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Characterization of thenderwater Light Environment and Its Relevance to Seagrass

Recoveryand Sustainability in Tampa Bay, Florida

Christopher JAnastasiou

Abstract

The availability of light is a primary limitinéactor for seagrass recovery and
sustainability. Understanding not only the quantity but the quality of light reaching the
bottomis an importantomponent to successful seagrass managesnerhe key focus
of this study.This studyexploresthe spectraproperties of the suburface light field in
four shallowSeagrass Management As¢SMA) in Tampa BayWavelengthspecific
photosyntheticallyactive radiation PAR(L)) and thespectralight attenuation coefficient
(K4(1)) are used testimate th@ercentblue, green, and red lightémaining at the
bottom relative to the surfacelDAR Bathymetry is combined witK,; (1) to produce
high-resolution maps of percent subsurface l@lbhg theseagrass deep edge. The
absorptance spectra from two gesss species together with PAIR({s used to calculate
the photosyntheticallyuseableradiation (PURY)), a termdescribing the actual
wavelengths of light being uséy theseagrasBased on the average annial1),

32%- 39% percent of PAR rehed the bottom at the seagrass deep,edgée only
14%- 18% of Bue light reackd bottomsuggeshg that seagrasmay beblue-light
limited. Analysis ofPURQ.) datafurtherconfirmedthat seagrass are bHight limited.

Each SMAwas characterized iterms of the inherent optical properties (IOP) of
absorption and scattéframpa Bays considered chlorophyltdominated estuary
However in this studycolored dissolved organic matter (CDOMas the major

X



absorber of blue light, accounting for 60% loé total absorptionto infer past light
conditions, theOPswererelatedto parametersnore commonly used in routine
monitoring programsTlo estimateX; (1) an empiricallyderived modeusingonly the
total absorption and scatter coefficiemas usedind resulted in a good fit between
measured(,; (480) and modeled;(480).

A deckmounted flowthrough system wassed to survey each SMA f&DOM
andchlorophylla fluorescenceamong other propertie& series of SMAspecific
predictor equations weempiricallyderived torelateraw fluorescence to tH®Ps The
Kitchen SMA was used as a case study. Survey results show a strong connewean bet
CDOM-rich waters and the mangredeminated shoreline.
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Introduction

Seagrasareextremely productivestuarine andoastakesourcesand are critical
habitat fora number of fishshrimp, and crab speci€gieman and Zieman 1989)hese
systems are experiencing wesldde decline, due in large part, to coastal eutrophication
(Duarte et al. 2007)A major priority of the resource management communifijampa
Bay is to protect and restore seagrass habitat to the greatest extent fOSNEHEe
1996) Seagrass have among the highest light requirements of any organism in the plant
kingdom(Gallegos 1994)Light is the primary limiting factor fomostseagrassand its
availability is determined by physical, chemical, and biological condi{ipoarte 2002;
Duarte et al. 207; Kirk 1994; Miller 1995)In Tampa Bay, resource management
agencies tasked with protecting and restoringetiiesources have established a
minimum light target of 20.5% of total light reaching the bottom as the primary metric to
achieve this object®/(Dixon and Leverone 1995BNEP 1996; Tomasko and Lapointe
1991) Other poposed minimum light requiremerfts Tampa Bay and other systems
throughout Florida are between 20%0% depending ospecieslocation and method
used(Dennison et al. 1993; Dixon and Leverone 1995; Fourqurean et al. 2003; Gallegos
1994; Kenworthy and Fonsec96; Steward et al. 2005)

