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Executive Summary

In thefall 2007, elevated bacteria levels caugeditemporary closure of two Sanibel,
Florida beachesEngagedesidents of Sanibel and neighboring Captiva ISdoiobiedto
investigatehe conditions of their nearshore waters and the potential probtartrgouting to
local water quality. Due to the perceived deglinwater quality around the islands, the Captiva
Community Panel (CCP), an advisory group to Ceeinty on land use and zoning issues and
the SanibelCaptiva Conservation Foundation (SCCF) applied td_#eCounty's Tourist
Development Council (TDC) for funding to conduct a tyear water qualitgtudy tobetter
understand existing conditions arouhd barrier islandsTDC funded the projed¢hroughthe
CCPfrom October 2008 through March 2011.

The specific goals of this study includ#) establish a watequality baselindrom data
collected during $year of the study{2) identify and confim potential pollution sources

through periodicestaaeadmalmoand oiengntand mor e i

approaches on both the Gulf of Mexico and estuary (Pine Island Sound) sides of the(&Jands;
identify areas of degraded water lifiysand time periodsvhen these ocurre@) coordinate
aboveeffortswith other concurrent studies and environmental assessment bff@GCF and
othersto provide a more thorough analysis of current conditions and dynamics affecting water
guality; andfinally (6) recommend a variety of potential responses to the above findings,

including Best Management Practices (BMPs).

A detailed summary of the baseline monitoring findings is available in the Year 1 report
previouslyprovided to the CCPTo summarie, he parameters gfreatestnterest andhe
primaryfocus werehe indicatobacteriaEnterococas, nutrients(nitrogen and phosphorus),

chlorophylla anddissolved oxygeiDO). Findingswere groupedhto the followinglocatiors:

(a) samples from nednore waters of Captiva Islan(h) samples around northern Sanibel Island;
(c)sampl es taken in the J. N. 0 Denceoth rddeareditoias g
NWR); and(d) samples taken on the Pine Island Sound Estuary side of the islanusredrto
samples taken on tigulf of Mexicocoast. Categories of water qualityigooro, fimoderate,

figoodd) wereassignedased upoifrlorida Water Quality Criteria (FDEP 2008) and the
proportion ofsamplsi n tobre @i g twerg presentefbr each prameteandgroup
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Year heresultsdemonstratethatthe study area had elevated levels of the
Enterococasindicator bacteria after rainfall evenespecially on the estuary side Gfaptiva
and Northern SanibefiPooro results forindicatorbacteriaoccured proximate to stormwater
outfalls,aroundresorts and residentigblf course developmentandwhere rainwater runoff
volumes were thgreatest Some of those areas also exhibifipdoro resultsfor nitrogen and
chlorophylla. Thevariousbayous(e.g., Clam an@inkins) located orthe northernportion of
Sanibelhadrelatively higher nitrogen levelsnostlikely caused byoor tidalflushing and their
closeproximity to residential development. Dissolved oxygen levels were ciissified as
fiPooro at Captiva, Sanibel and thBVR stations. When analyzed using the Florida Department
of Environmental Protection (FDEP) Impaired Waters Rule (IWRggteary stationaround
Captiva and northern Sanibel would be classifiedapaired. This findirg may be an
indicator ofone or more of the followingutrient enrichmentrganic loading hi ghé col or
concentrationsor potentiallynatural causesA number ofongoingstudies are documeng the
natural occurrence of low dissolved oxygen in cogdtah watersheds which have large organic
deposits (e.g. mangrove habitats) with low light penetration andodéoked water which
combine to produce prevailing hypoxic conditions (UGA 2011).

Gulf of Mexicosites(beachesjor Captiva and Sanibel gendya¢xhibitedii godd water
guality with only a few instances éf mderat® conditions caused lglevatedndicatorbacteria
levels. Phosphorus dbulf stationswasrelativelyhigh, as compared to the estuarstationsor
overallmean Florida coastal valsigseeDorfmanand Rossela2009) One potentiatause of
elevatedphosphorusn the Gulfsideis that it may bdransported into thetudy aredrom other
phosphorusich watershedsuch as Charlotte Harbor or Tampa Bayich contain large natural
phosplorus deposits (USF 2011Additionally, nutrients may bgassing through the inlets into
Gulf watersfrom upstream sources suchtls Caloosahatcheeatershed

Confounding influences on water quality during 299809 baseline assessmepdriod
included: a very dry periodvith no hurricanesr significant tropical stormsheclosing of the
Sanibel Bayousvastewater treatment plagarlyin 2008andfilling its storage pondlocated on
northern Sanibel Island near Clam Baybw the City of Sanibelandthe dredging and opening
of Blind Passn August 2009 Thepotentialimpact of these events evater qualityin the study
areawere not the focus of this study and have complex, unpredictable effects on water quality.

This should bekept in mindbeforedrawing conclusions frorthe assessment results
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Concentrations and sources of nitrogen amigrococcindicator bacteria in near shore
surface waters, groundwatand rainwater runoff erethe primaryfocus of the second year of
thisstudy. Half of the properties oRaptiva Islandareon septic system and halfeconnected
to a0.264 MGDwastewater treatment plarmts determined from property appraisal data and GIS
tools We were able to compare nitrogen and indicator bacteria between these ateas and
reference sites on undeveloped sites on Sanibel IsMitichgen in groundwater beneath the
nonsewered portion of Captiva was elevated compared to reference sites and the sewered part of
Captiva. We also found greater mean of nitrogamcentrationgn surface water (estuary sites)
proximate to the nosewered portion of Captiva compared to the sewered portion. In addition,
rainwater and irrigation water runoff from Captiva had relatively high levels of nitrogen
compared to estuary or gltfications Enterococasbact eri a were | ow in all
groundwater but were high in rainwater runoff aveteelevatedat estuaryand gulfsitesafter a
significant rain event>0.5 inches) Groundwater from the nesewered portion of Captiva
contributes iirogen to near shore surface waters especially on the estuary side of Captiva.
Nitrogen in Captivads groundwater most | ikely
typically remove nitrogen from domestic wastRain event runoff increases indicatmacteria

concentrationsearCaptiva and adds significantly to nitrogen loads.

To address these water qualityncernsthe Captiva communitgan focus upotwo
broadstrategiesthe reduction in ston and irrigation runoff volume arttle reduction in
nitrogen discharges from septic systeréorm event runoff can most effectively be reduced by
encouragingnulti-layered vegetation in place of turfgrass and impervious surfaces. The use of
widely acceptedtormwater management practices such as corstifvetlaimed wetlands,
swales, bioretention areas, cisterns, green roofs and roof filters can also decrease the volume of
stormwater runoff and thus tilséow the deliveryof bacteria and nitrogen to surface water.
Reducingnitrogen from septic systems mlag accomplished through separation and treatment
of waste streams through the replacement of conventional toilets with composting and
incinerating toilets. Nitrogen can also be removed from septic system waste ttimeugh
installation of advanced wastetgatreatment units in place of conventional septic systems.
Florida DOH promotes these nitrogen reduction technologies and provides an informational

website atvww.dohstatefl .us/envionmentdstdgindex.html
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Introduction

Tourism is one of the largest econic industries in Florida, with approximately 82.4
million travelers visiting the Sunshine State in 200Y2003, 23 of the 25 most densely
populated U.S.aunties were coastalpcated with Florida leading the nation in coastal
population growth (75%normalized to percent change, from 1980 to 20@8rism employs
one out of every fiv@eoplein SouthwesFloridad s L e e (L&eGCaumytvgB 2011)
Approximately 5 million visitors a ye@ome to the area generatiagproximately $3 billion in
econonic impact. Just this past year, the Tourist Tax collection generated $23.1 million dollars
The Charlotte Harbor National Estuary israque land and water resource providaimput $1.8
billion per year in net value to recreationist and Florida houdshahd is used to produce about
$3.2 billion per year in income to the area (CHNER8) T h e  arecreatiosad fishing and
other watetrelated recreation account for $916 million per year, and commercial fisaegies
worth over$38 millioneach yeabased on a 1998 estimate (CHNEI®§. The shallow waters
of Pine Island Sound are world renowned for snook, tarpon, redfish, trout, snapper, grouper,
sharksand flounder which utilize thedSu n dxtessiveseagrass ahmangrove habitats.
Estuarineandmarinehabitats such as marshes, oyster reefs, mangroves, mudflats, and seagrasses
function as sites for breeding, feeding, and shelter for economically and ecologicalylealu
plants and animalsin addition to direct tourism value, they also haveificamt economic
value through their ecological Chstapzetal. ces o der
1997. These include the importance to society in general (e.g., goods and services, such as
health, social, cultural, and economic well being} thase ecosystems provide, either through

their preservation or restoration.

The Pine Island Sound EstuanyLee Countyis home to sulbopicalhabitats such as
mangroves, seagrassangd intertidal oysters, cumulatively supporting diverse communities of
aquatic and lantdhased vertebrates such as birds, mammals, reptiles, amphiisia@s,along
with numerous marine and estuarineng invertebrate§FDEP 2009). One of the attractions
to SW Floridais world-class shelling, which is highigependant msustainablg@opulations of
invertebrates ithe surroundingoastalwaters In addition, theewaters (including the Pine
Island Sound Aquatic Presenagre used extensivelyy peoplefor recreationafishing, boating,



and ecetourism all together makig water quality a gtical issue forlocal residentsproperty

ownersand visitors alike

Captiva Island isra800acrebarrier island locatesh Lee County just north of the larger
11,000 acre Sanibel Island (Figure Development on Captiva consistsmgle family homes,
estatezoned properties, condominiupteuristbased commercial developmemdnumerous
vacation destinations ranging from single units to largecseifained resorts with golf courses,
marinas and shopping facilitie€ a p t 108&housing unitare primarily served by esite
wastewatetreatment and disposal systems (OSTddSeptic systemof varying ages and
efficiencies, while théargerresortstypically have wastewater tagment systemwith drain
fields or reclaim watesystemsAbout 55% of Captiva relies upon OSTDs, while about 45% of
the island is served by the South Seas Plantation (SSP) wastewater treatment facility. The
effluent from this wastewater facility is stored and mixed with well water to provide irrigation
for the SSP golf cours@hrough a contracted NELAC certified ISP monitorsiutrients,
bacteria and several other parameteigraundwater fromhree monitoring wellen its property

as required by FDEP in its reclaim water reuse permit.

The populabn of Captiva and Sanibel Islands fluctuates greatly, with seasonal residents
present mainlyrom Januarythrough April(Figure 2, SanibeCaptiva Chamber of Commerce
2009) The 2000 US census database lists 83% of homes on Captiva as unoccupied by
permanent resident. Of the unoccupied homes, 64% of the homes are occupied seasonally or
rented. The SanibeCapti va Chamber of Commerce defines t
through Aprila n dbowdi s eason as Ma y Duarihgrhighusgason Daptovgidnth e r
may support 1,800 orlompeaes preodptl ke phplleatdiuom ni
between 400 an800. The larger, adjacent Sanibel Island has similar seasonal population
fluctuations between 6,300 and 23,066idents and visitors

Preei ous studies have | inked | and use and 0i
water quality Mallin et al. 2000, Brabec et &2002,Holland et al. 2004l,.uckenbach et al. 2008)
As of 2003 approximately25% of land onCaptiva(Table 1) and19%of land onSanibel Island
wasclassified asmperviousdue to urban developmergtyset al. 2004).About 35.2%6 of
Captiva(Table 1)is classified agorest, swampbeachor other undeveloped area, while 70% of
Sanibelwas undevelopedOn Sanibel, th&anibelCaptiva Conservation Foundati®CCF)



J.N. ADingo Darling National Wil dl ithe8aniBPeef uge
Audubon Society and the City of Sanilbalve for thepastfour decadesset aside lantbr

conservation In contiast, available statistics suggest that greater development activity has

occurred on Captiva as comparedstmibel(Styset al. 2004.

In addition to developmentp# typescan beémportant when looking at surface water
runoff and groundwater rechargeagiiva soils are primarily sandy soils which have been
modified by fill to allow construction and landscaping. The National Resources Conservation
Service (NRCS) lists the hydrologic groups for the soils on Captiva as primarily towyth
a small amont of groupfiDo soils. GroupiCo andfiDo soils are characterized by low to very
low infiltration rates caused bypartiallyimperviouslayer or permanent high water table. In the

case of Captiva the soils are given this classification due to the perigdnghtwater table.

Recently poorwater quality has beatocumentedluring periodsof aboveaverage
rainfall andhurricane activityespecially 200€008) resulting in thedegradation ohabitats in
the Aquatic Preserve antearbyCaloosahatchee RiveratershedDeGrove 1981; Doering
2005) Beach closures have been noted recently (2007) in and around Captiva and Sanibel
islands, along with significamoastalbccumulations of macroalgg2006-2007) ancharmful
algae bloomKIAB) events (Loh et al. 20)1 No singlesource is thought to have caused the
declinesin water quality butthe effects includelow dissolved oxygen leveligrge salinity
fluctuationsanddiminishedwater clarityimpacting seagrass habgatAdditionally, increased
sedimentatiomndlower salinities fromrunoff and upstream discharges have caused significant
oyster mortalitiegVolety 2008, promptingisland residents teeek help irascertaimg whether
their activities are havingignificant affects on thsurrounding watersn conjunction with

watershed and upstream influences.

Increased awareness of changing water quality conditions has generated much interest in
determining théocationscontributing most significantly to the problem. Areas with well
designed stormwvater teatment structuresould beexpected to contribute a relatively smaller
load of nutrients and suspended sediments from terrestrial iworoffared to those without
stormwater management practices in pldce due to lack of significant planning, stormwat
treatment on Captiva Island is currentijnimal. A detailedstudyof water quality conditions

surrounding Captiva Islandas necessary tdentify potential problem areas, sousc#



pollution and transport mechanismaesprovide recommndations for inproving local neahore
water quality. Clear, clean water is Captiva and Sanhibtell amost es$ential resource and
protection of theenatural resources is critical farhealthy tourism markeind protecting
property values

A two-yearstudystarted ly SCCF in October 2008 astipported by funds from these
County Tourist Development Council (TD@rough the Captiv&€ommunity Pang(CCP),
characterize@€aptivad seashore water quality idenidd areas of concern favariety of
pollutants.

