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Technical Notes and Comments

Comment on J. C. Zieman, J. W.
Fourqurean, and T. A.
Frankovich. 1999. Seagrass Die-
off in Florida Bay: Long-term
Trends in Abundance and Growth
of Turtle Grass, Thalassia
testudinum. Estuaries 22:460–
470.

BRIAN E. LAPOINTE* and PETER J. BARILE

Division of Marine Science, Harbor Branch
Oceanographic Institution, Inc., 5600 U.S. 1
North, Fort Pierce, Florida 34946

In an issue of Estuaries dedicated to Florida Bay
[1999 Vol. 22(2b)] Zieman et al. (1999) presented
the results of long-term monitoring of seagrass
abundance and productivity as well as a hypothet-
ical model of factors leading to the seagrass die-off
in Florida Bay. The causes of underlying water
quality deterioration and seagrass die-off in Florida
Bay have been reviewed by the Florida Bay Scien-
tific Review Panel (Boesch et al. 1993) and more
recently, the Committee on the Restoration of the
Greater Everglades Ecosystem (CROGEE; National
Research Council [NRC] 2002). We concur with
these reviews and find no compelling evidence
within the scientific literature or from our own re-
search to support the hypothesis of Zieman et al.
(1999) that hypersalinity was a significant factor
leading to seagrass die-off in Florida Bay. Our com-
ments below support the view that Zieman et al.
(1999) have overstated the role of hypersalinity
while categorically dismissing the role of nutrient
enrichment and eutrophication in generating re-
gional water quality degradation and seagrass die-
off in Florida Bay. This issue of ‘‘getting the science
right’’ is critical to the success of the multi-billion-
dollar Comprehensive Everglades Restoration Plan
(CERP) to restore natural resources in Everglades
National Park and downstream waters of the Flor-
ida Keys National Marine Sanctuary (FKNMS).

* Corresponding author: tele: 772/465-2400 ext. 276; fax:
772/468-0757; e-mail: lapointe@hboi.edu.

No Eutrophication in Florida Bay?

Zieman et al. (1999, p. 468) stated that ‘‘general
cultural eutrophication of the water column, so of-
ten the cause of seagrass mortality around the
world . . . has not been a contributing factor to the
recent die-off in Florida Bay’’ and cited Fourqur-
ean et al. (1993) as supporting evidence. Fouqur-
ean et al. (1993) did not provide any data or ob-
servations of any seagrass parameters, such as den-
sity, biomass, productivity, epiphyte loads, or asso-
ciated macroalgal biomass that might otherwise
indicate nutrient stress in seagrass communities.
Because nutrient data are not available for Florida
Bay prior to the massive die-off of Thalassia testu-
dinum (turtle grass) in 1987, one must rely on eco-
logical indicators to infer the trophic status of Flor-
ida Bay’s seagrass communities. Duarte (1995) and
Valiela et al. (1997) reviewed nutrient-mediated
succession in seagrass ecosystems and detailed how
faster-growing algal competitors, including at-
tached epiphytes, macroalgae, and phytoplankton
blooms, result from increased nutrient loads, lead-
ing to light limitation and ultimately the demise of
seagrasses. The observations in 1983–1984 by Zie-
man and Fourqurean (1985) and Zieman et al.
(1989) that ‘‘turbid conditions were common’’ (p.
41) and seagrass leaves were ‘‘highly epiphytized’’
(p. 41) in the Mainland fringe of Florida Bay were
clear ecological indicators of land-based nutrient
enrichment. Rudnick et al. (1999) showed in-
creased nitrogen and phosphorus loadings into
Florida Bay (see their Figs. 3 and 4) in this time-
frame (1982–1985) from both Shark River Slough
and Taylor Slough. These increased nutrient loads
to the shallow, nitrogen-limited western and cen-
tral regions of the bay (Larentyev et al. 1998; To-
mas et al. 1999; Brand 2002) readily explain in-
creasing turbidity and seagrass epiphytes. These co-
incidental phenomena in 1983–1984 provided the
first evidence that Everglades runoff was impacting
water quality and seagrass health in Florida Bay—
several years prior to the massive seagrass die-off.

