. From late December through late February, salinity
detreases to the lowest values recorded during the study period.
Salinity increased during March, 1995, but the large fluctuations
recorded at the end of the study indicate that significant horizon
tal salinity gradients persisted near the study site. The tidal
excursion associated with the recorded ebb and flood of the tide is
only 2 km, indicating that the salinity gradients in the NNW-SSE
direction were on the order of 1-2 km".

The high-frequency variability that is superimposed onto the
seasonal variation changes significantly over the course of the
study. Throughout the first half of the study, high-frequency
fluctuations are on the order of ±0.1 to 0.2 about the nontidal
mean value. High frequency variations increase throughout the last
half of the study and become greatest during the final few weeks,
as noted above. This is undoubtedly related to heavy rainfall
amounts recorded during late 1994 and early 1995, but it must also
be related to the transport patterns that move this fresh water
throughout the bay.
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Figure SWFBS. Salinities (~) recorded 1.5 m above the bottom in
3.5 m of water at the southern study site along the 81005 'W
meridian from March 17, 1994 to April 4, 1995. Gaps in the record
(April 14 to June 28, 1994 and January 18 to February 16, 1995)
occurred as a result of instrument malfunction.

Although the data cover a time period of just over 12 months,
it is difficult to characterize an annual cycle. Salinities of
around 35 recorded just before the gap increase to values of 37-40,
and these high values persist through mid summer and early fall.
Salinity decreases sharply in late September, and values remain
around 35 for 3-4 weeks before climbing again during fall and early
winter months. From late December through late February, salinity
detreases to the lowest values recorded during the study period.
Salinity increased during March, 1995, but the large fluctuations
recorded at the end of the study indicate that significant horizon
tal salinity gradients persisted near the study site. The tidal
excursion associated with the recorded ebb and flood of the tide is
only 2 km, indicating that the salinity gradients in the NNW-SSE
direction were on the order of 1-2 km".

The high-frequency variability that is superimposed onto the
seasonal variation changes significantly over the course of the
study. Throughout the first half of the study, high-frequency
fluctuations are on the order of ±0.1 to 0.2 about the nontidal
mean value. High frequency variations increase throughout the last
half of the study and become greatest during the final few weeks,
as noted above. This is undoubtedly related to heavy rainfall
amounts recorded during late 1994 and early 1995, but it must also
be related to the transport patterns that move this fresh water
throughout the bay.
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Figure SLKC. Salinities recorded 2 m above the bottom in 4 m of
water in Long Key Channel. Data were recorded from May 17, 1994 to
March 8, 1995. A two-month gap (June 29 to August 29, 1994)
occurred when the current meter was intentionally removed for the
first few weeks of Florida's lobster season.

The pattern is difficult to interpret without salinity data
from adjacent waters of both Hawk Channel and Florida Bay. Never
theless, it shows that salinity conditions can be distinctly dif
ferent. on opposite sides of the channel. The seasonal component
of the plot is the opposite of what one might expect. Highest
salinities were recorded during summer and early fall months, when
rainfall amounts should have been greatest. Salinity decreases
sharply in mid September, and again during November, December and
January--when one would normally expect dry season conditions.
Salinity increases during the final two weeks of the record, rising
from just over 28 to about 36.

The high-frequency tidal signal increases in range irregularly
throughout the record. The salinity range recorded prior to the
gap is generally less than 0.5. Following the gap, salinity varies
by about lover each tidal cycle. An interesting feature of the
plot is the appearance of relatively low-salinity water for a 9-day
period in late November--a result of heavy rainfall associated with
tropical storm Gordon. The plot of along-channel flow shows that
the direct effects of the storm last only two days; the effect on
salinity persists for several more days.

In late December the tidal signal increases, and salinity
ranges of 4-5 are recorded during most of January and February.
Nontidal flow during this time is out of the bay, suggesting that
direct rainfall, combined with freshwater runoff, has reduced
salinities more in the shallow waters of Florida Bay than in Hawk
Channel.
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Figure STRANLKC. Cumulative total transport of salt through Long
Key Channel, August 29, 1994 to March 8, 1995. Plotted values
are in billions of kilograms of salt. A net negative value
indicates a transport of salt from Florida Bay into Hawk Channel.

The transport of salt through Long Key Channel during this
191-day time period is a relatively constant export from Florida
Bay into Hawk Channel. This is a direct result of the quasi
steady- outflow (see Figure CNDLKC). The mean volume transport
through Long Key Channel during this time was 476.5 m3

S-1 into Hawk
Channel. During September and October, salt export is relatively
slow, then the curve steepens during the final two months of the
study. Over the entire time period, the steady salt export defined
by 'the product of the mean volume transport and the mean salinity
is 16,908 kg S-1.

