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FOREWORD

National Parks in South Florida de not
exist in a vacuum. This document addresses
the ecological whole of the region, an
approach favored by Secretary of the Interior,
Bruce Babbitt. Shipwrecks are one signature
of the relationship between man and the
ecosystem, a fact richly demonstrated in the
array of sunken vessels around the Dry
Tortugas.

This contribution to the NPS Submerged
Cultural Resources series edited by Larry
Murphy should be of interest to a wide
spectrum of people. Managers of marine
protected areas and cultural resources
specialists are the targeted audience, but
scientists working in any context should
appreciate the methodological and theoretical
depth of the document.

An "assessment” level report in this series
is designed to provide a firm foundation for
future research and stewardship of the
archeological resources of a park. The
emphasis is on submerged sites, particularly
shipwrecks, but the systemic linkages
between the underwater and terrestrial
components of the archeological record in the
Dry Tortugas is maintained throughout the
text.
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It is particularly instructive to note the
level of site description and analysis
undertaken without impact to the resource
base. Then compare the level of these
information returns with those resuiting from
highly invasive treasure hunting activities
conducted in the same region. It should help
clarify the rationale behind the adamant
rejection in National Park Service policy of
the practice of antiquity harvesting for profit
on public lands.

The reader should also note the extensive
cooperation with other agencies, academic
institutions and volunteer groups evident in
the conduct of this research project. These
partnerships were critical to the successful
completion of this report and are particularly
appropriate to research programs where the
resources being studied are part of a
collective patrimony. We all have a stake in
the future of Fort Jefferson and all of the
Tortugas, wet or dry.

Daniel J. Lenihan, Chief
Submerged Cultural Resources Unit
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CHAPTER |

Introduction

Larry E. Murphy

This volume describes and assesses the
known and potential archeological resources
in Fort Jefferson National Monument, It also
comprises an overview of existing archeologi-
cal data, including a compilation of past work
results, mostly unreported. Potential for

prehistoric and historical sites and their
context is discussed. Recommendations for
future cultural resources research and manage-
ment are made in the last chapter.

Fort Jefferson National Monument was
redesignated Dry Tortugas National Park as
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Figure 1.1. Fort Jefferson National Monument.
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this repori was readied for press. The old
name is used throughout this volume because
to change it would have proven almost
impossible given the different nuances of use
of these terms.

Fori Jefferson National Monumenti, located
68 miles west of Key Wesi, Florida,
encompasses seven small islands lmown as the
Dry ‘'Tortugas within its 100-square-mile
jurisdiction. Central to the area is Fort
Jefferson, a masonry “thivd-system” fort with
half-mile-long perimeter walls 50 ft high and
8 ft thick, located on Garden Key (Figure
1.1).

The Dry Tortugas are situated on the edge
of the main ship channel between the Gulf of
Mexico, the western Caribbean and the Atlan-
tic Ocean. Gulf and Atlantic ship traffic must
pass through the 75-mile-wide straiis beiween
the Gulf of Mexico and the Atlantic Ocean.
Any ships traveling the more than 1,200 miles
of United States Gulf coastline will pass close
to the Tortugas. The Dry Tortugas pose a
serious navigation hazard and have been the
site of hundreds of marine casuoalties,

Most western Caribbean fraffic also passes
through the Straits of Florida, a situation that
has changed little since the Spanish exploration
and conquest pericd. Spanish interests centered
on the larger Caribbean islands, Santo
Domingo (Haiti and Dominican Republic),
Puerto Rico, Cuba and on the continental land
magses. Much Spanish aciivity was in ihe
western  Caribbean, which  became  their
stronghold. Spain began western Caribbean
fortification in 1567 in response i other
nations’ New World incursions,

The long history of the Dry Tortugas,
which were discovered by Ponce de Leon in
1513 and discussed by the English as early as
1565, is vreflected by the maritime
archeological sites within its waters. The
earliest kaown shipwreck sife is trom the 1622
Spanish plate fleet, however, it is reasonable
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to expect many earlier, presenily undocument-
ed casualties in the park. Marine casualiies,
wrecks and strandings, occurring frequently
in the past, still occur here. High potential for
a laxge wreck population and rich archeologi-
cal record within pack waters has been
demonstrated by both historical research and
the limited archeological fieldwork reporied
in this volume. Edwin Bearss (1971), who
very early recognized the park’s historical
importance, located records for more than 200
ships sunk, stranded or damaged in the Tortu-
gas.

The Tortugas’ strategic importance has long
been recopnized. Fort Jefferson construction
ratified the peopolitical importance of the
Tortugas to the United States early in the
nineteenth ceniury. Fort Jefferson was a
product of the coasial fortification buildup that
took place as a planned development of United
States coastal defense beginning after the War
of 1812, Fori Jefferson was considered critical
for protecting Gulf trade and ports. The fort,
bepun in 1846, was a strategic necessity to
establish United States presence on the
international Caribbean frontier and was a
direct response io continuing United States
concern about British Bermuda fortification,
Spain’s diminishing role and growing weak-
ness, and the Mexican conflici in Texas,
Principally, the fori was construcied to deny
an enemy fleet carrying out blockading
operations against the United States, access (o
the Tortugas’ anchorages.

There are a number of historical themes
and movemenis poientially represented in the
Fort Jefferson National Monument archeologi-
cal record. The earliest hisiorical siies are
likely related to Spanish and Furopean explo-
rations.

Beyond the discovery and exploration
period, the consolidation of conirol and com-
mercial development that followed close
behind the explorers and adventurers isa



primary theme that could be elaborated by
Fort Jefferson National Monument archeologi-
cal study. Prior to 1600, Spanish flects
returning to Spain from Vera Cruz sailed
around the Gulf hugging the shore. This early
route brought the fleet close to the Tortugas.

The competition between European mari-
time nations for Atlantic, Gulf and Caribbean
control and domination will certainly have left
material remains of war and commercial
wrecks in the Tortugas. Today’s international
economic system is largely result of interac-
tion among principal European maritime
nations, much of which occurred near the sea
lanes passing close to the Dry Tortugas.

A representative material record of Spanish
development and decline as a world sea
power, competition between the French, Dutch
and British, and ris¢ of the United States as a
maritime power is found in the park’s waters.

Development and commerce of the Gulf
port cities are certainly well represented in the
archeological record of Fort Jefferson National
Monument. Ships from Tallahassee, Biloxi,
Port Arthur, Corpus Christi, Pensacola,
Mobile, New Orleans and Galveston were lost
in the Dry Tortugas.

Local fishing and exploitation of the rich
natural resources of the islands and surround-
ing waters, beginning with Ponce de Leon
who named the islands for the many turtles
captured there, should be seen in archeological
remains. Indigenous Native American and
Caribbean populations’ use, as well as that of
the growing United States will be reflected in
the park archeological record.

Clandestine commercial operations of
piracy, privateering, smuggling and slaving,
which are poorly documented in archival
sources of any nation, should be revealed in
park archeological sites. Some clandestine
activities are still going on, and they offer
direct links with past activities.

The great trade between the Atlantic coast
and the western rivers, all of which passed
close to the Dry Tortugas, certainly left
vessels, cargos and crew effects that have been
scantily depicted in historical documents.

The archeological record of Fort Jefferson
National Monument is rich, and its study will
be rewarding. This report is the first compre-
hensive look at the monument’s archeological
potential, but it’s just a start.



CHAPTER i

Dry Tortugas and South Florida Geological Development
and Environmental Succession in the Human Era

Peter A. Stone
INTRODUCTION

Large geographic changes have occurred in
the Dry Tortugas since the first human entry
into South Florida. The Dry Tortugas area
reflects extreme environmental changes daring
the human era: from peninsular mainland near
the time of human entry, to rock islands, to
open marine water, finally to the development
of sand islands. Deposition continues in the
current large submarine reef/bank/lagoon
complex where a thick marine and freshwater
sediment mantle has been laid.

Postglacial Development of the
Floridian Coral-Reef Tract

Fringing coral reefs, which cover a
significant portion of the Dry Tortugas,
protect and generate much island sediment,
Although the area is not predominantly coral
reef per se, reefs play a dominant role in the
Tortugas® geologic history and environmental
sequence. Reefs occupy a similar position on
the continental shelf and act essentially as an
extension or outlier of the Florida reef tract
fringing seaward of the Florida Keys. Other
extensions and relicts occur between the Dry
Tortugas and Key West on shoals near the
Quicksands and the Marquesas Keys and along

Biscayne Bay and the southeastern peninsula .

coast. These reefs have been studied more
than those at the Dry Tortugas, but consider-
able reef origin and development information
has transfer value. Especially useful are

several major studies by Shinn and his
associates (Shinn et al. 1977, 1989) that
summarize numecrous reef investigations.
Lighty (1977; Lighty et al. 1978, 1982) adds
information from more northerly reefs off the
southern Atlantic shoreline. High information
transfer value between these areas stems from
dominance of sea level change as a physical
control in all these areas; however, consider-
able differences in local factors limit extrapo-
lations somewhat, for example, susceptibility
to cold-water incursions from nearby shallows,
which changed with sea-level rise. Following
is a summary of overall Florida reef-tract
coral reef development, mostly outside the
Dry Tortugas, emphasizing specific character-
istics with potential importance for archeologi-
cal inferences. Syntheses by Shinn et al.
(1977, 1989) are principal sources.
Carbonate geology dominates the extreme
southern peninsula coast. Little quartz sand
extends south of Miami or the Ten Thousand
Islands, which has been the condition for a
very long time. A 4,500 m well near the
submerged Florida platform margin southwest
of the Marquesas Keys encountered limestones
throughout, the lowermost of Cretaceous age.
Despite the great age of the local lime-
stone-forming environment, present reefs and
carbonate banks are geologically very young.
In contrast to their -appearance and ancient
relatives, these thick reefs and banks postdate
human entry into southern Florida. Humans
probably trod on dry land surfaces now
beneath 10-14 or more meters of coral reef




deposits lying 15 or more meters beneath the
present sea level. Oldest of the still-living
reefs investigated originaied about 6000 B.P.
(before present) on sites that were dry land up
to about 8,000 years ago. Senescent or dead
reefs lying along a line 100-300 m offshore
the discontinuous living reefs in the Florida
Keys and now 8-18 m below sea level are
thought by Shinn et al. (1989) o be older;
they were possibly drowned sometime between
10,000 B.P. and 6000 B.P. (notc: inierpolated
dates from sea-level data are unceriain).

Reefs were not the only features on older
surfaces  to  accumulate thick  deposiis;
carbonate sand and coarser debris up o 10 m
thick comprise some banks. Other areas have
accumulated little or no sediment since much
earlier in former Pleistocene interglacial times,
and that material is now hardened into rock.
Some rock areas that are essentially bare are
covered with, and the surface obscured by,
carbonate-producing organisms (colonialalgac,
coralline animals), but the debris they produce
is swept away by currents, Fine grained or
muddy (silty) sediments occupy some deeper
areas, with accumulated thicknesses from a
few centimeters to several meters. The shallow
but protected Florida Bay area leeward of the
Florida Keys also has accumulated several
meters of mosily fine-grained carbonate
sediments (Davies 1980; Davies and Cohen
1989),

A large and rapid rise in seca level caused
by melting continental glaciers flooded Florida
shelf areas thai can now support coral reefs or
accumulate other types of carbonate sediments,
Similar glacial waning occurred with resultant
sea levels higher than at preseni several times
in the Pleistocene, The Sangamon interglacial
prior to the present Ilolocene interglacial
ended about 100,000 years ago and had sca
levels 10 m above present levels, Coral reefs
growing at that time now form the Key Largo
limestone of the upper Florida Keys chain and
lie submerged in nearby areas.

Other types of surface-forming limesione,
particularly oolitic Miami limestone, come
from Sangamon sandy shoals. Nearly 100,000
years of emergence and subaerial exposure
hardened these limestones and formed a hard,
recrystallized calcrete crust,

The present Holocene interglacial sediment
deposition occurred on these Pleisiocene
surfaces after their resubmergence. Mosi
Holocene sediment is loose and unconsoli-
dated, with several exceptions: 1) the
semirigid intergrown mass of the some coral
reef cores, 2) beachrock found in a few
limited areas and 3) slighily cemented
"hardgrounds." Both bedrock topography and
water depth influence Holocene coral reef
development. Water depth affects development
through wave and current exposure along with
proximity and divection of shoal areas where
cold water may be produced. Modern reefs are
frequently located upon bedrock {rom
Sangamon-age ancient reefs. The linkage in
part seems (0 be fopographic, with reef§
forming at a break in slope. Dlevated areas,
including Sangamon-age dunes, are also
represented bencath Holocene reefs, probably
in large part because elevated siies are less
likely than nearby shallow depressions 1o
confain a veneer of fine, loose sediments that
interfere with coral colonization.

Probably little surficial sediment capped the
reflooding marine limestone betore reinunda-
tion (Shinn et al. 1989). Sediment typically is
absent on presently emerged Bahamas and
Caribbean islands, but marine sediments may
have accumulated in swales prior to attainment
of depths (or distance from shallow and
occasionally cold water, perhaps) necessary
for coral growth. Possibly even {resh- or
brackish-water sediments accumulated. If
presently sand-filled, low spots in the bedrock
arc locaied in the Tortugas, they would be
tavorable sites for obtaining a scdimentary
record of the last stages of the former
terrestrial environment. Corals are exciuded



from these low spots presumably because they
cannot readily colonize fine sediments.
Frequent occurrence of coral reefs upon
ancient reefs, and carbonate sand deposits
upon non-dune, lithified sands now hardened
into limestone has led Shinn et al. (1989) to
postulate general similarity of conditions today
to those of around 125,000 years ago. Starkly
different conditions characterized the interven-
ing time,

Postglacial sea-level rise triggered develop-
ment of modern depositional environments and
allowed vast sedimentary accumulation during
the South Florida human era. Rates of rise and
former sea-level positions at various times are
important in several ways. Deposition onset
is dated at very few sites and depths, and,
therefore, interpretations from elsewhere must
be made by extrapolation and interpolation.
Considerable disagreement exists locally for
5000 B.P. back to 14,000-16,000 B.P. or so.
Far more data, and a degree of agreement
among them, exist for the past 5,000 years
and the last 4-5 m of rise (Scholl 1964; Kuehn
1980, Fig. 17, Shinn et al. 1989).

Dated sea levels are important to archeolog-
ical inference. Unfortunately, there is no
general agreement on sea-level position in
South Florida during the human era. For
example, Robbin (1984), using Florida Keys’
data, recently has challenged the accepted
general view and interprets much less
depressed sea levels (to 100 m differences) for
the period 14,000 to 7000 B.P. It is difficult
to accept his interpretation (discussed below),
but for the purposes of a purely geologic
reconstruction, the problem is minor. Shinn et
al. (1989) observe that all sea levels and stages
above its minimum level existed no matter
what the actual timing, and the deposits of
main interest were within the shallower depth
range and more recent time range (<8000
B.P.). To archeology, however, timing of the
rise and the maximum depth at the entry of
humans into the region is critical.

Nearly all investigators agree on a rapid
sea-level rise in the earlier postglacial period
(terminal glacial and early Holocene times).
Much of that rise took place beyond the
present depth range of the Florida reef tract.
Considering -20 m msl (meters below present
mean sea level) as the maximum depth of
interest in the local deposits, then the sea
appears not to have reached it until very
approximately 10,000 B.P. (using the curves
of Blackwelder et al. 1979; Kuehn 1980; and
with reference to date/depth data from peats
off the east coast of Florida; e.g., Field et al.
1979). Coral reefs can match this Holocene
rise in sea level by accretion, especially at the
slower rates for mid- and late-Holocene times
(Shinn et al. 1977).

Still, there are senescent reefs offshore
living ones, and something caused them to
drown. It appears that dramatic slowing of
sea-level rise over the past several thousand
years may have had more of an effect in
limiting upward coral growth than the former
rapid rise did in halting growth. Reefs can
readily reach almost to the surface, where they
greatly affect wave energies and currents to
the leeward, and where they are highly
exposed to wave damage and erosion during
storms and hurricanes.

Shinn et al. (1989) outline important stages
in Florida reef postglacial developments.
Because bathymetry is used along with a semi-
arbitrary extension of the sea-level curve back
in time from the generally accepted post-6000
B.P. data, dates of earlier stages probably are
not very accurate. However, information about
former shoreline characteristics, no matter
what their actual age of occurrence, is well
founded.

When the sea stood very low, 100 m or
more below present, such as at 15,000 B.P.
or carlicr, the shoreline lay at the base of a
fairly steep, uniform bedrock slope. Freshwa-
ter seeps or springs, and possibly streams,
discharged from this rock terrain. Freshwater



sources probably existed near the slope base
near sea level. Streams are much less likely
than springs and seeps (see palcoenviromments
of the mainland in the nexi section). By the
time humans entered south Florida, no later
than around 10-12,000 B.P. (Clausen et al.
1975, 1979, Cockrell and Murphy 1978b;
Doran and Dickel 1988) the iopographic relief
was reduced by the rising sea, bui a disiinct
rise in topography back from the shore and a
steeply deepening offshore enviromment still
existed. Shoreline springs may still have
occurred, which would have been of interest
to humans occupying a dry, elevated bedrock
terrain. An elongated series of ridges now far
offshore and forming the bases of major reefs
existed as a series of offshore bedrock islands
when they became surrounded and isolated by
the transgressing sea, 10,000-8000 B.P. on the
assumed curve.

With sea level 8.5 m below present around
8000 B.I» on the assumed curve, small,
submerged bedrock isiands remained at several
sites that would later support distinct Florida
Keys reefs. The depression forming present-
day Hawk Channel between the modern
offshore reefs and the relict bedrock Florida
Keys began to flood, but the main shoreline
still lay 3-7 km off’ the current shoreline.
Above an elevation of 15 m below present sea
level, the bedrock slope is considerably less
than below, so the nature of the nearshore
zone--both  the land and the sea
bottom--changed at that crossing. The
relatively smooth shoreline of the steeper,
deeper slopes became much more irregular as
shallower slopes  became  encompassed,
including the formation of embaymenls into
the land area. At 6000 B.P., with sea level
about 6 m below present (by this time there is
much better control and presumably more
accurate dates), the offshore bedrock islands
were submerged. Hawk Channel between
rocky shoals and the mainland was flooded,
and lagoons formed on the rocky mainland.

At 4000 B.P., sea level siood about 3 m
below present, and the mainland shoreline was
1-4 km seaward. The coastline had become
very irregular by extensive flooding norch and
west of the present Florida Keys and in inleis
between the keys. This iitiated Ylorida Bay
development. From an archeological perspec-
tive, the dominant result of coast dissection
andd flooding of expansive shallow, protected
eavironments  was  formation  and  great
expansion of diverse and productive intertidal
and estuarine  environmenis, which are
exiremely rich food sources.

By 2000 B.P., the Florida Keys shoreline
was similar to today, with sea level aboui .5
m below present. Both Florida Bay and
Biscayne Bay were highly developed. Since
about 9000 B.P. and especially since 6000
R.P. for existing reefs, while the shoreline
was retreating and diversifying, coral reefs
and associated carbonate forming/depositing
shallow marine environments were growing
and evolving offshore.

A mumber of individual reef areas have
been studied stratigraphically, from the lower
east coast (Lighty 1977; Lighty et al. 1978,
1982), through ihe Florida Keys area including
Southeast Reef in the Dry Tortugas (Shinn et
al. 1977, 1989). These studies provide a
context for interpretation and planning future
Dry Tortugas rescarch. Selected aspects with
archeological significance related to position
and timing of depositional onset, to aceretion
raies, and io geopraphic shifis in depositional
environmenis arc  discussed here.  Again,
summaries by Shinn and his colleagues (Shing
ei al. 1977, 1989) are principal references.
Generally, a southward-westward progression
is made in ordering the discussion.

The most northerly reef studied, extending
from North Miami t Palm Beach, was
examined at a transcct off Hillsboro Inlet by
Ligity (1977; Lighty et al. 1978, 1982). This
now-dead tropical coral reef differs from reefs
further south and wesi in that it is



considerably older, dying before or around the
onset of existing live coral reefs. Layers above
the reef’s base dated about 9400 B.P. and
8700 B.P. (the oldest about 10.5 m beneath
the reef crest); coral from near the crest dated
about 7100 B.P. Deeper, older samples were
about 21 m below modern sea level and the
shallower, younger samples from about 17 m
deep. Elsewhere, the reef crest ranges to 30
m deep. This reef is located at a distinct break
to steeper slope on the submerged shelf. Net
reef accretion based on age and elevation
differences (roughly 10 m elevation in
1,200-1,900 radiocarbon years) is an apparent
8.5-5.25 m per 1,000 years. Lighty and his
colleagues attribute the reefs demise to
turbidity, or as likely chilled winter water
from the broad shallows that formed on the
gently sloped shelf behind the reef as sea level
rose. Tropical conditions are suggested for
reef growth periods by specific coral taxa and
associated biota.

Long Reef in Biscayne National Park
provides a good example of how biotic and
depositional environments have shifted through
time. At the reef crest, coral (> 1.5 m thick)
overlies thick, loose carbonate sands (about 8
m thick) above a thin carbonate mud layer
(about 0.5 m thick), all lying atop bedrock.
The crest does not mark the location of the
thickest or oldest portion of the reef, which
lies slightly seaward. There, about two-thirds
downward through the thickest coral accumu-
lation (3.7 m under 4.6 m of water) the coral
dates about 5600 B.P.

Likely the initial reef protected the leeward
mud- and sand-depositing environments, and
the coral colonized the sand by breakage and
rubble from the seaward reef. At Elbow Reef
off the upper Florida Keys, coral rubble
accreted landward several meters during
Hurricane Donna in 1960 in presently 4.5-12
m of water (Ball 1967). Patch reefs with more
than 4 m of relief are scattered on sandy areas
shoreward of Long Reef. Other reefs, such as

Carysfort Reef off Key Largo, seem to have
accumulated largely by in situ coral growth,
there to within 2 m of the surface and 13 m
thick.

At Bal Harbor, the control exerted by
underlying bedrock topography is well
evidenced. Coral reef has developed on
cemented sand ridges, which are now bedrock,
but absent on interdune swales, possibly due
in part to loose sediments that inhibited coral
polyp colonization. This reef began around
6300 B.P. (this date from near the base, about
16 m below modern sea level). It had grown
at the coring site about 6 m thicker by around
4900 B.P.

The middle Florida Keys area provides
other good evidence of strongly patchy or
zoned depositional environments. There also,
large areas of carbonate sand have accumulat-
ed in late-Holocene times. Reefs with "key"
in their names (e.g., Sombrero Key Reef)
were associated with vegetated islands in
historical times (Romans 1775; Shinn et al.
1989), but these terrestrial environments no
longer exist. Immediately landward of a
distinct, thick coral reef, Robbin (1984) found
shallow Pleistocene bedrock beneath Holo-
cene-age peats and a very thin layer of sand.
Surprisingly, the peat extends beneath the
drowned reef-flat at Alligator Reef, which
obviously overgrew or otherwise colonized the
soft sediment on washed-in coralline rubble.

Looe Key Reef also exhibits the geographic
shifting of distinct depositional environments,
but in partial contrast to Long Reef, the
deeper seaward reef portion is being covered
in some areas by a moving sand body, with
generally northerly winter storm activity likely
the principal burial mechanism (Lidz et al.
1985). As at Long Reef, Looe Key Reef has
transgressed shoreward, here above a sand-
and rubble-filled depression. A predominant
inttial control by Pleistocene bedrock topogra-
phy is demonstrated. The main reef began on
a coralline bedrock ridge at the edge of a



distinct drop-ofl. The ridge became the many
bedrock islands after channel flooding between
the ridge and the coniemporary mainland,
which is now the Florida Keys. This channel
accunmlated finer, looser sediments and rubble
near the seaward reefs. A disiinct topographic
reel feature seems to be entirely ol biological
and- sedimentological conitrol, with currenis
also a factor. On older, deeper reef poriions
not covered by sand, spurs or seaward
pointing, steep-sided to overhanging, deeply
grooved coral ridges intervene. These spurs
have grown wupon thick carbonate sands
without a bedrock control (Shinn et al. 1981).

Off Big Pine Key in ihe lower Florida
Keys, two parallel reels are locaied above
more clevaied bedrock formed from Pleisto-
cene reefs and separated by a carbonate sand
area underlain by bedrock derived from
similar sands. This feature demonstrates both
topographic controls and similaritics  to
previous interglacial conditions (Shinn et al.
1977).

Archeological Implications of Reef and
Sediment Accumulation Rates

Coral accreiion, burial and laieral and
temporal shifts in envirorment all  have
archeological implications. The more widely
and intensively investigated Florida reef-traci
portion provides daia for archeological and
paleocenvironmental assessment of ithe South
Florida submerged shelf.

Coral Accretion - Radiocarbon dating of

deep levels in coral reefs in the region allow
estimation of long-term average reef accumu-
lation rates. Shinn and his colleagues (Shiun
et al. 1977, 1989) have collected and swmma-
rized most of ihe local information.
[ndividual coral growth rates also have been
investigaied by examination of seasonal growih
rings. Hudson (1981) lound growth
Monastruea annularis 10 be somefimes in
excess of 11 mm per year on individual coral
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heads near Key Largo. This maximum average
rate was from shallow, well exposed sites (<3
m deep near the reef margin). Nearshore
patch-reef coral growih averaged more than 8
mm per year, and coral from deeper (> 6 m)
offshore sites was lower, bui more than 6 mm
per year. Other Florida coral taxa have shown
roughly comparable growih rates: 2.4-16 mm
per year (IHHudson et al. 1989; Ghiold and Enos
1982; Landon 1975), which supporis a
centimeter-per-year rule-of-thumb, ‘This
growth rate obviously can bury colonized
artifacts in a few decades. Coral overgrowth
may be considerable on early shipwrecks in
some areas of FPort Jelferson National
Monumernt.