The gods of thistwo-yearstudy were to:

1. Establish a water quality baseline (includitige creation of a relationalatabase) for
thels| anddés nearshore waters which can be arg
2. ldentify and confirmas many as possibiaost potential polltion sources through more
general, seasehaltedodmdbevéeonting and more |
tracki ngo tarpsplectedistatioeson bth the beach (Gulf of Mexico) and
Sound sidesf Captiva Island
Identify degraded water qualitipcationsand time periods;
4. Survey of critical habitatfoysters and seagrassesing mappindechniquesaround
Captiva and northern Sanihel
5. Quantily the effect of stormwateunoff on water quality;
6. Coordinate the above, along with other concurrent local sidind environmental
assessment efforts to provide a more thorough analysis of current conditions and
dynamics affecting water quality; and finally
7. Recommend potential responses to the above findings, including Best Management
Practices (BMPs) based @valable information.

Additional Backgroundinformation for Water Quality Monitoring Efforts

Bacteria of th€enterococasgenus are used by state and federal regulatory agencies to
monitor the hygienic quality of water bodies and drinking water sourcesprEsence of these
bacteria in water in significant numbers can be an indicator of contamination by human or

animal waste. These bacteria are characteristically found in high concentrations in human and
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animal fecal matter and domestic and agriculturatexsaters. The higher the concentration of
Enterococasin a water body, the more likely the water body contains dissmsgng agents.
This group of bacteria is thought to be a better indicator for monitoring estuarine and marine
waters(as opposed todsh waterflue to their reported better viability in higher salinities than

other indicatorssuch as the fecal coliform group (US Environmental Protection Agency 2009).

ThegenusEnterococcuss alsoassociated with fecal matter of rhaman animals,
including mammals and birds, crewf challenges for water quality manag#wying to identify
specificsourceghuman versus animal)Techniques using DNA and Antibiotic Resistance
Analysis (ARA) arean area of active research and developritebetter assss the original

source of bacterial contaminatiowkitlock et al. 2002).

The concentration of chlorophwlin a water body is an indicator of the amount of
phytoplankton andinglecelledalgae present in the water columWhen phytoplankton or
microdgae concentrations are high (blooms), other water quality parameters such as dissolved
oxygen and water clarity are compromised and estuarine habitats (seagrass and coral reef) can be
detrimentally affected. Algae blooms,dahigh chlorophylla levels ae positively correlated
with nutrient enrichment (nitrogen and phosphorus). Florida DEP has established water quality
criteria based upon mean levels of chlorophytr determining if a water body is imjpad due
to nutrient enrichmentlf an estuarinevater body has an annual mean chloropayll
concentration greater than 11 pg/L, it is classified dgpaired due to nutrients. FDEP then
looks at the ratio of nitrogen to phosphorus to determine which nutrient (or both) is limiting in

the water body.

Excessive amounts of nutrients in estuarine water bodies can cause water quality
problems such as algae blooms, decreases in water clarity, decreases in dissolved oxygen,
deterioration of habitats, and even fish kills. Nitrogen is typically the limitirugema in
estuarine watersurrounding Captivand addition of more nitrogen to the water body can lead to
additional algae growthThe application of fertilizer tterrestrial habitats can result in
stormwater runoftontaininghigh concentrations afitrogen. Nitrogen is transported by storm
events from the land to waterbedwhere it will have detrimental effects. Total nitrogen is the
summation of several forms of nitrogen (organic nitrogen, nitrate, nitrite and ammonia nitrogen)

which can be presemnt water bodies. The inorganic forms (ammonia, nitrite and nitrate) of



nitrogen are usually more easily available to algae and thus more susceptible to causing algae

blooms.

There are presently no numeric criteria for nitrogen in estuary waters, ditticaig
USEPANhas issuedrderiafor fresh waterbodies in Florida and is now in the process of
developing numeric criteria for estuarine and marine watdfforida Chlorophylla
concentrations are currently used by the dtateetermire whether an esary has problem

causing levels of nutrients (nitrogen and phosphorus).

Nitrogen in thform ofa mmoni a (or MAammoni umo) i s used
algae in the aquatic environment than other forms of nitrogen sofierspresent in very low
corcentrationsand often undetectabléaVhen ammonia nitrogen levels are elevated it may be an
indicator of recent discharges from domestic wastewater or septic tanks which contain nitrogen
in this form. Monitoring ammonia concentrations can detegitiia presence of anthropogenic

sources within an area.

Like nitrogen, increased levels of phosphorus in estuarine waters may lead to
eutrophication resulting in increased phytoplankton concentrations, reduced water clarity, lower
dissolved oxygen and other pfems. Though nitrogen is the limiting nutrient in the local
estuary(Loh et al. 2011)there are conditions in which phosphorus becomes the controlling
factor and any increase phosphorus can result in immediate problems. The most common
anthropogenic soces of phosphorus are fertilizer, wastewater, animal wastes, and waste from

mining operations.

There are no numeric criteria for phosphorus in estuarine or marine waters, although the
US EPAIs now in the process of developing criteria. Chlorophybncentrations are currently
used by the state for determining whether an estuary has problesimg levels of nutrients
(nitrogen and phosphorus).

Low dissolved oxyge(DO) concentrations in estuary waters can limit the survival and
distribution of aquic life, especially if they exist over any extended period of time. Hypoxia is
the term for waters having oxygen concentrations of 2 mg/L or less. These watgrgigally
not support life, and can be a symptom of eutrophication caused by incasdsdf nutrients
or organic material in the water. In extreme conditions surface waters may become anoxic, or

completely void of dissolved oxygen at some depth or area.
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Dissolved oxygen levels typically fluctuate during a 24 hour period (diurnal cjaéejo
varying rates of plant photosynthetic and respiratory activity based upon light availability. In the
early morning hours, DO is typically at its lowest level of the day after having been consumed by
the respiration of plants and algae during tighta Photosynthetic activity during the daylight
hours causes increases in water column oxygen levels. Warm water temperatures and high

salinity can also reduce the amount of DO.

Turbidity is a measure of water clarity which can directly affect théthefessential
estuarine habitats such as seagrass. Turbidity is also an indicator of the amount of sediment in
the water column and suspended sediment loads can affect the health of many organisms such as
fish, oysters and other invertebrates. Larglalsanges and increased nutrient loadings are the

primary causes of increased turbidity in our local estuaries.

High levels of dissolved organic material in an estuary can cause the water column to
exhibit significant color (yellowbrown) which we term CDM. High CDOM levels can lead to

decreased light penetration and detrimental effects ondigi:ndent seagrass habitat.

Salinity is one of the most important water column characteristics influencing the health
and distribution of aquatic plant and anlrife. Large fluctuations in salinity can be very
stressful to organisms when they occur over short periods of time. Land use changes
(development, deforestation), canals, and stormwater drainage systems are major reasons why
salinity in local estuariesow vary greatly compared tondeveloped lands with layers of
vegetation griginal natural conditions

During the study periodthere were a number of notewortbgcurrencesaving
significant impacts on local water quality conditions. First, the 8hBiayous wastewater
treatment plantwhich served a residential area of northern Sajwieet taken ouweby the City
of Sanibel and & operation ceasedt he spring of 2008. The Sanib
was diverted and c tmemsstemglbnak Wastewater Teatmept®lant).t r e a
A large wastewater treatment/holding pond associated with thetptdmntas long suspected of
leakingpollutantsinto the immediate environmeand likelycontribuedto elevated bacteria and
nutrient levés in nearby waters. By August 2009, the wastewater holding pond was filled with
sand obtained from the dredging of Blind P@3sgure 3) Blind Pass formerly formed a narrow

tidal inlet separating Sanibel Island from Captiva Island to the north. HsehBa historically



opened and closed depending on hurricane activity and longshore sediment transport.
Additionally, sedimentation kept this pass closed until recently when a navigation project was
undertaken by Lee County, the Captiva Erosion Contrsiridt (CEPD) andFDEPto dredge

open Blind Pas@ndreconnect Pine Island Sound to the Gulf of Mexiegyre4). On August

1% 2009 tidal exchange was reestablished at Blind Pass with the completion of dredging. This
renewed tidal exchangeas expe@dto have significant impact to the local water quality
especially in the immediate area of the pass (Roosevelt Channel, Sunset Bay, Dinkins Bayou,
and Wulfert Channel).

The nationwide economic recession of 2080 may have indirelgtimpacedthe
a r swater quality by affecting such things as the number of people (volume of waste) visiting
this tourismdependent aredgecreasing thamount of vehicle and boat traffelowingthe rate
of land use change and thkering themanagement of existing landes (i.e. fertilizers). ®dse
events occuadduring the period of this studgndmust be taken into account when evaluating
the data collected.The report issubdividedby sutheadings int@ctivities andesultsrelated to
thebaseline assessment ppon of this study anthose related to théocusedmonitoring. The
baseline assessment was performed from October 2008 through Decembdf@fi@ed
monitoring was performed from November 2009 ukitdirch2011. Although many additional
water quality prameters were monitored thaescribedvithin this document, we report here
only thoseparameters whichestcharacterizehe overall water quality conditionsAdditional
information and datareavailable from SCCF Marine Lab upon request.

Methods

This study was conducted between October 2008 and March P& Etudy was broken
into two components: year 1 water quality baseline assessment; fpeass2d monitoring and
source tracking.The stuly area was defined as nearshwegers(within 50 m of §iore)
surrounding Captiva Island south to the Bayous areas of northern Sanibel IslandFf-idure
the second year we expanded the scope of the study to include the uppermost groundwater
aquifer (freshwater lens) which is present on both Captiva antdébdsiands.We used an
adaptive monitoring strategy to take advantage of the findiogsthe first year tdetter utilize

resources andirect ourefforts during the second year of the study.
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To assist in understanding and identifying informatiovesdds, a water quality relational
(MS Access) database was created which included all available historical data from ten
independent municipal, county, state and local agencies and other organizations. These data
wereinitially analyzed and used as theifidation for developing a monitoring plan that would
concentrate on filling in both spatial (sampling sites) and temporal (e.g., seasonal) gaps in the
r e g i water@uality data. Possible pollutant sources were identified thfmldisurveys of
the stuly area, conversations with local and state government utilities and environmental
protection agencies, and Glfased land use mapping. The potential sources were plotted on a
map of the study are&tudy area watershed boundaries were estinzatdglotedusing GIS

software andLight Detection ad RangingLIDAR) elevation datdFigure 6)

Year One Baseline Assessment

Year 1 vater quality monitoring sites were selected for this study based upon: (1)
location of possible pollutant sourcg®) informaton gained from analyzing historicakater
guality data from the areé3) accessibility (from land or water); and (4) producing the best
combination of temporal and spatial coverage withirftineing and resourasonstraints of this

project.

The Year Imonitoring schedule was developed with three components: (a)-siaten
Aevent o sampling; (b)) periodic Asentinel o sit
water) sampling. Theamplingspecifically for this studyncluded 2 sites(Figure 3)after at
least three, 0.5 inch or greafeain eventein each of the two seasons (veeid dry. We also
samplehi ne fisentinel o sites, at |shasadtupondpimale t i me
tidal conditions (late ebb tide), and four to fivealsh sites, at least four times each season, based
upon optimal beach tidal stage (early ebb tidd)irty three nonitoring events were completed

specifically for thigpart of thestudythrough January of 2009

Data on e following water qualityWQ) parameters wereollectedin the field for each
monitoringevent:dissolved oxygen (DOmg/l), turbidity (NTU), pH, salinity, air and water
temperature (n °C), scchi depti{meters) photosyntheticalhactiveradiation (PARe mo 1 L s
L.m?) and total deptiimeters) Depending on théocusof aparticular sampling everihe
following additional laboratorgnalyses may haveeen conductedt either the Lee Co.
Environmental Lab or SCCF Latwtal nitrogen(TKN Kjeldahl, mg/L), nitrate plus nitrite
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nitrogen(mg/L), ammonia/ammoniumitrogen (NH, mg/L), total nitrogen (TNmg/L),

turbidity (NTUs), chlorophylla ( g/L), pheophytin( g/L) , total phosphorus (TPng/L), fecal
coliform bacterialcolonies/100ml), Enterococas bacteria(colonies/100ml), optical brighteners
(raw fluorescenceand Colored Dissolved Organic Mat(@DOM, QSB.

Sampling was conductesing Florida DEP Standard Operating Procedures (SOP)
FS2001 (Surface Water Sampling Protocol) as a guideline for processing and QA/QC. All water
Agrab sampleso were collected by p27aneter(6g t he
9 foot) extedable pole and sampling approximately 0.1 metewbéhe water surface and about
1-10 meters from shor&Vater samples were collected580 ml capacity HPDE (Daniels
Scientific BPC3016) for nutrient samples; 500 ml polypropylene (Wideth Nalgendottes)
for chlorophyll; turbidity, CDOM anaptical brighteners; and 100 sterile polyethylene bottles
for bacteriological sampse(IDEXX, WB120SVST). Nutrient samples were preserved uging
ml of concentrated sulfuric acid per liter of sample. Bactegichl,chlorophylla, CDOM, and

optical brightener samples were immediately preserved on ic€@t <4

Turbidity, water temperature, pH, salinity, and dissolved oxygen data were collected in
the field using a calibrated Hydrolab Quanta mpttbe sondeThe sonde was calibrated
before each monitoring trip. All data was recorded on standardized water quality field logsheets.
At each site, the following additional information was collected: current direction, tidal stage,
wind direction and speed, watieight, number of people in area, number of animals in area,
macroalgae presengaegrcentwrack on the beacand rainfall in past 48 hours. In general,
rainfall data was collected from tlde. NDingo Barling National Wildlife RefugéNWR)
weather statiotocated on Sanibel Island (ROMA2009). This weatherstationwas installed in
December 2008. iy rainfall information precedinthat date came fromee County Bt.
Meyers Beach rainfall statidocated at the corner of Summerlin and San Carlos Bowlenar
Ft. Myers(Lee County 2009)

Samples collected fdgnterococasbacteria analysis were delivered to Lee County Lab
or SACF Marine Lab within the 6 hours of collectitmaximum holding timg Lee County Lab
used EPA Method 160@Enterococci in Wateby Membrane Filtration tasses&nterococas
in samples @JSEPA 2002) When samples were analyzedthg SCCH.ab, EPAapproved
method 92300vas used (seBtandard Methods for the Examination of Water and Waste\water
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For this method(Enterolerf) fluorogenic mdia are used with 10@1I of the watesample. The
media is mixed ira sterile, 100 méamplecontainer (DEXX, catalogue noWB120SVST) and
the samples arenpoured into eithea51 or 98 well QuantiTray® and sealed using
Enteroler? seakrfrom IDEXX (Westbrook, Maine) The sample trays are then incubated at
41+2°C. Atthe end o024 hours, trays are removed from the incubatorEamerococasbacteria
colonieswereenumerated by observing theamber oftray wellsthat fluoresceifdicaing
enterococcpresentundera365 nm UV light. Total fluorescing wells arthen summednd a
most probable numbéMPN) tablefrom IDEXX is used to determine the number of colonies
per 100 milliliter(cfu/100ml) sample.

