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Executive Summary

The conditiors of terrestrial and estuarine resources within Canaveral National Seashore
(CANA) were assessahd the hireats and stresses to individual resoureexeidentified and
evaluatedWith the exception of freshwater vegetation mapping, newwlatanot collected

within CANA. Data and information derived froam intensive survey of the existing peer
reviewed and i@y literature searckvere analyzed and synthesized to reveal the current state of
each resource and to identify trends in resource quaidealth

Resource Characterization

The semidiurnal tidal rangg CANA can be up t@.28ft (1 m) and seasonaluctuations in

mean sea level can exceed (0fB0m). A review of predicted and measured directional wave
data shows a strong seasonal signal in the wave regime haiciated by occasional sterm
generated waves of up 1d 5 ft (3.5m). The potental effects of climate change in the CANA
area will be driven by increasing air tempera@amdocean temperaturand increasing sea level.
The most important effectsf climate changat CANA are altered rainfall and storm patterns,
harmful algal bloomsandsea leveinducedchangesn estuaries and tidal wetlands.

Geological Setting and Resources

The geologicasetting of CANAIs sandy soilsand wetland soilsesting on date Pleistocene
coquina(Anastasidormatior), whichdates from 100,00@30,000 ys before present and
represergshallow marine to shoreline higgnergy deposits. Major morphological iaas
constructed on the Anastasia Formaimeiude the modern barrier island system of CANA as
well as relict beach ridges from the early Holocepech. Relict inkt shoals that commonly

form the west boundarmyf the barrier island indicate a history tidal inlet breaching. Sea level rise
during the Holocenepoch in combination with migrating tidal inletprovided the overall
transgressive procetizat formed and maintained the modern CANA barrier system and formed
the system of discrete and compound shoals now situated on the inner continental shelf offshore
of the park Although subject to lontgerm barrier island migren with rising sea leveluting

the Holocee epoch analysis of CANA ocean shoreline position over the past 150 yrs indicates
stability and some shoreline accretion.

Below thesurfacegeology of CANA the surface aquifer includes the Anastasia Formation and
contains uper and lover permeable zonebnpermeable and sefpermeable clays, calcareous
clays and silty sands of the Hawthorn Formations underliestingcial aquifer and provide an
aquacludeabove the Floridaequifer. Theaquifer is a system of limestone and dolomitesed
thatcan besubdivided into two watebearing aquifers the Upper and Lower Floridanthatare
separated by a less permeabEmiconfining unit. The top of the Floridaagjuifer under the
northern area of Mosquito Lago@ifound at-75 ft (-23 m) National Geodetic Vertical Datum
(NGVD). Samplingindicates that groundwater discharge to the surface waters is important.
Recent experiments using a numerical hydrodynamic and water qualitysimatiehte that
groundwater flux to the surface may be animparnt component of the Mosg
hydrological cycle and water quality regime.

Surface Wters
Trophic state indices (TS()-lorida Departrant of Environmental Protection (FDERP96
Winkler and Ceric2006 and Hand, 198&ndwater quality paramets (chlorophyHa, total
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nitrogen(TN), total phosphoruéTP), andSecchidepth indicate the trophic state of CANA

surface water is changing very little from year to year, achieving or remaining close to a good
designationTheratiosof TN/TP generallyindicated cdimitation by N and P (TN/TP 1(B0)

when data fronthe samplingtations were averaged, lulgta fromsouthern statiooften

indicated P limitation (TN/TP30). This is surprising as the vast majority of estuaries in the U.S.
are limited bynitrogenrather tharphosphorous

Although most dissolved oxygen (D@)elsare above FDEP standar@gutheast Coast
Network SECN datafrom one location indicate low dissolved oxygen levels in summer when
temperatures peak astbrm waterunoff and deomposition rates are maximum. Dissolved
oxygen at the SECN station was the only parantietgoccasionally violaté FDEP standards.
Nitrogen levels (NOx, TKN, TN) suggest good water quality and have been fairly consistent
with time, showing neither an ward or downward trend. Phosphorus levels have been
acceptable also, but anadgsandicated significantly higher concentratiafs P in the north

CANA water region near Oak Hi#ls compared to the south CANA region of Mosquito Lagoon
south of Haulover Cal. Chla concentrations in the CANA areas of Mosquito Lagoon were
often lower in the southern area and during the dry season, butdewelsllyindicated
mesotrophic and fair/good water quality conditiohsalyses identified a temporally decreasing
Chl-a concentration trend in the northern and southern CANA regions of Mosquito Lagoon.
Turbidity is a concern because it is a major factor affecting light attenuation and turbidity and
total suspended solids (TSS) levels were usually higher in the wehsaasoear population
centers in the northern are&@N station data (2002009) exhibited an overall median
turbidity of approximatel® NTUs (n=1,205)but elevated levels (>28TUs) occurred 16% of
the time. Particles (TSS) are responsibledtéh of the light attenuation in Mosquito Lagoon
with aluminosilicates accountingrf67% (Trefry et al. 2007). Creek runoff containing
aluminosilicates was identified as a major contributor to the light attenuation in Mosquito
Lagoon (Trefry et a].2005).

Biological Resources

CANAG6s natur al resour ces Atladic Qoéay and tbebosqlity di vi d
Lagoonby the barrier island system that is subjected to the harsh conditions of storms, limited
freshwater water, and extreme temperatures. Habitats on either side of the barrier island are
adapted to the different physicanditions. Although the barrier island physically separates the

ocean and the lagoon, some of the plants and anareafsund a bah sides.

Natural disasters, such asrtheasters and hurricanean modify the landscape. Climate change

and the likelhood of sea level rise may diminish the total volume of the barrier shoreface,

making the barrier island more vulnerable to breaching or overwash. Increased storm events as a
result of global warming may increase rainfall and stormwater runoff, whichffes salinity

levels. Pollution, marine debris, and some human actittiresten the health and well being of

the natural resources in CANA. Exotic plants and animals can disrupt natural ecological systems.

Biological Resource®f the Coastal Waters drBeach

The barrier islandiarrows to approximatelyl00 yds (91 m) andwidens to about,100 yds
(2,000 m in other segmentsThe CANA coastline is within the northern right whateupalaena
glacialis) critical habitat (NMFS, 2009). Protected specsesh as sea turtlesest on the upper
beachand beach mice inhabit the dun@sher species that inhabit or use the surf zone and
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beach areeptiles,fishes shorebirds molecrals (Emerita talpoidd, ghost crabgOcypode
guadratg, and the coquina claionax variabilig.

Two species of sea turtles frequently nest on the central Florida cogstriheadGaretta

carettg andgreen Chelonia mydas leatherback@ermochelys coriaceandKk e mp 6 s Ri dl ey
(Lepidochelys kempnest occasionallyNesting datdrom 1984 2010revealed5,489
loggerhead, 8,983 green, 172 leatherback& é7mp 6 s , aRd 4d Unknpwn species nests in
the park Gtiner, 2010a Nesting dat&@ollected by counties reported to the Floridadex
Nesting Beach Survelrogram(INBS). CANA loggerhead nest countsitnumber those of all
other sea turtle species in Brevard and Volusia courieglan et al., 1995ACOE, 2007;
Stiner, 2010aFWC-FWRI, 201®&). The CANAnesting total in 2010 was 621, which wasover
1,000 nests more than anmgepiousyearfrom 1984 2010(Stiner, 2010a Witherington et al.
(2009) found alecliningtrend in the number of loggerheadstcountsin the INBS program

from 1989 2006. An analysis that extended the datate€t00G6 2010suggestshat the long

term downvard trend of nest counts may be stabilizing (FRWRI, 201D).

Nest counts capture the status of the reproductive stage of adult females. Neither data from
nesting count programs norwater samplings of sea turtles are used to estimate statewide
populaton. Net studies in Mosquito Lagoon have documented numerous juvenile loggerhead and
green turtles over the past 2& (Provancha, 19 2006). The relative abundance of the two

species has shifted dramatically; in the late 1970s, nearly 80% of the tapieired were

loggerheads and 20% were greens, while in the late 1990s, 15% were loggerheads and 85% were
greens (Medonca and Ehrhart, 1982; Provancha et al., 1998).

Several common specie$§shellfish and crabsccupy the area between tihene andhe swash
zone. In the southeast and west coast of Flgnale crab, gost craband coquina clarare
abundant and may serve as indicators of beach health (SCDNR, né/datett 1978).
Scientistaareconcerned that mole crab activitieaffected by huicanes or events that upset
therhythm, timing of activity, andide amplitude(Diaz, 1980; Forward et al., 2005%tudies of
the abundance of mole crathaggt craband coquina clarhave not been conducted in CANA.

C A N Adastalstrandplant communitys the natural plandassociatiorof the beach dune,
swale, and ridge systeamd comprisegrassesherbs, woody shruband scrutbaks.Soll
conditions are poor; plants are normallyf&gl.5 m)tall and are salt pruned to nearly & 45
angle by windbornesalt spray. Grassega oatslyniola paniculatd, beachgrass Panicum
amarun), salt meadow cordgrasSgartina patens saltgrassistichlis spicatg, andsaw
palmetto Serenoa repenslominate the duneExamples of listed species documented within
coastal strand of NASA properties are E@siastlantana(Lantana depressear. Floridana),
nakedwoodMyrcianthes fragrans and shelinound pricklypear(Opuntia strictg (Schmalzer
et al., 2002) Subtropicalplantssuch asea grapeGoccoloba uviferpard snowberry
(Chiococca albaare also comman

Animalsfound in thebeachdune swale and ridges system are gopher tortGispherus
polyphemus)southeastern beach mouBeromyscus polionotus niveivenjrisix-lined racer
(Cnemidophorus sexlineafusouhern hognoseHeterodonsp), coachwhip lasticophis
flagellum), and eastern diamond rattlesnakeofalus adamante)sTwelvereptiles and
amphibiansccurredat two stations on the barrier island in 2GB9rne et al.2010)
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Fairly healthy populationsf the southeastern beach mowsere found in the early 1990sthin
CANA, Merritt Island National Wildlife RefugéMINWR), and Capé&anaveralAir Force
Station(Provancha and Oddy, 1992). A mdtjency survey ibeing conducted (201Q011) to
determinghe presence/absence of the beach melusrighouthe area

Since the 1950s, migratory and seasonal birds have been documented at MINWR during the
annual Audubon Christmas Counts organized by the Space Coast Audubon Society (SCAS,
2010a). Th&roseate TerraFloridathreatened speciedserved in MINWRnpess in the lower
Florida Keys but travels during migration to all parts of the state (FWC, 2003; MINWR, 2008).
White pelicans(Pelecanus erythrorhynchp$rown pelicansKelecanus occidenta)isosprey
(Pandion haliaetus sanderlinggCalidris alba), willets (Tringa semipalmatga redknots

(Calidris canutu, ruddytumstonegArenaria interprey, black-belliedplovers(Pluvialis
squatarolg, piping plovers ¢are (Charadrius melodyslaughinggulls (Leucophaeus atricill,
ringbilled gulls (Larus delawarens)sherringgulls (Larus smithsonianysgreatblack-backed

gulls (Larus marinu}, Caspiarterns(Hydroprogne caspigroyal terns(Thalasseus maximys
Sandwichterns (rare] Thalasseus sandvicengisommonterns (rarejSterna hirundd, Forsteés
terns(Sterna forstel)i, andleastterns(Sternula antillarurp have been observed or are known to
occur in the coastal areas of CANMNNWR (SCAS,2010b; MINWR, 2008; PIA, 2008)n the

fall, migrating birdsof prey, includingmerlins (Falco columbariusandperegrinefalcons(Falco
peregrinug, are seemegularly andnay winter at the seashore and the MINWR (SCA, PR10

Biological Resource®f Mosquito Lagoon

Benthicmacraonvertebrate samples collect inconnection with-loridads Inshore Marine
Monitoringand Assessment ProgrdiViAP) conducted from 200@004 provide the best
information on benthimacronvertebrate near CANA (McRae, 2002; McRae et al., 2003;
McRae et al., 2005kight taxa (or taxa groups) of erainvertebrates founah all sitesin 2004
includingIndian River LagoonIRL), wereExogore rolani,Rhynchocoela, Tubificidae,
Cirratulidae, Mediomastusp.,, Bivalvia, Podarkeopsis levifuscinandScoloplos rubrar
(McRae et al., 2005)The most frequently sampled macroinvertebrates in IR theficidae,
Mediomastusp., and thegastropodsActeocina canaliculatandMitrella lunata.

Mangroves infCANA are adapted to thHeansition zone between subtropical and temperate
climatesandtend to dominate the interior wetlands in the southern portion dRthe
Mangroves and salt marshes proviehgortant habitator birds,fish, manateesamphibians,
reptiles,and invertebrate§ he total mangrove area in CANA dropped from 1,65ada ha)in
1943 to a low of 65a¢ (265 ha)in 2003.Mangrovedringe Mosquito Lagoonthrive in the
interior, and ee found on the edges of dikes or ridges within lagoon wakbareespecieof
mangroved red mangroveRhizophora mang)e black mangroveAvicennia germinansand
white mangrovel(aguncularia racemosa live in the salt marsh or tidal swanfputtonwood
(Conocarpus erectyissometimes called the fourth mangrowegurs on higher ground adjacent
to the back barrier or on the western edge of the lagéotiowing years of mild winters, the
height, distribution, and abundancenongroves maincrease, howear theydo not tolerate
prolonged freezing temperatures and periodiadiybackwhenfreezesoccur(Provancha et al.,
1986; Stevens et aRP06).Black mangroves are more tolerani@iv temperatures and may
persist when red and white mangroves petigarkley et al., 1982; McMillan and Sherrod,
1986).
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Saltwater vetlands in the northern portion fosquito Lagoon are dominated by herbaceous salt
marsh plants and freeatunted mangroves (Schmalzer, 1998¢riodic freezes prevent
mangroves from takingver saltwater wetlands in Mosquito Lagoon (Provancha et al., 1986).
Salt marshes are comged of herbaceous, salt tolerant plants capable of living in low oxygen
muddy substratesin Mosquito Lagoonsalt marsh communities are categoribgdhe

vegetaibn association of sarmbrdgrass$partinabakeri), black needle rushl(incus

romarianug, glasswort alicorniaspp.), saltwortBatis maritimg, salt grass, sea oxeye daisy
(Borrichia frutescens andseashore paspalufRaspalum vaginatup{Schmalzer1995). The

total area of salt marsh within CAN&roppedirom 6,600ac (2,671 hajn 1943to 6,998 ac

(2,832 hajn 2003

Submergedquaticvegetation(SAV) is a generic term for plants that live below the wateyline
includingseagrasses, macroalgae, arifl digae. Factorghatinfluence SAV growth and
distribution are water depth, water clariight availability, substratéype, nutrient levels,

salinity, temperature, and anthropogenic influenE®8C-FWRI, 2003. SAV produces food

and provides covdpor many aquatic organisms, improves water clarity and quality, and helps
stabilize sediments-\WC-FWRI, 2003. Four of seven seagrasses documented in the IRL
systend shoalgrass(Halodule wrighti), manatee grag$yringodium filiformg widgeon grass
(Ruyppia maritimg, stargrass(Halophila englemannid andmacroalga€Caulerpa prolifergd
occurin Mosquito Lagoon (Provancha et al., 1992odwardClyde Consultant$994f;

Virnstein, 1999).A recent study examining seagrass data in the IRL from 1943 i®¢ts
calculated a 13% loss in seagrass cowéh some areas showing 90% loss (Virnstein et al.,
2007).The greatestpercentaddsa gr as s ar e a 508 is ip thescertral anchsthd . 3 1
portions of Mosquito LagoorCaulerpa proliferas found throughout the IRL and reported to
occur within the Mosquito Lagoon, butanot listed in a longerm study ofSAV (Provancha
and Scheitg 2000).

Drift algae are a habitat comparable to seagrasses for some marine organisms within the IRL
(Virnstein and Howard, 1987). A twgear survey of drift macrophytes in the Mosquito Lagoon
identified 26 species (Abgrall and Walters, 200Bgd algadGracilaria spp) accounted for

51.7%, followed by fragments of the seagrdssvrightii (23.7%),Cladophorasp. (12.5%),

Dasya baillouviand7.7%),Enteromorpha spg1.5%),Spyridia filamentos#1.4%), and 1.5%
consisted oAcanthophora spicifera, Hypaespinella, Agardhiella subulatandChondria

littoralis. No correlations of drift algae abundance with respect to wind speed, flow, or temporal
patterns were found by Abgrall and Walters (2003).

Drift algae coverage can be quite extensivihe IRL, bu seasonal and spatial trends vary by
location (Virnstein and Carbonara, 1985; Reigl et al., 2006ya Southeastern University
Oceanographic Cent@SUOC) quantified the abundance and distribution of seasonal drift
macroalgae in the IRL and foutliatdrift macroalgae biomass per unit aré8%4 Ib/mf; 238.3
kg/km?) was roughly 34% less than reported for the 2005 survey. The mean percent cover of
drift macroalgae was significantly greater within the navigation channels (18.3%) than outside
(12.2%) andignificantly greater in the southern segments of the Indian River (12.9%) than in
the Banana Rive9.3%)(NSUOC, 2009). The study area did not include Mosquito Lagoon, yet
a comparison of results from the Banana River and the southern IRL is usefihsinogtlern

IRL is more similar to Mosquito Lagoon than the other segments.
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Marine mammals in the lagoanclude theendangereélorida manateéTrichechus manatus
latirostris) and Atlantic bottlenose dolphiffyrsiops truncatus Manatees are sensitit@ cooler
water temperaturéC20°C) and exhibit seasonal variation in their distribution (Shane, 1983;
Reynolds and Odell, 1991). In the spring and summer, manatees are found throughout the IRL,
although greater abundances tend to occur in the Banana River and in the IRL sousvieTitu
(Leatherman, 1979; Shane, 1983; Provancha and Provancha, 1888}ekk loitethroughout

the warmer months on the east sidd&lokquito Lagoon along East Channel, Eldar@dNorth
District rangerstation (John Stinepersonal observation, Janyafr, 2010. The highest twalay
statewide minimum count of manatees from winter synoptic aerial surveys and ground counts
was 3,276 manatees in January 2001; the highest count on the east coast of Floridaasd., 756
the highest on the west coast is2Z0)5both in 2001 (UFWS, 2002Pue to nearly ideal

conditionsin 2001, the results of &#synopticsurvey are the best available estimate of the
current minimum population size of 3,276 (USFWS, 2002).

Atlantic bottlenose dolphins are seen throughoutRtesystem and are loAgrm residents
(Provancha et al., 1982; Odell and Asper, 1990; Fick, 1995) that exhibit a high degree of site
fidelity (Mazzoil et al., 2008; Murdoch et al., 200@yearly 2,000 dolphins were sighted in the
Mosquito Lagoon from 2D 2005, with the highest repeated sighting rate, the strongest site
fidelity, and a mean range of 22 km (Mazzoil et al.,800

The number of birds arfaird species are not identified separately@&NA andMerritt Island
National Wildlife RefuggMINWR), which is gjoint management areaird studies
occasionally include property within NASA ownershiphe diversity of birds that frequent
NASA lands, includingCANA, is legendary.Species oparticularconcern are the woatork
(Mycteria americang the northernpintail (Anas acut® andthelesser scaufAythya affinig.
Populationsof the federally endangered wood starkloridahave declined from 60,000 in the
1930s to 5,000 pairdlo successful nesting has occurredMINWR since 1986although
approximately 250 wood storks currentige the refuge for feedirand roosting.

Pintail populationsleclinedby 93% from 1978 2003 and may no longer wintat the refuge A
similar declinewaswitnessedor the continentalesser scaup since the rii@80s The estuarine
areaf Banana RiverlRL, and Mosquitd_agoonare the most valuable wintering habitat for
scaup on the Atlantic Flyway, harboringupté@®@ f t he f | ywa%obtke scaup
continental scgupopulation (MINWR 2003).

Probably due taheimportanceof blue crals (Callinectes sapidygo commercial and

recreational fisheriegandings datdave been collected for the east and west coasts of Florida
since 195Murphy et al. 2007).Statewide blue crabs are believed to be resilient to
overfishing, have increased in stagike and the cycles of dry and wet weather associated with
storms during 2002005 seems to have caused fluctuations observed in bioktagshf/ et al,
2007). Blue crab data are not available for Mosquito Lagoon.

Popuhtion estimatefor horseshoe cralfkimulus polyphemysn Florida are noavailable most
research ha®cused in northeastern states, particularly Delaware Bay. During 1978, large
numbers of brseshoe crabs wecaught as bgatch in nets set to &ss juvenile sea turtle
populations in Mosquito Lagopm 1994 smallernumbes were netted (Provancha, 899
More than 22,000 horseshoe crabs were harvestddridain 2005 for resale to aquamand as
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research specimens (Gerhart, 200Me extenof harvest within Mosquito Lagoon is unknown,
but truckloads of adult horseshoe crabs have been obdeaweagthe IRL (EPA, 20().

Numerous oyster reefs occur in the northern end of Mosquito Lagoon; however, over the past 50
yrs, a declining trend irhe distribution of oyster reefs within CANA has been observed, with a
significant increase in the mortality of oysters along the reef margins adjacent to boat channels
(Grizzle et al., 2002). Grizzle et &und thatc0 of 400 reeftiad dead marginfom aerial

images Data show some variability in the trend, but thees a decrease of overall live reef

area from 16.2 ac to 10 &.6 to 4.Cha)and an increase in dead margin area from 0.5 to 2.8 ac
(0.2 to 1.1ha) In a biannual sampling of oyster reefuring ahreeyearstudy in Mosquito

Lagoon, live oysters were more abundant than dead oysters in most sampling periods, with shell
heights varying from 36.hm (x11.6 SD) to 61.0nm (£22.3SD) (Arnold et al., 2008).

Netting studies in Mosquito Lagodrave documented numergusenileloggerhead and green
turtles over the past 20 yrs (Provancha,82906). The relative abundance of the two species
has shifted dramatically; in the late 1970s, nearly 80% of the turtles captured were loggerheads
and 20%were greens, while in the late 1990s, 15% were loggerheads and 85% were greens
(Medonca and Ehrhart, 1982; Provancha et al., 1998).

Compared to other regions in Florida, waters near CANAine and estuarine fishieave not

been welstuded. Although here are differences in sampling techniques and experimental
designs between past and present fishery studies, historical results can provide important broad
scale benchmark information regarding fishes in CANA waters.

1976 1990s

Early survey work providedetailed life history information on several elasmobranchs with
comments on factors that affect their distribution and abundance in the sytiigap and
Snelson, 1983; Snelson and Williams, 198delson et al1983). Studies of estuarine fishes in
the CANA region of Mosquito Lagoamsedgigs, dip nets, seines, gill negsdfixed station
trawl sampling (Snelson 1976, 1980, 19&%3at collected 41 speciesBay anchoy (Anchoa
mitchilli) was numerically dominap&ccountingor about85 90% of the total cat@s in the mid
1970s to 19906Snelson 1976, 1980, 1983nelson and Johnson, 199®)ther numerical
dominants includedilser perch(Bairdiella chrysourd, pinfish(Lagodonrhomboid$, spot
(Leiostomus xanthuryiscroaker(Micropogaias undulates Gulf pipefish Syngnathus
scoveli), silver jenny(Eucinostomus harengulysand code gobgGobiosoma robustum

1998

Mosquito impoundments in tHRL have long been recognized as valuable habitats for fish

populations (Stevens et al., Z)0Concomitant with the FWME WR1 6 s ear |l 'y survey,
(1998) sampled the fish community within an unmanaged impoundment on the eastern shore of
Mosquito Lagoordocumentinghe spatial and temporal use of the impoundment by resident and
important trangnt fish specief.e., spot, ladyfisfiElops saurug and stripeanullet[Mugil

cephalu$), which proveduseful planningfuture restoration effortfor the area.

2001 2002
Paperno et al. (2001) sampled fishes at 11-y@mand fixed stations in Mosquitcalgoon (1998
1997)and foundhe fish assemblage was dominated by seagiessciated species rainwater
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killifish (Lucania parva and pinfish both common in seagrass habitatshaflagoon Paperno
(2002)also provided a detailed comparison of spot rewrenit and growth in Mosquito
Lagoon/Halifax River and the greai&®L system.

2004

Twenty-two freshwater, estuarine, and marsies within CANA were sampled by the NPS
SECN in July 2004 (C. Wright, NPS, Southeast Coast Netn20KQ personal communicatin)
and recorded 65 estuarine anestiwater fish species (Johnstdral., 2006).

2007 2008

The FWGF WR1 0 s HndepéndentiMerstoring Program redgrgxparedinto Mosquito
Lagoon (Adams and Paperno, 2008; 20&X@jcollected more thah48,200 fishand
macroinvertebrates in 2002008. A total ofL40fish species/taxa ascollected thenumerically
dominate speciesererainwater killifish, bay anchovy, and silversid@denidiaspp). Spot
were abundant throughottie Mosquito Lagoon during key rectment periodslarge
concentrations of youngf-the-yearwerefound in distinct habitats.

The recreational fishery in Mosquito Lagoon, especialtyed drum(Sciaenops ocellatyishas
attained national recognition (FW&VRI, unpublished data; Floridaepartment of

Environmental Protection, 200ome adult red drum reside and spawn within Mosquito
Lagoonasevidence by the collection of ripe/gravid individuals and red drum eggs (Johnson and
Funicelli, 1991; Murphy and Taylor, 1998n intensive tweyear ichthyoplankton survey
consistently collected red drum larvae up to 90 km away from the nearest ocean inlet from June
to Octoberwith average nightlyarval densities as high 410,000 gal15/100 n?) of water

(Reyier and Shenker, 2007). Conventiomarki recapture tagging efforts also suggest that some
mature fish are yeaound estuarine residents (Stevens and Sulak, 2001; Tremain et al., 2004) as
opposed to transient seasonal migrants from offshore waters.

Autonomous acoustic telemesliowed hemajority of tagged red drum exhibited strong site
fidelity from winter through early summewith movement rates increasing significantly during

fall spawning monthéReyier et al., 2010). While some fish migrated to the nearest ocean inlet
during the spaning period, the majority remained in the lagoon yeamnd suggesting that

estuarine reproduction, an activity uncommon or poorly documented elsewhere, is the dominant
life history strategy in the Mosquito Lagoon basin (Reyier et al., 2010). Tag ressaptggest

high fishing pressure on large breeding adult red drum data in Mosquito Lagtoa, 44i%

recapture rate in a &@onth period.

Information on marine fish populations adjacent to CANA area in the Cape Canaveral region is
limited (Collins etal., 1989 SEAMAP-SCDNR, 2000and others)Fewdata are available on the
recent discoveries of critical nursery habitats for several sharks in nearshore waters adjacent to
CANA and the Cape Canaveral region (Adams and Paperno, 2007; Aubrey and S0€igpn, 2
Reyier et. al.2008).

Biological Resources dferrestrial Freshwater Wetlasid

Freshwater wetland communitidsyested wetlandsaindfreshwatemarshes occupy
approximately 1,355 a&08 ha)or 7%, of the approximately 20,000 &8,094 ha)f the
terrestrial communities on CANAL he diversity and composition of the natypkdnt
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communitiesof terrestrial freshwater systemeflect the soilsindthe underlying geologic

structureof the Anastasia Formatipwhicharetopographially expressed iduneand swale or

ridge features. Surface water and groundwater movement in and among these geologic features
affectsplant species composition and viability. Freshwater is limited by raigfalilndwater
withdrawal from the system for potable wat@nd changs to natural hydrology (i.ddaulover

Canal, mosquito ditchingnd stormwater canals). Mifires induced byightning, and

historicallyby Native Americanshelped maintain healthy natu@mmunities in Florida

An estimatedb30 ac(215 ha)of wet flatwvoods occur on the lower elevations of the ridges in the
transition areas bordering the wetlands (Duncan et al., 206t)flatwoodsare referred to as
low pine flatwoods, pond pine flatwoods, cabbage palm/pine savaamélflatwoods based on
the canopyspeciesTypical canopy plants include south Florida slash piieus elliottii var.
densd, longleaf pine Pinus palustri¥, pond pine Rinus seroting andcabbage palmsS@abal
palmettg, and may includeweet bay magnolidMagnoliavirginiana) or othe hardwoods.
Understory woody vegetation inclusd@ax myrtle Myrica ceriferg, gallberry (lex glabra), titi
(Cyrilla racemosg, saw palmetto, Carolina willowsg@lix caroliniang, and other wetland
shrubs. Groundcover includes spike ruskegcharisspp), beak rushRhynchosporapp.)
sedgesCarexspp.Cyperusspp.and other sedggsgrassesAndropogorspp.,Aristida spp, and
other grass@sand pitcher plantsSaraciniaspp.).