Average long-term reef accretion rates are
considerably slower than outward growih of
individual coral heads, yet are peologically
very rapid compared especially 1o rates of
mid- and late-Holocene sea-level rise. Shinn
et al. (1989) notes the main differences
between individual coral and reef growth are
relaied o major reel growth interruptions,
which may be frequent and prolonged.
Intcrroptions  can  relate o stress  from
femperature, especially cold water; salinity
increase, especially in shallow, baltled
evaporating waiers, or decrease from brackish
run-off waters; fine sediment; disease and by
mechanical hurricane damage. Fhese faciors
represent the most probable reasons most
Florida coral reefs have not grown to ihe
surface and kept continuous pace with sea
level. Note that some reefs and mainly
algal-derived sand deposits do rise to low-tide
level, or even above high-tide level in the case
of sand islands. Measured reef growth rates
also have peologic associations and archeolog-
ical implicaiions beyond simple burial raies,
for example boring organism alteration and
peneral cementalion 1s greater in the slower
accreting reefs.

Reefl accretion rates calculated using a daied
depth and assuming a zero age for the reef



surface are lower than rates calculated between
two dated depths. The former overall net rates
to present arc reported to range from 0.38-
2.38 m per 1,000 years; the somewhat older
interlevel net rates range from 1.56-4.85 m
per 1,000 years; the highest from Southeast
Reef in the Dry Tortugas. Slower rates assume
reefs are still growing, when in fact erosion,
or perhaps merely a rough equilibrium with
the much slowed sea-level rise, may have
characterized the past 1,000 years or more
(Lidz et al. 1985). At these longer-term
accretion rates, discovery-era artifacts could
now be buried by more than 0.5 to almost 2.5
m of coral reef.

Burial - Paleoindian occupation surfaces,
although likely present, are probably deeply
buried. ‘Ten meters or more of sediment have
buried the submerged bedrock in places in
late-Holocene times, For example, loose
carbonate, sandy sediments behind Looe Key
Reef accumulated overall at about 2 m per
1,000 years (Lidz et al. 1985). The overall
average thickness for the area is 3-5 m (Shinn
et al. 1989).

Normal currents and waves transport sands
and coarser debris from their immediate
formation sites, which are reef-forming corals
and sand-forming colonial algae. Hurricanes
are the most powerful transport agents, but
northerly storms ar¢ also important, especially
when the strong, slowly shifting winds
approach from the open sea. Ball (1967) note
that because local and regional topography
play such a role in current and wave action,
the high-energy events overall have about the
same direction as prevailing tidal and wave
actions.

It is expected that early inundated sites
would be buried by at least a meter of sand by
simple local deposition alone. Focused or
episodic deposition from eroded areas could
be greater. Nevertheless, while more than 10
m of sediment, including notably the semirigid
reefs, has accumulated at some sites in the

- reef tract, and lesser but considerable sediment
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covers most of the submerged area, little or
none has accumulated in the large total area.

Lateral and Temporal Shifts - Enormous
environmental changes have occurred during
the human era in the area of the now sub-
merged shelf. The shoreline has moved many
kilometers landward and at least tens of meters
upward, although uncertaintiecs in both
directions result from the considerable
uncertainties in sea-level positions for times
prior to around 6000 B.P. During human
occupation of the study area, open marine
waters replaced dry, not necessarily arid but
perhaps inhospitable, rock-surfaced land onthe
present shelf.

Major coral reefs center upon bedrock
ridges and downward breaks in slope because
of physical ecological linkages and controls
expressed through topographic effects on
currents and sedimentation. Some inferences,
or perhaps just hints because the association
is not infallible, can be made about underlying
ancient surfaces from examination of recent
sediments. For example, bases of steeper
slopes would have been favorable sites for
finding freshwater seeps in the past, and
bedrock ridges would have formed the last
occurring stable rock islands early or midway
in the shelf inundation sequence. Conse-
quently, sediment-filled depressions between
ridges would be the most favorable sites for
obtaining sedimentary evidence (e.g., peat,
mud, pollen) of the late-stage bedrock
mainland environment prior to marine
flooding.

Lateral shifting of distinct sedimentary
environments accompanying vertical accretion
obscures confident or detailed predictions of
local bedrock topography made from modern
sediment surface observations. More impor-
tant, deeper sediment types and archeological
considerations, for instance, ability to
excavate, cannot be predicted with precision
in or near specific reef areas. Prediction is less




problematic in wider, deeper muddy environ-
menis, or broad sandy environments that
should be more homogeneous away from reel
boundaries.

Most prehistoric surfaces are fairly deeply
buried; most carly historical surfaces may be
considerably buried; and even many laie-
historical surfaces wmay be significantly
overgrown, buried or obscured. Overgrowth
and burial can involve ridged, hard, and
difficult to remove corals and other organisms,
Areas swepl of sediments, or at least free from
thick and rapidly developing accumulations,
likely may also be poorly sulted to retain any
but dense or heavy, resistant artifacis.

All shallow-depth surfaces are subject 10
occasional severe wave attack and currents.
Deeper water areas in general would have
been less affected. Unfortunately, the slowly
accreting, less disturbed, more easily
explored, finer-sediment areas are perhaps the
least likely areas for shipwrecks.

Geologic Features and Deposition
Between Key Wesi and
the Dry Tortugas

Moare than 100 km presently separate ithe
chain of Florida Keys from the Dry Tortugas.
This area has not been intensively investigated
until quite recently and still has relatively little
stratigraphic or geochronologic data from
cores. There are two principal data sources.
Davis (1940, 1942) described the topography
and vegetation of the low Marquesas Keys.
Shinn et al. (1989, 1990) present very useful
observational data and seismic profiling
information supplanted by limited coring for
the main shallow feature in the area.

Florida Keys noncoralline, colitic limestone
forms the subsediment bedrock at least as far
as the Marquesas Keys and the Quicksands
(see below); however, coralline bedrock
occurs northwest of the Marquesas Keys and
at the Dry Tortugas. Except for the ierminuses

of ey West and Dry Toriugas, coral reefs are
poorly developed, but some do occur. One,
New Ground Reel, northwest of the
Marquesas Keys, has accumulated 7.6 m of
carbonates above a high area of Pleistocene
coralline bedrock, In the "Quicksands" area
to the south, much bedrock was exposed as
islands until sea level reached o within 7 m
or so of the present level (Shinn et al. 1990,
Fig. 4).

Prevailing easierly winds and waves run
along the shelf and reef axis, here and along
the lower Ulorida Keys, which likely cause a
preferential wesiward movement of carbonaie
sand (Shinn et al. 1990). Calcareous sand
production and accumulation is largely from
Halimeda spp. (colonial algae), not from coral
reefs. Lesser reef abundance is thought to
relate to colder winter waters and Gulf
notrient-enriched, chlorophyll-colored water,
as well as to shifting sands (Shinn et al. 1989,
1990). Near the Marquesas Keys at the
Quicksands area, Hudson (1985) measured
annual carbonate produciion in excess of 1,200
g/m* in a densely algal-vegetaied aica. (At a
mineral density of 2.7 g/em® and an assumed
minimal porosity of 25 percent, this equaies
to almost 60 cm/1,000 yr vertical accretion,
but relates only 1o the densely vegetated
patches.) The Quicksands dominate a vast area
(28 km x 4 km) where large, shifting ripples
of sand waves as high as 5 m occur perpendic-
ular to north-south tidal currents on sand
deposits as thick as 12 m. Nearby reefs are
separated  from  these sands by deeper
sediment-free  "hardgrounds." These sand
waves move daily repeatedly burying and
uncovering heavy objects. Except for Rebecca
Shoal, deeper waters 18-24 km west of the
Quicksands towards the Dry Tortugas

- generally lack reef growih and have accumu-
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lated {ine-grained carbonate muds. About 8
of mud and fine sand in 23 m of waler were
recently recorded in this area (Shinn et al.
1990, Fig. 6).



Deeper areas just east of the Dry Tortugas
would have flooded and isolated the Dry
Tortugas from the mainland early in the
marine transgression, forming a bedrock island
or islands at the site of the Dry Tortugas.
Rapid to extremely rapid burial of historical
artifacts, is probable in areas such as reefs,
Hawk Channel extension, and especially
Quicksands; but some deeper bedrock-type
hardground areas that accumulate little
sediment may contain resistant cultural
remains at or near the surface, from perhaps
as far back as early prehistoric times.

It is important to note for archeological
purposes that nonbedrock "hardgrounds" can
form the bottom in marine-carbonate environ-
ments where algae partially cement the top of
granular marine sediments. These recent
sediments could be mistaken for ancient
bedrock in remote-sensing record interpreta-
tion. This mistake, however, is much less
likely in physical examination.

Dry Tortucas Depasitional
Environments

The - Dry Tortugas’ islands mark the
location of a mid- to late-Holocene age
coral-reef and carbonate-banks complex on a
shallow area of submerged Pleistocene
bedrock shelf. The site is just beyond 100 km
west of Key West and about 170 km north of

-Cuba. The ten fathom (60 ft, 18.3 m) isobath
encompasses about 260 sq km (about 100
square miles) (Stoddart and Fossberg 1981).
These islands were the scene of much shallow
marine biological research early in this century
by the former Carnegie Institution Tortugas
Laboratory. There was, however, little
research done on sediments, except for deeper
lagoon and reef descriptions (Thorp 1935;
Vaughan 1914). The early attribution of the
Tortugas as an atoll is refuted by Brooks
(1962) for dissimilarity with classical Pacific
atolls, which are fringing subsiding volcanic
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islands or seamounts, Nevertheless, the term
seems descriptive and useful, given the
rounded, semienclosed ("horseshoe shaped,”
Jindrich 1972) complex that is partially ringed
by fringing reefs and banks enclosing an
interior area with deeper lagoons and banks.

Brooks’ (1962) contention that seasonally
shifting currents and wave actions are the
main shaping agents is supported. Seasonal
effects of shifting wave energies are dramati-
cally shown for the sand islands (O’Neill
1976). The Tortugas’ overall shape may be
relict through Holocene recolonization of
bedrock ridges from a Pleistocene interglacial
"atoll" (Shinn et al. 1977).

The Tortugas complex as a distinct
depositional unit is approximately 20 km long
in its northeast-southwest axis and about 11
km across. Three main channels through the
discontinuous  fringing reefs and other
carbonate shoals allow good circulation and
swift currents (20-60 cm/sec, .39-1.18 kn)
between the sea and the central lagoon
(Jindrich 1972) (see Figure 1.1). Tidal
currents in shoal waters reach 110 cm/sec;
2.17 kn. ~

Principal modern submerged geologica
investigators are Jindrich (1972) who describes
depositional environments and processes and
Shinn et al. (1977 reprinted in Halley 1979;
see also Shinn et al. 1989), who investigated
cores from one main coral reef. Shinn reports
that cores have been taken from Pulaski Reef,
Loggerhead Key and a site north of Ft.
Jefferson. Jaap et al. (1989), Davis (1979 a &
b) and Meeder (1979) describe the biologic
communities that generate reef rock and
sediments. As references indicate, the
luxuriant local coral reef environment has
received most scientific attention, but sandy
and coarser (rubbly) carbonate shoals and
islands of late-Holocene origin are also
prominent.

Elongated ridge interconnections form a
honey-comb pattern in parts of the interior



lagoon, and some corals grow on interior
shoals (Davis 1979a, 1982). Cold weather and
disease stressed and widely lalled these corals
in 1977 (Porter et al. 1982 Shinn et al. 1989).
Submerged sandy and rubbly environmenis,
little investigated  except near reefs, are
derived both from mechanical disiniegration
and lagoon-ward transport of reef debris, and
by colonial calcarcous preen-algae produciion,
especially Halimeda.

Only brief mention 1s given here io the
lagoonal sediments due to lack of daia.
Lagoonal sediments are finer, consisting of
muddy carbonates because of deeper (o 18
m), quieter, protecied waiers and distance o
source arcas for coarser maierials. They are
relatively ihin compared to the thick reef and
sand-bank  deposits.  Thinness  is  judged
indirectly by lagoon bathymeiry and by
bedrock elevation beneath the Dry loriupas
area 1n the few cores reporied, which were
located elsewhere on the thick deposits (Shinn

et al. 1989; Jindrich 1972) (see Figure
2.1). This description of coral reefs and their

development shows a diveciion for future
research. There 15 a glaring need for further
stratigraphtc investigation of sand banks and
emergent islands in any atiempt to understand
the Holocene origin and evoluiion of the Dry

Tortugas complex. Some of the unreporied
cores mentioned by Shinn et al. (1977), may
reveal such nformation.

Coral Reef Environment
and Development

Jindrich (1972), working mostly on the reef
and adjaceni areas in the Garden Key segmeni
of the Dry Toriupas fringe, recognized three
main depositional environmenis: reef, reef
bank, and lagoonal bank, cach with areal
subdivisions. Fach environment and sub-
environment has an intrinsic hkelihood for
receiving and burying, or otherwise preserving
or retaining, hisiorical artifacts, and each has
characteristics  enhancing  or  complicating,
archeological exploration and excavation.

Reefs contain a rigid wave-resistant wall on
the seaward side built in part or totally of
coral. Reef banks have low energy, coral-
covered surfaces that rarely rise mnto the
vigorous surt zone.  Some profecied reef
banks rise o within 1-2 m of the surface.
Where reef banls face open waicrs, they may
actually be storm-degraded reefs, because
erosion surfaces are not readily differentiated
from accretionary surfaces (Jindrich 1972).
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Lagoonal banks are raised features
composed primarily of fragments, but these
banks may have a coral covering and a fairly
rigid surface. The Garden Key reef Jindrich
(1972) examined most closely has a seaward-
facing wall that dips roughly five degrees for
200-250 m, and at about 10 m depth dips
abruptly to about 25 m depth (note that it is
not a near-vertical "wall"). Coral-reef spurs
3-5 m wide and up to 15 m long rise near the
seaward edge, with sand and rubble paving the
floors of intervening grooves. The conch
Strombus gigas, a common aboriginal food
item, populates the upper reef wall. Coralline
algae, which occur widely, covers many dead
coral rock areas.

Shinn et al. (1977) cored a reef that
revealed that an accretion of about 15 m in the
last 6,000 years (Figure 2.2). This reef

covered Pleistocene bedrock, but had also
grown over Holocene-age granular sediments.

Sand Islands or Keys

Present islands are composed of modern
sediment rather than ancient rock and are
accretionary rather than relict. Despite
descriptions of "rocky" islands in reports, with
"boulders," "shingle" and "rubble" mentioned,
rock is not dominant. Rock that is present
includes two types: 1) large fragmental coral
or coralline algae debris, deposited in
substantial storms or 2) tabular beachrock
formed in place by calcium carbonate
cementation of calcareous sand and coarser
debris (Ginsburg 1953; Multer 1971).

The Tortugay’ keys differ fundamentally
from those of Pleistocene-age bedrock, such
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Figure 2.2. Generalized cross section through the Dry Tortugas (from Jindrich 1972).

15




Fipure 2.3, Historical morphology of East
Key (from O'Neill, 1976).

Fipgure 2.4, Seasonal morphology of East
Key (from O’'Neill, 1976).
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as the oolitic lower Florida Keys or coralline
upper Florida Keys. A few drill holes on
Garden Key, Loggerhead Key and Southeast-
ern Reef encountered bedrock 10-20 m below
sea level (Hoffmeister and Multer 1968;
Jindrich 1972; Shinn et al. 1977, 1989). The
islands are neither composed of exposed
Holocene-age coral reefs nor coral-growth-
capped shoals, now at or slightly above sea
level. Growing corals and in place (untrans-
ported) Holocene-age coral all lie below sea
level. Similar sand keys elsewhere in the
Caribbean may have useful comparative data
for future investigations of Dry Tortugas’
islands (e.g., Alcarn Keys, Mexico: Folk
1967; Fosberg 1962).

Ages of existing Dry Tortugas’ sand islands
and the local sand-island environment are
unknown; it also is not known if similar
islands preceded the present ones. Some
speculation based on sedimentary and sea-level
conditions can be applied to this question. The
seven existing islands were reported in their
approximate present locations in A.D. 1773,
but three other islands also reported then have
disappeared (Stoddart and Fosberg 1981). In
addition, some existing islands were nearly
eliminated in the interim period, presumably
by hurricane wave attack, and these islands
have subsequently recovered to emergent
vegetated features. No new islands have
formed. Stoddart and Fosberg (1981) have
reviewed map records and identify other
written descriptions and compilations, notably
Robertson (1964); Jindrich (1972); 0’Neill
(1976} and Davis and O’Neill (1979).

Tortugas island topographic and vegeta-
tional dynamics are important to archeological
interpretation. For example, the islands and
the island environment may not be very old.
Current islands have been subject to seasonal
(interannual) and occasional, but not infre-
quent, moderate to substantial modification in
shape, size, and probably even location, which
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is poorly documented. Major modificationsare
known to recur on time scales as short as
decades and se¢m hurricane related (Figure
2.3). Shorter-term changes are thought to be
related to seasonal shifts of prevailing wind
and wave direction (Figure 2.4) (Jindrich
1972; O’Neill 1976; Davis and O’Neill 1979).
Seasonal weather variations are discussed in
Chapter VI.

The two larger islands, Loggerhead and
Garden Keys, have fewer complications due
to shifting at least since A.D. 1773, and by
inference probably were more stable in earlier
historical times (ca. A.D. 1515-1773). In
essence, the other islands are active beach
environments, including only temporarily
vegetation-stabilized  interior beach-ridge
features.

Long-term preservation of recognizable
archeological sites, topographic or vegetational
features has been threatened frequently by
storm waves throughout the past millennia.
However, rising sea level and rapid accretion
does give some hope for long-term preserva-
tion of older surfaces by deep burial. Although
the present near-surface environment has been
battered for several thousand years, older
surfaces are now buried and protected within
the islands by meters of sediment. But were
they terrestrial surfaces?

If occupied surfaces exist, older ones may
have had a better chance of surviving by being
both crossed by sea level and buried more
rapidly in the faster middle-Holocene sea-level
rise, compared to that of the last few thousand
years. Obviously, any site on a part of an
island that is seasonally eliminated, or has
ever been eliminated, is essentially destroyed,
and its contents, if not very dense, are
scattered. Dense objects may retain patterned
spatial integrity as a buried storm-lag deposit
(Murphy 1990c) while other artifacts may be
buried elsewhere and recovered at seeming
random fashion, or in a hydrodynamic rather




than cultural pattern. An important point for
archeological inierpretation in this environment
is not to overdraw the modern ierrestrial
conditions as analogs to the past, even to the
historical past.

Present and past sand-island ierrestrial
environments and vegetation seem io have
liitle of significance that would especially
attract humans. Certainly, any mature plants
recorded for the Dry Tortugas (Stoddart and
Fosberg 1981 and their previous survey
references) would have been readily available
along the mainland coast. Marginally drinkable
water is available only as a lens at shallow
depth, on at least some larger islands
(Loggerhead Key, 3 ppt salinity Halley and
Steiner 1979).

Reconstruction of the islands’ earlier
geologic history will require stratigraphic
analysis and drilling or coring. Specifically,
attention should be directed to locating former
terrestrial surfaces that were buried during
vertical accretion by sea-level rise. Specific
attention should also be directed io identifying
zones evidencing subaerial exposure: buried
soil zones, zones with carbonaceous matter
that could be radiocarbon dated or beach-rock
strata, also potentially datable (the calcareous
cement should be quite reliable). Coring
submerged banks, in addition to revealing
accretionary history and rates, may pive
evidence of former islands, either where now
extinct, or perhaps even where now-existing
nearby islands once stood, if these features are
laterally mobile. Lateral mobility over many
hundreds of meters would not be at all
surprising piven the time lengih, available
wave energies and sea level rise. Most
important, the islands seem to be merely
highly conspicuous areas (albeit drastically
different environments) of much larger sand
banks, Long-term changes in location of
greatest emergence areas seem probable rather
than unlikely, given the apparent absence of
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controls by older substrate topography. Future
investigations, however, may reveal that some
islands result from specific convergences of
nearby carbonate production, currents and
waves, and consequently may be somewhat
fixed in position, at least recenily during slow
sea-level rise. Drowned and migrating barrier-
type sand islands are well known elsewhere,
as are mobile beach ridges in peneral and
these features offer comparative daia.
Although litile is known of the early sand
island environmental history, much can be
learned through coring and stratigraphic
analysis,

Tortugas Paleoenvironmental
Inferences from Mainland Daia

Introduction: _Types of Bvidence and
Linkages. Paleoenvironmental conditions at the
peninsular tip, including the coastline and
Florida Bay and Keys area must serve as a
model for inferences to Dry Toriugas
conditions during time(s) of emergence.
Exirapolation is necessary because of the
extreme paucity of Dry Tortugas paleoenviron-
mental data; however, this does not reduce the
need for locally derived site-specific data
through future research.

Available information on palecenvironments
and their succession in South Florida is
provided mostly by abundant stratified,
radiocarbon-datable and, wmost important,
environmentally  diagnostic, fresh- and
brackish-water wetland sediments. These
sediments are widespread in the regionally
dominant wetlands. Basal sediment positions,
apes and internal stratigraphies document
regional environmental conditions, stages, and
shifts during the human era. Direct linkapes
between sediment type and hydrological
environmental factors, and indirect linkapes
ihrough ecological controls on biota that either
form or facilitate sediment formation, allow




strong inferences to be made regarding the
Holocene geologic record and previous
conditions of surface-water hydrology. Fossil
pollen in wetland or lake sediments reflects
soil moisture conditions in nearby and regional
sites that were unflooded and unburied.
Vegetational remains, and the less-abundant
faunal remains, inform directly about the
human subsistence base around sites, or in
particular types of depositional environments.
Hydrologic inferences about climate are
especially important; these can be extended
further in interpreting conditions on contempo-
raneous, nonflooded peninsula soil surfaces
that did not directly accumulate sediments or
contribute a detailed pollen record.

Reconstructions are possible because of
very strong interrelationships  between
surface-water hydrology and vegetation, and
by regional occurrence of modern depositional
environments that serve as analogs for most
ancient sediment types. These analogs reveal
environmental conditions of deposition. South
Florida paleoenvironmental research is highly
favored by this convergence of circumstances,
although it has not progressed beyond a
general regional reconstruction. Detailed
examinations have been made for only a few
of the many freshwater sites. Very shallow
marginal marine environments or marine-
dominated estuarine environments have been
more extensively researched.

Sources and Prior Work

Relevant South Florida information paleo-
environmental reconstruction is scattered in
many disciplines’ literature. Little has been
collected specifically for paleoenvironmental
research, with some important exceptions: 1)
stratigraphic pollen analyses of lake sediments
by Watts (1969, 1971, 1975, 1980; Watts and
Hansen 1988); 2) pollen and plant macrofossil
analyses including wood taxonomy of several
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archeological sites (Warm Mineral Springs:
Clausen et al. 1975; Little Salt Spring:
Clausen et al. 1979; Brown 1981; Fort Center:
Sears 1982); 3) late-Holocene vegetational
succession of specific Everglades and coastal
plant communities (various types in Everglades
National Park area: Craighead 1969, 1971;
tree-islands and marshes in the northeastern
Everglades: Gleason et al. 1974, 1975, 1977,
1980). Archeological materials as a unique
type of sediment also reveal important aspects
of geologically recent environmental changes
in a prescient article by Goggin (1948).
Reviews, syntheses or regional treatments of
late-Quaternary paleoenvironments containing
extensive reference lists include: Gleason et al.
(1974), Watts (1980), Watts and Hansen
(1988), Stone and Brown (1983), Stone and
Gleason (1983), Carbone (1980, 1983),
Delacourt (1985), and Delacourt and Delacourt
(1985).

Considerable additional information on
vegetational and sedimentary environmental
successions in specific areas comes from
sedimentology-focused stratigraphic analyses,
including floral and faunal identifications from
macro- and microfossils: 1) coastal nearshore
mangrove fringe and lagoons (Spackman et al. -
1966, 1969, 1976; Taft and Harbaugh 1964;
Scholl 1964; Scholl et al. 1969; Riegel 1965;
Smith 1968; Cohen 1968; Wanless 1976,
1989; Kuehn 1980); 2) Florida Bay and Cape
Sable specifically (Davies 1980; Davies and
Cohen 1989; Roberts et al, 1977); 3) freshwa-
ter Everglades environments (Gleason 1972,
Altschuler et al. 1983; and specific additional
freshwater sites in works by Spackman,
Riegel, Smith, and Cohen, see above). Peat as
a soil has been examined in several wide-area

surveys with  stratigraphic  information
(Dachnowski-Stokes 1930; Allison and
Dachnowski-Stokes 1932; Davis 1946).