Confirmation testsvere perforned on samples after titerolerf analysiswvas
completed Confirmation tests were necessary due to the possibility of false positive results. If
the Enteroleft method producetesults of25 cfu/100 ml or greater, the results were confirmed
using bileesculinazideagar(BE) plates and then brain heart infusi@Hl) broth. Confirmation
tests were performed by wipiniget back of the EnterolérQuantiTray with an alcohol pad and
piercingthe back of each positive well with a sharpened and sterilized wA sample is
removed from each positive well using a 1 omi®op and placed onto a separate BE péaie
spread over the plate. The plates are incubated for 24 hoursCaaBdthosecolonies with a
black precipitate are transferred into B615% NaCl broth and incubated at 85and to BHI
broth and incubated at 45 for 2448 hours.Samples that are turbabnfirm the presence of
enterococci To better understand the limitationstbis methodology, we categorized all
samples by type (estuar@ulf, groundwaterrunoff) and calculated the percentagesamples
which were erroneously identified as positive (false positive) using the Ent@rmolethod.

During beach momdring efforts, we sampled nesdwore water at our beach sites (for
bacteriaand nutrients) and occasionally tested for indicator bacteria in beactbeant,
interstitial water and wrack material. When sampling beach sand, 10 subsaenglesmbined
into a composite sample for thecationwe were focusing on. Approximatel® rams of the
well mixed composite sample would be transferred into a sterile container and extracted with 100
ml sterilized, deionized (DI) water by shaking the sample and water together for about 90
seconds. The water would then be decanted into arsttde container and analyzed for

Enterococasbacteria using methods described above. Beach sand samples were taken from
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locationsabove the wrack line and also in the intertidal area of the beach. Interstitial water
samples wereollectedby digging(about 05-1 m deep) through the sand near the top of the
intertidal zone down tthe water level. Once watglted the hole, a sample was collected in a
sterilized bottle and tresported on ice to the lab fenterococcanalysis. Composite wrack
sampes (35 subsamples) were taken from the wrack line using forceps sterilized in alcohol to
transfer samples into sterile bottles. Wrack samples were extracted into sterilized water using
the same methods as described for s8ite composition of beachrack wagypically seagrass

or macroalgae. When both were present we would separate the different types of wrack into

individual samples.

Samples were analyzed fonlorophylla at the SCCF Marine Laboratory usingAP
Method 445, determination of chloroghg and pheophytiin marine andreshwater algae by
fluorescence with acidification. Between 1200 ml of water sample is filtered through a
Whatman GF/F, 0.7 um borosilicate glass fiber filter. The filter is then placed witfinra
capped centrifge tibe and transferred tomainus 20C freezer. Within 21 days the frozen filters
were extracted using 10 ml of 90% acetone. To aid in extra@specially cyanobacteriahe
filters were ground within the acetone solution using a tissue griKdetes 22 with IKA
RW20 homogenize@nd tube until filters are transformed into smaller particles. The ground
samplain 10 ml of 90% acetone are transferred to a refrigerator and extractedZdriurs.

After samples are extracted, they are centrifuafe8D00 rpm for 10 minutes to separate solid
particles from acetoneThe acetone supernatant is then decanted into a 5 ml borosilicate glass
culture tube and inserted into a Turner TrilBdlorometerfitted with chlorophylla head(for
acidification méhod). Thefluorometemwascalibratedannuallywith aknown chlorophylia
standardrom Turner (Rrt # 10850) and displayeds dlorophylla andpheophytina (in ppbor
pg/L) of pigment.

CDOM samples were analyzed at SCCF Marine Lab using the Turnegyfril
fluorometer fitted with a UMCDOM head. Samples were preserved on ice and warmed to room
temperature. Approximately 5 miere syringéfiltered through a 0.2Rm Millex®GPfilter into

al2 x 75 mmborosilicate glass cuvette culture tube. The tulib gample was then read in the
fluorometer calibrated to quinine sulfate sta

results for CDOMare reportedh units of Quinine Sulfate Equivalents (QSE).
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Optical brightener samples were analyzed at SC@Frd Lab using the Turner Trilo§y
fluorometer fitted with a UVbptical brightener head. Samples were preserved on ice and
warmed to room temperatubefore analyzing Approximately 5 ml was then transferred to a
borosilicate glass cuvette culture tutdihe sample was then read in the fluorometer and raw

fluorescence readings recorded.

Lee CountyEnvironmentalaboratoy performed all nutrient analyses. The following
EPA approved methods were used by the NElok@ified laboratory: Total Kjeldahl Niigen
by EPA Method 351.2; Nitrate plus Nitrite Nitrogen by EPA Method 353.1; Ammonia nitrogen
by EPA Method 350.1; Total Phosphorus by EPA Method 364.¢hain of custody sheet
accompanied all samples taken to Lee County Environmental Lab. The chastamfycincludes
a description of the samples, where and when they were taken, the temperature of the sample
when delivered, the analyses to be performed on each sample and the signature of each person in

possession of the sample from the time it was taikeihit was delivered to the laboratory

Results from the first year of this projeeeresummarized parameter by parameter and
then compared to relevant regulatory criteria or relevant guidellnegéear 1,datawere
grouped sdahat results from Capta neashore waters could m®mpared to data collected
around Sanibel Island, tMWR, and pooled data from tlemtire state of FloriddFDEP2008)
for each parameter. The Captiva grouping contained data from 113 sites located between
Redfish Pass to theorth and the middle of Blind Pass to the south (Figurevhile Sanibel had
62 sites and thBWR had 16 sitesThese analyses were presented in our first year report entitled
Captiva Water Quality Assessment Project Year One: Summary and Findings €tmoamul
Coen 2010).

In the Year 1 report, general assessment of water quality based on the data collected
in this study was made by comparing the percentage of samples which met or exceeded Florida
DEP Water Quality Criteria for Marine Waters (Florid&P)for each parameter of concerim
cases where there were no water quality criteria already estalfiisteedarametercomparisons
were made to the ¥tand 9¢' percentile levels of all samples taken in Flofitkauaries for that
parameterDuring this analysiswe refer tofigo o divalueshat ardess than 70 percentile
val ued e fiastiemeen 7Hand 98 per cent i | @oomwasdraatershatherdd® i

percentile valuéTable 2.
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Statistical Analyses

For t hihsi gshtouidsyefiaesiias the period from January through April each
year when the Captiva and Sanibel Islands atieeaitpeak seasonal populatgn  w Hawl e i
seasono i s hdaremaindgrobthe gedr (Ma9ecember). T hevethi ( or Ar ai ny o)
season is dafed as MayOctobere a ¢ h y d@rgor , s et aldeveniibeatlisrough April
Comparisons were made between results obtained during dry season (Nexenibeersus
wet season results (Ma&yctober), betweefi h i g h 0 (JaeayAprd)versus lowio seasa
(May-December), and between rain events (0.45 inches of rain or greater in previous 48 hours)
versusdry periods (at least three days no rai@pmparative analyses were also performed
between results from sites near sewered portions of Captiva conipar@esewered portions
(Figure 8) All box-plotand bar grapltomparisons are shown with standard error of the mean
bars. Parametric and neparametric statistical methods (Minifalersion 1320) were used for
comparison®f means and medianshe type of test along with its test value and significance
value ) are reported for each analysis in the results section. An alpha vaiize®05 for the

type 1 error was used for all analyses in this report.

Year Two Focused Monitoring

Groundwater

We maitored groundwater April 2010 through March 20Monitoring wells were
installed per Florida DEP monitoring well specifications (FDEP 2pa8B18 sites on the Island
of Captiva(Figure 9) Three additional wells were installéat comparative purposes
undeveloped natural preserve land owned by SCCF on Sanibel I51&eils. were installed
using a 3.25 inch diameter soil auger with 10
was used bore into the soil until 100% saturated soil was fountisAtdint we continued
boring for another 0-8.0 meters or until well wall collapdeandprevented further boring
1.250 Pipelife Jet Stream bl ue tip owedila npeotienrt,
schedule 40 PVC to reach the satedeasoil (Figurel0). The well point and PVC extension was
then driven by mallet another 6025 meters.The well installation was then leveled, badkdil,

tamped, capped and labeld8a c h wel | was then fAdevel opedo pe.]
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(FDEP 2008c).Wells were pumped using a Masterflex® Easy Load tubing pump (model 7518
10) connected to a Cole Parmer model 7583 C motor until 2680 volumes were displaced
within the well. Each well was then lefbdisturbedor at least one week before samplesave
taken. Before each sampling event, at least iolumes were pumped from each well to assure
the sample was being taken from groundwater and not water which had accumulated in the well
casing. Each individual well was assigned a unidiefoot long sction of #18 Masterflex®
tubingthat would be usetb obtain samples. The tubing resided in a 5 gallon bucket of 50%
household bleach solution between each sampling ®VEhis assured no bacteriological
contamination of sampldsy the tubing. After sanples were collected, a graduated monitoring
rod was inserted into the well and a depth to water surface was meabhiedepth was then
converted to an elevation to obtain aquifer water leVéak rod was decontaminated with a 50%
bleach solution beteen each siteAdditionally, negative control samples were routinely run to
check for cross contaminatioff.o better understand the relationship between aquifer level and
tidal phase, we installed an Onset® level logger in six different wells for tinedpaanging

from 12 to 48 hours.

We alsoobtained permission tmonitor two wells on northern Captiva within South Seas
Plantation Resort which are part of the monitoring well aregyired byFDEP for spray
irrigation of theirreclaim water South Seas Plantation resort is required by FDEP to monitor
these wells quarterly for nitrates, bacteria and other parameters. We obtatmednitoring
data from FDEP for use in this study.

To determine groundwater flow direction we converted the ddbwfer
measurements to an elevation based on ground surface elevations at the well obtaigé@#rom
LIDAR surveys of Captiva IslandFlorida DEM, 200J. The elevations were then plotted
together with distance from the Gulf coast to obtain the gegeyvahdwater elevation gradient.

The flowdirectionwas estimateftom thechange in elevation (flow from higher to lower)

The results from surface water monitoring in the first year of the study were used to
determinghoseparametersvhichwould be maitored in groundwater. Nitrogen and bacteria
were the two parameters found to be of primary concern in surface waters during the first year of
study. Only these two parametefalong with conductivity and salinityyere monitoredn

groundwater to makine best use of fundsemaining
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Regional Water Quality Analyses

To give a regional perspective to our findings, we analyzed Lee County water quality
monitoring datacollectedduring the same period of this stuidy the area from lower tidal
Caloosah&chee River to upper Pine Island Sowamdl from Pine Island to Captiva IslanData
were grouped intstratabased on distance from the lower Caloosahatchee Hhigerel11 and
12) and descriptive statistiagerecalculated for several parametet®@mpaisons between strata

were made using the nonparametric Kruskéalllis test.

An estimate of nutrient limitation was made using regional water quality results from Lee
County. For the period October 2008 through January 2011 water quality data coNelcssd b
County in the area between Pine Island and Captiva was analyzed for nutrient limitation using
themolarratio of IN:IP (inorganic nitrogen to inorganic phosphorus). Following Florida DEP
guidelines for evaluating impaired waters, a ratites$ ttan10 molarwas classified as magen
limited while a ratio of greater th&80 molarwas reported as phosphorus limited. Ratios

between 10 and 3folarwere classified as elimited by N and P.

Using Florida DOHlatameanEnterococasbacteria concentriains were calculated for
Lee County Beaches for the periofdFebruary, 2008hroughDecember, 2009 This analysis
was used to compare bacteria in Cap@®uaf waters to similar beaches in tregionafter rain

events and dry periods

Loading Estimates

The second yeaf this studyfocusedprimarily on bacteria and nitrogen in surface and
ground water. To estimate loadings of nitrogen from different land usedgp@aptiva Island,
we appliednethodsdescribedn the CHNEP DrafiVater Quality Target Rimement Project
documents (Janicki Environmental 2010) and used in previous loadings estimates for southwest
Florida (Janicket al. 200 The SFWMD 20@-2005GIS land use coverageas used to
estimate the area of each land use classificéhased o | or i da DOT6s oRLUCCS
the island. Runoff coefficients for each land use were obtained from previous ¢ladieki
201Q Gao 2008 and modifiedvhen appropriatbased upofocal knowledge ofactual
development on Captiva Islan@&uck Key wasot considered a part of Captiva Island and was

not included irthe calculations performed for this studpitrogen concentrations for runoff
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from different land uses wesstimated from actual sampling results and fppevious loading
estimates for sabernFlorida (Janick2010; Graves et al. 20D4 Loading estimates were also
made for discharges from OSTDs followingtiods outlined in CHNEP Draft Water Quality
Target Refinement Projedbcumentsand other studiesénicki201Q Anderson et al. 2006
HazenandSawyer 200 Captiva population estimates were obtained from US Census data
(US Census 210) and used focalculatingseptic system loading estimatétie £asonal

population was estimated from analyzing trends in traffic data across SamiselvaylLee

County 2008and evaluating census data on seasonal occupaheytrogen removal efficiency

of 10% was used for septic tanks and a removal/dilution factor of 25% was used for unsaturated
soil in the drainfield Janicki 2010 Anderson etla2006 HazenandSawyer 200; Harden et al.