Thecanopy structure ranges from scattered pines to a mixture of gireabhage palms to

cabbage palm prairies that border the intermittent ponds, with cabbage palms sometimes growing
in the wet sloughsUSDA, 1974).Soilsare poorly drained, weakly cementsdndylayers

underlainby sand or loam. Wet pine woods are interspd with grassy sloughs, pondsd

swamps. Water movement is gradaatl pinedominated flatwoods may be flooded for several

days following heavy rains.

In recent yeargrescribed burns andechanical reduction of plant materlve been used to
manaye the habitatsn CANA; howevermore fire is needed to maintain wet flatwoods and their
associated species. Further reduction of the fuel and a decrease in the growth of woody
understory species is necessary at the appropriate season and frequengctato yet habitats.

The 910 a¢368 ha)of freshwater marsh include wet prairie, inland ponds and sloughs, and
emergent aquatic vegetation. The marshes are characterized as herbaceous or shrubby wetland in
a relatively large or irregular basin (FNADNR, 1990). The majority of marshes at CANA are
more similar in shape to broad shallow channels of freshwater sloughs without flowing water.
Thevegetation is composed of herbaceous reeds, grasses)dawvad species, and wetland
woody shrubsVegetationof freshwatemarsh includesnarsh pink §ebatia stellariy cordgrass
(Spartinabakerii), sawgrassGladium jamaicengebroom sedgeAndropogorspp.) and other
species of grasses, sedges, and rushasts in the deeper areas with open water may iaclud
fragrant water lily\Nymphaea odorajalarge emergent herbs, and floating aquatic plawet.
prairie species include spikerudtiéocharisspp.), maidencan@®anicum hemitomgnand spike
rush Rhynchosporapp.). Shrubs that colonize the perimetectuide coastal plain willowSalix
caroliniang), buttonbush@ephalanthus occidenta)isand elderberrySambucus caroliniana

The largest areas of freshwater marsh in CAd¢aurnorth of Haulover Canal arate in good
condition Some marshes are invadegwillow and red mapleAcer rubrun) along the
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extensive edges due to a prolonged absence oNi&,(2010). Many ofthe smaller, shallow
marshes have converted to willow thickets observedlong the roadsides that cross from east
to west throughhte linear marsheg.eral hogs are a serious threat to marsh wetlands and
amphibian habitatThey destroy the vegetation of freshwater marshes as they root in the moist
organic soil horizon for food. Their activity increases during droughts (Seigel aad2Pi3;
MINWR, 2008).

The freshwater forested wetlands hydric hammocksccupy445 ac(180 hajat CANA. The
term hammock generally refers to a closed canopy fetestunded or embeddédanother
vegetation type (Davis, 1943) and may be misleadirigss the hydric term is applied. Wetland
forests occur otbamy subsoil over hard limestone of low marine terrareshave very poorly
drained sandy soils with loam below (USDA, 197®)e canopy may include live oa®(ercus
virginiana), laurel oak Q. laurifolia), red maple, other hardwoqdmd cabbage palrithe mid-
story or subcanopy treemcludesouthern red cedadniperus silicicoly, redbay Persea
borbonig, southern magnolidagnolia grandifloraandM. virginiana), hackberry Celtis
laevigah), and pignuthickory (Carya glabrg. Understory small trees and shrubayinclude
tropical species such aakedwood Myrsianthes fragrans marlberry Ardisia escallonioides
stoppes (Eugeniaspp), and yaupon hollylex vomitorig (FNAI-FDNR, 1990;Schmalzer et
al., 2002) The sparse groundcoviartypicallyferns, vines, a few grassesd shadé¢olerant
wetland herb$FNAI-FDNR, 1990) Several species of rare orchids, bromeliddéandsia

spp.) and epiphytic ferns may be observed growing orithies of thecanopytrees, particularly
onlarge live oaks

Roads andminage in theiginity of large hydric hammocks have impacted this smaller habitat

at CANA. Excavation of adjacent flatwoods between two linear hydric hammocks and a former
citrus gove, along with associated roads and ditches, have affected the hydrology. Ditches along
the edge of the road contain some water, but as the habitat has become more mesic, other
portions of the hydric hammocks were dry and are being colonized by cablrage pa

Hammocksalso known agrairie hammocks or cabbage palm hammpeksupy 128c (52 ha)
at CANA. Prairie tammocls occur on slight elevatiorhanges in flat terrain. They comprize
clusterof tall cabbage palms and live oakghe middle ofandon, the borders o#vet prairie or
marsh communitiesSaw palmetts may ringthe perimeter of theoundedclustersof hammocks

in very wet areas. €erally the understory is opealthough tropical species may be present
Prairie hammocks are normally @at substratesvith sand over marl or limestonENAI-FDNR
1990). During high water, they may flodalt are rarely under water more than several weeks.
The canopy is dominated by cabbage palms and live oak, laurel oak, and magnolia; water oak
mayoccurin the canopy or understory. Shrubs found in prairie hammocks are wax myrtle
(Myrica cerifera), coastal plain willow, andlderberry(Sambucus canadengidropical species
that may occur include stoppers, marlberry, and pigeon plionoloba diversifolig

Herbaceous species include grape vwiegspp.), poison ivyToxicodendron radicans

orchids, and wildflowers

Prairie hammocks have been affected by hydrological alterations and invasive exotic pest plants.

In some locationdhogshavedamagd the sdl surface.As a result, thenanagement of feral hogs
and the emoval of pestlantsis an ongoing endeavor by CANA and MINWR. In the 2008
management pl an, MI NWR6s | andscape approach
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objectives for exotiplant andreral hog removalRemoval and eradication of exotics were
prioritized for MelaleucaNlelaleuca quinquenervjatreatment oBrazilian peppetree(Schinus
terebinthifoliug has begun in disturbed locations (MINWR, 2008; John Stiner, personal
communicationJanuary 7, 2011).

Disturbed wetlandeccupy596 ac(241 ha)of CANA andinclude freshwater marshes and
forested wetlandsas well as prairie hammocks and wet flatwoods. The primary causes of
disturbance are drainage, soil disturba@aeel invasion by nonative plants and animals.

Assessment of Threats and Stressors

Threats and stressors of the diverse natural systems and inhabitants of the coasta¢ackan
and lagoon in CANA artoss of habitat, degradatiar habitat, disease and parasites that bey
accelerated by degradation of the environmamd the impaired health of target species. The
introduction ofnon-nativeplants and animals has furthered the damagfeetioabitat. The
potential threat of climate change may accentuate the threatsitatthiand species

Geological Features

The greatest threats and stressorthe physical and geological resources of CANA are the
potential impacts of climate change and natural variability. Predicted increase in water and air
temperature, sea leveh@storm intensity due to climate change have the poténtader the
physical setting that supports existing habitats to the degree that major shifts in the ecosystem
may occur. The potential for acceleration in the rate of sea level rise may a#ietiitiey and
morphology of the CANA barrier island system and increase storm surge and flooding in the
back barrier areas. An increase in the frequendaoferisland breaching by new tidal inlets

has the potential to cause major changes in thetyadind tidal regime of the Mosquito Lagoon.

Surface andsroundwater

Although the water quality of the CANA section of Mosquito Lagoon has remained good, threats
from sources such as stormwater run@if;Site Treatment and Detention Syste@STD9S
andPulicly Owned Treatment Work$?QTW) still need to be recognized and minimized when
possible.

Biological Resource®f the Coastal Waters and Beach, and Mosquito Lagoon

Boating Activity: Sea turtles, marine mammals, fish, oyster reefs and SAV are negatively

affected directly or indirectly by boat activity. Frar898 2003, there was a 42@increase in

the number of recreational vessels registered in Florida; although the number of registered

vessels decreased in years 209 (see Public Use, subsection Bwgin this report).

Mosquito Lagoonsa mong one of the fAhot s poapaaksehsost i nat i
from May to Julyashoulder seasaiMarch, April, August, September, a@dtobe}, andan
off-seasor{November, December, JanuaapdFebuary).

Loggerhead sea turtles are known to suffer injury from encounters with the propellers of boats
and from direct boat strikes. Since the 1990s, Brevard County has the highest rate of manatee
boatrelated mortality, and boater noncompliance of speagz is greater on weekends in the
Banana River region of the IRL. Much of the recent decline in oyster reefs in CANA has been
attributed to boating activity.
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Increasan watercraft usavithin CANA, predominately related to fishing, suggest greater fishing
pressure or fishingffort within the area in recent yed&cheidt and Garreau, 20MHeyier et

al., 201). Recreational anglers, the largest user group encountered during the boat ramp survey,
primarily targeteded drum and spotted sea troGiyiosciomebulosupwithin CANA waters

(Scheidt and Garreau, 20 eyier et &, 2011). These authors concluded that the increase in
watercraft use will havadirect negative influence on the natural resourcédasquito Lagoon
managed by CANA and MINWR.

Damageo SAV in the Indian River Lagoon from propeller scass well documented taerial
photos taken at locations within Florida in the early 199@sdent et al., 1995n CANA
seagrass scarring and blowouts from boats powering off have occurred.

Harmful Algal Bloons

Harmful algal bloomgHABS) have occurred in nearshore coastal waters near CANA, resulting
in fish kills. Statewide HABs have caused illness and death in sea turtles, manatees, and
dolphins. Public health restrictions have been issued ftifishdarvesting due to toxins
associated with HABs. Wherete longterm impacts of these HABs are unknown, recent
research in the surbne off Cape Canaveral suggests brevetoxins produced by HABs san cau
sublethal effects in sharkand potentiallyother marine biota

Pollution

Periodic testing of contaminants in spot, Atlantic croaker, blue, arat penaeid shrimp the
southeastern U.$ound that measureshalytes were below U.S. Food and Drug Administration
action levels (EPA, 2001). The aatitevels are related to human consumptiomited
information existdor contaminants in tissuaf estuarindishesfrom Mosquito LagoonTotal
mercurywas analyzeth marine fishes (e.gtunas, mackerels, groujpenapper complex,
dolphinfish)from watess offshore of Volusia County and Brevard County, Btjacent to

CANA (Adams et al., 2003; Adams and McMichael, 2007; Adams 2004; 2Gi@n the
sampling designs and highly migratory nature of the speciss itot possible to determine
spatial variatn in total mercuryaroundCANA. Limited resultdor juvenile bull sharks
(Carcharhinus leucgdrom thelRL system Adams and McMichael, 1998how nean total
mercury concentratiom dorsal muscle was 0.77 ppm, which was similar to concentrations of
totd mercury found in juvenilebull sharksfrom sampling elsewhere in Florida (Adams et al.,
2003).

Loss and Fragmentation ofdbitat

Loss of habitat in CANA can harm the animals dependent on barrier island, lagoon, and dune
and ridge systems of the uplan8&a level rise could alter the salinity regime in CANA and
affect organisms sensitive to salinity changes. Increased storms and the associated increased
runoff anticipated from climate change could raise walevations and drown the sadtter
wetlandsInvasive exotic plants have contributed to the disruption of freshwater wetlands in
some areas. Invasive exotic plants in saltwater wetlands are most numerous along the perimeter
of public infrastructure righdf-ways while they do not seem to have dieslly altered habitat

in CANA, the potential for continued invasion and disturbasfcgaltwater wetlands exists.

Exotic animalssuch as green mussels and brown anolesupy the nicheof native species and
compete for resources. Feral hogs dig uplaih@agile freshwater wetlands and in the process
remove the habitat of the amphibiaHisstorical habitat and watguality changes (e.gloss of
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oyster habitat, seagrass degradation, and presence of HABS) influence overall community
structure.

Conclusions and Recommendations

The majority of factors that threaten to impair CANA waters and terrestrial ecosystems are due
to the pressures exerted by an increasing populaarCANA and the associated increase in
developmentClimate change may alter wibar patterns, water and air temperatarel the rate

of sea level riseClimate change and natural variability are the greatest threats and sttessor

the physical and geological settifgince the magnitude of climate change is uncetitam
recomnended that the NPS establish wd#fined baselines from which to evaluate this threat.
TheNPSshould reevaluate trends and variability of water levels and shoreline position on an
annual basis in a convenient format so that the analysis can be exteadbd year with

limited effort.

Surface and Groundwater

Analyses of CANA surface watsrusing 1992007 data indicatthat the trophic state is stable

and water quality has remained in the fair/good range, with the last two years of data (2006
2007) faling well within the allowable limit for a good designatioritrilgenandphosphorous

were generally ctimiting; howeverphosphorousimitation occurred many times in the southern
Mosquito Lagoon. This is in contrast to most of the IRL and the majorigtagiries in the U.S.
Although the water quality of the CANA section of Mosquito Lagoon has remained good, threats
from sources such as stormwater runoff, OSTDS, and POTWs need to be recognized and
minimized when possibl@he surface water hydrology inddquito Lagoon is fairly well
understoodbutthe role of submarine groundwater discharge to the lagoon has been largely
ignored. Groundwater seepage can dffiee receiving water qualitadvective sediment water
exchange processes, induced by submapioendwater discharge, are often critical components
of coastal nutrientHowever, very little groundwater quantity or quality data have been collected
in Mosquito Lagoon.

Biological Resources

Increagng development in the Mosquito Lagoon watershed, @aerly north of CANA

negatively impacts water quality by increasing pollution from point and nonpoint sources. Water
guality of the Mosquito Lagoon is generally regarded as goodbgrmbmparison to other parts

of the Indian River Lagoon System, Mosquitagoon is in better condition. Howeyan

unexpected increase in nutrient enrichment could affect healthy SAV, primarily the areas of
seagrass in the central and southern parts of the Mosquito Lagoon and saltwater Wéttands.
SAV andsaltwater wetlands CANA are in good condition. Freshwater wetlands have been
disturbed by road cuts, invasive exotic plants, and alterations to the local hydrology. Park staff is
cooperating with MINWR to remedy the impacts to wetlands in CANA. Results of monitoring
amphbians and reptiles in CANA haxdemonstratethe diversity of species that inhabit the

swales of freshwater wetlands and their susceptibility to changes in habitat.

Boating and fishingheebeen a part of the Mo seqntemsiiedinLagoono
recent years. Boating impacts populations of fish, shellfish, marine mammals, and SAV.
Watercraftactivitiesargopr obably one of the greatests source:
natural resources.
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Ongoing biological monitoring programs conducbsdCANA, MINWR, CAFS, FWCFWRI

and NASA in the park and local environs have established baseline knowtedge salt water
wetlandsthe terrestrial ecologyand several speci€Bhe inwater sea turtle monitoring and nest
counts, amphibian and regimonitoring, fish sampling, horseshoe crab, oyster reef research,
and the MINWR land management pklmouldcontinue. Additional research in the park to
establish a baseline statfies other key specie.g.,blue crabs and clams should be considered
Plant community field surveys in CANA should be considered to inventory freshwater wetlands
saltwater wetlandsind ground truth aerial imagery.

Comparisons of current measures of community structure (Adams and Paperno, 2008 2009)
historicalfisheriesstudies within Mosquito Lagoon (Snelson and Johnson, 1995; Paperno et al.,
2001) and in adjacent IRL basins (Tremain and Adams, 1995) suggest relatively stable fish
communities within recent time. Recent management measures within Mosquito Lagoon (e.g.,
reconnection of salt marsh systems to lagoon watersapol&oll zones/nemotor zonesand
continuedcontrol of shoreline development) will likely have direct positive effects on CANA

fish communitiesResearclon these potential effects is ongoing.

An extensive review ofiatural resourcesdatawere conducted for thsssessmenHowever the
knowledge base imcomplete in many areas. Fexample someof the knowledge gaps that cut
across biat categories include the potential effecflimatechang, storms, pollution loading
and invasion of nomative species. It is recommended that the NPS consider expanding their
ongoing monitoring and modeling efforts to account for these gaps. A useful tool would be an
annualstate-of-the-park updatéased orthis reporthat addesses key issues of concetnis
recommended that CANA establish a central digital database that inchwddatéfiles, GIS
thematic coveraggand a digital referencebliary. The database should bpdated on a

continuing basisThis process can begin with the GIS files assembled for this.study
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Introduction

This studyassesss thecoastal water resources and watershed conditioDaraveral National
Seashore (CANA)Canaveral, Floridal heliteraturewasreviewedto evaluatenformationabout
theaboticandbiotic conditionsof theterrestrial and aquatecosystems of the park aitsl
surroundingsThis assessment focuses on the condition of natural resdoucekin the coastal
Atlantic Ocean, Mosquito Lagoon, and select inland freshwater wetlaratschiptionis
provided on the geolagprocesses ahhydrodynamics of the coastline, the lagoamd the
aquifer structure to identifgtressorgor different scenarios that can océtom interactions
between the ecosystems andnléural physicaprocessednformation was collected from
existingscientfic publications technical materialsandsite visitsmadeduring 2010Data are
sunmarizedand analyzedb identify theexisting and potentiahreats and stressto the natural
resources o€ANA coastal waters anslatershedsThreats and stressaage categorized
gualitativelyto estimate the level of thredhformationand data used in éfassessment of the
natural resources of CAN&reevaluated andanked for availability and depth

The ecological systems are grouped by geographical contextiactecbfi intol) aquatic marine
and estuarand 2 terrestrial marineandfreshwaterTheinhabitantsof the coastalvaters and
the lagoon includésh, marine mammals, sea turtlasdinvertebratesSeagrass beds, oyster
reefs tidal swampsand salt meshes are consided pat of the lagoon systent.errestrial marine
and freshwatepineflatwoodssystemsvereevaluaged forflora and fauna

Description of Canaveral National Seashore

Canaveral National Seashpfermed in 1975, 167,662 a€23,330 hakituated on the east coast

of Florida (Figure 1)It lies north of KennedgpaceCenter in Brevard County and southNgw
SmyrnaBeachin VolusiaCounty.The Atlantic Oceanis the eastern boundargndt he par k6 s
western border is the Indian River LagddRL). A discussion follows of thparkd kistory,

legislative intent and objective®cation and property boundariésiildings, utilization by

visitors and othersand climate.

Location and Extent

Cohenour (1974) geographically defines the resmirand sothern extents dflosquito Lagoon

bet ween 28A5206N @igwe 1PCGARAIDsauEted betwekthe latidudes of
28A3806N and 28A5 8 dldtidaoTine parkies soath of New Sroyana Beaoh f  F
and north of Cape Canaveeald encompass approximately 58,000 é23,470 hapf lagoon

and barrier islargl(Walters et al., 2001). The largest surface area, about 38,086,380 ha)s
theMosquitoLagoon. Thepark boundarigsas set forth by Congress in 1975 (16 U.S.C. Sec.459;
(c) atwww.gpoaccess.gg\are as follows:

€appr oxi madseeh thousamdXive rundred acres within the area more
particularly described by a line beginning at the intersection of State Highway 3 and State
Road 402, thence generally easterly following State Road 402 to a point one-half mile
offshore in the Atlantic Ocean, thence northwesterly along a line which is at each point
one-half mile distant from the high water mark to Bethune Beach, thence inland in a
generally westerly direction through Turner Flats and Shipyard Canal, thence
northwesterly to the Intracoastal Waterway, thence southerly along the Intracoastal
Waterway to the boundary of the Kennedy Space Center, thence southwesterly to United
States Highway 1, thence southerly along State Highway 3 to the point of beginning.


http://www.gpoaccess.gov/
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Figure 1. Location of Canaveral National Seashore on the east coast of Florida. The park boundary is
marked in yellow.

Changes to the property within CANA since 1975 have been place namesdrnihhsfers.
Shipyard Canalvasmodified Government Cuhow provides the connection to tidlantic
Intracoastal WaterwayA(\W W) (FDEPR, 2009).In 1988, The Nature Conservancy acquired
Seminole Rest, also known as Snyder Mound, and transferred owrter€#NA in 1990, thus



expanding the park boundary to the west bank of Mostjaigoon at Oak Hill (Parker, 2008

The 1975 extent of CNA property was amenddd add several tracts of adjacent land that were
donated or purchased on various occasions. Ampiadely 16,000 a6,475 ha) were donated to
CANA by Brevard County and thatate of Florda and included the former 7-3@ (295 ha)

Apollo State Parkwhere Turtle Mound and Castle Windy Midden are located. Another 813 ac
(329 ha)of purchasegbrivate land was donateldy citizens

Park History

Over40yrs, an unconventionaalliance of military the stateof Florida local groups and

agenciesthe National Aeronautics and Space Administration (NASA¢U. S. Fish and

Wildlife Service(USFWS) and theNational Park Service (NP8pnverge to acquireand

managdandthat wouldprovide protective buffer fahe space program asdpport access and
management afatural areas for wildlife anacreationBeginning in the 1930&NPSenvisioned
expandingthe ount ryds park system t o AftedWoddWarely el op e
thepark serviceselected 16 propertidom a list of 126candidateso beconsideed aghe next
nationalparkon the east coafParker, 2008)Meanwhile n Florida,BananaRiver Naval Air

Station established at Cape Canaveral dulivigrid War Il becameéi The Joi nt Long Rz
Pr ovi ng ar@dthenewhahiof the U. S. rocket prograthat wasrelocatedrom White

Sands, New Mexic@Hannah, 1965Parker, 2008 Between 196 and 1964duringthe Kennedy
administrationthe Army Corp of Enginee®COE) acquired34,015ac (34,000 hajorth and

west by fee simple or condemnatioACOE alsmegotiatedvith Florida to usenother55,599

ac (22,500 hapf submerged lar@il mostly he MosquitoLagoonand adjacent lar@dto createa

secure buffer zonfer rocket launch operations (Parker, 2008).

In 1963, he USFWS entered into an interagency agreemightNASA to form theMerritt
Island National Wildlife Refuge (MINWRin 1963 (USDOI2008). Thenitial agreement
authorizedMINWR to manageportions of thdandand waterassociated wittkKennedy Space
Center (KSC)During thel960sandearly1970s their authoritywasexpanded to cover the
entire propertyBrevard Countyalsocooperateavith MINWR in oversight ofactivitiesnearthe
lagoonand Playalinda BeadParker, 2008)

Floridalegislation during the 196@d 1970s increasguiotection of the resources of Mosquito
Lagoon.In 197Q approximately39,000 ad15,780 hapf Mosquito Lagoonandtheland
surrounding théagoonbasinweredesignatedsthe Mosquito Lagoon Aquatic Preserve
(MLAP) by a resolution of th&loridagovernorandhis abinet(FDEP, 2009)The Florida
Aquatic Preserve Act of 19&®dified protection forstateowned submerged lands in areas with
exceptional biological, aesthetic, and scientific vatubeset aside forever as aquatic preserves
or sanctuaries for the benefit of future generat{@hsLegislature 2010) In 1979 Mosquito
Lagoonwas also designated an Outstanding Florid&/ater FDEP, 2009)Florida Department
of Natural Resourcg$DNR), nowthe Florida Department dEnvironmental Protection

(FDEP) managedhe aiginal 28,000acreMLAP until control ofthe bottomlad wastransferred
to NASA to bemareged by MINWR at that pointthe statemanaged areaas limited to 4,740
ac(1918 hapound on the north by the city of New Smyrna Beach in Volusia CqBDiP,
2009. Since the largest area of the lagoon is in federal hamel20092019 MLAP

managenent plarnpertairs to the snaller acreage in Volusia CountiyDEP, 2009)



On January 3, 1975, the 93rd Congress of the United States passed PublicG26v 93
establising the Canaveral National Seashorhe erabling legislation decreed tipairpose of
the park wasto:

preserve and protect the outstanding natural, scenic, scientific, ecologic, and historic
values of certain lands, shorelines, and waters of the State of Florida and to provide for
public outdoor recreation use and enjoyment of the same.

The act transferrethanagementesponsibilitiedor land and water within the Mosquito Lagoon
andthebarrierisland while landownership remained with NASA\ joint management
responsibility of approximately 34,345 €k3,900 ha)n and around the centrah@ southern
sections of Mosquito Lagoon was delegated td486WS andNPS(MINWR, 2008) Other
parcelsunder CANAmanagement am@655ac (2,693 hapf land and wetlandswnedby NASA
in the north section of Mosquito LagadPlayalinda Beaghand1,000 aq405 ha)north ofthe
Gomez Grant linégMINWR, 2008 Parker, 2008

Legislation and Management Objectives

In addition tolegislationthatgoverrs CANA, several agencies with different missidrae
jurisdictionor own landwithin and adjacent tthe park NPScooperates witthese agencies
whereoverlaps of common program objectives exésg..to plan and implement initiatives to
restore and maintain water quality, monitor wildlife, and prolegkel management operations.
These agencies atlSFWS,U.S. Army Corps of Engineers (ACOEYt. Johns River Water
Managemenbistrict (SJRWMD),FloridaGame and Fresh Water Fish CommisgiewC),
Florida Inland Navigation DistrigfFIND), andBrevard and/olusiacounties. A briefdescription
of themost importanbperationsand/or programby theseagencies follow.

Merritt Island National Wildlife Refuge

A large section of thpark, 34,435 aq13,940 ha)was overlaid on land designated NASA as
Merritt Island National Wildlife RefugéMINWR) in 1963.After the brmation of CANA,
responsibilityfor landmanagemerdnd servicesvas dividedMINWR, underUSFWS , performs
management of the MANWR,QG8),while NPSambnagestise culturat e s
resources and provides visitor services within the prdsmnidaries of CANAParker, 2009)

In addition CANA provides visitor services and managementliernatural resources on about
16,000 ag6,475 hapf lagoon andhe barrier islandAlthough the missiors of MINWR and
CANA differ, they arecompatible The NPSmissionplaces protection afaturalresourcegqual
to cultural resourceand public recreatioINWR ranksprotecton of biodiversityfirst, while
public recreation activitiesiustbe complimenary tothe protection of specieshe MINWR
mission satements:

To protect, enhance, and manage wetlands and uplands for biodiversity and for the
benefit of all species native to MINWR; provide feeding, resting, and wintering habitat for
waterfowl and other migratory birds; protect and manage threatened and endangered
species and their habitats; and provide opportunities for compatible public recreation and
environmental education.

CANA and MINWRwork together and with outside agenciegrotect natural resources and
usefundsefficiently by coordinatingprescribed firdreatmenttreatment ofnvasive species,
infrastructure improvementandNASA closurego enhance thsharedoversight of public land.



Mosquito Lagoon Aquatic Preserve

North of the CANA the preserdirea ofMosquito Lagoon Aquatic Prese (MLAP) in Volusia
Countyasmanaged by the FDEPOGs Office @EDEPQROOH st al a
is an artificiad not a physica&l boundaryof the Mosquito Lagoon. e statusandissues othe
naturalresourcesre very similafor the entirevater bodyexotic pet species, water qualjty
damage frommproper use oboats species protectigand the ability tescientificallymonitor
the statusof the lagon. In theFDEP (2009 MLAP managemenlan a description othe
naturalresources anthe efforts that are planned and/or underwaynroveand maintain the
lagoonfor the next decadarediscussedCANA andotherentitiesparticipatein activities
designedo meetthegoals set in MLARVianagement Platihat affect the lagooMhe ongoing
programbetween CANA and the University of Central Flortdaestore oyster reefs is one
example (FDEP, 2009).

Haulover Canal

Haulover Canahas beem portage connection between tRé and Mosquib Lagoon since
prehistoric timegParker, 2008 It is jointly managed byhe U.S. ACOE, with FIND acting as
the localsponso(FDEP,2009. Construction ofin eastcoastwater routeknown aghe AIWW
(Atlantic Intracoastal Waterwayyas completeth the 1930s (ACOE, 2006The 125t (38 m)
wide and12-ft (3.7 m)deepcanalconnectdhe AIWW from the north basin ahelRL to
Mosquito LagoonMaintenance of the canal, drawbridgeat rampandboat safety and
manate@bservatiordeck are managed by ACOE, FINanhdBrevardCounty ACOE, 2006;
Brevard County2010).

Special Designation and Recognition

In 1990, thdRL, which included Mosquito Lagoon, was designdistuaryof National(NEP)
Significanceby the US. Environmental ProtectioAgency (SJRWMD, 2008¥lorida provides
special protection to Mosquito gaon as an Outstanding Florida Waterway (FDEP, 2009) for

the worthiness of its natural attribui@ule 62302.700 (9), F.A.C.)
(https://www.flrules.org/gateway/ruleNo.asp?id=822.7®). The state of Florida also

designated the Mosquito Lagoon as Class Il water (shellfish harvestamges |, 1, and IlI

surface waters share water quality criteria established to protect recreation and the propagation
and maintenance of a healthyelixbalanced population of fish and wildlife (Ru@2-302.400

F.A.C).

