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Abstract

Florida's marine species, including threatened and endangered species, are subjected to adverse
environmental conditions due to groundwater alterations because agencies charged with implement-
ing and enforcing the Clean Water Act and Endangered Species Act fail to consider those impacts.
Examples of anthropogenic groundwater perturbations that can result in direct, indirect, secondary
and cumulative impacts to marine species include: (1) aquifer injection of effluent and other ecologi-
cally hazardous wastes; (2) aquifer 'storage’ and ‘recovery'; (3) groundwater mining; and (4) struc-
tural mining of the aquifer system (e.g., limerock, sand, phosphate). Groundwater flow in Florida's
regional karst aquifer system varies greatly both spatially and temporally, in response to those
anthropogenic alterations. Those perturbations can result in significant physical, chemical and
biological changes in the marine ecosystem. Related adverse impacts can include: (1) predisposing
organisms to disease (e.g., decreasing host resistance, increasing pathogen vigor), including
catalyzation by carbon-loading; (2) introducing new pathogens; (3) promoting rapid, antagonistic
evolution of microbes; and (4) introducing hazardous chemicals, including endocrine disrupters. The
adverse effects of those alterations may be a significant factor in the major ecological disturbances of
Florida's marine environment described in volume 18(Brafangered Species UPDATEhe

magnitude of adverse impacts to marine species from those groundwater perturbations is unknown.
Currently, the agencies have not fulfilled their fiducal responsibilities by failing to require the neces-
sary studies, proceeding with permitting actions in the absence of that required information, and
failing to take enforcement action against existing violations.

Background factors that may be contributing to théer system (e.g., limerock, sand,
In volume 18(1) of th&endangered problems they described. Anthropophosphate), as summarized by
Species UPDATE McKay and genic alterations of groundwateBacchus (2002). Those anthropo-
Mulvaney (2001) provided a well-flows and groundwater contaminagenic groundwater perturbations can
documented summary and discussidion, however, were not included inresult in significant physical, chemi-
of the apparent increase in marin¢he factors they addressed. The maal, and biological changes in the
morbidity and mass mortality eventsjor causes of groundwater alterationmarine ecosystem; concomitant ad-
in addition to the emergence of nevin Florida are: (1) disposal of efflu-verse impacts on marine organisms
diseases spanning taxa, increasesent and other hazardous liquid wastgicluding threatened and endangered
harmful algal blooms, and longtermby shallow and deep aquifer-injecspecies); and a "taking" of critical
unexplained population declines irtion; (2) aquifer 'storage' and 'recovhabitat. This article is the first in a
marine wildlife. They also discussecery' (ASR); (3) groundwater mining; series addressing implications of an-
various natural and anthropogeniand (4) structural mining of the aquithropogenic groundwater alterations