2010. A 10%failure ratefor septic systems was estimafteaim FDOHinformation(FDOH

2007)and previous estimates for SW Florida (Janicki 20B8ptic tank failure is defined as the
percentagef septic gstems which are discharging to surface wete to inability to percolate
through drainfield system (due to high water table, improper installation, improper maintenance,
etc.). Other than the estimatesrfrailure, all loadings from septic systems wassumed to go to
groundwater. Most septic system drainfields on Captiva are located within 200 meters of
surface water and it is hypothesized that most of the nitrogen discharged into the upper aquifer

will be capable of affecting surface water befang asignificant denitrification occurs.

Loadings forEnterococcudgacteria were made by estimating septic system flows as
described above and using the mean groundwater concentration for these bacteria found in this
study multiplied by the estimated sepicstem flow. This gives an estimated loading to surface
water assuming all groundwater flow caused by septic systems discharges to surface waters.
Enterococus loading associated with stormwater and irrigation runoff was estimated using the
total estimaed annual runoff volume from Captiva multiplied by the meanified Enterococas

concentration for runoff samples obtained in this study (1050 CFU/100ml).

Source ldentification Efforts

During the secondear of this studywe developed a bacteriologicsource tracking
approacho better define the source of indicator bacteria which increase in surface and ground

waters after rainfall eventslheapproachnvolved 3or 4 steps including the Enterolert test, BE
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and BHI confirmation tests, speciatioringsthe Biolog carbon source utilization system and

DNA analyses using a human biomarker for confirmation of human sdtigge€13). Thethe
source tracking approaetasused in #empsto characterize the relative importance of humans
as a source ohdicator bacteria concentrations in our surface and ground wateesEnterolert

test was used as a course screening for the preseBoteafcocasbacteria. Positive results

using this system were then transferred to confirmation tests on BE aiele gothd BHI broth to
confirm the presence ehterococcin the samplesAfter confirmationwith these two steps
samplegdesting positivavere sent to INX Labs in Groveland FL for analyses using the Biolog
GEN Il carbon substrate utilization assayhe Biolog GEN Il system uses a 94 well media

tray containing 7Tarbonsource media and 23 chemical sensitivity assays. All 94 wells are
inoculated with sample and incubated for 48 hours. After 48 hours the plates are read by a
computerized spectrophoteter which determinatewellsthatare positive for growth or

reactivity. A computer program then matches the pattern of growth and reactivity to a library of
known bacteria speciesThese analyses provide a 95% confidence level identificidrahe
Enterococasbacteriaspecies present in the sampRrevious studies hawhown thatuman

fecal waste contains primarignterococcus faecalsndEnterococcugaeciumspeciegManero

et al. 2002; Blanch et al. 2003; Bonilla et al. 2008amples testg positivefor the genus
Enterococcu$ut which contain species other thfarcalisor faeciumare most likely from

sources other than human. However if a sample contains prirspetyegaecalisor faecium

this does nohecessarilynean the source human, ashese twdEnterococasspeciehave been
found to be associated with many otl@ganismsincluding plant§yHagedorn et al. 2003;

Bonilla et al. 2008 The Biolog carbon source utiition data was analyzed using a

discriminate analysis appach similar to Hagedo et al. (2003) as well as analyzed using multi
dimensional scaling\initab® Version 1320; Primer v5). Variables for the analyses were the
classification of carbon substrate containing wells as to their condition after incufaisitive

or negative).For our analyses a number of knofeeessamples were obtained including

raccoon, bobcat, opossum, shorebirds, pelicans and humans. The results of the Biolog analyses
for the known samples were analyzed using discriminate asabgtting their classification
group as fAhhbhmmavwoor fABioboal og results from unkn

sampl es were then comp aramda classficatiom ebtaimed dskkan o wn 0 ¢
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likely grouping (Hagedorn et al. 2003). A riudimension scaling (MDS) plot was also made of

all unknown samples to compare to the known human andhmman groups.

A few samples which were confirmed positive Emterococasbacteria and then found
to have eitheE. faecalisor E. faeciunspeciegpresent by the Biolog analyses were shipped to
Source Molecular Company in Miami, Florida for additional analyseSoitceMolecular, the
samples were analyzed for the presende. dheciuncontaining a human biomarker. If the
sample was confirmed tate this species with the human biomarker, it was considered
confirmation that the sample was contaminated with human fecal matter. Due to the very
expensive nature of these DNA based analyses, only 10 samples were processed during this

study.

Macroalgaeand EnterococcMini -Study

As part of this study, eoncurrent study was initiated byS& CFMarine Lab intern
during the first year of this study éxaminethe relationship between algae on the beach and
enterococcbacteria. The goal of thistudy wago determine ienterococcifree macroalgae
placed on the beacskould be inoculated witbnterococcifrom the environment and become a
growth mediaandto determinef there was a difference in concentratiofismacroalgae at
beaches which have highertoiscal levels ofenterococci This study was initiated after high
concentrations odnterococcwereobservedn areas with high macro algae concentrations.
Samples of water, macroalgae, and sand were collected from Sanibel and Captiva and nearby
beachs in order to determine the abundancerkrococcin each of these media. Samples
were collected with tweezers or gloves cleaned between samples with ethanol, placed in sterile
100 ml vials, and held on ice and in the dark until tested. Subsamgiascand macroalgae
were extracted with 100 ml of sterile water and the vials were vigorously shaken in for one
minute order to extra@nterococcfrom the samplesMarine and estuarine water samphere
diluted 1:10 to killBacillusspp.bacteria, whib canproduce false positive results when using
the Enerolert®system. Bacillus spp.bacteriado not survive well in low salinitgolutions. The
Enterolert® media was addéalthe water, mixed thoroughly, and the solution was sealed in an
Enterolert® tay. After 24 hours of incubation at¥C, the number of wells that glow blue
under an ultraviolet lightpositive)wererecorded and the most probable number (MPN) of

enterococcwasdetermined using thénterolert®MPN chart. Sand and macroalgae sarsple
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were weighed and dried in order to determine both wet and dry weights whichetessary
for determiration ofthe MPN per gram of sample.

Sample<ollectedincluded water, macroalgae in the water, damp wrack macroalgae
desiccated wrack macroalgae, &udh intertidal and dry sand. Samples of a second type of
wrack comprised of a mixture of small leaves, sticks, and seeds were collected to determine if
macroalgae was the only wrack substrate that was conducive to the grentbrotocci

In addition macroalgae was collected from two sites of the SAQ@Falgae research
project. Site 03 (26.41583%2.11079) was a nearshore site with a depth of 5.7m and site 12
(26.55452;82.28576) was an offshore site at a depth of 13.5 m. Macroalgae wasiplaced
sterilized mesh bag and transported in sterile jars and a cooler back to the lab where the samples
were extracted and the Enterolert® system was used to determbrectbgallevelscontained
on the surfaces dhe macroalgae.

It was been detenimed that if boiling water is poured @mterococctcontaining
macroalgae, the bacteria will be killed and the macroalgae will test negatesgéoococci
(Thompson and Kovacs, unpublished). Cages made from plastic fencing material approximately
25 x 5 x 5 cm in size were filled with macroalgae of the geA@anthophoraAgarghiellg and
Gracilaria anddeployed at deachsitesjust below the wrack line using a piece of pvc pipe and
Zip ties The siteswerBowmands Beach, Bl i nskhndBasls G ewaeim on
Waters and Alison Hagerup beach (also referenced as South Seas Plaotai@aptiva Island
All cage and deploymentaterials were sterilized prior to use via heat or bleach and were
handled while wearing ethanol sterilized gloves.

Past data from the Florida Department of H
Pass have significantly higher levelsemiterococcthan Captiva Beach, which has not had any
closures within the past few years. It was predicted that the macrealglkbecome
inoculated withenterococcfrom elements in the beach environment and the bacteria would
grow and reproduce within the nutritious habitat of the macroalgae. In additi@nococci
levels were expected to be higher in the macroalgae atBowds Beach and Bl ind
moreenterococcvoul d be present. At Bowmandés beach a
were placedbove tidal range act as a control in order to discern if grgerococcinoculating
the macroalgae was coming prinafrom the ocean or if there was an additional source. As an

additional control, macroalgae was sterilized via boiling water, testeshferococcand
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allowed to sit in a sealed jar for five days, then tested again. Conttel for sterility ofthe
process were also run, in which sterilized water was tested accordingaaténelertprocess.
The cages remained on the beach for eight days, with téstiagterococcoccurring
after days one, four, six, and eight. The cages were movedipalipth order to ensure that
they were affected by the tides enough to keep them damp but not so much as to wash away the
macroalgae. During each day of testimgcroalgasubsamples were returned to the lab and

the Enterolert® system was used to deiae enterococclevels.

Results

Potential Pollutant Sources and Land Use

The results of surveys used to identify and map potential sources of pollution are shown
in Table3 and Figurel4. Stormwater outfallsgolf course runoff, areas with dense
concentrations of septic systems, high density developments, and wastewater treatment plants
were initially identified as potential sourceBhe results of estimating local watersheds
(drainage basins) using ARCGI®Version 93) software is shown in Figu@ Watershed
delineation on an area of such minor variation in relief is difficult. In general, surface water
flows from the highest part of Captiva (the primary dune) toward Pine Island Sound to the east
and toward the Gulf to the wegétreas with larg@ amounts of impervious surface often do not
conform to natural flow paths and GIS derived watersheds may be imperfect.

Compilation and Review of Existing Data

Over 15,000 water quality monitoring events by various agencies and organizations were
colleciedin the vicinty of the study area since 2Q08pon further review a smaller set of data
contained water quality data with parameters of interest in the immediate vicinity ofaCapdi
northern Sanibel IslandsThere were only a small number of histal samples collected within
the near shore shallow waters of Captiva. Most water quality sampling in the area takes place
within Pine Island Sound greater than 50 meters offshore of Captiva. The City of Sanibel does
monthly water quality monitoring ithe Blind Pass area which was useful for examining water
quality which affects lower Captiva. Lee County collects monthly water quality data from

random sites in Pine Island Sound which are sometimes located in Captiva near shore waters.
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Historical wate quality data showing elevated levels of nutrients, chloroghyt
bacteria are plotted in Figure 15. Most of the elevated levels of nutrients occurred within the
northern Sanibel bayous . &eEaidaDOH mokiioretve and CI
Captiva beaches weekly for indicator bacteria in the 1sbare water. Since 2006, there have
been 8 instances of elevateterococcievels at Turner (Blind Pass) Beach and 1 occurrence at
Allison Hagerup beach. All elevated bacteria events came gjteficant storm events within
the preceding 48 hours. The Florida DOH also monitorssteane water at 3 of Sanibel
|l slandds beaches. Hi st or i similartodha Captivdbeach t hes e
datawith from 4-8 instances of elevatedditator bacteria all occurring aftsignificantrain

events.

Rainfall

During the period of study (October 2008 throtgibruary2011), annual rainfall was
significantlylessthan the 40 year annual average. NeaudryMeyers recorded €.6.4 inch
rainfall anomdy in 2008anda-19 inch anomaly from the 40 year mear2009. Total
precipitation in 2010 waatthe 40 year average of 54 incl{g¢eatherbase 2011)he dry
seasongNovemberi April) of 200708 and 20089 were exceptionally drat 5.5 ad 3.3
inches compared to the 40 year average of. 1THe 20092010 dry season hapteaterrainfall
at 21.7 incheand a driethan averagaet season.

YearOne(20082009)BaselineAssessmenResults by Parameter

EnterococciBacteria

Duringthe basline assessment portion of this study found that concentrations of
Enterococasbacteria in local waterbodies were significantly greater (Matiminey: P<0.0001;
n=273) following a rainfall event (0.5 inches or greater in past 48 hours) than |lesselstatter
at least 48 hours of no rainfall (Figut®). Therewere also significantly highanterococci
levels during the wet season as compared to the dry season{Mhamey: P<0.0001; n= 391)
and dlows enags dgin 0 c bighpeasom(MdanrtWhitndy: P< 0.00% n= 325).
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The pecentage of Captiva Island nehoreGulf samples exceeding water quality criteria
during the period of our study was low with only 4% falling within the moderate category and
1% wittpoor @ hea the gr/p his is(cdmpagable te thelresults from Sanibel Island
stations and better than tbeerall data for Florida and U.Beaches (Dorfman and Raet
2009).

For Captiva Island estuary stations, the percentage of samples &ata@raroccigreater
than thestatewater quality criteria was higher th&ulf side results with 15% exceeding the
single sample limit of 105 colonidsO 0 mlI and 14 wdexaéedi hgveheoi
colonie$100 ml (Figure 8). This was comparable to Sanibel stations, while the N\&fbas

were considerably lower ienterococcior the period.

The mearenterococciconcentration for all interstitiddeachwater samples collected in
our study was 10.1 colonies per 100ml sample, while means for all beach sand and wrack
samples were 254nd 2,364 colonies per gram dry weight of sample respectively (Fable

The standard deviations were great for all three types of samples due to large variation in results.

Chlorophyll a

Results of chlorophylh monitoringdemonstratsignificantly hgher mean levels at
estuary stations during the wet season when compared to the dry $egsmn D, Mann
Whitney,p < 0.0001, n = 218). Significantly higher mean chlorophylbncentrations were
alsoobserved u r ilowg e &8s on 0 c bighpeasnegkgureld, MannWhitney:p <
0.0001; n = 232) and after rain evemessusdry periods (Figured, MannWhitney: p = 0.005;
n=112). Results frorsulf stations monitored during the study period revealed little difference
between Captiva, northern Shei and Floridanistoricaldata for thesameperiod(Figure20).
Resultg(seeFigure 21)from estuarine (Pine Island Sound) stations revealed the proportion of
samples exceeding criteria near Captiva Island (12%) was similar to the NWR and Florida
estuares as a whole (10%) but less than the results from stations on northern Sanibel Island
(25%).