The biological diversity and water quality of tBANA environs has beddentified
internationallyand has beemecognized by federal and state authorities. The International Union
for the Conservation of Nature identifies CANA a Category V protected landscape/seascape
(http://www.protectedplanet.net/sites/Canaveral_National _Seashore Nps

CANA is richwith cultural and historical resources as well. fEhareover 1% historic and
archeologicasites including Native American gravates whose location and integrity are
protected under Public Law 1®D1 (John Stiner, NPS,personal communication, Janudty
2011).

Critical Habitat Northern Right Whaleand Manatee Protection Zone
In 1994, heNational Marine Fisheries Service (NMFS) delineateztritical habitat boundsg
for northernright whale(Eubalaena glacialisto extend from Georgi@ slightly south of Cape
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Canaverahlong the Atlantic Oceafittp://www.nmfs.noaa.gov/pr/species/criticalhabitan,
Federal Registel994; NMFS, 20148).

In 2002 a final rule was issued by USFWS demarcafiBgnanategorotectionzones with year
round slowspeed zones in FloridacludingHaulover CanalFloridadesignated manatee
protection zoneshoulder eitbr sideof the canal. Wesif the canglyearround slow speed
zones extend landward stightly beyonahe AIWW from the southern portion of Turnbull
Basinandeast a short distano®rth alonghe AIWW in thelagoon(FWC, 2002).

Oyster Bed Leases

In 1975 there were approximately 30 oyster lease plots within thetpatkould not be sold or
transferred and had to be renewed annually to avoid expiration (Barber, [2RG200)1, only 14
leases remained. Commercial and recreational harvesting of thenegster still occurs within
park boundaries (Walters et,&001).Today, seven commercial oyster bedses within CANA
are retained by individual lessees (FDEP, 2009).

Land Use and Land Cover

Canaveral National Seashore is the longest natural coastieatral Florida within 60 miles of

four urban counties: Orange, Seminole, Voluaied Brevard. Population estimates for 2008
(http://www.bebr.ufl.edu/system/files/2008 tiasates _Table01 O.pyby the Bureau of

Economic and Business Research (BEBR, 2008) for these counties are Orange (1.8 million),
Seminole (426,413), Volusia (510,000) and Brevard (556,213). Population estimates for counties
do not account for the numbertourists.Population growth from 2000 to 20@8 four counties

that arewithin one b two hoursdriving distancéo CANA is shown Figure 2.

1,150,000
1,000,000

850,000 Brevard
— 16.80%
700,000 _
orange Volusia
550,000 - oa gn 5 \\ 15.20%
400,000 .39 \

250,000
100,000
(50,000)

Figure 2. Population growth between 2000 2008 (left) and expressed as percent change (right) for
Orange, Seminole, Volusia, and Brevard counties. All four counties are within a 1-2-hr travel time to
Canaveral National Seashore.

Figure 3 showgeneralizedandusecodesLUCODE) for Brevardand \olusiacounties
provided by th6sJRWMD.Landusecategories follova modified Florida Land Use/Land Cover
and Forms Classification System (FLUCCAXetailed listingof land-usecodescan be found in
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the Appendix Thepercent changim selectedand-usecategoriedor the New Smyrnia
Edgewater area waabulated for 1973 and 2004 and are lidigthnd-usecodein Tablel. The
greatest percemicrease inand-usecategoriesvereresidentiamediumand highdensity
locations commercial andervices, andpine flatwooddor atotalincreaseof 48.1%.Losses
occurred inow-densityresidential golf coursesandcitrus groveswith the greatest losses in
shrub and brushlanapen land, andpland hardwood forestsotaling-240.46% Categories
with large negave percentages were likely reassigned into the gacatggoriesand/or may
have beehifted into other uses in county comprehensive plan amendments.

Table 1. Change in land-use (LU) categories for New Smyrnai Edgewater area (19941 2004).

LU Land-use Category 1995 area 2004 area Percent
Code (acres) (acres) Change
1100 Residential, low density 2,875 2,459 -14.5%
1200 gsrfé?tim'a" medium 4,969 5,004 0.7%
1300 Residential, high density 481 620 28.9%
1400 Commercial and services 681 739 8.5%
1820 Golf courses 594 513 -13.6%
1900 Open land 81 16 -80.0%
2210 Citrus groves 155 126 -18.7%
3200 Shrub and brushland 1,626 265 -83.7%
4110 Pine flatwoods 1,029 1,133 10.0%
4200 Upland hardwood forests 171 110 -35.8%

Public Use

Visitors

Park visitordata obtained from the Social Science Division of NPS (SBB, 2018)
(http://www.nature.nps.gov/statshowanaverageof 1,052,554annual visitorsrom 1976 2009
anda total 0f35,786,850 over thg3-yearhistory. Annual visitor numbers peaked between 1994
and 1997 and seems to have stabilized around one million (Figure 4). Specific types of visitor
use are recorded for traffic countsRtayalinda Beach and Apollo Beadiackcountry campers,
and norrecredional visitors. Information for hunting, fishing, and boating activities, as provided
below, was obtained from sources outside N®P8omparison of traffic counts for two very
popular tourist destinatiofsPlayalinda Beach and Apollo Bedclirom the earlyl990sto 2009

is shown in Figure 2At Apollo Beachthe average annual traffic count from 192009 was
166,433andtheaverage count was 183,879 at Playalinda Béarctihe same perioNPSSSD,
201(b). NPS projecta small increase of 0.1% growth in tihember of visitors to CANA for

2011 (NPSSSD,201).

Camping

Records for backcountry campers are available for 128@29 (http://www.nature.nps.gov/stais
The number of backcountry campers grew from 80 eamim 1982, peaked at 5,185 in 1997
and since 1998 has varied betw@e®00 4,300 camperg-igure6).
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Landuse Codes

[ ]1100-1633
[ ] 1634-2610
| 2611 - 4430
[ 4431 - 5430
I 5431 - 9999

Figure 3. Generalized land-use map (2004). Land-use codes are described in Table 1 (St. Johns River
Water Management District).

Fishing and Hunting

Peamits andregulatiors forfishingand hunting in the Mosquito Lagoon require compliance with
FloridaFWC licensingwww.MyFWC.conm) andMINWR. A seltsigned MINWR permit
(http://www.fws.gov/merrittisland/FishingRegs.h)g required forfishing crab, fish, clam,

oyster, and shrimp ilRRL, Mosquito Lagoonmosquito control impoundmennd interior

freshwater lakesSeasonahunting of migratory water fows allowed in the seashore and refuge

and is part of the r @bglagd éeH-sigwMINVER hinbpermitisna n a g e m
required ancdditionalFloridalegal requirements must be
mefi(http://www.fws.gov/merrittisland/Hunting%20201..pd). Special huntingpermitsmay

apply tolimited locations or for waterfowl huntingoth activities are subject to closure by
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Visitors (1976-2009)

1,600,000

1,400,000 9¢§¢

1,200,000 W 2

Q—Q—
T GO - _QQQ@%G%
v

v

1,000,000 -
v

800,000 -

# of Visitors
4

600,000

400,000

200,000

O||||||||||||||||| 1 1 T 1T 1T T T T T 1

A A S - SR A LI RN SR ol

NN MR AN N NN I M R S S
smm\isitors

Figure 4. Number of annual visitors to Canaveral National Seashore from 1976 2009
(http://www.nature.nps.gov/stats).

Traffic Counts (1991-2009)
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Figure 5. Annual traffic counts to Apollo and Playalinda beaches from 1991 2009
(http://www.nature.nps.gov/stats).

KennedySpace Centaturing spaceshuttle launche®lPS does not maintain data on these

activities; hence sources of information are MINWR and the U.S. Census Bureau. The number of
fishermen (163,670nd hunters (958), estimated in 2003 by MINV¥Rplies to all areas under
refuge management and may be slightly higher than actual for inside CANA proper (MINWR,
2008).
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Annual Campers (1982-2009)
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Figure 6. Number of annual backcountry campers from 1982 2009 (http://www.nature.nps.gov/stats).

Boating

e Campers

Boatsand mechanical marine vessefsedfor commerce orecreatiom r e
history and a draw for touristsicluding those in the region of CAN(Sidman et al., 2007)

Recreationaind commercial boatinactivitiesimpact water qualitgnd harmwildlife and

part

of

habitatin the park and surrounding argdorris, J. and B. Nodine, 1995; USFWS, 2001;

Walters et al., 208 Walters, et al., 200Bcheidtand Garreau, 200MINWR, 2008:Schaub et
al., 2009) Understanding boatsandtheir behaviois usefulfor minimizing the potential
impacts of boahg and relatedctivities Boating activitywas examined taentify programghat
improveboatingrelatedrecreation and reduce the impach#iural resource

In a yearlong study of recreational boating for Brevard County (Sidman et al., 2007) researchers
characterized aitrutes associated with boating, sucldastinationsn Brevard County, vessel

regidrationlocation and boatebperceptions of constraints and opportunities for boating

activities. The FloridaDepartmenbf Highway Safety and Motor VehicléELDMV) issues
annual vessel registrations amaintains a database lodatregistrationdy siz classand

whetherthe vessel isisdfor commere or pleasurdhttp://www.flhsmv.goy. Thetotal number

of vesselgegisteredn Brevard,Indian River,Orange SeminoleandVolusiacouniesfrom

2006 2009pealedbetween 20052007 (Figure7); the largest categonyasrecreational vessel
These statisticsirror the pattern of registration numbers acrélssidawhere licensed vessels
decreaseffom 799,496during the fiscal yea2007 2008to 746,862during the fiscalyear

Fl

2008 2009(FLDMV, 2010).1t is unknown whether the most recent decline in vessel registration
is caused by the economic downtamncreased fuel pricesr if the declines short term or

long term

Mosquito Lagoonso n e

(November February (Sidman et al., 2007)The study tracked vessel origination by county
Brevard (66.2%), Orange (12.9%), Seminole (7.1%), Indian River (3.6%), and Volu&@.(2.2

of

t he

A bng with neeoseasormpealseasorirant |
May July,two shoulder seasarfMarch April, August Octobe}, andanoff season
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Annual Boat Registrations by County (2005-2009)
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Figure 7. Annual number of boat registrations for Brevard, Volusia, Orange, Seminole and Indian River
counties from 2005 2009 (http://www.flhnsmv.gov).

Countywide thetop threeactivitiesrankedfrom highest todwestwerefishing, natureviewing,
and sightseeind-igure8 showsboater destinatiain Brevard Countyluring peak season
projected Boater destinatissare concentratealongthe AIWW near Haulover Canatansiting
northto Volusia Countyand in the sothernend of theMosquito LagoonA studyby Sidman et
al. (2007)provides new informatiofor the NPSestimate oR0 boats per day iMosquito
Lagoon(NPS,2005;http://www.nature.nps.gov/stats/Countinglnstructions/CANACI2005.pdf

Attempts to quantify the use of boats and resousebyiboaters in Mosquito Lagoon halveen
ongoingsince 1987 (Scheidt et al., 2@)2Aerial boat surveyfiown in 2002 over portions of
Mosquito Lagoon under MINWR and KS@risdictionidentified more than 3,400 boaters
during 43 flights Use wasgreatesbn Saturdaysandthe highest density ofisersvasin
Haulover Canal and the areas around Georges3gae(dt et al., 2008). Between Jua 2006
and May 2007Scheidtand Garrea(2007) flewbi-weeklyaerial surveys over Mosquito
Lagoon andtheyestimaedmore thar6,000 boat# the lagoon over the 1@honths.

Programs administered by government agencies, @inescountieshat involveboating such
as law enforcement of fishing and hunting, species protettoater safetyand marine
sanitation devicesre shared by FWC, USWFS, and county sheriff departments. Special
programssuch agollecion and recydhg of monofilament lineandderelict boat@andpromoing
properly operatingpump-out stationsare often managed at the county level.
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Figure 8. Boating destinations during peak season in Brevard County. Density clusters are greatest near
Haulover Canal in north Mosquito Lagoon and in the southern end of the lagoon (Sidman et al., 2007).
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Resource Characterization

CANA resources span the Atlantic Ocearastal waterdarrier islangdand estuarinéagoon

with unparalleleddiversityin the United State$=DEP, 2009).The microtidalenvironmentof the

Atlantic Oceanor | or i d a @ coasis punctuatéd wigh northeasters and hurricanes

These naturatvens causeelatively little impact to thendevelopedeach dueto he beachds
ability to withstand the cycles of shifting coas#, unlike hardeed coastal shoreline® the

north and sotitof the park-Thenorthernportion of thebeach gradually widens to a flat, hard

packed, fineggrained sandgurface whereasatthe southern end @ANA nearthe Kennedy

Space CenteKSC), thebeach narrowandis a steeplyslopedsurfaceof shellrich sand.

Thebeachthe shorefaceandthe coastawatersof the Atlantic Ocean offethabitat tobenthic
organisms, fish, birds, mammals, and reptidsithernright whales andWest Indian manatee
(Trichechus manatyslsoutilize the coastal ocegbdSFWS,2002;2009) Commercialand
recreational fishingontributeto state and locaconomes Canaveral National Seashasan
theeastern North Americamigratory birdpathknownasthe Atlantic Flyvay; as birds migrate
they stop for food, coveand resting ared®)SFWS, 2008)The beacls an important nesting
area for ive species of sea turtl@&dSFWS, 208; FWGFWRI, 20063. The beach is also a
place for resident birds to nest, feaddrest.From east to wegshativeplantcommunities on the
dune andassociated swalegest of the dune are coasstiland palmetto scrufand oakscrub.
Thereare no distinctive lines betweéme plantcommunitiesas theyoften blend depending on
soils, topograby, and available water.

Theplant communitie®f Mosquito Lagoorfrom back barrier to the western shoreline are
composed ofabbage palm (palm hammock), saltwater wetland séeculh,mangrovs, salt
marsh and seagrass(USFWS, 2008)which areall vital habitat for manypecies of fish,
reptiles, birdgwading, waterfowl, raptorsandmammals Protecéd speciessuch ashewood
stork (Mycteria americang Atlantic water snakeNerodia clarkii taeniata)maretee and
juvenilesea turtlesuse tle lagmn duringatleastonestage of theitife cycle (USFWS, 2008
FDEP, 2009).

Mosquito Lagoons in 15 watershed asdefined bySIRWMD, which extendwell beyond the
parkboundariesit contains the populatednunicipalareasof New Smyrna Beach and
industridized area®f KSC at Cape Canaverdhputsto watersheds within and outside of
CANA that may affect the park resources wieiduded where appropriate.

Climate

The climateof CentralFlorida, including the Mosquito Lagoon arga humid subtropical. There
is a definedainy seasoifrom approximately June through Septemlpdrich arethe months
most likely to includdandfall oftropical cyclonesFigure9 shows a plot of monthly
precipitation data and the annual average derived frotd.tBeéNational Climatic Data Center
datalase fomorth CentralFlorida. Theinterannual variability and correspondence of high
rainfall rates with the wet season are apparent. Fitishows &0-year record of air
temperatue in CentralFlorida thatdemonstrates yedo-year variation and seasonal chas.
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Figure 9. Twenty-year record of precipitation for east Central Florida (U.S. National Climatic Data

Center).
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Figure 10. Twenty-year record of air temperature for east Central Florida (U.S. National Climatic Data

Center).
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The wet season is charadzed bythunder stormdightning, andoccasionatornado activity.
Another summer phenomenon not widely iggaaed by the general public is increased
atmospheric dust emanating from Africa that affects air quality. Between October and May,
fronts regularly cross through the state, which keep conditions dry. Occasigiedlstorms
affect the area and influea current and wave action in the coastal ocBath tropical cyclones
andextra tropicahortheastern evesitan strongly influence circulation and wave action in the
coastal ocean and may cause storm surge at the coastline. During winters &hHifian

climate cycle occurs, rainfall increases and temperatures are cooler statewide.

Seasonal variations in air temperature and wind velocity over the coastal oceanvargertly
summaized from longterm records (19882008) of NOAA NBDC Buoy 41009. Figurdl
shows the average monthly wind speed in knots (about 0.5 m/s) at Bu®/BEt@@en 1988
and 2008. Similarly, Figur&2 shows the mean and standard deviation of air temperatures
recorded during the 2§ear periocatthe buoybetween 1988 and 2008. In both plake
seasonal signals are apparamtluding increases in monthly average wind speeds and lower
temperatures during the winter months and decreased wind speadliaciéasan air
temperature during the summer months.
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Figure 11. Monthly mean wind speed (knots) at NOAA Buoy 41009. The red bar is 1 standard deviation
about the mean; the line above the bar is the maximum wind speed; and the line below the bar is the
minimum wind speed.

Wind and Storm Climatology

The climatic regime and episodic occurrence of storms in the South Atlantic Bight (SAB) region
of the U.S. has an important influence on continental shelf dynamics. Climatic and storm signals
are particularly apparéover the inner continental shelf and at the shoreline where tides, waves,
and storm surge are amplified by the shallow depths. Many of these signals, although filtered by
constricted tidal inlets, can propagate into shallow coastal waters such as thetdbagoon.
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Figure 12. Monthly mean air temperature (degrees C) at NOAA Buoy 41009. The red bar is 1 standard
deviation about the mean; the line above the bar is the maximum air temperature; and the line below the
bar is the minimum air temperature.

Five seasonal wind regimes are associated with East Florida Shelf regions (Weber and Blanton,
1980). In winter (November to February/March), winds are persistently southeastward in North
Carolina and turn more southward over Florida. During the winter mpfidguent extra

tropical cyclonesan develomcross the southeastern states and out over the Atlocdan.
Thesestorms frequently produce gdhlace winds that can cause property damage and beach
erosion. During spring transition (March to May) wirsisft westward from Florida to South
Carolina, with the winds elsewhere in the region being more variable. In summer (June and July)
westward winds dominate the southern reaches of the domain, and northward flow sets in for the
central to northern portieof the SAB from Georgia to North Carolina. During August, the
summer wind pattern breaks down and becomes generally disorganized. H&\eida,can
experience westward and sout hwestward winds
(Septembeand October) strong southwestward winds occur over the domain, with westward
winds at times over Florida.

Thesoutheast U.S. region typically experiences weekly easterly tropical waves and several
tropical cyclones and hurricanes each year. Neumann(&883) quantified the mean direction

of the tropical cyclone tracks from 18861989 (Figurel3). Generally, if storms do not recurve
east of 60W, they will make landfall along the U.S. coast. The official Atlantic hurricane season
runs from June 1 tbugh November 30, with a peak from mAdigust through migDctober. For
2010, NOAA estimatethat12 to 15 tropical storms would form, including8becoming major
hurricanes otategory 3 or higher on tt&affiri Simpson Hurricane ScalBigurel4 shows tle

total hurricane strikes by county between 1900 and 2009 in the SAB.Higone 14 it can be

seen that the Brevardolusia area has been impacted by @ hurricanes over the past 109

yeas.

The NOAASea, Lakeand Overland Surges from Hurricamaede| among othershas been
used to predict maximum levels @$tornGs surge that can occur due to stormsasfing
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intensity. Figurel5 shows predicted maximum water levels that could occur in theataasa
of CentralFlorida from a category 1 hurricanghich can be compared tagkre 16 showing
predictedwaterlevels from a category 4 hurricane. For the minimal hurricaager levels along
the open caat could reach about 6 fL.8 m)above normal andi3 (0.61-0.91 m)feet above
normal in the Mosquithagoon. For a category 4 storooastal water levels could reach up to
14 ft (4.3 m)above normal andi70 ft (2.1-3.0 m)above normal in the Mosquito Lagoon.
Breaching of the barrier system could result in more inland flooding.
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Figure 13. Tropical cyclone tracks (red) and number of cyclone occurrences (blue contours) over 103
years (Neumann et al., 1993).

Physical Oceanography: Tidal Regime and Sea Levels

The tides of the Floridanner continental shelf are strongly dominated by the semidiurnal forcing
of the M2 (unar) and S2splar) constituentdn the CANAproject areaocean tides are

monitored continuously by only omational Ocean SurvegfNOS) station#3721604 that is in

the somewhat protected Trident basin area of Port CanaveratiiRealndhistorical water

level datafrom this statiorcan be obtaineftom the NOAACenter for Operational
Oceanographiroducts and ServiceBhe next operational NOS station to the north is at
Fernandina Beach in Duval CounBetween Brevard and Duval Countlgere is a major sfii

from a microtidal regimeawhere the mean tidal range is approximag&8/ft (L m), to a near
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Figure 14. Number of hurricane strikes in the South Atlantic Bight by county from 1900 2009 (NOAA
National Hurricane Center).

mesotidakegime at the FloridaGeorgia bordemherethe mean tidal range is above 3.31ftr{)

m andapproaches 6.6 ft (2 nduring spring tide conditions. The increase in tidal range
corresponds with tidal amplification over the widening continental shelf nb@ape Canaveral

to a maximum offshore of Savann&@eorgia,at the apex of the Georgia Bigltome of this
transition takes place along the length of the Mosquito Lagoon. Figuenijgares recorded
water levels from the Fernandina Beach and Tridentdaiges for awo-week period in late

2005. The tides at both stations are very close in pbhaséhe tidal range at the Fernandina
Beach station is distinctly largek.relatively weak diurnal inequality is apparent in both records.
McBride (1987)notedthe inverse relationship between tide and wave regime along the Florida
coast classifying thenortheasFlorida coast as mostly tielominatedwhich issimilar to the
conceptual modalescribed by Hayes (1979).
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Figure 15. Predicted maximum water levels that could occur in the coastal area of Central Florida during
a category 1 hurricane (NOAA National Hurricane Center).
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Figure 16. Predicted maximum water levels that could occur in the coastal area of Central Florida during
a category 4 hurricane (NOAA National Hurricane Center).
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Figure 17. Comparison of 20-day water level records from Fernandina Beach (NOS Station 8720030)
and Cape Canaveral (NOS Station 8721604).

Barrier island morphology reflects the transition from the microtidal to mesotidededgpm
EastCentral to Mrtheast FloridaBarrier islands from approximately Flagler County and north
are predominantly beach ridge barriers composed of a series of coalescing beach ridges added
progressively to the seaward side of these features byfreemdide-generated inlet shoal
deposits (Hayed979). Incontrast, the barrier along the southern half of Volusia Casraty
singleridge barrier bordering thdosquito Lagoon until it mergewith the relic beach ridge
system that forms thiéalse @pejust northof Cape Canaveral. Microtidal barrier islands are
more likely to be stormand wavedominated and backed by op®rater lagons rather than the
marshy backbarrier areas of a mesotidal barrier systéhe transition from a marshnd
mangrovedominated baclbarrier area in the north part the lagoon to a largely opevater,
backbarrier area in the south Mosquito lagoon reflects this transition.

In addition to strong tidal influenctheinner shelf oNortheast Florida is also influenced by
large changes in sea level at gubtidal frequency. Figurs8 compares water level records
along the coast of Florida with the tidal signal removiéa: records are coherent in phase along
the entire coast adast Floridabut can differ in the magnitude séa level oscillation from place
to place.The annual range of sea level ala@agt Floridahas been as great@a® ft G m) in
someyears the annual low stand of sea level is most often in late vdtllgreas the annual high
stand is usually in late Gatber to earl\November of each year. Figut8 plots the mean annual
nontidal range of selevel for the Daytona Shores Station (Sta8@A1120)hat was operated
between 19701985.1t clearly shows the annual sea level cycle that is linked to variations
wind, water temperatures, ocean currents, atmospheric premsdigassing storms.
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Figure 18. Non-tidal sea level records at four National Ocean Survey stations on the east Florida coast
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Figure 19. Seasonal variation in mean sea level derived from water level records acquired between

1970 1985 at South Daytona Beach (NOAA Center for Operational Oceanographic Products and
Services).

The period of record for the Trident Pier NOS station is shorter than other NOS stations in
Florida. However, the 2009 record of sea level at Port Canaveral $imilar seasonal record
as shown in Figure 20. Mean sea level varied over a range of about 2.3 ft (0.7 m). Similar to
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Figure 20. Variation in mean seal level at Trident Pier NOS Station 8721604 in Port Canaveral in 2009.

other stations along the ¢a®ast of Floridaminimum sea level occurred in late July followed
by higher sea level in the fall months.

Long-termobservations of the spectral wave field in either shallow or deep watesrgre
limited in the coastal oceanffshore of CANA. Longterm hindcasts of swell and wind wave
conditions across the continental shelf are available fhenty.S. ACOE Wave Information
Study (WIS).WIS hind casdata are generated from numericaddels driven by global wind
field predictions placedn modelgridscontaining bathymetric data. The WIS numeriuald
cass provide longerm wave climate information at nestnore locations (numerical recording
stations) of U.Scoastal oceans.

WIS hind castvave information indicates that the dominant or most energretiesapproach

from the easterlylirection although distinctive seasonal differences occur in both direatidn
energy. Figure 21 shows a summary of hind cast significant wave height by direction from WIS
numerical Station 431, just offshore of the Iogo Lagoon.

Few longterm directional wave gagéiave been deployéud shallow watealong thenortheast
Florida coast. Several directional wave gages were deployed at Ponce Inlet from October 1995
through March 1997. The deployment was part of the @bbutts Research program of the

U.S. ACOE Coastal and Hydraulics Laboratory (CHI)e CHL directional wavgage was
locatedabout 1.2 mi (2 kmdffshore to the northeast of Ponce Inlet in a water defabaut 46

ft (14 m). Figure 2Zhows the joint mbability between significant waveeight and direction of
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Figure 21. Summary of hind cast wave heights and directions from 1980 1999 at WIS Station 431
(Coastal and Hydraulics Laboratory Wave Information Study).

datacollectedat this statiorfor the fall and winter months from 1995 to 199he nearshore
wave spectrum has a joint probability maximfrom the eastnortheast aanapproach of 75
and significant wave height aboutl.6 ft (0.5m) for data recorded during tl@ctober to March
period.For spring and summggnergy peak at this station shifted to approximateha8a
significant wave height adboutl ft (0.3 m).

The period of record at the Ponce Inlet gage is not long enoutititectly resolve seasonal
variatiors in wave energyThewave records show distinct variations in the mean wave height
over several months as well as madimsignificant wave heights 89 ft (2.7m) and12.1 ft

(3.7) mduring the period of record (Figus).

Climate Change

Global climate change is a complex and controversial subject that has direct implications for the
management of CANA resources. A comprehensive review of the sadrasis for climate

change and forecasts of climate change can be found in thevolultie report of the
Intergovernmental Panel on Climate Change (Soloman et al., 2007).

The four major aspects of climate chamge:1) increasing greenhouse gasdsnaeasing air

temperature and water vapor, 3) increasing ocean tempetddd, and increasing sea level. In

a 2009 report by the Florida Oceans and Coastal Council (FOCC, 8888 components of
climate are call ed fitderdifveecrtss, 0o na nFd ofroird aedasc ho cdera
resources are described in terms of probable and possible effeetSOCC document provides

a reference list of publications and government reports that describe the beleimcethe

FOCC analysisThe FOCC repors$tates that none of the effects of climate change are expected
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Figure 22. Joint probability between significant wave height and peak direction at CHL Ponce Inlet
Station DWGL1INT1 from October to March. Monitoring period is 19957 1997.
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Figure 23. Significant wave height record at CHL gage DWGL1INT1 located 2 mi (3.2 km) offshore of
Ponce Inlet.
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to be beneficiald Florida.Coastal Florida, including the CANA araaparticularly vinerable

to climate change due to its low elevation and sensitivetabasosystems that are formed
largely by emergent wetlands and submerged aquatic vegetation (SAV) separated from the
coastal ocean by a dynamic barrier island system.

Table2li st s the drivers of <c¢climate ¢ hahagdeoceamd t he
resources discussed in the FOCC repdrtually all of the drivers and associated effects may
impact CANA resources. Of particular importanlcewever are effects thadre relateddirectly

to rising sea levelWetlands that are unable todgepace with risingealevel through

sedimentation can fragment and eventually drown. The CANA barrier island system responds to
rising sea level at the millennia time scale by migrating land\&ad upward over its own back
barrier sedimentddowever, ag acceleration ithe ate of sedevel rise linked to global

waming may limit the ability of the barrier to remain fully integrat&tie predicted increase in

the intensity of stormknked to global climate changeay increase episodes of barrier island
breaching andccelerateghetransgression rate of the coastal barrier and assosiatiegentary
environmentTo help recognize ipacts ofclimatechange on the CANAarrier island and back
barrier shorelinegshe NPSSoutheast Coast Network (SECM)I implementocean koreline

change measurements in CANA using GPS method &mwhibious alterrain vehicle ATV
supplemented by remote sens{BgVivo et al., 2008)

Table 2. Drivers and effects of climate change. Adapted from Florida Oceans and Coastal Council (2009).

