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Statement of critical regional water problems

Increased human density in the S.E. region, and particularly in FHorida, has led to
detrimenta changesin wetland ecology. Diking, draining, channdization, and water level
gabilization to meet flood control, agricultural, housing, recregtiond and navigationd
needs have caused profound changesin water qudity. The influence of runoff from
agriculture and urbanization has been recognized as an additiond factor in wetland
degradation. In the shallow lakes of subtropica and temperate Floridaa generd pattern of
eutrophication has been recognized. Increased dissolved nutrient levels, warm
temperatures and a year round growing season promote extensive micro-aga blooms.
Thisresultsin atrangtion from clear water |akes supporting extensve floating and
emergent macrophyte communities to turbid lakes where the predominant floraiis
Phytoplankton. Concomitant with thistrangtion is the development of extensve layers of
flocculent organic sediments, the disappearance of the macrophyte floraand changesin
the biota of the lakes, including the loss of vauable sport fisheries. Some algae produce
toxinsthat can affect wildlife. Harmful algal blooms have become the focus of a
statewide task force to assess the impacts of this problem. While a mgor emphasis has
been marine dgae such as Gymnodinium breve (Red tide), Pfiesteriasp. and
Gambierdiscus toxicus (Ciguatera), the potentia effects of dgal bloomsin fresh water on
wildlife mortdity, water supply quality and human hedth iswidely recognized. A blue
green dga (Cyanobacteria) Cylindrogpermopsis raciborskii is anewly described
component of the dga bloomsin severd Florida lakes (Chapman & Schelske 1997). C.
raciborskii is known to produce toxins (Carmichagl 1997) and has been implicated in
wildlife mortdity in many aress of the world. Prdiminary investigations of unusud
numbers of dead and moribund aligators during 1997-1998 in Lake Griffin, centrd



Florida, suggest atempora association with heavy blooms of C. raciborskii, which has
become the dominant blooming dgae in Lake Griffin.

Alligators provide a vauable bio-indicator or sentinel speciesfor ecosystem
perturbations. They are large, long-lived predators and feed at the top of food chains.
They accumulate contaminants and can carry large body loads in their fat but their robust
physiology reduces lethd effects on adults. However, their developing eggs are
particularly prone to embryologicd disruption by exogenous compounds of either
maternd or environmenta origin. The presence of contaminants in run-off waters, as well
asthe direct introduction of herbicides and pesticides into lakes, has introduced
anthropogenic compounds capable of exerting profound disruptive effects on the
embryonic development of organisms at very low doses by endocrine disruption. The
effects of hormone disrupting contaminants in dligators has become amode for
examining this process and its physiological and ecologica effects. The presumptive
associaion of alga blooms and dligator mortality and impaired reproduction opensthe
possihility that phytotoxins may have smilar effects. The effects of dgd toxinsin
dligators need to be evauated both by the direct effect on dligator physiology (including
sublethd and reproductive effects) and by examining pathways of toxin trandfer through
the ecosystem to these top predators. Elucidating these effects in the Oklawaha system
will provide vauable information for the control and mitigetion of dgd toxicity a the
State and regiond levd.

Statement of results, benefits, and information

Information developed in this study will be used by the SID and GFC to develop
additiona studies and mitigetion Strategies for this problem. Information will aso be
provided to the Florida Harmful Alga Blooms Task Force and municipa water
managers. The results will dso be of interest to the public who reside near Lake Griffin
and useit for recregtion and to commercid dligator farmers in Florida who collect wild
dligator eggs for commercid production. The proposed study will dlow the anayses of
materias (dligator tissue, egg yolk, water samples) to establish presence of dgd toxins.
Associated routine monitoring of aligators and water quaity will establish preliminary
assessment of the seasondity, climatic, hydro regime and physico-chemical associaions
of dgd toxicity. Pardld studies will be looking a heavy metd and chlorinated hydro-
carbon contaminantsin the same test system and a proposed study will examine in detail
the embryologicd effects of these factorsin dligators and turtles. From thisinformation
we expect to eucidate the relative importance of agd toxin and contaminant effects and
lay the ground work for detalled investigations into their mechanisms, ecologica
pathways of transmission and physiologicd effects. With this information we approach
the knowledge necessary to manage and mitigate these environmentaly disruptive
impacts on Florida wetlands.

Nature, scope and objective of the research

Background: Between 1994 and 1998 the haich rate of dligator (Alligator
missssppiens’s) eggs collected on Lake Griffin and hatched in commercid fadlities



dropped from a range of 40%-60% to less than 10%. Since the spring of 1997
observations of dead adult dligatorsin Lake Griffin have increased to 2-4/week. In other
lakesin FHorida 'normd’ dlligator egg hatch ratesfdl in the range of 75%-90% and it is
rare to see deed dligators a al. Studies of sportfish in Lake Griffin (large-mouth bass,
Micropterus sdmoides, and speckled perch, Pomoxis nigromaculatus ) indicate missing
year classes and reduced reproduction in these species are causing avirtua collgpse of
the formerly lucrative sport fishery. Whether other organismsin the system such as
waterbirds, amphibians or invertebrates are affected is not yet known.