The mean chlorophyl concentration for pooled estuary station data (6.21 mg/L) was
found to be significantly greater than the mean chloroghgtincentrationdr pooledGulf
station data (3.61 mg/L) (Unequal Varian€Besst,t = 6.09,p < 0.0001 n=65).
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Total Nitrogen

For purposes of pohoirsd swautdeyr, quea |dietfyi™naesd afiny
percentile (1.2 mg/L) of all Florida estuaryresdit®e r TN ( DEP 2008) and @Amo
quality as any value between thé"{0.93 mg/L) and 90 percentie for all Florida data (Table
2). Assessment of data collected during this study to date dhatistal nitrogen at estuary
stations is significatly higher during the wet season than the dry sedsgnre22, Mann
Whitney:p =0.020; n = 153). However, no significant difference could be found between TN
during fAhi gho dowas®aas eWwhpngywpaa.08tnel26) nor after a
rainfall event compared to a dry period (Fig@& MannWhitney,p = 0.060; n=83).

Total nitrogen results fror@ulf stations monitored during the study period revealed little
di fference betppeen) Capdi nar (ph &r @) Skestiddp efl o 0%
period (Figure 3). Both areas appeared slighltass degradethan the Florida overall data (10%
fipo o r 0O Gulf $tadians. Results from estuary stations revealed the proportion of samples
exceeding criteria near Captiva Island (0%) was sirntolahe NWR (3%) while poor results
from stations on northern Sanibel Island (15%) alhdtherFlorida estuaries as a whole (10%)
were more frequent{gure24). The mean TN concentration for pooled estuary station data
(0.546 mg/L) was found to be sifioantly greater than the mean TN concentration for pooled
Gulf station data (0.204 mg/L) (Unequal Varian€kest:t = 8.6;p < 0.0001 n=36).

Ammonia/Ammonium

Forthepur poses of thipgsosdudwgt ewequalfinegdasdsi an
90" percentile (0.087 mg/L) of all Florida estuary results for ammonia/ammofDER
2000) amodd efir at ed water qual i t"0.005mgA)yayddd al ue bet

percentile for all Florida data (see TaB)e

Ammonia at estuary stations is sigreintly higher after a rain evewersusa dry period
(MannWhitney:p=0. 00 4 ; nN=96) ,omandeaksao dompaged to fAh
(MannWhitney:p = 0.027; n=107). No significant difference in ammonia could be found

between wet seaseersusdry season (Figure52 MannWhitney: p = 0.249; n=109).

Ammonia fromGulf water samples collected during ttedy period demonstratédth
Captivapg@B8d® ¢ at digory) andpooobdbtbategBap) bbhd(
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hi gher pr oo ot aonm® nefa @Loncentrations compared
(Figure B). Results from estuarine stations revealed the proportion of samples with high levels

of ammonia near nmrotrlber waSamiebalt i (V23 %3%i gher
poor), the Wilpadrid)e &Rred uRleor(i8dm festpam@amrd)ne st at
(Figure 2).

The mean ammonia concentration for pooled estuarine station data (0.054 2vang)/L)
found to be significantly greater than the mean ammonia congentfat pooledGulf station
data (0.0308 mg/LlUnequal Variancé Test:t = 5.5,p < 0.0001;n=35).

Total Phosphorus

For purposes of pohoirsd swautdeyr, quea |dietfyi™naesd afiny
percentile (0.23 mg/L) of all Florida estuassults for TP (DEP 208 amodd efir at e 0 wat e
quality as any value between thé"{0.133 mg/L) and 90percentile for all Florida data (see
Table2).

Assessment of data collected during this study to date shows TP at estuary stations is

significantly hgher after a rain evenersusa dry period Figure27, MannWhitney:p = 0.006,

n = 113), however no significant difference in TP could be found between wet seesosiry

season (Figure 27, MafWhitney:p = 0.06; n=155prfi h i gehson comparediiowd s eas on
(Figure B, MannWhitney:p = 0.18;n=156).

Results forotal phosphorus fror@ulf stations monitored during the study period
demonstratebothCa pt i v o d r3d %c d&it egor y) andpooodb) hbamd San
relatively high TP concentratns forGulf stations compared to all Florida coastal stations
(Figure29). Results from estuary stations revealed the proportion of samples with high levels of
TP near Captpowa 0l)s| a&Nrod t (hlp&oni 6S)a na nbde | tpb(eOrod YWWR ( 0
werel ow when compared to data pobootm alFlgeggboy) da
30).

The mean TP concentration for pooled nearshore Gulf of Mexico station data (0.10 mg/L)
was significantly greater than the mean TP concentration (0.043 mg/L) fedpestuarine
station data (Unequal Variant&est:t=-2.17;p = 0.035;n =43).
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Dissolved Oxygen

Assessment of data collected during this study to date shows DO at estuary stations is
significantly lower during wet season compared to dry sedsgaré 31, MannWhitney:p <
0.0001; n=3349gwp bewseobnduaoompgr & drigtreBl, Mdne @A hi gho
Whitney:p = 0.002; n=334) and lower after rain events compared to dry periods (Figure 3
MannWhitney: p < 0.0001; n=219).

Dissolved oxygemesults frongulf stations monitored during theusly period(see
Figure 32s howed Ca potoirada)d ( 86r fiper no oSFaon)i bheald (v6e% yA ps i
proportions of low DO levels when compared to all Florida coastal stations (6%). Results from
estuame stations revealed that the proportion of samples with low DO levels near Captiva Island

19% fAipooro), norobeon &Sadi bjoto r OWBRGNdTDREY
comparedtodatafom al |l Fl ori dar(RgpreBari es (9% nAp

The mean [@ concentration for poole@ulf station data (5.81 mg/L) was found to be
significantly greater than the mean DO concentration for pooled estuarine station data (5.26
mg/L) (Unequal VarianceTest:t=5.37,p <0.0001;n=126).

Turbidity

Mean turbidity leels at estuary stations were greater in dry seasmuswet season,
A hi gehsorversusiowd s eason and during a period of no
event (Figure 34). Mean turbidity values for pooled ocean station data (9.6 NTU) was also
greater than the mean value for pooled estuary station data (6.3 NTU) (Unequal Vafieeste T
t=2.71,p=0.008).

Colored Dissolved Organic Matter (CDOM)

Mean CDOM | evels werweersgdidnyerselavwdweandsia
versusth i gskasonwhile no significant difference could be detected for samples taken after a
rain Aevento compared to samples taken during
pooled estuary station data (30.8 QSE) was also greater than the mean valuledoo e

station data (10.0 QSE) (Figure 35, Unequal Varidngest: t = 17.64,p < 00001, n00).
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Salinity

The mean salinity (PSU) for pooled data fr@ulf stations (35.98) was greater than the
mean salinity for pooled ¢k from estuary stations (%) in our study. Salinities at the 20
stations showing the most variability had a maximum ran@3.&f to a minimum range of 9
during the study period (Tab%.

Year Two (20092010)FocusedMonitoring

Groundwater

Theflow directionof groundwatemn the upper aquifer beneath Captwasfound to be
from the middle of the primary dune eastward to the estuary with a smaller portion traveling
westward toward the GulfF{gure36). All water table elevation data taken from cris$and
well transectsisowed this general patteriue to tidal effectshe aquifer surface was also
found to varyas much as 0.5 m glevationduring atidal cycledepending on location and tidal
phasgFigure37). The mean distance from soil surface to water table suidatke wells in
this study was 0.98 meters.

Overall, mearEnterococcugoncentrationgn Captiva groundwatexere below Florida
DOH criteria values for healthy beachd&sable6 summarizes the data collected for each
monitoring well. MeanEnterococcugoncentrations ranged from 1 to 43 cfu/100ml while
nitrate concentrations ranged from 0.01 to 2.48 mg/l. Mean salinity values were related to the
distance from the estuary or Gulith those sites closer to the water having higher salifiibe
mean grandwaterEnterococcugoncentration fosamples from monitoringells within the
nonsewered portion o€aptiva(11.5cfu/100m) was not significantly different thahat of the
sewered portion of Captiva (10.2 cfu/100ml) or theee reference welld64 cfu/100ml)on
Sanibel undeveloped preserve lafiauskallWallis, z = 0.43p = 0.664;Figure38). The mean
nitrate concentratioril(11 mg/| n = 67 for Captiva wellsvithin the norsewered area was
significantly greater thathewells within the sewed area (0.1 mg/h = 37 and thereference
wells (0.2 mg/l n = 7 (KruskalFWallis, z =5.2, p < 0.01; Figure39). Nitrate concentrations
(2.3 mg/l n = 17 in the high(humar) population seasowere significantly greatesompared to

the low season (@.mg/l, n = 5Q KruskalFWallis, z = 1.9p = 0.05, while Enterococas
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concentrations were not found to different between seasoftsruskallWallis, z =0.58 p =
0.564).

After rain events we found significantly higher concentratiorstdrococcin wells
(KruskalFWallis, z = 1.5p = 0.05),but no significant change groundwatenitrates(Kruskall
Wallis, z = 0.93p = 0.352). Comparison of meaBnterococcugoncentrations in wells with
mean water levels less than 1.1 meters from the ground stofélcose with deeper water tables
revealedo significant difference in values although mean concentrations were lgher
shallower wells (shallow well =16.1 cfu/210Qml= 74 deeper wells 41.9 cfu/100mlIn = 43.

GroundwatefRunoff/Surface WatemRelationships

Groundwater from Captiva discharges to Pine Island Sanddhe Gulf of Mexico
provide a link between surface and groundwater quakiggre36). No significantdifference
could be found betweenganEnterococcugoncentrations iestuarywaters compared to
groundwater or Gulf side watedsiring a period with no rafall reportedin the preceding 48
hours(KruskalFWallis, z = 1.07p = 0564, Figure40). Resultsfrom theYear 1lbaseline
assessment showed significantly gre&eterococcs concentrations in estuary and Gulf waters
after rainfall events. Comparing estuary to Gulf and groundwater after rain events we found
significantly greateenterococcievels in the estuarfmean =75.3 cfu/100min = 127
compared to the Gu(fnean =17 cfu/100m] n = 99 or groundwate(25.1 cfu/100mln =53)
(KruskallWallis, z = 4.4p < 0.01;Figure40). Enterococcudacteria in stormwater runoff was
significantly greater than Gulf, estuary or groundwater concentrations after a rainfall event
(KruskalFWallis, z = 9.5p < 0.01;Figure41). When we compared sewered to reawered
areas of Captiva we found no significant differencEmterococaslevelsafter rain eventfor
eitherestuaryor gulf samples (KruskalWallis, z =0.25 p = 0.803).

Mean total nitroger(TN) concentrations were significantly greater in groundw@teéx1
mg/l) and runoff (2.8 mg/l) compared to estuaf®.45 mg/l)or Gulf (0.34 mg/l)(KruskalF
Wallis, z =11.9 p< 0.01;see kgure42). Mean TN concentrations for estuaiyeswithin the
nonsewered portiof0.46 mg/l) ofCaptiva were significantly greater than for sites within the
sewered portio0.38 mg/l)of Captiva (KruskalWallis, z =2.09, p = 0.037; seeFigure43). No
difference could be found when comparing fiiisewered0.36 mg/l)versusnon-sewered
(0.33 mg/Dhin Gulf side sample&ruskallWallis, z = 129, p = 0.198; seeFigure43). Mean TN
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concentrations for estuary samples were greater during the wet ge&somg/l)than during
the dry seaso(0.39 mgl) (KruskalkWallis, z =3.32 p = 0.04; seeFigure44) but no significant
difference could be sedar Gulf samples in wet seasonhéh comparingnean Gulf and
estuaryTN after rain events to@o-rain periodwe were not able to detect significant diffeces
(KruskalkWallis, z = 0.41p = 0.82)

Regional Water Quality Comparisons

Using Lee County monitoring datilm stations at least 0.5 km offshdoe the period
October 15, 2008 through Januar2@11 weevaluatednean TN concentrations fdistance
strata from the lower Caloosahatchee Estt@arypper Pine Island Sound and found a general
decreasing trend in TN as you move farther away from the Caloosahatchee (or closer to the Gulf)
(Figure4b). This same general trend is evident for total oilgaarbon, total phosphorus and
KdPAR (Figure 46) There waso apparent trend iBnterococasconcentrationas mean values
were near detection leveglBigure47). Mean chlorophylh concentrations were greatest near
mid Pine Island Sound and lower to@@ahemouth of theCaloosahatchee or Charlotte Harbor
(Figure 8).

An analysis was also performed Lee County data from the same period combined with
data from this study oa transectrbm Pine Island to Captivdn general mean TN, TP and TOC
valueswere greater near Pine Island and Captiva Island and lesser toward the middle of Pine
IslandSound(Figure49). Chlorophylla concentrations were greater near Captiva Island than in
Pine Island Sound or near Pine Islg¢rajure50). No pattern could beegnfor Enterococas
concentrations as the variability of the results high and most results were at the detection
limit for the method Figure51).

In a large majority(87%) of samples nitrogen was the limiting nutrient with phosphorus
limiting in only 5 % of the sampletaken (Figures2), based upon Redfield ratio calculations

From Florida DOH data it was found thaarshore watersf more urbanized Lee
County beaches showed a greater concentrati&mtefococasbacteria after rainfall events
compared to beaches with less urbanized watergrégiare53). Water quality forCaptiva was
typical of the more urbanized watersheds with large increasggenococcconcentrations after

rain events
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Source ldentification Efforts

Samples ofjolf course turf grass, grass blades from residential lawns, macroalgae from
various gulf and estuary locations, beach wrack, floating waitdk,animalfeces soil, marine
sediment, and seagrass blades were obtained and tested for the preBata®odcas
indicatorbacteria. In most cases, these samples had relatively high concentrations of the
indicator bacteria (Figurg4).

Meanpercentfalse positives using the Enterolert® system varied significantly between
sample types with over half of the grourater samples being erroneously identified as
containingenterococciFigure55). Using the results from Biolog speciation analyses, t
percentage of samples (by sample type) found to contain at least one of Eradvarocas
bacteria most commonly agsated with humans was beten 7and50% (Table7).