Driver Effect/Change

Increasing Greenhouse Gasses Increases in Ocean Acidification
Altered Rainfall and Runoff Patterns

Altered Frequency and Intensity of Tropical Storms and
Hurricanes

Changes in Nutrient Supply, Recycling, and Food Webs
Increases in Fish Diseases, Sponge Die-offs, Loss of Marine Life
Harmful Algal Blooms and Hypoxia
Changes in the Distribution of Native and Exotic Species
Increases in Coral Bleaching and Disease
Increasing Sea Level Changes in Estuaries, Tidal Wetlands, and Tidal Rivers
Changes in Beaches, Barrier Islands, and Inlets
Reduced Coastal Water Supplies

Increasing Air Temperature and
Water Vapor

Increasing Ocean Temperature

To date thelong-termrecords of sea level froseveral NOS water lel/gagesndicate linear
trends of sed e v e | ri se MWOyeswithouhnmeasprable adeFation in tke rateof
sealevel rise Figure24 showsthe analysis of sea level trends from the NOS gdadeemandina
Beach (NOS Station 8720030). The mean sea level trén@8sn/yr .02 nm/yr) with a 95%
confidence interval o£0.008 in/yr (.20 mm/yj based on monthly mean sea level data from
1897 2006 which is equivalent to a change of 0.6602 m)in 100yrs. A similar trendcan be
found in data from NOS Station 8720218 where taed is0.094 in/yr .39 mm/yr), which is
equivalent to a change of 0.79@24 m) in 100yrs (Figure25).

The predictions of future sea levels based on global climate models are uncertain. The longest

sea level records in Florida, and elsewhere oNttrth American continent, do notsi
noticeable acceleration over the past 501100
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Figure 24. Mean sea level trends, Fernandina Beach, FL, at Station 8720030 (NOAA Center for
Operational Oceanographic Products and Services).
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Figure 25. Mean sea level trends, Mayport, FL, at Station 8720218 (NOAA Center for Operational
Oceanographic Products and Services).

with many other aspects on climate change, can be found in the 2007 assessment report on global

climate change by the Intergovernmeéiianel on Climate Change (Soloman et al., 2007).

Overall, the global or eustatic sea level is predicted to rise between about 2.3 ft (0.7 m) to more
than 6.6 ft (2 m) over the next 100 yrs. The uncertainty in these predictions is great. Any

accelerationn the rate of sea level rise is likely to trigger a broad range of issues for the

management of CANA, beginning with the simple submergence and disintegration of wetlands,

increased coastal flooding, and accelerated migration and evolution transgréseoGANA
barrier system.
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Geology

Geological Setting and Resources

The major components of surficial and near surface geology are summarized in the State
Geological Map (Scott et al., 2000ANA is largely within near surface units of the late
Pleistocee to early Holocene fine grain sands overlying the Anastasia Formation (Figure
26).The nodern surficial geology of theapk has been shaped by the late Pleistoepaeh to
early Holocene sea level cycle. At low stands of sea,léwelcarbonateich storeline and

Qa AnastasiaFm
Qbd BeachRidge

Qh Holocene
TQsu Plio-Pleist.

Figure 26. Surficial geology of the Canaveral National Seashore area. Qh indicates modern Holocene
sediment types (beach, tidal inlet, storm washover, and undifferentiated shallow marine sands).
Sediments Qbd include beach ridge sands of late Pleistocene and early Holocene epoch. Qa is shell-rich
sediments of the late Pleistocene Anastasia Formation that are generally lithified in near-surface and
surface exposures. TQsu is shelly sediments of late Pliocene and early Pleistocene age (Scott et al.,
2001).
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nearshore carbonateh sand are partially lithified to a coquina limestone by groundwater

action. Figure 27 is an example of an exposure of the Anastasia Formation within Haulover
Canal connecting the Mosquito Lagoon with the northern conmpamt of theRL. The tabular
stratification consisting of coarse shell fragments is typical of the Anastasia coquinatiuek in
area and indicasglepasition in a shallow marine, higbnergy environment. The coquina of the
Anastasia Formation and uncondated sands are the surface on which the modern barrier
island has been constructed. It is likely that the erosion of the Anastasia by migrating tidal inlets
contributed to the longerm sediment budget of the Canaveral desavingthe relatively coarse
carbonaterich sands of the modern beach and shoreface.

Figure 27. Exposure of the Anastasia Formation within Haulover Canal, which connects the Mosquito
Lagoon with the northern compartment of the IRL. (Photo: G. Zarillo, October 2010)

Figure 26 showthe major exposures of late Pleistocene and earlier Holocene units in the area.
The Anastasia Formation (Qa) is ubiquitous through north and central coastghasdasyn on

the State Geological Map (Scott et al., 2001). In the Canaveralla@eanasasia is either

exposed and weathered at the surface or veneered with Holocene designatedia®ghnlain

by beach ridge sands of late Pleistocene or early Holocendesignated aQb in Figure 26.

Qh sediment includes a range of textures thatyaieal of beach, shoreface, tidal inlet, storm
washover, and undifferentiated shallow marine sands. Beach and upper shoreface sands include
fine quartzrich sand mixed with a carbonate fraction of shell fragments and whole shells that
can extend into thitne gravel range coarser th@rl58 in @ mm). Shelrich modern sands can
lithologically resemble sediments of the Anastasia Formatindigating that the deposition of

both occurred imeach and nearshore environments characterized by high enegyniad
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sediment and washover sediment incorporatedtienoderrbarrier island system of theuk

provide evidence of storms in shaping and maintaining the barrier island. The components of Qh
sediments range in texture from medium to very fine sadday include layers of coarse

shells fragments indicative of storm deposition.

The storm washover and relict flood shdapositf Qh in Figure26 can be stabilized by

wetland and dune vegetatibna b e | BPdrBasr ier | sl andinFidede28t f or m,
(Parkinson and Schaub, 2003ubtidal areas are likely to be silgnsls and welsorted very

fine sands deposited on the distal portion of a storm overwash terrace or distal flood shoal. The
subtidal area is subject to geass colonization. hsecalled barren ared#.Sh-Lagoon

Subt i da mor@agenetieimtshown in Figure8 (Parkinson and Schaub, 2Q®f# the

shallow Mosquito Lagoon most kky consist of the typical fingrained silty clays and silty

sands of the back barrier lagodtelict beach ridges on the west side of the lagoon shown in
Figure26 and within Cape Canaveral proper are of uncertain data but may be late Pleistocene
ridges related to an earlier higtand of sea level. These morphogenetic units are within tde Qb
classification on the State Geologic Map

The buildout of Cape Canaveral south of the Canaveral barrier island system has resulted from
sand supplied by converging littoral dsiffudging from the relict flooshoal features that are

now incorporated into thsuperstructure of the Canaveral barrier island system (Figyii¢ig9)

likely that a portion of the sand supmgmefrom subtidal erosion of the older Pleistocene
sediments by migrating tidal inlets. Sea level rise during the Holagmwdy in combiration

with migrating tidal inletsprovided the overall transgressive process that formed and maintained
the modern CANA barrier system and formed the system of discrete and compound shoals now
situated on the inner continental sh8ltiring this processhe barrier island system migrdte
overriding back barrier lagoon sedimeritdeft a shoablatform of sands like those situated
offshore of Cape Canaveral well as discrete shoals that evdlfrem the ebb shoals and

littoral sands processed bydidnlets (McBride and Moslow, 1991).

Geological resources seaward of CANA have been documented to a limited degree by studies
conducted for beach nourishment projects. Some detailed studies are available from the
Canaveral Shoal system seaward of the Cidpee, core borings through selected shoals show
the typical coarsening sequence beginning with back barrier clays and silts common in the
estuarine environment followed by coagained transgressive units of sand along the crest of
the shoals (Zarilland Bacchusl992. Figure 30llustrates the sequence that includes all
possible units. In some areas, a layer of salt marsh peat or peat/organntid resting on top

of the Pleistocene carbonate surface marks the first occurrence -oha@ae condibns due to

sea level rise in the early Holocene.

Sand resource investigations by Brevard, St. Johnsyaludiacounties, U.SACOE, the

Florida Geological Survey (FGS), and the U.S. Bureau of Ocean Energy Management and
Regulation(formerly the Minerad Management Service) were conducted for beach nourishment
projects near the vicinity of CANA. Nearsh@and resources within state waters anteteral
waters offshore of CANA have not been as thoroughly investigated as the Canaveral Shoals
south of tle park, or the inner continental shelf shoal features north of Ponce Inlet.
Approximately 3 million yd3(2.3 million m®) of sand have been excavated from Canaveral
Shoals for Brevard County beach fill projects. Investigations of inner shelf sand desits
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Legend
Il OSi - Atlantic Ocean, Continental Sheff, inner shelf
I 50X - Barrier Island, Open Ocean, shoreface
9 BOb - Barrier Island, Open Ocean, beach
B BOd - Barier ISland, Open Ocean, dune
I BPu - Barrier Istand, Platform, upland
M 5Pw - Barrier Island, Platform, wetland
I Lniu - Lagoon, Natural Istand, upland
[ Lniw - Lagoon, Natural Island, wetland
Il Lsu - Lagoon, Spoil Island, upland
N Lsw - Lagoon, Spoil Island, wetland
I Lmiu - Lagoon, Mixed Island, upland
Lmiw - Lagoon, Mixed Island, wetland
Il LSsc - Lagoon, Subtidal, continuous seagrass
N LSsd - Lagoon, Subtidal, discontinuous seagrass
1 LSb - Lagoon, Subtidal, barren
B FRr - Cuspate Foreland, Relict Beach Ridge Cormplex, ridge
N FRs- Cuspate Foreland, Relict Beach Ridge Complex, swale
FRu - Cuspate Foreland, Relict Beach Ridge Complex, undifferentiated

- — — iles
0 03 06 12 18 24

Figure 28. Morphogenetic units within Canaveral National Seashore constructed from surficial sediment
types in Figure 26. BPw-Barrier Island, Platform, wetland is equivalent to Qh storm washover sediments.
LSb-Lagoon Subtidal Barren likely consists of typical fine-grained silty clays and silty sands of the back
barrier lagoon. Morphogenetic units FRr, FRs, Fru are within the Qbd (from Scott et al., 2001) and
morphogenetic units (Parkinson and Schaub, 2007).
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Figure 29. Relict tidal inlet flood shoal deposits included in the modern barrier island super structure in
Canaveral National Seashore.

conducted north of Ponce Inlet for beach replenishment of Northeast Florida beaches. These
studies conducted by the USCOE (1975; 1990a; 1990b; 1998) proeitbcal knowledge of
topography and shallow structures. The most comprehensive regieestigations of inner
shelf sediments include a widangingfederal study conducted in the late 1960s to-19d0s

by Meisburgerand Field (1975;1976) and a moreegstseries of field studies conducted by the
FGSbeginning inthe early 1990s (Not et al., 1991)Publications byeisburgerand Field
(1975 1976) summarize the findings of tfederal study of the Florida inneontinental shelf
from CapeCanaveral tahe Georgia border, including the areas offsttdr€ ANA. During this
study more tharl,327 mi @,153 nm) of seismiereflection profiles were collected along with
197 cores boringsThe project was part of the Inner ContinenBdlelf Sediment and Struceu
(ICONS) studyThe ICONS stuesby Meisburgerand Field (1975, 1976) address the-su
bottom structure of the inneontinental shiéas well as the surficiadediments in thetudy area.
This work emphasized shallow lithologiaits in an efforto defne areas of beactuality
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Figure 30. Idealized coarsening upward lithologic sequence associated with shoals situated offshore of
Cape Canaveral (Zarillo and Bacchus, 1992).

sand depositShe shoal features between Cape Canaveral and the Georgiavbereleanked

either A or B depending on the assessed potential for yieldingoeadity sand. More recently,
several of the shoal features offshofé/olusia County an&t. Johns County were subject to

more detailed surveys consisting of daditom acoutic profiles and core borings for direct

sampling of lithology (Zarillo and Bishop, 2009). Results of these studies showed that
stratigraphy of the shoal included the upward coarsening sequence found in the Canaveral Shoals
and other similar features alotige eastern U.S. inner continental shElggre 30).None of the

five major shoals situated in federal waters offshore of CANA shoals, termed B13 to B18, by
Meisburgerand Field (1975) hebeen surveyed. It is likely that these shoals will include sand
resources similar to those to the north and south, offshore of Cape Canaveral. In the event of a
major storm surge and breaching of the CANA barrier island system, these five shoals would be
good candidates for sand resources for reconstructing the Isgsiem Local governments to

the north and south may also consider the sand sources for future beach protection projects.

Barrier Island Shoreline Changes

Shoreline changes within CANA have been mapped under three distinct efforts by the U.S.
Geological Swwey (USGS2005), the Beaches and Shores Division of the Florida Department of
Environmental Protection (FDEP) and Schaub (2002). The USGS (2005) published an open file
report of historical shoreline changes for the southeast Atlantic, aoaating theCanaveral
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area. The study of the U.&utheast shoreline positions was part of a comprehensive analysis of
shoreline movement that is intended to be consistent from one coastal region to another. One
purpose of this work was to develagtandardrepeable set of methods thistsystematic and
internally consistent for mapping and analyzing shoreline movement so that periodic updates
regarding coastal erosion and land loss can be made nationally (Morton and Miller, 2005). The
USGS 005 analysis coverthe southeastrn Atlantic coast from east Florida throu@eorgia,

South CarolingandNorth Carolina.

The historical shorelines presented in the USGS analysis generally represent the following
periods: 1800s, 1920%930s, and 1970s, wherest®relines dablished fronLight Detection

and RangingLiDAR) methodsand aerial image data are from 1988ugh2002. Longterm

rates of change were calculated using four shorelines (18008AdrLshoreline), whereas
shortterm rates of change were calculatedtfi@ most recent period (1970s tdIAR

shoreline). For each time period covered by the analysis, the USGS project provides thematic
shorelines in the form of GiS8ompatible files with established transects from a common
baseline to each of the shorelin€ke attribute tables for the transects provide data for
calculating the net change in shoreline position between each shoreline map and for calculating
rates of shoreline change. A very similar project was conducted by the Beaches and Shores
Division of the FDEP. The FDEP shoreline analysis is based on essentially the same historical
maps used by the USGIaut shorelines since the 1970s were extracted from beach profile data.
The FDEP shoreline data are provided in the DXF or DWG file formats compatibl€AiD
software. Most common GIS platforms are able to import CAD files and convert them to GIS
shape files. In addition to the efforts at fbderal andtate levelstheNPSalsohas made an
inventory of CANA shoreline positions (Schaub, 2002). Schadeadhorelines to the FDEP
analysis by digitizing shorelines and dune positions using rectified aerial photography from
1969, 1994, 199%nd 2000.

The historical rates of change presented in the USGS analysis represent past conditions and
therefore are nantended for predicting future shoreline positions or rates of change. The largest
rates of erosion in Florida were generally localized around tidal inlets. The mostsstahkast
Atlantic beaches were along the east coast of Florida where low weargyemd frequent beach
nourishment minimized erosion. Some beach segments in Florida have accreted in the long term
as a result of net longshore drift convergence around Cape Can@herakcretiortan be

clearly seen ifrigure31, which compares shoraks within a section dANA from theyears

1851 200Q or all four time periods examined in the USGS study. Although the CANA shoreline
has been able or has accreted the longterm, the beaches of t@ANA undergo seasonal and
storm cycles during which the width of the intertidal and super tidahbesy significantly

change. There have been no detailed studies of arweather beach cycles of the CANA
beaches. The results of many other beach studies show that the shoreline position can
dramatically change with the state of the beach and assd@hore face. The beéthoreface

system oscillates between a fully accreted reflective state and a fully dissipatiypcastsitely

from the impacts of storms. Most beaches have a mbadebdst frequent conditions that are a
function of wave clime, stm frequencyand available sediment texture. More information of
beach gtes can be found in Wright and Short (1984bagothers.The modal state or

condition of the beaches and shoreface aldAYA has not been quantified through repeated
profile or image surveys on a seasonal basis.
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Figure 31. Historical shorelines from 18511 2000 are marked with a colored line. Black: 1999i 2000,
brown: 19671 1980, blue: 1923i 1930, yellow: 18517 1884 (Morton and Miller, 2005).

Groundwater and Aquifer Systems

The subarface system in central coastal Florida consistssaffecial aquifer system and a
confined aquifer known as the Floridiaguifer. The two aquifers are separated by a relatively
impermeable formation known as the intermediate confining unit or Hawltomation. Very
little groundwater quality data are available from the CANA area, atihdata were compiled
from 1954 2004 byKroening(2008).His study found that the groundwater quality varied over
Mosquito Lagoonranging from water dominated by calcium carbonate and sodium chloride to a
mixture of both constituents. AccordingKooening groundwater containing motean5,000
mg/L (5,000 ppny of chloride maybelocated at deptts of 200-600 ft (61-183 m) although no
wells that deep were samplédgure32 shows the major groundwater basins defined by the
SJRWMD, alongwith the location of wells to monitor groundwateater level and groundwater
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Figure 32. Groundwater limits bounding Mosquito Lagoon (SJRWMD GIS data).

water quality. As seen iRigure 32,0nly twomonitoringwells are located near the northwest
boundary of CANA.

Surficial Aquifer System

Toth (1987) @scribed the lithology of thaurficial aquifer system in the CANA area in great
detail and noted thatéfaquifer includes thAnastasia Brmation and contains upper and lower
permeable zones. The surficial aquifer system is approxinidélyt @0 m) thick in northern
IRL and Mosquito Lagoon and is located approximai@ly66 ft (51 20 m) below land surface,
varyingfrom about 561 1 2  f3d m) {n thickness. It is primarily comprised of
unconsolidated to poorly indated sand and clastic depoglist contains beds or lenses of
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limestone, sandstonand shell and is uncaned and under neartesian or water table

conditions (SEGs Ad Hoc Commissiph986). Impermeable and sepgrmeable clays,

calcareous claysind silty sands of the Hawthorn Formations underlie the surficial aquifer and
form its base (Lichtler, 1960). Tharficial aquifer system has variable chloride and total
dissolved solids concentrations throughout the gedris determined e amount of
precipitation, tidal influences, and distance to the shoreline. Depending on the thickness, shell
content, andlay content, transmissivity and storage in the unconfined surficial aquifer can vary
considerably. Leakanger the measure of vertical flow between the unconfined and confined
portions of the surficial aquifealso varies depending on thickness of thefiong unit andts
vertical permeability. Transmissivity of the unconfined portion of the surficial aquoifee
regionaverage 12,500 gpdt. Transmissivity in the confined portion of the surficial aquifer
ranges from 8,400 7,000 gpd/f(Szell, 1993).

Intermediate Confining Unit

The intermediate confining unit (Hawthorn Formation) is made up of clay and limestone with
some interspersed layers of sand and shell (Provancha et al., 1992; WoeGtidard
Consultants, 199%}. In the Mosquito Lagoon arethe Hawthorn formation is called a leaky
confining layer because itis oy9 1 1 0181 33 n) thidk (McGurk et al.1989).The
Hawthorn Formation is absent in much of Volusia County and in the northwest corner of
Brevard Countybut thickens to the soutfioth,1987) The intermediate confining unit in the
CANA area consists of many small aquifers and confining units in the Hawthorn Group of
Miocene age (SEGS Ad Hoc Comm., 198®)e upper Hawthorn Group or Formatidoes not
confain suitable aquifers of areal extent and is primarily considered a confining unit for the
Floridanaquifer (Scottet al, 2001). The lower Hawthorn Group, or Arcadia Formation, is the
top of the Floridaraquifer system and is someatipermeable in the sty areal.ittle hydraulic
parameter information has been collected on the intermediate confining unit; hawever
Hawthorn Group is believed to provide relatively good canrfient for the Floridan aquifer.

Floridan Aquifer System

The Floridanaquifer system is located below the intermediate confining unit and consists of a
thick carbonate sequence of all or part of the Paleocene to early MesrasseThe Floridan

aquifer includes carbonate units from the early Eocene Oldsmar Formation to the eadndlio
Hawthorn Group (Miller, 1986). The Floridaquifer system is a system of limestone and
dolomite beds and can be subdivided into two water bearing aquiteedJpper and Lower
Floridan t ik separated bgless permeable sernonfining unit. Thedp of the Floridan

aquifer under the northemrea ofMosquito Lagoons found at-75 ft (-23 m) NGVD.
Potentiometric surface maps of the Upper Floridguifer indicate elevations that are above sea
level forthe entire length of the lago@md increaseni height from north to south as the
Hawthorn Formation increases in thickn@sgure33). The thinness and possible absence of the
confining layer in the northern Indidiver and Mosquito Lagoon aremslicates that there is a
possibility of seepage frothe Floridanaquifer into the surficial aquifer via the Hawthorn
Formation. In the northerRL, Toth (1987) believes the Floridaquifer probably discharges
directly to the surficial aquifan the dry season due the significant upward flow potentiahdgu
that time. He defines the Mosquito Lagaubbasirof thelRL asanarea of active discharge

from the Floridarequifer. Discharge may occur through springs, artesian wells, or leakage into
the surficial aquifer through the thin or discontinuous comfjioed (Provancha et a1992).
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Figure 33. Contours of groundwater potentiometric survey and groundwater recharge/discharge areas
near Canaveral National Seashore (SJRWMD GIS data).

Groundwateiburface Water Interaction Data

Although the surface watéydrology in Mosquito Lagoon is fairly well understood, the role of
submarine groundwater discharge to the lagoon has been largely ignaddition,

groundwater seepage can affect the receiving water quality, as it can be enriched from many
sources sth as septic tank and landfill leachate, inputs from leaky sewer pipes, agriculture,
natural geology, etc. Advective sediment water exchange processes, induced by submarine
groundwater discharge, are often critical components of coastal nutrient budbatsgs,

1980; Krest et al., 2000however very little groundwater quantity or quality data have been
collected in Mosquito Lagoon.
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In a studyfor the NPSoy Belanger et al(1997), 46 seepage meters were placed in the Mosquito
Lagoonareain nine transets extending from the mainland (west) and barrier island (east shore
areas toward the central lagoon), with aBdt (4-m) transectocated in the center of the lagoon
Areal weighting techniques were used to determine transect seafEmerages foMosquito

Lagoon. One transect was located near Haulover Canal in northern Brevard County, while others
were located between Oak Hill and Edgeer in ®uthern Volusia CountyMeasurements were

made oveR yrs between July 1995 and July 1997 under a vaoétidal and environmental
conditions. The average groundwater seepage rate over the study pertb@2&agal/ft/hr

(1.25 L/nf/hr), indicating significant groundwater seepage to the lagoon

Cable et al. (2004) completed a study to determine the iampm@tof submarine groundwater
seepage to the northellRL during the dry (May) and wet (August) seasons in 1999 and in the
central Banana River Lagoon area in May, Augaistt Decembenf 2000.Fifty-two field

stations were established, with 28 locatetheannorthern study area and 24 in the celdesdana
River Lagoonrstudy area. At each station, lagoon and interstitial water samples were collected,
and groundwater seepage was measured using conventional seepage meters. Interstitial water
samples were oained from several stations using custouailt multi-samplers. Six groundwater
samples were collected from wells surrounding the lagoon. Benthic fluxadiom(Ra)to the

IRL were calculated using three independent methods that rely on the activitiessbbrlived
isotopes: (1) lagoon budget, (2) benthic flux chambers, and (3) pore water model22 Rn
(Radon)and Ra226 isotope$rom previousstudiesprovided regionally integrated estimates of
seepage flux in varied coastal environments (Caldé,et99; Moore, 1996; Swarzenski et al.
2001). By using Ri222 and R&26 as mass balance tracers of seepageiffigxpossible to

obtain measurements of seepage that are independent of thkvelldRa isotopes.

Assumptions for this techniqueeghat negligible effecteccurred from surface water exchange
to the lagoon, tidesnd diffusion from the sediments. In the north@wst6.2 mi (LO km) of the

IRL, the USGS and other researchers, using Ra 226 pore water activities, calculated maximum
upwad surface flowof0 . 1 61 0. 5 6i0.170 ih/d) These vale$ ade similar to the rates
recordedwith directly measured seepage meters in the sameldeaa. seepage meter rate

values for the dry and wet seasons weid0 ft/d 0.058m/d)and0.171 ft/d 0.052 m/d,
resgectively. The dry season average is very similar to the yearly aver@ggo8fft/d 0.091

m/d) recorded by Belanger et al. (1997) for the Mosquito Lagoon.

The majority of data imply that groundwater discharge to Mosquito Lagoon is very important,
and areview of the available hydrogeological data suggestaiibasurable seepagges are
possible. Althoughtsdies on flow and wave effeci@ater motion) on seepage meter results
indicate negligible effects (Cable et al., 199&mmler, 20083 others bekve these effects may
be significant (Libelo and Mclintyre, 1999; Shinn et al., 206Rjhat shallow recirculating pore
water derived from the overlying surface water column may represent a significant fraction of
the measured groundwater input in segagemeters (Cable et al., 2008 ossible mechanisms
driving pore water advection include tides, waves, and bioturbdiiomrigating organismsre

the leading candidas€Martin et al, 2006). Further tests are needed to prove or disprove the
previoustest results antb determine the importance of groundwater inputs to the lagoon.
Accurate grondwater data are needix the coupled hydrodynamic water quality model to be
used as a management tool for tracking and quantifying pollution inputs to dloa [&be
hydrodynamic water quality modeltise result of a thregear study by Zarillet al (2010.
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Although not measured in the Mosquito Lagoon, perhaps the best and most accurate
groundwateirsurface watemnteraction data set for the northéRL was collected by Pandit et

al. (2010) for a trasect located near Titusville, FL Pandi t 6 s study represen
comprehensive and detailed study on meteoric groundwater discharge (MGWD) in the IRL, and

his 2007 and 2008 Titusville transect results magjpplicable to the CANA section of

Mosquito Lagoon. Whereas Pandit et(2D10) focused on MGWD, othereviously discussed

studies on the IRland Mosquito Lagoomeasuedsubmarine groundwater discharge (SGD).

The difference in the two terms is that M@BDdischarge results from rain and infiltration, while

SGD is the sum of the net groundwater discharge plus any groundwater flow that might result

from waveformation and tidal influence.

The main objective dPandit et al. (2010)as to measure MGWD flovatesas well aghe

dissolved nitrogen and phosphorus loads into the IRL at three transverse transects (Titusville,
Palm Bayand Vero Beach). The estimate was done with appropciibrated, single and/or
multi-layer crosssectional groundwater flow rdels, coupled with numerous shallow and deep
groundwater field samples and head measurements. Another project goal was to determine the
salinity of the groundwater at several locations below the lagoon bed. The results of the study
indicate a wide variatimin the MGWD at the three different transect locations. The MGWD rate
at the Titusville transecanged4.0T 4.57 ff/day/ft of lagoon shoreline for the time period from
October 2007 to October 2008 eamging 4.35 fiday/ft of lagoon shoreline. The estimated

annual MGWD was found to be 1.6% of the annual rainfall at this location. The Modfow Finite
DifferenceModel predicted directions and spatial distributions of MGWD and showed that
MGWD can occur across the IRL and is nobstrained to neahore sites, as MGWD occurred

up to a distance of approximatelyp@0 ft(1,067 m)from the west shore of the IRL. Thelk of

the MGWD occurs near ¢hwest shore of the lagoon, whishto be expected and would occur in
Mosquito Lagoon, as well, since the west shore receives groundwater from a much larger
watershed than the east shore. This fact emphasizes the impaontam&ing nutrient inputs to
groundwater in the western watershed area as much as possible.

At the Titusville transect thiotal nitrogen (TN) loads ranged from 62003 mg/day/ft of lagoon
shoreline while théotal phosphorus (TP) high load was 50 mg/diagf lagoon shoreline. TP

loads, however, were not measureable during the dry season. Assuming this transect represents a
typical urban area, the average daily TN and TP load, via MGWD, would be 567 mg/day and

140 mg/day per ft of lagoon shoreline, respety. Thesemay be reasonable estimates for

Mosquito Lagoon and CANA water in the urbanized Oak Hill andelad@ger areabut are likely

high for the area south of Haulover Can@he results offroundwater discharge/recharge data

from Pandit (201)) if applied to the @ hydrological model (Zarillo et al., 2010), may improve
predictions of water quality for portions of the Mosquito Lagatrere groundwater/surface

water interaction is important.