From the mid 1980's to present, Lake Griffin has undergone some profound changesin
ecology smilar to those observed in many highly eutrophic Florida lakes. Thelake has
changed from a clear-water, sand bottom lake dominated by rooted aguatic macrophytes
and supporting extengve sportfish populations to a turbid water system characterized by
extensve flocculent organic sediments, dominated by unicdlular agd blooms and
planktoniverous fish (gizzard shad Dorosoma cepedianum). Increased loading of
sediments, nutrients and contaminants from humean activity in the surrounding watershed

is thought to be driving these changes. Occasond die-off of fish (shad and Gar
Lepisosteus sp.) and freshwater turtles have been noted but not adequately quantified to
evauate.

The lakes of central Horida are highly manipulated environments subject to multiple
anthropogenic inputs such as fertilizer and pesticide run-off, sawage treatment effluent,
aguatic plant and insect control, and water level manipulation. "Muck farming” on these
lakes involved diking of previous sawgrass marshes, intense pesticide use, and repstitive
draining and flooding, trangporting contaminants and nutrients into the lakes. The causal
linkage among these events and observed wildlife effectsis not yet clear, but probably
involves ecologicd interactions requiring amulti disciplinary gpproach.

American aligators on severd large FHorida lakes within the Ocklawaha River basin,
have exhibited poor clutch viahility (the proportion of tota eggs from aclutch that
successfully hatch), anorma reproductive hormone levels, and unexplained adult
mortality. Clutches from dligators on Lake Apopka experienced severe declines from
50% to 4% in clutch viability during the mid-1980s (Rice 1996). Clutches on other
Ocklawahalakes: Griffin Jessup, George, and Monroe, had only moderate (40-60%)
viability (Jennings et d. 1988; Woodward et a. 1989, 1993; Masson 1995, Rice 1996).
These rates are well below clutch viability rates observed on other Florida lakes: Lake
Woodruff Nationd Wildlife Refuge (79%), Orange Lake (82%), and the Evergades
Water Conservation Areas (65-75%), aswdl as other dligator populationsin the US.

Endocrine disruption by contaminants was implicated in the reproductive fallurein
dligators and turtlesin Lake Apopkain the 1980's. Recent reports have indicated altered
reproductive hormone levels for juvenile dligators on Lake Apopka as well as dterations
in sexud differentiation, lower hatching success and increased neonata mortdity.
Additiondly, dterations in secondary sexua characterigtics for Lake Apopkajuvenile
dligators have been suggested (Guillette et d. 1994 and 1996). Overdl, these findings



suggest that unknown influences are disrupting the norma reproductive and hedlth
processes of dligators and other wildlife.

Most recently, smilar declinesin dligator egg hatchability has been reported for Lake
Griffin, in the upper Ocklawaha system. Egg collected for commercid dligator

production have shown a declining hatch rate from a mean of 54% (1996) to less than 8%
(1997) and 21% (1998). Additiondly, dbnormdly high levels of adult dligator mortdlity
have been reported throughout 1997-1998.

Pegticides (including herbicides), blue-green dgae toxins, nutritiona changes, dendity-
related stress, and diseases have been suggested as possible causd factorsfor the
observed wildlife hedlth declines in the Ocklawaha River basin. A pedticide spill froma
chemica manufacturing plant in 1980 near Lake Apopka was temporadly associated with
the decline in reproductive success and consequent dligator population decline on Lake
Apopka during the 1980s. However, the recent sharp and relatively sudden drop in clutch
viability on Lake Griffin was not accompanied by any notable event other than changes
in water chemistry and Phytoplankton communities. Poor reproductive success of
aligators under captive conditions has been attributed to poor nutrition (Noble et al.
1993), diseases, and high socid stress (Cardeilhac 1990). Poor reproductive success of
non-flooded and non-disturbed wild aligator eggs/nests has al so been attributed to
exposure to pesticides (Woodward et d. 1993, Guillette et d. 1994) and poor quality
nesting media (Rice 1996)

Blue-green dgae (Cyanobacteria) are often the dominant Phytoplankton in warm fresh
waters and some of these can produce toxic secondary compounds which affect animals.
In savera FHorida lakes there gppears to have been arecent shift in dominance from
Anabaena sp. and Microcystis p. to Cylindrospermopsis raciborskii (Chapman and
Schelske 1997). These blue-green dgae are known to produce hepatotoxins and
neurotoxins under some conditions and these can be concentrated in aquatic food chains
and have been implicated in wildlife mortaity (Carmichadl 1992). C. raciborskii isa
widespread tropica species not reported in Horida until recently and has been implicated
in severe toxic episodes in severa countries. Alligator mortdity appearsto be
contemporaneous with the known appearance and dense blooms of C. raciborskii and
may be among the causes of the observed wildlife effects.