Due to a cost per sample greater th&@(0, aly 13 total samples were processed
using theEnterococashuman DNA biomarker technique during this study, but based on this
limited sample sizéhe esimatad percentage of samplésy type confirmedto havehuman

Enterococaspresemwasbetween less than 7 and less thdro(Table7).
Loading Estimates

Runoff coefficients and mean nitrogen concentratissed during this analysis are shown
in Table8. The total estimated nitrogen loading due to stormwater and irrigation runoff from
Captiva Islandvas 2800 kg/year Table8) or 8.84kg/hdyr (7.87 Ibs/acriyr). Of the total
anthropogenic nitrogen loadirfigom runoff, the large lowdensity residerl area at the south
end of the island, high density residential in South Seas Plantation (SSP), roads and the SSP golf
course were the largest contributors.

The total number of septic tasmkbn Captiva was estimatealbe303 by counting the
number of &nd parcels having structures in the 1sewered portion of the islandtrom U.S.
census datthe total number of continuously occupied septic systems was estimated to be 121,
with 78 systems seasonally occupiéthch system was estimated to have 1.@53wgth a total
of just over 1000 peopledaysof use annuallyor all systems on Capti@§365days/yr x 1.95
people/household x 121 continudususeholds] + [91.3 days/yr x 1.95 people household x 78
seasonal households]A mean total nitrogen loadjnof 11.2 grams per person per day was used
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(USEPA1980 for the input to the septic systems with an estimated 10% reduction for TN
(Hazen Sawyer 2002) in the septic taAk.estimated 10% system failure rate was used for
Captiva based upon Florida DOH d¢DOH 2010). Nitrogen reduction in the unsaturated
drainfield zone was estimated at 25% (Hazen Sawyer 2006). Using these values, an estimated
TN loading to the environment from Captiva septic tanks®sB@ kg/year was calculated. Total
nitrogen inpufrom Captiva based upon septic tank loading and runoff is estimated (84de 4
kg/year ofwhich 36% originates from septic systems 8d4&o can be attributed to stormwater
and irrigation runof{Figure56).

Theenterococcbacteriological loadingrom Cagiva was estimated by using runoff data
provided in Tablé and a meaconcentratiorL,050 cfu/100ml for enterococcin stormwater
(results from this study)Annual filtration (2,148,474 ) was estimated by subtracting total
annualrunoff volume(Table 8) from total rainfall volume on Captiva_oading due to
infiltration to groundwatewas estimated by multiplying infiltration flow by mean groundwater
enterococciconcentratiorof 12.1 cfu/100ml. Septic systenpading was estimated from the
product ofannualseptic system flow (47877 ¥nand mean groundwatEnterococas
concentratiorof 12.1 cfu/100ml.Due to the sandy composition of Captiva saitsl close
proximity to surface wateré is assumed that all infiltration and septic tank flow evehtual
discharges into the near shore surface waters through groundwatei fiewtotalestimated
annualenterococcloading from Captiva Island is 12651 billion colony forming units. Of this
total about 98% is estimated to be from stormwater and irrigatiooff while about 2 % is

discharge from groundwater flow into surface waféigure57).

Macroalgae and Enterococci Study

At all study site€nterococasbact eri a col oni zed the experir
after only 24 hours exposure on the ddedfter 8 days, significantly greater concentrations of
Enterococasbacteria were found compared to day 1 (Mavhitneypooled dataW= 15,p =
0.0122;seeFigure58). ANOVA performedon log transformed data did not reveal significant
differences irerterococciconcentrations between sités 0.76, p = 0557, n = 9) Daily
sampling of near shore watexseach siteevealed no detectable concentrationkmterococas
bacteria existed during the 8 days of the studg.measurable precipitation was oeded during

the study period.
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Discussion
Related Events

The evaluation of results from this study mustriterpretedn the context thaseveral
unusual events likely affemtwater quality in the study area during this periétst, he
Bayous wakewater treatment plant and holding pond was taken offline and decommissioned
the gring of 2008 a few months before the start of this prajethep | a wastévwater holding
pond was suspected of dischaggto the surrounding environment throughfaoe and
groundwatetransport and was cited by Florida DEP several tingecondly, lhe tidal
connection between Pine Island Sound and the Gulf of Mexico at the boundary of Sanibel and
Captiva Island$Blind Passwas reestablished in Augyu2009 afterlO+ years of closure caused
by coastal accretion and sedimentatioBulf waterswhich are lower in nutrients, turbidity,
color and chlorophylé are nowmixing with estuarine waters in areas of Captiva where tidal
exchange was previously minimdh astudyrecentlycompleted by SCCF Marine Latp
cooperation with Bayous Preservation Association (BE#® reopening of Blind Passas
found to haveneasurable effects on several water quality parameters within 1.7 kilometers of
the pasgMilbrandt et al. #11) CDOM and chlorophyla were found to bsignificantlylower
within 1.7 km of blind pass while turbidity was found to be highErese changes were caused
by dlution effects along with increased flow ragsdresuspension of fine organicklo
measurable changes in nitrogen, phosphorus or indicator bacteria weretéoom@ssociated

with the opening of Blind Pass

Year One Baseline Assessmddiscussion

Please refer to the year one regf@fitompson and Coen 201f@r a more detailed
discussim of findings during the baseline assessment. A sumofahefirst year findings are
presented here asstarting point t@rovide context for discussing tsecondy e aeffd@rts

Results from the first year of this study were based @nbna singe year of data
whereas water quality trend assessment typically requires 10 or more yeary Bfstiaia and

Connell 2009) During the 2008009 study periodvater quality around Captiva was fairly
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good during dry periods and slightly impacted by rmirienrichment and bacterial
contamination during wet periodsid after rain eventdDuring the first year of this study we
had significantly less rainfall than average hurricanesno macroalgae stranding events and no
beachclosures due televatedbacteria concentrations in the water

The results from the first year of this stualgosuggest that in general tauilf waters of
Captiva and northern Sanildslandshad average or above average water quality when
compared to all Florida data taken astele (FDEP 2008h) Bacteria concentrations were
noted to be higher after rain events aighificantly greater nitrogen concentratiomsre found
during the wet season suggdegtthat further investigation into the probable sourcas w
warranted.We foundhigh concentrations of TP at coaqi@ulf) sites but low concentrations at
estuary sites suggesg a regional source of phosphorus such as Charlotte Harbor (Peace River
watershed) or Tampa Bay dischargresel here througprevailing longshore curngs.

In the first year of the study we foutitat Captiva waters do not have significantly
greater concentrations of nitreig than other Florida estuariedowever this does not put
proper perspective on the fact tiptiva Island is imnoligotrophc, very low nutrient
environment antbcal loadings may be enough to trigger detrimental water quality issues such as
hard bottom mortalitpr macroalgae bloomdn general offshore hard bottom areasl barrier
island habitatare more sensitive to shigincreases in nutrient concentrations than estuarine
habitats (Lapointe 1997)A study ofthe causes ahacroalgae blooms in the Sanilbeld
Captiva are@onfirmedthatlocal macroalgae uses terrestriatlgrived nitrogen (from
stormwaterrunoff) to fuel its propagatiofiMilbrandt et al. inLoh et al. 201}
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Year Two Focused Monitoring Discussion

GroundwatefSurface Water Relationships

The groundwater monitored in this study is actually a freshwater lens underlain by denser
salt water. Captivgroundwater flow direction iperpendiculato the long axis of the island
with the axis centered beneath the primary dangatterrconsistent with findings for other
barrier islands ifrlorida (Ruppel et al. 2000\ ariation in groundwater level due tidal
influence is well documented for barrier islands such as Captiva (Corbett et al. Z@OaYal
signals observed byaterlevel sensors in our study wells were offset from the |dealg Island
Sound orGulf) tidesbetweeril5 minutes to 3 hourglepending on the distance the well was
located from the coasiThese findingsverecoupled with the fact that Captiva soils are merel
sandy deposits from the Gulf. Therefones can extrapolate that groundwater in the freshwater
lens below Captiva canavelrapidly through the soil ant predicted talischarge to estuarine
and Gulf waters as other studies have found for Gulf barrier isl@uibé€tt et al2000).

The mean distance between soil surface and groundswatace(water table) for all 2
wells monitored orCaptiva was 0.9 mTable6). Florida DOH regulations requiminimum
of 1.1m unsaturated salerthehighest annual water table to install a septic system (Florida
DOH 2010). Over 60% of tHecations(wells) monitored had water ltée levelsat greater
elevationghan a conventional septic system coulddgally installedin 2011and operate
properly. The Florida DOHregulations were put into effeaftera majority of the known septic
systems on Captiva were installetlich leaves the possibility thathany (or mostyeptic
systems on Captiva wer andstantardsrotestiveaof Wwaterdqualityo t o d a
The Florida Department of Health has just over 100 records of septic systems on Captiva (FDOH
2011 personal comuamication) and there are oved@Bparcels with housing units septic
systemsGIS analysisFigure8). Properly operating septic systemsgjuire aninimumof 24
inches of unsaturated soil beneath the drainfield to allow removal of organics and pathogen
from wastewater (USEPA 1999; FDOH 2008)itrogen is primarily in the form of amonia
coming from a septic tank, anldet unsaturated soil layer convettieammonia to nitrate, the
first step in denitrification, which is the removal of nitrogen fromgtaindwater.Most areas
of Captivado not meet the minimum unsaturated soil layer requirementseptatsystens
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installed within these areas haegluced wastewater treatment effectiveraggbare not
protective of good water quality

Findings fromthis study indicate that Captiva septic systems are not contributing
significant numbers dEnterococasbacteriato groundwater.Bacteria concentrations were low
and similar to reference sitaad wells on the portion of Captiva with a sewer systéhis is
contrary to the idea that many septic systems on Captiva are improperly installed and may be less
effective in removing pathogens and organ8eptic systems and drainfields on Captapaear
to beremoving these indicator bacterlaow concentratios ofenterococcmayalso be
attributableto theinability of thesendicatorbacteriato survive in subsurface environments
which are partially aerated, partially anaerobic, changing in salinity aritbaieg through a
sand media. Mst households dikarge chemicals, drug by products, disinfecting agents,
hormones and other compounds which may make the waste stream and subsurface environment
too harsh for these indicator bacteria.

Findings fromthis studyalsoindicatethatconcentrations of nitrai@ the groundwater
beneath Captiva are elevated relative to reference wells, relative to estuary asulfGod
watersamplesand relativeo groundwater samples the portions of Captiva with sewer
system.During the high s e atootrplesyhtate coQcanprdtionyiathes p o p u
groundwater were significantly greater than during the low population sebsaddition,
surface water monitoring results for the reewered portion of Captivdemonstrated that
surface water sites near semistems on Captiva have greater nitrogen concentrations.
Together, these findingaipportthe casehat septic systems anet adding indicator bacteraut
are in factadding nitrogen to the groundwater beneath Captiva.

These findingslo not necessdy suggest significant numbeof septic systemsn
Captiva are malfunctioning or operating less effectively ththerconventional septic system.
Properly operating conventional septic systems generally remove a very small portion of the
nitrogen inthewaste while removing organics and pathogerigh® septic systems on record
for Captiva,a large proportion aradvanced wastewater treatment systems whicbagrable of
removing nitrogen from wastewater

The presence of elevatgdoundwatenitrogen in areas using septic systeisia common
occurrenceCantor 1996Corbett et al. 2002; Anderson 20@td does not indicate that septic

systems are malfunctioning, but instead highlights the fact that conventional septic systems
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remove only a very smigbortion of nitrogen from the waste streadSEPA 1999. Over 70%

of the nitrogen in domestic wastewater is contained in liquid form as HD@H 201®). In

the first stage of a septic systetime tank removes solidsd partially digestthe organics

contained within the solid&JSEPA 1999. In this steponly about 10% of the nitrogen is

removed with the solids, a majority is discharged from the tank and flows into the drainfield.

The purpose of the drainfield is to disperse the waste stream largearea of aerated

subsurface soil on which microbes have colonized. As the waste flows over the unsaturated soil
pathogens are killed and the microbes remove organics.

Nitrogen contained in the waste is primarily in the form of ammonia when it éhéers
drainfield. If the drainfield is unsaturated the ammaonitogen is converted to nitrate nitrogen
but not removed from the waste. Nitrate nitrogen is very soluble in watés aadily
transported bgroundwater flon(Shukla et al. 2006 Anaerolc denitrifying bacteria are
required in order to remove the nitrate nitrogen from the waste st&aumklé et al. 2006
Thesebacteria are found in wetlands and saturated soils but require a long contact time with the
waste stream for efficient nitratemoval.Unless theeontaminatedjroundwater flows into a
wetlandwith saturated soils and denitrifying bacteriarylittle nitrogen removabccurs prior to
dischargng to surface water. Because Capliva verynarrowbarrierislandand many of its
naural wetlands have been fillegroundwater is near to surface water (estuary or GuH)l
locationsand there idittle nitrogen removain wetlands or saturated soil before discharging to
surface waters.

One additional natural method for removahdfogen from waste streams is uptake by
plants, especially treeslézen Sawyer 2009; Center for Watershed Protection)20Tfiees and
other plants have extensive root systems which specialize in removiregmeddents including
nitrogen from the sband incorporating it into plant materidBecauseseptic system drainfietd
arekept free ofdeep rootedegetatiorbecause of potentiaiterference with hydraulic flow,
trees are removed from drainfields addition, the conversion of forested argaturfgrass
decreases the natural removal of nitrogen from subsurface waste streams.

Elevated levels of nitrogen imr@undwater beneath the ngewered portion of Captiva
aretypical d developed lands withowentralizedsewer The combination of insignificant
removal by septic systems,raersion of forested areas to turfgrass or impervious surfaces and

the removal of natural wetlands contribute to the current conditibims.finding that estuare
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waters near these n@ewered portions of Captiva also have elevated nitrogecentratioa
compared tahe nonsewered portions of Captivansalisticsincethe groundwater isocated
within a few hundred meters of surface water and regidasery porous medium (sandjth
characteristically high transnsisity allowing rapid movement

Runoff/Surface Water RelationshigSource Identification

Enterococasconcentrations in Captiva near shore waters were found to increase
significantly after rainfall events. Oftehacteridevels were abovElorida DOHcriteria.