This paper was excerpted from J.W. feorand K.G. Porter edsEverglades, Florida Bay, and Coral Reefs of
the Florida Keys: An Ecosystem Sourcebod&RC Press LLC, Boca Raton, FL (in press).
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in Florida, and addresses the role dbric, fresh groundwater dischargevided by the: (1) 1994 documented
those alterations as potential causal fafrom these sensitive areas has had pulses of fresh water lowering ambi-
tors in the myriad unexplained diseasthe ecosystems of the 'Sanctuaryent salinity from approximately 35
outbreaks and deaths of marine orgahikewise, the impacts of deep angpt to 28 ppt in ground water dis-
isms in Florida since 1980 (see Table ghallow injected effluent on the sencharging from the base of a deep reef
in McKay and Mulvaney 2001). sitive resources of the 'Sanctuary' andear Carysfort Reef, in Biscayne Na-
Federal and Florida laws requirenewly-created Tortugas Marine Retional Park (R. Curry, unpublished
consideration of all adverse impactserve (‘Reserve’) have not been deata); (2) previous discovery of low-
(direct, indirect, secondary andermined. The only reference tcsalinity water seeping from the base
cumulative) of projects that aredeep-well injection in the EPA's re-of deep coral reefs off Key Largo
proposed to be permitted and to takgort was that it be "evaluated andSimmons, Jr. 1992); (3) 1983
enforcement action against violationamplemented" by the City of Key groundwater discharges from the
The Scientific Advisory Board (SAB) West. Although deep-well injectionbases of Carysfort and French Reefs,
of the United States Environmentabf effluent in Key West was sched-with salinities as low as 10 ppt (where
Protection Agency (EPA) recentlyuled to begin in spring 2001 (City ofambient salinity was 33 ppt), and
determined that hydrologic alteration&ey West 2000), no Environmentalnumerous pesticide peaks and heavy
represent a major environmentalmpact Statement (EIS) or other commetal (cadmium, chromium, copper,
stressor (SAB 1999). The intimategrehensive scientific investigationiron, lead, mercury, and zinc) concen-
interconnection between Florida'sias been conducted to evaluate ttieations ranging from 100 to 10,000
various aquifer layers and surface watgrotential impacts of that proposedimes greater than mean sea water
(via fractures, dissolution/collapseaction. Migration of injected efflu- values (Simmons Jr. and Love 1987);
features, paleochannels, and other disnt has been documented or is suand (4) initial observation of "white
continuities) has been established in thgected to be occurring in 42 of theplague” coral disease (now in epi-
scientific literature (summarized by81 operational deep-injection siteslemic proportions) at Carysfort Reef
Bacchus 2000a; 2000b; 2002) and cag¢Bational Archives and Records Ad-soon after aquifer-injection of efflu-
law, and will be addressed in aministration 2000), which are locatedent was initiated at the Miami/Dade
subsequent article in this series. Thisrimarily along south Florida's coasfacility (Dustan 1999). Aquifer-in-
intimate interconnection in Florida's(Figure 1). Therefore, the pendingection of 110 million gallons each
karst aquifer system results in botlpermit by the Florida Department ofday of secondarily-treated effluent
spatial and temporal responses tBnvironmental Protection (FDEP)has been permitted at the Miami/
anthropogenic alterations. Despitauthorizing deep-well injection of Dade facility since before the time of
these facts, the large-scale, long-tersecondarily-treated sewage effluerthe marine incidences described in
adverse impacts due to groundwateén Key West has major implicationsTable 1 of McKay and Mulvaney
alterations currently are not considerefbr both the 'Sanctuary' and newly{2001). Such apparent wide-spread
by agencies charged withcreated 'Reserve.’ induced discharges of ground water
implementing and enforcing the Clean  If activated, the Key West deepfurther suggest that the proposed
Water Act and the Endangered Speciagell injection facility would be con- ASR injection of 1.7 billion gallons
Act in Florida. siderably closer to the newly-createdf surface water in the Everglades
The "First Biennial Report to 'Reserve' than the Miami/DadeRestoration Plan (U. S. Army Corps
Congress, 1996" by the EPA is onBlackpoint sewage treatment plantof Engineers and South Florida Wa-
example of the failure to recognizavhich is located adjacent to Biscaynéer Management District 1999, and
impacts of groundwater perturbation8ay at the northern extent of theas proposed using contaminated sur-
(EPA 1996). That report addressetbanctuary.’ Recent data from Top dace water by the Florida Legislature
restoring historical freshwater flowal. (2001) support the conclusion thain 2001) ultimately would result in
to Florida Bay and conducting re-extensive preferential induced dismore extensive induced discharge of
search to understand the effect afharge of deep-aquifer water is ocijected contaminants throughout
water transport from Florida Bay oncurring within the 'Sanctuary' (in-Florida Bay, the coral reef tracts in
water quality and resources in theluding in proximity to coral reefs), the '‘Sanctuary,’ and the Everglades.
Florida Keys National Marine Sanc-as a result of effluent-injection atthe = The FDEP currently is proposing
tuary (‘Sanctuary"). No studies hav&liami/Dade facility. Additional sup- to double the volume of minimally-
been initiated or proposed to evaluport for the induced discharge of deepreated effluent at the Miami/Dade
ate the effect that diversion of hisand shallow injected effluent is profacility, despite documented viola-
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Figure 1. Location of Class | deep-well injection facilities in south Florida, with
the Miami/Dade Blackpoint effluent-injection facility (50) shown as the
southeasternmost facility, as of 2000 (from Florida Department of Environmen-
tal Protection 1999).

ent and other ecologically hazardous
wastes into Florida's karst aquifer
system, via shallow and deep wells,
is conducted under FDEP's Under-
ground Injection Control rule. The
title of that rule is grossly mislead-
ing because injected contaminants
are uncontrollable. Minimally-
treated effluent is injected into the
shallow aquifer via approximately
1,000 wells throughout the Keys. An
FDEP permitis pending for shallow-
aquifer injections adjacent to the last
remaining sea turtle nesting beach in
the Upper Keys (Division of Admin-
istrative Hearings 2000). Marine
species designated to receive federal
protection in south Florida's Keys/
Monroe County include the Ameri-
can crocodile Crocodylus acutus
and manateel(ichechus manatQs
in addition to the following four spe-
cies of sea turtles: loggerhead
(Caretta caretty, green Chelonia
mydag, hawksbill Eretmochelys
imbricata), and Kemp's ridley
(Lepidochelys kempi Numerous
other federally-listed species and
species recognized by the State of
Florida as threatened, endangered or
species of special concern also oc-
cur within the Florida Keys/Monroe
County. The agency actions and in-
actions referenced above particularly
are negligent in light of the fiducial
responsibility of the government, our
current level of knowledge, and the
public admission of violations to the
aquifer-injection rules. Environmen-
tally-sound alternatives are avail-
able, but are not being implemented.
Although there is extensive evi-
dence that all four major causes of
groundwater alterations referenced
initially are contributing to the ma-