Transient periods of salt import into Florida Bay occur irreg
ularly at 2-3 week intervals, but they are minor features of the
plot. Their short-term effects are quickly reversed by the long
term net export.

Tidal exchanges are barely perceptible on the compressed y
axis, although they dominate salt transport over time scales on the
order of several hours.
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Figure TIDETRAN. Cumulative salt transport through Long Key Chan
nel arising from the interaction of time-varying salinity and vol
ume transport. Flood currents into Florida Bay are defined to be
positive. Thus, positive cumulative values indicate a net salt
transport into Florida Bay. The time-varying terms used in the
calculations are dominated by tidal exchanges, but low-frequency
nontidal fluctuations are also included.

The cumulative effect of tidal and low-frequency exchanges
through Long Key Channel during this 191-day period of time was an
import of salt into Florida Bay. The accumulation was relatively
slow from the start of the record through mid January, then in
cr~ased sharply and remained fast through the end of February. The
period of rapid salt transport into Florida Bay corresponds in time
to the period of relativley low salinity in the bay. During that
time, tidal exchanges especially were carrying relatively high sa
linity Hawk Channel water into Florida Bay, and leaving some frac
tion of it in the bay through mixing on each tidal exchange.

To keep this in perspective, one must recall the quasi-steady
export of salt to Hawk Channel associated with the mean flow.
While the mean time-varying transport during this time period was
+746.5 kg s". the opposing steady transport was -16,908 kg S-l,

which is well over an order of magnitude greater. Thus, for Long
Key Channel and during this time period, the effect of time-varying
turbulent exchanges is dominated by the effect of the steady out
flow of water from Florida Bay to Hawk Channel.

14

12
.......
:I-

0
a. 10
<n
e
eu
:I- 8l--0)

eu~
"0 en 6·-0
l-..-
me>-.:::; 4.......
eu
::J
E 2
::::s
0

0

-2
29 12 26 10 24 7 21 5 19
AUG SEP OCT NOV DEC

1994-95

2 16 30
JAN

13 27
FEB



-30-

Figure CMANWS94. Progressive vector diagram computed from hourly
wind stress vectors, January 1 through December 31, 1994. Wind
measurements were made at the NDBC C-MAN station, approximately 5
km northwest of Long Key, at 24°S0'36"N, 80oS1'42"W. Dots are
spaced at one-month intervals along the plot.

The pattern suggests that two seasons can be identified in
terms of wind direction. Combining the first and last parts of the
plot, wind stress is generally out of the northeast from October
through March--the relatively abbreviated fall, winter and spring
months--and generally out of the east-southeast during the extended
summer season. Superimposed onto the southwestward-directed wind
stress is an irregular wave-like pattern that indicates the passage
of cold fronts. The clockwise loop appearing in November repre
sents the passgae of Tropical Storm Gordon.

Summer months show relatively little deviation from a persis
tent west-northwestward wind stress. An exception to this quasi
steady-state condition appears in May, when several days of north
erly winds produced southward-directed wind stress acting on
Florida Bay.
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Table 1. Harmonic constants (amplitudes, ~, in cm S-l for currents and
in db for pressures; local phase angles, K, in degrees) of the principal
tidal constituents for current and pressure data in Florida Bay. The
abbreviations NS, EW, AC and P in the column labeled "Input" represent
north-south, east-west and along-channel current components and water
pressures, respectively.

Study Site Input M2 K1 N2 0 1 P1 S2

North 81°05' NS n 12.3 2.1 2.2 1.9 0.7 3.3
; K 180.8 086.1 172.8 076.2 086.1 206.5

EW ~ 31.8 6.8 5.0 5.3 2.2 8.5
K 348.0 261.8 340.2 254.7 261.8 016.6

Central 81°05 ' NS n 9.9 1.9 2.0 1.7 0.6 2.7
K 202.7 111.2 196.6 095.7 111.2 225.1