Typically light ismeasuredn terms of the photosynthetically active radiation
(PAR). By definition, PAR is a broadband quantityunits ofumol photons rif s?,
integrated across thésible spectrun400nm- 700nmn) (Mobley 1994) While it is true
that a photon induces the same chemical change within a molecule of chlorophyli
irrespective othephoton energy state, photons of different wavelengths are not equally
likely to be absorbed by chlorophyMobley 1994) While PAR is a relatively good
indicator of light quantit, it does not take into account the spectral properties of the light
field nor does it provide any indication that the photons available for photosynthesis are
actually beingused by the seagr&$. nce seagrass are consi der €
incoming light field, it is important to express light quality in terms of the specific
absorption characteristics of the light harvesting pigments found in seagkasall L

higher plantsseagrasare reliant mostly on light within the blue and red colordsan
1



though the presence of accessory pigments can increase the operational windawlv beyo
the blue and red wavelengths. The term photosynthetically useable radiation. JPUR(
has been usetb quantify he fraction of radiant energy that can be absorbed by a given
plant for a given waveleng{€arder 1995; Morel 1978; Morel 1990perationally

PUR(Q.) is the product of the PAR] and the seagrass leatbsorptanceAs a result of
absorption and scatter of the incoming solar fR&R(A) diminisheswith depth in an
approximateg) exponential manngKirk 1994). The downwelling light attenuation
coefficient (K4(1)) describes the loss of light with depth and can be calculated as the
slope of the natural l@githmof PAR(L). With K4(A), the percent subsurface PAREan
beestimated along the seagrass deep dld&\) can then be used to compare what is
available for photosynthesis with what is actually being used by the seagtiassieep
edge.

Blue light is a common limiting factor in marine waters and results from
absorption by phytoplankton and CDOioge et al. 1993; Menon et al. 20@6)d is
likely the case in Tampa Bay, especially alonggbagrass deep eddsstimating the
PUR(Q.) at the seagrass deep edge can provide valuable insight into seagrass light
utilization in areas that may be blight limited. Accessory light harvesting pigments,
including chlorophylld andc, and photosyntheticarotenoids, expand the light
harvesting capabilities across the visible spectiirk 1994; Malick 2004 and may be
a primary mechanism for surviving bHight limited environmentdf blue light is
severely depletedlong the deep edgight-harvesting byhe accessory pigmentsthe
red and even green wavelengths may be only m&faggvival in these environments

Technology in recent years has advanced to where it is now feasible to
incorporate spectral light readings as part of routine monitoring programs. Using a
geographic information syster®(S) approach, the percent subswd PARL) can be
calculated and mapped for a given seagrass area by specifyingzhamd bathymetry.
Values of the percent subsurface PARgaching the bottom along the deep edge can be
extracted from the map product.

Defining the contributions of ater, CDOM, phytoplankton anddetritusto the
optical properties of the water column is a fundamental objective -afgtioal
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oceanographyKiefer and Soohoo 1982; Nelson and Robertson 1993; Prieur and
Sathyendranath 1981; Smith and Baker 1938¢h information islsoessential for
estimating theoncentratiorand composition of particulate and dissolved malgusing
remotesensingandin situ opticaltechniquegNelson and Robertson 1998)jue light in
coastal and estuarineaterscan be limited through absorption plgytoplankton, CDOM
and detritugHoge et al. 1993; Nelson and Robertson 1998ylerstanding theelative
contribution and magnitude dfeseinherent optical properties (IO)critical to
understanohg the root causes of seagrass light limitat®bsorption by phytoplankton is
typically expressed in terms tife phytoplankton absorption coefficigat, (1)) in units
of m(Kirk 1994; Mobley 1994)Similarly, CDOM and detritus absorption can be
described in terms of their absorption coeffickeft, (1) anda, (1), respectively).