tions of the existing permit, includ-°f minimally-treated municipal efflu- yjne disturbances in Florida (see
ing migration of injected effluent (ad-€Nt in Key West. Rapid induced disgacchus 2002), as summarized by
dressed in part by McNeill 2000).charges into the ‘Sanctuary’ have begfickay and Mulvaney (2001), only
The engineering firm responsible folocumented via shallow injectionhe potential 'difusion’ of nutrients
the Miami/Dade aquifer-injection WellIS in the Florida Keys (€.9.,(nitrogen and phosphorus) from shal-
wells also constructed the injectiorf-Crett etal. 2000; Dillon etal. 20004,y injection wells is being consid-
wells proposed for aquifer-injectionPaul et al. 1997). Injection of efflu-greq (see Lapointe 2000). Agencies
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authorizing the construction and opthe interception/diversion of pristine Alaska to the tropics. It also has been
eration of ASR injection wells andlow-salinity, low-nutrient submarine cultured from subtropical marine wa-
other groundwater alterations havgroundwater discharge (SGD) of conters near the Bahamas and the Straits
not: (1) identified the preferentialstanttemperature. Aquifer injection obf Florida, and has been found in
flow paths that are known to existfluids can replace this pristine resourceulittoral zones and oceanic zones,
(2) monitored the frequency, volumewith treated effluent. Those perturbaincluding isolations from waters col-
and chemical characteristics of théions can induce a state of physiologilected as deep as 4,450 m (13,350 ft).
discharges via these preferential flowal distress in Florida's marine ecosysFhis fungal species had not been rec-
paths; or (3) determined the ecologitems. Physiological distress, in turnpgnized as the cause of widespread
cal impacts of such discharges. Bezan promote predisposition to diseasdisease in plants or animals prior to
cause of this narrow focus, major fedeaused by pathogens present histothe mass mortalities of sea fans. Sev-
eral initiatives such as the "Harmfulcally, or introduced recently (e.g., vieeral species dkspergillusare oppor-
Algal Blooms and Hypoxia Researchinjected effluent or transported Africartunistic animal pathogens, generally
and Control Act of 1998" (P. L. 105-dust). It also could render organismfecting individuals with compro-
383), contributing more than $52more susceptible to other stressors (se@ised immune systems. Likewise,
million to address the problem ofBacchus 2002). For example, corahe infection of sea fans By sydowii
harmful algal blooms and hypoxia inreefs have experienced significant adnay be the result of opportunistic
the Gulf of Mexico, may fail to iden- verse impacts both directly (Bell 1992pathogenicity due to weakening of
tify induced discharge of contami-and indirectly, via algal proliferationthe host from stressors, such as wa-
nated ground water as a significanflLapointe 1999), with the addition ofter pollution or other environmental
fact in coastal eutrophication. Topextremely low levels of nitrogen (0.014factors (Geiser et al. 1998;
et al. (2001) described kills of fin-mg L) and phosphorus (0.06 mg)L Nagelkerken et al. 1997; Roth et al.
fish and shellfish that were linked toLevels of those nutrients in effluentl964; Smith et al. 1996). Rinaldi
groundwater-laden nutrients, providthat has received advanced wastewét983) described the role of the com-
ing examples of Atlantic coastal arter treatment (AWT) and subsequentromised host in the invasive fungal
eas where ground water accountegolishing' are approximately two or-disease of humans by species of the
for half of the nitrogen loading of theders of magnitude greater than the legenusAspergillus The significance
sediments. This article departs fronels of nutrients that can cause thosa host vigor in avoiding infection by
the narrow focus on nitrogen anddverse impacts (FDEP, unpublishethis fungus was emphasized.
phosphorus as the sole potential indata). Despite the adverse marine im- Other factors that may influence
pacts from aquifer injection (effluent,pacts that can occur from nutrient loacthe ability of a pathogen to infect its
other ecologically hazardous fluidsjng, no consideration is being given tdnost include competition between the
ASR). Some of the numerous otheother components of the injected, se@athogen and competing antagonists.
related adverse impacts, including tondarily-treated effluent (and otherTrichoderma another fungus com-
federally-listed species, can includecontaminated fluids) that may pose aonly found in soils, is regarded as
(1) predisposing marine organisms tcomparable or greater threat than then antagonist of fungal pathogens.
disease (e.g., decreasing host resigutrients. The following section de-Trichodermaexhibited reduced com-
tance, increasing pathogen vigor)scribes the potential role of introducegbetitive ability in laboratory experi-
including catalyzation by carbon-carbon, in conjunction with groundwa-ments when higher concentrations of
loading; (2) introducing new patho-ter perturbations, in predisposing maearbon (C) were present, relative to
gens to the nearshore marine enviromine organisms to diseases and deattavailable nitrogen (N). That finding
ment; (3) promoting rapid, antagonis- suggests a delicately balanced C/N
tic 'evolution’ of microbes; and (4) in-Carbon as an anthropogenic,ratio is required for maximum com-
troducing hazardous chemicals, ineatalystic environmental stressor petition (Overmier 1975). During the
cluding endocrine disrupters, to théspergillus sydowiis a fungus im- same experiments, the fungal patho-

nearshore marine ecosystem. plicated in mass mortalities of segenGliocladium virensrequired high
fans Gorgonid, as discussed bylevels of C for successful invasion of

