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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). 
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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 othenvise 
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 oneco­
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
fran1e (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 7: 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 rna-
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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. tesltt(linum 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
croalga1 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-0-War Cay, Belize (Lapointe et al. 1 993), 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 f.LM (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 f.LM 
(note the very high annual mean DIN concentra­
tions in Florida Bay following increased freshwater 
in puts after I 991) . 

The water column nutrient and chlorophyll a 
(chi 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 f.L~1 and 
14.37 f.LM, respectively, well above levels known to 
sustain macroalgal blooms; the mean and maxi­
mum chi a concentrations were 1.05 and 4.86 f.Lg 

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 chi 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. 1 999; 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), chi 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 chi a concentrations occurred. Ammonium 
concentrations up to 120 J.LM (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 l 987 began (Robblee et al. 1991). At con­
centrations as low as 25 f.LM, 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 f.LM, when coupled with 
seasonally ma.ximum 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-



TABLE I. Nutrient concentrations along spatial gradienLs in tropical Thalnssict testudinurn communities of the western Nort.h Atlantic and in Shark Bay, western Australia. 
Mean concentrations ( ± SF.) of salinity (ppt), ammonium, nitrate + nitrite, dissolved inorganic nitrogen (DIN), soluble reactive phosphorus (SRP), or total phosphorus 
(TP) as denoted by *. Nutrient concentration values expressed as 11M, chlorophyll a expressed as 11g/L, n # of samples, ud = undetectable, = no data reported. Note 
high DIN concentrations (mostly ammonium) in Florida Bay versus other sites. 

Site Yciir 

Florida Hay 

(bay-wide) 1989-1990 
( cemral bay) 1991 
(central bay) 1992 
(central bay) 1993 
(central bay) 1994 
(central bay) 1995 
(western bay) 1991 
(western bay) 1992 
(western bay) 1993 
(western bay) 1994 
(western bay) 1995 

Florida Keys 

Big Pine Key 1996 
Little Palm Island 1996 
Looc Key 1996 

Bermuda 

Bailey's Bay-inner 1990 
Bailey's Bay-outer 1990 

Bahamas 
Norman's Pond Cay 1997-1999 

(NI'C)-waterlall 

NPC-algal halo 1997-1999 

Uelize 

Man-0-War C'.ay 1988-1990 
Twin Cays 1988-1990 
Curlew Reef 1988-1990 

Australia 

Shark 1981-198:l 

N 

187 
76 
51 
49 
52 
45 
59 
76 
73 
78 
59 

102 
102 
99 

18 
18 

il 

8 

16 
16 
16 

Salin it}' 

41.4 :t 0.4 
42.7 1.3 
31.5 +- 1.3 
36.1 ::+-!.1 
34.6 .+: 1.2 
26.6 :':: 0.56 
40.2 :t 0.5 
34.6 0.7 
35.5 :t 0.6 
35.0 
29.8 

36.5 
3n.5 
36.4 

37.2 

36 
36 
36 

55.0 

0.1 
0.3 

Arnmo11ium 

1.89 ± 0.15 
7.56 :t Ull 

31.86 :t 16.16 
4.56 :t 1.65 
9.26 :t 1.95 

15.99 2.36 
1.70 0.18 
4.89 :t 1.90 
3.79 0.98 
4.64 :t 0.96 
4.58 :t 1.29 

1.48 :t 0.04 
050 0.07 
0.39 0.06 

0.23 :t 0.()4 
0.17 :t 0.04 

0.69 :t 0.33 

0.54 ± 0.05 

1.21 :':: 0.26 
0.41 :!: 0.10 
0.09 0.01 

Nitlite + Nitl~tt<· DIN 

0.72 0.07 2Ji8 0.21 
0.32 ± 0.06 7.87 0.87 
1.70 :':: 1.42 33.56 c+: 17.58 
1.76 :t 1..15 6.30 ':: 3.09 
1.86 :t 1.31 1 Ll3 :t 3.31 
2.53 1.77 18.52 ± 4.13 
0.54 0.10 2.24 ..+: 0.28 
1.31 ..±: 0.95 6.23 +: 2.85 
1.47 0.98 5.27 :t 1.96 
1.52 0.93 6.15 1.88 
1.64 :t 1.21 6.22 2.49 