EW ~ 25.7 5.4 4.6 4.2 1.8 7.3
K 359.7 269.3 355.9 254.4 269.3 024.1

South 81°05' NS ~ 12.9 1.7 1.5 1.7 0.6 3.1
K 226.9 137.2 212.4 130.9 137.2 243.3

EW 11 5.0 1.1 0.7 1.0 0.4 1.4
K 014.8 279.0 016.4 271.8 279.0 030.4

P 11 0.234 0.120 0.039 0.102 0.040 0.068
K 050.4 331.9 033.1 325.8 331.9 076.6

Sprigger/ NS ~ 1.0 0.7 0.0 0.7 0.2 0.4
Schooner K 023.1 272.0 256.1 272.0 032.3

EW 11 22.3 4.9 4.1 3.8 1.6 6.9
K 032.1 290.9 022.3 279.1 290.9 051.4

Long Key AC n 46.9 10.0 8.2 10.1 3.3 10.2
Channel K 246.4 203.1 227.9 202.8 203.1 273.7

P 11 0.162 0.055 0.036 0.051 0.018 0.042
K 240.0 288.3 220.4 281.6 288.3 67.7

Channel #2 AC 11 47.8 11.1 8.7 10.1 3.7 9.7
K 232.9 209.2 217.8 214.8 209.2 261. 0

P 11 0.170 0.066 0.040 0.050 0.022 0.049
K 240.5 261.4 219.5 275.1 261.4 269.5
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Table 2. Volume transport through the open western boundary of
Florida Bay, in m3day-l. Included in the table are the segment
lengths and mean water depths used to calculate the cross-sectional
areas, and the east-west component of the cumulative net displace
ment. The calculations use the single-point measurements to
represent the mean current speed of the cross-section. The mid
April start time represents the earliest time all three current
meters were in operation; the mid January ending time is the latest
time all three were in operation simultaneously. The calculations
end and begin again on October 1 because that is when the nontidal
outflow at the northern site ended and was followed by a nontidal
inflow . Positive displacement values indicate an outflow from
Florida Bay.

B. Volume Transport Calculations

East-West Displacement, km
a. northern station
b. central station
c. southern station

East-West Volume Transport, 109 m3

a. northern segment
b. central segment
c. southern segment

Total Volume Transport, in 109 m3

Transport Rate, in 10 6 m? day?

Mid Apr-Sep

+130
-270

+77

+3.2
-13.9

+3.9

-6.9

-40.8

Oct-mid Jan

-57
-97
+67

-1.4
-5.0
+3.0

-3.0

-28.0
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DISCUSSION

The availability of the five long current meter time series

from throughout Florida Bay makes possible some generalizations

regarding seasonal changes in flow patterns into and out of the

bay. Earlier data from Long Key Channel and Channel Five (Smith

1994) provided evidence of seasonal-scale fluctuations in nontidal

outflow. The seasonal cycle was not consistent from one channel or

time period to the next, however. Outflow from Florida Bay was

strongest through Channel Five during late summer months, while

outflow through Long Key Channel was greatest in late winter and

spring months. In the present study, Long Key Channel again shows

strongest outflow during winter months, increasing by a factor of

about four over the outflow recorded in late summer. The record

from Channel Two is relatively short, but there is some indication

that the outflow during this January-July time period was greatest

in February and March.

Along the western boundary of Florida Bay, the current meter

data from the northern station along the 81°05'W meridian shows the

most pronounced seasonal variation. The reversal of nontidal flow

in early October separates a four-month period of outflow from a

period of inflow that had lasted six months and was continuing at

the end of the study period. Seasonal variations at the central

and southern study sites are poorly defined. At the central sta

tion, progressive vectors describe an oscillating low-frequency

pattern, but the periodicity is not consistent. At the southern

station, the flow alternates between south-southwestward and

northwestward headings, but an underlying seasonal pattern is not
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apparent in this 9-month record. Data from the study site between

Sprigger and Schooner Banks span more than a one-year period, but

it is difficult to interpret the progressive vectors in terms of a

seasonal pattern. From March through August, the flow at this

location is erratic and deflected more toward the south. During

the rest of the time period, the flow is relatively steady and

toward the southwest.

Using the wind data from 1994, we can compare seasonal wind

shifts with seasonal-scale changes in flow patterns. Here, we in

tentionally restrict ourselves to a qualitative, visual comparison

and make no attempt to formalize these relationships with a time

series analysis of the data. We will pursue this aspect of the

circulation of western Florida Bay in upcoming studies designed

expressly for that purpose. The progressive vector diagram con

structed from wind stress vectors shows distinct changes around

April 1, and again around October 1. Comparison with the current

meter data described above reveals relatively few examples of coin

cident changes in Florida Bay flow patterns. The transition from

outflow to inflow, recorded at the northern station along the 81°

05'W meridian, coincides closely in time with the October 1 shift

in wind stress, and one might tentatively conclude that wind forc

ing played a significant role in forcing the reversal. In other

cases, however, distinct shifts in flow patterns do not coincide

with wind forcing. While wind stress must be having an impact in

the shallow waters of Florida Bay, other factors appear to dominate

the recorded flow and thus obscure the relationship.