In Tampa Bay, seagmsnanagement has been predicatedhe assumption that
light attenuations controlled largely byncreaseathlorophyllcaused by excessive
nitrogen loadingCannizzaro 2004; Janicki Environmental 2001)jis paadigm was
developed during a time when wastewater effluent and untreated stormwater were
directly discharging into the bdy BNEP 1996) Today, advances in wastewater
treatment and stormwater management have resulteghificint decreases in both
nitrogen loads and chlorophyll concentrationbis decrease in thelative contribution
of chlorophyll in he bay mayave caused an increase in the relative importance of
CDOM and detritus to blue lightaorption. If CDOM ighe dominantight attenuator,
there may be little resource management agencies can do to improve light quality at the
seagrass deep edge. Howevtas likely that phytoplankton absorptionssill
contributing a significant amount to the total absampof blue light, and evidence from
recent work suggests that the relationship between nitroggphgaaplankton
productivity, though complex, does hold trireTampa Bay and other CDONEth
estuaries along the west coast of Flofigtnicki et al. 2003JanickiandWade1996;
Pribble et al. 2001; Tomasko and Ott 2001)

Most resource management agencies do notumedse inherent optical
propertieIOP), such asi, (1), ayz(4), anda,(4), but collect quasinherent optical

properties such as chlorophglconcentration, color, and turbidit¢€hlorophylla

3



concentration is a relatively good proxy for phytoplankton absorpBdoaud et al.
1995) though differences in photosynthetic efficiencies among phytoplankton and
pigment packaging effects, can cause significant errors in this relatidBsssptt 1997;
Kirk 1994). Color is reported irplatinumcobaltunits (PCU) and is visually determined
according to the EPA appred method (EPAL40-A). Despite this crude methothe
relationship between PCU color angl(4404) can be relatively stron@allegos 2005)

Turbidity is reported in Nephelometrigrbidity units (NTU) and, using the EPA
approved MethodBl0.1, is based upon a comparisofithe intensity of lightscatteredat

an angle of 90by a samplewith the intensity of light scattered by a standard reference
suspension, at the same scattering a(&EPA1999) Turbidity can be expressed as a
function of the total saitering coefficienb (1) and the backscattering coefficignt(1)
among other variabld&allegos and Kenworthy 199@ecause chlorophyé
concentration, PCldolor, and turbidity have beawollectedon amonthlybasisfor as

long as 35 yeans Tampa BayE.P.C.H.C. 2007andare still widely collected by
regulatory and resource management ageticiesghout the state of Florida, it is
important to couple these parameters with the I(@dlegos and Kenworthy 1996;
Gallegos 2001; Gallegos 2005; Lee 1998)

For resource managers; (1) is one of the most relevant metrics for assessing
seagrass habitat suitability largely because together with dépth) can be used to
calculate the percent subsurface PARHowever, PAR is an apparent optical property
(AOP) and contains error due variations in the ambient conditions at the time of
sampling. For example, variable cloud cover, sea state, time of day, and time of year all
contribute to unaccounted variability i (1). Because of the multiple scattering that
takes place inatural systems, and the inherent variability in the angular distribution of
the light field, there is no analytical expression to directly calcula{d) from the I0Ps
(Kirk 1981). An alternative approach has been to develop an empirical relationship
betweenk,; (1) and the IOPs using Monte Carlo procedyfgallegos 2001; Kirk 1981;
Kirk 1984). This method has proven to be very accurate and holds for most turbid

estuaries with an attering to absorption ratio less than(Birk 1994).



Obtaining adequate spatial and temporal data about the underwater light field,
though critical to successful seagrass management, can be costiy@drisuming to
collect and analyzeA usefulapproach tsupplement discrete water samples and provide
calibration ofsatellite and airborne remote sensing isube ofa continuoudlow-
through systemMany of these systems have been constrybigdmosthave been
deployed on larger rese@rgessels in blugvateror coastal oceaanvironmentgMadden
and Day 1992; Twardowski et al. 2006ne such system has been modified to operate
aboarda smallopenrhull boatin shallow seagrass ared$is deckmounted flowthrough
systemhas all of the necessary sensors to fully characterize the optical light environment.
The absorption coefficients, (1) anda, (1) are not directly measurghlut modeled
using chlorophyll and CDOM fluorescen(#elzile et al. 2006; Ferrari and Dowell 1998;
Ferrari 1996) The relationships between fluorescence and absorption aspsiiic
and therefore must be calibrated to the specific survey Argantouring prograncan be
used to map, (1), a,(4), or any other flowthrough parameter producing a synoptic
snapshot of a given survey area. A detdunted flowthrough system is not only useful
for seagrass management but for any shallow water operation where optical information
is desired.