0.52 :t 0.12 2.10 ± 0.18 
0.64 0.04 1.18 :t 0.11 
0 . .51 0.04 0.87 :t 0.09 

1.35 ..+: 0.08 1.59 0.12 
0.88 ± 0.06 1.02 0.12 

0.43 :':: 0.1.1) 1.12 :t 0.46 

0.15 :':: 0.22 0.71 :t 0.66 

3.63 :t 1.31 4.84 0.49 
0.36 ± 0.02 0.77 :t 0.12 

ud 0.09 0.12 

0.35 

SRP/TP 

0.03 :t ().QI 

0.91 0.15* 
J .96 :t 0.80* 
1.53 ± 0.65* 
1.47 0.61 * 
1.45 0.71* 
0.61 :t 0.05* 
1.15 :t 0.47* 
0.95 :t 0.15* 
0.95 :t 0.41 * 
1.02 0.48* 

0.06 0.04 
0.04 0.03 
0.0~~ ± 0.03 

0.04 ± 0.04 

0.03 + 0.03 

1.56 ± 0..18 
0.14 0.03 

ud 

0.03 

Chi-a 

1.05 0.07 
1.81 :t 0.17 
2.15 ± 0.23 
3.91 ± 0.32 
4.55 ± 0.39 
2.79 0.35 
1.38 :+ 0.09 
1.74 ± 0.10 
2.15 0.18 
2.36 0.23 
1.93 :t 0.23 

1.86 ± 2.11 
0.55 :t 0.77 
0.59 ::': 0.46 

th:fercncc 

Fourqurean et al. 1993 
SFWMD 
SFWMD 
SFWMD 
SFWMD 
SFWMD 
SFWMD 
SFWMD 
SFWMD 
SFWMD 
SFWMD 

Lapointe et al. 2004 
L>pointe et al. 2004 
Lapointe et al. 2004 

McGlatherv 1995 
McG1athery 1995 

Lapointe et aL 2003 

Lapointe et a!. 2003 

Lapointe et al. 1993 
Lapointe et al. 1993 
Lapnime et al. 199:1 

Atkinson 1987 
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tmes (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. testudinurn in canal systems oft he 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 1 992). 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 t.roublesome 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 chi 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 a!. 1 999). 
Considering the massive human ah.eration 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. testudimtrn ... thrives in a fairly 
narrow salinity range" and later in the discussion 
that "T. testudinurn 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 '!: testudinurn 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 testudinurn 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 bv Zie­
man et al. ( 1999) that "a series of stresses . ' .. in­
cluding salinity stress ... caused the die-off of ... 
T. testudinurn beds". Zieman et al. (1 999, 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 
'I: testudinurn 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 
'/: test1tdinurn grows well over a broad range of sa­
linities. As a result of various morphological (]a­
gels 1973, 1983) and physiological (Puhlich 1986) 
characteristics, T. testudinurn 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 
1: testudinurn 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 
'I: testudinurn was apparently unaffected by dis­
charges of hypersaline brine from reverse osmosis 
desalination facilities. In Charlotte Harbor, Florida, 
Tomasko and Hall (l 999) found that T. testudinurn 
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. ( 1 999) that 7: testudinurn is a steno­
haline marine plant is not supported by the sci­
entific literature. 

The water quality and seagrass data from Florida 



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, chi 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 benveen 1984 
and 1994 for T. tesludinum. For Halodule wrightii 
and Syringodium Jiliforme, biomass was lower in 1994 
than in 1984. Hallet 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. ~~ 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 m-2 (see their Fig. 7) are 
overcrowded, even though T. testudinurn 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 a!. 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. filiforrne with decreasing sa­
linity and associated increases in DIN (mostly am­
monium), chi a, and turbidity since 1991, Zieman 
et a!. ( 1999, p. 467) concluded that "an increase 
in the mass-specific productivity of 1: testudinu-m 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-
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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 macro algal 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 t;stuaries [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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The Lapointe and Barile (2004) note claims to 
be a comment on our recent paper in Estuaries 
(Zieman et al. 1999), but it is really both a com­
ment and a statement of a hypothesis. As a com­
ment on our paper, it demonstrates a skewed read­
ing and direct contradiction of the stated conclu­
sions of our paper. As a statement of a new hy­
pothesis, it relies on a very selective re-analysis of 
previously published work while ignoring com­
pletely the published 1·esults of the original au­
thors. "Getting the science correct" is indeed im­
portant, owing to the large commitment of Federal 
and state funds to address problems of the entire 
south Florida ecosystem that have been caused by 
a century of human activities. Lapointe and Barile 
unfortunately have contributed no new informa­
tion on the state of Florida Bay and in their com­
ment rely on facile reinterpretation of fragments 
of a very robust data set that many scientists have 
collected over the past two decades. In this reply, 
we will address issues raised in roughly the same 
order that they appear in their comment. 