Various county and subcounty soils surveys
include some significant stratigraphic data



(e.g., peat/marl interlayering in Dade Co.,
Gallatin et al. 1958). Many other scattered
data related to environmentally significant
stratification in Holocene sediments occur in
an eclectic array of sources: Quaiernary
geological, archeological, water resources,
historical, agricultural, habitat manapement
and others.

Increasing_Separation
from the Mainland

Interrelationship between the Dry Toriugas
area and Florida wmainland and coastal
near-shore environments changed dramatically
through the postglacial peried. At first, the
Dry Tortugas area was part of the emergent,
and at that time much larger, Florida peninsu-
lar mainland. At the most general view,
subsequent evolution was one of the Dry
Tortugas area becoming divided and increas-
ingly isolated from South Florida by open
marine waters as sea level rose in postglacial
times. Although it is entirely possible, perhaps
probable, that no islands existed for an
extended period or periods at the Dry Tortugas
arca, the Florida Keys Pleistocene limestone
has remained emerged, first as a ridge and
later as a series of island "stepping stones,"” to
the mainland. The fairly deep channel between
Rebecca Shoal and the Tortugas (deeper than -
18 m msl) flooded early in the marine
transgression and isolated the Dry Tortugas
bedrock island(s) from the mainland. In the
later stages, marine waters flooded Florida
Bay, displacing freshwater marshes i many
areas, and occupied the channel depressions
between the present Florida Keys. The South
Florida shoreline ecology facing the Dry
Tortugas changed from more terrestrial with
somewhat steeper coasts and offshore bottorns,
to more island-like and backed by lagoonal
environments such as the present shoreline
along the southwestern shore.
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Today’s physical isolation of the Dry
Tortupas area is the greatest of the human era.
Increasing physical isolation must be balanced
against an archeological assessment of the
"technological" distances, which certainly
decreased sharply in premodern times, and
also must consider the possibility that no
islands or "tarpet” existed at some earlier
times.

Late-Glacial and Posiglacial
Succession of Environmenis

Conditions at the Dry Tortugas area when
it existed as elevated Pleistocene-limestone
bedrock terrain, at first attached to the
mainland and later as bedrock islands, can
only be inferred from recorded or interpreted
conditions on the mainland or Florida Keys.
Presence of some orpanic debris, such as
found by Shinn (1977, 1989), in minute
pockets at the top of the uppermost, now
buried, Pleistocene bedrock surface gives hope
for future pollen analysis of the last terrestrial
or coastal environments prior to inundation.
Peat has been found under marine waters in
reef and backreef areas of the Florida Keys,
even beneath established coral reefs (Robbin
1984), and if found at the Dry Tortugas, will
provide not only precise and datable sea-level
indicators, but also fossil-pollen evidence of
peat-forming and adjacent terrestrial vegeta-
tion. At present, there is no inferpretable local
evidence for such conditions at the Dry
Tor{ugas.

The peneral South Florida postglacial
environmenial sequence wmland from the
shoreline has been one of increasing environ-
mental wetness by freshwater, both surface
and soil water. This is shown most strongly:
1) by the basal ages of abundant wetland
sediments, times prior the onset of deposition
being drier and below the wetness threshold
for aquatic or wetland sedimentation, and 2)



by the seasonal-wetland nature of sediments
carliest (deepest) in the sequence. This
sedimentary record comes primarily from the
Everglades/Lake Okeechobee limestone basin,
but important parts of the record come from
smaller deposits in fopographic depressions in
the regionally prominent sandy sediments
surrounding the main basin. Corkscrew
Swamp in Collier County is notable for its
leng and reasonably continuous record of
hydrologic and vegetational conditions (P.
Stone, J. Meeder and M. Duever, unpublished
data).

Very few sites from the enormous freshwa-
ter wetland-sediment area in South Florida
have yielded basal ages greater than terminal-
Pleistocene or earliest-Holocene times. The
exception is the poorly understood "Lake"
Flirt, a pond or deep marsh in Hendry County
with nonbasal apparent dates (see below) as
old as 32,000 B.P. (Brooks 1968; Stone and
Johnson, unpublished data). Regional
freshwater  sedimentation onset marks
Holoceneinterglacial environmental conditions
(Watts 1975). Lake Annie, on the southern-
most extension of a quartz-sand ridge that
protrudes into South Florida northwest of Lake
Okeechobee, began its current round of
sedimentation about 13,010 B.P, (Watts 1975).
The immediately underlying aquatic sediments
yielded radiocarbon dates of about 33,300-
44,300 B.P. (Watts 1980), but may be much
older due to effects of slight natural
contamination. (All finite radiocarbon dates of
20,000 B.P. or older should be viewed with
suspicion, especially any associated with
evidence of interglacial conditions (Morner
1971; Stapor and Tanner 1973)). A long
sedimentation hiatus is very strongly sug-
gested, encompassing at the least the time of
the late-Wisconsin glacial extreme advance,
which peaked about 18,000 B.P., far to the
north of South Florida. Erosion or extremely
slow deposition seems likely, even though

21

Watts observed no overt sedimentary sign of
exposure and drying. An abrupt shift in pollen
flora assemblage proportions also argues for
a significant hiatus below the 13,010 B.P.
layer.

Near Lake Okeechobee, all nonsinkhole
lakes investigated by Watts in peninsular
Florida were apparently dry during this glacial
extreme. Where underlying sediments
occurred below the hiatus level at Mud Lake
in Marion County, radiocarbon dates were old
and indeterminant (> 35,000 B.P.), and Watts
thought the pollen flora represented intergla-
cial conditions (Watts 1969, 1971, 1980). The
last interglacial was around 100,000 or
125,000 B.P. Shealer Lake, in northern
Florida between Gainesville and Jacksonville,
has some sediments just older than the final
glacial advance in a layer bounded by levels
dated to around 18,000-24,000 B.P., but this
lake sequence still evidenced a hiatus from
about 18,000-14,000 B.P. (Watts and Stuiver
1980). Only Lake Tulane, near Avon Park on
the sandy ridge, shows enticing evidence of
holding water during this last glacial advance
(Watts and Hansen 1988).

Environmental dryness prevailed in the
later-Wisconsin  glacial period, at least
sufficient to prevent prolonged inundation in
vast areas or depressions that are now
marshes, swamps and even lakes. In modern
lakes, water now stands 20 m higher than the
hiatus level in the sediment profile, which
indicates a water-table rise of at least this
magnitude (Watts 1980). Greatly lowered sea
level under the continual glaciation influence
obviously had a major role in the substantial
lowering of the water table by increasing
hydraulic gradients for surface-water run-off
and ground-water drainage. Sinkhole water
tables, which form the focus of important
matnland archeological sites, lay considerably
below modern sea level in terminal-glacial or
early postglacial times (Cockrell and Murphy




1978b; Clausen et al. 1979). Hydraulically,
lowered water tables could only be
accomplished under direct influence of
lowered sea level.

Hydrologic base level control seems
insufficient as a total explanation for the
evidenced environmental conditions in the
wider “rvegion, however. FEarliest pollen
assemblages, deposited soon after resumption
of aquatic sedimentation in the deeper lake
depressions, have strong supgestions of
drier-aspect vegetation. This, in turn, suggests
a decreased rainfall climatic regime relative to
later times, including the modern, because
much modern vegetation outside wetlands does
not depend on tapping the water table by
roots, but rather intercepts infiltrating
rainwater as unsaturated-zone soil water.
Plants are not likely phreatophyies, especially
those on the high sandy terrains. At 30,000
B.P. at Lake Annie the conditions were very
different than at present. The surrounding
overdrained sandy ridges supported few pines.
Instead, the plant types that now occupy only
the highest and driest ridge tops, such as
rosemary (Ceratiola), were much more
prevalent than in later Holocene and modern
times (Walts 1975, 1980). Shade-intolerant
herbaceous plants also appear to have been
common, though the broad environmental
range and difficulties in identifying genera by
pollen for the family Compositae limit the
inference somewhat (Watts 1969, 1971). Pine
is wind pollinated, and the very low percent-
ape of this widely dispersed pollen shows a
regional, rather than local, rarity of pines,
especially compared to their present ubiquity
outside regularly flooded sites.

The earliest sediment record in the era of
reliable radiocarbon dating at Lake Annie (ca.
13,010 B.P.) is conveniently very roughly the
same time as the earliest known human
occupation of the region. These Holocene
basal sediments also show pine to be much
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rarer than in all of late-Holocene times,
including today, and show oak to have been
much more common (Watts 1975). Oak is also
wind pollinated, and therefore is evidenced on
a wide-area basis from this one site. Oak
species differ preatly in their ecological
associations, from xeric sandhills to very
moist lowlands (although not in flooded sites,
typically), and this limits the inferences (Watts
1969). Codominance of xerophytic oaks with
pines in historic times on dry, highly perme-
able, elevated, peninsular ridge acid-sands
gives support to inferpretation of a dry open
forest or forest/herbaceous-prairie mosaic for
the vepetation ai the end of the Pleisiocene
glacial era and onset of Holocene interglacial
conditions (Waits 1971).

The approximate Holocene era onset of
postglacial conditions is usually given as
10,000 B.P. This is derived more from
north-temperate or boreal area sequences, but
several continuing South Florida wetland
deposits date from about this time.

Sedimentation in the first half of the
Holocene period at the more southern sites
that have been investigaied at Corkscrew
Swamp and Everglades consisted mostly of
freshwater marl or calcitic marsh muds. At the
Windover Site near Titusville, Volusia County
and the Bay West site near Naples, Collier
County, peat or muck deposits initiated the
archeological sequences (Doran and Dickel
1988; Kropp 1976). Deposition began in Buck
Lake, near Lake Annie, about 8500 B.P.
(Watts and Hansen 1988) and at the Bay West
site  deposition began around 7200 B.P
(Beriault et al. 1981). In the Everglades,
deposition began prior to 6500 B.P. (Gleason
and Stone 1975; Brooks 1974).

The long record at Corkscrew Swamp and
the wide area of the Everglades best represent
South Florida conditions. Marl evidences a
seasonal-marsh  environment-—-wetland, but
drier than the peatland conditions of today in



both areas. The oldest examples of peat or
muck deposition without marls elsewhere in
the region reflect somewhat wetter conditions
at those sites. At the larger wetlands, marl
deposition continued apparently steadily for
thousands of years, until mid-Holocene times.
However, the early mid-Holocene onset of
peat or muck deposition at the Bay West site
shows that local shifts, or else trends with
crossing of hydrologic thresholds, took place
within early Holocene times. Similar shifts are
shown by areas of thin, calcitic Everglades
mud that date somewhat prior to 6500 B.P.
The 6500 B.P. date is from a bulk date on the
entire thickness at Kreamer Island, in an
extension of the Everglades at the south end
of Lake Okeechobee (Gleason et al. 1975),
and about the same date from a similar layer
at the eastern lake shoreline (Brooks 1974).
These thin marl areas began accreting within,
not at the beginning of, early Holocene times.
Elsewhere, in a small portion of the northeast-
ern Everglades, much thicker marl occurs
beneath peat (Davis 1946, Fig. 15), conse-
quently this deposit’s initiation must have been
considerably earlier, Freshwater sediments as
old as 6500 B.P. occur bencath marine
sediments in Florida Bay (Davies 1980).

The early mid-Holocene sedimentary shifts
presaged dramatic changes occurring around
5000 B.P. and have parallels in the pollen
record. Lake Annie, similar to other Florida
peninsula lakes such as Mud Lake and Scott
Lake, shows an oak-dominated, woody
vegetation containing much  well-lighted
ground cover, indicating a sparse forest or a
forest with prairie-like openings. This situation
characterizes much of the regional early
Holocene period vegetation, which persisted
from terminal-glacial times. Pines, presently
regionally dominant, must have been few, but
they dramatically increased in abundance
starting very roughly 7000 B.P., toward their
eventual dominance by the middle of the
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Holocene (Watts 1971, 1975, 1980). Change-
over from oak to pine dominance has been
ascribed to increased wetness, which is
independently evidenced by wetland sediments,
fire frequency with humans suspect and even
to soil leaching (Watts 1980). The actual cause
remains unproved, but recurring fire is
necessary to maintain pine forests in the
region, and many of South Florida’s pinelands
are marginally wet occurring in wide areas of
low, slash-pine flatwoods environment off
better drained coastal and axial ridges.
Wetland sedimentary evidence overall
shows somewhat drier conditions than today,
at least seasonally, for the early Holocene and
an increase in wetness toward mid-Holocene
times. The probable causes are discussed
below in relation to the dramatic "explosion”
of peatlands in the middle of Holocene times.
Around 5500 B.P. at the earliest, and over
wide areas by 4500 B.P., peat deposition
succeeded marl deposition, or else initiated
directly on limestone and sand surfaces. This
occurred at both Corkscrew Swamp and the
Everglades. The oldest Everglades dates come
from former southern and northern extensions
now beneath Florida Bay and southern Lake
Okeechobee (Davies 1980; Gleason and Stone
1975). By 5000-4500 B.P., wide areas of
Everglades and Corkscrew Swamps existed as
peatland, and by 4000 B.P. many of the vast
number of small isolated depressions that are.
surrounded by more terrestrial environments
in the region had evolved to wetlands and
begun to accrete peat or related muck. Some
other southeastern United States lakes and sites
similarly date from this mid-Holocene time,
for example Scott Lake (Watts 1971) and a
peat deposit (Gurr 1972) both in Polk County.
At Okefenokee Swamp in southeastern
Georgia, even though the earliest peat
deposition was around 6500 B.P. (Spackman
et al. 1976), almost certainly in the deeper
areas of the depression, the initiation of



widespread peat deposition in many areas
bepan somewhat later around 5000 B.P. (Bond
1979; Stone and Johnson, unpublished data).

This wide-area initiation and peatlands
expansion in the southeasiern United States
and southern Florida regions clearly evidences
wetlands establishment and prolonged annual
flooding. At present, such peat-forming
marshes are flooded for more than half of each
year, in some cases to near coniinuous
flooding year-after-year (Olmsted et al. 1980,
Figs. 5-7; Gleason et al. 1975). Some
wet-mesic  to  marginal-wetland  forests,
especially bayhead vegetation, including some
cypress forests accrete peat without prolonged
flooding (Gleason et al. 1975; Spackman et al.
1976). These environments are dwarfed in
importance by South Florida marshes, and
their woody peats are unlikely to be confused
with marsh peats.

There are two obvious outside physical
controls that could have imposed regional
peatland development: climate and rising sea
level acting as the hydrologic base level.
Hydrologic feedback mechanisms may also
have played some role. Davis (1943, 1946)
mentions dense, developing marshes retarding
run-off, peats with high waterholding capacity
retaining water, partial sealing of substraies by
marl retarding infiltration, peat damming; to
these could be added pariial sealing of
substrate by soil-horizon development in the
widespread spodosols in the sand lands,
particularly beneath low pinewoods.

Hydrologic feedback mechanisms do not
intuitively seem to be the principal hydrologic
factor in postglacial trends to increasing
wetness. Sea-level rise substantially lowered
hydrologic gradients for surface-water run-off
and for pround-water drainage at low-elevation
ites. For the presently emergent poriion of the
peninsula, this would have been most
important since around 5000-6000 B.P., after
sea level had quickly reached within 4-6 m of

its present elevation. Obviously, the now

~ submerged terrain oflshore would have been

affected earlier. Sea level, as hydrologic base
level, would have been much less tmportant
as a factor for more elevated sites or sites at
which a water iable is perched above low
permeability clay layers or semiperched
(where vertical ground-water infiltration or
drainage is greatly retarded even if not
essentially precluded) above yelatively low
permeability mixed clayey sediments, or
perhaps even in places above dense recrystal-
lized limestone. In such situations, climate is
likely the control on wetland initiation,
especially when if occurs at roughly the same
time at different elevations. Climate here
specifically implies the rainfall yegime. There
is no evidence of a great temperature change,
and in any case wetland initiation occurred in
Holocene times when warmer and more
heavily wvegeiated conditions would have
increased, not decreased, evapotranspiration
losses.

By 5000-6000 B.P., the close approach of
sea level is deduced to have greatly affected
the low lying Everglades hydrology at the
basal elevaiions of the present peat deposit,
especially in its former, now submerged,
extensions to the south, Other low elevation
deposits in Big Cypress Swamp, the sandy
flatlands, and interridge swales in the coastal
ridges would have been similarly influenced.
By exiension of this reasoning, however,
climatic conirols are implied for the initiation
of lake or wetland sedimentation in the
14,000-10,000 B.P. time range, particularly
at Lake Annie, the former Lake Okeechobee
marsh and Corkscrew Swamp, when sea level
was at least 20 m and possibly 70-80 m below
its present level (Kuehn 1980; Robbin 1984;
Blackwelder et al. 1979). The sea had risen
greatly from its most depressed level around
18,000 B.P., so that base level control is not
disproved, bui tentatively, pending numerical



geohydrologic modeling, sea level does not
seem to be the main or singular control for
wetland development. Similarly, widespread
mid-Holocene wetlands development at various
elevations from roughly -4 to +30 m relative
to modern sea level strongly suggests a
significant increase in annual rainfall.
Examples are the low elevation Florida Bay
and neighboring coastal environments, the
midelevation Polk County deposit, and higher
elevation Okefenokee Swamp, which is around
30-35 m mslL.

A peculiarity in Florida’s climate, especial-
ly in the south, favoring wetland development
is strong rainfall seasonality that delivers much
more water in the hotter months when
evapotranspiration is highest. High-water time
in freshwater areas of southern Florida is in
the fall, not the early spring as it is to the
north, and wetness rather than dryness prevails
in the most active growing season.

Climate probably played a role in early
Everglades development, even in mid-Holo-
cene times. This is suggested by the apparent
initiation of the oldest peats, (closely spaced
data available only for the northeastern
Everglades) on the less-permeable rock areas
rather than at the topographically lowest rock
areas (Gleason et al. 1974). Sand layers above
the rock and below the peat weakens this
inference, however (see Davis 1946, Fig, 14).
By 4000 B.P., the largest regional deposits,
and most investigated examples of the much
more numerous small peat and muck deposits,
had begun to accumulate in newly created
long-hydroperiod  wetland  environments.
Obviously, topographic depressions holding
these deposits had long existed previously,
excepting possibly some of the smallest ones
(Meeder in Duever et al. 1979:83).

Local and regional pollen data show that
pine predominated in the forest vegetation by
5000 B.P. (Riegel 1965; Watts 1975, 1980;
Brown 1981; Nichols in Gleason et al. 1975,

25

Core 5). Essentially modern environmental
conditions were established in mid-Holocene
times. It was not the modern or predevelop-
ment landscape, however. Slower changes,
occurring as long-term trends, continued with
sea-level rise: outward expansion of existing
wetlands best represented by peatlands;
initiation of small wetlands as
hydrologicthresholds were passed on scattered
low sites; and the establishment of higher
water tables and occasional flooding over
wide, low flatland areas.

Evidence for episodic changes exists also
for late-Holocene times, in coastal areas either
in sea level or storminess (or perhaps in
coastal exposure, without an outside influ-
ence), and in the freshwater hydrologic
regime. Both would have affected the Dry
Tortugas area, while storms would have been
the main regional influence on the environ-
ment. Episodic here implies periods of rapid
change, probably including some or all of the
14,000-10,000 B.P. shifts along with the
mid-Holocene shifts, separated by intervening
periods of relatively stable conditions, or at

least slower change. Fluctuations with
reversals provide the best evidence of
episodes.

Sanibel Island is formed of four separate
sets of beach ridges, each formed of adjacent,
similarly oriented ridges (Missimer 1973).
Shifts in orientation between the sets suggest
changes in wave approach, but a curious
increase and then decrease in beach ridge
height in one set dated approximately
2400-1600 B.P. {(but note the uncertainties in
ridge dating, see Stapor and Mathews 1976),
suggested to Missimer (1973, 1980) that sea
level stood up to 1 m higher than present
during that time. The dramatic effect that such
a high stand should have had on the low-level
southern and southwestern coastal fringes has
no known sedimentary evidence. Other
researchers (e.g., Scholl 1964; Scholl et al.



1969; Spackman et al. 1966, 1969, 1976;
Riegel 1965; Smith 1968; Cohen 1968;
Gleason 1972; Davies 1980; Kuehn 1980;
Wanless 1976) sugpest causes other than a
high sea level stand because of the lack of
supporting evidence in this well-investigated
area. Perhaps wave energies were responsible,
possibly  climatically  affected  through
increasing storminess or else incidentally
caused by evolution of the bottom
topographyand the adjacent shorelines under
a changing, but still lower, sea level.

Investigators elsewhere in ihe southeastern
United States have found evidence for
fluctuations in the late-Holocene rise in sea
level, but without incursions significantly
above present levels (Colquhoun and Brooks
1986; Colquhoun et al. 1981; Brooks et al.
1989; for an alternative view, see Fairbridge
1974). While not overtly evidenced in South
Florida, where certainly they would be
expected, it is possible that such minor
fluctuations, evidenced in various poriions of
the world, are obscured in the record that
reflects overall net rise. Minor short-term
incursions above present sea level could easily
be mistaken for hurricane storm deposits
(Scholl 1964; Scholl et al. 1969).

The freshwater sedimentary record is more
clear on fluctuations and their likely climatic
cause and influence, but the interrelations
amonyg shifts are not apparent., Substantial
shifts are evidenced within the period very
roughly 3000-2000 B.P. The northernmost
EBverglades muck deposit along the southern
shore of Lake Okeechobee lying above the
peats initiated deposition around 2800-2500
B.P. (Gleason et al. 1975, Core 11; Gleason
and Stone 1975, and unpublished dates from
Torrey Island). A rise in the level of Lake
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Okeechobee relative to the adjacent Everglades
is the most likely explanation, and
reencroachment of peat above the muck layer
at its southermmost portion furthest from the
lake  indicates an undated reversal
(Dachnowski-Stokes 1930). Perhaps the cause
of lake-influenced expansion was increased
rainfall to the north over the Kissimmee River
basin, the principal lake tributary.

A widespread freshwater marl layer occurs
within the southern or midlatitude Everglades
peats (see Davis 1946; Gleason et al. 1974;
Spackman et al. 1976; and Altschuler et al.
1983). The main layer dates about 3000-2000
B.P, for its deposition period (Gleason et al.
1975, Core 25; Gleason and Stone, in press)
and has given slightly younger mean dates at
another site (ca. 1800 B.P. for midperiod,
Stone and 'Treadgold, unpublished data).
Because modern marsh environments of
freshwater marl deposition are seasonally drier
than marshes where peats are forming, a
roughly millenniuvm-long, somewhat drier
period is sugpested. Minor marl layers above
and below the main layer also occur (Altschu-
ler et al. 1983) and evidence other shorter or
less altered conditions. Goggin (1948) using
South Florida archeological evidence observed
that water levels had risen and, in some cases,
shifted cyclically or at least episodically.

Even for late-Holocene times of essentially
modern environmental conditions, the South
Florida regional environment has experienced
slow, small-magnifude long-term trends (e.g.,
2-4 m rise in sea level in the most extreme
examples, and 2-+ m rise in water levels in
Lake Okeechobee and the northern Bver-
glades) as well as more dramatic shorter-term
fluctuations in hydrology.



CHAPTER I

Dry Tortugas Physical Oceanography

Wilton Sturges
INTRODUCTION

This section is an overview of the eastern
Gulf of Mexico physical oceanography,
concentrating on the area near the Dry
Tortugas. The focus is on currents that
influence shipping, both now and historically,
as well as present-day archeological studies.

The deep-water currents near the Dry
Tortugas are dominated by the Loop Current.
It is the major permanent current in the
eastern Gulf; it is, to the Keys, as the Florida
Current is to Miami. Figure 3.1 shows a

Figure 3.1. Position of the Loop Current on
April 2, 1985, full curve, from satellite infra-
red data: dash-dot curve shows mean position
of Loop Current from the full 1984-1985
satellite viewing season. The triangle near 26°
N, 87° W shows the position of a NOAA
meteorology buoy.
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typical path of the Loop Current, showing
both a single day’s observation and the
average position for that year.

Snapshot observations such as shown in
Figure 3.1 have been routinely available for
roughly a decade from satellite infrared (IR)
data. Data sets like this have made a major
advance in our understanding of such highly
variable current systems. The path in Figure
3.1 shows the main axis of the Loop Current
as indicated by a strong contrast in the
observed surface temperatures. Because the
sea surface becomes uniformly warm in the
summer, these data are usually available only
from about October-May.

The following sections will describe the
Loop Current and its variability in detail, The
continental shelf currents will be described on
the basis of theory and observations within the
past few years. Currents in shallow water are
driven primarily by winds, so some attention
is given to those observations. Fortunately, the
wind and tide-gauge records at Key West are
quite good. Finally, complications of long-
term level rise will be addressed.