Although Zieman et al. (1999) presented their
interpretation of the dynamics of T. testudinum
communities in Florida Bay over the past several
decades, they did not mention the ecological sig-
nificance of high macroalgal biomass evident in
their own data from 1983–1984 (Zieman and Four-
qurean 1985; Zieman et al. 1989). A more com-
prehensive review that includes the role of ma-
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croalgae, particularly the role of the rhodophyte
Laurencia spp. in the eutrophication of Florida Bay
seagrass communities, is presented elsewhere (La-
pointe et al. 2002). Nutrient-enrichment bioassays
have shown nitrogen-limited productivity of Lau-
rencia in Florida Bay (Delgado and Lapointe 1995),
which would be especially strong in western Flori-
da Bay where relatively low water column N:P ra-
tios of ;20:1 occur (Fourqurean et al. 1993). The
Adaptive Environmental Assessment and Manage-
ment Workshop for Florida Bay (South Florida Wa-
ter Management District [SFWMD] 1995, p. 3) in-
cluded observations by Florida Bay fisherman who
stated ‘‘the first seagrass die-off occurred in the
western Bay in 1985, when macroalgae laid so thick
on the bottom that it denuded the bottom.’’ This
report contradicts the opening statement of Zie-
man et al. (1999, p. 460) that ‘‘in late 1987, fishing
guides reported the beginning of a large and ap-
parently unprecedented die-off of the seagrass T.
testudinum.’’

Blooms of macroalgae are well-known indicators
of eutrophication in T. testudinum communities
and their occurrence in Florida Bay in the early
1980s was an obvious sign of water column nutrient
enrichment. Den Hartog (1977, p. 100) first de-
veloped a succession model for T. testudinum com-
munities and noted that ‘‘pollution leads to quite
aberrant developments as the original vegetation
becomes degraded and replaced by a vegetation
consisting of species which are not normally in-
volved in the succession series, or occur only as
rare companion species’’. Several other case stud-
ies in coastal waters of the western North Atlantic
likewise describe similar nutrient mediated ma-
croalgal blooms in T. testudinum communities.
These case studies include sewage-impacted waters
of Cancun Lagoon (Reyes and Merino 1991), the
Florida Keys (Lapointe et al. 1994, 2004), and Ber-
muda (McGlathery 1995), as well as more localized
natural enrichment from a seabird rookerie at
Man-O-War Cay, Belize (Lapointe et al. 1993), and
a mangrove tidal creek at Norman’s Pond Cay, Ex-
umas, Bahamas (Lapointe et al. 2003). Experimen-
tal studies have shown that growth rates of tem-
perate and tropical macroalgae generally become
nitrogen-saturated at relatively low DIN concentra-
tions of ;1.0 mM (Lapointe 1999). Table 1 pre-
sents nutrient data from a variety of tropical and
subtropical settings where T. testudinum communi-
ties have become replaced by macroalgal blooms
as mean DIN concentrations approach ;1.0 mM
(note the very high annual mean DIN concentra-
tions in Florida Bay following increased freshwater
inputs after 1991).

The water column nutrient and chlorophyll a
(chl a) data presented by Fourqurean et al. (1993)

indicate that Florida Bay was highly nutrient en-
riched when the first bay-wide data were collected
in 1989–1990 (Table 1). The mean and maximum
bay-wide DIN concentrations were 2.68 mM and
14.37 mM, respectively, well above levels known to
sustain macroalgal blooms; the mean and maxi-
mum chl a concentrations were 1.05 and 4.86 mg
l21, which are also very high for tropical seagrass
meadows and indicate that the nutrient-mediated
succession from mixed seagrass and macroalgae to
phytoplankton blooms was well underway. These
data are inconsistent with the statement of Zieman
et al. (1999, p. 461) that ‘‘persistent algal blooms
have been present in central and western Florida
Bay since 1991’’. Brand (2002) has described how
the chl a method used by Fouqurean et al. (1993)
underestimated chl a concentrations in Florida Bay
by two- to five-fold, suggesting that phytoplankton
blooms were even more developed than indicated
by their data.