Beginning in 1987, dense meadows of Thalassia 
testudinum in Florida Bay began a rapid and as yet 
poorly understood die-off (Robblee et al. 1991). 
The first contention of Lapointe and Barile is that 
Zieman eta!. (1999, p. 467) "overstated the role 

*Corresponding author; tele: 434/924-0570; fax: 434/982-
21 37; e-mail; jcz@virginia.edu. 
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of hypersalinity" in the Florida Bay seagrass die­
off. We find this curious, since in our conclusions 
in that paper (p. 468) we state "(w)e have pre­
sented evidence that salinity does have a negative 
impact on seagrass productivity, but that salinity 
alone is not a sufficient explanation of the die-off." 
Our data show a clear and significant negative re­
lationship between growth rate of 1: testudinum <md 
salinity of the overlying water column (Zieman et 
a!. 1999, Fig. 6). Our recognition that the original 
seagrass die-off episodes could not be fully ex­
plained by this relationship led to our outlining a 
conceptual model of causes and consequences of 
the die-off of seagrasses in Florida Bay. 

It is in this conceptual model that we dismiss the 
importance of cultural eutrophication of the water 
column as the cause of the seagrass die-off in 1987. 
We made the statement (p. 440) that "general cul­
tural eutrophication of the water column, so often 
the cause of seagrass mortality around the world 
, , . has not been a contributing factor to the recent 
die-off in Florida Bay", At this point after several 
years of additional study we stand behind that 
statement and we believe that the published liter­
ature continues to support that conclusion, We 
also continue to believe that hypersaline condi­
tions are stressful for T. testwlinum, and that sulfide 
toxicity and excessively high biomass with resultant 
high oxygen demands were also factors in the ini­
tial seagrass die-off. 

Lapointe and Barile also have selectively and in­
completely taken isolated fragments of the water 
column data generated by others and published in 
the refereed literature (Fourqurean et a!. 1993; 
Boyer et aL 1997, 1999; Boyer and Jones 2002) to 
support their contention of anthropogenic N in­
crease in Florida Bay while ignoring the basic find­
ing of these papers: the benthos and water column 
of Florida Bay are generally P-limited, which means 
that excess N accumulates in the water column, 
Epiphyte loads on seagrasses from Florida Bay are 
low across most of the bay, and again are strongly 
linked to P availability in the water column (Fran­
kovich and Fourqurean 1997), A claim repeated 
(but not supported with any data) throughout the 
Lapointe and Barile note is tl1at Florida Bay 
showed eutrophic algal growth prior to the sea­
grass die-off in 1987 and that this eutrophication, 
driven by cultural eutrophication entering through 
the Everglades, was the cause of the die-oil. They 
support this claim with statements such as "the ob­
servations in 1983-1984 by Zieman and Fourqur­
ean (1985) and by Zieman et aL (1989) that 'tur­
bid conditions were common' and seagrass leaves 
were "highly epiphytized" in the Mainland fringe 
of Florida Bay were clear ecological indicators of 
incipient nutrient enrichment." (p. 299-301) The 
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Mainland fringe is a narrow habitat band adjacent 
to the mainland and mangrove fringe; this man­
grove fringe is a site of increased primary and sec­
ondary production in the south Florida wetland­
mangrove-seagrass environment. The mangrove 
zone lies at the ecotone between the oligotrophic 
Everglades freshwater marshes and oligotrophic 
Florida Bay; water column nutrients are much 
higher in this ecotone than in the Everglades 
(Rudnick et at. 1999) or Florida Bay (Fomqurean 
et at. 1993; Boyer et al. 1997, 1999). 

The oligotrophic Everglades marshes effectively 
remove most, if not all, of the phosphorus and 
much of the nitrogen that enters from human ac­
tivities in the watershed; but loadings to Florida 
Bay and the Gulf of Mexico are proportional to 
rainfall (Rudnick et al. l 999). In wet years, there 
is increased P and N loading to the nearshore 
coastal ~ystem, but this loading is minor compared 
to other inputs. By far the greatest source ofN and 
P for Florida Bay is water brought in via tidal ex­
change with the Gulf of Mexico (Fourqurean et al. 
1992a, 1993; Rudnick et al. 1999). The claim made 
by Lapointe and Barile that the Rudnick et al. 
(1999) paper showed increased nutrient loadings 
into Florida Bay is a misinterpretation of Figs. 3 
and 4 in Rudnick et al. ( 1999), which show loading 
(natural plus anthropogenic) into the headwaters 
of the oligotrophic Everglades, not loading into 
Florida Bay. There is no evidence of "increased 
nutrient loads to the shallow, nitrogen limited west­
ern and central regions of the bay" during 1982-
1985, as claimed by Lapointe and Barile, and this 
statement illustrates a repeated lack of understand­
ing of the geography and hydrology of the south­
ern Everglades and Florida Bay on their part. We 
also take issue with Lapointe and Barile's selective 
interpretation of the literature when it comes to 
the relative importance of nitrogen and phospho­
rus in Florida Bay. 

