116

Radabaugh, Powell, and Moyer, editors

Chapter 10
Biscayne Bay
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Description of the region

Biscayne Bay was formed between 5,000 and 2,400
years ago when rising sea levels flooded a limestone de-
pression on the Miami Ridge, creating a shallow estua-
rine lagoon (FDEP 2013). The bay is partly sheltered from
the Atlantic Ocean by the Florida Keys and barrier islands
off Miami (Figure 10.1). The Atlantic Coastal Ridge, an
oolitic limestone feature that reaches a maximum eleva-
tion of 20 ft (6.1 m), runs along part of Biscayne Bay’s
western shore and separates the Everglades from the At-
lantic Ocean. Biscayne Bay once had a strong hydrologic
connection to the Everglades via rivers and creeks that ran
through and around the Atlantic Coastal Ridge. Fresh-
water entered the bay as a diffuse sheet of surface water
from the surrounding wetlands and through groundwater
springs (Browder et al. 2005).

The hydrology of the region was drastically altered in
the late 1800s and 1900s by the construction of dredged
ditches, canals, and levees for the purpose of managing
surface water and enabling urban development and ag-
riculture. These water management structures cut off
much of the surface freshwater flow, resulting in the
loss of the many small creeks that used to permeate the
mangrove forests (Browder et al. 2005). In contrast to
historic sheetflow, the constructed canals localized and
concentrated freshwater runoff to the bay, leading to
drastic seasonal salinity fluctuations due to freshwater
depletion or inundation.

Widespread mosquito ditching and reduced fresh-
water input led to extensive saltwater intrusion in the
wetlands surrounding Biscayne Bay. By the 1940s and
1950s, mangroves and other salt-tolerant vegetation had
expanded inland and colonized along the ditches (Ruiz

and Ross 2004). Historically freshwater wetlands, such
as Snake Creek, Oleta River, and Card Sound, now host
salt-tolerant plants including mangroves (Ball 1980, Gais-
er and Ross 2003, SENRC 2006).

Freshwater also enters Biscayne Bay from upwelling
of the Biscayne Aquifer. The aquifer is a subterranean
wedge of water-bearing, highly-permeable limestone bed-
rock that extends across Miami-Dade County; it reach-
es its maximum thickness of 240 ft (73 m) at the eastern
edge of the bay (CERP 2010). Since the aquifer is highly
permeable, at shallow depths it is susceptible to ground-
water contamination. The Biscayne Aquifer is one of the
most important natural resources in the area, supplying
public water for Miami-Dade, Broward, and southern
Palm Beach counties. Flow from freshwater springs into
Biscayne Bay declined in the early 1900s when altered Ev-
erglades hydrology lowered the water table (FDEP 2013).
Groundwater levels continued to decline due to increasing
urban and agricultural demand for freshwater.

Biscayne Bay is adjacent to the most heavily populated
region in Florida. In 2015, the population of Miami-Dade
County was estimated at 2.7 million and grew 7.8% be-
tween 2010 and 2015 (U.S. Census 2015). The Port of Mi-
ami River is Florida’s fifth-largest port and receives both
cruise and cargo ships (FDEP 2013). The northern portion
of Biscayne Bay has been the most severely impacted, with
six filled causeways, a major seaport facility, and highly ur-
banized development. South of greater Miami, urban de-
velopment is replaced by agriculture. Water quality greatly
improved in the bay in the 1970s with the development of
more wastewater treatment plants and the elimination of
direct sewage discharge into the bay, but it still receives
significant amounts of nutrients and other pollutants in
stormwater runoff (Browder et al. 2005, FDEP 2013).
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Figure 10.1. Mangrove and salt marsh coverage in the Biscayne Bay area. Data source: SFWMD 2004-2005 land
use/land cover data, based upon FLUCCS classifications (FDOT 1999, SEWMD 2009a).
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Figure 10.2. Aerial image of the white zone adjacent to Card Sound. The cooling canals of the Turkey Point Power

Plant are visible in the upper portion of the image. Image credit: Google Earth.

The Turkey Point Power Plant in southern Biscayne Bay
(Figure 10.1), which includes twin nuclear power stations
and three fossil-fuel power stations, was constructed and
began operation in the late 1960s and early 1970s. The
warm-water effluent was found to have a detrimental im-
pact on Thalassia testudinum (turtle grass) and on many of
the fish and benthic organisms (Zieman and Wood 1975).
Consequently, 168 miles (270 km) of cooling canals were
built through 6,800 acres (2,750 ha) of mangroves adjacent
to the power plant (FDEP 2013). These canals are now a
productive nursery ground for Crocodylus acutus (the
American crocodile), which is listed as threatened under
the federal Endangered Species Act (FDEP 2013).