Subgtantia uncertainty is associated with this hypothesis. The algae does not produce
toxins under dl conditions and the mechanisms and pathways by which toxins are
concentrated and passed up the food chain are unknown. Algal toxin assay is complex
and expengve, which makes exhaudtive examination of the problem difficult. It isalso
unclear why, if agd toxins are the cause of dligator mortdity and/or reproductive
imparment, why other organisms have not been affected. However, dligators may be
particularly prone to accumulating large body loads and particularly senstive to their
developmentd effects (see below). The apparent absence of C. raciborskii before about
1990 may aso be due to inadequate recognition and taxonomic confusion in this difficult
group. It is also uncertain whether any effect of algal toxins on developing eggsis
mediated via direct contact with toxinsin the environment (e.g. nesting materid, weter)



on the egg or via concentrated toxins passing from materna tissues to the egg yolk during
vitellogenesis. For dl these reasons we believe that a preiminary investigation isjudtified
to establish the probability that gd toxins are involved in the observed wildlife effects.

Poor reproductive success threatens the long-term conservation of dligators, can dter the
ecologicd role of dligators in affected ecosystems, and can substantially reduce the
aesthetic and economic vaues of dligators on affected areas. Lake Griffin supports an
dligator population in excess of severd hundred nonhatchling individuds and until
recently was considered one of the heglthy and more productive populationsin Forida
The current reproductive problems and mortdity have adirect effect (loss) on the
commercid dligator industry. However, the current mortality does not immediately
threaten the population surviva. Lake Apopka sustained equivaent mortality and dmost
total reproductive falure during the 1980 s and remains a viable population. The
sgnificance of the dligator mortdity on Lake Griffin liesmorein its unexplained neture
and the possibility that dligators are providing an early warning of severe ecosystem
disruption which may affect other wildlife and possibly people (Ross 1998). Alligators
are uniquely suitable to providing such indications (Brishbin et d. 1998). They live for
decades and are generd predators at the top of the food chain, consuming fish, turtles,
birds and mammals, and concentrating contaminantsin their tissues. Their large body
Sze, very active immune system and, possibly, their thermoregulatory capacity, appears
to protect adults from lethal contaminant effects. For example, dligators show the highest
levels of mercury recorded in free living wild animals (Brisbin et d. 1998). However,
dligator eggs have proven to be a speciadly senstive indicator of environmenta
disruption. The gender of dligators is determined by incubation temperature at a crucia
stage of embryologicd development. This change is mediated by a complex cascade of
neurological, hormona and developmenta events and very low concentrations of
anthropogenic compounds disrupt this cascade resulting in developmentd aonormdities
including ditorted hormone levels, gender determination, morphology and mortaity
(Crews and Ross 1998). Studies of dligators on Lake Apopka have demonstrated
profound consequences for contaminant presence in awildlife population and the
investigation of the smilar phenomena on Lake Griffin will be additiond vauable
information for understanding environmenta perturbation in Floridalakes.

In addition to ecosystem levd effectsfor dligators, there is dso evidence of impacts on
fish populations on Lake Griffin. Recent trawl samples on Lake Griffin indicated record
low dengties of age-0 and age-1 speckled perch (Pomoxis nigromaculatus) compared to
data collected since 1977. Fal 1997 angler surveys resulted in the lowest harvest estimate
in ten years. Speckled perch have dominated the fishery on Lake Griffin ance the early
1970's. These surveys suggest that the speckled perch fishery will collgpse in the near
future, causing congderable economic loss, if low recruitment continues. Recent
eectrofishing samples for largemouth bass (Micropterus sdmoides) in Lake Griffin were
the smdlest snce standard sampling was begun in 1983 (W. Johnson and J. Benton GFC
pers comm.). Largemouth bass, which were stocked into re-flooded muck farms of the
Emerdda Marsh Wildlife Management Area (EMWMA) on Lake Griffin have shown
superior growth characteristics but have had poor reproductive success. Studies of these
bass in the past three years indicated |ow blood plasma concentrations of estrogen and



11-keto testosterone, and atered ratios of these hormones. Relatively high concentrations
of Toxaphene, DDE, and Chlordane have been documented in both sediments and fish,
including largemouth bass, in some water bodies of the EMWMA (T. Gross pers.
comm.). Water pumped through a"marsh flomway™ on one of these reflooded farms has
loaded in excess of 19.4 metric tons of phosphorus to Lake Griffin since November 1995
(Walt Godwin SIRWMD pers. comm.). However, possble export of pesticides from the
EMWMA to Lake Griffin has not been documented.

