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Characterization of the Underwater Light Environment and Its Relevance to Seagrass 

Recovery and Sustainability in Tampa Bay, Florida 

 

 

Christopher J. Anastasiou 

 

 

Abstract 

 

 The availability of light is a primary limiting factor for seagrass recovery and 

sustainability. Understanding not only the quantity but the quality of light reaching the 

bottom is an important component to successful seagrass management and the key focus 

of this study. This study explores the spectral properties of the sub-surface light field in 

four shallow Seagrass Management Areas (SMA) in Tampa Bay. Wavelength-specific 

photosynthetically active radiation (PAR( )) and the spectral light attenuation coefficient 

 are used to estimate the percent blue, green, and red light remaining at the 

bottom relative to the surface. LIDAR Bathymetry is combined with  to produce 

high-resolution maps of percent subsurface light along the seagrass deep edge. The 

absorptance spectra from two seagrass species together with PAR() is used to calculate 

the photosynthetically useable radiation (PUR()), a term describing the actual 

wavelengths of light being used by the seagrass. Based on the average annual , 

32% - 39% percent of PAR reached the bottom at the seagrass deep edge, while only 

14% - 18% of blue light reached bottom, suggesting that seagrass may be blue-light 

limited. Analysis of PUR( ) data further confirmed that seagrass are blue-light limited. 

Each SMA was characterized in terms of the inherent optical properties (IOP) of 

absorption and scatter. Tampa Bay is considered a chlorophyll-dominated estuary. 

However, in this study, colored dissolved organic matter (CDOM) was the major 



xi 

absorber of blue light, accounting for 60% of the total absorption. To infer past light 

conditions, the IOPs were related to parameters more commonly used in routine 

monitoring programs. To estimate  an empirically-derived model using only the 

total absorption and scatter coefficients was used and resulted in a good fit between 

measured  and modeled . 

A deck-mounted flow-through system was used to survey each SMA for CDOM 

and chlorophyll a fluorescence, among other properties. A series of SMA-specific 

predictor equations were empirically derived to relate raw fluorescence to the IOPs. The 

Kitchen SMA was used as a case study. Survey results show a strong connection between 

CDOM-rich waters and the mangrove-dominated shoreline. 

  

 



1 

Introduction 

 

 Seagrass are extremely productive estuarine and coastal resources, and are critical 

habitat for a number of fish, shrimp, and crab species (Zieman and Zieman 1989). These 

systems are experiencing world-wide decline, due in large part, to coastal eutrophication 

(Duarte et al. 2007). A major priority of the resource management community in Tampa 

Bay is to protect and restore seagrass habitat to the greatest extent possible (TBNEP 

1996). Seagrass have among the highest light requirements of any organism in the plant 

kingdom (Gallegos 1994). Light is the primary limiting factor for most seagrass, and its 

availability is determined by physical, chemical, and biological conditions (Duarte 2002; 

Duarte et al. 2007; Kirk 1994; Miller 1995). In Tampa Bay, resource management 

agencies tasked with protecting and restoring these resources have established a 

minimum light target of 20.5% of total light reaching the bottom as the primary metric to 

achieve this objective (Dixon and Leverone 1995; TBNEP 1996; Tomasko and Lapointe 

1991). Other proposed minimum light requirements for Tampa Bay and other systems 

throughout Florida are between 20% - 40% depending on species, location, and method 

used (Dennison et al. 1993; Dixon and Leverone 1995; Fourqurean et al. 2003; Gallegos 

1994; Kenworthy and Fonseca 1996; Steward et al. 2005).  

Typically light is measured in terms of the photosynthetically active radiation 

(PAR). By definition, PAR is a broadband quantity, in units of mol photons m
-2

 s
-1

, 

integrated across the visible spectrum (400nm - 700nm) (Mobley 1994). While it is true 

that a photon induces the same chemical change within a molecule of chlorophyll 

irrespective of the photon energy state, photons of different wavelengths are not equally 

likely to be absorbed by chlorophyll (Mobley 1994). While PAR is a relatively good 

indicator of light quantity, 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 being used by the seagrass. Since seagrass are considered the ñend usersò of the 

incoming light field, it is important to express light quality in terms of the specific 

absorption characteristics of the light harvesting pigments found in seagrass. Like all 

higher plants, seagrass are reliant mostly on light within the blue and red color bands, 



2 

though the presence of accessory pigments can increase the operational window beyond 

the blue and red wavelengths. The term photosynthetically useable radiation (PUR()) 

has been used  to quantify the fraction of radiant energy that can be absorbed by a given 

plant for a given wavelength (Carder 1995; Morel 1978; Morel 1991). Operationally 

PUR( ) is the product of the PAR() and the seagrass leaf-absorptance. As a result of 

absorption and scatter of the incoming solar flux, PAR( ) diminishes with depth in an 

approximately exponential manner (Kirk 1994). The downwelling light attenuation 

coefficient (Kd( )) describes the loss of light with depth and can be calculated as the 

slope of the natural logarithm of PAR( ). With Kd( ), the percent subsurface PAR() can 

be estimated along the seagrass deep edge. PUR( ) can then be used to compare what is 

available for photosynthesis with what is actually being used by the seagrass at the deep 

edge.  