A recurring pattern in many progressive vector diagrams is the
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apparent preference for two or more relatively well defined current

headings. For example, the nontidal flow at the southern station

on the 81°05'W meridian is generally either south-southwestward or

northwestward. Flow into the southeastward, northeastward and

northwestward quadrants is rare. The reason for this is not clear.

Part of the explanation might be that over seasonal time scales,

wind forcing is relatively steady. Alternately, one would expect

flow to be constrained in direction in shallow-water areas where

topographic steering is important. In Florida Bay, the combination

of the Florida Peninsula, the Keys and unknown local topographic

features at each station must guide flow patterns to some extent.

Whatever the cause, the effect is that nontidal flow patterns are

more variable in speed than in direction.

Further evidence of topographic steering is provided by the

tidal ellipses calculated from the three stations along the 81°

05'W meridian. The highly elliptical tidal rotations themselves

are an indication that the flow tends to be constrained to a dis

tinct flood and ebb direction. At the northern station, the 110

290° orientation of the major axis parallels the local coastline.

At the other stations, the cause for the orientation of the ellipse

is not clear. The approximately 45° clockwise rotation of the

major axis at the southern station suggests that the local physical

constraints are significantly different at that location. Confir

mation of the role played by topographic steering must await a

careful bathYmetric survey of the bay.

By combining the current meter data from the three study sites

along the 81°05'W meridian, one can estimate in a crude way the
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volume of water that enters or leaves Florida Bay through its

western boundary (Table 2). First-order calculations suggest that

the volume transport through the open western boundary of the bay

was an inflow from mid April 1994 through mid January 1995, but

that the inflow rate decreased substantially during fall and early

winter months. The spatial resolution provided by only three cur

rent meters lS admittedly poor, but the available data suggest that

the central segment of the western boundary is a region of persis

tent, if irregular inflow. The outflow through the southern seg

ment is persistent and relatively uniform; however, the volume is

only about a quarter to a half that flowing into the bay through

the central segment. Table 2 shows that the differences in volume

transport between these two segments is due mainly to the larger

nontidal inflow recorded at the central station. Volume transport

calculations for the northern segment are influenced significantly

by the smaller cross-sectional area it represents. While we recog

nize and emphasize the tentative nature of these calculations, they

provide a starting point for follow-up studies. With an improved

data base, incorporating volume transport through tidal channels a

long the southwestern fringe of the bay as well as freshwater gains

and losses, work of this kind will ultimately provide an adequate

understanding of the water balance of Florida Bay.

A surprising result of the time series from the stations south

of East Cape along the 81°05' meridian is the variation in long

term net transport over the short distances that separate them. As

noted above, the 13.9 km (7.5 nautical miles) station separation

was inadequate to define the spatial variability in the flow across

digitstaff
Text Box
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the western boundary of the bay. The three progressive vector dia

grams indicate that this station spacing was equally inadequate for

characterizing north-south variations in the total flow. Flow pat

terns at any given point along the 44 km long western boundary are

relatively persistent in time, but an understanding of spatial var

iability, needed for volume transport calculations, will require

follow-up studies designed to provide better spatial resolution

along the highly dynamic western boundary of the bay.

Integration of the current meter data obtained over the course

of the study has modified substantially the picture of the regional

flow patterns that carry water into, through and out of Florida

Bay. Previously, available data suggested inflow from the Gulf was

compensated by a net outflow through the major tidal channels along

the southeastern fringe of the bay. While our results support the

idea of a net outflow through the tidal channels, our data suggest

two additional pathways for water leaving the bay. Combining the

net flow pattern obtained at the station between Sprigger Bank and

Schooner Bank with the flow pattern across the 81°05'W meridian,

our data suggest that water also leaves from the southwestern end

of the bay throughout the year, and from the northwest corner of

the bay during certain seasons. The fate of this water once it

leave the bay is open to question, because our understanding of the

coupling of the bay circulation and regional circulation patterns

in the eastern Gulf of Mexico is unknwon. Information relating re

gional scale flow with the circulation of Florida Bay will come

only when a properly verified regional circulation model is coupled

with a properly verified hydrodynamic model of Florida Bay.