At present then, the ‘cause’ of wildlife mortality and impaired reproduction on Lake
Griffin remains unexplained, dthough the combined effects of eutrophication,
contamination and dgd blooms may beinvolved. A better understanding of the
limnology and biologica communities of these watersis necessary for the design and
implementation of restoration efforts for thisimportant recreationd and environmenta
resource.

Recent preliminary investigations, 1998. To address this problem severd State agencies
conducted routine water quaity anadys's and monitoring during 1998 as the prdiminary
activities of a multi-disciplinary and multi-agency initiative. The following summary is
derived from monitoring data released by the St. John's River Water Management Didtrict
and the Florida Game and Fresh Water Fish Commission and displayed at the Centra
Horida Lakes Wildlife Initiative web page at
http:/Avww.flmnh.ufl.edu/natsci/herpetol ogy/l akes/lakeshtm

1997-1998 was an atypica year influenced by climatic consequences of the large El Nino
event and the following 'La Nind. Water levels were unusudly high in the winter of 1998
but declined to lower regulated levels through the summer. Water temperatures were dso
dightly elevated by 2-3 degrees C. Secchi depths were uniformly shalow (0.2-0.4m)
indicating dmog continuous agd and suspended sediment turbidity, except for a brief
clearing in mid June. Thisis aso supported by chlorophyll ameasures indicating levels
above 250ug/L in late 1997-early 1998 and levels between 100 ug/L and 250 ug/L
through 1998 except for June when levels fdl below 50ug/L. Totd nitrogen and
phosphorus values aso suggest a eutrophic/algal bloom episode in the late fal and winter
of 1997-1998 and subsequent recovery through the summer of 1998, dthough high agd
levels were maintained.

Alligator population dengty isroutindy surveyed by GFC night light count and results
from 1991-1998 show an abrupt increase in dead dligators from a basdine leve of 1-2
per survey to 4 and 7 respectively in May 1997 and 1998. More intensve monitoring of
deed dligators at two week intervals was initiated in November 1997 and since that time
more than 80 have been recorded and marked (to prevent multiple counting of the same
carcass), peaking between April and June of 1998 at 6-7 per 2 week interva. A pardld
study of the appearance of decomposing carcasses alows the approximate back- dating of
carcasses found at various levels of decomposition to the calculated time of degth.
Alligators usudly sink when freshly dead and do not resurface until gasses of
decomposition buoy them to the surface. However, the Lake Griffin mortaity has been
noteworthy for a number of aligators found dead or dying on the lakeshore. This



suggedts that some dligators voluntarily emerged prior to death. All the deed dligators
recorded are large sub-adults or adults (greater than 6 feet total length). It is unknown
whether the event does not affect smaller dligators or whether their smaller carcasses are
overlooked in the survey.

Most dligator carcasses discovered have been too decomposed for useful analyss.
However four individuas were encountered between May and July 1998 in a passve,
moribund condition. These were brought dive to the UF College of Veterinary Medicine
for necropsy. Necropsy and veterinary pathology examination has been consstently
uninformative. The aligators (6-9 feet total length) appear in good condition and show no
anomalous gross pathology or histologica anormality in examination with a sandard
veterinary pathology screen. A single anima was subjected to clinica neurological
examination and dectromyography while dive and demonstrated reduced neurd
transmission rates (41 m/sec) compared to normal aligators and other vertebrates. Tissue
gpecimens (liver) sent to Dr. Wayne Carmichadl a Wright Universty for bio-assay for
aga toxins demondrated low levels (2-7 ng/g) of microcystin toxin. Resultson
neurotoxic analyses are not yet available.

Following dligator nesting late May-early June 1998 , dl the eggs from 30 nests were
collected and incubated under standard conditions at the GFC Wildlife Research
Laboratory in Gainesville. Smilar samples from three other Horidalakeswere dso

tested. Clutch viability (percentage of eggs successfully hatching) was 24% for Lake
Griffin, 44% for Lake Apopka, 62% for Orange Lake and 83% for Lake Woodruff. Lake
Woodruff is considered a relative uncontaminated reference lake and Orange and Apopka
are known to have reduced dutch viability. Lake Griffin dligator eggs continue to show
abnormaly low hatch success. It is unknown whether the observed adult mortaity and

the low hatch success are due to the same cause or causes. Reference samples of tissues
(muscle, fat, liver, brain) and eggs have been stored in utra-low temperature(-800C)
freezers awaiting funding for andyss for contaminants and agd toxins.