This dissertation is divided intorde mairnparts.Chapter 1 Estimating the
photosynthetically available and useable radiation at the seagrass deep edge, focuses on
thequantity and quality of light penetrating the bottonselectedseagrastanagement
Areasin Tampa Bay tq1) evaluateheappropriateness of treairrent minimum light
targes, (2) examine the relationship between bottom PARHd PURY) along the
seagrass deep edg®) usea GIS-based modeaig approacho estimate percent
subsurfacd?AR()) along the seagrass deep edgd test the hypothesis that the seagrass
deep edge is blukght limited, and(4) proposespectrallyrelevant minimum light targets
for PARQ).

Chapter 2Relative contribution and magnitude of phytoplankton, CDOM, and
detritus absorption to the total absorption coefficients in shallow seagrasq Bréests
the hypothesis that CDOM is the major absorptiomponent to the total absorption of

blue light, (3 challenges the current seagrass management paradigm by comparing the
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SMA-specific IOPs with specific environmental variables, (3) establiski¥s-§pecific
predictor equations tmodel thelOPsbased orthe quastlOPs, and4) utilizes an
empirically-derived spectradttenuation model to relatke IOPs toK,;(1).

Finally, Chapter 3 Synoptic surveillance of the underwater light field using a
continuous decknounted flowthroughsystem(1) designs a framework for surveying the
optical properties of the light field in very shallow seagrass areas, (oge\SMA
specific correlations between the IOPs and rawfllor@ugh data, and (3) applies this
framework to survey the spatial and temporal distribution of CDOM and chlorophyll
using the Kitchen SMA as a case study.



Chapter 1EstimatingPhotosynthetially Available and Useable Radiation at the
Seagrass Deep EdgeTampa Bay, erida

1.1. Abstract

Seagrass are among the most productive habitats in the world andtate
component tanaintaininga healthyestuaryTo properly manage this resourceguges
both a solid understanding of lighéagrass relationships and a framework by which to
monitor these complex relationships. A major challenge in managing seagrass is setting
appropriate minimum light targetsnd n Tampa Bay, resource managememrnages
haveadopteda baywide minimum light target of 20.5% of photosyntheticadlyailable
radiation (PAR) This target was based on a single species growing under optimal
conditions and may not be appropriate as aviag estimate. PAR is a broadband
guantity and does not take intonsideratiorthe spectral properties of the light field, nor
does it consider the specific absorption characteristics of the setigmarselvesBy
multiplying PARQ) with leaf absorptance (A1), a measure ahe photosyihetically
useable radiation (PUR)) can beeasilyobtained.To address the need for better
monitoring tools, a Gl$®ased modeling approach was used to couple t@solution
bathymetry withthe light attenuation coefficietd map the percent subsurfdeAR())
reaching the bottom along the seagrass deep Bdgmnt subsurface PAR(wasalso
calculatel using direct measuremergsthe seagrass deep edge. PAR(asgrouped
into blue, green, and rezblor bandsvhose wavelengthserebasedn thespecifc
absorption characteristics of the seagrass sp&bidassia testudinurfBanks exKonig)
andHalodule wrighti (Asch), both major species found in Tampa Blayall cases, the
light field wasdegeted ofblue lightaccountingor as little as 5.3 perog of the total
PAR atthebottom. Green light accounted fapproximatelyhalf the total PARA bottom
while red light accounted for about one thiBhsed on annual average light attenuation
coefficients seagrass received 31 38.9percent of surfacBARand13.67 18.1
percent of surface blue lightong the deep edgi August,during the rainy seaspn
seagrass at the deep edge received as little as 2.51 percent of surface blue light while still
receiving 17.5 percent of surface PAR, 19.1 percestudéce green light, ané6.8
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percent of surface red lightinder the lowest light conditions measured in this study,
seagrass were primarily dependent on red light and, to a lesser extent,-grebluand
yellow light. Bottom PURX) at the deep edge was 13utol m? s* for blue light and
66.0pmol m? s* and 56.3umol m? s* for red and green light, respectively. The