Ot her than Pandités ( 2 0unOwatercarierd lpadingedatayarel i t t | e
available. A 1985 report describsdlublereactive phosphoru$RP flux in Mosquito Lagoon

of 29150 x 10 g/m?d from submarine groundwater discharge (Zimmerman et al., 1985). Crude
estimates of groundwater nutrientdirag to CANA by FDEP (2010) indicate the TN and TP

loading is approximately 209d' N) and 35%(TP) of the estimated totakéernal loadingor ML

3-4 (southern CANA region) and 15.3%kN) and 14.3%TP)for ML 2 (northern CANA

region).
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Soils

Dataused in ts reportto identify soils, soil propertieandnaturalplantcommunitiesaffiliated
with soils arérom the U.S. Soil ConservaticService (SCS) and the NPS GIS thematic soil
layer. Soil surveys completed in the 1970s and 19808eSCS match soil assiationswith
plant communitie$oundin the landscapéata and maps from these sailrveys conducteloly
the SC3n Brevard and/olusiacounties provide the most detailadrialmaps and descriptions
of soilsand soil properties the CANA arealySDA, 1974;USDA, 1980). The soil associations
described and assigned by the 3€8e same geographic feature®revardand Volusia
countiesdiffer slightly in nomenclature-or examplesoils ofbarrier island feature®éach,
dune and ridgeyin Brevardare labeledasthe CanaverdlPalm BeachWelakasoil association
and inVolusia the same features are labelalm BeachPaola CanaveraAssociation. The
vegetation for both soil associations are the much the Sdraesoil associatiorsssigned to
geograpital featuresand theplant communitiesire describetelow.

The Beach Dune and Ridge System

CanaveralPalm BeachWelaka Association

These soils are nearly level to gently sloping sands that drain moderately well to excessively.
They are found on narrowdges and sloughs parallel to the Atlantic OcéaM.olusia County
thePalm BeachPaolda CanaveralAssociations the counterpart soil associatidrhe soils of
theseassociatioaconsist of excessively drained to poorly drained, shafig sandy soilsThe
natural vegetation for the soil associatiof®each, duneand ridge featurearescrub oakssaw
palmetto, cactusea grapeandgrasses

Saltwater Wetlands

Tidal Marsh Tidal SwampAssociation

In Volusia Countyit is known aHydraquentsTurnbul AssociationSoils arevariable nearly
level, poorly drainedandfrequently covered isaline to brackiskwater Soils vary from mucky
sands thiamay overlay marl or limestor@ mixed sandghat arenot uniformly stratifiedwith
shellandbr organicmatter.Salt marsthalophyticgrasses and herbs dominate the tidal marsh
and nangrovetrees dominatethe tidal swampShrub wetland@ecies such asoastawillow,
grows in brackish pockets along the edges behind the barrier.iSland wetlands and
freshwater treelske sugar berry and tropical shrubs are also observed on dikéstamdittently
alongthe western edge of Mosquito Lagoon.

Flatwoods, Grassy Sloughs, Isolated Freshwater Wetlands

Associatios Paold Pomelld Astatula(Brevard) and Daytori&aold Astatula (Volusia)

These soils are found in Brevaadd Volsiacountieson narrowundulatingsandridgesbetween
thelRL and Mosquito LagoarTheassociatioa consisbf sands thatirainexcessively to
moderately wellCoquina rock may be 50 in (12) from the surfacein wet weatherthe
water table is generally belagv5ft ( O . 9 1 .ISlofes rampe from ady level to strongly
sloping.On the ridgessand jne treeswire grassesscrub oaksandpalmettodive. Slash ping
long leaf pineandpalmettos grow in the flat areas between ridgesvetlanddepressions
freshwater grasses and herbs are the natural vegetation.

Myakka EauGalliai Immokaleeg(Brevard) and Myakka&Smyrnd Immokalee(\VVolusia)
Associatiors: Soils of thee associatioaare nedy level, poorly drained, acidic soils. The sandy
soils reacha depth of 40 i§102 cm)andareloamy below. Thse soilsare found between the
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ridgeson the west side of Mosquito Lagodiater tables are usually within 30(ir6 cm)of the
surface Standing watemmay be preserior short periodsf time after heavy rainfall. &live
dominantplantsarescrub oaksaw palmettpand scattered pines the lowridges. On edges of
sloughs or pondsabbage palmEabal palmettpand mixed hardwood swamps &oend.
Herbaceous freshwateretlandsoccur inlow-lying areasf sloughs and pond edges.

CopelaniiWabash(Brevard) and TuscawillaChobee (VolusiaAssociatiors

These soils are nearly level andpg/very poorly drainedAssociations hava higher pH than
most flatwoods soils due to the presencaraderlyinglimestone or coquin&abbagepalms,
mesic hardwoods, and psarecommonly found.

The NPS GIS soil layewas created biational Resources Conservation ServidBRCS) in

2008. A comparson was made ddoil Conservation Survef5CS)soil surveys (1974 and 1980)
NPSsoils maps(2010a) andGIS vegeationmaps availablérom Duncan eal. (2004) to verify
vegetation coverage amtiange over time. The GE®il layerand soil associations as defined in
eatier SCS surveyalsowereusedto groundtruth plant coverage limited spotswithin

CANA.

Surface Water

The water quality oMosquito Lagoorwithin CANA boundariess consideredn thefollowing
section the Atlantic Ocean is discussedly in contextof thefisheryand biotic resources
Informationon historical water quality studies and current monitoring progreassollected

from government agencies;imuse data sets, andnsultant report®ata compiled from two
SJRWMD stations in thElosquitoLagoonthat werdocated within CANA boundaries are
summarized and presentéddiscussion and summary of tNeo s q u i t o trdplicgsate n 6 s
and the physical and chemigabpertiedepicts the condition of the lagoower the lasLOyrs.

Surface Water Data Sources

Monitoring of surface water in the Mosquito Lagoon basin has been conducted by many
agenciesand the water has been analyzed for a considerable number of parameters. The Volusia
County Environmental Health Laboratory (VCEHL), the SIRWMD, al as the NPS and

FDEP, all have had surface water monitoring programs committed to identifying and
documenting water conditions and trends near the CANA region of Mosquito Lagoon. However,
data for the region of Mosquito Lagoon lying strictly within CAKAundaries have been

collected from only a few different locatigrend these data are often unreliable due to various
issues wih the collection and analysiBurthermoremanygaps within the data recoexist for
extended periods of tim&his is moreoften the case for parameters requiring specialized
handling and preservatide.g.,nutrienty and less often the case with more easily obtained data
(salinity orSecchidepth.

TheUSGScompiled a complete listing of surface water sites in the Mosqgaigodn basin that

were regularly monitored by various federal, state, and local agencies, igatundirprivate

agency, from 1992003.Monitoring times, site locations, and parameters sampled or measured

are all identified for the following agencies active in the Mosquito Lagoon basin: VCEHL,
SJRWMD, Brevard County, NASA, Marine Resources Council (MRC), and Florida Department

of Agriculture and Consum@&ervicegfFDACS) (Kroening 2008).FDACS6 s i nv ol vement
Mosquito Lagoon is primarily in determining and evaluating Best Management Practices (BMP)
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for agriculture since state law requires that farmers reduce impacts to suatacguéty by
adopting these BMPs (UEERA, 2010).

CANA surface water has been assessed herein using data gathered from two primary sources:
t he NPS6s Southeast Coast Networ k ,Whér&@N) and
data were collecteds located on the northeast side of Mosquito Lagoon on the dock behind the
visitor center. Measurements of dissolved oxygen (DO), pH, turbidity, salinity, depth,
temperature, and conductivity were recorded with a YSI 6600 EDS datasondéa{éur for
muchof theperiod between July 21, 2005 and February 10, 2009. Enretiee most current

water quality data published for the CANA region of the Mosquito Lagooraiide most

complete set of continuous DO data availahlédhough there are gaps in the ddae to

occasional equipment maifations and calibration errofSata marked suspect by SECN staff
were not included ithe assessmenBecause of data omissions due to instrument and quality
assurance problems, the data are discontinuous for each paraitieimany gaps, some

extendimg as long as an entire seasbhe remaining data were separated and organized by year
andseasonTemperatur@andDO were sepatated by time of day.

Data obtained from a SIRWMD data pemarily consists of data archivedi FDEP&s STORE"
databasemostlyfrom thelRL monitoring program conducted by tSdRWMD between 1997
and 2004To ensure that this assessment is truly representative of CANA surface water, only
data collected at stations within tBANA park boundary werased.Two data collection

stations, IRLMLOZocatedin southern CANA and IRLV1¥bcatedin northern CANA have
datases for a wide range of paramesespanning more than 18s. The specific locations of

these stations are described in Tahland a maf their locations ishownin Figure34.

Table 3. Latitude, longitude, and general location of Mosquito Lagoon surface water monitoring stations
in Canaveral National Seashore.

Station Latitude Longitude General Location Description
IRLMLO2 2843'35"N 8043 05"W Mosquito Lagoon, open water, approximately two miles
south of Haulover Canal and one mile east of western shore

IRLV17  2852'41"N 8050'22"W A dock on the western shore of Mosquito Lagoon located
near the Lopez RV Park & Marina in Oak Hill

Trophic State of Surface Water

A chief concern in an estuary surrounded by an increasing human popwdatbra CANA, is

the potential for a systemide shift from a macrophyteased sstem to an algabased system.
Such a change in trophic stateuld have disastrous consequences for the endemic community
structure. To assess the present trophic state in CANA surface water, several Trophic State
Indices (TSI) were used as metriaad these data are presenitedables 45, and6.

The TSI usedh this assessmerg derived from Carlson (1977). Howeverhas been modified
based on the work of Winkler and Ceric (2006) who conducted a distdetstudy of water
quality for the SIRWMDincluding the Mosquito Lagoon. Their method of calculatheg TSI

is similar to the method used by FDEP when meeting the federal reporting requirements
mandated by Section 305(b) of the Clean Water Act (FDEP, 1996). For the sake of making
uniform comparisons across district waters, Winkler and Ceric (2006 )edi8ecchidish depth
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Figure 34. Location of water quality stations in the Indian River Lagoon (IRL) system. Stations IRLV17
and IRLMLO2, located in Mosquito Lagoon, are labeled and marked with a green circle (SJRWMD).

(SDD) from the TSI calculation, adid FDEP (1996), since many Florida waters are naturally
dark from streanmputs containing humic acidds such, TSIs reported by Winkler and Ceric
(2006) and FDEP () utilize only chlorophyta (Chta) (ug/L), TN (mg/L), and TP (mg/L) in
the computaon of the TSI. As CANA water's are not naturally colored, teeample of Hand
(1988)was followed and so was additional parametdResults for computations both with and
without S[D are presented

The data used in these computations were collectecebet®902007. Much of the data
obtained from SJIRWMD was marked with various STORET qualifier codes indicating
irregularities in collection, handling, and analysis procedures. The most common was STORET
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Table 4. Trophic State of Canaveral National Seashore (CANA) Surface Water (1990i 2007) at IRLV17 (Figure 34). 1 mg/L =1 ppm; 1 pg/l =1
ppb.

TROPHIC STATE OF CANA SURFACE WATER AT IRLV17 (1990 - 2007)
(0 - 49 = Good, 50 - 59 = Fair, 60 - 100 = Poor)
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Chlorophyll-a fig/L) J 5.7 75 6.3 5.0 45 8.3 5.6 6.4 6.1 4.6 5.3 3.6 3.0 45
Secchi Depth (m) . 0.8 0.8 0.8 0.7 0.9 1.1 1.0 1.1 1.2 1.2 1.0 1.0 1.1 0.9
Total Kjeldahl Nitrogen (mg/L) 1.092 1.198 0.732 0.867 0919 0.973 1.025 1.157 0.820 0.718 0.900 1.050 0.851 0.714
NOx (mg/L) - - - - - - 0.009 0.005 0.050 0.011 0.011 0.010 0.050 0.026 0.031
Estimated Total Nitrogen (mg/L) 1.323 1.092 1.198 0.732 0.867 0919 0.982 1.030 1.207 0.831 0.729 0910 1.100 0.876 0.745
Total Phosphorus (mg/L) 0.054 0.054 0.075 0.048 0.119 0.047 0.069 0.060 0.055 0.056 0.037 0.045 0.042 0.068 0.050
Total Number of Observations Used to Calculate Parameter Means
Chlorophyll-a 13 10 13 16 47 51 49 36 24 24 24 16 12 14 25 15
Secchi Depth 13 13 16 42 34 49 36 23 24 24 16 12 14 25 15
0 Total Kjeldahl Nitrogen 13 13 15 33 45 48 36 24 24 24 16 12 14 25 15
\\[0)'¢ 0 0 0 40 51 49 36 24 24 23 16 12 9 0 0
Estimated Total Nitrogen 13 13 15 73 96 97 72 48 48 47 32 24 23 25 15
Total Phosphorus 13 5 13 15 32 41 48 36 24 24 24 16 12 14 25 15
Total Nitrogen : Total Phosphorus Ratio 24.6 15.1 7.3 19.5 14.2 14.7 19.6 20.2 26.2 12.9 14.8 11.2 12.0 12.6
Chl-a TSI 44.8 43.4 40.1 38.6 47.3 42.8 38.7 40.8 354 324 38.3 38.2 311 25.6
SD TSI 69.4 68.2 68.9 64.4 56.9 55.1 55.5 60.8 60.0 58.5 62.6 61.8 61.0 59.2
TN TSI 615 49.8 53.2 54.3 55.6 52.3 49.7 54.1 57.9 534 50.2 48.1 45.7 42.2
TN TSI-2 65.6 52.9 56.6 57.8 59.2 55.6 52.8 57.6 61.7 56.8 53.3 51.0 48.5 44.6
TP 55.7 53.8 70.5 53.2 60.4 56.6 48.8 524 51.1 60.1 54.5 57.6 54.2 50.0
TP TSI-2 70.3 67.8 89.0 67.1 76.1 71.4 61.5 66.0 64.4 75.8 68.7 727 68.3 63.0
(TNTSI+TP TSI) /2 61.0 52.2 60.1 55.1 58.4 54.9 50.5 54.7 56.9 56.8 52.7 52.2 49.5 45.6
Trophic State Index Value 58 55 55 53 54 51 48 52 51 49 51 51 47 43
Condition Assessment Fair Fair Fair Fair Fair Fair Good Fair Fair Good Fair Fair Good Good

Trophic State Index Value Without SD 53 48 48 47 53 49 45 48 46 45 45 45 40 36
Condition Assessment Fair Good Good Good Fair Good Good Good Good Good Good Good Good Good

Parameter Mean

Parameter Index
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Table 5. Trophic State of Canaveral National Seashore (CANA) Surface Water (1990i 2007) at IRLMLO2 (Figure 34). 1 mg/L =1 ppm; 1 pg/l =1
ppb.

Parameter Mean

Year

Chlorophyll-a pig/L)

Secchi Depth (m)

Total Kjeldahl Nitrogen (mg/L)
NOx (mg/L)

Estimated Total Nitrogen (mg/L)
Total Phosphorus (mg/L)

Chlorophyll-a
Secchi Depth
1 Total Kjeldahl Nitrogen

—| NOx

Parameter Index

Estimated Total Nitrogen
Total Phosphorus

Total Nitogen : Total Phosphorus Ratio
Chl-a TSI

SD TSI

TN TSI

TN TSI-2

TP

TP TSI-2

(TNTSI+ TP TSI)/ 2
Trophic State Index Value
Condition Assessment

Trophic State Index Value Without SD
Condition Assessment

TROPHIC STATE OF CANA SURFACE WATER AT IRLMLO2 (1990 - 2007)

(0 - 49 = Good, 50 - 59 = Fair, 60 - 100 = Poor)

1991

14

1992
11
0.845
0.845
0.021

40.2
55.9
52.7
56.0
38.2
48.1
49.0
52
Fair
48

1993

0.9

0.708

0.708
0.029

0
12

24.4
63.7
49.1
52.2
44.2
55.7
485
56
Fair
49

1994
0.8
1.380
0.025
1.405
0.054

0
12

26.1
65.9
62.7
66.9
55.7
70.2
61.8

64

Poor

62

Good Good Poor

1995
1.2
1.137
0.020
1.157
0.027

0
10
3

55.8
58.9
62.7
427
53.7
54.8
55
Fair
54
Fair

1996
6.2
1.0

1.294

0.022

1.317

0.044

47
49
37
39
76
30

1997
52
11

1.497

0.021

1.518

0.053

58
53
56
57

1998
6.8
0.9

1.948

0.010

1.958

0.087

58
58
58
58

58
226
445
64.7
69.3
74.1
64.6
815
69.3
59
Fair
57
Fair

1999
8.0
0.7

1.529

0.024

1.553

0.063

48
48
48
48
96
48

245
46.8
68.9
64.7
69.1
58.8
74.1
64.2
60
Poor

55
Fair

2000
4.2
13

1.156

0.007

1.164

0.034

Total Number of Observations Used to Calculate Parameter Means

35
35
35
35
70
35

34.3

375

52.7

59.0

62.9

47.2

59.4

56.4
50

Fair
48

2001
4.9
15

1.117

0.010

1.127

0.023

33
33
33
33
66
33

493

39.7

486

58.4

62.2

39.8

50.1

53.5
46

Good Good Good

45

2002
6.3
11

1.523

0.022

1.545

0.016

35
32
35
35
70
35

96.0

434

56.6

64.6

69.0

33.3

4138

55.6
47

43

2003
2.0
13

1.214

0.037

1.251

0.023

35
36
36
36
72
36

555

26.6

51.3

60.4

64.4

39.5

49.7

54.8
43

38

2004
4.1
1.0

1.012

0.022

1.034

0.035

31
32
32
32
64
32

29.6

37.3

58.7

56.7

60.3

47.7

60.1

54.9
50

Fair
46

27
27
27
21
48
27

29.3

37.0

53.2

59.3

63.2

50.4

63.5

57.6
49

33
33
33
0
33
33
326
26.8
60.6
58.1
61.9
472
59.5
55.7
49

26
26
26
0
26
26
30.4
30.3
495
56.4
60.1
47.0
59.2
54.5
46

Good Good Good

47

43

45

Good Good Good Good Good Good Good Good
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Table 6.Trophic State of Canaveral National Seashore (CANA) Surface Water, 19901 2007, based on the means of aggregate data from IRLML02
and IRLV17 (Figure 34). 1 mg/L =1 ppm; 1 pg/l = 1 ppb.

TROPHIC STATE OF CANA SURFACE WATER AT IRLV17 AND IRLMLO2 (1990 - 2007)
(0 - 49 = Good, 50 - 59 = Fair, 60 - 100 = Poor)
Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Chlorophyll-a ig/L) 7.0 5.7 75 6.3 5.0 45 7.3 5.4 6.7 7.2 4.4 5.1 5.2 23 42 42
Secchi Depth (m) 1.0 11 0.9 0.8 0.8 1.0 1.0 11 0.9 0.9 1.2 13 1.1 1.2 1.0 11
Total Kjeldahl Nitrogen (mg/L) 1283 1123 1115 0721 0988 0956 1.143 1287 1590 1.225 0978 1.026 1.330 1.103 0.930 0.990
NOXx (mg/L) - - - - 0.025 0020 0016 0013 0029 0019 0009 0.010 0.033 0033 0025 0.017
Estimated Total Nitrogen (mg/L) 1115 0721 1013 0976 1159 1300 1.618 1.243 0987 1.036 1.364 1136 0.955 1.007
Total Phosphorus (mg/L) 0.062 0040 0.104 0.044 0057 0056 0072 0.060 0.035 0032 0027 0037 0039 0047
Total Number of Observations Used to Calculate Parameter Means

Chlorophyll-a K] 14 10 13 16 94 109 107 84 59 43 41 58 41
Secchi Depth 25 24 17 25 26 91 87 107 84 58 44 41 58 41
1 Total Kjeldahl Nitrogen 17 17 9 18 70 106 84 59 44 41 58 41
NOXx 0 o} o} 3 79 107 84 59 44 30 0 0
Estimated Total Nitrogen 17 17 ] 21 213 88 71 58 41
Total Phosphorus 17 17 9 18 62 106 84 59 57 59 52 44 41 58 41
Total Nitogen : Total Phosphorus Ratio 25.0 18.0 9.8 204 224 206 280 322 512 311 244 215 218 232
Chl-a TSI 448 458 40.1 45.4 441 452 380 402 407 287 376 374 288 287
SD TSI 61.3 62.1 67.5 58.7 61.7 622 538 531 580 534 597 559 608 527
TN TSI 60.9 58.2 56.2 58.9 655 603 557 567 621 585 551 561 536 523
TN TSI-2 (0] (7X0) 59.9 62.8 700 643 593 604 663 624 586 598 571 556
P 54.8 58.3 67.9 56.7 612 579 479 462 427 485 498 532 506 482
TP TSI-2 69.1 73.6 85.7 715 772 730 603 581 537 611 627 670 637 606
(TN TSI+ TP TSI) / 2 60.2 59.5 61.4 59.5 656 608 543 544 570 565 545 564 538 520
Trophic State Index Value 55 56 56 55 57 56 49 50 51 48 51 50 48 44
Condition Assessment Fair Fair Fair Fair Fair Fair Good Fair Fair Good Fair Fair Good Good
Trophic State Index Value Without SD 53 53 50 52 55 53 46 49 47 45 46 a7 41 40
Condition Assessment Fair Fair Fair Fair Fair Fair Good Good Good Good Good Good Good Good

Parameter Mean

Parameter Index




Code mhi ch indicates t he an alsyptactcalquantificaienul t wa
limit. Cleaning the data set and removitigsaspect data marked wiBiTORET qualifier codes
resulted irntoo fewdata forameaningful analysis.

The use of raw daily data presented a few problems requiring adjustment. First, réBults wi
negative values were occasionally reportadl these are often due to irregularities in the

calibration methods employed by the analytical laboratory. To avoid losing data that represented
low values, egative values for CH, TKN, NOx,and TP wereetto zero.In addition SDD
measurements were converted fragatfto meters where necessary.

Only Chl-adata that corrected for pheophytin were used in the calcul&ioce TNrarely

appeared in the data sets, TN was almost always estimated by suhihira;md NQ. When

total NQ, was not available, dissolved N@as used in its place. If TKN data were available but
neither total nor dissolved N@ata wereavailable the TSI was calculated since TKN comprises
the majority of TN (Winkler and Ceric, 20p&Although the reported TSI values 990 1995

and 20062007 must be viewed in context of the above information, they still represent the most
complete and accurate TSIs computed to date.

Mean values of raw daily data were obtained for each parameter index by year and by

station. The mean€hl-anean SDnean TNmean @nd TRea) Were used with Equation$ 8 to

compute the overall TSI for each year. The final computed TSI value was rounded to the nearest
whole number. For an estuarine water bedgh as Mosquito Lagoon, TSI values betweetd

are considered good, values betweerb80are considered fair, and values betweerl 60 are
considered poor (FDEP, 1996). Tiedowing equations are based on Carlson (1977), Hand

et.al. (1988), FDEP (199, and Winkler and Ceric (2006):

TSI = (Ch'-a'r5| + SDrg + NUTRTS|) /3 [Eq 1]
where
Chl-ars; = 16.8 + 14.4 (I{Chl-anea)) [Eq. 2]
SDrs; = 607 30 (In (SDhea) [Eq. 3]

If 10 < (TNmean/ TPrea) < 30

then nitrogen and phosplus are ceimiting and

NUTRtg = ((TNT5| + TPTS|) / 2) where [Eq 4]
TNrgi = 56 + 19.8 (In (TNea) [Eq. 5]
TPrsi = [18.6 (In ((TRean(1000)))]7 18.4 [Eq. 6]
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If (TNmean/ TPmean < 10

then nitrogen is limitingnd

NUTRts = TNrsi2 = 10 [5.96 + 2.15 (In (TNean+ 0.001))] [Eq. 7]
If (TNmean/ TPmean > 30

then phosphorus is limiting and

NUTRts = TPrsi2 = 10 [2.36 (In ((TRea)(1000))i 2.38] [Eq. 8]

The trophic state of CANA surface water from®092007 is fair to goo@ndthe two most
recent years of analysis (2006 and 200&je wellwithin the Imit for a good designation
(Tables 4, 5, and 6T N: TP ratios were generally between 30 for most yearsuggesting that
nitrogen and phosphorus maydxelimiting in CANA waters. The only clear instance of
nitrogen limitation observed was 1994 at IRLV17the effectwas strong enough to show
nitrogen limitation for the combined T8&lculation ofdatafrom both IRLV17 and IRLMLOZ2.
However, phosphorusnitation was observed many times in the southern Mosquito Lagoon
(1992, 1995, 1996, 2000, 2001, 20020202006, and 2007) at IRLMLO?2.

These results are comparable to other studies that described limitingtsutrithis region of

the IRL. Badylak andPhilips (2004)used two years (1997999) of bioassay dateorroborated

by water chemistry analysis in their assessment of the entire IRL complex. They reported that
finitrogen was the most frequentlyniting nutrient throughout théRL), however, thex was a

greater potential for phosphorus limitation in the north and rorthn t r a For 109R 2003)
Kroening(2008) founda ppr oxi mately fA96 percent of the con
which indicated that phytoplankton growth in Mosquito Lagoon generatBsnotlimited by

the availability ofmitrogen According to FDEP (20102004 2008 $iowed distinct

improvements in water quality and trophic state. Based oni 2888 data, nhonparametric

Kruskalli Wallis analysis indicatka significant <0.05) difference between the northern and

southern areas of Mosquito Lagoon for TN, @R-a, and TS) but when only the 2002008

data are evaluatethe significant differences f&hl-aand TSI disappeaFDEP, 2010a

Although the TSIs computed in this assessment use the FDEP (1996) cutoff limits (<10 for

nitrogen limitation and >30 for phosphorus itiation), all of our computed ratios wes& and

thus consistent witKroeninggs (2008) findi ngs. Il rrespective
trend toward P limitation in CANA waters is surprising since the vast majority of estuarine

waters are consided nitrogen limited.

With the exceptions of not including 80as a parameter and not incorporating VCEHL data
(1994 2004) and SIRWMD data (1988004), the same TSI was applied to the entire Mosquito
Lagoon system by Winkler and Ceric in 20@6d they idatified the overall water quality in
Mosquito Lagoon as good (Winkler and Ceric, 2006; Florida Department of Environmental
Protection, 2009). ThEEP also evaluated the entire Mosquito Lagoon using an index similar to
that computed in this assessmevith the only notable differences being that NEP used
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dissolved rather than total nitrogen and phospha@ns they incorporated DO as an additional

parameter. Based on their analysis of data collected in 2001 and 2002, they also classified the
entreMosqui 0 Lagoon as figoodo (National Estuary Pr
consistent with those of Handadt (1988). Based on EPA STORET data collected from 1970 to

1987, Hand eal. (1988) used a similar TSI (including BIpto assess Mosquito Lagosarface

water and classified the entire Mosquito Lago

Historically, the water in the northern reach of the park, especially those waters near the
surrounding population centers of New Smyrna Beach, Edgewater, and Oak Hilhdav

described as of lower quality than water in the undeveloped southern engafkfféorida
Department of Natural Resources, 1991). Recently, however, water north of Haulover Canal and
south of Edgewater has been described as being among theatersquality of the whole IRL

system FDEP, 2018).

The northern part of Mosquito Lagoondter body identifier|VBID] 2924B) was described as
potentially impaired for nutrients due to observed elevatio@héh (Paulic et al., 2006).
Meanwhile, Winlker and Ceric (2006) found that water quality in the CANA vicinity,
specifically near Oak Hill, has been improving due to decreasing concemdrafiphosphorus
and Chia. These findingsnay be duén partto the decrease in discharge volumes in recent
years from publtly owned treatment works

The findings of the present assessment are consistent with historical and other contemporary
findings and therefore suggest that the trophic state of CANA water ranges from fair to good.
This nAfair stae offCANAlsarfade watep dppears likiybedue to low

watershed urbanization and a minimal amount of agricultural discharges and other point sources
of pollution to the lagoon (FDEP, 2009). The trophic state of CANA surface water appears to be
changng very little from year to year and, based on our analysis of datal®8t Q07 at two

stations within the CANA boundary, is remaining very close to a good designation. This simply
suggests thevater quality of thesystem is nobeing degraded arichmediately trending toward
decreasing light penetration and higher nutrientlgewehich in the extreme casmuld

eventually shift the entire ecosystem to one that is algal based.