Predisposition to disease, McKay and Mulvaney (2001). ThisDiplodia colonies. Therefore, the C/

and beyond fungus is a common, cosmopolitanN ratio may influence pathogenicity

Groundwater mining and structurakaprobic fungus, however, isolatedhy affecting the competitive ability
mining of the aquifer system resulfrom many types of terrestrial envi-of antagonists, or by increasing the
in hydrologic perturbations such asonments, including soils fromability of fungal pathogens to invade
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their host, independent of any inedge, however, suggests that the hyeleased and available for recycling.
creased susceptibility of the host orpersaline event was not due to lowCeramium corniculatugithe red alga
ganism due to other stressors. rainfall alone (e.g., impacts ofthat was reported covering the coral
Despite the fact that disruption ofgroundwater mining) and was not theeefs at Cheeca Rocks, is an example
the C/N ratio can facilitate infection bysole or possibly even the most sigef the thin, finely-textured
opportunistic fungi, not all organismsnificant stressor (summarized bymacroalgae described by Duarte that
exhibit equal susceptibility to infection.Bacchus 2002). The similar die-offresults in the "domino effect”, the
Organisms that are more sensitive tof seagrasses in Cockburn Soundapid release and recycling of C.
environmental perturbations are conwestern Australia (also summarize€Cheeca Rocks is a shallow coral reef
sidered the 'canaries' that issue eary Bacchus 2002) suggests that irsystem in close proximity to numer-
warnings. These hypersensitive induced discharge of injected wasteus shallow effluent-injection wells
dicator organisms (e.g., sea fans, caewater played a significant role in prein the Upper Keys.
tain species of corals) respond mordisposing seagrasses in Florida Bay The sensitivity of corals to in-
rapidly and severely to perturbationsto the opportunistic fungal disease.creases in C was demonstrated by
often succumbing to infection by  Durako and Kuss (1994) sug-Mitchell and Chet (1975) with coral
fungi, bacteria or viruses. gested that the die-off of turtle-grasfieads exposed to low concentrations
Mass mortality of seagrasses iffThalassia testudinumin Florida of various substances, including
Florida Bay is similar to the massBay was density-dependent becauseude oil (100 ppm) and organic mat-
mortality of sea fans. The seagrassé@swvas observed only in areas that preéer (1000 ppm, in the form of dex-
also became victims of a fungus cornviously supported very dense poputrose), under controlled laboratory
sidered to be a nonaggressive (oppdations of turtle-grass. They alscconditions. Many of the coral colo-
tunistic) species on seagrassewoted that the lower density standsies died after exposure to low con-
throughout south Florida (J. Ziemanthat were less affected by the die-of€entrations of crude oil for 24 hours.
personal communication). This fun-also were in areas of lower salinityAddition of organic matter (dextrose)
gus is a marine slime moldPossibly, the denser stands of turtleresulted in the same level of increased
(Labyrinthulasp.) identified as en- grass were associated with areas afucus production associated with
demic to the south Florida areahistoric SGD that originally provided exposure of coral heads to crude oil.
Therefore, it does not occur in Africamore favorable growing conditionsin fact, corals died within 24 hours
the origin of the aerially-dispersedor the turtle-grass. In addition, thosefter dextrose was added to the wa-
dust in the African dust theory (asareas of SGsubsequentiycould ter. Concomitantly, the bacterial
discussed by McKay and Mulvaneyhave become areas where salin@pulation associated with the coral
2001, and challenged by Bacchuwater from deeper aquifers was suheads "reached an extraordinarily
2002). Furthermore, that marindacing (supported by data from Tophigh peak" of 10cells mit within 24
slime mold does not produce the typet al. 2001) as induced rechargehours after addition of dextrose.
of resistant structures that would aldue to deep-well injected effluent.  Bacterial isolates from the coral
low long-range aerial distribution (D.Point discharges of excessive nusurface in the presence of crude oll
Porter, personal communication)trients and other contaminantsndicated that 15 to 25% of bacteria
Therefore, it is unlikelyhat the Af- could have reduced the vigor ofsolated were capable of growing on
rican dust dispersed across the ocearagrasses and increased the vigooral tissue extract as the sole C and
is the source of the pathogen implief pathogens (e.g., the undescribed source. That finding suggested
cated in the mass mortality of thenarine slime mold). those bacteria could co-occur with
seagrasses in Florida Bay. Duarte (1995) provided exten-corals in low numbers under natural,
Seagrasses, like other organismsjve insight into the feedback mechasligotrophic conditions, without ex-
can be weakened by environmentalisms leading to the "domino effect,ternal sources of nutrients. Of equal
stressors and made more vulnerables coastal eutrophication results in significance, they discovered that ap-
to disease (Den Hartog 1987shift from ecosystems dominated byroximately 60% of the bacteria iden-
Muehlstein 1989; Short et al. 1988)relatively slow-growing, nutrient- tified in those experiments were mo-
The mass die-off of seagrasses inonserving macrophytes such asle, gram negative rods. They fur-
Florida Bay in 1987, reportedly wasseagrasses, to systems dominated ther noted that more than 50% of the
due to hypersaline conditions inrapidly growing phytoplankton andmotile bacteria displayed chemotaxis
Florida Bay during a period of lowmacroalgae. In the latter case, greatéthemical attraction) to the coral
rainfall. Our current state of knowl-amounts of dissolved organic C arenucus. The majority of those bacte-
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ria also were capable of growing orassault of corals b$phingomonas half of the SGD areas of direct
coral tissue extract as the sole C and (\hite plague). Initially, white discharge observed during a recent
source. plague was reported from coral reefseconnaissance in the Florida Keys
Corals produce mucus in remnear the northern boundary of thdéad thick layers of organic material
sponse to both chemical (e.g., C comSanctuary' at approximately the timassociated with them (Bacchus,
pounds) and physical (e.g., sandhat the Miami/Dade facility beganunpublished data). Previous studies
stressors. Coral mucus is composeadjecting effluent adjacent toalso have documented organic layers
of polysaccharides, molecules conBiscayne BaySphingomonais rep- within living coral reefs associated
taining many sugars (which are comresentative of the ultramicrobacteriavith the Florida Keys (summarized
posed of C atoms). Although dexin oligotrophic marine watersin Bacchus 2001). If direct