Currents in Deep Water:
The Loop Current

Before flowing along the United States east
coast, the Gulf Stream waters flow through the
Gulf of Mexico, making a large sweeping arc,
or "loop," between Mexico and Key West.
This flow pattern, shown in Figure 3.1, has
led to the name "Loop Current," and its flow
dominates the deep waters of the Gulf of
Mexico. The Loop Current path has a great
deal of variability. It is generally believed that
the smaller, long thin features, having a width
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Figore 3.2, Vertical -
sections of femperature
and salinity along a
transect  belween Key
West and Cuba. North is
to the left. The station
numbers  (24-29) are
shown across the top;
temperature is shown in
degrees C, salinity in
parts per thousand (from
Nowlin 1972). }

(meters)

1000 —

DEPTH

1500 —

2r @ 2y 24

STATIONS

29 28 27Y 26 28 W8
v u Y—

2y

NORTH LATITUDE

of only 10-20 km are perhaps confined to
near-surface phenomena. The larger varia-
tions, having scales of 100 km or more repre-
sent the full current, which penetrates fo
depths of about 1,000 m. The current’s path,
as detected by the IR signal, is the region of
largest surface temperate pradient. This i
shown in Figure 3.2, iaken trom Nowlin
{1972). The left-hand side of this figure shows
isotherms measured at a section from Key
West to Cuba. The small dots are the
observation poinis. Just to the left of station
25, it appears that the surface temperature
changes from nearly 26° to about 23° in a
narrow zone, This is the feature seen best
tfrom a satellite.

The region of sloping isotherms is where the
current velocity is increasing from low values
at depth to strong surface velocities of up 1o
4 kn or greaier.

The same pattern of sloping contours is
observed in salinity, as well, and is shown on
the vight, This high correlation beiween
temperature and salinity is common in such
current systems.

Over a period of many months, the Loop
Current gradually extends farther and farther
into the Gulf, until the loop closes back upon
itself, At this point a large clockwise ring is
detached, very much like the warm core rings
shed from the Gulf Stream beyond Cape
Hatteras (e.g., Maul 1977; Elliott 1982,



Figure 3.3. Position of the Loop Current from satellite IR data, January 2, 1982. The
values 21-25, etc. indicate sea surface temperature. The approximately circular feature
in the center of the Gulf marked "WE" represents a small anticyclonic, warm-core eddy
or detached ring. (From NOAA/National Satellite Service, Washington.)

Hurlburt and Thompson 1980; Kirwan et al,
1988). This variability is known fairly well in
terms of the amplitude of fluctuations
(Vukovich 1988b). Predictability, however, is
extremely poor. Some numerical models are
available (e.g., Hurlburt and Thompson 1980),
but these are not run in a prediction mode.
Rings are known to separate at irregular
intervals of 6-18 months. The spectral energy
at various frequencies increases toward lower
frequencies, reaching a peak at approximately
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12 months (Sturges and Evans 1983; Vukovich

1988a).
Figures 3.3-7 show a series of selected

Loop Current patterns. Figures 3.3, January
2, 1982, and 3.4, May 10, 1983, show
typical large intrusions and the associated
waviness around the edges. Figure 3.5,
December 13, 1983, shows a very large ring
formation that appears to be about to separate
from the main flow. These large separated




Figure 3.4, Position of the
Loop Current from satellite
IR data, May 10, 1983. The
values 21-25, etc. indicate
sea surface temperature, The
approximately circular fea-
ture in the center of the Gulf
marked "WE" represents a
small anticyclonic, warm-
core eddy or detached ring.
(From NOAA/National
Satellite Service, Washing-
ton.)

Figure 3.5. Position of the
Loop Current from satellite
IR data, December 13,
1983. The wvalues 21-25,
etc. indicate sea surface
temperatore, The approxi-
mately circular feature in
the ceater of the Gulf
marked "WE" represenis a
small anticyclonic, warm-
core eddy or detached ring.
(From NOAA/National
Satellite Service, Washing-
ton.)
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Figuare 3.6. Position of the
Loop Current from satellite
IR data, May 9, 1984. The
values 21-25, etc, indicate
sea surface temperature.
The approximately circular
features in the center of the
Gulf marked "WE" repre-
sent small anticyclonic,
warm-core eddies or
detached rings. (From
NOAA/National Satellite
Service, Washington.)

Figure 3.7. Position of the
Loop Current from satellite
IR data, May 14, 1985.
The values 21-25 ete. indi-
cate sea surface tempera-
ture. The approximately
circular feature in the
center of the Gulf marked
"WE" represents a smail
anticyclonic, warm-core
eddy or detached ring.
(From NOAA/National
Satellite Service, Washing-
ton.)



rings then propagate to the west at about 5
cm/sec.

Figure 3.6, May 9, 1984, shows a large
warm surface water intrusion, presumably
from the Loop Current, that has penetrated
onto the shallow continental shelf waters. It is
expected that such large features are not
imerely thin surface skin features, but extend
down to perhaps 50 or 100 m depth, and have
an associated velocity of approximately 1/2-
1 kn (25-50 cin/sec). These features form what
is penerally referred to as "larpe scale
turbulence" on the shelf.

Figure 3.4 suggests that the Loop Current
edge is passing very near the Dry Tortugas.

Figure 3.7, however, May 1985, which
sugpests that the edge is farther away seems
{0 be more nearly “"typical" of these plots.
That is, after examining many of them, one
comes to the subjective conclusion that Figure
3.7 is much more nearly the "typical" case
than is Figure 3.4,

In order to make this idea quantitative, the
Loop Current position was digitized along a
norith-south line just to the west of the
Tortugas. These maps are available on an
irregular basis, usually twice a week. Data
points were interpolated with a cubic spline,
and the results are shown in Tfigures 3.8-10
for three viewing seasons. This coordinate
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Figure 3.8. Flucinations in the north-south position of the Loop Current edge near the Dry Tortu-
gas, from satellite IR data as in Figures 3.3-7. The origin of the Y-coordinate system is at 23;
the time axis begins on November 15, 1983. The position of the Loop Current was digitized on
every available data map (usually twice a week) and a cubic spline was then fit through the data

points.
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Figure 3.9. Fluctuations in the north-south position of the Loop Current edge near the Dry
Tortugas, from satellite IR data as in Figures 3.3-7. The origin of the Y-coordinate system is
at 23; the time axis begins on November 6, 1984, The position of the Loop Current was digitized
on every available data map (usually twice a week) and a cubic spline was then fit through the
data points.

system begins at 23°, so the Tortugas lie near  energetic frequencies at which the fluctuations
1.6° on the plots in these figures. The general go back and forth are determined. The results
result, based on this short record, is that the  are shown in Figures 3.11-13. The left-hand
Loop Current seems to meander up this far  part of the figures shows the normal way the
north about once a year, but typically seems spectrum is plotted; on the right is given the
to be farther south. so-called variance-preserving form. The plot

A standard technique for examining on the left-hand shows energy of fluctuations
variability of the kind shown in Figures 3.8-10  versus frequency, and is a log-log plot. The
is spectral analysis. In this method, the  second form is linear in the y (vertical) axis,

33




DYGITIZED L,OOP CURRENT DATA
SPL27C

RUN 10.30.18,

920

250

i I

SPLETC
UNITS: DEGREES

i
O W
AR N A L AR

h! - U —

i)
00 3600 4300 4000 RunO  ILADO  JHLoO  4un0  MA000 15000 HO00 A0 24000 20N RALU0 S0

TIME IN DAY
DAYS

Figure 3.10. Fluctuations in the north-south position of the Loop Current edge near the Dry
Tortugas, from satelllite IR data as in Figures 3.3-7. The origin of the Y-coordinate system is
at 23; the time axis begins on September 26, 1985. The position of the Loop Current was digitized
on every available data map (usually twice a week) and a cubic spline was then fit through the
data points.
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Figure 3.11. Spectrum of the complete data set of Figure 3.8, of the north-south Loop Current
fluctuations near the Dry Tortugas, from the 1983-1984 viewing season. The plot on the left is
the normal spectral density, and on the right is the variance preserving form, The 90 percent
confidence limits for the left-hand figure are shown.
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Figure 3,12, Similar to Figure 3.11, except this one shows the spectrum of the data from Figure
3.9, for the 1984-1985 viewing season.
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These plots show that the peaks are mostly
at periods of 8-16 days. This is the "wind-
driven" frequency band. In other words, these
fluctuations are being pushed back and forth
by the local wind. The lower-frequency hump
in Figure 3.13, near a period of 30 days, is
probably a result of the eddy-like motions of
the type shown in the IR data of Figure 3.6.
This is the common belief, but the data from
a single TR map are only suggestive.

Currents on the Continental Shelf

Tides

The standard US Atlantic Coast NOAA
time tables list two tidal height locations in the
Tortugas: Garden Key and Channel Key, They
are both given relative to Key West, and it
appears the Tortugas tides are quite similar io
those in the larger surrounding area. The spring
range of 1.7 ft is slightly less than at Key West.

The Tidal Current Tables, however, give
no information for Tortugas locations. Florida
Institute for Oceanography ship captains, who
go into the Tortugas repularly on research
cruises, report that the tidal currents in the
narrow channels can be “quite strong," but
there are several hours of slack water during
which diving activity would be unhindered
even during spring tides (R. Millander IF10;
Walter Jaap, Fla DNR, personal communica-
tion 1989). It should be noted that these
comments apply only to the tidal components
and not to currents generated by other
mechanisms, such as wind.

Figure 3. 14 shows the variation in the tidal
signal in the Gulf (from Zetler and Hansen
1972). Figure 3.15 shows a map of the K1
tidal component, one of the diurnal terms. The
phase lines (solid) show that this component
of the tide merely enters ai the Straits of
Florida (at a phase of 270°, relative io
Greenwich}, propagates around the basin, and
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Figure 3.14, A plot of the shape of typical
tidal height curves around the Gulf of Mexico.
(from Marmer, copied from Zetler and Hangen
1972).

exits through ihe Yucatan Channel into the
Caribbean Sea. The tidal heights (dashed
contours) associated with this component are
only 10-20 cm. The other diurnal ferms will
behave essentially the same way, It has been
found, however, that the semidiurnal tidal
components (periods near 12 hours) are nearly
resonant with the tidal generating forces, The
amplitudes are not very large because the
basin is small in comparison with the open
ocean. The trregular appearance of the Key
West tide in Figure 3.14, as well as along the
rest of the Gulf Coast, 1s the result of the fidal
constituents drifting into and out of phase with
each other and having similar amplitudes.



Figure 3.15. Phase and amplitude lines of the K tidal constituent in the Gulf (from Grace, copied

from Zetler and Hansen 1972).

Inertial Motions

These motions have periods of approxi-
mately 28 hours at 25°. These are quite ener-
getic on the west Florida shelf, and have been
studied briefly (P. Hamilton in SAIC 1987).
These currents are sporadic, usually driven by
sudden wind events. They have amplitudes of
typically one-half knot, but because their time
scale is so short they are expected to con-
tribute only "noise” to the problem at hand.
The path of a particle in such a current would
be approximately circular, of 5-10 km radius.
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Wind-Driven Currents

These currents have been observed on
some parts of the shelf, as discussed below,
and well studied from a theoretical point of
view (e.g., Clarke and van Gorder 1986;
Mitchum and Clarke 1986). These are not the
most energetic currents, but within this
frequency band, the currents are probably as
"predictable” if not more so than the wind that
drives them. The analytical models have been
fairly well confirmed (for present purposes) by
comparison with data from moorings, from
shallow water out to midshelf.



Figure 3.16 shows the locations of all
known current-meter moorings on the west
Florida shelf in the 1980s. At the shallowest
moorings, such as No. 1, in only 13 m of
water, there is very high coherence with wind
in the long-shelf direction. We think we
understand these motions. At mid-to-outer

shelf depths to the north of the Tortugas, wind
driven currents are smaller than the eddy
motions and so become relatively less
important, The cross-shelf velocities are
usually smaller than the along-shelf velocities,
and are difficult to predict without high
resolution wind data.
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Figure 3.16. Map of all known current meter mooring locations on the west Florida shelf since
1982, The star (42003) shows the NOAA met buoy. The numbers by each mooring dot show
the number of instruments on the mooring, followed by the water depth. Dots surrounded by a
triangle indicate that a pressure gauge was at the bottom of the mooring (from SAIC 1987).
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Away from shallow water near the coast,
a rough rule of thumb is that the wind-driven
currents are approximately 3 percent of the
wind speed. When the winds are very strong,
such wind-driven currents become appreciable.
The winds will be examined in a later section.
For a typical "strong" wind event of 5 m/sec,
however, the wind-driven currents are thus
approximately 15 c¢m/sec. The eddy-like
currents and the effects of other factors, such
as Loop Current intrusions, seem in general
to be stronger.

Eddy Motions

The amplitude and durations of these
motions have been studied by the 1983-1985
Minerals Management Service mooring
program (Figure 3.16; SAIC 1987) to a
sufficient degree for determining “typical"
amplitudes. The data base is 2-3 years at a
small number of "locations. These eddy
motions are as yet unpredictable. Some
originate from large detached parcels of water
near the south end of the shelf, as suggested
in Figure 3.6; others may arise from Current
Loop instabilities as it flows to the south and
passes along the shelf edge (e.g., Niiler 1976).
Cross-shelf (i.e., on-shore) amplitudes at
midshelf (mooring D) have been observed to
be as large as 25 cm/sec, The upper limit of
speeds in the alongshore direction is rarely
observed to be greater than approximately
1-1.25 kn. To be slightly more quantitative,
one can use the longest available data set at
midshelf, at mooring D (Figure 3.16) at the
uppermost current meter. The mean currents
there are 4 cm/sec to the south, but this value
is not significantly different from zero. The
root-mean-squared variability is 12.4 cm/sec
in the along shelf (N-S) direction. An estimate
of the mean plus 3 standard deviations (to the
south) gives a flow of 41 cm/sec. Note that
these velocities are observed at 17-30 m below
the surface.
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Because the eddy motions are so energetic,
they contribute a great deal of uncertainty to
the "mean" velocity to be expected at any
particular time. As a result, the mean flow
values are poorly known in the vicinity of the
long-term moorings from the 1983-1985
mooring experiment, and scarcely at all
anywhere else. As an example, suppose we
wish to "forecast" the flow during any specific
period. During a three-week period, we might
expect currents that appear to be nearly steady
for the entire time, as a result of unpredictable
eddy motions; or the flow could be driven by
wind-induced motions, reversing direction
during the middle of the period of interest.
Real flows are usually a combination of all
these.

The mooring closest to the Tortugas in
Figure 3.16 is mooring 6; the instrument there
(as in all the moorings labeled 1-8) was a
single current meter placed 1 m above the
bottom. The currents observed at that location
are shown as “stick plots" in Figure 3.17. The
flow rarely exceeds 20 cm/sec. However, a
speed of that magnitude at only 1 m above the
bottom is a fairly strong flow. The flow at
mooring 6 appears fo be concentrated in the
onshore-offshore direction, with almost no
flow in the direction of the main flow of the
Loop Current nearby. For completeness, the
“stick plots" of velocity from moorings 1-8 for
the full experimental period, together with the
temperature records are reported below,
Figures 3.17 and 3.22-26 (from SAIC 1987).

Water Temperature

From the satellite TR maps shown in
preceding sections, we see that the surface
temperature in the open Gulf reaches the high
20s (centigrade) in the summer and the lower
20s in the winter. The coldest temperatures,
however, are found near the coast when cold
winter air cools the shallow water. Figure
3.18 (Goulet and Haynes 1979) shows the
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temperature around the edge of the Gulf as a
function of time of year (X axis) and a
function of position (Y axis). The long-term
mean is on the left, and the deviations for a
single year are on the right. It appears that the
monthly value at a single position nay depart
from the long-term mean by as much as 5°.

The Key West temperature reaches ifs
mean yearly minimum in February (Figure
3.18). As the monthly departures can be
several degrees, however, it would appear that
a minimum mean monthly temperature could
occur in a given year from December through
March and still be within the statistics shown
here.

In recent years, a valuable source of
temperature data has been the Ship of Oppor-
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tunity propram. The cruises between 1983-
1985 have been conveniently compiled by
Waddel et al. (1986). This was a time of
very active Ship of Opportunity data acquisi-
tion in the Gulf. This report shows XBT
sections from various ship tracks, and includes
information not only of the type shown in
Figure 3.17 but also the vertical variation of
temperature as well. A brief study of this
report suggests that, first, from the perhaps
dozen sections that come close to the Tortu-
gas, the temperature in the upper layers is
consistent with the data of Figure 3.18; and
second, the report (having more than 600
pages) is not organized so as to allow easy
extraction of information relating to the
Tortugas, although a computer sort of the
original data is possible.
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Figure 3.19. Monthly mean winds over the Gulf of Mexico. These winds are computed from
the observed surface pressure data and corrected by comparison with met buoys (from Rhodes

et al. 1989).

and second, the transient frontal systems that
are more characteristic of higher latitudes. The
prevailing winds are shown most clearly by
the usual mean monthly maps; a new set of
improved wind data from Rhodes, Thompson

Some Relevant Meteorology

Meteorology of the eastern Gulf of Mexico
is dominated by two larpe-scale processes:
first, the prevailing trade winds from the east,
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Figure 3.20. Monthly mean winds over the Gulf of Mexico. These winds are computed from
the observed surface pressure data and corrected by comparison with met buoys (from Rhodes
et al. 1989).

and Wallcraft (1989), computed from the on correction factors from the three meteoro-

pressure field, is shown in Figures 3.19-21. logical buoys in the central Gulf, some aspects
These figures show the "mean conditions” of the mean winds are significantly different
that are typical if one is interested in condi- from the older wind charts. The curl of the

tions averaged over the passage of many wind stress is changed, and the largest changes
frontal systems. Because these winds are based overall are near the Yucatan Peninsula. The
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differences over the west Florida shelf,
however, are more subtle, and involve slight
changes of direction from month o month,
To see the effects of the passage of frontal
systerns, the most direct manner seems to be
o examine the wind data direcily. Figures

3.22-26 show plots of the winds observed at
Key West. Note that in the third panel of
Figure 3.22 the prevailing winds out of the
southeasi have been plotied in the oceano-
graphic conveniion; that is, the head of the
arrow is on the x axis. The most noticeable
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Figure 3.22 the prevailing winds out of the
southeast have been plotted in the oceano-
graphic convention; that is, the head of the
arrow is on the x axis. The most noticeable
feature of these plots at first (or third) glance
is the enormous variability. While the "mean
winds" may be true, on the average, they are
quite unlikely to be representative of the wind

field on any given day.
It is fortunate that the Tortugas are close

to the weather station at Key West. The winds
and tide data from Key West are among the
best records available. The data are conve-
niently available for further calculations, as

necessary.
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Figares 3.22-26. A
selection of stick plots
showing winds at Key
West, Florida. Because

of the difference be-
tween data archiving
conventions  between
meteorologists and
oceanographers, these
plots have the opposite

—

sign convention from
the current meter stick
plots: the wind in these
figures flies from the
end of the stick toward
the plot axis. The pre-
vailing winds in July,

XETHEST uing aata. 1981

for example, are out of
the southeast, blowing
toward the northwest.

45



9

5 1
TIITTTECTTIIT I G, .gqu-u.muu.n.:nm.zmuuml.:n.4...um.u.....nun

bl A
e e
;‘.’x-“i:ﬁrz.

T T T T T T T T T T T T T T T T T e e P e e T T T T

Tnnnnm!||uuwlv-mnrmlmwmlnurvu-hlmﬁ-lnrur-HT\mlrm"f-:-mm'u
H o) 2% X B e 28 3

JRK FEE KRR

{ ~ kS is € 3
[

1
"1nlu!r!\l-Nurrlnnvu!-r‘l'Hl-l'l"sn-m-rl‘-r|u|ln~”l--1(1»rn'-u'vnlru':'lv

ER 0 ) 2 10 FR) B B T R s T b T T T [Y MM Na T an oy aTave napti S
3

JRK FEE HAR

T T T T T Ty e T T e T T T T T Y P e T T

| I‘..‘-,,uw..-.umn....”..d'-,-.|5-.\..v”-mh.m.-n.r, ST RPN :
H ) 20 20 1 v 3}’ [ N
RPA ®aT - iU
[ I T T TITA TR T ST SN TSI -w”ﬂlrlrll]”lHJ’l\lru-h”,.,‘”:—'”””..-f”u“..‘]- 'y' j
i ::FPF 23 xz wHRT B R ["...’L"’ll S L T llllll\llhl41\-IﬂIHI-IH-I\“IITUni1|‘illllll\u]HI-JHl.ulHII\KLILIlIlI-JuAu.ln..H‘

;
f T T T T T T T T T T A T T T T T T T e T T

A [-ﬂmml'lm'w‘-ur-r-vhwnwwlmu-unhlurn-nhmrn-mmrlmh-mur-h
H 1 20 ER H e 1 4 20 e

SUL RLG SEF

]

| T T T IR (YT T IO T TV ITIVR P SRR MO o
J Lopgos rl t ! i f ! B i it 24 3z ) 27 i 1L 22 3
urrie e st e b sy ey et sl sl ]
sy Pl ERN IS T 1 HOY ' CEC
ST HOV DEC 2 amgTE)
] H - ]
i raaTey srest ki oeve, LG58 % o=
RETKEST Wik DRTG: (S0 ! o= l ~c TTRLE,
-t SLRLE:

Figure 3.24. A selection of stick plots showing winds at

i f stick plots showing winds at :
Figure 3.23. A selection of s D g R e pionds

Key West, Florida.



Ly

T T T T T T T T Ty T T T T T T T e e T T e T e T

[ P15
7t
]

o
wEvRest wiag oata: | S58 _I_
3 SCALE

Figure 3.25. A selection of stick plots showing winds at
Key West, Florida.

B R R L L AL L L EA L A LAt EAere 122001 ar 10 100 1320 T T H

I 2 s 1

t 4 29 E]] i 20 28 [F] 3] 13
JEN FEB HAR

I G e T T T T Ty e TR T T T YTy T

2 LT 1 20 3 1] 23 ER)
-UL UG SEP

ua]llirﬁl-l»Illu.‘ll|l|nlliln.;1lllllmlu||llﬂll\lllrl‘lllu.ll"ll-n;HHIiilinllll

suditaale o esn eigi 0 fae .
19 20

33

L Lpdeage Lgteiaman lopageepes b pie st
H @ L1
»

rlvy § nNov PEC
N
4 g MM

KEWMEST winp baTR: 1 98BS S
£ SCRLE:

Figure 3.26. A selection of stick plots showing winds at
Key West, Florida.



Hurricanes

There 1s a recent comprehensive meteo-
rological study of Gulf hurricane data
sponsored by the Minerals Management
Service (Ford et al. 1988). Maps are available
that show all laown historical storm tracks for
storms with winds preater than 34, 64 and 100
mph. Most maps show a totally blackened
Gulf of Mexico; the 100 mph map has some
white area peeking through. That is, the
hurricane tracks go everywhere. Calculations
have been done, and maps plotied, to show the
percentage likelihood that a storm of given

strength will pass say within 139 km of a

chosen point in 100 years. For the area near

the Toriugas, these values are roughly 55

percent for winds over 34 knots, about 30

percent for winds over 64 knots.

Long-Term Sea-Level Rise

Figure 3.27 shows the mean yearly trend
of sea level from tide data at Key West since
1910 (Hicks 1983). The long-term trend of the
data is 2.2 +/- 0.2 mm/yr; 2 mm/yr or 20
cm/century. If this trend were constant, that
is 1 m /- 10 percent in 5 centuries.
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Figore 3.27. Long-term frend of sea level at Key West (from
Hicks). The yearly mean data have been smoothed with a low-pass
filter, and not adjusted to constant atmosphe ric pressure. Note that
the Y-axis is in feet; the absolute value, however, is essentially
arbitrary.

Local effects of winter storms on beaches
can be greaier, but these would be highly
localized. The importance of long-term sea-
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level rise, of course, is that it happens every-
where at middle and lower latitudes. There is
nothing anomalous at the Key West tide



gauge; the trend seen there is completely
consistent with the trend observed across the
southwestern US.

It would be a gross mistake, to extrapolate
the observed trend over 70 years to time scales
longer than a century. We know that the
observed rise of sea level is partly the result
of local tectonics, and partly the result of
continuing response of the mantle from the last
ice age. There are a few tide gauge stations
that have records going back into the late
1800s. Observations from those few stations
(Sturges 1987) suggest that the long-term trend
from glacial unloading, about 12 cm/century,
is the only clear feature; the rest--including the
apparent trend shown in the Key West data
since 1910--may be related to large scale,
time-dependent variability rather than to a
reliable long-term trend.

Discussion

It is possible to make a few random
speculations in answer to the question, "is
there anything unusual about the Dry Tortugas
that would make this area the likely site of a
high proportion of shipwrecks?" There are,
indeed, several anomalous combinations of
ocean currents and winds. While plausibility
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and causality are sometimes handmaidens, the
prudent reader will remember that the
operative word here is speculative.

The Tortugas lie in the transition zone
between the fairly steady trade winds and the
irregular meteorology of frontal passes
characteristic of higher latitudes. Such a
transition could catch an unsuspecting mariner
by surprise.

The prevailing winds at these latitudes are
out of the east. In surprising contrast, the
Loop Current flows out of the west, past the
Tortugas. This is a most unusual current struc-
ture, Away from land boundaries, both the
Gulif Stream and the North Equatorial Currents
tend to flow with the wind.

To make a passage from the northern Gulf
around the tip of the Florida peninsular, it
might seem possible, if the charts were poor,
merely to skirt the edge of the keys, such as
Key West. That is, if a ship travelling to the
east had unexpectedly been carried to the north
by the Loop Current, a captain without
sufficient knowledge might try to sail directly
toward Key West without making his course
adequate to miss the Tortugas.

And, finally, Murphy’s law of fluid
similarity: low-lying islands move into the
path of ships like trees attract kites.