Physical and Chemical Properties of Mosquito Lagoon Surface Water

The scientific literature concerning water qualitytihe IRL system is extensividowever, there

are few data available strictly from Mosquito Lagoon and even fewer available solely from the
region of the Mosquito Lagoon lying entirely witHBANA boundariesin this assessment

where appropriatesourcesare referencethat include datérom nearby locationsonsidered
representative of the CANA region.

One such source is a USGS studykngening(2008)thatused data collected from 61 locations
throughout the Mosquitbagoon between 1999 and 2008any of the 61 locations were north

of the CANA boundary in th#losquito Lagoon Aquatic Preser{€elorida Department of
Environment al Protection, 2009). The USGS rep
spatial and/or seasonal variations in wajeality for pH, coliform bacteria, and comteations

of dissolved oxygen, total nitrogetotal phosphorus, Glal and tot al suspended
(Kroening 2008). Whilethe USGS report determined that data were limited for pesticides, trace

49



metals, and ground water quality, the water quality degame of the most recent
comprehensive water quality data for the Mosquito Lagoon.

Other studies contributing greatly to this assessment (Provancha et al., 1992; WeGlyaiard
Consultants, 193tle Hall et al., 2001) have focused on the area immediatetpunding KSC

in MINWR and include regions of the Banana River and North IRL in addition to Mosquito
Lagoon. Since much of the Mosquito Lagoon segment containing CANA overlaps KSC and
MINWR waters, these studies are certainly representative of resmmdiions at CANA and
have ben includedWhere possild, only the most relevant datallected from sites strictly

within park boundarieare reportedHowever, some of these studies report only average values
that often are based in part on sites oetSid\NA and occasionally in the adjatéNorth IRL

and Banana Riveilhe results of these studies are reported where appropriate.

In 1996, the Water Resources Division of NPS published a report characterizing baseline water
guality conditions at CANA (NP3,996). The results of &study are used where possible,

along with other pertinent data from various
watershed (EPA, FDEP, SJIRWMD) to provide a context for the water quality conditions
documented in this aessment.

Many of the following sections begin with a bar graph that was gendrated 7 yrs of data

(1990 2007 collected from the same water quality stations used in the calculation of the TSI
(Table3 and Figure34). The data from these two statiqfiRLMLO2 and IRLV17) ae presented

by wet season (Jun@ctober) and dry season (Novieeil May) (Rao et al., 1989)As with the

TSI computation, suspect data (those marked with STORET qualifier codes H, I, J, K, L, M, N,
Q, T, V,Y, and # were excluded. ®@en the initial paucity of data for many parameters, the
discontinuous nature of collection regimens, and the large amount of suspect data, there are
several instances where data are not available. There are also instances where only a single
measuremensiavailable to represent a particular parameter at one sfatwens for an entire

year.

Bathymetry, Morphometryand Hydrodynamics

Comparedto more densalye vel oped areas of the | RL system,
basin (the total land area draigiimto the lagoon) covers 42,086(168 knf). While it is

smaller than the entire lagoon system, it is still affected by surface runoff and groundwater input.
The Mosquito Lagoon watershed (the drainage basin including the lagoon) is @&(322

km?). The full extent of the drainage basin is located within Brevard and Volusia counties and
extends from Ponce de Leon Inlet to the southernmost extent of the Mosquito Lagoon

(Provancha et g11992; WoodwardClyde Consultants, 1984 A detailed descriptioof land

use and landover in the Mosquito Lagoon basin in terms of acreage, square mileage, and

percent coverage of the bastan be found in the 2008 Indian River Lagoon Water Quality

Report published by FDEPG6s Di viguatom of Enviro

The entire Mosquito Lagoon covers approximagfym? (152.8 knf) and is domated by
shallow flats less tha.9 ft (1.5 m) deep(Provancha et al., 1992). The Mosquito Lagoon
represents 15.9% of the total IRL area and 10.7% of the totaldRime (Cohenour, 1974).
The volume of the Mosquito Lagods estimated to b2.1 x 16 yd® (1.6 x 18 m®) (Hall et al.,
2001). Cohenour (1974) separated Mosquito Lagoon into four depth claabésj. Each
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class is described in terms of the perceaaand percent volume of the Mosquito Lagoon.
These values represent the entire Mosquito Lagoawever, only the southern tvibirds of
Mosquito Lagoon is contained within CANA boundaries (part of ML 2; M4).3

Table 7. Depth classes in Mosquito Lagoon and corresponding areas and volumes.

Mosquito Lagoon Depth,'Area, and Volun

Water residence time is an important ecological parameter because it dictates the critical nutrient
loading limit required to attain or maintain a desired trophic condition. Mosquito Lagoon

exhibits distinct residerectime differences between the northern and southern regioas.

southern part (MLB4) is flushed more slowlyrésidence time = 76 days), wheréas northern

and central areas (ML1 and ML2) have much shorter residence times (~3.5 and 8.1 day residence
times, respectively) (FDEP, 2040

Excluding theAIWW that runs most of the length of the lagoon, the Mosquito Lagoon has a

natural approximate maximum depth7o9 ft 2.4 m) (Cohenhour, 1974). The estimated average

depth of Mosquito Lagoon &.3 ft (L m) (Hall et al., 2001). Water levels are somewhat easy to

predict as maximum deptlescurin late fall and minimal deptheccurin the summer. This is

due to an estimated A0.2 m difference in hydr
Atlantic Ocea [that] generates a net long term flux of water out of the lagoon through Ponce de

Leon Inleb (Hall, 2001). Howevershorttermwind-driven flux may occur over shorter time

periods, even days, and that can affect water levels also (Provancha et &l., 1992

Water circulation by tidal flushing and currents is restricted in Mosquito Lagoon due to the
morphometric and bathymetric constraints of a long, narrow, shallow, lagoonal estuary that has
been separated from its source of ocean water by distance artnsrapoil islands.

Consequently, aeolian processes are primarily responsible for water mixing aewhemd in the
Mosquito LagoonHall etal. (2001) reported a net transport of water and material from the

lagoon out through Pordnlet to the Atlanti©cean.This transporttalep | ace fAon a | on
basis, 0 but no t.i mescale was identified
Sediments

Sediment characteristics are important in determining the quality of both groundwater and
surface water. Since Floridaguifer recharge in the CANA remm occurs strictly by infiltration

and percolation of precipitation, the nature of groundwater flow through the sediment interface
must be understodd protect groundwater resources from point and-poinmt sources of

pallution (McGurk et al., 1989Nowicki and Nixon (1985) cite the importance of sediments to
surface water and the bentigelagic coupling and cycling of nutrients that occurs in shallow
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estuarine systems such as the Mosquito Lagoon. When considering the relatively small volume
of water ovelying a sediment interface, these interactions may be potentially more significant in
Mosquito Lagoon than typical marine systems (Provancha et al., 1992).

Sediment sampling in 2008007 was completed in the CANA region by Florida Tech for the
purposeofidef i ni ng water quality targets that are
(Trefry et al., 2007). Bottom sediment surveys revealed considerable deposits of fine sediments
(clays) that are susceptible to resuspension and that the suspendecdhbtéigsirthose of bottom
sediments. The greatest quantities of-fynained, easily resuspendable sediments were found in

and adjacent to tHatracoastal waterwayorth of Haulover Canal and inlal6-mi? (3-km?)

region south of Haulover in the central pafrthe lagoon. Mineralogical signatures indicated that
deposits north of Haulover Canal are likely allochthonous and of recent terrigenous origin, while

the southern deposits gretentially ancient (3,000 ys) relict deposits (Trefry et al., 2007).

Salinity
The Mosquito Lagoon is a bauilt, semienclosed estuary thatfar removed from its ocean
water source. Ponce I nlet in New Smyrna Beac

the Atlantic Ocean and consequently the only source of ocean todhe lagoon. Semidiurnal
tides send ocean water through the inlet twice daiythat water must first traverse a channel
for approximately 5 mileé8 km) before passing under Highway A1A and entgttine lagoon at
its north end.Approximately 13 nies (21 km)of the upper Mosquito Lagoon are dominated by
spoil islands and marshes that interrupt and restrict fli excursion distance of ocean water
typically extends south of Edgewater and north of Oak Hiltlal exchange between the
Mosquito Lagoon and the Atlantic Ocean is therefore very limit€éaéning 2008).

The only other major point of communication with another water body is the Haulover Canal.
Built in 1887, Haulover Canal is part of the AWVand connects Mosquito Lagoon to the
brackshnorth IRL. There are no major streams and relatively few sources of freshwater
discharging CANA waters. Among these sources are precipitation, direct surface runoff,
submarine groundwater discharge, a single canal draining the community of OakdHill, an
several smaller canals along the western shore of the lagoon (Steward et al., 1994).

Tidal exchange, stormwater runoff, precipitation, and evaporation (a direct function of
insolation), are the factors primarily governing salinity in the Mosquito Liagbloe net effect of
these factors on CANA surface water is an average annual salinitarigat typically between
2 838 ppt with only occasional exceptioisaple 8).

Intracannual differences in salinity resulting from Atlantic Ocean tides appear to be small
compared to observed seasonal variatigimedning 2008). Thedependence on weather

patterns can make salinity highly variable in the Mosquito Lagoon. Average salinity values
between 19881991 were reported to be relatively constant, averaging 33.5 ppt during the wet
season and 32.5 ppt during the dry season (WaatClyde Consultants1994). Data from the

early 1990s indicates that salinity in Mosquito Lagoon ranged from a low of 4.5 pptin 1992 to a
high of 37 ppt in 1993 (Hall et al., 2001).
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Table 8. Mean seasonal salinity (ppt = & ) at the Southeast Coast Network (SECN) monitoring station at
Canaveral National Seashore 2005 2009.

MEAN SEASONAL SALINITY AT THE SEC
MONITORING STATION, CANAVERAL NATIO

SEASHORBUMMER 2005 - WINTER 2009)
Year Season Salinity (ppt) (n =)

Summer 30.61 2733
Fall 28.09 3122
2005-2006 Winter 31.36 989
Spring 41.36 1231
£088 Summer 36.29 3568
Spring 36.13 2565
2007 Summer 37.57 3088
Fall 33.13 3668
2007-2008 Winter 33.94 2702
Spring 39.1 4415
2008 Summer 38.67 2812
Fall 33.86 4368
2008-2009 Winter 35.26 2420

2005

As a direct result of its isolation and confinement, Mosquito Lagoon tends to be very saline
(Table §, averaging abow2 ppt (SECN, 2010Bhallow water makes salinity susceptible to
weather extremes, especially in the confisedthern reachfahe lagoonWater levels in

adjacent freshwater marsh systems, however, are typically higher than the brackish Mosquito
Lagoon and salinities rarely exceed 10tgprovancha, 1992).

Given the few sources of freshwater input and the relatively long ®&outistance from Ponce
Inlet, Mosquito Lagoon is typically more saline than othdsbasis of the IRL system. Based

on data gathered between 198390, Provancha (1992) reported si&yi levels may be

increasingln the southernmost parts of Mosquito Lagoon, high salinity values of 38 ppt were
reported in 1973, values >40 ppt were reported in 1991, and values as high as 55 ppt for
extended periodsf time were reported in 2001 (Mehta and Brooks, 1973; Florida Department of
Natural Resourced991; Walters et al., 200Reports of higher salinity are not uncommon in
summer when evapotranspiration can exceed precipitation, especially in trersenthof

Mosquito Lagoon wherthere is no outflow point and very limited freshwater input.

There is some discrepancy in the literature with respect to the spatial hetegogeNksquito

Lagoon salinityHall etal. (2001) identified a salinity gradienf decreasing concentration from

north to southwith the southern end of Mosquito Lagoon being on averag@j less than the

northern endHowever, no statistical difference (p=R)8n spatial variability of salinity was

found byKroening (2008) between 1 9 9 9 or &d@stly&ars, tHemeas no statistically
significant difference (pOO0. OBgureB5andden nort h
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However, where a difference within a particular year or seasgrobserved, most often the
differences refleicthe findings of Hall et a({2001) and indicate higher salinity at IRLV17 in
northern reaches of CANA water and comparatively lower salinity at IRLM&@2h of
Haulover Canal.

Mean Salinity (ppt) - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

N RLV1/ MIRLMLO2

2007 0.1
2006
2005
2004
2003
2002
2001
2000 425
Year 1999
1998
1997
1996
1995
1994
1993
1992
1991

36.3
1990 35.3

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

Mean Salinity (ppt)

Figure 35. Wet season mean salinity (ppt = a ), 1990i 2007, at IRLV17 and IRLMLO2 (Figure 34).
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2007
2006
2005
2004
2003
2002
2001
2000
Year 1999
1998
1997
1996
1995
1994
1993
1992
1991

1990
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Figure 36. Dry season mean salinity (ppt = & ), 19901 2007, at IRLV17 and IRLMLO2 (Figure 34).
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Temperature

Water temperature is a key deutienotdirecthant of an

manageableExtreme highs in watéemperature can depress DO levels and accelerate the rate at
which sediments become anoxic (Windsor, 1988). Such tempenatlueed anoxia can be
detrimental to sessile invertebrates and some submerged aquatic vege2EBN2A009).

Average annual wateemperatures for CANA surface water are presentdalie®.

Table 9. Mean seasonal water temperature at the Southeast Coast Network (SECN) monitoring station at
Canaveral National Seashore from 2005 2009.

MEAN SEASONAL WATER TEMPERATURE A
SECN MONITORING STATION, CANAVERAL NA
SEASHOREBUMMER 2005 - WINTER 2009)

Mean Temperature {C) =)
Day Night

Summer 30.46 30.56 2734
Fall 21.88 21.96 3122
2005-2006 Winter 15.77 15.89 989
2006 Spring 28.77 28.86 1231
Summer 29.74 29.82 3568
Spring 26.53 26.63 2565
2007 Summer 29.71 29.69 3088
Fall 24.17 24.28 3668
2007-2008 Winter 19.98 19.94 2702
Spring 25.77 25.58 4414
2008 Summer 29.65 29.46 2812
Fall 21.53 21.48 4368
2008-2009 Winter 16.79 16.77 2420

Year Season

2005

Water temperatures at CANA can vary an average ®f. 6 T 3273°Q dvét 24frs, with an
annual range d 9 T 8 85A3°C)((Hall et al., 2001). Interannual variation wittitre lagoon
can be extremdProvancha (1992) reped temperatures as higs 93°F (34C). Recent data
indicate water temperatures often ee@®4°F (29€) during the summer months when
insolation is mostintensdB et we e n 1 é&pdratuted dverad)@8°F (25.5C), with a

high of94°F(34.4C) recorded oduly 21, 2005Thepassagef frontal systems can often cause
water temperatures to quickly drdpl 7 5 (@i ACEC) over five to six days before gradually
returning to prestorm onditions (Hall et al., 2001Recent data for water temperature at the
SECN monitoring sitén Table 9are consistent with data from IRLV17 and IRLMLgures

37 and38).
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Mean Water Temperature (°C) - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

m|RLV17 mIRLMLO2
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Mean Water Temperature (°C)

Figure 37. Wet season mean water temperature (°C), 1990i 2007, at IRLV17 and IRLMLO2 (Figure 34).
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Mean Water Temperature (°C) - Dry Season
1990 - 2007 at IRLV17 and IRLMLO2

m IRLV17 mIRLMLO2
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Figure 38. Dry season mean water temperature (°C), 1990i 2007, at IRLV17 and IRLMLO2 (Figure 34).
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Dissolved Oxygen

Oxygeno6s idepempgemtrsaubilityrinewater ensures spatial, seasamalidiurnal

di ssolved oxygen (DO) fluctuations. FDEP st an
average less than 5.0 mgfiLa 24hour period and shall never lessthan4.0mgh and t hat
Anor mal d somal flyctusonsdabaeetlzese levels shadl imaitained (FAC 62

302.530)0 Although there are exceptigri@0O levels in CANA ardypically within FDEP

standards.

Average DO values in Mosquito Lagoon were reported to be 6.47 (@g/Lppm)in 2000
(Sigwa et al., 2000). Based on 198390 data, Provancha et @992) reported relatively high
average DO values of 7.8 mg{L.8 ppm) with typical levels ranging frors.5 8.5 mg/L

( 5 8.5@pm) However, values as high as 13.0 m{lB ppm)were recorded for areas with
dense submerged aquatic vegetation (Provancilg £992).

Hall et al.(2001) found that between 1991093 BOD and chemical oxygen demand (COD) in
Mosquib Lagoon were highly variabl&OD ranged from 1.0 mg/L to 78.0 mg(£8 ppm)with

an average of 2.48 mg/(R.48 ppm)and COD values ranged from 358 , & §/l0(355 9 3 00
ppm)with a mean of 1142 mg/L(1,142ppm)(Hall et al., 2001)Minimum and maknum

values were recorded at the same station at the southern end of Mosquito Lagoon (Hall et al.,
2001). Hall et alalso found that extreme lows in DO corresponded to both low pH and a high
degree of light attenuation. Light attenuation is a causalrfémtdhis since a decrease in light

can lead to a decrease in macrophyte and phytoplankton produdhtigithecreaseg@roductivity
and/or increased respiration are often highly correlated with decreases in pH.

While there has been occasional reportin@6f data from IRLV17 and IRLMLO2, the longest
data set with the most continuous data for DO comes from the SECN monitoring re¢atiahe
CANA visitor centerSince DO is prone texhibitwide ranges over short permdf time, this
site was selected assource for assessing DO in CANA surface water as the STORET and
SJRWMD data contain many measurements collected only once per day that likely are not
representative of actual daily averages.

DO in CANA surface water was assessed by year and seasoonSease delineated using

dates for the vernal and autumnal equinoxes and solstibesh were all assumed to begin and

end at midnight on their respective dates. Within each season, average values were calculated for
day time (0700i 19:00), night time (2:00/07:00), noon, and midnight to identify specific times

of potential concer(Table10). Although these average values are all above 4.0 gbpm)

and suggest DO ithe Mosquito Lagoon meets FDEP standards, there are numerous instances of
unacceptal@d DO levels in the data sdthe seasonal data indicate very little difference between

day and night, indicating biological productivity is less important to the oxygen dynamics than
wind mixing or other nonbiological factors. The data indicate a temperafiect as averages

were invariably lower in the summer than the winter

The SECN data provide a record of 712 days between 2009 wherDO measurements were
recordedTwelvedays had insufficient data and were excluded froeraisessmenOf the
remaining 700 day4.55 (22%) daysadaverage daily DO concentrations beléuwng/L (5
ppm).All instances of low DO were observed wetn early May and late October from 2005
2008 (data stop at February 9, 2009, and no instances of low DO weneedhgse2009).
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Table 10. Mean seasonal dissolved oxygen concentrations at the Southeast Coast Network (SECN)
monitoring station at Canaveral National Seashore from 2005 2009. 1 mg/L = 1 ppm.

MEAN SEASONAL DISSOLVED OXYGEN AT TH
MONITORING STATION, CANAVERAL NATION

SEASHOREBUMMER 2005 - WINTER 2009)
Dissolved Oxygen (mg/L) (n2)
Day Night Noon Midnight
Summer 5.34 5.25 4,99 5.34 2383
Fall 6.87 6.82 6.61 6.74 3122
2005-2006 | Winter 6.95 6.89 6.8 6.87 989
2006 Spring 4.23 4.04 4.06 4.22 1015
Spring 4.68 4.5 4.56 421 2565
2007 Summer  4.51 4.35 4.42 4.45 3088
Fall 577 5.65 5.61 5.73 3668
2007-2008 | Winter 7.21 7.03 7.09 7.04 2702
Spring 6.32 5.98 6.29 6.06 4414
2008 Summer  5.57 5.17 5.47 4.84 2812
Fall 6.2 5.98 6.11 5.88 4368
2008-2009 | Winter 7.57 7.47 7.45 75 2420

Year Season

2005

Unfortunately the data within each year are somewhat discontinamaoccasionallyentire
monthsof dataaremissing DO data for th time period of concern (May October 31) are
summarized in Tabl&l by total number of days per yeaith averageDO <5.0 mg/L(5 ppm)
andas a percentage of total DO observations

The concern for low DO averages in the summer months is further emphasized when
unacceptably low DO averages for multiple successive eaagidentifiedTo illustrate the

severity of these extended periods of low DO, maximum and minimum recorded daily averages
arelistedin Table12. Over the 700 days evaluated for DO in the SECN data set, 3,877
individual observations of DO <4.0 mg(k4 ppm)were recorded on 264 day3ata are

tabulated in Tablé3as a percentage of all recorded values.

Data indicate low DO concentrations in CANA surface water are a concern in the summer
months when water temperatures peak and bacterial decompodi®amd storm water runoff
inputs are at a maximum. Although there are discontinuities in the data from year to year, the
total percentage of days with average DO <5.0 ngh_ppm)and the total percentage of
instances of DO <4.0 mg/<4 ppm) werdess n the summer months of 2008 compared to those
same months in the previous two years. Even though the data were continuous for 2008, there
were fewer multiday low DO events observed in 2008 (25 days) than in the previous year (98
days). Given the highly veable nature of DO data within the system, several more years of
continuous data from this single station should help iderftiyD levels aramproving.
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Table 11. Days with mean dissolved oxygen concentrations <5.0 mg/L (5 ppm) at the Southeast Coast
Network (SECN) monitoring station, Canaveral National Seashore, from 2005 2008.

NUMBER AND PERCENT OF DAYS WITH MEAN DIS¢
OXYGEN LESS THAN 5.0 mg/L AT THE SECN MONIT

STATION, CANAVERAL NATIONAL SEASHORE
(JULY 2005 - OCTOBER 2008)

Days with Complete Total Days with Mean DO < 5.0 mg/L
DO Records (n=) (%)

2005 67 12 18

Years

2006 22 15 68
2007 66
2008 27 18
2005-2008 40

5 LG y2a | O AL
5rd0F y20 | @At
5LdaF y2G F OF AL
| 2y GAydz2dza RI

pH

pH isafundamental determinant of many chemical processes in the environment. pH, and to a
lesser extenwvater temperature, together play a dominant role in determiméngancentration

of the toxic form of ammonia (N§)iin water.The pH of water is also a weéthown factor in
determining the availability of potentially toxic trace metals. In Mosquito Lagoon, for example,
Hall etal. (2001) found concentrations aluminum (Al) andcopper Cu) varied with pH levels

In many cases, relatively high pH can inhibit the release of trace metals from sediment to the
overlying water column (Menon, 1979).

The pH in Mosquito Lagoon tends to be slightly alkaline, ranging betw8en87 wtin
averaged on an annual ba@isble14). During 19911993 Hall et al (2001) reported an annual
avergge of 8. 41 wi 9.04 Imalateastudyeaising data rom9lEBB03,Kroening
(2008) reported pH values ranging from8 1 9 . 09% <W2.AltHoug® pH vaied seasonally
and spatially, the highest pH values were consistently measured in the southern Mosquito
Lagoon, approximately 3 milgd.8 km)south of Haulover Cangind may be due to more algal
productivity in that regionKroening, 2008). Average seasonal pH values at the SECN
monitoring station from 2002009 are presented Trable14.

The natural interannual variability in mean annual pH in Mosquito Lagoon surface water can be

seen graphically in Figure® and40. While there is no indication from the data of a trend in pH

at either statiopitiscleart hat pH is significantly higher (p¢
seasons in southern CANA surface wd&tRLMLO02) than in the nortérn station &t IRLV17).
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Table 12. Minimum and maximum mean dissolved oxygen concentrations (mg/L) recorded for successive
days at the Southeast Coast Network (SECN) monitoring station, Canaveral National Seashore, from
2005 2008. 1 mg/L =1 ppm.

SUCCESSIVE DAYS WITH MEAN DISSOLVED OXYGEN CONCE!
BELOW 4.0 mg/L AT THE SECN MONITORING STATION, CANA
NATIONAL SEASHQRBIy 2005 - October 2008)

Year Date Range

I

y K
d K
M N
2006

C
2005

=
N

G

N N

_8_—|
N N

N N
N N

M
H

K

H

H
K M
K H
KC G
K H
KT
K H
K H
Ky
H

H

p
p
c
T
T
T
y
®

o 4 =T
N N N
D N N

Number of
Succesive Days

Yy KMp 4
dK o 2
MNOKT 4
CKMC 15
pKC 5

p KM 3

K H 5

HY 23

0 2

MT 11
TKHY 7
dK H 7
K M

K HN

MAKM

M N K
TK®
JK C

Minimum Mean
Daily DO (mg/L)
3.4
4.2
2.7
2.6
4.3
4.3
4.6
3
47
3.6
3.5
4.2
2.9
4.2
3.8
2.9
4.6
4.6

Maximum Mean
Daily DO (mg/L)
4.7
4.9
3.1
47
4.9
4.8
4.8
4.5
4.8
4.9
4.4
4.7
4.7
4.7
4.7
4.6
4.6
4.9

4.9
4.9
4.9
4.9

PK MH 4.4

K H 4
35
4.9

Mp ¢
HY ¢ MK
KMT ¢ M~

Nutrients

Nutrients are a vital component of a healthy aquatic system and only pose a threat when rising
above or falling beloveritical concentrations. Excessive nutrient levels can cause eutrophication
and increase biotic production, possibly causing phytoplankton proliferation and reducing SAV
production due to shading effects. Since Mosquito Lagoon is ant®A¥d ecosysterthe high
nutrient leveleventually could have disastrous ecological effects. External nutrient loading
estimates by FDEP (2010) for CANA waters are 1.2 gTN/mand 0.12 gTP/fayr for
MosquitoLagoonsection2 as designated by FDEd 0.76 gTN/Myr and 004 gTP/mi-yr for
MosquitoLagoon section3-4. FDEP (2010) also states that these nutrient loadings represent
reasonable load limits, and TN and TP concentrations characteri2d04 2008represent
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Table 13. Individual occurrences of DO concentrations <4.0 mg/L (4 ppm) at the Southeast Coast
Network (SECN) monitoring station, Canaveral National Seashore, from 2005 2008.

OCCURRENCE OF DISSOLVED OXYGEN CONCENTRATIONEY
4.0 mg/L AT THE SECN MONITORING STATION, CANAVE
NATIONAL SEASHQOREY 2005 - OCTOBER 2008)

Days with  Total Number  Days with Mean  Records with Mean
Years Complete DO  of Records DO < 4.0 mg/L DO < 4.0 mg/L

Records (n=) (%) (n=) (%)
2005 67 3146 44 66 576 18

2006 22 1015 16 73 433 43
2007 153 7489 138 90 2314 31
2008 147 7130 ) 45 554 8
2005-2008 389 18780 264 68 3877 21

541 y2G F@FAtlot
5td41 y24 F@FAtlot
5LdF y2d @At ot
/| 2y GAydzda REGLI

reasonable levels for maintaining good water quality. As discussed previously, total nitrogen and
total phosphorus are key troptstate indicator parameters and are useda=DEP trophic

state index along with Ckdto evaluate the trophic $e&atrend in Mosquito Lagoon. Based on the
analysis of average monthly data from 198®ugh2008 at selected Mosquito Lagoon stations,
including CANA, a cevariance btween nutrients and Ghlwas indicated, seasonally and over

the long term (FDEP, 204D

Nutrient concentrations in water bodies in the state of Florida have typically been managed using
narrative criteria stated in Chapter822.530 of the Florida Administrative Code (FAC)

€ in no case shall nutrient concentrations of a body of water be altered so as to cause an

i mbal ance in natural popul ations of flora or fauna.
discharge of nutrients shall continue to be limited as needed to prevent violations of other

standards contained in this chapter [Chapter 62-302, FAC]. Man-induced nutrient

enrichment (total nitrogen or total phosphorus) shall be considered degradation in relation

to the provisions of Sections 62-302.300, 62-302.700, and 62-4.242, F.A.C.

FDEP has been working withe EPA for several years toiglinate exclusive reliance on the
narrative criteria and to modify and augment existing criteria with numerical nutrient
requirements for Florida water€ausal variables (nitrogen and phosphorus) and response
variables (chlorophyll and transparency) lbeeng evaluated for inclusion in the new regulations
(FDEP, 2016). The FDEP Technical Advisory Committee is gathering public input and
assembling requested information for submission to EPA Region IV as part of the process of
developing a comprehensive idaric Nutrient Criteria Development PlaRXEP, 2010k

Despite reports of good overall water quality, the northern part of Mosquito Lagoon (WBID
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Table 14. Mean seasonal pH at the Southeast Coast Network (SECN) monitoring station at Canaveral
National Seashore from 2005 2009.