Lapointe and Barile claim that we ignore our 
own data on algal biomass from Florida Bay, es­
pecially data on macroalgal biomass in the bay dur­
ing 1983-1984 (Zieman et al. 1989). We do not 
find any evidence of especially high biomass of al­
gae in Florida Bay in 1983-1984; instead, we find 
that Lapointe and Barile grossly misinterpret our 
data. They quote our data on a "localized bio­
mass" of Laurencia sp. of 664 gm- 2• We did report 
that number, but it was a localized sampling; Lau­
rencia was found at only 37% of 108 survey sites, at 
a mean biomass of 24.i gm-2 where it was' present, 
compared to a mean of 67 of green leaves of 
Thalassia testudinurn (Zieman et al. 1989). Consid­
ering that T testudinum has only about 10% of its 
biomass in green leaves (Fourqurean and Zieman 
1991), this means that average 1.: testudinum bio-

mass was over 25X greater than that of LauTencia 
at sites where Laurencia was recorded. The biomass 
comparison grows when the fact that Laurencia was 
found at only 37% of our survey sites is taken into 
account. Laurencia biomass had a bay-wide average 
of only 8.9 gm - 2 in 1983-1 984; this is clearly and 
unambiguously st.ated in Zieman and Fourqurean 
( 1985) and in Zieman et al. ( 1989). High Laurencia 
biomass occurred at a station in the southern part 
of Twin Key Basin, which is 15 km from the main­
land Everglades coastline and in the Atlantic com­
munity, which is flushed primarily from the Atlan­
tic and Gulf Stream, and was not due to any "pre­
dictable response to the elevated Everglades dis­
charges" but was due to its behavior as a drift algae 
that is moved by the winds and currents and is 
blown up against lee banks or drifts in depression 
(Zieman et al. 1989). 

The die-off of seagrasses within Florida Bay, as 
defined by the western boundary of Everglades Na­
tional Park, was indeed first reported by fishing 
guides in 1987. It was at that time that we first re­
visited these areas for the purpose of investigating 
the die-off. There is anecdotal evidence of a ben­
thic macroalgal bloom well to the north and west 
of Florida Bay; we suspect that this is the event 
referred to by Lapointe and Barile as occurring in 
1985. A retrospective analysis of AVHRR images of 
the entire area over the period 1985-1997 did not 
detect seagrass loss until 1988 (Stumpf et al. l 999). 
One of the most striking features about the die-off 
of seagrasses that we (and many others) visited in 
1987 and 1988 was that the plants were dying in 
place under a very clear water column with very 
low epiphyte loads. Approximately 15% of the var­
iation of T testudinurn epiphyte loading in Florida 
Bay can be attributed to nutrient availability, par­
ticularly phosphorus (Frankovich and Fourqurean 
1997). The majority of the variation is due to other 
factors. In seagrass ecosystems undergoing eutro­
phication, negative correlations of seagrass health 
(productivity and biomass) with epiphyte loading 
may be expected (Duarte 1995). As Fig. 1 illus­
trates, no such correlations can be made with re­
gard to Florida Bay 7: testudinurn; the two areas of 
highest leaf productivity (Sprigger Bank and Tav­
ernier Key) are coincident with the highest epi­
phyte loads. The epiphyte community at these sites 
is characterized by the encrusting coralline red al­
gae H_ydrolithon Jarinosurn, which is abundant 
throughout most times of the year. Predominance 
of this epiphyte might be an indicator of oligotro­
phic conditions. A combination of high seagrass 
productivity and high epiphyte productivity may in­
dicate positive overall seagrass ecosystem health. In 
the healthy subtidal Zostera marina meadows in Fri­
day Harbor, Washington, simultaneous high eel-
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Fig. 1. Seagrass growth rates with epiphyte loads from 8 
long-term monitoring sites in Florida Bay (1991-1992). Note 
that the highest seagrass growth rates were at the sites with the 
highest epiphyte loads. 

grass productivity and epiphyte productivity was 
also observed (Nelson and Waaland 1997). The 
spatial and temporal distributions of Florida Bay 
epiphyte loads are disjunct from that of seagrass 
die-off. Florida Bay epiphyte loads are highest dur­
ing winter and early spring and are greatest at sites 
experiencing greater marine influence (Frankov­
ich and Zieman 1994; Frankovich 1996). In con­
trast, primary seagrass die-off is most prominent 
during the fall and has occurred at western inte­
rior sites. Under the present low nutrient regime 
in Florida Bay, seagrass biomass and productivity 
are not negatively correlated with epiphyte load­
ing. These were not and are not the symptoms of 
seagrass loss caused by eutrophication of the water 
column. 