Mangroves dominate coastal wetland vegetation along
Biscayne Bay. Mangrove canopy height is greatest along the
bay’s western shoreline and decreases further inland (Ruiz
2007). Rhizophora mangle (red mangrove) generally dom-
inates along the coast and in many of the inland forests.
Avicennia germinans (black mangrove), Laguncularia rac-
emosa (white mangrove), and the closely associated Con-
ocarpus erectus (buttonwood) become more prominent
further inland (Smith et al. 1994, Ruiz 2007). Salt marshes,

reduced in extent by the expansion of mangroves, tend to
be dominated by Juncus roemerianus (black needlerush)
or Distichlis spicata (salt grass) (Ruiz 2007).

Southeast Saline Everglades “white zone”

The region landward of Card Sound and Barnes Sound
(Figure 10.1) is part of the area that has been named the
Southeast Saline Everglades (Egler 1952, Ross et al. 2000).
From an aerial view, this region of sparse vegetation ap-
pears white due to the highly reflective nature of the marl
substrate (Figure 10.2) and so has been dubbed the white
zone (Ross et al. 2000, Browder et al. 2005, Bricefio et
al. 2011). The vegetation in this region is composed of
mangrove shrubs along the coastline, which transition to
sparse mangrove—graminoid mixtures of predominantly
R. mangle and Eleocharis cellulosa (Gulf Coast spiker-
ush) (Ross et al. 2000). The vegetation transitions to Cla-
dium jamaicense (sawgrass) freshwater wetlands further
inland. Productivity in this coastal ecosystem is restricted
by a combination of reduced seasonal freshwater flows,
phosphorus limitation, and soil salinity. The vegetation in
the white zone is generally not dense enough to be classi-
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fied as mangrove forest under most land cover classifica-
tion systems. The reduction in surface sheet water flow
has led to the landward expansion of the white zone by
about 0.9 mi (1.5 km) from the 1940s to the 1990s (Ross
et al. 2000).

Biscayne Bay management

Managed regions in the bay include Biscayne Bay
Aquatic Preserve (established in 1974), Biscayne Bay-Cape
Florida to Monroe County Line Aquatic Preserve (estab-
lished in 1975), and Biscayne National Park (established in
1980) (FDEP 2013). Biscayne Bay Aquatic Preserve bound-
aries are restricted to submerged lands in the bay itself;
therefore most of the mapping and monitoring conduct-
ed by the preserve focuses on parameters such as seagrass
extent and water quality (FDEP 2013). Several parks and
preserves also line the shoreline of the bay, and all regions
of the bay are used extensively for recreation. More than
500,000 people visit every year, and 54% of local residents
report using the bay annually (CERP 2010, FDEP 2013).

In an effort to restore the wetlands in this region to a
more natural state, the Comprehensive Everglades Resto-
ration Plan (CERP) includes a Biscayne Bay coastal wet-
land project that aims to redirect freshwater from canals
onto coastal wetlands adjacent to the bay (CERP 2010,
CERP 2012). The three regions of focus for this restoration
program are the Deering Estate, Cutler wetlands, and the
L-31 East Flow-way wetlands near Military Canal. This
surface flow of freshwater will help restore the coastal
wetlands by re-establishing lower salinities, although in-
vasive vegetation that has taken hold in some parts of this
region may need to be addressed as well (Browder et al.
2005, Bricefio et al. 2011, FDEP 2013). CERP efforts to
increase surface freshwater flow may help reduce the ex-
tent of the white zone. Miami-Dade County restoration
efforts in the area include habitat enhancement of spoil
islands, shoreline stabilization, removal of invasive veg-
etation, native vegetation planting, and the creation of
flushing channels (Milano 2000, FDEP 2013).

Threats to coastal wetlands

¢ Climate change and sea-level rise: Sea-level rise is a
threat to coastal ecosystems and estuaries due to ero-
sion, increased salinity, and increased landward extent
of tidal range, which encourages coastal vegetation to
migrate further inland (CERP 2010). Coastal wetland
extent will be reduced in regions where extensive agri-
culture and urban development have replaced natural
buffer zones. Additionally, saline intrusion into aquifers
further diminishes freshwater availability from ground-
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water sources that are already under stress due to water
demand and management (Browder et al. 2005).

e Altered hydrology: As previously mentioned, the ca-
nalization and reduction in sheet flow led to freshwater
depletion in many wetlands along the bay. This alter-
ation has resulted in shifts from freshwater vegetation
to salt-tolerant vegetation. Increasing saltwater intru-
sion and the high salinity of water in the coastal wet-
lands decreases their productivity and ecosystem utility
(Gaiser and Ross 2003, SENRC 2006).

e Urban development: Biscayne Bay is located in heavily
populated Miami-Dade County. With this large human
population comes continued development, loss and frag-
mentation of natural habitats, and increased recreational
use of the bay (Bricefio et al. 2011). While sewage man-
agement has improved, pollution in stormwater runoff
continues to contribute excess nutrients, herbicides, pes-
ticides, fertilizers, heavy metals, and hydrocarbons to the
bay (CERP 2010, Bricefio et al. 2011, FDEP 2013).