MEAN SEASONAL pH
SECN MONITORING STATION

CANAVERAL NATIONAL SEASHOF
(SUMMER 2005 - WINTER 2009)

Year Season pH (n=)

Summer 8.03 2733
Fall 7.96 3122
2005-2006 | Winter 8.17 989
2006 Spring 8.04 1231
Summer 7.84 3568
Spring 8.12 2565
2007 Summer 7.98 1786
Fall 8.01 3668
2007-2008 | Winter 8.06 2702
Spring 8.01 4414
2008 Summer 8.13 2812
Fall 8.01 4368
2008-2009 | Winter 8.16 2420

2005

2924B) was listed as potentially impaired for nutrients based primarily on elésagdsiof Chi
a(Paulic et al., 2006). However, general water quality maaladistrophiestate indicesupport

the assessment that Mosquito Lagoon is not nutingpeiired thedata indicag thatit is in the

lower mesotrophic category, trending toward oligotrophy. TN:TP ratios indicate N limitation in
thenorthern Mosquito Lagoon, and a gradient of increasing P limitation southward into CANA
waters, especially sdubf Haulover Canal (FDEP, 2040

Wastewater treatment plants (WWTP) in the cities of New Smyrna Beach and Edgewater
periodically discharge water to the Mosquito Lagoon. The discharge of treated wastewater from
both facilities was reduced in the 1990g] as of 2006, approximately 70% of the discharge

from New Smyrna Beach and 80% of the discharge from Edgewater had been rouigeskto re
distribution systems (Kroening, 2008). At the time of this writing, the City of New Smyrna
Beach has increased reus®7% while the City of Edgewater has decreased somewhat to 72%
(Personal Communication, Dave Hoover, Director of Water Resources, Utilities Commission of
New Smyrna Beach, 2010; Personal communication, Dennis Norman, Superintendent,
Edgewater Wastewaterdatment, 2010). Current estimates of WWTP external nutrient loading
to Mosquito Lagoon were made by FDEP (2010), and the WWTP percentages of TN and TP
external loading were 2.6% and 4.4%, respectively, for ML 2 (central Mosquito Lagoon) and 6.5
and 6.6%yrespectively, for ML 1 (north Mosquito Lagoon).
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Mean pH - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

B RLV17 ®IRLMLO2

2007

2006

2005

2004 .29

2003 8.28

2002 8.45

2001 8.31

2000
Year 1999
1998
1997
1996
1995
1994
1993

8.42

1992 8.35

1991 8.34

1990

7.5 7.6 1.7 1.8 7.9 8.0 8.1 8.2 8.3 8.4 8.5

Mean pH

Figure 39. Wet season mean pH from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Mean pH - Dry Season
1990 - 2007 at IRLV17 and IRLML02

mRLV17 mIRLMLO2

2007 7.93

2006 8.24

2005 8.18

2004 8.17

2003
2002
2001
2000
Year 1999
1998
1997
1996

1995 8.14

1994 8.16

1993 8.22

1992 8.26

1991 8.29
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8.41

7.5 7.6 7.7 7.8 7.9 8.0 8.1 8.2 8.3 8.4

Mean pH

8.5

Figure 40. Dry season mean pH from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Nitrogen
Nitrogen is an essential nutrient required by all plant and animal species. Although nitrogen is

generally the limitig nutrient in coastal waters and estuam@sening(2008) suggested
phosphorus may be the chief limiting nutrient in Mosquito Lagadnich is discussed in the
trophic state section of this report.

Point sources of nitrogen the Mosquito Lagooare poéntially numerousbutthe most
significantsourcesnay beWWTP discharge. Nonpoint sources of nitrogen inclodesite

treatment andisposalsystems (OSTDS) and direct runoff containing organic nitrogen of
terrigenous origin, NOfrom agricultural and doestic fertilizer applications, and atmospheric
deposition. Preliminary results from an NPfBnded OSTDS loading study on Mosquito Lagoon
found that septic tanks are likely less of a nitrogen and phosphorus loading problem than areas
that receive reguldertilizer applications (Zrillo et al, 2010).

Important sources of autochthonous nitrogen in Mosquito Lagoon include the direct deposition
of plant matter, diazotrophic bactersch as those found in the rhizosphere of mangrove
communities, and bygh, which directly excrete Nktthrough their gills as a byproduct of

protein metabolism. The spatial heterogeneity of nitrogen in Mosquito Lagoon was confirmed by
Kroening(2008) who found that all measurements of nitrogen were lowest near the Ponce Inlet
and highest at the southern end of the lagoon. Increased concentrations of organic nitrogen and
NH;" between July and September (192903)correspondesvith periods of elevated tait
suspended solids and GtoncentrationsKroening 2008). This suggs seasonal variation

related to the resuspension of organic materials from bottom sediments or plant material from
algal bloomsKKroening 2008). NQ in Mosquito Lagoon sediments from 199993 was 0.33

9.29 mg/kg(0.33 9.29ppm), with an average of 38/mg/kg(3.78 ppm)Hall et al., 2001).

Based on data collected between October 1988 and December 1991 across Mosquito Lagoon,
WoodwardClyde Consultants (19@4reported a monthlgnean TKN range from 0.62.43

mg/L (0.62 1.43ppm). TKN washigher in thewvet season (1i2.5 mg/L; 1.2 1.5ppm)

compared to the dry season @20 mg/L; 0.71 1.0 ppm), and overall TKN values were highest

at the southern end of the lagoon during wet and dry seasons (WoeddhydedConsultants,

1994). Using data from six wateuality stations in CANAgathered between 1991993, Hall

etal. (2001) reported mean TKN values@84 mg/L(0.84 ppm) with a range of 0.0%.04

mg/L (0.05 3.04ppm). The approximate TKNevelsat the 16 Mosquito Lagoon sites

documented b¥roening(200) for 1999 2003 ranged from 0.588 mg/L(0.56 38 ppm); 90%

of reported valuewere<1.43 mg/L(<1.43ppm)

From 19911993 Hall etal. (2001) found mean values of 0.06 m@d.06 ppm)NOs, 0.01 mg/L
(0.01 ppm)NO,, and maximum recorded values of 0.31/m.31 ppm)NOs and 0.02 mg/L
(0.02 ppm)NO;, at their six study sites across Mosquito Lagdtmening(2008) reported
results consistent with those results published by Hall. €001) for NQ concentrations
finding mean values Mosquito Lagoon kgveen 0.012.8 mg/L; 90% of reported valuesere
<0.02 mg/L for 19982003.

Figures4l and42 present yearly means of TKN from 192007 at IRLV17 and ILRMLO2 for
the dry and wet seasartSgures43 and44 present yearly means of NO r o m 2D@6 %t6
IRLV17 and IRLMLOZ2 for the dry and wet seasoMhile interannual variations should be
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Mean Total Kjeldahl Nitrogen (mg/L) - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

m IRLV17 mIRLMLO2

2007 0.782

2006 0.789

2005 0.797
2004
2003
2002
2001
2000
Year 1999
1998 2.283
1997
1996
1995

1994

1993
1992 1.510

1901 1.250

1990 1.550

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Mean Total Kjeldahl Nitrogen (mg/L)

Figure 41. Wet season mean total Kjedhal nitrogen (mg/L) from 1990 2007 at IRLV17 and IRLMLO2
(Figure 34). 1 mg/L =1 ppm.
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Mean Total Kjeldahl Nitrogen (mg/L) - Dry Season
1990 - 2007 at IRLV17 and IRLMLO2

m IRLV17 mIRLMLO2

2007

2006

2005

2004

2003

2002 1.449

2001

2000

Year 1999 1.568

1398 1.694

1997 1.325

1996 1.294

1995

1994

0.732
1993 0.940
1992 1.004

1991 0.957

1990 1.129

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

Mean Total Kjeldahl Nitrogen (mg/L)

Figure 42. Dry season mean total Kjedhal nitrogen (mg/L) from 1990 2007 at IRLV17 and IRLMLO2
(Figure 34). 1 mg/L =1 ppm.
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Mean NO, (mg/L) - Wet Season
1996 - 2005 at IRLV17 and IRLML02

m[RLV17 mIRLMLO2

2005
0.042
2004
0.024
2003
0.023
0.048
2002
0.021
0.013
2001
Year 0.011
0.009

2000

0.007

0.002
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0.004
0.067
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0.005

0.002
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0.005
0.009
1996
0.025

-0.010 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080

Mean NO, (mg/L)

Figure 43. Wet season mean NO, (mg/L) from 1996 2005 at IRLV17 and IRLMLO2 (Figure 34). 1 mg/L =
1 ppm.
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Mean NO, (mg/L) - Dry Season
1996 - 2005 at IRLV17 and IRLMLO2
®IRLV17 mIRLMLO2
2005
0.023
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0.027
0.027
2003
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0.009
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Figure 44. Dry season mean NO, (mg/L) from 1996 2005 at IRLV17 and IRLMLO2 (Figure 34). 1 mg/L =
1 ppm.
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expected in a complex estuarine system, it is clear that there is a spatial heigrégemkKN

between northern and southern CANA water with significantly high@.Q%) concentrations in

the south. NQtends to be more homogeneous and the few exceptions of observed significant

di ffer ences,conpedttatiofsHdtweenrtheutiv@nd north do not appear to follow

any seasonal or other pattefimeinter-annual variation in NQis most likely due to shore

effects of the IRLV17 data collection station near the population center of Oak Hill as compared

to the @en water station aRLMLO2. These findings are consistent with the findings of Hall et

al. (2001) andKroening(2008) and do not identify an obvious upward or downward trend for

overall TN concentrations in CANA surface watiéiis worth noting that there were significant
downward trends for TKN in theatlRlei7. (UOO0.01) a

The amount of dispersed atmospheric nitrogen deposited by precipitation, aerosols, and gases
may be a future concern for CANA surface water as it is forecast to continwedase

throughout North America (Bigelow, 1984). Monitoring of atmospheric deposition in the CANA
region is conducted by the SIRWMIQr the past few yeayand the National Atmospheric
Deposition Program (NADPY.he NADP monitoring station (FL 99) is cle$o CANA is

located on the grounds of the neakfyC, and is part of the National Trends Network (NTN).
Samples have been analyzed for several paramigteltgling NG, NH,", and TIN since 1983
(Table B). At the time of this writing, 2008 data ateetmost recent that are available.

Increasing trends in the data over the long term are eiEgnires4s, 46, and47); however,

recent years may show a slight downward tréieep hr ase A Cr i teri a Not Met
indicates that the data were ndeguate to characterize the summary period.

Phosphorus
Like nitrogen, phosphorus is an essential element necessary for life. While phosphorus is often

the limiting nutrient in freshwater systems, estuaries typically have a different chemistry.

Redfield raios (TN:TP) were calculated ¢roening(2008) based on data collected from 1999

2003. Values ranged from 11.55.1; approximately 96% of values we@{Kroening 2008),

which he considered the fAcutoff valwuedo for P

The Redfieldratios compute for calculatingl Sl in the present assessment were>all Slightly
different criteria wereisedto determire nutrient limitation by FDEP (1996; 201(Ratios<10
indicatednitrogenlimitation, >30 indicatedphosphorudimitation, and ratios between 103
indicated celimitation. The FDEP criteriavereused inthis nutrient limitation assessment.

Point sources of phosphorus near CANA are, like nitrogen, potentially numerous and may arise
from various industrial processes within the watershed. Nonpainte®of phosphorus near

CANA may be allochthonous and include submarine groundwater discharge from OSTDS and
direct runoff containing both organic phosphorus of terrigenous origin and inopjersphate

(PO,®) from agricultural and domestic fertilizepplications. Zimmerman et al. (1985) described
SRP fluxrates in Mosquito Lagoon of 290 x 16 g/m?/d from submarine groundwater

discharge. Autochthonous nonpoint sources of phosphorus typically include direct deposition by
plants and animals, atmosphetEposition, an@rosionprocesses. The NADP does not collect
PO, deposition data at KSC.

TP showssignificant spatial variation within Mosquito Laggghosphorus concentrations were
consistently greater in the northern parth@ hgoon near Ponce gtlthan at the southern end of
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Table 15. Average annual atmospheric deposition of NH3, NOs, and TIN in kg/ha from 1983 2008 at
National Atmospheric Deposition Program monitoring site FL99 at Kennedy Space Center. 1 kg/ha = 0.9
Ibs/ac.

NH; NO; TIN

Year
(kg/ha)  (kg/ha)  (kg/ha)

1983 0.45 5.12 1.51
1984 0.88 5.64 1.96
1985 0.58 6.43 1.91
1986 0.43 5.97 1.68
1987 1.25 9.53 3.13
1988 0.64 6.39 1.94
1989 1.82 9.01 3.45
1990 1.11 9.75 3.07
1991 1.47 9.88 3.37
1992 1.27 11.08 3.49
1993 0.86 6.6 2.16
1994 1.21 10.17 3.24
1995 2.18 12.09 4.43
1996 1.52 104 3.53
1997 1.81 15.67 4.95
1998 1.11 8.97 2.89
1999 1.83 13.58 4.49
2000 0.87 6.85 2.22
2001 1.7 11.51 3.92
2002 1.3 9.29 3.11
2003 1.55 9.13 3.27
2004 5.27 13.7 7.19
2005 1.66 9.78 3.5
2006 0.89 6.56 2.17
2007 1.12 8.22 2.73
2008 0.98 8.74 2.73

the lagoon for 1992003 Kroening 2008). From 19911993 TP average 0.09 mg/L (0.09
ppm) with a range of 0.08.25 mg/L(0.02 0.25ppm)(Hall et al., 2001). The USGS
documented similar butightly lower values during 1992003 reporting a rangef

<0.04 0 .mg/k (<0.04 0.55ppm) andd0% of values <0® mg/L (<0.08ppm)(Kroening
2008).Thehighest concentratioredf TP occurredbetween April and December and lowest
concentrationgccurredbetween January and Mardkroening 2008).The TP concentration in
the southerlCANA region(ML 3i 4) dropped in 200 and has remained low for the lastyt®
(FDEP,201().

Based on data from IRLV17 and IRLMLO2 in the wet and dry seasons betweer200%0

(Figure48and Figured9) , signi ficantly higher conoccarntr at i
in the north near the population center of Oak Hill at IRLV¥hile there isno significant
difference (pO0.05) in TIkdueto thesporadicmatureafthes f r om
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NADP/NTN Site FL99
Annual inorganic N wet depositions, 1983-2008
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Figure 45. Trend in average annual atmospheric deposition of inorganic nitrogen in kg/ha from 1983
2008 at National Atmospheric Deposition Program monitoring site FL99 at Kennedy Space Center. 1
kg/ha = 0.9 Ibs/ac.

NADP/NTN Site FL99
Annual NH4 wet depositions, 1983-2008
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Figure 46. Trend in average annual atmospheric deposition of ammonium (NH,4+) in kg/ha from 1983
2008 at National Atmospheric Deposition Program monitoring site FL99 at Kennedy Space Center. 1
kg/ha = 0.9 Ibs/ac.
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NADP/NTN Site FL99
Annual NO3 wet depositions, 1983-2008
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Figure 47. Trend in average annual atmospheric deposition of nitrate (NO3) in kg/ha from 1983 2008 at

NADP monitoring site FL99 at Kennedy Space Center. 1 kg/ha = 0.9 Ibs/ac.

collection and the resultant discontinuities in the da@ IRLV17 and IRLMLO2, it is difficult

to characterize the apmat anomalies

Carbon

Few data exist for the total organic carbon (TOC) content in or near the CANA region of

Mosquito Lagoon. Hal | et al

(2001)

reported

0.24/20.8 mg/L (0.2420.8 ppm), with an average of 2.63 in@2.63 ppm). TOC data from
IRLV17 and IRLMLO2 are presented for the 1992607 wet and dry seasons in Figurésabd

51. TOC concentrations are

significantly

great

station, which is in open water (IRLML02), thdre nearshore station (IRLV17). Increased
bottom resuspension in the southern lagoon from wind mixing in the open water is likely the

cause of the difference.

Chlorophvll

Chlorophyll is a photoreceptive molecule occurring in planktonic and benthic orgaarsl is
naturally found in several different varieties, the most comis@l-aand ChlorophyHb (Chl-

b). In aquatic system&hl-b is found mainly inSAV; Chl-ameasurementrebetter for

guantitatively estimating the abundance of the plankton corntynun

The type of chlorophyll found in plankton varies with spedies all types absorb specific
wavelengths of light in complementary ways. The structure of the planktonic community across

the IRL sysem can vary from year tgear;howeverdiatoms wee the dominant algeby

biovolume in Mosquito Lagoon from 1997999 (Badylak and Philip2004).
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Mean Total Phosphorus (mg/L) - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

m IRLV17 mIRLMLO2
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Figure 48. Wet season mean total phosphorus (mg/L) from 1990 2007 at IRLV17 and IRLMLO2 (Figure
34). 1 mg/L =1 ppm.
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Mean Total Phosphorus (mg/L) - Dry Season
1990 - 2007 at IRLV17 and IRLMLO2
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Figure 49. Dry season mean total phosphorus (mg/L) from 1990 2007 at IRLV17 and IRLMLO2 (Figure
34). 1 mg/L =1 ppm.
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Provancha edl. (1992) repord that Chlaconcentrations in the southern Mosquito Lagoon were

Al ow, 0 i ndicating primary pr oduwastpiinarityfromn t he s
SAV. The greatest CHd values in Mosquito Lagoon oceednear the major population centers

where nutriat loadingis greatestAlthough the USGS$eported no significant (p=0.86 spatial
heterogeneity of Ckh in Mosquito Lagoon,gaksin Chl-aand TPoccured in the area between
Edgewater and Oak Hill (Woodwar@lyde Consultants, 1984 Kroening, 2008). Ckh

concentrations ramgifromQLi9 0 2 € ©902ppb);90% of valuesvereOL 0 (gD L

ppb). Chtaconcentrations were highest in the wet season when TP levelsiglesnd the

water was warntheideal conditions for the growth of phytoplanktdfrgening 2008).

Chl-avalues publieed in a separate study show simikesults for 19911993 with an average

val ue of 10. 3 4ndagigéf2.70150.. 340 (2EF@HSB.10ppb) andooth

extremes occurring in 1992 (Hall et al., 20(HDEP (2010) reported Clalaverages for the

southern ad northern regions of Mosquito Lagorom data collected between 1982 00 8

be 7.9 ug/L(7.9 ppb)and 5.7 ug/L(5.7 ppb) respective y . Bet ween -2lével91 200 8,
were typically<7 ug/L (<7 ppb),rangingof4.27 9 . 9 4wg9 L9 ( @mmpdannual averagend
generally indicating a mesotrophic trophic state condition.

Mean yearly Chlaconcentrations in CANA surface water from 192007 at IRLV17 and
IRLMLO2 for the wet and dry seasons are presemé&iguress2 and53. With the exceptin of
the dry season at IRLMLO2, there is a significanireasing trend in Glalconcentration in
CANA water. TheSIRWMD Chiadata are limited and relatively few instances of significant
differences (@0.05) between the two data lemition stations wer observed-However, it is clear
that there is a reversal between seaswiib IRLV17 higher in the wet season and FRRL0O2
higher in the dry season. Thecreased nutrient loading from seasonal stormwater runoff from
the town of Oak Hill during the wet asonmay be the cause of the reversal

Dissolved Solids

The physical and chemical properties of estuaries are equal to those of seawater diluted with pure
water (Millero, 1975). Whereas salinity of seawater is a measurement of the total amount of
dissolvednorganic components in water, the measurement of total dissolved solids (TDS)
guantifies the amount of inorganic salts, organic medtet all other dissolved materials in

water, and is determined by gravimetric means.

A less expensive and more efficieiternative to filtration is the measurement of electrical
conductivity which may be used as a surrogate for the more precise gravimetric method
(Thirumalini and Joseph, 200 owever, the relationship between TDS and conductivity is not
the same forlanatural waters and can be highly variable within a given system (Thirumalini and
Joseph, 2009).

Units vary but conductivity is typically reported as specific conductance in units of conductance
(Siemens) per distance (cnv)alues have been convertedw&/cm from various other units

( € mhos/ ¢ m,)tobetér compareavithanits in tiECN dataset for specific

conductivity whichisin mS/cm(Table16).

Hall et al. (2001) reported a range of specific conductance measurements for the Mosquito
Lagoon from 39.9 mS/cm in 1992 to 59.9 mS/cm in 198&al dissolved solidaveragd
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Mean Total Organic Carbon (mg/L) - Wet Season
1996 - 2007 at IRLV17 and IRLMLO2
®RLV17 ®IRLMLO2
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Figure 50. Wet season mean total organic carbon (mg/L) from 1996 2007 at IRLV17 and IRLMLO2
(Figure 34). 1 mg/L = 1 ppm.
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Figure 51. Dry season mean total organic carbon (mg/L) from 1996 2007 at IRLV17 and IRLMLO02
(Figure 34). 1 mg/L =1 ppm.
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Mean Chlorophyll-a (pg/L), - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

m RLV17 mIRLMLO2
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Figure 52. Wet season mean chlorophyll-a (ug/L) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34). 1
pg/L =1 ppb.
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Mean Chlorophyll-a (pg/L), - Dry Season
1990 - 2007 at IRLV17 and IRLMLO2
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Figure 53. Dry season mean chlorphyll-a (ug/L) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34). 1
pg/L = 1 ppb.
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Table 16. Mean seasonal specific conductivity (mS/cm) at the Southeast Coast Network (SECN)
monitoring station at Canaveral National Seashore from 2005 2009.

MEAN SEASONAL SPECIFIC CONDUC
SECN MONITORING STATION

CANAVERAL NATIONAL SEASHORI
(SUMMER 2005 - WINTER 2009)
Mean Specific
Year Season Conductance (n=)
(mS/cm)
Summer 47.3 2733
Fall 43.6 3122
2005-2006 Winter 48.1 989
Spring 61.7 1231
£088 Summer 55 3568
Spring 54.6 2565
2007 Summer 56.7 3088
Fall 50.5 3668
2007-2008 Winter 51.6 2702
Spring 58.5 4414
2008 Summer 58.1 2812
Fall 515 4368
2008-2009 Winter 53.4 2420

2005

32612mg/ L (33. 6a) , 960 eng/ld i2r6 ga 1991 to 40,220 ng/[ 4 O i@ 1993
(Hall et al., 2001). Specific conductance and TDS were both comparatively lower at the southern
end of Mosquito Lagoon than in the north (Hall et al., 2001).

The dominant dissolved ions in Mosquito Lag@mcounting for its conductivity capacity are
calcium, magnesium, sodium, potassium, sulfate, and chloride (Kroening, 2008). The most
common anion and cation dissolved in Mosquito Lagoon water is chloride and sodium
(Kroening, 2008). USGS reported values éhloride in Mosquito Lagoon ranging from

15,000 23,000 mg/L( 1 51 2aBd¥dlues for sodium ranging from 5004,000 mg/L

(0.51 144 ) (Kroening, 2008). Using data from 1978, Menomlef1979) report C4 ranges

from 325 mg/L(325 ppm)in February to 419 giL (419 ppm)in December and Mg ranges
from 1,086 mg/L{ 1 . 0 &6-ebjuaryto 1,694 mg/L 1 . 6 N4uly)

From 19911993,sulfate §Oy) throughout Mosquito Lagoon ranged frop@@0 7,140 mg/L,
averaging B60 mg/L (Hall et al., 2001 )Sulfate was foudh to vary seasonally and spatially in
Mosquito Lagoonreported values raegfrom 1,195 23,000 mg/l.although the maximum
value may be in error (Kroening, 2008).
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Water Clarity
Clarity is one of the most important water quality parameters since it regligtit attenuation

in the water column andhereforethe overall productivity, diversity, and richness of an aquatic
system. The factors determining water clarity are numerous and complex and thus necessitate a
variety of approaches. This section assgeshe clarity in the CANA region of the Mosquito

Lagoon using the following measured parameters: coloUjPturbidity (NTU), Secchidisk

depth EDD), total dissolved solids (mg/L), and total suspended solids (ng&gsurements of

color, turbidity, aul total suspended solids (TSS) in Mosquito LagooGANA reflect a

seasonal pattern that is likely influenced by humic acids leached from adjacent wetlands
(Kroening 2008).

There are many physical factor s itytepgnetfatalni ng t h
an IRL-wide study conducted in 2003, 5878% of light attenuation was attributed to the

presence of tripton (nealgal, suspended, particulate matter) and inorganic solids (Christian and
Sheng, 2003). The authors also report triptamceatration was related to wind speed.

Color

The USGS reported water color valuesNsquito Lagoon ranged from <075 platinum
cobaltunits PCU), with 90% of those values being <21 PAKidening 2008). Seasonal

coloration is consistent with runoff kome, and the greatest color tends to occur at the end of the
wet season between October and Decentfr@efiing 2008). InHall et al. (2001,)based on a
four-year average from 1996 2000, Mosquito Lagoon color was reported to range fré?@b

to 50 PCU.Data from IRLV17 andRLMLO2 confirm the findings of higher color in the wet
seasor{Figuress4 and55).

Turbidity
Turbidity measurements quantify the extent to which light is scattered by particles suspended in

the water columnSuspended particles argpically a combination of inorganic and organic
materials along with amorphous conglomerations of highly variable size and shape (Trefry et al.,
2005). The positive relationship between turbidity, light attenuation, and the health and
abundance of seagsbeds is well documentidhe moreturbidity, thegreaterthe potential for

light attenuation (Steward et al., 2003; Morris and Virnstein, 2004; Steward et al., 2005). FDEP
(2010), through pringial component analysis, fourttat although chlorophyll isery important,
turbidity is the dominant constituent affecting light attenuation in Mosquito lagoon.

Turbidity is commonly quantified in nephelometric turbidity units (NTU) using a nephelometer.
While nephelometry is satisfactory for determining how aidoparticular sample is, the use of
Secchi disk depthSDD) to measure turbidity has the advantage of integrating turbidity over
depth where stratification of the water column can result in several layers of variable turbidity.
Although SID is usually stongly correlated with turbidity, it also reflects color and can
therefore be an inaccurate measure of turbidity in colored waters.

As with other parameters regulating light attenuation, turbidity usually exhibits seasonality with
the lowest clarity in thewet season anithe highest in the dry season. Figub&sand57 present
mean yearly values from 1999007 at IRLV17 and IRLML@ for the wet and dry seasons.
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Mean Color (pcu) - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2
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Figure 54. Wet season color (pcu) from 1990 2001 at IRLV17 and IRLMLO2 (Figure 34).
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Mean Color (pcu) - Dry Season
1990 - 2007 at IRLV17 and IRLMLO2

mRLV17 mIRLMLO2

12.0
12,5

2007

13.9

2005 233

15.5
2004
2003
2002
2001
2000
1999

Year

1998 22.1

1997
—_ 24.2
1995
A% 32.5
1993

— 13.5

el 23.8

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Mean Color (pcu)

Figure 55. Dry season color (pcu) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Figure 56. Wet season turbidity (NTU) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Mean Turbidity (NTU) - Dry Season
1990 - 2007 at IRLV17 and IRLML0O2
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Figure 57. Dry season turbidity (NTU) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Turbidity in Mosquito Lagoon is also highest near the major population centers of New Smyrna
Beach and Edgewater (Wawmdrd-Clyde Consultants, 1994€3s expected, SD measurements

also exhibited lowst values (worst clarity, with ranges ofil.83 . 3 11.3 m])finGhe wet
seasonandhigket val ues (better c| aiilb5tn)dunngthédryr anges
season (Woodwar@lyde Consultants, 19841 Mean SID measurements for the period 1990

2007 aiRLV17 and IRLMLO2 for the wet andry seasons are presented in Figi&and59.

The 10year average for turbidity in Mosquitagoon was & NTU, which is higher than most
other areas in the IRL (Steward et al., 2003).

SECN monitoring station data evaluated for this assessment in@dd&t#t measurements of
turbidity, of which 83.7% were25 NTU, but only 35.2% wer€6 NTU. The overall median
turbidity was approximately 9 NTU (r35205). Given the discontinuities in the SECN data set
and the consequent variation in cardinality with respect to the wet and dry seasons, overall
median and average turbidity values amoréed by season in Tall& and further divided by
year and season in Tald8. Median values are approximases actual measurements were
rounded to the nearest whole number prior to counting.

Table 17. Mean and median seasonal turbidity at the Southeast Coast Network (SECN) monitoring
station at Canaveral National Seashore from 2005 2009.