During dry periods thesadicator bacteria were shown to be consistently at low levels.
Groundwater concentrations were also consistently Bmterococas concentrations were
significantly greater in runoffompared to estuary, Gulf or groundwater sampBsrmwater

and irrigation runoff are the primary transport mechanism for these bacteria and the source is
terrestrial.

Source tracking effortsndertakenn this study reveale@xtremely high concentrations
of bacteriaon lawns, golf courses, urban soils, macroalgae an sieore waters; wrack on the
beachand in feces from shorebirds and resident mammals. These ba&erasofoundin all
domestic waste streams which contain human waste.

Enterococasb act eri a ar e cur r e nprirhayyindicate usedorg ul at or )
detecting fecal contamination in public estuary wat&rgterococcirom wastewater discharges
aremore persistent in marine waters than the coliform group of battegiaentlyused as
indicators in fresh water (US EPA 1986jlorida DOH usse the presence or absence of these
bacteria to determiné&beach advisories should be issued for Florida (and Captiva) bedthes.
was once thought that this group of bacteria was usually traceable to human oogweser,
studies now indicate many amals and even some plant species have these bacteria associated
with them (Muller et al. 2001, Bonilla et al. 200@nterococciwere originally thought unable
to persist long in environm&noutside of their animal host.owever studies are now finding
that these bacteria persist in sands, wrack, storm sewers and even in natural marsh habitats to
name a few (Yamahara et al.a0) Lee et al. 2006, USGS 200&8each sands and wrack
material can act as a growth media for indicator bact®dach sands oabe inoculated with
bacteriafrom external sources (humans, animals, stormwater runoff) which then find suitable

conditions amongst the sand amchck to grow and divide. This results in high enough
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concentration$o contaminate waters near the beachl{8ta et al. 2004)Current research
suggestshe occurrence oénterococcin our waters is partially natural and partially human
derived. This leavesomeuncertainty of the true source whenever an elevated level of
Enterococasbacteria is found in puic waters.

We now believe thdEnterococasbacteria are present throughout our environment.
They can colonizéiversenatural terrestrial ancharinemedia and remain viable fdays to
weeks or longefHartz et al. 2008) When a significant rain eveatcurs, the indicatdracteria
are transported by runoff from the many different locations which they have colonized and
increase the concentrations in the receiving wateiseases obacteria in any area may be a
functionof increased runoff due tamd use changes (development), an increase in acceptable
media for colonization (such as macroalgae blooms), or failing wastewater systems which
periodically discharge directly to surface waters, or terrestrial areas.

Source identification efforts under&kin this study show that a relatively small
percentage of estuary, Gulf or groundwater samples ceudtaimerococasbacteria from a
possible human sourc&dble?). Thedataalso suggest that stormwater runoff has a much higher
probability of containig these bacteria (from human or Ammman source) than groundwater or
surface watersDecreasing the amount of runoff from any land area will decreagedhability
of bacteriologicatontaminationnCa p t i v ahdre watees.a r

Nitrogen was also sigficantly greater in rundfthan estuary or Gulf samples and
significantly greater in surface water during the wet sed3ois.when we analyzed data from a
transect crossing Pine Island Souteére weresignificantly lower concentrations of nitrogen in
middle Pine Island Sound compared to the near shore waters of Captiva, even though Captiva is
closer to the diluting effects of the Gulf of Mexicdhese findingsmply terrestrial sources of
nitrogenfrom Captivado, in fact,enrich near shore waters.

Nutrient enrichment of waterbodies bgmpoint sourcgis currently one of the biggest
issues in water quality managemeRDEP 201). Conversion of natural landscapes into
agriculture, industrial and urbanized land use is the main cause of thiswwddgroblem.

Captiva Island is typical of any developing area in the world. In its natural condition Captiva
Island consisted of wellegetated wetlands and uplands having multiple layers of vegetation and
dense underbrush. During a significant rainéaknt, the naturaltyegetated island would have

had littleto no runoff. Rain is intercepted by canopy, trapped by detritus, evapotranspired by
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vegetation and collected by wetlan@e(ter for Watershed Protection 201 .apt i vads nat
landscape hdseen converted to tracts of lands with large homes, impervious roads and

driveways and turfgrass lawnghe portion of rainfall which runs directly off of the land surface

has significantly increased.

Other studies have shown a direct link betweeramdevelopment and degraded
estuarine water quality (Holland et al. 200@ur GIS land use analyses for Captiva estimates
that as much as 25% of Captiva may now be impervious surfélse.natural condition would
have been near zerfBunoff hasincreasd to nearly one quarter of the annual rainfall volume.
This stormwater runoff carries with it bacteria as described previously and nutrients such as
nitrogen. There are many natural sources of nitrogen (plant material, animal wastes, etc.) but
modern dayunoff also carries fertilizers and other anthropogeitrogensources. As we
convert natural areas to lawns and managed landscapes, we rely upon fertilization and irrigation
to maintain ground covedHolland et al. 2004Center for Watershed Proteaii@011) This
practice adds nitrogen to runoff as well as increasing runoff voiuleeding tonutrient
enriched near shore watdavoringalgae blooms, decreased water clarity, seagrass reduction,
harmful algae blooms, hypoxic conditions and mortaditfish and other aquatic lifgHolland et
al. 2004; FDEP 2021 This condition is one reason that chloroplatloncentrations are
significantly greater near Captiva than they are near Pine Island or-4Ringdsland Sound.

SCCF Marine Lab playedsagnificant role in a recent study in which investigated tngse of
large macroalgae (drift algpdeposits which covered area beaches in ZY. One of the
findings revealed local drift algae used nitrogen from terrestrial runoff in the areal its fu
growth Milbrandt et al. inLoh et al. 2011

Loading Estimates

Loading estimates are calculations of the mass of a substance which is discharged into a
water body.ThroughestimaesofCapt i vads nitrogen | oads from r
canbetterdevelopstrategiesvhich would reduce local impacts to our near shore wateable8
shows the distribution of nitrogen loading between land use types and areas on Captiva
Compared to the meani 4.9%for the Caloosahatchee/Charlotte Har@HNEP)watershed
(JanickiEnvironmental 2010Q)he proportion of nitrogen inputs from septic systems on Captiva

is very highat 36%(Figure56). The loadper unit aredor Captiva was 7.9 lbs/acre/yr compared
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to other CHNEP watersheds between 0.5 tolpd#r Ibs/acre/yr. The Captiva unit area load is
high and more typical of loadings from large river watershed segments such as the
Caloosahatchee (Janicki Environmental 2013r unit areaye estimate dischargé®m

Captiva contain more nitrogen tharostother watersheds, due to development and high density
of septic systemf special note here, most other loadings estimates done in this region have
relied upon Florida DOH data for septic tank density (Janicki Environmental 2010). Florida
DOH estinates nearly 75% of septic systems in Floadanot in their recordsRDOH 2007

and are not counted in most studiestifates which rely upon DOH data will significantly
underestimate septic system inputs. Our estimates were made by actual GIS anhaysting
structures in the nesewered portion of Captiva. @lturrenstudypresents a more accurate
analysisof loads contriloted by septic systems than previsusdiesestimating loads in this

area

Enterococasbacteria loads were determinedde primarily(98%)of stormwater runoff
origin. There were no beach advisories during the study period due to elevated bacteria levels,
even though there were many rain events which did elevate bacteria levels above state advisory
criteria. Florida DOHsamples near shore water from Captiva beaches one time each week on a
set scheduleCommonly,the sampling event will miss runoff froemy recentain evens.
Although indicator bacteria concentrations in near shore watengely to behigh during and

just after a rain event, our experience indicatgeridevels drop quickly within a day or two.

The samplingrotocolused by Florida DOH wilusually miss periods of elevated
bacteria levelsNear Captiva, this may not be such a serious situatimce our study shows that
a high proportion of the indicator bacteria in near shore waters is not of human origin and thus
not an indicator othe presence ohumanassociated pathogenBntil agencies charged with
protectingbeachgoerhealth can usmore accurate methods of determining true bacteriological
health concerns in our waters, we cannot know whether an actual health risk exists when a beach
advisory is posted; or whether a health risk existhe periodbetween sampling effortsWe
can say for certain that an increase in stormwater runoff proddescreased chance that health
risks will exist in our near shore watefBherefore a reduction in stormwater runoff will reduce

health risks.
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Given that a significant portion of nitrogérading from Captiva originates from septic
system discharges and that stormwater runoff contributes to both nitrogen enrichment and
bacteria in near shore waters, a logatehtegyto reducing these discharges is to reguce
wherever practicadnd cost dective,the impactrom both sourcesStormwater runoff may be
reduced through reegetatinghative landscapeseducing impervious surfaces, restoring
wetlandsjnstallingswales, retention ponds, cisterns and many otigely acceptednethods.
Stratgies for eduction of nitrogen from septic system dischargekide;installation of
nitrogenremoving onsite wastewater treatment systems in place of conventional septic systems,
separation of wastgreams by use of composting or incinerating toiletsraduction of waste
flow through water conservatiorhll of these strategies require cost/benefit analysesandye

next steg for CCP.

Summary and Recommendations

The findings of this studgemonstrate thabwer Captiva Island haslevated levels of
nitrogen in itsgroundwatewhich likely originate from septic systems.The northern half of the
island which isconnected to th8outh Seas Plantation sewer systéith not exhibitthis
condition Concentrations of the indicator hadaEnterococaswere generally low in
C a p tsigreumdwater. Thereforseptic systemdid not appear to be contaminating the
i sl andbs gr ou badteria. Canparisen of durfatelwater samples from-non
sewered portions of Captiva wilhcaionswhich harze sewerindicatedgreater nitrogen exista
the non-sewered areasThis isadditionalindicaion that septic systems are having an impact on

local water quality.

After rain eventsEnterocecusb act eri a wer e commoarsltye f ound |
Gulf and estuary at levelithove state health criterid heindicatorbacteria were transportéato
these waterbodidsy stormwater runoff from terrestrial source&dormwater runoff was also
shown to transponitrogen fromterrestrial sources nt o G sugace watar§Of the
parameters monitore@&nterccoccusbacteria and nitrogen in stormwater/irrigation runoff and
high nitrogen concentrations in septic system dischargesfougnd to bethe two primarywater
guality concerns originatqnfrom Captiva Island These concerns can be addressed through
activities of the CCP.
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We suggest the local communfbcus their energies on two mastrategies

1. Redution in theamount of stormwater and irrigation runoff that enters the
surface water.
2. Redution ofthe concentration and flow of nitrogen containing wastes originating

from septic systems.

There is arast assortmerdf activities which can adequately address these issues, however

economic ability and social acceptance of the practices lafté@rtheir implementation.

To decrease the amount of nitrogen discharged to the envirgrseeatabpproaches
may be takerwater conservation efforts in each houselald reducevaste flow discharged
separation of the most concentrated wasteh aisaurine into separate streams which are then
recycled as fertilizer or disposed in a more environmentally acceptable masaef wetlands
to remove nitrogen from waste streammnversion of conventional septic systems to nitrogen
removal systemsnd connection of norsewered areas to centralized wastewater treatment with

nitrogen removal capability.

The use oflorida DOHapprovedcomposting toilet systems or incinerating toilet
systemgFDOH 2011)educes th@olume ancconcentration of nitrogedischargeby separating
and treating the most concentrated waste streams. The concentrated, dry waste produced by
these units can then be used as compadisposed of as solid waste instead of being discharged

into Captiva ground and surface waters.

Advanced nitrogen removal septic systems are approved by the state of Florida and
available for installation by local contractors (FDOH 2011). These systems are more expensive
than conventional systems and require more maintenance to operate propiey lolohelp to

keep local waters clean.

Providing centralized collection and wastewater treatment to Captiva would be a large
undertaking with its own set of impacts on the environment and economic impacts on local
residents. Centralized wastewateatmnent can reduce nitrogen concentrations and reduce the
volume of wastewater discharged into #mvironmenthowever the costffectiveness and
environmental impacts of this alternative would need tthbeughlyinvestigated.Many

homes could be comgtkely retrofitted with composting toilets for the cost of centralized

42



wastewater treatmeand sewewith similar potentialenvironmental benefitsk-lorida DOH
provides a very helpful website which outlines onsite nitrogen reduction technologiteadad

offs and costat www.doh.statefl .us/environment'stdsindex.html

Before Captiva Island real estate became exceptionally valuable as waterfront property
andwasdeveloged it naturaly consisted of a multitude of vegetative layers which kept runoff
volumes to near nothing. Development has brought an increase in impervious surfaces and
managed turfgrass lawns whigsult in anncreasan thevolume and concentratiaf nitrogen

andindicator bacteria istormwaterunoff.

The easiest and most logical way to reduce stormwater and irrigation water runoff is to
simulate natural land use as much as posbipbencouragingrowth of natural (or naturidike)
layersof vegetatioron alllands Additionally, engineering solutions to runoff from impervious
surfaces such as roads and house tops which cannot bevegsiigtedvill reducerunoff and
the amount of nitrogen and bacteria dischdigmt o Capti vadés surface wat

When visualting groundcover impacts to water qualitye following general pattern can
be remembered from greatest negative impact on water quality to least negative impact: blacktop
roads, sidewalks or surfaces; concrete surfaces; rooftops; gravel, shell aggrdgass;
turfgrass or other managed grassy surfaces; pervious pavers and concrete; mulch; managed
natural vegetation with few layers; managed natural vegetation with understory and canopy;

unmanaged island vegetation with many layers and forest canopy.

Practices which have direct negative impact on local water quality ingtudation with
fertilization, wetland removalchannelization of ditchesemoval of trees and understory
planting turfgrassinstalling impervious surfaces for driveways,esidlks, large homes, etand
excessive landscape management (trimming, detritus removal, herbicide spraysrgas
where a natural landscape cannot be recovered, engineered solutions to reduce runoff volumes
and nitrogen concentrations are availaleh asswales cisternsbioretention areas, green
roofs roof filters, and engineered wetland¥.egetation and especially large candpsming

trees reduce runoff volume and remove nitrogen.