relatively high PURX) for the green wavelengths suggests that when blue light is limited,
theaccessory pigmestchlorophyls b, ¢, and the carotenoidsay bemostimportantto

maintaining photosynthesand ultimately plant survival



1.2. Introduction

Seagrass afenportantprimary producerg estuarine systenaound the world
andprovide critical habitat ahfood for many commercially and recreationally important
fish. Seagrass also play a key roldingeochemical processes, sediment stabdsy,
well as many othefiunctions(Bortone 2000; Hemminga drbuarte 2000; Thayer et al.
1984) Because of the perceived importance of seagrass to maintaining a healthy estuary,
resource management agencies have focused on restoring and protecting seagrass to the
greatest extent possiblaght is the primary limiing factor for most seagrass
ecosystems. For this reason, most management plans attempt to set minimum light targets
along the deep edge typically in terms of the photosynthetically available radiation
(PAR).

1.2.1. Minimum light targets in Tampa Bay

While seagrass meadows are highly productive systems, they are vulnerable to
light limitation due in part to their high light requiremeiffgoal et al. 1994; Major and
Dunton 2002; Zimmerman 20Q03eagrass deptmtits are strongly relateabt onlyto
the percent of incoming solar radiation reaching the bottom and the rate attvidich
attenuatedb ut t h e | ictgphquality(Figaré HLABennss@ne 987; Duarte 1991,
Durako 2007; Nielsen et al. 2002)

In most systems, including Tampa Bay, seagrass are light li(diéedcki
Environmental 2001; Kenworthy and Fonseca 1986} this reason, most management
plans attempt to set minimum light targets to maximize seagrass coverage along the deep

edge.



Figure 1. Conceptual digram of light loss with depth. The percent subsurface
irradiance is defined as the percent of PAR{r PUR{) reaching the bottom relative to
just below the water surface. Source: Center for Environmental Science, University of

Maryland

Over-developmenand pollutionin Tampa Bay has resulted in a decrease in
seagrass coveraypy 75% between the years of 1950 and 1985. Since 1985,
improvements in wastewater treatment and stormwater manageaveseen large
improvements in water quality resultingintreased lighpenetration with a
corresponding increase seagrassoverageDespite theskrgeincreases, total seagrass
coverage is stilbelowthat of thel950s. The development of a minimum light target for
seagrass is a major part of the restoratimhrmanagementlian forseagrass in Tampa
Bay. Though imperfect, it has provided a context by which site suitability can be easily
measured.

TheTampa BayEstuary Program and its partners established a minimum light
target for Tampa Bay &10.5% ofthe toal incomingPAR in units of
umol photons m~2 s~ (TBNEP 1996) This target was largely based work that

focused orasinglespecieggrowing in lower Tampa Bay under optimal conditions
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(Dixon and Leveone 1995)The goal of this early work was to determine the annual

light regime along the deep edge of a stdltlalassia testudinurfBanks exKonig) bed
where light limitation was believed to be the limiting fadtdall et al. 1991)Based on
annual water column PAR at the maximum seagrass depth limits for this species, the
average percent subsurface light reaching the bottondetasmined to b22.5%(Dixon

and Leverone 1995As Dixon and Leverone (1995) clearly indicate, this value must be
used with caution as it is only representative of the light attenuation for the given
conditions at those sample locatiolmbe decision to erapolate the findings of Dixon

and Leverone (1995) to include the entire bay and to reduce the established target from
22.5% to its current value of 20.5% was largely a policy decision (H. Greening, personal
communication)Other researchers have proposadimum light targets for other

seagrass species includiHglodulewrightii (Asch.)andSyringodiunfili forme (Kutz).