The effects of Everglades runoff in accelerating
eutrophication of Florida Bay are clear in data
from the early 1990s when massive increases in
fresh water flows and nitrogen loads to Florida Bay
occurred (Rudnick et al. 1999; Lapointe et al.
2002). Between 1991 and 1997, increased discharg-
es from Shark River Slough and Taylor Slough cor-
related significantly with decreased salinity
throughout the bay and significant increases in am-
monium (central bay), chl a (central bay, western
bay), and turbidity (bay-wide, Boyer et al. 1999; La-
pointe et al. 2002). Values from the South Florida
Water Management District’s (SFWMD) Florida
Bay water quality database in Table 1 indicate that
the development of phytoplankton blooms in both
the western and central bay followed the increased
discharges and nitrogen loads and were most se-
vere in central Florida Bay where the highest DIN
and chl a concentrations occurred. Ammonium
concentrations up to 120 mM (Boyer et al. 1999),
several-fold higher than concentrations known to
cause direct toxicity to seagrasses, were reported in
this region of the bay where the massive seagrass
die-off of 1987 began (Robblee et al. 1991). At con-
centrations as low as 25 mM, ammonium is toxic to
seagrasses, particularly during warm periods when
its effect is cumulative over time (van Katwijk 1997;
Hauxwell et al. 2001). In experimental mesocosms,
nitrate enrichment to ;3 mM, when coupled with
seasonally maximum temperatures, also caused
toxicity and die-off of Zostera marina (Burkholder
et al. 1992). Increased water column and benthic
respiration and resulting hypoxia-anoxia are a
widely recognized consequence of nitrogen enrich-
ment and elevated primary productivity in many
anthropogenically-altered estuaries, particularly
when coupled with peak summertime tempera-
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tures (D’Avanzo and Kremer 1994; Valiela et al.
1997). Extended periods of anoxia (in both diur-
nal and seasonal time scales) in Florida Bay sea-
grass communities may have caused accumulation
of toxic concentrations of hydrogen sulfide as a
result of increased anaerobic respiration in the
benthos (Goodman et al. 1995), and alteration of
redox conditions necessary for uptake of ammo-
nium in interstitial waters by root systems (Pregnall
et al. 1984). These conditions may have been di-
rectly involved with widespread seagrass decline
starting in the summer of 1987 (Carlson et al.
1994), following several years of accelerated exter-
nal loading of nitrogen and build-up of organic
matter. Lapointe and Matzie (1996) also observed
die-off of T. testudinum in canal systems of the lower
Florida Keys coincident with anoxia during sum-
mer of 1992 following years of organic build-up
from sewage pollution.

The importance of nitrogen enrichment from
the Everglades watersheds to algal blooms in Flor-
ida Bay were reported over a decade ago (Lapointe
and Clark 1992). The Florida Bay Science Program
Management Committee (Boesch et al. 1993, p.
12) concluded that algal blooms in the western bay
‘‘predated the seagrass die-off’’ and ‘‘could result
from increased nutrient loading in the Shark River
Slough discharge’’ and that ‘‘the western bay
blooms may be characteristic of a troublesome and
growing trend of coastal eutrophication’’. A recent
National Oceanic and Atmospheric Administration
National Estuarine Eutrophication Assessment
ranked Florida Bay as having a high level of ex-
pression of eutrophic conditions, an index based
on chl a, macroalgal abundance problems, epi-
phyte abundance problems, low dissolved oxygen,
nuisance and toxic algal blooms, and loss of sub-
merged aquatic vegetation (Bricker et al. 1999).
Considering the massive human alteration of water
quality and nutrient loading from agricultural and
urban sources on South Florida’s watersheds, the
conclusion of Zieman et al. (1999) that cultural
eutrophication has not been a factor in the sea-
grass die-off in Florida Bay would seem untenable.

Thalassia testudinum: A ‘‘Stenohaline’’ Marine
Plant?

Zieman et al. (1999, p. 461) stated in their in-
troduction that ‘‘T. testudinum . . . thrives in a fairly
narrow salinity range’’ and later in the discussion
that ‘‘T. testudinum is a stenohaline marine plant’’,
citing the work of McMillan and Moseley (1967) as
supporting evidence. Their statements are not sup-
ported by the work of McMillan and Moseley
(1967) who grew four species of seagrasses in Tex-
as over 55 d at salinities up to 74 ppt and reported
growth of T. testudinum up to 60 ppt; this apparent

upper salinity tolerance exceeds the mean salinity
reported for Rankin Lake (40 ppt) and Rabbit Key
Basin (36–38 ppt) in 1987 where T. testudinum be-
gan its die-off in Florida Bay (Zieman et al. 1999).
This experimental work conducted over thirty
years ago does not support the statement by Zie-
man et al. (1999) that ‘‘a series of stresses . . . in-
cluding salinity stress . . . caused the die-off of . . .
T. testudinum beds’’. Zieman et al. (1999, p. 468)
relied heavily on the early observations and anec-
dotes of Tabb et al. (1962) for the potential role
of hypersalinity on seagrass mortality in Florida
Bay, but Tabb et al. (1962, p. 38) concluded that
T. testudinum thrives under hypersaline conditions
in Florida Bay by stating ‘‘with marked reduction
in salinity beginning in the winter of 1957 and end-
ing in 1960, the Thalassia underwent decline in
size and abundance . . . they did not return in
abundance until the drought of 1961–1962, reach-
ing peak growth and coverage in the spring of
1962. Thus it appears that long periods of near or
slightly above normal salinities are a requirement
for maximum growth of Thalassia’’. Regarding the
potential impact of hypersalinity on fish popula-
tions in Florida Bay, Tabb and Roessler (1989, p.
31) more recently concluded ‘‘hypersalinity . . . an
assumption that exists today, but which has yet to
be proven by convincing quantitative study, either
in field or laboratory’’.