Our analysis of Lee County water quality data from the Id@adoosahatchee Estuary to
the northern Pine Island Sound shows a clear pattern of higher pollutant (nitrogen, phosphorus,
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total organic carbon, water clarity) concentrations in the Caloosahatchee which gradually
decreasevith the diluting effects of the Giun Pine Island Sound.This finding supports

previous analyses which found similar patterns (DeGrove 1981, Doerijy Z0e local input

of pollutants from Captiva Island is significant enough to cause an impact to the regionally
impacted water quayi of the area. To address local water quality impacts regional issues must
also be of concern. The management of water flow and quality by South Florida Water
Management District, the US Army Corps of Engineers and Florida DEP should become an
important concern of the Captiva community and advocacy (SCCF 2011) for improved

conditions through better management practices developed.

This report is meant to be used as input into the discussitie @ifiture of local water
quality for Captiva Island andéhsurrounding areal'he focus of this study was an attempt to
highlight problem issues to allow the local community to bgti@n any activities which may be
appropriate based upon these findings. tkilek that the presentations associated with this
prgectandthis report address these gadlsroughly and in a manner that CCP and Captiva can

proceed with addressing water quality concerns
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Tablesand Figures

Tablel. Distribution of Captivdsland land use and soils hydrological groups. Gi
ACo and ADO soils are characterized
partially impervious layer or permanent high water table.

Captiva Land Use Percent Impervious| Area |Percent|Soils Hydro
Classification/Description Surface Area (Acres)| Area Group
Low Density Residential
(South End Captiva) 17 216.1 27.6 C
Mangrove Forests
(South Seas Plantation) 6| 141.1 18.0 D
Recreational - Beach 0] 120.4 15.4 C
High Density Residential
(South Seas Plantation) 60 80.8 10.3 C
Medium Density Residential
(Captiva Town) 30 55.3 7.0 C
SSP Golf Course 30 42.7 9.0 C
Roadways 90 30.7 3.9 C
Low Density Residential
(South Seas Plantation) 25 26.5 3.4 C
Shrub and Brushland
(Rauschenburg Estate Land 10 14.4 1.8 C
Low Density Residential
(Mid Captiva) 15 12.6 1.6 C
High Density Residential
(Middle Captiva) 40 10.5 1.3 C
Tween Waters (Commercial) 85 9.6 1.2 C
High Density Residential
(Captiva Town) 60 8.7 1.1 C
Low Density Residential
(Captiva Town) 25 8.5 1.1 C
Commercial and Services
(Souths Seas Entrance) 85 4.2 0.5 C

Totals 25% 782.3 100
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Table2. Water quality guidelines used in this study for making a general water quality assessment.

Parameter Criteria; Criteria; Criteria: Criteria Source
Good Moderate Poor

Enterococci Bacteria o

(colonies/100 ml) <35 35104 >104 | DEP WQ Criteria

Chlorophylka (ug/l) <7 7-11 O1 1 | DEP WQ Criteria

Total Nitrogen (mg/l) <093 | 60. 93| O1. |70"and 94 percentile all Florida
estuaries

Ammonia/Ammonium <0.05 [00. 08 7] 60 . 0] 70"and 94 percentile all Florida

(mg/l) estuaries

Total Phosphorus (mg/l) | <0.133 |00 . 13 3| 00 . 770"and 9 percentile all Florida
estuaries

Dissolved Oxygen (mg/l) | O 5| 4.0-5.0 <4.0 | DEP WQ Criteria




Table3. List of potentiallocal sources obacterial and nutriergollution in the study area.

Pollutants of

Site Site Description Issues Concern
South Seas Plantation|Spray Irrigation with WWTP
SRC1 Golf Course effluent/Fertiization Nutrients
South Seas Plantation|Discharge from high density
SRC2 Stormwater System |residential and golf course Nutrients
South Seas Plantation
SRC3 WWTP Large WWTP Bacteria, Nutrient|
Captiva Stormwater |Drains area with high density of]
SRC4 System septic tanks Bacteria, Nutrients
Possible incomplete wastewatg
treatment before reaching grou
SRC5 Captiva Septic Tanks |or surface water Bacteria, Nutrient|
Tween Waters
SRC6 WWTP/Drainfield WWTP with history of violations| Bacteria, Nutrient
Spray Irrigation with WWTP
SRC7 Sanctuary Golf Course|effluent/Fertiization Nutrients
WWTP and treated wastewate
SRC8 Wulfert WWTP staging area Nutrients
Bayous WWTP
SRC9 Treatment Pond Leaking pond high in Bacteria |Bacteria, Nutrient
Bayous Subdivison  |Study showed sewer system
SRC10 Sewer System leaking. Bacteria, Nutrient
Discharge Weir Sanibg Managed like canal, possible
SRC11 River large sudden releases. Bacteria, Nutrients
Discharge Weir Sanibg Managed like canal, possible
SRC12 River large sudden releases. Bacteria, Nutrients
Captiva Beach at Sout/People and animals on beach.
SRC13 Seas Sand and algae media for bact Bacteria
People and animals on beach.
SRC14 Blind Pass Beach Sand and algae media for bact Bacteria
People and animals on beach.
SRC15 Bowmans Beach Sand and algae media for bact Bacteria
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Table4. Summary stastics for samples of beach sand, wrack and interstitial water taken
during the first year of this study.

Number of Mean Standard

Sample Type Samples |Enterococci| Range [Deviation
Enterococci in Interstitial Beag

4 A

Water (Colonies/100m) 20 10.3  Jan-3 12.2

Enterococci in Beach Sand i

(Colonies/gram dry wt.) 33 25.11-400 79.5

Enterococci in Wrack d ]

(Colonies/gram dry wt.) 39 2,3641-46,54¢ 8,193

Table5. Stations in our study which had the greatest variability in salinity

Station |[Station Mean| Salinity |Range| Total Location
Salinity Standard Number of
Deviation Samples
TDC14 32.4 8.1 335 15(Near Stormwater Outfall, Mid-Captivi
TDCO7 34.6 5.7 10.2§ 3|Mouth Holloway Bayou, Sanibel
BPADink 35.5 5 18.3 35(Dinkins Bayou, Sanibel
BPAClam 36.1 4.7/ 16.8 35/|Clam Bayou, Sanibel
NWRO09 32.7 4.4 8.75 3|Flats, Sanibel
Scal Spatl7 32.2 4.4 14.7 14] Sanibel
Scal Spatl8 32.2 4.2 13.9 17|Tarpon Bay near Shallow Cut, Sanib
Scal Spatl6 32.2 4.1 13.6 17|West of Shallow Cut outside, Sanibe
Pine Island Sound near NWR Creek
Scal Spatll 32.2 4.1 13.8 15|Discharge, Sanibel
BPASun 35.9 4.1 15.6 33|, Dinkins Bayou, Sanibel
Nearshore NWR at mouth of Hollow
Scal Spatl0 32.8 4, 13.8 17|Bayou, Sanibel




Table6. Mean nitrate Enterococcisalinity and depth to water table for wells monitored during this study.

Ground |Mean Depthtol Enterococci cfu/100ml Nitrate mg/l Salinity (PSU)

Site Elevation WaterTable mean stdev n mean | stdev | n mean | stdev n
GWO02 2.57 2.11 1 0.0 8 2.40Q 1 5.1 1.0 7
GWO03 0.84 0.17 35 55.7 8 0.04 0.04 2 1.3 0.6 6
GWo04 1.35 0.53 4 6.3 10 0.07 0.11 3 0.6 0.2 9
GWO05 1.07 0.55 3 3.6 10 0.95 1.14 4 0.4 0.1 9
GWO06 0.93 0.51 5 5.5 8 0.02 0.01 2 0.3 0.1 8
GWO07 0.99 0.23 2 4.3 10 0.20 0.37 3 0.4 0.1 10
GWO08 1.08 0.69 2 3.2 8 2.37 1.50 3 14.9 11.7 8
GWO09 2.37 1.66 1 0.0 10 2.07 2.03 2 1.6 0.9 9
GW10 2.3§ 1.95 2 2.8 10 1.55 0.94 5 0.4 0.2 10
GW11 1.08 0.91 13 15.0 12 1.11 1.10 5 1.9 1.3 12
GW12 0.64 0.32 6 7.9 6 0.27 0.34 2 10.4 5.4 6
GW13 1.15 1.9 1 0.6 8 2.48 0.44 4 1.2 0.2 8
GW14 0.96 0.42 43 112.9 11 1.80 0.9§ 4 0.5 0.2 11
GW15 1.86 1.09 39 83.9 12 0.17 0.04 3 0.9 0.3 12
GW16 0.89 0.7 23 55.1 7 0.77 0.24 2 1.4 0.1 7
GW17 0.69 0.44 8 8.0 6 0.01 1 2.9 0.3 5
Gw18 0.59 0.34 18 34.9 10 0.01 0.01 2 3.1 0.8 10
GW19 0.94 0.564 8 16.0 7 0.05 0.04 2 1.1 0.5 7
GW20 1.97 1.68 9 13.0 6 0.01 1 0.8 0.1 6
GWw21 1.39 1.59 1 0.7 5 2.40 1 0.8 0.1 5
SSP 1 1.8 0.5 0 0.03 0.0 12 3.2 0.2 8
SSP_3 0.49 0.41 1 0.0 2 0.02 0.0 12 20.7 22.9 8
SSP 5 1.65 0.87 16 20.3 3 0.23 0.24 14 1.3 0.1 8
Mean 1.3 0.9 10.9 20.4 7.7 0.8 05 3.9 3.3 2.1 8.2

Table7. Percentage of samplesthis study which were confirmed to have enterococci bacteria by sample type.

percentage of samples which were identified to possibly enterococci from human sBufaesdlisor E. faeciun

and the percentage of samples confirmed to have aridaitten a human source are also shown.

Percent Samples Percent Samples With | Percent Samples Confirmeq

Sample Type Enterococci Confirmed|Possible Human Enterococq to have Human Enterococci
Estuary 53 27 13
Guff 40 25 13
Runoff 100 47 < 47
Groundwater 16 7 <7
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Table8. Estimated nitrogen loading from Captiva Island based upon study data and accepted literature values.

Percent Annual Dry Wet Annual Wet Loading
Impervious Percent| Soils |Dry Seasor Season RairfAnnual Dry | Season |Season Rairf Annual Wet| Total |Percent Runoff | Nov08-
Captiva Island Land Use| Surface | Area |Captiva|Hydrologic| Runoff |(m) Nov 08-| Season Runoff |(m) Nov 08{ Season Runoff | Total TN Jan 11
and Description Area (Acres)| Area Group |Coefficient| Jan11 |Runoff (m?)|Coefficient| Jan11 [Runoff (m3)| (m?) Runoff | (mg/l) (kg)
Mangrove Forests
(South Seas Plantation) 6 141.7 18.0 D 0.95 0.33 177498.2 0.95 0.73 394134.2 571632.4  33.3 1 571.6
Low Density Residential
(South End Captiva) 17| 216.1 27.9 C 0.25 0.33 71521.4 0.35 0.73 222338.9 661186.1 17.1 1.7 499.6
High Density Residential
(South Seas Plantation) 60 80.8 10.3 0.5 0.33 53509.4 0.65 0.73 154464.1 467941.% 12.1] 2.1 436.71
Roadways 90 30.7 3.9 C 1 0.33 40645.3 1 0.73 90253 29452] 7.6 2.1 274.9
SSP Golf Course
(Rainfall+Irrigation Runoff) 30 42.7 9.0 C 0.21/0.1% 1.41 30748.7 0.28/0.14 2.45 67293 220594 5.7| 2.32 227.1
Medium Density Residentig
(Captiva Town) 30 55.3 7.0 C 0.35 0.33 25608.( 0.45 0.73 73109 222113 5.8 2.1 207.3
Recreational - Beach 0 120.4 15.4 C 0.1 0.33 15965.4 0.31 0.73 109901  28320( 7.3 1.4 176.2
Tween Waters
(Commercial) 85 9.6 1.2 C 0.78 0.33 9946.1 0.97 0.73 27464 84174 2.2 2.8] 105.1
Low Density Residential
(South Seas Plantation) 25 26.5 3.4 C 0.3§ 0.33 12241.( 0.45 0.73 34954 106194 2.8 2.1 99.1
High Density Residential
(Middle Captiva) 40 10.5 1.3 C 0.45 0.33 6272.( 0.55 0.73 17027 52411 1.4 2.1 48.9
High Density Residential
Captiva Town) 60| 8.7 1.1 C 0.5 0.33 5754.9 0.65 0.73 16617 50326 1.3 2.1 47.0
Low Density Residential
(Mid Captiva) 15| 12.§ 1.6 C 0.21 0.33 3498.( 0.31 0.73 11466 33664 0.9 2.1 31.4
Commercial and Services
(Souths Seas Entrance) 85 4.2 0.5 C 0.78 0.33 4306.( 0.97 0.73 11891 36447 0.9 1.7 27.5
Low Density Residential
(Captiva Town) 25 8.5 1.1 C 0.25 0.33 2824.4 0.35 0.73 8780 26111 0.7] 2.1 24.4
Shrub and Brushland
(Rauschenburg Estate Lal 10 14.4 1.8 C 0.18 0.33 3437.( 0.26 0.73 11024 32537 0.8 1.4 20.2
Totals 782.3 1 463777.] 1250711 3143054 1 2797.2
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Figurel. Area map showing Captiva and Sanibel Islaaid nearby Ft. Myers and Cape Co
Florida

Estimated Captiva Daytime Population
1800 1676

Number People

]

Figure22 Popul ati on fluctuation on s ho wiowog
season periodglerived from U.S. Census and Sanibel Captiva Chamber of Commerce
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Figure3. Bayous wastewater treatment plantnorthern Sanibel
Island beforg2008) and after (2009) tlwdosure and filling of the
holding pond.The holding pond was filled in 2009 with nteact
quality sediment from the Blind Pass dredgimgject.
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