For example, estimates of between 2434% of subsurface PAR have been proposed

for the Indian River Lagoon along the east coast ofidddKenworthy and Foseca

1996) In 2007, the Tampa Bay Estuary Program began an extenssvaleation of this

light target. This dissertation is a large part of that evaluation.

To apply this minimum light target to the entire bay requires accurate delineation
of the segrass deep edge. Since 1988, 3loeithwest Florida Water Management District
(SWFWMD) has beemapping the spatial extent of seagrass along the west coast of
Florida, including Tampa Bay, using aerial photography collected roughly every two
years. After tle images argeorectified and orthorectifiethey are analyzed mertified
photointerpretersvho delineateseagraspolygons and classify them as either patchy
(>25% of a polygon is unvegetated) or continuous (<25% is unvegefted)2002)
Stringentquality contrd measures are used to establishabeuacy of identifyng each
polygon with thecorrectseagrasslassification A 90% accuracy rate iequired for
polygons greater thah4 hetaresin size(Kurz 2002) These maps are the basis for
tracking longterm seagrass coverage in Tampa.Bdye 2006 maps are used here to
estimate thexdent of the mappecdeagrass deep edgathin the study area&.or the
purposes of this study, no distinction is made between the patchy and continuous

coverage classificationH.is recognized that seagsasangrow beyond thisnappededge
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but at densities that are too sntalbe detectedt is estimated thatiese grasses
represent a very small percentage of the total seagras3heeatorethe mapped edge
is considered to be the seagrass deep edge for management purposes and is defined as

such here.

1.22. Wavelengtkspecific light utilization for photosynthesis

It is important to think of PAR in terms of its flux of quanta as opposed to its
energy state because once a quantum has been absorbed by a plant cell, its contribution to
photosynthesis is the same regardi#fsss wavelengtkspecific energyKirk 1994;
Mobley 1994) Of coursea given photon must first be sdrbed by one of the
wavelengthspecific photosynthetic pigmeniBhe usefulness of a given light field for
photosynthesis is not simply a function of the total intensity of PAR, but how well the
spectradistribution of PAR matches the alopgbon spectrum of a given aquatic
macrophyteor phytoplanktor(Kirk 1994).

Becausd’AR, by definitbn, is a broadband quantiiy does not take into account
thespectral variability ofight reaching the batim. Spectral PAR (PAR)) provides
much mordanformation on the shape of the incoming light field than simply measuring
PAR. However, aither PAR nor PARY() provide any indication that the photons
available are actually being absorb&ihceseagrasareconsi dered t he f#Aend
the incoming light fieldit is important to expredght qudity in terms of the specific
absorption characteristics thfe light harvesting pigments foundseagrasd.ike all
higher plantsseagrasare reliant mostly oridht within the blue and red color bands,
though the presence of accessory pigments can increase the operational window beyond

the blue and red wavelengths (Figur2)1
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Figure 2. Absorptancepecta and PURX) for two species of seagra$balassia
testudinun{Banks ex. KdnijandHalodule wrightii(Asch), and bottom PAR\)
measured in Tampa Bay. PUR(s the product of the leaf absorptance and RAR(

13



Light-harvesting gments asociated with photosynthesis include the
chlorophyllsa, b, andc, and the carotenoid&irk 1994). The dlorophylis are the
primary pigmentgor light harvestingout thepresence of carotenoidgpands the
absorbing capabilitiesito the neatJV and bluegreen wavelengthi&irk 1994). Of the
chlorophylls, chlorophylh is the primary light absorbing pigmemtith a primary
absorption peak centered near 440nm and a secondary peak near 660nm {Bigure 1
Seagrasdo not posses antenngigments capable of efficient harvesting of green light
(Cummings and Zimmerman 2003)like some species of red and blyreen algae that
contain greedlight harvestingoilliproteins (Kirk 1994). Green light should not be
thought of as being useless to seagtaswever some of thearotenoids can extend the
absorption range of seagrasgsll into the bluegreenregionup toabout560nm(Kirk
1994)