CHAPTER IV

Relationship of Dry Tortugas Natural Resources to

Submerged Archeological Sites

James T, Tilmant

The Dry Tortugas are of keen interest to
archeologists because their geographical
location and natural features have made them
the focus of much human activity since their
discovery. This activity has left a rich deposit
of archeological remains on land and underwa-
ter. The small island group and surrounding
coral reef formations, first named "Las
Tortugas" by Ponce de Leon in 1513, served
as a key Gulf of Mexico military defense post
during the following four centuries. The
Tortugas reef formations have always provided
protected anchorage for vessels plying the
Florida Straits, fishing the productive shelf
waters, or caught in tropical storms. Today
the Dry Tortugas are used extensively by
recreational boaters on short-term outings
from the mainland or Florida Keys, and those
travelling to and from the Yucatan Peninsula.

Since the early nineteenth century, the Dry
Tortugas have been recognized for their
magnificent natural resources including
tropical coral reef formations, sea-grass beds,
fisheries and pelagic bird nesting. The Dry
Tortugas became a national bird sanctuary in
1918 after discovery of significant pelagic bird
nesting areas there. A presidential order in
1935 proclaimed the Dry Tortugas a national
monument to protect its historic and natural
resources.

Because of their location on the edge of
the Florida Straits, the Tortugas have been the
site of numerous maritime casualties from
passing vessels and thoseusing local resources.
Despite modern navigational aids, such as the
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Loggerhead Key Lighthouse established in the
1850s and LORAN, wrecks and groundings
continue within the monument. Some recent
mishaps include sinking of the 45-ft vessel
CAPTAIN BLEIGH east of East Key in April
1990 and grounding of the 475-ft MV
MAVRO VETRANIC on Pulaski Shoal in
November 1989.

This chapter presents the history of natural
science research in the Dry Tortugas,
describes the area’s natural resources and
discusses their relationship with submerged
cultural resources and the role of biological
assessments in archeological site evaluation.

HISTORY OF NATURAL
RESOURCE STUDIES

Early Dry Tortugas scientific expeditions
include visits by Louis and Alexander Agassiz
during 1850 and 1851, the research vessels
BIBB in 1869, BLAKE in 1877 and 1878, and
ALBATROSS in 1885 and 1886. The
University of Iowa sponsored the C.C. Nutting
expedition of 1893. The Agassizs published
several papers (1852, 1869, 1880, 1883, 1885,
1888) containing information acquired during
Dry Tortugas visits, including a detailed map
of the islands and benthic marine communities
(A. Agassiz 1882).

In 1902, the Brooklyn Institute of Arts and
Sciences sent an expedition under the direction
of A.G. Mayer io the Dry Tortugas (Mayer
1902). Mayer recommended that a permanent
marine research station be established at the



Toriugas. In 1904, the Carnepie Institution
built a laboratory on Loggerhead Key, and
A.G. Mayer became its director. During the
next foriy years, many of the world’s leading
tropical marine and coral reef scientists studied
at the Tortogas Laboratory. Their worl,
constituting some of the most noteworthy on
reef peology and biolopy, include classic
studies of marine algae (Taylor 1928), sponges
(delLaubenfels 1936), corals (Mayer 1914;
Wells 1932; Yonge 1935a, 1935b; Cary 1914,
1918a, 1918b), fishes (Longley and
Hildebrand 1941) and reef development
(Vaughan 1910, 1914). A fire destroyed the
Tortugas Laboratory in 1937, All that remains
today on Loggerhead Key is a stone memorial
to A.G. Mayer, a small boat house and
foundation ruins.

Between 1932 and 1977, only one publi-
cation about the PDry Torfugas wmarine
resources appeared in the scientific literature
(Brooks 1962). However, in the early 1960s
a group of ornithologists, headed by Dr.
William Roberison of the WNational Park
Service (NPS), began a long-ierm study of
sooty and noddy tern nesting on Bush Key.
This siudy, involving annual tagging and
monitoring of nesting birds, has resulted in
numerous publications over the last 30 years
that have been summarized by Roberison
(1964).

In 1975, NPS initiated the Tortugas Reef
Aioll Continuing Transeci Studies (TRACTS),
whose objeciive was to develop a bench-marlk
marine-resource description of Fori Jeiferson
National Monument using modern echniques
of in sity submaring habitat observation and
sampling (Davis 1982). Basic TRACTS data
combined with those of the Carnegie Labora-
tory studies will be important to defining and
evaluating long-term change. During 1975 and
1976, cooperalive siudies were made by
mvestigators from the Smithsonian Insiitution
(Fort Pierce Bureau), Harbor Branch Founda-
tion, US Geological Survey, US Naiional Parlk
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Service, Florida Department of Natural
Resources  Bureau of Marine Research,
University of Michigan and University of
Texas. Contributions from this program
include reports on reef geology (Shinn et al.
1977, Halley 1979), fish assemblages
(Thompson and Schmidt 1977; Jones and
Thompson 1978), coral community structure
at Bird Key Reef (Jaap 1987) and a benthic
community map showing the coral reef, sea
grass and sediment distribuiion over the entire
area (Davis 1979b). Davis later (1982)
compared his map with A. Apassiz’s of 1882.
An example of the long-ierm importance of
the TRACTS studies is Dustan’s (1985)
comparison of Carysfori Reef off Key Largo
with Long Key Reef (Bird Key Reef) at the
Dry Tortugas.

Since the initial TRACTS worl, the NPS
in cooperation with other agencies and
universities has periodically conducted
additional Tortugas biological assessments and
reef community documentation. Most signifi-
cant among these is a 1976 assessment of reef
fish assemblages, a 1977 sponge survey,
documentation of a wmassive shallow waler
coral kill by an extreme cold front in 1977 and
sampling of coral and reef fish communities
during 1989 and 1990 (NPS wnpublished data,
on file South Florida Research Center).

DESCRIPTION OF NATURAL
RESOURCES

The Dry ‘Tortugas are located in the
eastern Gulf of Mexico approximately 117 km
west of Key West, Florida (bounded by
coordinates 24°33" - 24°44" N and 82°46° -
82°58” W). The Tortugas are an elliptical,
atoll-like, coral reef formation, approximaiely
27 km long and 12 km wide with a southwest-
northeast axis (NOAA-NOS Chart 11438) (see
Figure 1.1). Three major bank reef sysiems,
Pulaski Shoal to the northeast, Loggerhead
Shoal to the west, and Long Key/Bird Key



-Shoal to the southeast, comprise the atoll’s
outer extent. These reefs are separated by 10-
20-m-deep channels on the northwest,
southwest, and southeast, The banks surround
a 12-33-m-deep lagoon containing numerous
patch reefs and shoals. Water depth over the
bank reefs is 2-3 m, while depths immediately
adjacent to the Dry Tortugas reefs range from
1129 m.

Islands

The Dry Tortugas contained eleven islands
when originally mapped and reported. These
included Loggerhead Key, Sandy Key, Bird
Key, Garden Key (site of Fort Jefferson),
Bush Key, Long Key, Hospital Key, Middle
Key, North Key, Southwest Key and East Key
(Robertson 1964). By the time the Carnegie
Laboratory was established in the early 1900s,
there were only eight major keys in existence
with North, Sandy and Southwest Keys sub-
merged. Following denudation by hurricanes
in 1910 and 1919, Bird Key washed away in
the 1930s (Robertson 1964). When Davis
mapped the Tortugas in 1976, he reported
only the seven remaining islands, although the
total land area within these islands roughly
approximated the total land area reported by
A. Agassiz in 1882 (Davis 1982). Davis
observed that Middle Key was frequently
awash, and Hospital Key occasionally
submerged on spring tides during the 1970s.
Since 1986, Bird Key reef has accreted
sediment, and it is now above sea level
continuously, although no vegetation has
developed on the island. Loose calcareous
sands resting on Pleistocene reef formations
comprise all Dry Tortugas islands (Halley
1979, see Chapter II).

Geology

Although the Dry Tortugas resemble an
atoll, they are not in Darwin’s classic Indo-
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Pacific definition (1842). Pacific atolls
developed through volcanic land mass
subsidence, whereas the Dry Tortugas reef
formations sit atop an ancient reef formation
(Key Largo Limestone) of Pleistocene origin
that once extended from Soldier Key (near
Miami) to the Tortugas (Hoffmeister 1974,
Shinn et al. 1977).

Shinn et al. (1977) reported on several
cores obtained by drilling through the present
(Holocene) reefs at the Dry Tortugas. Five
cores were drilled in a transect across Bird
Key Reef (Long Key Reef) and other cores
were obtained from Pulaski Reef, Loggerhead
Key and at a site north of Fort Jefferson near
the center of the atoll. The thickest reef
section encountered was on Bird Key Reef
where reef crest Holocene accumulations
exceeded 13 m thick. Near the present reef
base in 24 m of water, Holocene deposits are
only 8 m thick. The underlying Pleistocene
bedrock matched the Key Largo limestone
formation farther north along the Florida Keys
and contained the same coral fauna as the
present Holocene reefs (Shinn et al. 1977).
This observation prompted Shinn et al.’s
conclusion that the Tortugas reefs have been
built upon an atoll-like Pleistocene reef
formation similarly shaped as the present reef.
With the Holocene transgression, corals
became established on and around the
topographic rim and continued keeping pace
with rising sea level during the past 10,000
years.

One of the Tortugas corings most signifi-
cant findings was absence of the coral
Acropora palmata, long considered the major
Caribbean Holocene reef-builder (Shinn et al.
1977). Although three small living colonies of
this coral occur on the south side of the 2 m
channel across Bird Key Reef into Garden Key
near the northern end of that reef, no A.
palmata was found in the cores or in coral
rubble comprising the reef crest and flat. A.
palmata presence on other Florida and



Caribbean reefs perhaps has enabled those
reefs to keep pace with rising sea level.

An unusual coral rubble and carbonate
sand abundance within the first 5 m beneath
the reef crest on Bird Key Reef indicated (o
Shinn et al. (1977) thai the Tortugas reef did
not grow upward in the manner traditionally
ascribed to reef growth, but rather as a
mechanical accumulation, Perhaps sand and
rubble accumulation at the reef cresi, probably
during hurricanes, is responsible for the reef’s
ability to keep pace with sea-level rise despite
absence of A. palmaia (Shinn et al. 1977).
Similar situations are likely to occur on the
other major Tortugas reef banks. This unusual
unconsolidated sediment accumulation within
a rapidly prowing (expanding) reef system
may be a major formation process that covers
and encases historical artifacts at Tortugas
shipwreck sties.

Benthic Communities

Davis’ (1979) detailed benthic community
map and his later descriptions (1982) provide
a good indication of the present Dry Yortugas
natural marine resources. Davis (1982)
reported that, in 1976 “living" coral reef
occupied less than 4 percent of the boitom
above the 10-fathom (18 m) depth at the Dry
Tortugas, Included in his living coral-reef
classification were stony (Scleractinian) coral-
dominated areas of the three major banks,
larger staghorn areas such as those found west
of Logperhead Key and large coral-head
buttresses (paich reefs) occurring within the
lagoon and adjaceni the major bank-reef
systems. The most extensive reel type at that
time was the staghorn coral (4. cervicornis)
reefs that accounted for about 55 percent of
scleractinian coral cover. Nearly half this reef
type was concentrated in a single 220-ha reef
on northwest Logperhead Shoal at 6-14 m
depths in an area of strong northeast-southwest
tidal currents perpendicular to ridges of this
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coral. Jaap (1987) described coral cover within
the ropped, deeper spur-and-groove habiiat of
Bird Key Reei, which maiches Davis’ (1982)
“stony-coral dominated” zone. Within ithis
zone, Moniasirea annularis,  Siderastrea
siderea and M. cavernosa dominaie.

In shallower water between the deeper
siony-coral zone and lagoonal grass beds, the
migjor Toriugas banks and shoals Tortugas are
dominated by a hard-bottornt community of sea
fans, plumes, and whips (octocorals) occarring
on exposed limestone. The numerous shallow
patch reefs within the lagoon are also topped
by octocoral-dominated growth. Davis esti-
mated that approximately 17.4 percent of the
Dry Tortugas was occupied by hard-botiom
octocoral communities in 1976, Small and
low-profile stony corals common within this
zone include Diploria clivosa, Siderusirea
radians, Millepora alcicornis, Favia fragum
and Forities asireoides (Jaap 1987).

On the shallowest portions of the major
banks’ southeastern sides, Davis reporied
finding small, partially intertidal, algal-
dominated communities. Fleshy algae of the
penera Lawrencia, Dictyoia, Sargassum,
Padinag and Zonaria, and calcareous green
algae such as Halimeda, Avrainvillea,
Penicillus and Udoiea were the dominate
species. A narrow, intertidal coral-rabble ridge
extending south-southwest of Long Key was
dominated by the crustose coralline algae,
Goniolithon spp., and included iIn Davis’
"Algal Community"” classification. Overall,
Davig’ algal communities occupied less than
1 percent of the total benihic area.

Tropical coral-reef benthic algae can be
cateporized into four major groups: crustose
coralline alpae that encrust coral, reef vock
and other Hmestone skeletal wmaierial;
filamentous and fleshy algae, which occur as
sparse vegetation and dense vepetation; algae
on unconsolidated sediments, which are erect
macro-algae of the order Siphonales and mats



of blue-green algae; and excavating or boring
algae (Humm 1984).

The crustose coralline algae, blue-green
mats and boring algae are of primary archeo-
logical interest. Crustose coralline algae form
thin or massive crust, with or without erect
branches, and are calcified throughout. When
living, they are usually a red shade in low
light, but may be yellow-brown in surface
light. Dead, they are chalk-white, but soon
become greenish as a result of establishment
of limestone-boring green and blue-green algae
that lend color to the outer 5 mm of skeleton
(Humm 1984). The mat-forming blue-green
algac community is composed primarily of
filamentous species that play a significant role
in trapping and binding fine sediments. Among
the least conspicuous algae are those possess-
ing the ability to bore into limestone by
dissolving it as they grow. To the unaided
eye, they are visible as a greenish tinge or
discoloration at the surface of dead coral,
mollusk shells, or other limestong material
(Humm 1584). Boring algae belong to three
taxonomic groups: most are blue-green
(Cyanobacteria), some are green (Chloro-
Dphyta), and the remaining are Xanthophyta (no
common name),

Sea grasses, occupying nearly 30 percent
of the bottom in 1976, occur primarily within
the lagoonal area surrounded by the banks
(Davis 1982). The sea-grass community ranges
from barely subtidal on Bird Key (Long Key)
Bank to depths of 15 m in the northeastern
lagoon. Sea grasses occur on sediments
ranging from fine sands in the deeper areas to
coarse sand and Porities coral rubble on
shallow flats.

Sea-grass beds adjacent to coral reefs often
provide a foraging area for resident reef fish
and macro-invertebrates whose grazing
reduces blade density adjacent to the reef.
From the air, there often will be a halo
appearance around or adjacent to a reef, This
same phenomenon can occur around sub-
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merged cultural resources that provide
structure and relief to an otherwise flat sea-
grass surface, which attracts a concentration
of reef organisms that feed on the surrounding
sea grass. Sea prasses typically grow in an
alligotrophic (nutrient limited) system and
respond to increased nutrient availability by
increased productivity and plant vigor. Often
shipwrecks will provide a source of slow
nutrient input as the wreckage ages and
deteriorates, consequently there may be an
area of increased sea-grass blade density
and/or plant height over the wreck site. Again,
this sea-grass bed anomaly can often be
detected from aerial observation.

Bare sand and rubble areas occupied nearly
half the seabed above the 10-fathom isobath
at the Dry Tortugas in 1976 (Davis 1982).
Channel bottoms and aprons at outer reef
bases are bare sand without conspicuous
vegetation or coral growth. Davis (1982)
reported that coarse sand and coral rubble,
stretching southwest to northeast, separated the
staghorn coral reef from the shallower hard-
bottom octocoral community and coral-head
buttresses west of Loggerhead Key. Davis
believed this zone was the result of occasion-
ally severe winter-storm generated surf that he
observed breaking over the staghorn reef onto
the octocoral zone. He cited large overturned
Diploria and Siderastrea coral heads as
evidence of extreme winter storm - and
hurricane wave energy impinging on that area
of usually quiet waters.

Sponges are an important coral-reef
benthic faunal component that often play a
major role in encrustation, and/or deterioration
of shipwrecks and artifacts. Although not
usually dominant, sponges are common in
most reef zones and can be especially
abundant in certain situations. Benthic fauna
substrate analysis on selected upper Florida
Keys patch reefs indicated a sponge compo-
nent ranging from 1.2 percent to 9.2 percent
of the surface area sampled (Jaap and Wheaton



1977). A NPS Dry Tortugas sponge survey
found a total of 85 sponge species, not
including microscopic or boring species within
the family Clionidae (Schmahl 1984).

Of all Dry Tortugas benthic communities,
those on hard bottoms in depths less than 4 m
are probably of most interest to archeologists
because shipwrecks and historical artifacts are
most likely to be found in or close to these
locations. The primary community occupying
this zone is the octocoral-dominated shoals,
although some major isolated coral buttresses
also occur in shallow water.

Fish and Invertebrate Fauna

Coral reefs have a higher overall density
of living orpanisms per square-meter-of-
surface-area than any other habitat; it would
not be possible to describe here the extensive
multitude of marine macro-invericbrates and
fish species occurring on ‘lortugas reefs.
However, some of the more common macro-
invertebrates likely to be seen around sub-
merged lortugas  sites  include  various
polycheate worms, spiny lobster (Punulirus
argusy and other decapod crustaceans,
echinoderms (sea urchins, sea stars and brittle
stars), -tunicates and numerous mollusk
species.

Longley and Hildebrand (1941) provided
a systematic account of all fishes they captured
or observed during 25 years of Torfugas
investipations. They listed 442 species, of
which 300 were closely associated with coral
reefs. Species diversity within small coral reef
areas can be extremely high. Bohnsack (1979)
recorded a mean number of species ranging
from 10-23 on isolated natural coral heads less
than 330 x 210 x 150 cm in size off Big Pine
Key, Florida. During recent Toriugas
surveys, Tilmant and Kemmel (1990) recorded
averages ranging from 43-70 fish species
visible within a 5 m radius of an observer
sitting at randomly selected reef for a 15

56

minute period. Relatively high species
diversity can be expected on Torlugas
archeological sites. A few species most likely
to be seen because they are extremely common
or are often attracted to artificial structures
are: Gray (Mangrove) Snapper (Lutjanus
griseus); White Grunt (Haemulon plumieri),
Bluestripe Grunt (H. sciurus), and Tomtate
(H. awrolineaium); Ocean Surgeon (Acanihu-
rus bahianuy) and Blue Tang (A. coeruleus);
Slippery Dick Wrasse (Halichoeres bivitiaius),
Clown wrasse (H. maculipinng), Bluehead
Wrasse (Thalassoma bifusciaium); Threespot
(Stegasties planifrons) and Bicolor Damselfish
(S. partitus); and Stoplight Parrotfish (Spariso-
ma viride).

There is at least one species of reef fish
that seems to occur frequently on shipwreck
sites but that the author has seldom observed
elsewhere on Florida reefs. This is the
Cotionwick (Haemulon melanurum). This
species has been observed on several early
shipwrecks in Biscayne National Park, but was
not recorded during five years of sampling
surveys on nearby patch reefs. There is no
explanation for this species’ affinity for
shipwrecks.

Community and Reef Siability

Coral reef ecosystems are among the
earth’s oldest and most complex living
sysiems. Overall, most coral veef accretion
rates are extremely slow, and reefs require a
long geologic period to develop significant
structure (Shinn et al. 1977). Because of these
characteristics, the coral reef ecosystem 1is
geologically stable. However, from a commu-
nity composition standpoint, new evidence
reveals coral reefs are a highly dynamic, often
perturbed system that can vary dramatically in
dominant species and functional processes over
relatively shori time periods (Connell 1978).
Environmental perturbations that may be
responsible  for such changes include



hurricanes, unstable substrate, temperature
changes, water mass movement, turbidity and
human influences. The coral reef’s complexity
reflects both perturbation frequency and
geological stability (Connell 1978).

Within the Dry Tortugas, species composi-
tion of live reef-building corals has changed
dramatically during several periods. Perhaps
the earliest recorded natural reef perturbation
in Florida was the 1878 “black-water"
phenomenon that caused massive fish kills and
extirpated extensive coral fields from shallow
flats at the Dry Tortugas. According to the
original Tortugas supply vessel ACTIVA's
log, the water was "very dark, like cypress
water” (Feinstein et al. 1955). The black water
was believed to have been caused by an
unusually large fresh water surface runoff
from the Everglades (Mayer 1902; Jaap 1987).
Mayer (1902) reported that species of
Madrepora (Acropora) were nearly eliminated
from the Dry Tortugas reefs during the black-
water event.

Some indication of coral reef community
alterations can be seen by comparing historical
reef studies. When Agassiz (1883) mapped the
Tortugas benthic communities in 1881, he
recorded Elkhorn coral (Acropora palmata) as
the dominant coral along a major portion of
the Long Reef crest (Bird Key Reef).
However, by 1932 when Taylor and Wells
were working at the Tortugas, A. palmata was
found only along the seaward edge of the Bird
Key Reef rampart and the seaward end of the
Five-Foot Channel in depths of 2.4-4.0 m
(Jaap 1987). These colonies were reported as
flourishing, with some of them as much as 8
ft high and 15 ft across. All that remained of
this dominant coral by the time Davis mapped
the Tortugas in 1976 were two small patches
less than 600 sq m near the Five-Foot Channel
on the northern end of Bird Key Reef (Davis
1982).

When Davis mapped the Dry Tortugas,
there were extensive shallow water staghorn
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coral (Acropora cervicornis) stands in the
Tortugas. The most extensive was the
“staghorn reef" on the northwest side of
Loggerhead Bank. Davis (1977) reported a
concern about anchor damage within these
massive staghorn reefs. When Agassiz
constructed his map, he showed only linear
ridges of gorgonian-dominated rubble within
Davis’ staghorn reef zone. In late January
1977, an extreme cold front passed through
south Florida killing between 90-95 percent of
the A, cervicornis within the Tortugas (Davis
1982, Tilmant unpublished data). Today
(1990), there is once again only gorgonian-
dominated rubble within Davis’ northwest
Loggerhead Key staghorn reef zone.

While Davis (1982) found several
significant changes in coral distributions and
community composition between his map and
the detailed map of Agassiz (1883), the total
area percentage covered by coral reef
community (both stony corals and gorgonian
dominated hard bottom) and the general reef
formation distribution had not changed signifi-
cantly. This, along with the geological
investigations that have been done at the
Tortugas, suggests that there is indeed
geological stability in the Tortugas Reef
formations, although the biological communi-
ties may be rather dynamic.

Davis (1982) concluded that Dry Tortugas
reef form and structure have been determined
by prevailing physical environmental condi-
tions. Major bank shapes, which form the
atoll-like Dry Tortugas morphology, have been
determined by prevailing westerly currents.
Bank reefs on the southeastern, windward reef
side complex reflect the moderate wave energy
generated by mild summer trade winds, while
massive coral buttresses and hard-bottom
octocoral areas along the northern rim appear
to reflect regular high-energy winter storms
(Shinn 1977; Davis 1982).



Growih Rates of the Reef and
lis Promineni Species

Two aspects of coral-reef growth are of
importance to underwater archeological
investigations. These are the overall prowth
rate of the reef formation (net sedimentation
rates occurring at the reef surface) and growth
rate of individual encrusting organisms on
exposed artifacts.

Rate of Reef Formation

Coral reef development progresses through
the integration of biological, chemical and
physical processes (Jaap 1984). Annual
skeletal calcium carbonate accretion in the
more massive corals form the reef’s skeleton
and structural integrity. Dominant Tortugas
reef-building corals are those of the penera
Montasiraea, Diploria and Siderasirea.

However, soon after the first coral and
algal colonies settle and start to grow, skeletal
breakdown by biological and physical agents
begins producing sediments that also become
part of the reef. Finer sediments filter into
voids between covals and into borings in the
reef; coarser fractions fill the interstitial spaces
within the reef framework, Carbonate reef-
tract sediments are predominately algal and

Table 4.1, Age and prowth rate of recent Florida

Base Age (YBP)

Reef (with confidence limits)
Long Key 5,630 +/- 120
Carysfort 5,250 +/- 85
Grecian Rocks 5,950 +/- 100
Bahia Honda 7,160 +/- 85
Looe Key 6,580 +/- 90
Bird Key 6,017 -+/- 90

* As presenied in Jaap (1984).
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coral skeletal maierial (Ginsburg 1956).
Sedimentary maierial becomes incorporated
into the reef framework through binding io the
platform by crustose coralline algae and
through the in situ geochemical cementation
by high magnesium calcite cements. Ginsburg
and Schroeder (1973), among others, have
provided detailed accounts of the coral-reef
marine cementation process.

Reef accretion raies based on south Florida
carbon-daied borings (Table 4.1) have ranged
from 0.65-8.5 m/1,000 yr (Shinn et al. 1977,
1981; Shinn 1980). At these rates, shipwrecks
settling to the reef surface in the late 1600s
may be incorporated into the veef and as much
as 2.5 m below the reef surface.