MEAN AND MEDIAN SEASONAL TURBIDI®
SECN MONITORING STATION, CANAVER
NATIONAL SEASHQORHBVMER 2005 - WINTER 2009

M Turbidity Median Turbidit
Season Mean Turbidity Median Turbidity

(NTU) (NTU)
Winter 6.2 3
Spring 26.2 7
Summel 24.1 15
Fall 19.9 12

Suspended Solids

Given the importance of light attenuation in regulating the health and abundance of seagrasses
(Steward et al., 2003), Florida Tech conducted a study for SIRWNIDguantify the

relationship between turbidity and TS% characerize the components of TSS that attenuate

light in the IRL, 3) develop statistical relationships between light attenuation and the key
components of TS&nd4) identify the sources of the TS&aterial(Trefry et al., 2005).
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Figure 58. Wet season Secchi disk depth (m) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Mean Secchi Disk Depth (m) - Dry Season
1990 - 2007 at IRLV17 and IRLML02
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Figure 59. Dry season Secchi disk depth (m) from 1990 2007 at IRLV17 and IRLMLO2 (Figure 34).
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Table 18. Mean and median turbidity by year and season at the Southeast coast Network (SECN)
monitoring station at Canaveral National Seashore from 2005 2009.

MEAN AND MEDIAN ANNUAL TURBIDITY
SECN MONITORING STATION, CANAVERAL NAT

SEASHOREBUMMER 2005 - WINTER 2009)

Mean Turbidity Median Turbidity 0
(NTU) (NTU) (n=
Summer 21 18
Fall 32.9 14
2006 Spring 116.8 59
Spring 3.4 3
2007 Summer 25.4 11
Fall 18.3 12
2007-2008  Winter 7.5 4
Spring 17.4 9
2008 Summer 25 14
Fall 13 11
2008-2009  Winter 4.3 2

Year Season

2005

Data were gathered from 2004 affive locations in Mosquito Lagoon, one of which was
within CANA in the southern reach of the lagoon near Haulover Canal. In 2007, the same team
conducted a similar study the CANAregion of the Mosquito Lagookising data from Trefry
(2005) along with data collected in Mosquito Lagoon in 208@07, the authors derived the
following statistical relationships between TSS concentrations (on glass fiber filters) and field
measurements of turbidity and the photosynthetically active radiation attenuation coefficient
(Kpar) (Trefry et al., 2007):

TSSsr (as mg/L) = 1.72 (Turbidity as NTU) + 0.81 (Eq. 9)
TSSer (as mg/L) = 11.2 (Karas mY) i 0.5 (Eqg. 10)
Turbidity (as NTU) = 71 (Kparas mY) i 1.3 (Eq. 11)

The seasonality of TSS (increased amounts present in the wet season and decreased amounts
present in the dry season) has been confirmed many times (HgJI2801;Trefry et al., 2005

2007 Kroening, 2008)Total suspeded solidsvere relatively constant during the dry season

and variable in the & season (Hall et al., 2001).

Total suspended soligdgerehighest near the major population centers of New Smyrna Beach

and Edgewater (Woodwadlyde Consultants]994e).Turbidity is less of a problem south of
Haulover Canal, but of concern to the north. Data collected in 2006 indicated high
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turbidity at seven 016 sample locations in Mosquito laggaix of the seven locationgere
north of Haulover Canal (Trefry et al., 2007).

Hall etal. (2001) also quantified TSS in Mosquito Lagoon using dgthered between 1991
1998. TSS averaged 61.49 mg(&1 ppm)and ranged from 16.0 mg{lL6 ppm)in 1993 to 350
mg/L (350 ppm) in 1992 (Hall et al., 200The same study fourtlat TSSwaspositively
correlated at varyinggvels of statistical significance with salinity, conduitliyTDS, TKN,
NOy, and concentrations of several trace metatdudingaluminum Al), silica (Si), calcium
(Ca), iron (Fe), andsulfate SOy (Hall et al., 2001). Kroenin@2008) reported TSS
concentrabns ranging for the period 1992003 from 5113 mg/L( 5T 1 1 3 with $0%$61
mg/L (61 ppm)(Kroening 2008).

TheTSS composition is highly variable and reflects a diverse mix of organic and inorganic
particulats. Overall, TSS in Mosquito Lagoon was derived from approximately half organic and
half inorganic mateals A chief problem causing light attenuation in the IRL was creek runoff
containing aluminos$icates (Trefry et al., 2005Rarticles were responsible for approximately
95% of light attenuation in the IRwhile aluminosilicates accousd for 67% of light

attenuation in Mosquito Lagoon (Trefry et al., 2005; Trefry et al., 2007). Tredly(007)

provide an indepth chemical analysis of the organic and inorganic constituents of TSS at
CANA. Table19is based on Trefry ell. (2007) aad summarizes the compositiohTSS at

CANA. Figures60 and61 show mean annual TSS data from 198107 at IRLV17 and

IRLMLO2 for the wet and dry seasons

Table 19. Total suspended solids (TSS) percent composition and origin description in the Canaveral
National Seashore (CANA) region of Mosquito Lagoon.

TSS COMPOSITION AND ORGIN IN CANA SURFACE WATEF

TSS Description TSS %
Terrigenous Origin 18

Produced In Situ 20

Aluminosilicates (clays) 50

Other inorganics such as biogen
exoskeletons and amorphous 12
silicate particulate

Contaminants and Pollutants

Little data for organic pesticides and trace elements are available for the Mosquito bagjioon
Available pesticide data generally cover compoundsimoisefrom 1990 2002 (Kroening

2008). The hydrophobicity of these compounds and their tendency to bioaccumulate or partition
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into sediments make it unlikely that evidence of historical pesticide use would be found in
Mosquito Lagoon water today.

Pesticides

The 2001 Canaveralational Seashore Water Resources Management Plan summarizes the
history of pesticideisein the Mosquito Lagoon basin. Chemgabe included diesel fuel
(19308 1980s), DDT (194Q€1960s), and other chlorinated compoursigh as dieldrin and

BHC (from he1940s) (Walters et al., 20014.study by Florida Tech in the 1970s reported
common use of pesticidesuch as ethion andalathion in and around Mosquito Lagoon
(Lasater, 1974). The use mhlathion was discontinued in 1989 in response to new NPS
regulations FDEP, 2009).

The Baseline Water Quality Data Inventory and AnalydiBSg 1996) lists 13 pesticides

detected in CANA waters between 1975 9 8 4 ,  endosulfanehdosutfarelpha,

endosulfan Beta, ¥~ DDD, P-P DDE, lindane chlordane, DDTdieldrin, endrin,toxaphene,
heptachlor, antheptachlorepoxide. Only 23 observations were conducted for these compounds
and all werébelowtheir respective EPAnandated marine acute criteridRS 1996).

Schmalzer eal. (1992) detectetenzo(a)anthrecenbenzo(b)fluoranthenenapthalene, and
pyrene in Mosquito Lagoon sediments. In a later stbhdgzo(a)anthracenbenzo(a)pyrene,
chrysenejndeno(1,2,3cd)pyrene were also detected (Schmalzer et al., 2000). In K3 uito
Lagoon was sampled by USGS and analyzed for 20 pestiardetheir common degradants.
The only pesticide detected was alpha hexachloroberfzene2 4 ; 1eppb) Rolychlorinated
biphenyk (PCB) werebelowthe reporting limit of 0.1 mg/k@L ppm)(Kroening, 2008).

Metals

Chemical equilibrium plays a dominant role in fixing the different phases of metal
concentration# situ (Menon et al., 1979)onic strength of water, pH, and temperature play as
dominant a role in determining the availability of trace metals as the concentrations of the metals
and their variousoordinating ligand&or exampl e, Mosquito Lagoon?os
particularlyin winter, inhibits releasef trace metals from sedimether factors controlling

the partitioning of metals between sediment and water include salinity, redox potential, the
amount and type of organic material present, particle grain size distriutiofogical activity,
physical mixing, and temperature (Halla., 2001).The primary mechanism for the release of

trace metals from estuarine sediments may involve the competition between the trace metal and
major cations (C% and Md?) for ion-exchangeable sites inesliments (Menon et al., 1979).

Menon et al(1979) sampled eight sites along the western shore of the southern Mosquito
Lagoon five times during 1978amples were analyzed fmnc (Zn), manganese\n),

cadmium Cd), andcopper Cu); the mechanisms by which they may be released fedments

were evaluatedl'he concentrations of the metals exhibited seasonal variations in rates of release
from sedimentsGenerally, release was inhibited in winter and promoted in the suofr@77

(Menm et al., 1979)Mn in water peaked in mitMarch at >4mg/L (>4 ppn) and in sedimenit

peaked in early January<b mg/L &5 ppm).Cd peaked in water in June@B8 mg/L 0.3 ppm),

and in sedimentat 0.5 mg/L (0.5 ppm¥Xu peaked in December in waterdasedment between

2.5 3.0 mg/ LZn(pRakel in January ip gedment@aimg/L @5 ppn), and in
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Mean Total Suspended Solids (mg/L) - Wet Season
1990 - 2007 at IRLV17 and IRLMLO2

m [RLV17 m IRLMLO2

29.8
2007 43.8

2006 32.4
2005
2004
2003

2002 37.3

2001

2000

Year 1999 I3 86.6

1998 38.4

1997 55.7

1996

1995

1994
1993
1992 28.5
1991 13.8

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0

Mean Total Suspended Solids (mg/L)

Figure 60. Wet season total suspended solids (mg/L) from 1990 2007 at IRLV17 and IRLMLO2 (Figure
34). 1 mg/L =1 ppm.
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Mean Total Suspended Solids (mg/L) - Dry Season
1990 - 2007 at IRLV17 and IRLMLO2

m[RLV17 mIRLMLO2

2007

2006 29.2

2005
2004
2003
2002

2001

34.9

2000 34.5

Year 1999 222 67.6

1998 32.4
1997
1996
1995

1994

1993 49.0

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0

Mean Total Suspended Solids (mg/L)

Figure 61. Dry season total suspended solids (mg/L) from 1990 2007 at IRLV17 and IRLMLO2 (Figure
34). 1 mg/L =1 ppm.
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water in August a25 mg/L @5 ppmn). With the exception of Mn, metals had the lowest
concentrations in winter and highest in summer (Menon et al., 1979).

Provancha et a(1992) reported elevated levelsiain (Fe) but described their occurrence as
potentially natural.Silver (Ag) was reported to be several orders of magnitude higher than

all owed by the state of FI| omdtdeaadttors @escpbe Ag, me n t
Fe, andaluminum Al) as being consistently in excess of sta@ndated requirements

(Provancha et al., 1992).

A detailed account of the sediment sources of trace metals to Mosquito Lagoon water can be
found in Schmalzer &tl. (2000).In that study, 51 sites were evaluated, 10 of tviere within
CANA boundariesThe authors analyzed 24 trace metal parameters and reportechdetécti
calcium Ca), Fe,lead Pb), magnesiumiIg), potassiumk), sodium (Na), antimony §b), and
thallium (Tl); thatbarium @4a), Cd,chromium Cr), cobalt Co), mercury (Hg)vanadium ¥n),

and Zn were consistently below detection limits (Schmalzer et al., 2000).

The most recent information available on trace metals in Moshjagoon water comesdm
USGS.Based on data compiled from eight sites between 1978 and 2002, they reprdeht
(As), Cd, Cr, Cunickel (Ni), and Zn were detected periodically in Mosquito Lagamfese
water (Kroening, 2008}g, however, was not detected in Mosquitmbon surface water
(Kroening, 2008).

In 2001, Hall etal. (2001) reported thakg, Al, Be, B, Cr, Cu, Fe, Ni, Pb, and Zas well as
several more common cations, had all been detected at least once in Mosquito Lagaen surf
water between 1991993.Detected concentrationas reportedor these metals (Schmalzer et
al., 2000; Hall et al., 200Kroening 2008)and their respective Class Il water quality criteria as
currently defined iFAC 63.202.500, are summarized in Table

Hydrocarbons

Little data exist in the literature for the hydrocarbon content of Mosquito Lagoon surface water.

In 1992, Provancha et.4l1992)reported phenol concentrations consistently in excess of state
mandated criterighowever, these high concentrations weréelgetl to be naturally occurring.
Halletal( 2001) reported aver agelnppltwitharhngewhh | ues of
43.81399. 0 ¢ g folsan{pksicoll8cte®betpvged )p3993 Greases and oils

ranged in concentration from 01536.0 mg/L( 0 . 5 1 8 ®@ith prpaneyage value of 3.8ig/L
(3.3 ppm)(Hall et al., 2001).

Microbial Content

Enterococci bacteria are the recommended indicator organism to determine the suitability of
marine waters for recreatioRPA, 1986). Various methods of quantifying the coliform content
of water compliate an assessment such as thisorically two methods have been commonly
employed They arethe determination of the most probable number (MPN) of coliform and the
determination of the number of colony forming units (CHBRthare typically reportedgy 100

mL of water but can vary greatly from eaatter within a single sampl&his intrasample
variability is not caused by human error or differing laboratory procedoméss a consequence

of the probabilistic basis for calculating MPN (Gronewold &violpert, 2008).
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Table 20. Trace metal concentrations in Mosquito Lagoon water from various agencies between 1979
2002 and Class Il water quality criteria (FAC 63.202.500). NR = Not Reported. 1 mg/L = 1 ppm; 1 pg/L =
1 ppb.

Number of Reported Class Il

Metal Detections Concentration Criterion Units
Ag” 53 1.07° O 2.3 egl/
AN 59 0.54" O 1.5 mglL
As™ A NR 3.67 500 O 50 eg/
B* 71 2.96 ARA mg/L
Be” 30 0.27 227 O 0.13 eg/
cd” 44 1.28 <8.8 eg/
crt 54 0.03" ARA mg/L
cu® 14 50" O 3.7 ¢egl/
Fe® 44 0.5 O 0.3 mglL
Ni® 22 100° O 8.3 egl/
Pb" 19 100° O 8.5 &g/
zn*? NR 07 310 O 86 egl/

" “Hall etal., 2001
A% Kroening, 2008
A% "Class Il Criteria do not exist
" Average of all detected concentrations
Range of concentrations detected between 1984 2002
" Range of concentrations detected between 1991 1992

With respect to fecal coliform bacteria, the alible bacteriological content of Class Il Florida
waters is described in Florida Administrative
exceed a median value of 14 with not more than 10% of the samples exceedmgeXk8ecerd

800 on anAitermatively, EPA y1986) recommends that enterococci counts should not
exceed a geometric mean of 35 CFU/100 mL based on at least five samples collected-over a 30

day period, or that the count of a single sample should not exceed 158 CFU/100 mL in waters
modeately used for recreation.

The Florida Department of Agriculture and Consumer Services (FE)Al@ssifieswater bodies

for shellfish harvestg and issues daily status reports of al@s and openings. Shellfish

harvesing in the southern twahirds ofMosquito Lagoorfrom Three Cabbagslandto Pelican

Islandi s cl assi fied #fApprwhiesodtoofPeticanistahdasl | f i sh har\
A Pr o hivbvv.flosidhaquaCulture.com/pdfmaps/80.PEFDACS,1997). Thenorthern

extent of CANAlimits in Mosquib Lagoon from Three Cabbage IslaondShipyard Islands

generallyc | assi fi ed as @ Consdlianddoonal |y Approved Zon
(www.floridaaquaculture.com/pdfmaps/82b.PHIFDACS, 2000)In 2009, FDACS revised

classifications and boundaries for shellfish manag@@andincorporated the National Shellfish

Sanitation Program standards

Conditionallyapproved zones and 2may experiencelosuresdue torain eventsand/or ifthe
threshold forfecal coliform median or geometric mean excebti MPN/100 mland morehan
10% exceed 43 MPN/100 m{FDACS, 2009)Zone 2area are generally in open water any
be closed for shellfish harvesting when twe-day cumulative rainfall at the WWTP in
Edgewater exceeds 4.08(10.2 cm) while zone lalong the western shoréthe north
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Mosquito Lagoon in CANA may closghen thetwo-day cumulative rainfall at the Edgewater
WWTP exceeds 1.15ahes(2.9 cm)(Kroening 2008).

Shellfish harvesting in thersall linearareas along the west sharlassifieda s fiCondi t i onal
Restri¢ e k@uirea special permiand controlled purification diarvestedhellfish.The

National Shellfish Sanitation Progra88/260standard for restricted areiathatfecal coliform

median or geometric mean must not exceed 88 MPN/100 mhandore tha 10%may

exceed 260 MPN/100 miEDACS, 2009).

Because of the changes in regulations, increases in population, and changes in management
practices during the last 3@s, the historical studies of bacterial concentrations are best used as
background infanation for current studieé Florida Tech study conducted in the early 1970s
reported that one site in Mosquito Lagoon near Max Hoeck Creek had values of 130,000
MPN/100 mL (Lasater, 1974). The author also stated all other sanmpihe study had valueg
<8,000 MPN/100 mL (Lasater, 1974). Reasonddogervalues are unclear at this time.

The USGS reviewed historical bacteriological data in Mosquito LagoonViauosia County
Environmental Health LaboratoryCEHL) andFlorida Department of Agriculturand
Consumer Servicd$DACYS). Data collected by VCEHL were excluded from the analy3idy
FDACS data from 199¢hrough2003 were pooled and used to identify the occurrence and
seasonal variations in coliform levels sirthese data represent almost 96#4he fecal coliform
bacteria observations in lagoon areas that are not restiat@ening 2008).Counts varied
seasnally and spatially90%wereC21 MPN/100 mL andheyrangedfrom 11 920 MPN/100 mL
(Kroening 2008). Shellfish closureso preventecal coliformcontaminatiordue torain events
have occurred in Mosquito Lagoo@n January 22,2018 8 212 Sout h Vol usia Co
Appr ov e dwaZ dosed duk to rainfall (FDACS, 201DRily status reports for Florida are
available at(http://shellfish.floridaaguaculture.com/seas/seas_statusmap.htm

Bacteria countfrom 1999 2003 were typically greatest from September to Octahd from
December to Februagnd lowest from April to June. Since the period from September to
October is approximately the end of the wet season, the higher counts may be attributable to
surface rupff (Kroening 2008).Citing a study conducted in an English estuary and noting that
TSS are typically highest when bacterial counts are higkestning(2008) suggests the
resuspension of bottom sediments may also be a significant fagia@motingbacterial growth.

Trend Analysis

Irregularities and discontinuities in collection and analysis procedures resulted in a data set that

was heteoscedastic and nonparametfince the data we not normally distributedhe

example of Winkler and Ceric (2006)asfollowed byusng a ManrKendall Trend Testwwhich

is appropriate for analyzing data sets with missing data (Winkler and Ceric, 2006). Since the
MannKendall test is best suited to the detection of a monotonic trend of a timevadrias
seasonalycle,the datavere separatelly station (IRLV17 and IRLML02) and the dry and wet
seasonsvere analyzedeparatelyTo esti mate the magnitude of t h
was appliedit uses a linear model to estimate the true slope of a trencagecher year.

Computations forthe ManKendal | Trend Test and Sends Sl ope
the method and Microsoft Excel template (MAKESENS) developed by Saahi(2002).Their
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method tests the null hypothesis of no trend (observatiaseandomly ordered in time) against

the alternative hypothesis of an increasinglecreasing monotonic trerithe significance level
computed by this method indicates the probability that the values are from a random distribution
and with that same prability, rejecting the null hypothesaf no trend would be in error.

Therefore, a significance level 0.001 indicates that a true monotonic trend is 99.9% probable and
a significance level 0.1 means that there is a 10% probability that a monotonic weadrisng

or that an error is made when rejecting the null hypothesis of no trend.

Table21 showsthetrend analysisesultsfor 12 water quality parameters measured at IRLV17
and IRLMLO2. Most parameters areadyred for 19902007 at both stations by ssm.Data
were limited for Chia (1996 2007 at IRLMLO2 and 199007 at IRLV17), TOC (199007

at IRLMLO2 and IRLV17), and N©O(1994 2005 at IRLMLO2 and 19962005 at IRLV17)The
observedlownward trends in Ckdand TKN are consistent with an improvedghic state.

Table 21. Significance of seasonal trends in 10 key surface water quality parameters from 1990 2007 at
IRLMLO2 and IRLV17 in Mosquito Lagoon (Figure 34).

Significance of Seasonal Trends in 10 Key Surface Water Q
Parameters from 1990 - 2007 at IRLMLO2 and IRLV17

Mosquito Lagoon Hydrological and Water Quality Model

Under a National Park Servicentract to Scientific Environmental Applications, Inc. of
Melbourne, FL, a thredimensional hydrological andater quality modelvasdeveloped to

assist CANA in managing estuarine water quality resource of the Mosquito Lagoon. Because of
its long residence time, Mosquito Lagoon is sensitive to pollutant loadings from the watershed.
Inputs from the watershed hawereased due to an almost 200% increase in population adjacent
to the lagoon within the past 38s, causing a decline in water quality and in the ecological and
biological integrity of the lagoon. The hydrological model is being applied to assess current
trends and possible future threats to Mosquito Lagoon water quality.
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The hydrological model isdsed on the EPAupported Environmental Fluid Dynamics
Code/Hydrodynamic and Eutrophication Thi2ienensional Model (EFDC/HEM3D).
EFDC/HEMBS3D includes featuremnd capabilities that make it superior and more applicable to
shallow estuarine environments than other models. This-parémeter finite difference model
represents estuarine flow and material transport in three dimensions and has been extensively
applied to shallow estuarine environments in Florida and other coastal states. A few examples
include thelRL just the south of the Mosquito Lagoon (Zarillo and Surak, 1994); the
Loxahatchee River Estuary in South Florida (Zarillo, 2004); Lake Worth, FL (@a20i03); the
lower Savannah River, GA (Tetra Tech, 2005); the Peconic Estuary, Long |sany otk

(Tetra Tech, 2000); and the German Wadden Sea (Zarillo, 1997).

The kinetic processes included in the HEM3D water quality model have been derived and
update from the Chesapeake Bay thigienensional water quality model, GBUAL-ICM
(Cerco and Cole, 1994A detailed description of the water quality model is provided by Park et

al. (1995) and Tetra Te¢R007).

The total number of active water cells in theDEFgrid is 4200.Cell sizes in the grid range

from approximately 40n x 40 m to approximately 450 m on a side where the model extends

over broad wetlands. The finer grid cell sizes were used to resolve the details of tidal drainage as
well as the AIW (Figre 62). At the model boundaries measured time series of water level,

salinity and temperature are applied to drive the model. Meteorological time series are used to
drive the aifsea interaction component of the model

Measured time series of water qualibnstituents aralsqresent at the mode | boundaries to
drive eutrophication calculations. Tal@2 liststhe water quality variables calculated by

HEMS3D.

Table 22. Water Quality variables calculated by the Hydrodynamic and Eutrophication Three-Dimensional

Model.

Variables

(1) cyanobacteria Bc

(2) diatom algae Bd

(3) green algae  Bg

(4) refractory particulate organic carbon RPOC
(5) labile particulate organic carbon LPOC

(6) dissolved organic carbon DOC

(7) refractory particulate org. phosphorus RPOP
(8) labile particulate organic phosphorus

(9) dissolved organic phosphorus DOP

(10) total phosphate TP

(12) refractory particulate organic nitrogen RPON

(12) labile particulate organic nitrogen LPON
(13) dissolved organic nitrogen DON

(14) ammonia nitrogen NH,

(15) nitrate nitrogen  NO23

(16) particulate biogenic silica SAP

(17) dissolved available silica SDd

(18) chemical oxygen demand COD

(19) dissolved oxygen DO

(20) total active metal TAM

(21) fecal coliform bacteria FCB
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Figure 62. Model grid detail at Haulover Canal connecting the Mosquito Lagoon to the north end of the
Indian River Lagoon. Green symbols show the locations of water level or metrological observation
stations maintained by SIRWMD.

Comparison between measured and predicted time series of water elevationggjigsainity,
and temperature indicate that the EFDC/HEM3D model application to the Mokggion is
well calibrated. Vithin the limits of the availability of mesured water quality constituentise
eutrophication portion of the hydrological model is also well calibrated. FeLsbows a
comparison between measured and predicted value®.dfleasured values of water quality
constituents are available only og@arterly basis or less, however.

The model application includes a letegm simulation as allowed by available physical forcing
and water quality inputs. The goals of the model application include:

A Evaluating the sensitivity of the estuary to changdsilbutary inflows, canal discharges,
and pollutant loadings

A Evaluating the effectiveness of load reductions in accordance with management priorities

-

A Developing recommendations for practical and feasible restoration actions and plans for
management

Developing recommendations in the development of pollutant loading limitatinds

>\

A Developing pollution loagleduction goals.
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Figure 63. Comparison of measured and modeled water elevation data from the center of Haulover
Canal for the 100-day calibration period. Elevation is relative to NAVD88.
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Figure 64. Comparison between predicted and measured dissolved oxygen values at station IRLV11 in
the north section of the Mosquito Lagoon.
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Biological Resources

Coastal Waters and Beach

Thestrip of the karrier island that lies betwedéme Atlantic Oceamnd theMosquito Lagoons
subjected to the harsh conditions of storms, limited freshwater water, and extreme temperatures.
In somesegment®f CANA, the barrier islandarrows toapproximatelyl00 yardg~91 m)and
widens to about,100 yards~1,000 ) in other segmentsThe subaerial superstructure of the
barrier island is formed by the beach and dune system (Figbeesl66). Varieties of species
live year round, seasonally or migrate through therens of CANA. The coastline is within the
USFWS northern right whal€&(balaena glacialiscritical habitat designated in 1994 (NMFS,
2009). Protected speciesych as sea turtlesest on the upper beg@nd beach mice inhabit the
dunesOther speciedhaat inhabit or use the surf zone and beach are repidless shore birds
mole crals (Emerita talpoid, ghost crabgOcypodejuadratg, and the coquina clafonax
variabilis). Among the factors that limit or aid in the success of an animal spetiesdsality
and quantity of habitat for cover and reproduction, water, and food.

;. Atlantic
Dune crest . Ocean

or berm — Surf zone

.
S

Figure 65. General features of the barrier island in Canaveral National Seashore; noted are surf zone
and dune crest or berm; Mosquito Lagoon in the background (Photo: October 2010).

Natural disasters, such asrtheasters and hurricanean modify the landscape. Climate change
and the likelihood of sea level rise may diminish the total volume of the barrier shoreface,
making the island more vulnerable to breaching orwaeh. Increased storm events as a result

of global warming may increase rainfall and stormwater runoff, which in turn, can affect salinity
levels. Pollution, marine debris, and some human actittiresten the health and well being of

the natural resoues in CANA. Exotic plants and animals can disrupt natural ecological systems.

The conditions of the habitats and specific species found in the coastal ocean and barrier island
system are discussed next. The potential impacts of pollution, marine debridingate change
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Figure 66. General features of the barrier island in Canaveral National Seashore noted are swale, back
barrier, and Mosquito Lagoon (Photo: October 2010).

are nonselective threats that can negatively affect multiple resources imklaagare
discussed at the end of the Mosquito Lagoon habitat subsection.

Sea Turtles

Five species of sea turtles ocafifshoreof the Atlantic Ocean, while three species frequently
nest on the central Florida coasiggerheadaretta caretty, green(Chelonia mydas
leatherback@ermochelys coriacga, K e mp OLepidéchetys kergpiaid hawksbill
(Eretmochelys imbricaja All five speciesarethreatened or endangered (W88, 1994). For
the past 25 yrs, loggerhead nests outnumber those of #respécies in Brevard and Volusia
counties and CANANleylan et al., 1995ACOE, 2007; Stiner, 2010a; FWB&NRI, 2010a).
Nest counts of the other species from greatest to smallest are: greens, leathi€rbatks, 0 s
Ridley, and unknown (FW&WRI, 2010a; Stiner2010a) The hawksbill and KempRidley
nest infrequently according Statewide Nesting Totals, 1972909 (FWC-FWRI, 2009a,
(http://research.myfwc.com/imadagicles/11812/statewide_totals_19792009.pdyf

Figure 67 shows a comparison of | oggerhead an
yrs of nesting data, there were 85,489 loggerhead and 8,983 green nests. Not shown are park nest
countsfrom198 2010 f or | eKaet nmpedr sb @), lasd ue{lyiowrPspecies (44)

(Stiner, 2010a).

Loggerheadgreen and leatherbacturtlesnest near the base of the dune or on the upper beach
from April to September (Antworth et al., 2006). Eggs hatetthatchlings emerge from the nest
when surfaciesediment temperatures drop at nightfall. The young turtles migrate toward the light
horizon of the ocean, enter the surf, and swim until they are well offshore.
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