trose is not considered a toxic subFegatella and Cavicchioli 2000). discharge of injected effluent
stance, it is a source of C, as is the Edwards (2000) reiterates thdwhich also contains organic
mucus that is produced by the coraldifferences in responses of microormaterial and is heavily-chlorinated)
when they are under stress. Miganisms under artificially nutrient-is occurring via preferential flow
crobes, such as bacteria and fungiich conditions and their natural, oli-paths, such as those with associated
use C as a food source. In the exgotrophic environments where theyorganic layers in the Keys,
periment conducted by Mitchell andare exposed to starvation conditionerganisms exposed to this water
Chet (1975), the bacterial populatiorand grow slowly, or not at all. Thecould experience significant
associated with the coral heads impresence of organic matter in the waadverse impacts.
creased at the same rate as the prter column also has been shown to No research appears to have been
duction of mucus by the coral.increase the survival time of bactedone to determine if exposure of ma-
Their experiments with antibioticsrial pathogens in the water, such asne animals to wastes discharging in
(penicillin and streptomycin) illus- Vibrio cholerae the human patho- nearshore waters could contribute to
trated that coral death was due tgen that causes cholera (Joseph aodnditions such as the recent prolif-
the bacteria (including two preda-Bhat 2000). More chilling is the eration of tumors in sea turtles (Fig-
tory bacteria), rather than the actuahounting evidence that symbioticure 2), or other recent increases in
stressors. Results were the samerganisms (e.g., bacteria, fungi) cannexplained diseases and deaths of
even with an order of magnitude inbecome pathogenic towards theimarine organisms. A recent study in
crease in crude oil concentrationhosts under abnormal conditionshe Keys by Swart et al. (2000), how-
Their research was critical in show{Bacchus, unpublished datagver, provided additional evidence of
ing that even when concentrationgientschel et al. 2000). nearshore discharge of injected efflu-
of pollutants were insufficient to  Another unaddressed aspect ofnt. Of the 50 locations sampled in
kill the corals directly, the increasedC-loading, via induced discharge othe study, Anne's Beach exhibited one
stimulation of omnipresent mi-injected effluent, is the potentialof the highest concentrations of co-
crobes and microbial processes waateraction of this organic materialprostanol and cholesterol (indicators
sufficient to cause coral death.  with chemicals added to the effluenbf human sewage). Anne's Beach is
The role of increased C in coraduring the treatment processan extensive undeveloped stretch of
deaths documented by Mitchell andEffluent injected throughout the Keysnaturally-vegetated beach lacking
Chet (1975) supports concerns btypically is treated with chlorine, septic systems, cess pits, and related
Dustan regarding the implication ofgenerally without dechlorination.sources of sewage that were the fo-
C-loading and coral death (DustawWhen chlorine comes into contactus of that study. The source of those
1999, personal communication), anevith organic matter it can formhuman sewage indicators was not
by Bacchus (2002) regarding disrupecompounds known as trihalo-known (P. Swart, personal commu-
tion of the C/N ratio. Therefore, in-methanes (chloroform, bromoform nication). The sewage, however, may
jection wells at the Miami/Dade fa-dibromochloromethane, andrepresent a threat to sea turtles at the
cility and throughout the Keys arebromodichloromethane). Thosdast remaining sea turtle nesting
implicated in the demise of the coratompounds have been classified aseach in the Upper Keys, north of
reefs via C-loading and disruption oforobable human carcinogens. If\nne's Beach, as well as to humans.
the C/N ratio. Likewise, additionaladdition to the organic matter in theShallow injection wells operate in
C entering the water near the corahinimally-treated effluent injected atclose proximity to Anne's Beach.
reefs, via induced discharge of inthe Miami/Dade facility and Implications described above,
jected effluent, may be a factor in thehroughout the Keys, approximatelycoupled with increasing incidence of
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unexplained/unidentifiable diseasesonditions to increase the virulencéo the presumption that ASR would
and mortality in other marine organ-of commonly-occurring pathogensincrease the amount of water avail-
isms (including federally-listed spe-A related scenario is the introductiorable to support more extensive de-
cies) provide sufficient impetus for aof pathogens (viruses, fungi and bacrelopment in the Everglades water-
total moratorium on the increase irteria) into environments foreign toshed. There is, however, no scien-
number of injection wells and volumethose in which they evolved. tific support for that presumption.
of injected fluids in the Keys vicin-  The first relevant example is theAlthough Governor Bush's (R-FL)
ity until a mmprehensive investiga-injection of large volumes of efflu- attempts were unsuccessful this
tion of the potential impact of in- ent containing human pathogens intgear to pass legislation allowing
jected wastes on coastal ecosystenaskarst aquifer system, with subselarge-scale injection of untreated
and associated organisms is comguent induced discharge into the masurface water throughout Florida,
pleted. Additional potential ad-rine environment. The second exefforts are underway to begin aqui-
verse impacts are described belovample is the State of Florida's refer-injections of untreated surface
peated attempts to initiate large-scaleaters in south Florida as experi-
Newly-introduced pathogens andnjection of surface water, via ASR,ments.
rapid, antagonistic evolution as referenced previously. The ASR There are at least two significant
The preceding discussion addressedjections (1.7 billion gallons per daydifferences between the dispersal/dis-
the ability of environmental condi-planned in the vicinity of Lake charge of microbes in effluent via
tions subjected to anthropogenic alokeechobee) are promoted as thgroundwater flow channels and dis-
terations to increase susceptibility otritical component in ‘restoration'posal via ocean outfall pipes. The
(predispose) organisms like coral®f the Everglades (U. S. Armyfirst is the cooler, more stable tem-
and seagrasses to infection by conCorps of Engineers and Soutlperature of groundwater transport of
monly-occurring, opportunistic Florida Water Management Districteffluent. The second is the potential
pathogens. Also addressed was tH€999). This approach, howeverfor longer periods of incubation in the
potential for altered environmentalappears to be more closely linke@bsence of light. Both conditions can