-38-

It is important to emphasize the distinction between the dis

placement of water past a current meter at mid depth (calculated

from current speeds and directions alone) and the transport of

water past a study site (calculated from the estimated current pro

file and water level data). These two approaches can yield quite

different results when currents in near-surface or near-bottom

layers deviate significantly in speed or direction from the mid

depth currents. This is particularly true when wind forcing and

density gradients produce directional shear or local accelerations

restricted to the upper and lower layers of the water column, re

spectively. Our calculations of tidal transport (Figure CNTWFBS)

are based on the reasonable assumptions that the tidal current pro

file is logarithmic and that directional shear is negligible. To

convert the progressive vector diagrams of the total current into

total transport, we would have to make assumptions regarding non

tidal variations in water level and wind- and density-influenced

current profiles. We choose not to do this. The progressive vec

tor diagrams are a valid measure of mid-depth flow patterns, but

transport calculations await a broader data base.

The plots of salinity from the central and southern stations

along the 81005'W meridian, and from Long Key Channel to a lesser

degree, were obtained only by making a concerted effort to keep the

conductivity sensors clean. Conductivity sensors could foul sig

nificantly when current meters were left unattended for periods of

more than a month. The condition of the conductivity sensors sup

ports the decision not to attempt to obtain salinity records from

the northern station, where fouling was consistently the worst.
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While the salinity data from Long Key Channel and from the two

stations along the 81°05'W meridian are inadequate to describe spa

tial patterns, the three time series collected in this study are a

valuable supplement to information provided by John Wang's synoptic

surveys. Specifically, the time series provide information on how

much, the spatial patterns might be changing during the time of the

survey, how long spatial patterns might persist, and how often the

surveys must be repeated to track seasonally changing patterns.

Salt transport calculations for Long Key Channel support

earlier (unpublished) findings that the transport associated with

the quasi-steady outflow into Hawk Channel dominates the transport

associated with the time-varying tidal and nontidal exchanges.

Calculations for a 39-day period in 1992 showed both the tide and

the mean flow exporting salt from Florida Bay, but the contribu

tion of the tide was only 3% of the total. In this study, tidal

and nontidal exchanges work against the quasi-steady export, but

again the effect of tidal exchanges is very small. Salt imported

by tidal and nontidal exchanges cancels only 4% of the salt ex

ported by the steady outflow. One can tentatively conclude that

advective salt transport dominates diffusive transport in this

"flow-through" setting.

The temperature plots include a full one-year period for the

three sites along the western boundary of Florida Bay, and a visual

comparison of Figures TWFBN; TWFBC and TWFBS indicates that both

the annual and intraseasonal components are virtually identical.

One might expect this, in view of the fact that the weather con

ditions that produce warming and cooling are similar over these
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short distances. Higher frequency, diurnal fluctuations are also

similar, because all three study sites are in water of similar

depth. Advective warming and cooling associated with tidal ex

changes-between the Gulf and the Bay are difficult to isolate, but

again the effects appear to be similar in magnitude at these three

locations. Thus, to describe temperature fluctuations along the

western fringe of Florida Bay, the spatial coverage provided by the

existing study sites seems to be adequate.

The semidiurnal temperature signal apparent in the records

from Long Key Channel and Channel 2 arises from the different re

sponse to sensible and latent heat fluxes in Florida Bay and Hawk

Channel. The relatively shallow waters of Florida Bay respond more

quickly to local warming and cooling processes associated with

changing weather conditions. Thus, bay waters are warmer during

summer months and cooler during winter months than the deeper

waters of Hawk Channel. As semidiurnal tidal currents exchange

water between Florida Bay and Hawk Channel, a current meter in the

tidal channel will record distinctly different water temperatures

over semidiurnal tidal periods.

An interesting feature in the temperature plot from the Sprig

ger-Schooner Bank station is the difference between the December

January, 1993, and the December-January, 1994, temperatures. An

unusually warm fall and early winter period in 1994 resulted ln

water temperatures 2-3°C higher on average than those recorded ln

1993. This difference calls attention to interannual variability;

at the same time it calls into question conclusions that are based

on measurements made during a single year.
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The general conclusion that can be drawn from this one-year

study is that transport patterns in Florida Bay are a complex re

sponse to wind forcing, tidal conditions and probably density gra

dients~ Current meter observations show a degree of persistence at

any given location, but the spatial correlation appears to be low.

Salinity records show considerable variability from one station to

the next, and over time scales ranging from tidal to seasonal. Be

cause of the spatial variability in particular, the data base as

sembled here suggests that a purely observational approach is not

practical for understanding physical processes in Florida Bay. But

an observational data base is essential both for initializing and

for verifying computer simulations. Thus, continued work that in

tegrates observations and models should be well suited for provid

ing the information needed to make intelligent management decisions

regarding Florida Bay.
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