Photosyntheticallyseable radiation (PUR) a spectrally integrated quantity,
defined as the fraction dfieradiant energy thatan be absorbed taygiven plant, in this
case seagragblorel 1978; Morel 1991)Both PAR and PUR can be expressed in terms
of their spectral quantities and are given the symbols Rp&(d PURX), respectively.
PUR(Q.) is calculated by multiplyin@AR(L) by some dimensionless quantity that is
proportional to the leaf absorption per waveler(ftink 1994). This dimensionless
guantity is commonly defined by phytoplankton researchers as the ratio of the
phytoplankton absorption coefficienttite maximum absorption coefficient, typically at
440nm(Morel 1978; Morel 1991)Typicaly, seagrass reaechersexpress this
dimensionless quantity in terms of the leaf absorptance (A

While pigment concentrations can vary significantly both within and among
various seagrass species, leaf optical characteristics are quite bauaaise of the
strong pakage effect, partially due to the chloroplasts being limited to the leaf epidermis
(Cummings and Zimmerman 2003; Durako 2007; Enriquez 2@08pmparison of the
relative absorption curves dhalassia testudinurfBanks ex. KénijandHalodoule
writtii (Asch) reveas very little difference in the gak absorption wavelengths (Figure 1
2). This does not mean that the absorption efficiencies are the same. Seagrass

photoacclimate to changing irradiance levels by varying leaf pigment concentrations
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(Abal et al. 1994; Cummings and Zimmerman 2003; Dennison and Alberte 1982;
Zimmerman 2003)As a result, blorophyll content camary significantlyamong
different species and habitats in response teligiat conditions(Cummings and
Zimmerman 2003; Dennison and Alberte 1982; Herzka and Dunton.IB8g)
acclimation strategy has been found to be largely inefficienirdpart to the strong
package effect caused by the structural configuration of the leaf tissue restricting the
chloroplasts to the epidermal lay€ummings and Zimmerman 2003)

For re®urce managers, it is far too complicated to address light quality on a per
nanometer basis. It is more practical both operationally and conceptuedigntone
wavelengths into broad color bands based on the absorption characteristics of the

seagrass (Fige 12). In this study, three color regions or bands are defined (Tabje

Table t1. Selected wavelength ranges of the color bands blue, green, and red and the p
that are represented by each. Only the red al¢aegbeen algae, and the cryptophytes

contain billiproteins that allow them to harvest green light.

Blue Green Red
Wavelength Range 400nm490nm 490nm600nm 640nm690nm
Pigments Chlorophyll/Carotenoid Billiproteins Chlorophylls
Protein Complex
Found inSeagrass Yes No Yes

These regions correspond to the absorption peaks associated with the chlorophylls and
the carotenoidslhere is an inherent danger of over simplifying what is a very complex
processdy simply binning wavelengths and this issuexiamined in some detail by

comparing these bulk color bands with measurements of BUR(

1.23. Measuring transparency in shallow waters

Historically, light measurements have been rather crude. One of the oldest

techniques and still a very common meth®tbi use a Secchi disk. This approach has

15



several limitations when applied to seagrass management, the most common of which is
that often in very shallow waters, Secchi depth is greater than bottom depth. In other
words, if one sees the bottom, Secchi diaknot be used and in most cases, when

dealing with seagrass, the bottom is visible. A more quantitative approach commonly
employed is to use an irradiance or quanta meter that measures the quantity of light as
PAR.Because PAR is a single number, it giv indication of the spectral quality of the
light field. Further, it gives no indication of the amount of light that is useable by
seagrass.