e Hurricanes and tropical storms: The location of
Biscayne Bay makes it highly vulnerable to the power-
ful winds and storm surge of hurricanes and tropical
storms. Extensive damage occurred to mangrove forests
after Hurricane Donna in 1960 and Hurricane Andrew
in 1992. After Andrew passed over South Florida, there
was catastrophic damage to the tall (1015 m) R. man-
gle and A. germinans trees along the coast (Smith et al.
1994). By comparison, the smaller R. mangle trees locat-
ed farther inland from the tall coastal trees suffered little
damage. Mangroves on the barrier islands surrounding
Biscayne Bay were also damaged by the intense storm
surge from the hurricane (Smith et al. 1994).

e Invasive species: Like much of Florida, invasive vegeta-
tion such as Schinus terebinthifolius (Brazilian pepper)
and Casuarina spp. (Australian pines) compete with na-
tive species along Biscayne Bay, particularly in regions
recovering from disturbances (FDEP 2013).

Mapping and monitoring efforts

Water management district mapping

The South Florida Water Management District (SFW-
MD) conducts fairly regular land use/land cover (LULC)
surveys. Land cover classifications are based upon SFW-
MD modifications to the Florida Land Use and Cover
Classification System (FLUCCS) (FDOT 1999, SFWMD
2009b). Figure 10.1 presents data from 2004-2003 surveys.
The most recent SFWMD LULC data available for the re-
gion were compiled in 2008-2009, but they are not shown
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here due to erroneously high acreages at-
tributed to salt marshes in those years (see
Ruiz et al. 2008 for a land use cover com-
parison). Minimum mapping units were 5
acres (2 ha) for uplands and 2 acres (0.8
ha) for wetlands. Maps were made by in-
terpreting aerial photography and updat-
ing 1999 vector data (SFWMD 2009a).

Comprehensive Everglades
Restoration Plan monitoring

Monitoring will be conducted as part
of the CERP Biscayne Bay coastal wet-
land project once the construction phase
is complete (CERP 2010, CERP 2012).
Responsibility for monitoring of hydrolo-
gy, ecology, water quality, and endangered
species will be shared by the SFWMD and
the U.S. Army Corps of Engineers.

Local vegetation mapping
and monitoring

Several detailed mapping studies
have been conducted in the coastal wet-
lands along Biscayne Bay. Ruiz and Ross
(2004) did an inventory of mosquito
and drainage ditches along the bay and
compiled management and restoration
recommendations. Ruiz et al. (2002),
Ross and Ruiz (2003), and Ruiz (2007)
used vegetation data from multiple transects to create
species-specific vegetation maps of the western shore of
Biscayne Bay between the Princeton and Mowry canals
(see Figure 10.3). Ruiz et al. (2008) created a high-resolu-
tion vegetation map of Biscayne National Park that in-
cluded portions of the western shore of the bay between
the Deering Estate and Turkey Point.

Recommendations for protection,
management, and monitoring

e Mosquito and drainage ditches need to be removed in
order to improve hydrologic connectivity and fresh-
water retention, and simplify management of the
wetlands. Ditch removal needs to be performed with
caution, however, as it may cause mortality in the man-
groves that have colonized the mosquito ditches and
the disturbance may facilitate establishment of invasive
vegetation (Ruiz and Ross 2004).
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Figure 10.3. Vegetation between Princeton and Mowry canals, as
mapped by Ross and Ruiz (2003).

e Due to continued population growth and urban ex-
pansion, additional land acquisitions are necessary in
order to make large-scale restoration and water redis-
tribution plans feasible (Bricefio et al. 2011). Unde-
veloped privately owned lands are rare in South Flor-
ida and are likely to be developed in the near future
(CERP 2010).

e The South Florida Natural Resources Center outlined
salinity targets optimal for the coastal mangrove zone
along Biscayne Bay (SFNRC 2006). These targets in-
clude a maximum salinity of 30, which will require
close monitoring during the dry season, and oligoha-
line conditions of 05 in the coastal mangrove zone
during the summer rainy season.

e Sewage systems in the Miami area need to be upgrad-
ed, and stormwater treatment needs to address the is-
sues of pollutants, nutrients, and sediment in runoff
(FDEP 2013).
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e An independent review of the CERP Biscayne Bay
Coastal Wetlands Project by the Battelle Memorial
Institute cited the need for more specific means of ad-
dressing sea-level rise and water availability in the re-
gion (BMI 2009). The review also questions whether
the monitoring program is sufficient to detect ecosys-
tem changes and stresses.

Consistent regional mapping and monitoring of coast-
al land cover and vegetation are needed to monitor im-
pacts of changing climate and hydrology (Bricefio et al.
2011). For instance, SFWMD LULC data showed a 10-
fold increase in the area of salt marsh around Biscayne
Bay from 2004-2005 to 2008—2009. This difference re-
flects changes in mapping methodology rather than an
actual increase in salt marsh extent.
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