Loose carbonate sediments, picked off the
reef by siorm surges, and sediments produced
by calcarious algae within the grass beds
surrounding the reef are deposited in depres-
sions, behind reef barriers and in deeper
water. Sandy-sediment accumulation rates
behind Looe Key Reef off the Florida Keys
were recently measured at 2.0 m/1,000 yr
(Lidz et al. 1985). However, unconsolidated
sediments within such areas are subject to
continual shifting and movement, often
covering and exposing hard substrale and
ariifacts laying upon them.

reefs (Shinn et al. 1977; Shinn 1980)*

Accretion Growth Rate
(m) (m/1,000yr)
5.0 0.65
7.3 0.86-4.85
9.5 6-8

4,6-8,2 1.14
7.3 1.12
13.7 1.36-4.85



Growth of Reef Organisms

A second aspect of coral reef development
of archeological importance is the growth rate
of individual coral species or other common
marine organisms that typically colonize
exposed artifacts and ocean floor surfaces.
Individual coral species’ growth rates have
been investigated by means of marker dyes
and analysis of seasonal variations in skeletal
material density.

Scleractinian (stony) coral taxa found
within Florida waters vary widely in growth
rates depending on location, exposure, depth
and other factors. Rates ranging from 0.3-3.7
cm/yr have been reported (Hudson et al. 1989;
Hudson 1981; Glynn 1973). Octocoralla (soft
corals) growth rates have been much less
studied. Highsmith (1979) reported growth
rates of 3-5 cm/year for sea plumes of the
genera Gorgonia.

Sponges and algae are two other common
colonizers on exposed artifacts and substrate.
Uncalcified filamentous and fleshy algae
typically occur in dense abundance, but are
not good indicators of age or duration of sub-
strate exposure because of grazing impact.
Often these algae will develop in cropped
forms 1-2 mm high on a seasonal or intermit-
tent basis. The most distinctive and character-
istic algal group inhabiting exposed artifacts
will usually be the crust-forming coralline
algae. Colonization, succession and growth
rate of tropical crustose coralline algae were
unknown until Adey and Vassar (1975)
reported that crust margins grew 1-2 mm/mo,
and accretion rates were 1-5 mm/yr for Virgin
Island plants.

Although sponges will commonly be one of
the most abundant reef organisms found colo-
nizing exposed submerged artifacts, little
information is available on their ecology or
life histories. Virtually all algae research has
focused on taxonomy, Common Florida Keys
reef-sponge growth rates have not been
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reported. It is suspected that growth rates
probably vary greatly because pumping activ-
ity and respiration of these filter feeders are
known fo vary with sediment conditions and
light availability (Reiswig 1974; Gerrodette
and Flechsig 1979).

BIOLOGICAL INFLUENCES ON
SUBMERGED CULTURAL RESOURCES

Encrustation

On healthy, actively growing coral reefs,
suitable substrate upon which larval organisms
can settle become established, and growing
room is at a premium. Newly submerged ship-
wrecks or artifacts provide a substrate that is
usually rapidly colonized by the abundant
planktonic larvae needing settling space in a
coral reef community. Following the ground-
ing of the M/V MAVRO VETRANIC on
Pulaski Reef at the Dry Tortugas in November
1989, filamentous green algae had colonized
the newly exposed carbonate substrate to a
visible green "turf" within a few weeks.

Usually, filamentous algae are first to
invade any new available substrate. In studies
using clear, artificial substrates, colonizers
were principally filamentous brown and green
algae of the genera Griffordia, Cladophora
and Enteromorpha during the first 6-8 weeks
(Wanders 1977). After 10-15 weeks, these
were replaced by larger filamentous and
parenchymatous species. Within six months,
calcarious algae are likely to appear. Calcari-
ous algae heavily encrusted research study-plot
markers placed on the Tortugas reef within a
year. Batophora is usually one of the most
prominent calcarious genera to first encrust
foreign objects introduced into the marine
environment,

Significant coral reef algae biological
controls are competition for space with other
epibenthic sessile organisms and the grazing
impact of herbivorous fish and invertebrates.



On recently exposed substrates, benthic algae
may be the first colonizers, but under normal
prazing pressure, they are usually replaced by
sponges, tunicaies, corals and bryozoans over
a longer period of time.

Most exposed submerged artifacts found
within Port Jefferson National Monument will
have had a long history of colonization and
may be supporiing a relatively well-developed
coral-reef community. Davis (see Chapter X¥)
reporis observing 14 of the 50 corals known
to occur in the Tortugas on the Windjammer
wreck (FOJE 003) within the monument. This
site also has an abnormal conceniration of
predators and grazers because of increased
substrate availability.

Typically, artifacts will be supporting well-
developed communities dominated by organ-
isms of the phylum Cridaria, which includes
jellyfish, sea  anemones, corals and
hydrozoans. An often dominant substrate
colonizer is the hydrozoan Millepora or fire
coral. Fire corals are quite common through-
out the western Atlantic iropical reef areas and
oceur in iwo main growth forms: M. alcicor-
nis, a digitate branching form, and M.
complanaia, a truncated-blade form. Both are
aggressive encrusting organisms that may
rapidly encase exposed artifacts or exposed
shipwreck surface areas. Scientific Millepora
growth-rate studies are lacking, but afier
settlement, annual rates may be as high as 10
cm (Jaap 1984).

Boring

Many marine organisms colonizing newly
submerped and exposed subsirate have the
capability fo bore into soft or calcarious
substrate, these  include marine worms,
sponges, algae and hydrozoans. These
organisms can ofien cause extensive damage
io exposed artifacts. Among the least conspic-
uous and mosi often overlooked are boring
algae. Boring algae belong o three taxonomic
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groups: most are blue-green (Cyanobacieria),
some are green (Chlorophyta), and some are
Xurshophyta (Humm 1984).

Sponges are a major force in the coral reef
bioerosional process (Goreau and Hartman
1963; Rutzler 1975), and they may play a
significant vole in attacking exposed organic
substrates on shipwrecks or other artifacts.
The boring sponges are classed mostly in the
family Clionidae (genus Cliona), but species
of the Adocidae (Siphonodiciyon) and the
Spriasirellidae  (Spheciospongia, Anihosig-
mella) also excavate coral limesione skeletons
(Schmahl 1984).

ASSESSWIENTS AND MIONITORING
OF BIGLOGICAL RESOURCES AY
SUBMERGED CULYURAL SITES

Need for Biological Assessmenis

It is imporiant to conduct biological assess-
ments and subsequeni submerged culfural
resource site monitoring for several purposes.
Once a site is discovered, a detailed biological
assessment may be able fo preatly assist i
dating artifacts and determining time of
deposition. In addition, an assessment may be
imporiani to determine what impact the
cultural resource is having on adjacent
communilies; delermine potential impact o
natural resources if the cultural site was o be
excavated, recovered, moved or preserved in
situ; or o determine if the cultural resource
is being further exposed or encased within
sediment or reef strocture due to Storm evenis
or reef surface structural changes.

Investigation of biological, hydrological and
sedimentary characieristics of a historic
shipwreck in the Biscayne NP Legare
Anchorage is an example of the value of
environmenial assessments (Tilmant et al.
1982). Shipwreclk and ariifaci analysis
revealed the wreck was an eighieenth-century
warship of considerable historical importance,



Archeologists evaluating the site during the
first few months after its discovery believed
the area was being threatened by continued
erosion, further exposing the wreck to human
disturbance and destruction by natural forces.
A commercial treasure hunter’s illegal
excavations prior to NPS control seemed to be
causing erosion. A detailed Dbiological
description, and sedimentological and
hydrological characterization of the site was
necessary to evaluate management options of
salvage, recovery of surface artifacts or in situ
preservation.

Physical and biological data gathered during
~ a three-month sampling period clearly showed
a net sediment loss of 2.1 ¢m during the study
period. However, close inspection along
artifact-sediment interfaces did not support
high rates of continuous sediment loss over
long periods. All exposed material was either
heavily colonized with algae, sponges,
tunicates, bryozoans and other encrusting
organisms, or in the case of wooden beams,
highly infiltrated with teredo worms and other
boring organisms. A star coral (Madracias
madracias) exceeding 19 cm in diameter was
noted on an exposed cannon. Another star
coral (Favia fragnum) 4 cm in diameter was
observed only 3 cm from the sediment
surface. Although these species’ growth rates
have not been reported, similar species
(Porities, Favia and Montastrea) grow
anywhere from 0.63-3.70 cm/yr (Glynn 1973;
Hudson 1981). Sea plumes (known to grow
between 3-5 cm/yr) up to 50 cm in height also
were found on exposed artifacts. Other corals
on exposed artifacts included an Oculina
diffusa and a Porities porities, both exceeding
70 cm in width and a brain coral measuring
35 cm in diameter. These encrusting organ-
isms’ size and location indicate most of the
wreck site had been exposed continuously for
at least the last 40 years, and perhaps longer.

In addition to the above biological data,
numerous skeletal remains of small corals,
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worm tubes, coralline algae and gastropods
were observed in open sandy areas surround-
ing the wreck. Presence of these remains
suggests the sandy substrate surrounding the
wreck had been exposed and recovered
periodically in the past. The main conclusion
of the physical and biological site assessment
was that the wreck is located in an area of
relatively unstable surface sediments that
experiences periodic shifting and buildup
within relatively narrow overall limits in
response to storm events and wave conditions.
Recent, or continually increasing long-term
exposure of the site is not likely.

Assessment Methods

The best approach to a detailed biological
assessment lies in establishing a grid network
over the entire area and mapping biological
features in relation to grid cells. A detailed
grid survey insures that all significant features
and organisms present will be enumerated and
precisely positioned. Key locations necessary
to establish the grid can be permanently
marked so the grid can be rapidly reestab-
lished and all organisms relocated. This
approach allows investigators to easily and
accurately assess artifact loss or movement, as
well as changes occurring in the physical and
biological attributes of the site over time.

The author and his coworkers have found
a 10 m grid interval provides sufficient detail
and is of a cell size that can be easily surveyed
and mapped. The grid system can be rapidly
established underwater by first laying two
paralle] lines marked in 10-m segments along
the major site axis. One line should be laid
near each extremity. The baselines can then
be easily used to guide laying the remaining
grid lines as the survey progresses across the
site. :

Whenever possible, it is desirable to obtain
low-level aerial site photography. Benthic
communities are often distinct in aerial views,




which allows tracing on to phoio overlays o
form base maps and to reference the prid
system. In addition, aerial photos, and
subsequent community analysis, can often
provide a good indication of additional buried
material at the sile through recognition of
changes in grass density, morpholopy of sand
areas or benthic community composition and
structure,

Underwater surveys should be conducted
within each visually distinct benthic commu-
nity to obtain quantitative and qualitative
community descriptions. Within  sea-prass
communities, .1 m plots at 1 m intervals along
randomly laid line-transects work well io
enumeraie prass species and blade density.
Two transecis of 10 plots each are usually
sufficient o obtain a statistically reliable
estimate of wmean grass density. Coral
communities are best surveyed utilizing .25 m
x .25 m plots placed at 1 m intervals along
20 m transects. Within the sample plots, all
corals, sponges and other macro fauna should
be enumerated and recorded. In addition, all
exposed artifacts, or wreckage substraie,
should be individually mapped at a scale that
allows recording of all encrusting macro-
orpanisms. At several selected prid locations,
permanent "sediment surface” reference stakes
should be established to document changes in
site exposure. Copperweld survey markers
driven into the substrate, or pvc stakes
cemented in place, with a clear reference mark
work well for measuring sediment surface
level changes over time.

Other factors that may need to be assessed
or monitored at a cultural site include
sediment composition through core sample
analysis; overall surface sediment thickness,
which can be done with deep probes (a high-
pressure  water drill works well); water
currents and sediment transpori potential
(particle size and wave dynamics of surface
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sediments), Fach factor plays a role in
determining necessary and prodent manape-
meni actions regarding site protection and
preservation,

SCLEROCHRONOLOGY

Sclerochironology is the marine counterpart
to the more commonly known dendrochro-
nology--the study of tree rings for archeologi-
cal dating. The relatively new science of
sclerochronology involves examination of
stony coral density bands and offers preat
poiential for dating submerged sites. Varia-
fions in the density of calcium carbonate
skeletal material laid down by a stony coral
colony as it grows has been shown to occur on
a seasonal basis (Knutson et al. 1972). Density
banding, most clearly visible in radiographs
of a coral colony cross sectional, appears to
be the result of the seasonal variations in light
and temperature (Buddemeier and Kinzie
1976).

Two distinct types of high-density banding
were found in Mormtasirea annmdaris from
Florida reefs (Hudson et al. 1976): consistenily
spaced, thin high-density annual bands and
occasional, wide high-density “stress" bands.
The higher density bands are related to known
cold weather/water or other stress-causing
natural events and are believed to represent
periods of unusuvally slow coral growth
because of unusual conditions.

Stony corals, found on exposed ariifacts,
may serve to help document the fime of
submergence through a sclerochronological
analysis. Although it will not be known how
long after deposition of the material the coral
began to grow, this approach will allow docu-
mentation of a minimum time period of
exposure o the marine environment and
provide a reliable relative dating tool.



CHAPTER V

Dry Tortugas Prehistoric Cultural Resources Potential

Wilburm A. Cockrell
INTRODUCTION

This chapter’s objective is to evaluate the
Dry Tortugas’ potential for prehistoric sites,
materials, structures, watercraft and other
cultural resources on land and underwater.
This evaluation is in a regional context
encompassing the Florida Keys, south Florida
and the Caribbean, and is designed to
contribute to a research design that includes
sitt location and evaluation methods and
techniques appropriate for inclusion on the
National Register of Historic Places (Figure
5.1).

At present, from both the writer’s limited
research in the Dry Tortugas as Florida State
Underwater Archeologist (1972-1983), and
review of the Florida Master Site File, there
are no recorded prehistoric cultural resources
in this small cluster of keys. Uplands
prehistoric sites potentially exist, but no
formal archeological survey has yet been
undertaken. It is highly improbable that
prehistoric peoples never visited these keys,
given the islands’ proximity to areas known to
have been occupied or utilized, yet it is quite
possible that visitors or inhabitants left little
or no readily identifiable archeological
evidence. Given centuries of exposure to
weathering ranging from annual freezes in the
terminal Pleistocene to hurricanes in the
Holocene (Millds 1968), it is also possible that
traces were left, but have long since become
undetectable to traditional survey approaches.

Inundated prehistoric cultural resources
potential is much greater given the far larger
target area of the submerged shelf that
surrounds the keys and extends outward to a
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depth of as much as 60-100 m, which is the
present depth of the submerged Pleistocene
shoreline at ca. 12,000 B.P. (Coastal Environ-
ments, Inc, 1977, Widmer 1988) (Figure 5.2).
(NOTE: To facilitate date comparisons, all
citations, unless contained in a quotation or
"Figure," are B.P,, i.e., years Before Present,
normally 1950. Here "present” is rounded to
2000 A.D. to facilitate computations; a fifty
year "error" is insignificant over a 12,000
year period. This would be an error only if the
date being adjusted were an absolute and exact
date, which of course it is not.) Terrestrial
sites, now inundated, could have been
established in the survey area, and it is also
quite possible that other prehistoric evidence
could have been deposited and subsequently
preserved on the shelf surrounding the keys.

For more than forty years, archeologists
have been speculating about the existence and
nature of offshore, nearshore, and inland sites
inundated as a result of rising sea levels
(Goggin 1964; Rouse 1951:238-240; 1956;
Lazarus 1965). Studies or literature reviews
for inundated site potential may be found in
Gluckman (1982), Cockrell (1974a), Coastal
Environments, Inc. (1977), Cockrell and
Murphy (1978a; 1978b), Cockrell (1980),
Ruppé (1980; 1988), Cockrell (1981), Garrett
(1983), Masters and Flemming (1983),
Kellogg (1988) and Murphy (1990b).

In addition to these reviews and long-
standing speculations on the potential for
finding and excavating inundated sites, there
have been some successful nearshore projects.
The writer and Larry Murphy have studied a
drowned terminal Pleistocene site (Douglass
Beach Site 8SL17) off the Florida east coast
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(Cockrell and Murphy 1978a, 1978b; Murphy
1990b). Ruppé and Koski continue to conduct
rescarch on a 2000 to 3000 B.P. drowned site
(Venice Beach 8S5026) off the Florida west
coast (Ruppé 1980; Koski 1988). For inland
submerged sites, Clausen worked extensively
in the 1970s in and around the cenoté at Little
Salt Springs (8S0l8) recovering extensive
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materials from ca. 7000 B.P. and some earlier
materials (Clausen et al. 1979), although some
researchers question the earliest dates and
associations.

Another drowned site, Warm Mineral
Springs (8So019), historically known as Salt
Springs, is only 3.2 km southwest of Little
Sait Springs (Figure 5.3). It was visited briefly



by Goggin in the early 1960s (1962) and by
Clausen i 1971 (Clausen et al. 1979).
Intermittent multidisciplinary investigations
conducted there since 1972 (Cockrell 1988;
Wood 1988) have produced a continuom of
historical and archeological materials from
11,600 B.P, including extinct Pleistocene
megafauna, to the present.

Evidence for Aboriginal Watercraft

Other nonhabitation evidence possible in
the study area includes aboriginal watercraft,

which are frequently found in Florida and are
currently being reported to the Florida State
Museum in Gainesville. Aboriginal watercraft
are known in Florida as early as 3000 B.P.
(Garrett 1983:28), and inferred to exist in the
Caribbean at least as early as Rouse’s
“Meso-Indian" stage, which roughly equates
to Florida’s ‘“preceramic Archaic" stage
(Rouse 1960:10,12), with a temporal span
from ca. 8500 B.P. o ca. 5000-4500 B.P.
(Milanich and Fairbanks 1980:19).

James A. Ford makes an eloquent
argument for transoceanic transport of peoples
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and ceramic technology to South America at
about 5000 B.P. (Ford 1969:183), and then to
Stallings Island, at the mouth of the Savannah
River, by ca. 4400 B.P. (Figure 5.1). Crusoe
(1972:63), in support of Ford’s thesis,
presents evidence that "ancient mariners”
brought ceramic technology via water to North
America by approximately 4000 B.P. In 1971,
one radiocarbon sample from an early
single-component fiber-tempered site on
Marco Island was dated at ca. 5000 B.P., or
five hundred years earlier than the earliest
Stallings Island date (date on file at Division
of Historical Resources, Tallahassee).

This early long-distance transport of
ceramic technology, as well as other cultural
evidence, with no intermediate evidence of any
sort indicating overland travel, argues strongly
for water transport over considerable dis-
tances. In addition, once a lower sea level is
postulated, there is a far greater cumulative
land mass area available to early travelers,
effectively shrinking water distances between
points in North and South America and the
Caribbean basin (Cockrell 1986:49).

Florida prehistoric watercraft are also
inferred from "toy” wooden canoes such as
those found by Cushing at the Key Marco site
(8Cr48) (Cushing 1897), and the extensive
southwest Florida canals reported by Goggin
(1964:87) and recently reviewed by Luer
(1989). Goggin and Sturtevant (1964:195)later
stated the Calusa canals "...are considered to
be ceremonial in nature...” (1964:195).
Widmer (1988:6) agrees that the canals are
"apparently without economic function" and
are "ceremonial in nature," This conclusion,
even if correct, does not preclude canal use by
prehistoric watercraft.

Finally, the first Europeans’ reports of the
region (1492 for the Caribbean, and at least
prior to Ponce de Leon’s 1513 Florida
expedition (Smith 1944:62)) and shortly
thereafter contain observations of aboriginal
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use of non-European watercraft (Smith
1944:29,44; Connor 1964). Rouse (1966:
235-236) reviews prominent sightings and
other evidence of large seagoing watercraft,
including Columbus’ 1502 report of a large
trading canoe that must have held 40 people,
as well as a 96 ft x 8 ft Arawak craft observed
in Jamaica, which was "... supplied with both
oars and sails" (1966:236). Rouse notes that
the Caribs had similar canoes, but without
sails, and that there is no information about
the nature of Ciboney canoes. McKusick
(1960) in "Aboriginal Canoes of the West
Indies" reviews historical documents with both
Carib and Arawak watercraft accounts,
Various other accounts of interisland interac-
tion exist, and the vast archeological and
ethnological evidence of transmission of ideas,
peoples and material culture over water for
millennia forms a self-evident inferential body
of data demonstrating watercraft existence.

Additional Sites

In addition to preserved watercraft, other
materials are being discovered in varying
states of preservation in submerged contexts,
primarily in anaerobic water, peat or muck,
thus demonstrating potential for other cuitural
materials’ existence in the study area (Purdy
1988).

Submerged structures, such as fish weirs,
have been found in North America (Cockreli
1980:145), and could have been used in the
study area. That structural wood could remain
preserved in a marine context has been
documented most recently in a 3000 B.P.
context in 2.5 m of water in the Venice Beach
Site (8S026) on the west coast of Florida
(Koski 1988:26). A feature consisting of a
ring of stakes dated at 4600 B.P. (Murphy
1990b: 27) was reported for 8S§L17 offshore
the Florida East Coast.



SEA LEVEL

The relative Pleistocene-Holocene sea level
rise, whether and o what degree oscillations
occur, and the curve’s shape depicting the rise
have been subject to considerable expert
attention. Several excellent siudies have
reviewed the literature (Fairbridpe 1974;
Coastal Favironmenis, Inc. 1977; Science
Applications, Inc. 1979; Garreii 1983;
Widmer 1988; Murphy 1990b). A plethora of
data is available, but there is no universal
agreement on many poinis. However, some
consensus occurs on the maximum lowering
during the last 12,000 years. The ranpe of

opinion clusters between 100-60 m below
present sea level (Figure 5.4 and Table 5.1).
Most anthorities agree that eustasy, rather than
isosiasy, accounis for most or all of the rise.

There is widespread agreement that the
global warming that ultimately resulted in the
ierminal Pleisiocene-Holocene rise occurred
ca. 12,000-14,000 years B.P.; there is also
general agreement that the rise was geologi-
cally quite rapid. Widmer devotes considerable
attention to this rapid rise (lable 5.2) and its
natoral and cultural effects (1988 passim) in
the southwest Florida area. The present-day
optimum, or the fime at which the rising sea
level slowed and essentially stabilized at
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Table 5.1. South Florida Geological Chronology

My Sea Geological
Date Usage Gagliano’s Level Characteristics
Present 0.0m
Origin of moder coastal configuration & Big
Late Cypress Swamp, sedimentation = sea-level rise, sea
Holocene Interval K -1.5m level slows dramatically
2700 B.P.
Interval J «2.7m Water table rises to surface, formation of coastal
4000 B.P. zone, peat formation and sedimentation begins,
Middle 4.0 m origin of Lake Okeechobee, Everglades, Caloosa-
Holocene -12.0 m hatchee River
5500 B.P.
Interval 1 -20.0 m
7000 B.P.
Interval H4 -25.0m
8500 B.P.
Interval H3 45.0m
9000 B.P.
Interval H2 -60.0 m Surface water restricted to cenotes, water table -11
10,500 B.P. Early to -26 m, dunes become stable
Holocene Interval H1 -80.0 m
12,000 B.P.
Rising
Interval G 568
15,000 B.P.
Late Intervals Maximum exposure of Florida Peninsula, maximum
Wisconsin E&F -100.0 m  extent of glacial ice
18,000 B.P.
Intervals Lowered water table, no flowing rivers, no surface
Late C&D Falling  sediment, beginning of climatic deterioration, onset
Wisconsin — wmse-mmememmaanen Sea of glaciation
Interval B
30,000 B.P.
Sangamon  Interval A + 7.0 m Sangamon (Pamlico) sea inundates south Florida
73,000 B.P.
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"fable 8.2, Sea-Level Transgression for Southwest Florida

Rate of Sea Rate of Shoreline
Sea Level Rise Transgression Per
Date B.P. Level Per 100 Yrs Year 1 Yoar 2.
(1,2}
15,000 - 128.0 m - - -
14,000 -125.0 m 0.84 m - -
13,000 - 115.0 m - - -
12,000 -95.0m 2.0 m 8.3 m 3.4 m
11,000 -73.0m - - -
10,000 -55.0 m 2.2 m 30.4 m 11.6 m
9,000 -45.0 m 1.5m 37.5m 21.0m
8,000 ~30.0 m - - -
7,000 -12.0m - - -
6,000 -4.0m - - -
5,000 -4.0m - - -
4,500 -4.0m 0.213 m - -
4,000 -2.75m 0.151 m - -
3,500 -2.0m 0.107 m - -
3,000 -1.8m 0.075 m - 152 m
2,500 1.2 m 0.053 m - -
2,000 - .90 m 0.038 m - 1.6 m
1,500 - 0.027 m - -
1,000 - 0.019 m - 03 m
500 - 0.017 m - -
0 y y , i,

{1) Rate from Milliman and Emery (1968)
(2) Rate from Kuehn (1980}

Adapted from Widmer (1988)
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current levels, is agreed on in general, but
informed estimates range from as early as
6000 B.P. (Fairbridge 1974:228) to as late as
4000 B.P. (Murphy 1990b:18). While most
contend that no transgressions, or rises above
current level, have occurred since then, the
"Fairbridge Curve" shows "important oscil-
lations" in the last 6000 years (Fairbridge
1974:226-229). Fairbridge also reinterprets
data obtained by Scholl and others (Scholl et
al. 1969) and concludes they may show
repeated transgressions since 6000 B.P.