Limitations in the current methods for measuring water clarity and estimating the
attenuation coefficient haveecessitatethe development adn alternative approach to
measuring lightOf primary significance is thisack of spectral informatio’While PAR
is a good bulk estimator of the subsurface light fieddlatingspecificPUR wavelengths
allows a much mar surgical approach to establishing relevant seagrass tadesnces
in technology have made it relatively easy to acquire spectral data in very shallow waters.
Presenedhere isa framework for determining not only the quantity of light reaching the
battom but alsdhe spectrakhapeof the underwater light fieldVith this information a
light attenuation coefficiens calculatedand the percent subsurface light reaching the
bottomis determined

A potential source of error in setting light and degatigets is that most light data
have been and continue to be collected in deeper waters well beyond seagrass depth
limits. The current method widely used for measuring PAR requires a minimum depth of
1.5m. The use of a Secchi disk is an alternative metboanonly used in Tampa Bay
for estimating water clarity but it is of no use in seagrass beds where Secchi depths are
typically greater than the bottom. The method presented here allows for detailed
measurements of spectral downwelling irradianceaterdepths of less than 0.5mhis
method also employs a simple tool to determining percent subsurface irradiance at depth

at any wavelength or range of wavelengths of interest.
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1.3. Materials and Methods

1.3.1.The Seagrass Management Arncept

Aspatd t he Tampa Bay Estuary Programés
evaluation, Tampa Bay was subdivided into 30 indiviedgrass Management Asea
(SMA) (Figure 13) (EPCHC2007) For this study, four SMAs were selected based on
priori knowledge of the optical properties and historical seagrass coverage. Within each
SMA two fixed stations were estabiisd from which alln-waterirradiance
measurements were collected. For €abA, except for Egmont Key, a nearshore and an

offshore station werestablishedTable 12).

Table 12. Fixed stations for each SMA wherewater rradiance measurements were collectec
Meter marks correspond to the approximate distance from the shoreline. The Sdalpdske
wrightii disappeared from the offshore Wolf Branch and Kitchen siteswaidthrough the study.
Depth is relative to MSL.

Meter Depth

SMA Strata Mark (m) Seagrass Species

Coffeepot Bayou near shore 100 0.92  Thalassia testudinupHalodulewrightii
offshore 900 118  Thalassia testudinum

Wolf Branch near shore 300 085  Thalassia testudinupHalodulewrightii

offshore 1100 150 Halodulewrightii (disappeared)

Kitchen near shore 600 0.88 Halodulewrightii
offshore 1300 116 Halodulewrightii (disappeared)

Egmont Key near shore 100 1.59 Thalassia testudinum

The nearshore sites were located within relatively healthy seaggds where light
limitation was assumed not to be a fac@riginally the offshore sites wete belocated

at the deepest extent of seagrass growftiere light limitation was likely to be the

primary limiting factor. In the Kitchen and Wolf Branch slibre areas, seagrass

coverage was extremely sparse during the beginning of the study and had disappeared
completely by the end of the study period. Because these SMAs were so shallow, the

nearshore sites were actually located along the deep edge ofdistepée seagrass bed.
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Figure 13. Seagrass Management Asaaf Tampa Bay.

The Kitchen (SMA 5Js located ireastern Tampa Bg¥igurel-3) and has an
area of approximately 776ha. There have begmfgcant increases iseagrass coverage
over the past two decades from approximately 40ha in 1996 to over 142ha in 2007
(HCEPC 2007)The area can be thought of as being hydraulically isolated with the
Alafia Banks to the north, spoil islands 2D and 2E to the west, Port Sttths to the
south, and the shoreline to the east boxing in the(krgare 14). The shoreline is
mostly mangrove with some salt marsh. The only direct freshwater inflow is from
Bullfrog Creek, a 3kntongtidal creek that drains mostly agriculture aonde urban
developmentAdditonal freshwater inflow can come from the Alafia River just to the
north. Thenearshore andn offshore site were located approximately 600m and 1300m
from the shorelingéFigure 14). The offshore site had very spatdalodule wightii
(Asch) at the beginning of the studytby October, what little grass themashad

completelydisappeared. Given the extremely shallow nature of this SMA, the nearshore
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