Contrary to the interpretation of Zieman et al.
(1999), there is substantial scientific evidence that
T. testudinum grows well over a broad range of sa-
linities. As a result of various morphological ( Ja-
gels 1973, 1983) and physiological (Puhlich 1986)
characteristics, T. testudinum grows in portions of
Laguna Madre where salinities range between 45–
50 ppt (Conover 1964) and in areas of the Baha-
mas where salinities range up to 46.5 ppt ( Jagels
1983). DeFelice and Lynts (1978) reported finding
T. testudinum in portions of Florida Bay that were
regularly hypersaline. A sibling species, T. hempri-
chii, is normally found in the hypersaline areas of
the northern Red Sea (Price et al. 1988). In both
Antigua (Tomasko et al. 1999) and Bermuda
(Smith 1995), density, biomass, and productivity of
T. testudinum was apparently unaffected by dis-
charges of hypersaline brine from reverse osmosis
desalination facilities. In Charlotte Harbor, Florida,
Tomasko and Hall (1999) found that T. testudinum
was able to persist in locations where salinity varied
from ,5 to .30 ppt, although biomass and pro-
ductivity declined when salinities were below 20
ppt for extended periods of time. The contention
of Zieman et al. (1999) that T. testudinum is a steno-
haline marine plant is not supported by the sci-
entific literature.

The water quality and seagrass data from Florida
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Bay over the past two decades indicates that the
recent trend towards decreasing salinity between
1991 and 1997 have been much more damaging
to the bay than any prior effects of hypersalinity.
Water managers increased fresh water flows begin-
ning in 1991 via both Shark River Slough and Tay-
lor Slough to reduce salinity bay-wide (McIvor et
al. 1994). Between 1990 and 1995, salinity de-
creased dramatically throughout Florida Bay (from
;41 ppt to 23 ppt bay-wide, SFWMD) with corre-
sponding increases in nitrate, ammonium, chl a,
and turbidity, especially in central and western
Florida Bay (Boyer et al. 1999; Lapointe et al. 2002,
Table 1). In the Interior, Mainland, and Gulf por-
tions of Florida Bay, Hall et al. (1999) showed sig-
nificant declines in shoot density between 1984
and 1994 for T. testudinum. For Halodule wrightii
and Syringodium filiforme, biomass was lower in 1994
than in 1984. Hall et al. (1999, p. 458) stated that
‘‘. . . recent observations (Durako and Hall unpub-
lished data) indicate continued dramatic losses of
T. testudinum in western Florida Bay’’, an area of
the bay that is not affected by hypersalinity. As the
data of Zieman et al. (1999) also show, standing
crop, short shoot density, and areal productivity all
decreased dramatically in both their die-off and
control sites between 1989–1990 and 1995 (their
Figs. 3 and 4) as the bay-wide salinity decreased. A
loss of seagrass cover also followed the reduction
of salinity in Laguna Madre, Texas, a result of as-
sociated increases in turbidity from maintenance
dredging and eutrophication (Quammen and
Onuf 1993).

In describing how hypersalinity contributed to
the massive seagrass die-off in 1987, Zieman et al.
(1999) stated that ‘‘these dense beds became over-
crowded and unstable’’. The hypothesis that lush
meadows are unstable is also unsupported by the
scientific literature. Zieman et al. (1999) claimed
that T. testudinum meadows with biomass higher
than 50 to 100 g dry wt m22 (see their Fig. 7) are
overcrowded, even though T. testudinum meadows
often have biomass values in excess of these values
in the Florida Keys and Belize (Tomasko and La-
pointe 1991), Charlotte Harbor (Tomasko and
Hall 1999), Sarasota Bay (Tomasko et al. 1996),
and Tampa Bay (Dixon and Leverone 1995).