While such precision regarding temporal
events and transgressions is demonstrably
critical to Widmer’s thesis on prehistoric
coastal adaptation, it is of less critical
importance to the Dry Tortugas prehistoric
study, as the research objectives differ. The
goal here is to determine whether potential for
cultural resources, as defined at the beginning
of this chapter, exits, whether taphonomic
events would allow them to still occur in any
discernible form, and to stipulate a strategy for
their location, examination and analysis.

The targeted temporal frame begins ca.
12,000 B.P. (see Meltzer 1989, for a
discussion of earliest dates for people in North
America), thereby excluding depths below 60-
100 m from consideration as possible
habitation sites. Because there is general
agreement that at ca. 4000-6000 B.P. the sea
level reached present-day optimum, there is a
6,000-8,000-year window during which
prehistoric peoples could have occupied now
submerged lands surrounding the Dry
Tortugas. Factors such as population densities,
settlement and subsistence behavior, and
regional and local environments are critical
elements in the equation, but the existence of
once-dry land during a time period when
people were available to occupy it is not the
only required element. The element of culture
must be considered; human behavior is the
other critical factor in determining site
location.
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PREHISTORIC WATERCRAFT

Given these limiting factors, sites and
structures can be fairly safely predicted to lie
in discrete areas. Predicting location of
submerged watercraft away from the immedi-
ate vicinity of a site is much more difficult.
Even if transportation routes could be known
or assumed on the basis of proximity to
settlements inferred from intersettlement
transport models, postdepositional events such
as floatation and transportation by sea or wind
currents would result in widespread dispersal.
Precise locational modelling remains extremely
tentative.

All known prehistoric watercraft found in
Florida have been in anaerobic mud and peat
at the bottom of ponds and bogs adjacent to
habitation sites and in rivers. While the Dry
Tortugas geomorphological history makes it
highly unlikely that rivers were located in the
study area within the last 12,000 years, it is
nevertheless possible that, if sites did exist
(given that at least for the last few millennia
the people in the area almost certainly had
watercraft, as noted earlier), there is the
potential for watercraft loss and subsequent
preservation in areas immediately adjacent to
habitation sites. A notable example of a
prehistoric situation that would fit this model
was reported by Cushing after his excavation
of the Court of the Pile Dwellers on Key
Marco (1897). Directly adjacent to a habita-
tion site in a lagoon he recovered well-pre-
served organic remains, primarily wood,
including the "toy" canoes mentioned earlier.
He surmised that a hurricane and subsequent
fire had deposited the remains in the water
where they became waterlogged, sank and
were ultimately covered by “"muck" and
preserved. While he found no functional
watercraft, an analogous situation could allow
similar preservation in the study area.

For the foregoing reasons it is important
to survey the spatially and temporally



neighboring cultures for insighis into seitle-
ment and subsistence behavior. Thus far, it
has been demonstrated that it is possible for
submerped culiural resources to exist, and that
it is possible fo identify and study them. In
order to produce a survey design for the Dry
Tortugas, it is advisable to next evaluaie
adjacent areas, defined for the present purpose
as the nearby islands of the ¥lorida Keys, the
Bahamas, south Florida and the Caribbean,

REGIONAL SPAYIAL-
TEMPORAL FRAMEWORK

Archeologists have long used heuristic
devices to order data. In order io proceed, it
will be helpful to arrive ai operational
definitions for developmental-temporal-spatial
constructs thai are frequently, and not always
clearly, used by prehistoric archeologists
dealing with Worth American, Meso-Amer-
ican and Caribbean cultures. As these devices
are artifices of convenience construcied and
imposed (sometimes forcefully) on data, it is
necessary o use and modify them in ordering
data or addressing a specific problem, and o
ignore or discard them when not relevani. In
a classic discussion of this iopic, J.O. Brew
wroie, “We need have no fear of changing
established systems or designing new ones, for
it is only by such means that we can progress"
(reprinted in Deetz 1971:105).

In Willey and Phillips’ Meihod and Theory
in American Archaeology (1958), the authors
used a “Historical-Developmental Approach”
and postulated five "stapes" to order New
World archeological data. These stages
generally, but not always, had a temporal
reality; however, they were based on the
assumption that cultures may develop in
complexity through time, and that cultural
manifestations might be effectively siudied by
classifying them in this wmanner. North
American prehistoric peoples fall into the first
three of five stages: the Lithic stage, the

earliest and least complex peoples; the Archaic
stape, “the stage of migratory hunting and
gathering cultures continuing into environmen-
tal conditions approximating those of the
present” (1958:107); and the Formative stage,
defined by “... presence of agriculture, or any
other subsistence economy of coniparable
effectiveness, and by the successful integration
of such an economy inio well-established,
sedentary  village life" (1958:146). It is
important fo remember that this is not a
deterministic model, and that cultures do not
necessarily move inevitably from a less
complex i a more complex stage. This is not
an evolutionary model.

Rouse, for the 1954 symposium “Seitle-
ments and Society: A Symposivm in Archeo-
logical Inference," faced similar problems and
followed Julian Steward’s 1947 articulation of
an interestingly parallel construct in "“Settle-
ment Patierns in the Caribbean Area" (Rouse
1956:1651). Rouse states that:

One of the characteristics of the
Caribbean area, as here defined, is that
it was occupied by tribes on different
levels of culiural development, who
sometimes lived side by side. In the
time of Columbus these included (1)
lndians who subsisted by hunting,
fishing, and pathering without the
practice of agriculture and who
generally lacked pottery; (2) tribes
which practiced agriculture and made
pottery bui which had a relatively
simple social organization and religion;
and (3) agricultural, pottery-making
Indians with chiefs, social classes, and
elaborate forms of religion, character-
ized by the presence of prests,
temples, and idols. It has become
customary @ call the Indians of proup
1 ’Marginal’, those of group 2,
"Tropical Forest’; and those of group



3, ’Circum-Caribbean’" [1956:165]
(Figure 5.5).

In the Caribbean, "the Ciboney were of the
Marginal type, and were the first peoples in
the Antilles” (Rouse 1966:234). Marginal sites
were camps, occupied by small, independent
bands (Rouse 1956:172). In central Cuba, the
"sub-Taino" were Tropical Forest, while the
Taino in eastern Cuba were Circum-Caribbean
(Rouse 1956:165) (Figure 5.6). The late-
comers to the Antilles were the Caribs, a
Tropical Forest type, who came into the
Lesser Antilles as aggressors, but ultimately
had their language displaced by Arawak
(Rouse 1966:234-235). The Greater Antilles
Arawaks were Circum-Caribbean, probably
moving from Venezuela’s north coast into the
Antilles by 1000 B.P.

These peoples of differing cultural
complexity and settlement patterns were coeval
at the ethnographic present. This is not a
temporal model, although the Marginal pattern
developed first, followed by the Tropical
Forest pattern and the complex Circum-
Caribbean was the latest. This conceptual
model is included here because of its parallels
to the Willey and Phillips historical-develop-
mental model, which, in a modified form, is
to be used in the remainder of this discussion,
In addition, the Steward/Rouse model casts
useful insights on the study area, which is on
the northern periphery of the Caribbean, but
also directly adjacent to south Florida, where
Milanich and Fairbanks observe, "There is
some evidence to suggest that the extreme
southern third of Florida (outside of the Lake
Okeechobee Basin) remained in what was
basically an Archaic stage until the coming of
the Spanish" (1980:20). The point emphasized
here is that in the study area and environs,
prehistoric peoples of differing stages of
cultural complexity, with resultant differing
settlement and subsistence behavior, occupied
neighboring, sometimes overlapping, or
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sometimes quite similar ecological niches, and
they had wvarying interaction systems.
Therefore, at the same temporal horizon,
particularly during the later millennia of the
target 4000 to 12,000 B.P. era, it is possible
to have coeval groups with different settle-
ment/subsistence behaviors operating in the
survey area, i.e., the shelf surrounding the
Dry Tortugas.

Interestingly, Rouse, with Cruxent, utilizes
a primarily temporal and developmental,
rather than behavioral, model in the paper
"Early Man in the West Indies" (Cruxent and
Rouse 1969) (Figure 5.7). Rather than
"stages”, the authors use "ages": Paleo-Indian,
Meso-Indian and Neo-Indian. The Paleoindian
occupations were identified "...by the absence
of ground-stone artifacts; the only stone
artifacts were made of flaked flint" (1969:73).
Temporally, they postulate Paleoindian sites
in Hispaniola as early as 7000 B.P., with
Meso-Indian sites being coeval on the eastern
coast of Venezuela (Figure 5.8). The Meso-
Indians "... knew nothing of pottery; they
made their distinctive artifacts by grinding
stone and by chipping flakes of flint. They did
not know farming and fed themselves instead
by fishing and gathering shellfish and wild
vegetable foods" (1969:73). The Neo-Indians
were latecomers, arriving in the Greater
Antilles about 1700 B.P., and the Bahamas
about 1000 B.P. (Figure 5.9). Their culture
is characterized by pottery, and they were of
Cariban and Arawakan linguistic stock
(1969:71-72). At the time of first European
contact, the Neo-Indians had displaced the
earlier West Indian (Meso-Indian) population,
who "...existed only as remnants in western
Cuba, in a few small Cuban offshore islands
and in southwestern Hispaniola” (1969:72).
This Cruxent and Rouse paper makes two
innovative statements. First, relating to sea
level change, they suggest that the Paleo-
Indians’ purposeful movement from island to
island was made less difficult as a result of
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Figure 5.6. Caribbean culture areas (after Rouse 1956).

lowered sea level that created many more
islands in the Caribbean chain. Second, they
state that, "It seems entirely possible that
various Paleo-Indians were using rafts for
coastwise travel in very early times. The first
Americans need not have been restricted to
overland routes for their movements, as many
have supposed" (1969:81).

Having been favorably exposed to the
Willey-Phillips model in the early 1960s, I
made the choice to utilize a combination of
their construct and Goggin’s "Traditions"
{Goggin 1964:108ff) for a master’s thesis
(Cockrell 1970) dealing with late Archaic
stage and early Formative stage settlement and
subsistence at Marco Island on Florida’s
southwest coast. After beginning research at
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the Warm Mineral Springs site, which was
first thought to be a very early Archaic stage
site, it became evident that the site was quite
old, and possessed characteristics of the
Willey-Phillips Lithic stage and the Cruxent-
Rouse (and others) Paleoindian concept.
Beginning in 1974, as well as subsequent
papers, the three stages are used to order data
relating to Warm Mineral Springs in particu-
lar, and North American drowned terrestrial
sites in general (Cockrell 1974a, 1980, 1981).
For present purposes, it is useful to condition-
ally define the stages with bracketing dates,
while nevertheless restating Rouse’s (1956),
Cruxent and Rouse’s (1969), and Milanich and
Fairbanks’(1980) points about the documented
or suspected cases of proximate coevality of
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cultural groups from different stages. The
dates for the stages mark their first appear-
ance, with the exception, of course, the
obvious conclusion of the Formative stape at
the ethnographic present.

The Paleoindian stage generally
recopnized as the ecarliesi Americans,
erroneously termed “Big Game Huniers" at a
time of more limited data. The earliest widely
accepted Paleoindian dates are around 12,000
B.P. (Meltzer 1989). The people are of a
recognizable physical type, in the rare
instances where skeletal material has been
recovered. They frequently possess distinctive
artifact types; for example, Paleoindian
"projectile points* are characteristically basally
and laterally pround. Thus far, evidence points
to small groups, and a generalized rather than
specialized subsistence pattern.

The Archaic stage has a loosely defined
early date. Milanich and Fairbanks use 8500
B.P. (Figure 5.10). Due to the scarcity of sites
trom this era, it is possible thai this time could
be moved, more likely toward a more recent
rather than earlier date. It is more probable
that the beginning date will be widened io
reflect the fact that the Archaic did not
"begin;" knowledge of the mechanics of
culture change dictates rather the new stage as
"becoming," i.e., a process occurring at
varying rates at varying places, It is most
probable that whether Paleoindians and
Archaic peoples were different people doing
different things, or the same people doing
different things, groups from the two stages
were for a time approximately coeval, just as
the Caribbean peoples from differing “apes”
and “groups” were. The early Archaic tool
types are readily recognizable, with the
absence of basal and lateral grinding of
"projectile points."

By the middle Archaic, a very real change
becomes evident i Florida and the Southeast-
ern United Siates. Larper sites, several with
up to 200-300 burials, occur indicating a more

is
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intensive subsistence adaptation, and the
beginnings of settiements at least seasonal, if
not longer-termed, in najure. By the late
Archaic, fiber-tempered ceramics appear (it is
possible thai in a limited area, sand-tempered
ceramics show up at nearly the same time),
and their appearance at about 6000 B.P. in
coastal South America and shortly thereafter
in the Southeastern United States marks the
beginning of the laie Archaic. Clearly, fiber
ceramics occur at Stallings Island by 4400
B.P., and certainly in Florida by 4000 B.P.,
perhaps as early as 6000 B

The final stage, the Formative, is easily
recognized at its inception by the replacement
of fiber-tempered pottery with sand-tempered
ceramics; the generally recognized date for
this event is ca. 2500 B.P, This obviously was
not an overnight event, nor would all groups
have changed their material culture at the
same time or at the same rate. A great deal of
cultural change is evident, but the ceramics
provide an easily recognizable marker. Again,
we would expect peoples from the two stages
to exhibit proximate coevality. [t will be
recalled that Milanich and Fairbanks supgested
that in the exireme southern third of Florida,
the Archaic-stage peoples continued their
existence until the ethnographic present.

JYames Yord, in “A Comparison of
Formative Culture in the Americas," defines
the Formative somewhat differently, V...as the
3,000 years (or less in some regions) during
which the elements of ceramics, ground stone
tools, handmade figurines, and manioc and
maize agriculture were being diffused and
welded into the socioeconomic life of the
people living in the region extending from
Pexru to the eastern United States” (1969:4-5).
This stage is defined as beginning ca. 6000
B.P. (Ford 1969:183). Crusoe (1972:60), in
an extensive consideration of Ford’s trans-
Caribbean contact theory, declares that
. ..early New World village life was based
upon a primary aquatic oriented subsistence
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pattern and not upon a primary village farming
efficiency pattern.”

While notfing that there are physical
characteristics  distinguishing  Paleoindian
peoples from those who are clearly Archaic
(Morrig 1975), there is no present evidence o
(radiocarbon dated, along with Burial #1 at
Warm Mineral Springs, at 10,240 B.P.), it is
quite easy to suppose that this tool, which so
greatly increased hunting internal changes
demonstrate whether these differences are
result of new penetic material, or a result of
in resident populations, or both. As the change
occurs after the introduction of the spear
-thrower into the area efliciency, was a
contributing factor in a number of subsequent
changes in the people and their culture
{Cockrell 1980).

FLORIDA-CARIBBEAN REGION

Following is a review of cultural/historical
information in the Florida-Caribbean area
(Fipure 5.11). A regional context was the
framework for this study and includes
prehistoric sites in south Florida, Florida
Keys, the Caribbean and the Bahamas. The
Bahamas, although not properly in the
Caribbean, are included because of their
proximity to south Florida and the Florida
Keys; culturally, the Bahamas arc affiliated
with the Caribbean (Hoffman 1970} rather
than with Florida.

In 1948, Goggin (1964) defined the lower
one-third of the Floridian peninsula as the
Glades archeological region, a term he equated
with Glades culture area (Figure 5.12). After
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ARCHEOLOGICAL REGIONS IN FLORIDA

Figure 5.12. Goggin’s I NORTHWEST GULF COAST
Florida archeological Il CENTRAL GULF COAST

. III MANATEE
regions, 1964. IV GLADES

V  KISSIMMEE

VI INDIAN RIVER

VII NORTHERN ST. JOHN
VIII CENTRAL FLORIDA

{AFTER GOGGIN 19642 109)

1. NORTHWEST
2. NORTH PENINSULA GULF COAST

3. CENTRAL PENINSULA GULF COAST
4. NORTH

5. NORTH-CENTRAL

6. EAST AND CENTRAL

7. CALOOSAHATCHEE

8. OKEECHOBEE BASIN

9. CIRCUM-GLADES
(AFTER MILANICH AND FAIRBANKS 1980:22)
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Figure 5.13. Mila-
nich and Fairbank’s
Florida archeological
regions, 1980.




thirty years research, the same area is now
viewed as three distinct areas: the Caloosa-
hatchee, the Okeechobee Basin, and the
Circum-Glades (Figure 5.13; Milanich and
Fairbanks 1980).

Archeological research in the past two
decades has demonstrated a longer occupation
for South Florida than traditionally thought.
In 1948, Gogpin’s earliest south Florida dates
were estimated at ca. 1300 B.P. (1964), the
beginning of the Glades Period (Figure 5.14),
or the beginning of the Formative stage, o use
the terminology proposed earlier. Three
decades later, Milanich and Fairbanks
published their update on culiure periods in
Florida, and the Central Peninsula Gulf Coast
culture area is depicted as going back to the
early Paleoindian stage at ca. 14,000 B.P.
This early date is from Little Salt Springs
(Figure 5.15) and dates a land tortoise and
stick association. The data probably are valid,
and the site probably was utilized by humans
at or about that time, but I would feel more
comfortable with more solid evidence. Warm
Mineral Springs, as noted, has produced dates
of ca. 10,000 to 11,000 B.P. for human and
stratigraphically related extinct Pleistocene
megafauna. Of particular import to the Dry
Tortugas study is the remarkable preservation
of organic remains recovered from anaerobic
peat and mud at both sites. These examples
demonstrate that, pgiven a certain set of
conditions, both plant and animal remains can
remain in excellent condition even after
several thousand years of submersion. These
are not the only examples of this preservation
level. Across the state, in southeast YFlorida,
Carr (PC.)) has reported finding extinct
Pleistocene megafauna in clear human asso-
ciation.

The early Archaic remains enigmatic and
little known, and may require reexamination
and redefinition, as noted earlier, although
Murphy (1990b) sugpests an early Archaic
component ai the Douglass Beach Site on

Florida's lower east coast. Murphy reported
a date of 4800 B.P. for the Douglass Beach
Site, and after extensive analysis of materials
from this submerged site, assigned it to the
early o middle Archaic (1990b:36).

The middle Archaic has become better
known, particularly due to research already
discussed on the Little Salt Springs compo-
nent. Work at Marco and Horrs Islands has
expanded our knowledge of the late Archaic,
when ceramics became established in the area
(Cockrell 1970, McMichael 1982; Widmer
1988). Late Archaic sites (also termed
Pre-Glades in this area by Cockrell (1970) and
Widmer (1988) after Goggin’s 1948 usage
(Goggin 1964)) are not uncommon in the
Caloosahatchee and Circum-Glades culture
areas, and are recognized by presence of
Orange Series fiber-tempered pottery. Some
of these sites, when a type of ceramics often
described as "semi-fiber tempered” occurs, are
labelled Transitional period, a term coined by
Bullen (1970), and followed by Widmer
(1988:68). This construct does not secm
applicable in south Florida (Cockrell 1970;
McMichael 1982:78). Sears encountered
semi-fiber tempered pottery at Fort Center,
northwest of Lake Okeechobee, and simply
ignored Bullen’s Transitional period (Sears
1982:24), Sears estimated the pottery to date
the lowest part of the site, and posited a 3000
B.P. date. Unfortunately for the clarity of the
archeological record, some people in southeast
Florida, following a trend started by amateur
archeologists (e.g., Mowers and Williams

19'72) influenced by Bullen, have enshrined the

Transitional concept, and it is now a part of
the South Florida archeological literature.
From extensive personal observations, their
usage of "Transitional period” means simply
that they found one or more sand-tempered

. potsherds with some fibrous cast in the paste.
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The concept is overused, poorly understood,
and probably culturally meaningless as cur-
rently used.
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Figure 5.15. Principal early Florida archeological sites.

The Formative stage is well-represented in
south Florida, as witnessed by numerous sites,
some of them quite large, such as the midden
at Caxambas Point on Marco Island, which
was ca. 33 ha in extent and over 9 m in depth.
There are burial mounds in the earlier sites
(Cockrell 1970), and ceremonial structures,
including temple mounds, in the later sites
(Widmer 1988). There are a number of exotic
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earthworks, some thought to be ceremonial by
earlier researchers (Gogpgin and Sturtevant
1964), but Sears contends that those earth-
works at Fort Center are aclually raised
agricultural plots and housemounds, while
declining to generalize about other well-known
complexes in the area.

Of particular interest to this study are the
very well-preserved ceremonial and utilitarian



wooden carvings recovered from an artificial
pond at the Fort Center complex, demonstrat-
ing again that the peoples of this region were
excellent woodcrafters, and that in certain
situations involving anaerobic peat or muck,
exceptional organic preservation is possible.
In addition to the large number of extensive
sites, there are numerous small black-dirt
middens scattered throughout interior and
coastal Florida, most probably representing
seasonal hunting and gathering stations rather
than year-round camps.

We have numerous eyewitness accounts of
aboriginal peoples at and immediately
following European contact. These historical
accounts and the attendant linguistic data,
limited as they are, provide a rich adjunct to
the archeological record. It may well be that
linguistic evidence holds the key to demon-
strating a strong south Florida-coastal South

America contact in prehistoric times (Sears
P.C)). Accounts from the sixteenth and
seventeenth centuries have already been cited
to show extensive watercraft usage during this
period.

Florida Keys archeology (Figure 5.16) is
perhaps less understood than any other in
Florida. There has been scant professional
work done there, and very little has been
published. A thorough review of the Florida
Master Site File will be necessary prior to
field testing the Dry Tortugas model. The
writer has done limited survey on Key Largo,
Lignumvitae Key, and Indian Key; prehistoric
sites were observed on the first two, and
Baker (1982:104) reports a small midden on
the third. Irving Eyster, a long-time keys
resident and amateur archeologist and known
as a reliable informant and observer, was
interviewed regarding his recollections and
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Figure 5.16. Florida Keys area.
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experiences, and this intexrview will be used in
this section (Eyster 1982).

Goggin published two articles on the keys
and did his master’s thesis on Matecumbe Key
ceramics (unpublished). Goggin and Sturievant
published "Excavations on Upper Matecumbe
Key, Florida" in 1949 and this is still the only
major publication on the prehistoric archeolo-
gy of the keys. Milanich and Fairbanks
(1980:237-238) review the sparse knowledpe
of the keys Indians. They state that the keys
evidently were first occupied ca. 1150 B.P.
peninsular Florida peoples. They say that
nothing is known about their language.
Subsistence was primarily marine-based with
supplemental terresirial foods.

Fortanately, it is possible io expand thiy
picture somewhat. Eysier (1982) provides
additional maierial for review. He states he
recovered fiber-tempered pottery from the Key
Largo site (8Mo25), with a “correcied”
radiocarbon date of ca. 3600 B.P, and that
the upper daie range for the site was ca. 800
B.P. He says he lmows of no other Archaic
and no Paleoindian sites in the keys. However,
in a comment about sea-level rise, he siated
that afier Hurricane Donna he saw shell
underwater which “... looled very much like
rough celts and that sori of thing" (1982:112).
On the topic of fresh water in the keys, he
stated that historically there was fresh water
on *Old Matecumbe, " and that he had seen the
wells there and at other locations in the keys;
he mentions a spring on Key Largo where
" _..at low tide the water would spurt out aboui
three feet high" (1982:111). He notes that
there are more than 100 prehisioric sites in the
keys, and mentions several, from 8Mo25 in
Key Largo near the mainland, to 8Mo2 in Key
West, adding thai ihere was probably one
major site to each large island.

Garrett (1983:96-8), in a report on cultural
resources on national wildlife refupes, reviews
four refuges in the keys. She notes one site
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(8Mo025) in the Crocodile Lake Refuge and
claims a high site potential for this refuge. In
the middle leys, at the National Key Deer
Refuge, she lists four known prehistoric sites,
and again lists high potential for significant
sites. The Great White Heron and Key West
Refuges are in the lower keys. No known sites
are listed, and there the prehistoric site
potential is ranked low.

Staff of ihe Florida Master Site File was
contacted in August 1989, and requesied to
search the files Tor prehisioric siies located in
the Marquesas or the Diry Toriugas; none are
recorded in either island group. All known
prehistoric sites thus are on and between Key
Larpo and Key West.

Ethnoaraphic Information

The remaining source on prehisioric
peoples of the keys is historical documenia-
tion; as in previously discussed areas,
eyewifness accounis exist. A valuable
document is Jutro’s unpublished Ph.DD. thesis
on Lignumvitae Key (Juiro 1975). Juiro notes
freshwater wells dug in the nineteenth ceniury,
and Matecumbe’s former abundance of
freshwater, as well ag natural depressions and
sinkholes. (These were observed by the writer
on Key Largo, Big Pine Key and Indian Key,
functioning as vatural catchments, in each case
reported by local mformants to have previous-
ly been limited potable water sources.) Jutro
addresses the confusion surrounding the tribal
identity of the keys Yndians, and reviews
historical accounts thai have led those who
have misunderstood or misused them to
conclude thai the keys Indians were Tequesta
or Calusa. Jutro provides a sound demonstra-
tion that the keys Indians at contact were
called the Maiacumbes (1975:10-14).