T
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Figure 2. Necropsy of a green sea turtle (  Chelonia mydas ) from Florida's Upper Keys, where mini-
mally-treated effluent injected into deep and shallow aquifers appears to be discharging into nearshore
surface waters. The large white mass is a tumor engulfing both kidneys (photograph courtesy of Sue
Schaf, The Turtle Hospital 1999).
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extend the period of viability for atuntil recently. The marine slime moldcontaminant, while the latter can result
least some pathogens (J. Paul, pamplicated in the mass mortality ofinloss of future generations of exposed
sonal communication). Finally, conseagrasses in Florida Bay may remrganisms.
sideration must be given to the posresent another example of microbes Colborn compared (1) nonlethal
sibility that introduction of microbes evolving rapidly in coastal areaglow) levels of compounds that cause
into a new environment, or exposurgvhere significant anthropogenictoxic responses to organisms and (2)
of existing organisms to altered eneutrophication and other pollutantorders of magnitude lower levels of
vironmental conditions, may facili- are increasing. endocrine disruptive compounds that
tate evolution of new organisms, as As an example of the situation inrmay be ‘lethal' to all future genera-
is suggested by recent findings (sethe 'Sanctuary' administered by théons, after exposure of the initial gen-
Bacchus 2002). This is of equal conNational Oceanic and Atmospherieration (see Figure 7 of Bacchus
cern with respect to the contaminateddministration (NOAA), research 2002). In some cases, hazardous lev-
surface water (agricultural and urbaronducted at coral reefs throughoutls of endocrine disruptors may be
runoff) that Florida proposes to injecthe 'Sanctuary' not only documentetielow current detection limits of
as ASR. Concerns are mounting thacreases in coral diseases and deatbsmpling equipment (T. Colborn, per-
even if organisms in injected surface&lescribed previously, but also resonal communication). Harmful
water did "die-off," as proponentsvealed that no recruitment of reefeompounds also can bioaccumulate.
suggest, that toxins, such as thodauilding coral species was occurring-or example, algae can take up and
produced by dense concentrations gffougas and Porter 2002). Ironicallyconcentrate pollutants (other than
bluegreen algae, would be unaffectedecruitment of reef-building coralnutrients) from minimally-treated
during the 'storage' period, as wouldpecies is occurring at other locationsewage, like the effluent injected
other chemical contaminants. in the Caribbean. The prospects dhroughout the Keys. The die-off of
Mounting evidence also suggestthe reef corals, the interdependerihe sea urchir@iadema antillarur
that organisms with rapid regenerareef species, and other coastal orgapopulation in the Keys may have
tion times (e.g., microbes) are evolvisms, including federally-listed spe-been due to contaminants in the al-
ing equally rapidly in the severelycies, surviving those recent, anthrogae (primary food source of sea ur-
disturbed environments we are crepogenic assaults in Florida do nothins) that it consumed, or to com-