Despite the substantial evidence linking declines
in biomass, density, and productivity of T. testudin-
um, H. wrightii, and S. filiforme with decreasing sa-
linity and associated increases in DIN (mostly am-
monium), chl a, and turbidity since 1991, Zieman
et al. (1999, p. 467) concluded that ‘‘an increase
in the mass-specific productivity of T. testudinum in
Florida Bay . . . suggests the stresses on seagrasses
have lessened over the monitoring period . . . de-
spite a decrease in water clarity’’ and that ‘‘the less-

ening of stress is a direct consequence of the loss
of seagrass biomass from Florida Bay’’. We cannot
understand this logic, which equates seagrass die-
off with seagrass recovery. The term biomass spe-
cific productivity is a result of leaf turnover rate
multiplied by a factor of 10. In Tampa Bay (Dixon
and Leverone 1995), Sarasota Bay (Tomasko et al.
1996), and Charlotte Harbor (Tomasko and Hall
1999), leaf turnover rates have shown variation due
to season, but not location; in these studies, shoot
densities, areal blade biomass, and areal blade pro-
ductivity values varied significantly between loca-
tions with different nutrient loads, water clarity,
and salinity regimes. If biomass specific productiv-
ity is a good indicator of seagrass health, why hasn’t
the increase in turnover rates seen after 1992 (Fig.
4b) led to increased density, standing crop, and
areal productivity for the years 1993–1995 (Figs.
3a, 3b, and 4c, respectively)? This disconnect be-
tween their data and interpretation is difficult to
reconcile in context with their conclusion (Zieman
et al. 1999, p. 469) that ‘‘our observations and . . .
conceptual model predict the losses of seagrasses
from Florida Bay may be slowing and that the eco-
system may be reaching a new equilibrium’’.

Restoring seagrass communities in Florida Bay
by reducing salinity is a primary management goal
of the Comprehensive Everglades Restoration Plan
(CERP) and is supported by the FKNMS whose
mission is to provide long-term protection to the
coral reef resources of the Florida Keys. As stated
in the Water Quality Protection Program for the
FKNMS developed by U.S. EPA (1996, p. 11):
‘‘most scientists believe that recent ecological prob-
lems in Florida Bay are the result of long-term re-
duction in freshwater flow from the Everglades to
the Bay. The mechanism has not been document-
ed, but high salinities and a long-term change
from an estuarine to a marine system are believed
to be contributing factors’’. Scientific evidence to
support these assumptions does not exist. The re-
cent National Academy of Sciences CROGEE re-
port (NRC 2002, p. 2 of Executive Summary)
states:
‘‘An important assumption often made by scientists
and managers associated with the CERP, and by the
public, is that the increased flows of water deemed
necessary to restore habitats in the Everglades also
will contribute to the restoration and enhance-
ment of Florida Bay . . . For a number of reasons,
these assumptions may not be correct. First, the
evidence linking turtle grass die-off to hypersalinity
is equivocal and there is little agreement within the
Florida Bay research community that this was the
causative factor of the die-off. In addition to the
uncertainties concerning the amount of fresh sur-
face and groundwater that may enter Florida Bay
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because of the CERP, it is possible that an increase
in water would also bring an increase in nutrient
inputs.’’

We believe that a body of scientific evidence sup-
ports the view that increased water deliveries to
Florida Bay between 1991 and 1997 has already re-
sulted in significant nutrient enrichment that
caused severe and irreparable damage not only to
the bay, but also to downstream waters of the
FKNMS. The ecological effects of these nutrient
inputs followed, with few exceptions, the predict-
able responses of a shallow, subtropical seagrass
and coral reef ecosystem to escalating nutrient
loads. The damage included a sponge die-off (But-
ler et al. 1995), loss of macroalgal biodiversity
(Dawes et al. 1999), increased algal blooms and
turbidity (Brand 2002; Lapointe et al. 2002), and
a 38% loss of coral cover throughout the FKNMS
between 1996 and 1999 (Harvell et al. 1999; Porter
et al. 2002). CERP water management policies (as
promulgated by the U.S. Army Corp of Engineers
and SFWMD) for restoration of Florida Bay (see
Redfield 2000) are based on the spurious hypoth-
eses (see review of Gunderson and Walters 2002)
in Zieman et al. (1999) and supporting literature
from the issue of Estuaries [1999 Vol. 22(2)] dedi-
cated to Florida Bay. Nutrient pollution associated
with discharges of Everglades runoff into Florida
Bay and the FKNMS is a case study of excessive
nitrogen enrichment (Vitousek et al. 1997) that is
widely affecting U.S. coastal waters (Bricker et al.
1999; Howarth et al. 2000; NRC 2000). This alter-
native interpretation of the factors causing seagrass
die-off in Florida Bay will be critical to the success
of efforts to restore the linked ecosystems of the
Everglades, Florida Bay, and the Florida Reef Tract.
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