Around 1545 Fontaneda was shipwrecked
in the keys and held captive for 17 years
(Smith 1944). His account of south Florida
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and the keys Indians is a wonderful and useful
source document. He discusses the keys
Indians, the Calusa, the Lucayos (or
Yucayos), the Tequesta, the Ais, the Jeaga and
even the Apalachee. He names two keys
Indian towns, Luchiyaga, in the middle keys,
and Jarugunve, in the lower keys (Figure
5.17); unfortunately, their description is so
vague, and the place names varied so much
through the years, that the towns may never
be identified archeologically even if they
survived development. (See Jutro 1975:Chap-
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Figure 5.17. Early historical
Indian towns (adapted from Smith

Y] 1944).

ter III, for an excellent review of the
confusion surrounding early keys place
names).

Fontenada provided a good description of
the Dry Tortugas:

To the west are "islands without trees;
these islands are of sand and in times
past must have been keys (cayos) that
were worn away by the sea and have
remained as sand flats without trees.
They are seven leagues in circuit and
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are called Islas Tortugas, there being
many turtles that come at night to lay
eggs in the sand" [Sauver 1971:219}

The Bahamas, as noted earlier, are in the
Atlantic Ocean (Figure 5.18), but arche-
ologists consider them as Caribbean (Hoffman
1970). Hoffman’s excavations on San Salvador
and MacLaury’s (1970) on Cat Island link
both islands archeologically to Hispaniola.
Hoffman’s Palmetto Grove site dates ca 1100-
750 B.P., while MacLaury’s Cat Island dates
1000-500 B.P. Hoffman gives no indication
for sites at an earlier horizon (Figure 5.19).
McKusick says the ethnographic present
peoples, the Lucayans (Fontaneda’s Lucayos
or Yucayos), were related to the Greater
Antilles Arawak, and that "Their culture was
less advanced than the Taino development,
presumably due to the marginal agricultural
conditions which existed in the Bahamas"
(1960:4). Little is known of prehistoric
watercraft in this peripheral area, but
McKusick cites Columbus’ account of "boats
or canoes" in the Bahamas. Columbus said
they ranged in size from one-person craft to
those holding 40-45 (McKusick 1960:8). In
noting that the Bahamian canoes had no sails,
McKusick contends that, while the island
Caribs had sails after 1650, they learned of
their use from the Europeans.

The Caribbean has been extensively
surveyed, particularly by Irving Rouse. In
“The Entry of Man into the West Indies"
(1960) he states, "Only a single well-docu-
mented group of Paleoindian remains is known
for the entire Caribbean area, Mesoamerica
excluded” (1960:6). He is referring to the El
Jobo complex in Venezuela, and says that
Cruxent found El Jobo-type points in associa-
tion with mastodon, glyptodon, megatherium,
and other extinct animals, with a date of
16,000 B.P. This complex is not known from
the offshore islands or the "West Indies
proper.” (Note: Current literature contains
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some references to extinct ground sloths in
caves associated with humans in the Antilles,
but a check of primary sources makes such
claims suspect.) Recall that later (1969)
Cruxent and Rouse postulate Paleoindians in
Hispaniola at ca.7000 B.P, and in Cuba at ca.
4500 B.P. (Figure 5.7). Rouse includes the
northeastern coast of Venezuela in the
Caribbean Region (Figure 5.20).

While the Yucatan peninsula is only
peripheral to the Caribbean, and to the
problem at hand, the peninsula is a limestone
plateau characterized by Karst topography,
similar to Florida, but at a greater height
above sea level. For the past three years cave
divers from Florida have been making
expeditions to Yucatan to explore drowned
caves. One diver, associated with Florida State
University’s Academic Diving Program, shot
very clear videotapes and still film of an
intriguing phenomenon: a submerged cave
with wondrously exotic drip and flowstone
formations that had an apparently natural basin
with charcoal in it (Turner p.c.). To my
knowledge, no one has molested the site, and
the people who found it are strong conserva-
tionists, so they disturbed nothing. The point
to be made here is that we have well-docu-
mented cultural resources in drowned Karst
features in Florida, and an intriguing possibil-
ity of such in Yucatan. The Dry Tortugas li
on a platform between the two points, and the
Cultural Resources Evaluation of the Northern
Gulf of Mexico Continental Shelf (Coastal
Environments, Inc. Vol. I 1977) states that,
"Off Key West, at the outer edge of the
[Pourtales] plateau, large sinkholes have been
discovered at a depth of -250 m. These holes,
averaging 1 km in diameter and 140-170 m in
depth, are evidence that the Pourtales Plateau
was once subaerially exposed...." (Coastal
Environments, Inc. Vol.I:137). A depth of 250
m below sea level obviously puts these
sinkholes out of the range of prehistoric
peoples. What is demonstrated is that
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sinkholes do exist in the region in the
underlying limestones. Hoffmeister (1974) and
Shinn et al. (1979) describe Dry Tortugas
geology, and while the stratigraphy of the
post-Pleistocene surface deposits are of recent
marine origin affected by surface elements, the
underlying Pleistocene formations are of
approximately the same ages and of similar
origins from peninsular Florida, the keys and
Yucatan.

DRY TORTUGAS PREHISTORIC
CULTURAL RESOURCE POTENTIAL

Very limited dry land area was available
to Formative and late Archaic peoples. An
uplands area of the now submerged surround-
ing shelf to a depth of ca. 25 m was available
at the beginning of the Archaic stage, while
Paleoindian stage peoples at 12,000 B.P.
would have had access to a vast area,
delimited by the 60-100-m isobath (depending
on which model sea level curve is used).

For at least the past 15,000 years, the
uplands area of the Dry Tortugas has been
shrinking at a greater or lesser rate, with only
minor shift in the past 2,000 years. The sea
level change data are still not as precise as
archeologists need for them to be, and the
shape, rate and oscillations of the curve of the
rise should continue to be viewed and used
with caution. In the end, the archeological data
from submerged sites will provide the
definitive evidence, as submerged habitation
sites are self-evident proofs of associated
drowned shorelines; by definition the shoreline
was lower than the habitation site. Dating the
site dates the shoreline; peat, shells, reefs and
other methods used to establish sea level
curves generally do not furnish the precision
needed to formulate and answer the types of
questions archeologists often want to ask. (See
Kellog 1988 for a discussion of these
problems.)
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In the uplands area, personal casual
observations have produced no sites, and the
Florida Master Site File has no records of
prehistoric sites in the Dry Tortugas or the
neighboring Marquesas group. No other
prehistoric cultural resources are recorded in
the literature, and historic records reviewed
for this paper have not alluded to aboriginal
occupation or utilization of the islands,
although they are frequently mentioned as
landmarks. It is possible that further ethno-
historic research will produce documents
containing observations of such activities; this
possibility should be explored.

Potable water is a requirement for
habitation sites, whether it is available onsite
or is transported to the site. We speak of the
"Dry" Tortugas, and the keys are indeed "dry"
at present and historically. Halley and Steinen
(1979), however, refer to ground water
availability on Loggerhead Key, noting that
although the water is saline " ... it could
sustain life for an indefinite period." This is
a 1979 observation, at a period when annual
rainfall can be as low as 65-75 ¢m a year. As
well, portions of the key are now covered with
Australian pines, an exotic introduced in the
twentieth century, which can significantly
increase evapotranspiration (1979:84). In
addition, nearby Cluett Key has freshwater
ponds after heavy rains (1979:86-87). The
huge amounts of freshwater produced during
hurricanes would saturate the porous keys and
provide potable water for some time after the
storms.

The temporal span for this study is at least
12,000 years, and lowered sea levels during
that time would significantly affect ground
water availability during that period, with
effects not always being easily predicted, due
to lack of control of all relevant variables. Of
course a lowering of 100 m of sea level would
lower the ground water, but it would also
ensure that the porous limestones were not



saturated with sali water when the rains came;
cenotes, aquacludes and other peological
phenomena could provide the mechanism for
potable water retention. The need tfor poiable
water obviously exercises controls on
settlement patterns, but the nature of the
control is not always readily apparent. For the
Dry Tortugas it is not sufficient to simply
conclude that poiable water was unavailable.
Complex factors are operable: it may be that
potable water will be inferred only as a result
of sites being locaied during the proposed
study.

Other factors governing the potential for
uplands sites are subsistence patterns. It has
been shown that the peoples from surrounding
arcas were maritime oriented for at leasi the
last 6,000 years; it is also documenied ihat
these peoples would avail themselves of
terrestrial food resources. The Dry Toriugas
clearly possess the former, and would have
possessed the latter at a time of lower sea
level. It seems clear that the siudy area’s
uplands could have been used by prehistoric
peoples. The question of whether their culiural
remains can be located or even inferred is
partially governed by the postdepositional
history of the subject matier; natural or
cultural events from 12,000 B.P. io the
present can preserve, leave unaffected or
destroy critical evidence.

This section on the uplands potential has
concentrated primarily on sites. Other cultural
resources such as structures or material, if
they existed, would probably have been
discovered by now, given the limited area and
lack of ground cover or wet, anaerobic
situations conducive to preservation. Water-
craft, for the same reasons, are not likely to
be located in the uplands area.

Submerged prehistoric cultural resources
potential is far greater than for the uplands for
esseniially itwo major reasons: first, there was
a far greater land area, with ifs necessarily
expanded swrrounding litioral zone (Figures
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5.2-5.4), and second, ihe 12,000 year time
span witnessed, curulatively, large numbers
of potential inhabitants or transients who could
have occupied or utilized the area’s terrestrial
and/or marine resources, or who could have
lost, discarded or abandoned watercraft or
other materials that could have been preserved
in some identifiable form.

The earliest peoples, the Paleoindians, or
Rouse’s Marginal paitern  peoples, were
generalists, and exhibited highly efficient
subsisience behavior; they were efficient
gatherer-hunters and in the region from the
earliest times in the case of the Paleoindians,
and until the ethnographic present in the case
of the Marginal paitern peoples. Their
terrestrially deposited evidence could be, piven
our limited data, on virtually any part of the
surrounding shelf o0 a depth of 100 m.
Structures such as fish weirs would of
necessity always be sliphtly lower than the
cultural group's coastline at any given time.
Watercraft, as noted earlier, could have been
lost anywhere, but depressions with a potential
for a postdepositional preservative environ-
ment hold greater potential.

Poiential for Archaic terrestrially deposited
cultural resources is good. Larger numbers of
peoples were in the region and, as noted, they
possessed water transport methods. Their rapid
expansion, both in area and population, was
discussed earlier. Al the beginning of ihe
Archaic at ca. 8500 B.P., the sea level was
ca. 25 m below present (using Widmer's
model, derived from primary sources
discussed earlier, Table 5.1). By the Middle
Archaic, at ca. 7000 B.P., the Axchaic peoples
were living in villages, burying in established
cemeieries, and had become highly eificient
patherers, when the coastline was ca. 20 m
below present sea level (Table 5.1).

Widmer presents a complex and well-
reasoned hypothesis based on rapid sea-level
rise between ca. 15,000 B.P. and ca. 5500
B.P. when the rise curve flattened at



approximately 6 m below present sea level, He
maintains that the rise was sufficiently rapid
and the curve was of a shape so as to prevent
the formation and development of a littoral
zone which would support a "...large, dense
human population” (1988:187). He uses this
conclusion to argue that “...only occasional,
sporadic, generalized or perhaps seasonal
specialized use of the coastal zone would be
expected in south Florida during this time"
(1988:187). Acceptance of this conclusion
requires acceptance of his model sea-level
curve as conclusive and accurate, which is
unlikely at this stage of our knowledge. Even
if his data and conclusions are valid, the
now-submerged shelf around the Dry Tortugas
would have possessed a coastline that these
Archaic peoples would certainly have
exploited and also used for access via water
travel to other areas for purposes of exchange
or subsistence, Even if correct, his hypothesis
still allows for coastal utilization by smaller
groups on a more limited basis. In addition,
there were interior areas away from the littoral
zone that Archaic peoples are known to have
exploited efficiently. Widmer’s construct has
an uncomfortably large number of uncon-
trolled, or even uncontrollable, variables for
it to be accepted as conclusive at this stage of
knowledge about both the nature of the sea
level-change, and the nature of southwest
Florida Archaic peoples. It is a well-
constructed, reasonable hypothesis, but need
not be accepted as representing reality. Far too
few data are available: it should be viewed as
a good testable model and a theoretical
framework for manipulating an increasingly
complex body of data.

By the late Archaic, sea level had risen to
approximately the present day optimum, thus
eliminating possibilities for drowned terrestrial
sites occurring after this time. The occurrence
of watercraft and other materials from this and
later times has already been discussed.
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For the uplands area, the first step is a
literature search; this has been done and no
prehistoric cultural resources are known,
although it is possible that further ethno-
historic research will provide accounts of
aboriginal presence at the ethnographic
present. A thorough standard walkover survey
should be undertaken, utilizing test excava-
tions, shovel testing, and coring, as judged
appropriate. Remote sensing techniques such
as aerial or satellite imaging would probably
not be particularly helpful on the uplands area,
but would have obvious applications on
submerged areas.

Older evidence could be buried beneath
later detritus; Shinn et al. (1979) recorded 13
m of submerged Holocene reef rubble
overlying marine Pleistocene bedrock on
Southeast Reef near Fort Jefferson. They also
cored on Loggerhead Key, but did not publish
their results in this volume. Nevertheless, their
data are intriguing, as they demonstrate that
there is bedrock near enough to the surface to
demonstrate that there was land at this spot
during the time under consideration. Their
brief report thus supports the possibility that
strata containing prehistoric cultural resources
could lie in areas above bedrock. If the Dry
Tortugas and the surrounding platform were
simply projections of marine Pleistocene
bedrock from the deep seabed with no
overlying Holocene strata, the possibility for
finding evidence of prehistoric peoples would
be very slim; as it is, there is a good possi-
bility that evidence is there. The task is to
devise strategies for finding and recognizing
the evidence.

It would be appropriate to radiocarbon date
uplands strata on the various keys in order to
define and isolate test excavation target strata
from the past 12,000 to 15,000 years. In
addition, sedimentary and geochemical core
and bulk sample analyses should be performed
to discern human activity evidence, as well as




io determine the strata’s depositional and
postdepositional history. Murphy's modifica-
tion of the Gagliano model for such analysis
successtully demonstrated the procedure's
elfectiveness on Douglass Beach site samples.
He was able to determine whether sediments
within a stratum had suffered mechanical
disturbance, and to discern cultural activity
(Murphy 1990b). YLocation of prehistoric
cultural materials such as artifacts, human
refuse, structural evidence, burials and other
traditionally recognizedarcheological materials
would obviously achieve the survey’s poal.
Negative evidence, i.e., finding nothing, or
even learning that there is no potential for
finding anything on the uplands or submerped
areas, either because data were never there or
were ihere and subsequently destroyed, is still
significant evidence. The results would still be
scientifically valuable, if “%hot pariicularly
satisfying,

Surveying for the earliest submerged sites
should properly begin at the appropriate
drowned shoreline and proceed o shallower
depths. At any given time, deepest areas
would be the target population’s littoral zone,
while shallower depths, up to the present day
shoreline and onto the wuplands, would
constitute their "interior. " Because Paleoindian
sites could be found on any now-submerged
areas they had access to, their sites could be
found out to their deepesi shoreline; likewise
for the Archaic. We should, however, focus
on those depths having higher probabilities for
site location. For locating the earliest
submerged sifes, the survey should begin at a
depth of 100 m. However, since disagreement
exists In the literature, and some auihorities
contend that the 12,000 B.P. coasiline is at a
depth of only 60 m, it would seem that
practical factors dictate beginning the search
at the shallower depth. One such practical
factor is the exireme likelihood that even if the
target shoreline is at a depth of 100 m, the
population density at that time would have
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been so small that even a survey om a
comparable easily accessible uplands area
utilized by Paleoindians would probably
produce no identifiable data.

The economical outlay of time and tunds
has o be a consideration; the area to be
surveyed within a 100-m curve is perhaps
double the area of the 60 m postulated platean
(Figure 5.3). Diving technology limitations
and human safety are other considerable
factors, Human physiology, diving technology
and safety must obviously be considerations.
Realizing that much of the underwater survey
can be most cfficiently done remotely, it will
still be essential to put diving scienfists and
iechnicians down. With recent advances in
special pas-mix fechnology, 60 m is a
relatively safe and routine scientific dive,
while 100-m dives, even on special mixtures,
are far more difficult and dangerous. Of
course, having reviewed these practical
considerations, the study’s goal has io be kept
in mind; if the data needed to address ihe
research concerns are in 100 m of water, then
we should utilize the necessary technology to
pet there, either remotely or in person.
However, absent persuasive evidence of the
pressing need io be ihere, and realizing that
continued funding of a project of this
magnitude requires positive results, it seems
that prudence, as well as good science,
dictates beginning at the shallower level,
eslablishing the daia base, reformulating
hypotheses as the need occurs, and then going
deeper or shallower as the data dictate.

After having identified the Paleoindian
shoreline target litloral zone, and realizing the
site scarcity at that horizon, a potentially more
productive middle-Archaic iarget littoral zone
should be identified. As with the Paleoindian
stape sites, submerped Archaic sites could
occur from the deepest Archaic coastline for
littoral zone sites o the shallowest depths for
interior sites. The ca. 12-m depth is where
most authorities would place the ca. 6,000 to



5500 B.P. shoreline; adding 3 m to the
inshore and 3 m to the offshore side of this
line establishes a middle-Archaic littoral target
zone of 9-15 m in depth as a beginning point.
The middle Archaic was a time of population
expansion and increased efliciency in sub-
sistence technology, and sites of this stage
might be larger and, therefore, have a higher
potential for being located. The next step is to
plot this band on the bathymetric charts, and
then select sample areas. Random sampling
this target band is not appropriate, as bottom
and subbottom topography must be addressed
in order to identify (1) natural features,
including but not limited to ridges and
hollows, lagoons and ponds, solution features,
watercourses, potential submarine springs; and
(2) possible cultural features, such as shell
beds, rock deposits and depressions, all of
which would indicate potential loci of coastal
middle Archaic or even interior Paleoindian
settlement and subsistence activities.

The technology required to conduct such
investigations is well-established, albeit
frequently expensive and cantankerous. After
establishing accurate bathymetric charts, either
by consulting existing ones or doing supple-
mental surveys, the next step should be the
subbottom survey, again to establish bottom
topography with the possibility of also
identifying submarine springs. Aerial or
satellite remote sensing can be used for
general survey, mapping, site survey and
could possibly reveal submarine springs as
well.

Following topographic feature analysis,
and selection of areas to be sampled, actual
excavation should begin. Unless suspected or
documented submerged prehistoric cultural
resources have been located in the initial
stages, the preliminary approach should be
through coring, with cores being subjected to
multiple analytic techniques. Such techniques
should include visual examination and

palynological, botanical (especially if peat is
encountered), malacological, faunal, sedimen-
tary, geochemical and radiocarbon analyses.

After digesting the analyses, it is probable
that areas with varying degrees of potential for
containing cultural resources can be identified.
The higher probability areas may then be
selected for a more intensive scratiny, such as
more coring, or actual hand excavation, using
standard underwater archeological excavation
and recording techniques.

At any time in the study process, partici-
pating scientists will need to be able to dive
on, and access by remote sensing techniques
such as remote-operated vehicles (ROVs), loci
in the study area to answer specific questions,
or simply to engage in unselective seabed
examination. This will allow the constant
rethinking, reexamination and reformulation
necessitated by such a pioneering study.

To conclude, there is great potential for
the existence of prehistoric cultural remains in
the Dry Tortugas. For at least 12,000 years
people have been on the mainland of the
Americas surrounding the Caribbean. Some of
those people were in south Florida by that
early time, and in later millennia larger
numbers of people occupied the entire region,
and their numbers and cultural complexity
grew until the ethnographic present. Lowered
sea level near the end of the Pleistocene
uncovered vast areas of dry uplands exposing
an area of the Floridian peninsula and the

- Florida Keys twice as large as at present. For
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some time it has been contended that early
peoples expanded their activities into that area,
only to retreat before the rising Holocene
waters, We now know that this did indeed
occur. It is now known that cultural remains
can stay remarkably well-preserved over
millennia, given certain conditions. And it is
now known that these remains can be located
and recovered.



CHAPTER VI

Environmental Factors Affecting Vessel Casualties and Site

Preservation

Larry E. Murphy and Randolph W. Jonsson

Environmental factors have contributed
directly to vessel losses at Fort Jefferson
National Monument, and they have produced
postdepositional alterations to submerged and
terrestrial sites. A consideration of environ-
ment is fundamental to site interpretation and
is necessary to account for the number and
kind of marine casualties within the study
arca, and the level of site preservation and
integrity.

Historical research indicates the Dry
Tortugas have been the focus of numerous
marine casualties, and for centuries they have
been recognized as a primary Gulf and Florida
Straits navigation hazard. The Tortugas can be
seen as a “ship trap" because of their
proximity to principal Gulf of Mexico shipping
routes and then extensive unnavigable shallow
water and associated reefs. Formation of a
ship trap requires a combination of natural and
cultural variables that have yet to be com-
pletely isolated and defined. Among the most
obvious variables would certainly be trade
routes, which are dependent on sociocultural
factors; density of vessel traffic; weather
factors, including wind, waves and currents;
presence of navigation aids including warning
devices and charts; and navigation technology.
This chapter focuses on natural processes that
have influenced the wreck collection within the
monument.

Environmental factors are important to
developing a predictive model for wreck
concentrations useful for stratifying the study
area in various zones, including areas most
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likely to contain a high site density, and those
most likely containing sites of a particular type
and preservation level. Stratification contrib-
utes directly to cost-effective remote sensing
survey.

GENERAL CLIMATE

Southwest Florida, including the study
area, is classified as tropical. The average
monthly temperature is above 18°C, with no
notable winter season {Garrett 1983:5). Mecan
daily temperature ranges from 21.3°C in
January to 29.1°C in August. Infrequent cold -
spells, exceptionally approaching O° C, may
occur during winter "northers."

Annual precipitation is about 83 cm/year
with the wet season from May to October
averaging 58 cm/yr and the dry season,
November through April, averaging less than
25 cm/yr (Davis 1942:144). September is
usually the wettest month. Monument rainfall
in 1990 was just over 76 cm (NPS 1990
weather data).

The Dry Tortugas have an average rainfall
only about 12 c¢cm less than Key West. The
reason that the Dry Tortugas are "dry" is not
because of lack of rainfall. Tortugas’ aridity
results from a combination of poor water
retention by the coarse calcareous soil, and a
high evaporation rate from nearly constant
winds and intense sunlight, Davis (1942:146)
observed that rainfall decreases and soil
coarseness increases as one moves westward
from Key West to the Tortugas. While there



is no fresh waier in the Dry Toriugas, a
brackish water lens has been documented on
Logperhead Key.

The mean sea-level pressure in the Gulf
region ranges from a low of 1,018 mb in
September to a high of 1,021 mb in January,
Less than 10 percent of observations depart
from the mean by as much as 5 mb in summer
or 10 mb in winter (Jordan 1973:11A-1),

Wind

Examination of the historically documented
vessel casualties in the study area indicaie that
storm-generated wind contributes o vessel
loss. Prevailing winds dominate sailing vessel
navigation, and siorm winds are direct cause
of many casuvalties in the Dry Tortugas,

The Torivgas lie within the influence of
the northeast trade winds, which blow easterly
throughout the year. These constant winds
have given rise to the terms "windward" and
"leeward," commonly applied in Caribbean
navigation o note a point relatively io the
eastward or westward (Green 1877:1).

March through Septenber, the eastern Gulf
is in the western side of the Bermuda
high-pressure cell that has a gentle clockwise
(aniicyclonic) wind flow. During October
through May, northeasterly winds prevail in
the eastern Gult, November through February,
the eastern Gulf winds are predominately from
the norihwest and north. During the summer
months, flow is southerly. Principal Gulf
winter influences are continental cold-air
masses, while in the spring and summer,
tropical air masses arrive from the south and
southeast (Jordan  1973:11A-2;  Mineral
Managemeni Service 1982:126). The mean
wind speed for Fort Jefferson for 1990 is m
Figure 6.1,

The 1877 US Hydrographic Office
Caribbean navigation guide (Green 1877:1-4)
gives a pood peneral Tortugas wind pattern
description particularly periinent to mariners,
and the following discussion is from that
publication.

Trade wind diurnal variations are called
land and sea breezes, which are locally
variable. Sea breeze penerally begins aboui
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Figore 6.1, Mean Dry Tortugas wind speed 1990.
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9:00 A M. and blows onshore until sunset,
when there is usually a calm. Evening land
breezes are offshore, blowing strongest just
before dawn. The land breeze usually does not
occur in the Bahamas area, where the trades
diminish during the night. Sailing vessels
usually went to sea in the Caribbean at early
daylight. _

During the rainy season, the wind inclines
toward the southeast with periods of calm and
squalls, which bring most of the rain. While
Fort Jefferson was under construction, the
rainy season was also called the “sickly
season" because of the prevalence of fevers,

During the dry season, the wind moves
more to the northeast and increases in
strength, sometimes blowing a strong gale for
two or three weeks, especially during
December, January and February. Occasion-
ally, strong north and northwest winds
interrupt the trades, usually from November
to April. These periodic storms are called
"northers.” July to October is the hurricane
season, Besides hurricanes and northers,
intense thunderstorms can be hazardous to

mariners. These three storm types will be
discussed separately below.

Thunderstorms

Thunderstorms can be very serious in the
Gulf-Caribbean region. The southeast Florida
Gulf coast has a mean average of between 60
and 100 thunderstorm days a year. About 66
percent of the thunderstorms occu