ating. This is true particularly forlook optimistic. pounds (e.g., nonylphenol/

sewage-laden, eutrophic coastal wa- ethoxylates) in discharged ground
ters. For example, Parveen et aRarts per million vs. parts per bil- water associated with the reefs. Re-
(1997) used multiple-antibiotic-resisdion and trillion call that adverse impacts of those

tance profile homology to determindn addition to increasing the spatiatompounds include disruption of the
thatE. coli isolates from point sourcescale of perceived contributors to theeproductive process, generally being
sewage discharge were markedlgnvironmental problems in southrevealed in subsequent populations.
more diverse than isolates from nonFlorida (e.g., regional groundwatefThe importance of this possibility is
point sources, such as stormwategrerturbations), we also must decreaseore significant since The Nature
runoff. Those findings provide ad-the scale of our focus with respect t€onservancy is devoting the finan-
ditional evidence that both our natupotential water quality contaminant<ial and personal resources of its or-
ral resistance, and our medical resige.g., increased sensitivity of detecganization to "rearing laboratory ur-
tance to these organisms are under g@n). For example, no monitoringchins for eventual release onto the
rious threat. currently is being conducted to evalueoral reefs," according to the Florida
Responses are similar at the ec@te the introduction/escalation of enChapter's Spring 2001 newsletter.
system level. Burkholder anddocrine disruptors in south Florida's Synthetic chemicals (e.qg.,
Glasgow, Jr. (1997), Burkholder et alcoastal waters. Environmental moninonylphenol and its breakdown prod-
(1995), and Glasgow, Jr. et al. (1995pring focuses on the toxic impactaicts) are capable of disrupting hor-
provide disturbing details regardingof pollutants (often in the range ofmonal function, and are becoming
increasing frequency, magnitude, sgparts per million), rather than impactsnore widespread in the environment.
verity, and range of outbreaks of toxiof pollutants that disrupt the normalThose compounds are
ambush-predator dinoflagellates idunctioning of hormones (usually inbiotransformed to several stable
coastal areas of the southern Unitetthe range of parts per billion or partgnetabolic products, including
States. Those organisms werper trillion). The former can lead tononylphenol and its breakdown prod-
undescribed and unknown to sciencdeath of the ganism exposed to theucts. Many of those compounds, in-
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cluding nonylphenol, are lipophilic. ducted at 28 sites in England an&nowledge that nonylphenol and
Therefore, they are stored in fatty tiswales. Dramatic increases in the eNPEs have been shown to produce
sue, and are considerably more toxirogen "marker" were found in allendocrine disrupting effects in fish
than the parent compound (Giger atases where the fish remained alivand other organisms. An environ-
al. 1984; 1987; Granmo et al. 1989through the tests. In one case the imaental risk assessment conducted
Holt et al. 1992; Li and Schrodercrease in the marker for the exposeckcently in Canada determined that

2000; Reinhard et al. 1982). fish was 100,000 times the level imonylphenol also should be consid-
Those compounds can functiorthe control (Colborn et al. 1996;ered toxic, based on the Canadian
as estrogen mimics. Estrogen mimobling et al. 1998). Environmental Protection Act