We agree that pollution can lead "to quite ab­
errant developments as the original vegetation be­
comes degraded and replaced by a vegetation con­
sisting of species which are not normally involved 
in the succession series" (Den Hartog 1977, p. 
100); however, that did not happen in Florida Bay 
and certainly not, as implied, in 1983-1984. All of 
the abundant macroalgal species listed in Zieman 
et al. ( 1989) are normal members of the greater 
seagrass community of south Florida, and none are 
in eutrophic abundance. We did not make a link­
age between eutrophication and the loss of T. tes­
tudinum in Florida Bay as there is none. 

While there is a place for generalities, they can 
also be used to deflect a point even when specific 
information is available. In the marine environ­
ment, dissolved inorganic nitrogen (DIN) concen­
u·ations are the most frequently "limiting" nutri-
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ent (Ryther and Dunstan 1971; Nixon 1995). The 
assumption of N-limitation of Florida Bay ignores 
the documentation of the widespread P-limitation 
of the Florida Bay benthos and water column. Nu­
merous works have shown many seagrass meadows 
in south Florida and the Caribbean to be specifi­
cally phosphorus limited (Short et al. 1985, 1990; 
Williams 1987, 1990; Powell et al. 1989, 1991; Four­
qurean et al. 1992a,b, 1993; Frankovich and Four­
qurean 1997). We submit that such specific re­
search references are more pertinent than broad­
scope review papers. 

Lapointe and Barile state Florida Bay is obviously 
eutrophic based solely on water column nitrogen 
numbers. They then cite our work (Fourqurean et 
al. 1993) to indicate "that Florida Bay was highly 
nutrient enriched when the first Bay-wide data 
were collected in 1989-1990." (Lapointe and Bar­
ile 2004, p. 158). We completely reject this overly 
simplistic statement that continues to ignore the 
phosphorus limitation within most of Florida Bay. 
While it is true that some phytoplankton bioassay 
experiments have shown that N is a limiting factor 
for phytoplankton biomass at some times in west­
ern Florida Bay (Lavrentyev et al. 1998; Tomas et 
al. 1999; Cotner et al. 2000), stoichiometric evi­
dence suggests that, in the ben rhos, there is an 
abundance of N with respect toP. N:P ratios in the 
water column and in 1: testudinum leaves are in­
deed about 20:1 on the extreme western margin 
of Florida Bay, but in many of the areas of initial 
seagrass die-off, both water column and seagrass N: 
P ratios are in excess of 80: 1--surely this is not 
consistent with N limitation of the entire ecosys­
tem, as proposed by Lapointe and Barile. Relying 
on water column nutrient ratios to make these ar­
guments, as Lapointe and Barile do, is tenuous at 
best. Wear et al. (1999), in a study of epiphyte en­
richment on seagrasses in northern Florida noted 
on p. 210 that "water column nutrients, however, 
can be a poor indicator of the extent of eutrophi­
cation in aquatic systems because soluble nutrients 
are rapidly removed", citing Suttle and Harrison 
(1988), Suttle et al. (1990), and Tomasko and La­
pointe ( 1991). Similar conclusions were reached 
by Smith et al. (1981), Borum (1985), and Valiela 
et a!. ( 1990). 

It is also curious that Lapointe and Barile have 
extracted data from a funding agency data base 
(their Table 1, Florida Bav numbers attributed to 
SFWMD) instead of citing' the refereed, published 
analyses of these data (Fourqurean et al. 1993; Boy­
er et al. 1997, 1999; Boyer and Jones 2002). Were 
they to consult the papers, they would see clearly 
that chlorophyll a (chi a) concentrations in the 
water column of Florida Bay have not behaved in 
a manner completely consistent with their modeL 
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Chlorophyll concentrations have significantly in­
creased in western Florida Bay, but in central Flor­
ida Bay, a sharp rise over the period 1989-1994 was 
followed by just as sharp a fall during the period 
1994-1998, while eastern Florida Bay, the region 
closest to land-derived nutrients sources, there has 
been a significant decline in water column chlo­
rophyll over the period 1989-1997 (Boyer et al. 
1999). Lapointe and Barile have resorted to casting 
doubt on published chi a data to try to strengthen 
their case by citing an unsupported and factually 
incorrect pronouncement made by Brand (2002). 
It is not correct that there are systematic method­
ological errors in the chi a data (Boyer personal 
communication). Caution must also be taken when 
making facile comparisons of time series, as La­
pointe and Barile make when they claim that a de­
crease in salinity in Florida Bay correlates with 
freshwater discharges in Shark Slough and Taylor 
Slough. Such correlations prove little. Freshwater 
runoff and rainfall are highly correlated in south 
Florida, and at this time runoff contributes very 
little to the freshwater budget of Florida Bay (Nut­
tle eta!. 2000). The major contributor to interan­
nual salinity variability is the balance between pre­
cipitation and evaporation directly over Florida 
Bay. During years with relatively high rainfall, salin­
ity is lowered in Florida Bay and freshwater dis­
charge increases-both of these are a direct re­
sponse to rain, but the freshening of the bay cur­
rently has little to do with stream discharge (Nuttle 
eta!. 2000). 

We agree with Lapointe and Barile that ammo­
nium concentrations in Florida Bay are indeed 
high-and we and others have reported on this 
fact many times (e.g., Fourqurean eta!. 1993; Boy­
er et al. 1997, 1999). Our interpretation of the 
causes are different than Lapointe and Barile's. 
The high ammonium concentrations in Florida 
Bay are coincident with the most strongly P-limited 
regions of the bay. We have hypothesized that this 
ammonium is the result of lack of utilization of this 
N by severely P-limited primary producers; and an­
aerobic decomposition of organic matter and some 
interference in the nitrification and denitrification 
of that DIN. 

What should be made of the rating of Florida 
Bay as highly eutrophic in the NOAA Eutrophica­
tion Assessment (Bricker et al. 1999)? The answer 
is complex. This assessment was based on a survey 
of a few scientists' opinions, and was not based on 
an analysis of data. Why would some scientists re­
port that Florida Bay was, in their opinion, eutro­
phic? The answer lies in the change in water clarity 
that followed the seagrass die-off. As can be clearly 
seen in the time series data on water quality of 
Florida Bay presented in Boyer et a!. ( 1999), tur-

bidity increased markedly beginning in late 1991-
early 1992, a full 4 yr after the major episodes of 
seagrass die-off in 1987-1988. The switch from a 
clear water column to a verv turbid one was obvi­
ous to all observers of Florida Bay. The most likely 
causes of this turbidity increase is an increase in 
suspended sediment and phytoplankton that oc­
curred as a consequence of the loss of seagrasses 
in 1987-1988, not as a cause. It appears that inter­
nal loading of nutrients as a consequence of de­
composition and sediment resuspension, led to in­
creases in phytoplankton biomass. The loss of sea­
grass during the die-off not only caused an in­
crease in the internal nutrient loadings, but, 
simultaneously, a very important nutrient sink was 
lost (i.e., the T. testudinum plants themselves) Us­
ing estimates ofT. testudinum TP and TN nutrient 
uptake rates of 2.25 mg P-2 day- 1 and 16.28 mg 
N 2 day- 1 (Madden et al. 2003), the loss of 4,000 
hectares of T. testudinum resulted in an estimated 
annual addition of 240 metric tons of TN and 33 
metric tons of TP, which then became available for 
uptake by phytoplankton and macroalgae. These 
nutrient amounts are approximately 97 times larg­
er than the annual TP loading and 8.9 times larger 
than the annual TN loading into Florida Bay 
through Taylor Creek (0.34 and 26.8 metric tons, 
respectively; Rudnick et al. 1999). 

Increased turbidity and phytoplankton biomass 
did indeed cause light availability problems for 
Florida Bay seagrasses. The response to decreased 
light was a thinning of the 7: testudinum biomass 
and an initial sharp decrease in the biomass of Hal­
odule wrightii and Syringodium filiforme (Hall et al. 
1999). It is interesting that the distribution of T. 
testudinum was largely unaffected by these events 
(Hall et al. 1 999). Halophila species have recently 
begun to show up in Florida Bay (Durako et al. 
2002). This species has a very low light require­
ment for a seagrass, and is often found in deep or 
turbid waters. Epiphyte accumulation rates are l-
2 orders of magnitude lower than those observed 
in the Patuxent River estuary of Chesapeake Bay 
using identical techniques (Table 1). 

Of all the points raised by Lapointe and Barile, 
one we wish we had stated more clearly is on the 
general salinity response of T. testudinurn to salinity. 
A more precise statement than "T. testudiniurn is a 
stenohaline marine plant" (on p. 467) would be 
that it is capable of surviving in a broad range of 
salinities, but that it thrives in a fairly narrow salin­
ity range. The data presented in Zieman et al. 
(1999) clearly demonstrate reduced growth rates 
in hypersaline conditions. There is also literature 
support of this finding. Lapointe and Barile noted 
our citation of McMillan and Moseley (1967) and 
we recognize that the overall design of this pio-



TABLE 1. Mean Epiphyte Accumulation Rates. The Florida 
Bay rates are from T. Frankm~ch, March-April 2001, 7-11 d 
accumulation. The Patuxent River rates are fmm Stankelis eta!. 
(1999; seasonal means estimated from graph, pages 102-103), 
6-8 d accumulation. 