ics can cause deformities in penises The use of alkylphenols, the(Davidson et al. 2000).
and testicles, in addition to reducindgreakdown product of alkylphenol  Currently, neither the EPA, nor
sperm counts in males exposed tpolyethoxylates contained in deterFDEP have required or initiated
those chemicals. Exposure to vergents, was a strong suspect. Exwonitoring to determine if estrogen
small concentrations of these estraended research tested fish exposedimic compounds (or any other
gen mimic compounds also haso alkylphenols to determine if: (1)harmful chemicals) are presentin the
caused breast cancer cells to prolithese compounds caused estrogertieated effluent that is being injected
erate under laboratory conditionsesponses in fish similar to responseaato the highly permeable aquifers in
(Colborn et al1996). Marine mam- in breast cancer cells in the laborasouth Florida. In fact, not only does
mals bioaccumulate nonylphenotory and (2) levels in the environmenthe EPA not regulate, or require moni-
(Ekelund et al. 1990). In addition towere high enough to cause the estroering for nonylphenol and related
being components of household andenic responses in the fish. The artcompounds in drinking water in the
industrial detergents, those comswer to both questions was yes. Thegnited States, nonylphenol has not
pounds are added to products such asthors noted, however, that a rangeeen placed on that agency's waiting
polystyrene and polyvinyl chloride of chemicals could be contributing tdist of compounds of concern, to be
(PVC) as an antioxidant to make thé¢he response observed in the fish exavestigated in the immediate future
plastics more stable and less brittlggosed to streams with STP dischargd&PA Hot Line/Labat-Anderson, per-
and to pesticides, contraceptivéColborn et al. 1996; Jobling et alsonal commauication). Conse-
creams, and personal care product$998). Toxicity of nonylphenol andquently, even effluent reportedly
Those chemicals can leach into wats breakdown products to other ortreated to "drinking water stan-
ter. Bacteria in animals' bodies, iganisms, including coastal organdards" can contain hazardous and
the environment, and in sewage treatsms, also have been documentexic levels of nonylphenol and its
ment plants (STPs) degrade thos@ranmo et al. 1989). breakdown products. Therefore,
compounds into nonylphenol and The use of alkylphenolclaims by the EPAthattreatment of
other chemicals that can mimic espolyethoxylates has increased sincajected effluent will be upgraded
trogens (Colborn et al. 1996). the 1940s. Because of concern exe "drinking water standards" is of
Approximately 40% (molar con- pressed during the past decade réttle value, even from a water qual-
centration) of the total nonylphenolgarding the persistence and toxicityty standpoint.
in STPs can reach surface waters viaf these chemicals to aquatic life, sev-
secondary effluents (Ahel et aleral European countries banned useummary
1994). During the 1980s, fish inof the most common of these chemikffluent injected into shallow wells in
streams exposed to discharge fromals in household cleaners by the lathe Florida Keys has been shown to
STPsin England appeared to be sexi980s. Additionally, 14 Europeandischarge rapidly into surface waters,
ally confused, containing characterand Scandinavian countries were tacluding near sensitive coral reef eco-
istics of both sexes. Controlled testphase out use by 2000 (Colborn etystems in the NOAA 'Sanctuary.'
were conducted with caged fish exal. 1996). In 1995, nonylphenol andStudies similar to those conducted for
posed to water flowing from the STPits ethoxylates (NPEs) were added tshallow injection wells have not been
After 3 weeks of exposure, levels ofcanada’s list of substances that amnducted for deep injection wells, like
the estrogen "marker" in the fish extoxic or are capable of becominghose injecting minimally-treated efflu-
posed to the STP water in the streatoxic. Partial justification for this ent atthe Miami/Dade facility and simi-
had increased 1,000 times more thaszbncern was the presence offr injedions pending in Key West.
levels in control fish. In the summemonylphenol and NPEs in the efflu-Most recent results, however, suggest
of 1988, a nationwide study was conent from municipal STPs and thethat induced discharge related to
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deep-well injection from that facil- Conclusions ernment agencies charged with
ity is occurring throughout the The regional karst aquifer system unimplementing and enforcing the
NOAA 'Sanctuary." No information derlying south Florida is not a staticClean Water Act and the Endangered
is available regarding the degree teystem, but changes spatially and ten$pecies Act have failed to consider
which the treated effluent (even aporally, particularly in response to anthe direct, indirect, secondary, and
"drinking water standards") injectedthropogenic perturbations. The historicumulative impacts of those ground-
into deep wells may be transportingubmarine groundwater discharge iwater alterations to Florida's marine
ecologically hazardous and toxic subsouth Florida occurred from the marspecies, including threatened and
stances, such as endocrine disruptogn of the submerged carbonate plaendangered species. By proceed-
to sensitive coastal ecosystems (e.dgrm, outcrops in terraces, and areas oig with permitting actions, in the
the NOAA 'Sanctuary’). discontinuities (e.g., karst dissolutionabsence of the required informa-
Nutrients have been the sole fosubsidence features, paleo channelsjon, the agencies are negligent and
cus of the effluent-related studies ifData suggest that the historic dischargéerefore liable.
the Keys, in part because the rapidlgf pristine, low-salinity, low-nutrient
increasing eutrophication is obviougyround water of constant temperatur&cknowledgments
even to the casual observer, due fato Florida's coastal areas was signifithis article was excerpted from a copy-
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Book Review

Oceanographic Processes of Coral Reefs: Physical and Biological Links in the Great Barrier Reef
by Eric Wolanski

Oceanographic processes are crucial to the understanding of coral reefs yet are often downplayed in attempts to
explain how these intricate ecosystems function. Volumes that integrate the biological, physical, and chemical
aspects of this subject are also rare. Eric Wolanski, however, has produced a very useful book and CDROM that will
give readers an introduction to the biological and physical oceanographic processes of coral reefs. He has done this
by focusing the book's subject matter on the key processes that underpin the world's largest continuous reef system,
the Great Barrier Reef. Despite its Australian focus, this book will be highly useful for coral reef researchers
everywhere. Chapters in the excellent text span the broad-scale regional processes, local oceanography, biological
communities, and anthropogenic influences on coral reefs. An overriding theme of the book is the important role
that linkages play within this ecosystem, whether these are between land and reef, or between individual reef com-
ponents. The book also provides an excellent text for university courses that want an up-to-date and modern synthe-
sis of the important oceanographic processes that define coral reefs.

Ove Hoegh-Guldberg
Center for Marine Studies, University of Queensland, 4072 QLD, Australia
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