Florida Bay 
Duck Key 
Bob Allen 
Spriggcr 

Patuxent River 

19 
13 
52 

60--520 

4 
15 
18 

100--500 

neering work is not perfect. However, they over­
looked our citation of Zieman (1975), where a 
field study of nearly 200 productivity measure­
ments over a two-year period showed highest pro­
ductivities near 30 psu. Zieman (1975) stated on 
p. 108 that "Thalassia showed a salinity optimum 
in these studies of 30 ppt, with decreased produc­
tivity above and below this." T. testudinum can tol­
erate salinities as low as 3.5-5 ppt (Sculthorpe 
1967) or as high as 60 ppt (McMillan and Moseley 
1967) for short periods of time, but usually under­
goes defoliation. 

Lapointe and Barile misrepresent the citations 
of Tabb et al. (1962) that we used. Tabb et al. 
( 1962, p. 42) do indeed state that "with marked 
reduction in salinity ... the Thalassia underwent 
decline in size and abundance" and we also believe 
that to be true. Tabb et al. (1962, p. 43) state that 
it appears "that long periods of near or slightly 
above no-rmal salinities (our emphasis) are a require­
ment for maximum growth of Thalassia." That 
statement is in agreement with our work but gives 
no basis for the misleading statement of Lapointe 
and Barile (2004, p. xx) that "Tabb et al. (1962) 
concluded that T. testudinum thrives (our emphasis) 
under hypersaline conditions." Tabb et al. ( 1962) 
did not conclude that hyper salinity caused T. tes­
tudinum to "thrive" as stated by Lapointe and Bar­
ile (2004, p. 160). This occurred at Salinities at or 
just above "normal salinities" (Tabb et al. 1962; p. 
43). Tabb et al. (p. 74-75) later stated that "under 
hypersaline conditions (above 40-50%o) the turtle 
grass Thalassia testudinurn is adversely affected. The 
blades of the "grass'' die back and expose the bot­
tom muds. This was actually the first description of 
a small-scale seagrass die off in Florida Bay. 

Lapointe and Barile misrepresent the concep­
tual model presented in Zieman et al. (1999) time 
and again. It is not true that the conceptual model 
concludes that hypersalinity caused the seagrass 
die-off. We state that hypersalinity is but one stress 
on seagrasses in Florida Bay. Just as important in 
our conceptual model is the observation that sea-
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grass die-off in 1987-1988 was confined to only the 
very densest seagrass beds in Florida Bay. Surely, 
some result of the dense seagrass community 
caused a stress on seagrasses that led to their de­
mise. In our conceptual model, we stated on p. 468 
that "these dense beds became overcrowded and 
unstable," but we nowhere state that "meadows 
with biomass higher than 50 to 100 g dry wt-2 are 
overcrowded." (2003, p. 468) Our model hypoth­
esizes that as Florida Bay became more marine, T. 
testudinum both expanded its coverage, often at the 
expense of the more euryhaline H. wrightii, and 
increased greatly in biomass. This is supported by 
the changes in seagrass distribution between the 
map of Schmidt (1979) and our map in 1983-1984 
(Zieman et al. 1989), by Fig. 7 in Zieman et al. 
(1999), and by the observations of numerous ob­
servations of fishing guides as reported by Michael 
Collins, then president of the Islamorada Guides 
Association and currently a member of the govern­
ing board of the South Florida Water Management 
District. The seagrass beds that succumbed to the 
initial die-off of T. testudinum in 1987 were indeed 
unusually dense. At the beginning of our sampling 
of the die-off, 8 mo after it began, average standing 
crop at die-off stations was 200 g m-2• Lapointe and 
Barile claim that such densities are common, but 
there is no support for this in the literature. To­
masko and Lapointe (1991) report densities at 17 
locations from Florida and the Caribbean, and a 
maximum leaf biomass of !50 g m but an aver­
age of only 48 g m-2• Based on a comprehensive 
monitoring program in south Florida seagrass 
beds, a typical T. testudinum meadow has a leaf den­
sity of 40-50 g 2 , and they rarely exceed 80 
(Fourqurean et al. 2001). 

We find that there is no "substantial evidence" 
as stated by Lapointe and Barile (p. 161) linking 
declines in biomass, density, and productivity of T. 
testudinum, H. wrightii, and S. jilifonne with decreas­
ing salinity." Declines before 1991 were definitely 
not associated with increases in nutrients, chi a, 
and turbidity, as the bay remained generally clear 
except at the immediate die-off basins. Figure 2 
shows an aerial view of Rankin Lake in the summer 
of 1988, early in the die-off. The clear water col­
umn and dense seagrass with coalescing patches of 
bare sediment were the symptom of the die-off in 
this basin and are not characteristic of eutrophi­
cation events. Figure 3 shows an underwater close­
up of the same area. Note the clean water, clean 
green leaves with few epiphytes, and brown to 
black lesions on the leaves caused by the slime 
mold I.abyrinthula. This photo of seagrasses as they 
were dying is clearly not consistent with eutrophi­
cation-induced loss of seagrass. 

There is no "disconnect between their data and 
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Fig. 2. The water column overlying seagrasses in Rankin 
Lake. Prior to the original episodes of seagra.~s dit.~off in 1989 
remained optically clear a.~ can be seen in this low-level oblique 
photograph taken on Rankin Lake in central Florida Bay 
(25°6.3'N, 81 °47.5'W). 

interpretation" in our discussion of the time series 
of seagrass growth rates in Zieman et al. ( 1999), as 
stated by Lapointe and Barile on p. 161. Although 
mass-specific productivity increased total standing 
crop continued to decrease because of a reduction 
in density of short shoots and accelerated leaf loss. 
We attributed "this increase in mass-specific pro­
ductivity to a thinning of the seagrass canopy and 
the subsequent decrease in light attenuation within 
the plant canopy." (p. 467) This is consistent with 
earlier work where Zieman et al. (1984) showed T. 
testudinum to increase its turnover rate by as much 
as 30% in response to canopy thinning by green 
sea turtles. 

The restoration of historic fresh water flow to 
the southern Everglades and Florida Bay is a major 
driving force of the Everglades restoration plan. 
Lapointe and Barile rely on selective citation to 
overstate the support for their ideas about the 
cause of change in Florida Bay, while continuing 
to ignore the published interpretations of the data 
that they selectively use to create their "just so" 
story. The local, state, and Federal resource man­
agement agencies and policy makers responsible 
for the stewardship of Florida Bay were not at all 
confused by various hypotheses pertaining to the 
demise of Florida Bay. We believe that these policy 
maket·s have been influenced by a progression of 
papers and a body of knowledge that has built up 
over the past decade that have shown that the res­
toration of historic waterflows to the lower Ever­
glades and Florida Bay is the key to the restoration 
of the whole ecosystem. 

Summary 

While cultural eutrophication of the coastal 
ocean is widespread and has negatively impacted 

Fig. :1. An actively dying seagrass meadow in Rankin Lake in 
1989. Note the clear water and absence of notable epiphyte load 
or macroalgae. 

many ecosystems, it was clearly not the cause of the 
1987-1988 Florida Bay seagrass die-off. The pub­
lished literature paints a clear picture. Lapointe 
and Barile (2004) have ignored much of this lit­
erature, and have instead presented a superficial 
re-analysis of very selective subsets of published 
works and gray literature. Proper environmental 
stewardship should be based on a careful analysis 
of ecological data from the system at hand. The 
analyses presented by Lapointe and Barile can sim­
ply not withstand scrutiny, and their direct criti­
cisms of our paper (Zieman et al. 1999) are largely 
without support. 

We are most concerned with the restoration of 
the historic Florida Bay, and this means the Florida 
Bay prior to the upstream water modifications. 
What we do not want is a return to a highly re­
stricted system that created the conditions of the 
1980s. The bay communities of the 1980s were aes­
thetically pleasing, but much of the bay was more 
like a back-reef seagrass community than an estu-



arine community. As Fourqurean and Robblee 
(1999, p. 355) stated as a summary to the collected 
works published in the special issue of Estuaries on 
long-term changes in Florida Bay, " ... the natural 
state of the Florida Bay ecosystem is one of vari­
ability and change. For this reason, a clear causal 
link between recent changes in the ecosystem and 
human activities in the ecosystem eludes detection. 
To their credit, governments and resource man­
agers have adopted a precautionary approach and 
are proceeding in recognition of the possible eco­
logical consequences of their actions. Indeed, 
long-term plans for the renovation of the water 
management infrastructure have ecosystem resto­
ration as a principal goal. But, restoration to what 
state? The insight to be drawn fi·om this volume 
[1999. Estuaries, 22(2B)] is that the objectives for 
a restored Florida Bay musl lake account its inher­
ently variable nature. To manage Lhe bay as a slalic 
system would alter the nature of Florida Bay far 
more than may have already occurred." 
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