Blue light is a common limiting factor in marine waters and results from 

absorption by phytoplankton and CDOM (Hoge et al. 1993; Menon et al. 2006) and is 

likely the case in Tampa Bay, especially along the seagrass deep edge. Estimating the 

PUR( ) at the seagrass deep edge can provide valuable insight into seagrass light 

utilization in areas that may be blue-light limited. Accessory light harvesting pigments, 

including chlorophylls b and c, and photosynthetic carotenoids, expand the light 

harvesting capabilities across the visible spectrum (Kirk 1994; Malick 2004) and may be 

a primary mechanism for surviving blue-light limited environments. If blue light is 

severely depleted along the deep edge, light-harvesting by the accessory pigments in the 

red and even green wavelengths may be only means of survival 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 system (GIS) approach, the percent subsurface PAR( ) can be 

calculated and mapped for a given seagrass area by specifying the Kd( ) and bathymetry. 

Values of the percent subsurface PAR() reaching the bottom along the deep edge can be 

extracted from the map product. 

Defining the contributions of water, CDOM, phytoplankton, and detritus to the 

optical properties of the water column is a fundamental objective of bio-optical 



3 

oceanography (Kiefer and Soohoo 1982; Nelson and Robertson 1993; Prieur and 

Sathyendranath 1981; Smith and Baker 1978). Such information is also essential for 

estimating the concentration and composition of particulate and dissolved materials using 

remote sensing and in situ optical techniques (Nelson and Robertson 1993). Blue light in 

coastal and estuarine waters can be limited through absorption by phytoplankton, CDOM 

and detritus (Hoge et al. 1993; Nelson and Robertson 1993). Understanding the relative 

contribution and magnitude of these inherent optical properties (IOP) is critical to 

understanding the root causes of seagrass light limitation. Absorption by phytoplankton is 

typically expressed in terms of the phytoplankton absorption coefficient   in units 

of m
-1

(Kirk 1994; Mobley 1994). Similarly, CDOM and detritus absorption can be 

described in terms of their absorption coefficients (  and , respectively).  

In Tampa Bay, seagrass management has been predicated on the assumption that 

light attenuation is controlled largely by increased chlorophyll caused by excessive 

nitrogen loading (Cannizzaro 2004; Janicki Environmental 2001). This paradigm was 

developed during a time when wastewater effluent and untreated stormwater were 

directly discharging into the bay (TBNEP 1996). Today, advances in wastewater 

treatment and stormwater management have resulted in significant decreases in both 

nitrogen loads and chlorophyll concentrations. This decrease in the relative contribution 

of chlorophyll in the bay may have caused an increase in the relative importance of 

CDOM and detritus to blue light absorption. If CDOM is the dominant light attenuator, 

there may be little resource management agencies can do to improve light quality at the 

seagrass deep edge. However, it is likely that phytoplankton absorption is still 

contributing a significant amount to the total absorption of blue light, and evidence from 

recent work suggests that the relationship between nitrogen and phytoplankton 

productivity, though complex, does hold true in Tampa Bay and other CDOM-rich 

estuaries along the west coast of Florida (Janicki et al. 2003; Janicki and Wade 1996; 

Pribble et al. 2001; Tomasko and Ott 2001). 

Most resource management agencies do not measure the inherent optical 

properties (IOP), such as , , and , but collect quasi-inherent optical 

properties such as chlorophyll a concentration, color, and turbidity. Chlorophyll a 
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concentration is a relatively good proxy for phytoplankton absorption (Bricaud et al. 

1995), though differences in photosynthetic efficiencies among phytoplankton and 

pigment packaging effects, can cause significant errors in this relationship (Bissett 1997; 

Kirk 1994). Color is reported in platinum cobalt units (PCU) and is visually determined 

according to the EPA approved method (EPA-140-A). Despite this crude method, the 

relationship between PCU color and can be relatively strong (Gallegos 2005). 

Turbidity is reported in Nephelometric turbidity units (NTU) and, using the EPA 

approved Method l80.1, is based upon a comparison of the intensity of light, scattered at 

an angle of 90
o
 by a sample, with the intensity of light scattered by a standard reference 

suspension, at the same scattering angle (USEPA 1999). Turbidity can be expressed as a 

function of the total scattering coefficient  and the backscattering coefficient  

among other variables (Gallegos and Kenworthy 1996). Because chlorophyll a 

concentration, PCU color, and turbidity have been collected on a monthly basis for as 

long as 35 years in Tampa Bay (E.P.C.H.C. 2007) and are still widely collected by 

regulatory and resource management agencies throughout the state of Florida, it is 

important to couple these parameters with the IOPs (Gallegos and Kenworthy 1996; 

Gallegos 2001; Gallegos 2005; Lee 1998). 

For resource managers,  is one of the most relevant metrics for assessing 

seagrass habitat suitability largely because together with depth,  can be used to 

calculate the percent subsurface PAR(). However, PAR is an apparent optical property 

(AOP) and contains error due to 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 in . Because of the multiple scattering that 

takes place in natural systems, and the inherent variability in the angular distribution of 

the light field, there is no analytical expression to directly calculate  from the IOPs 

(Kirk 1981). An alternative approach has been to develop an empirical relationship 

between  and the IOPs using Monte Carlo procedures (Gallegos 2001; Kirk 1981; 

Kirk 1984). This method has proven to be very accurate and holds for most turbid 

estuaries with an scattering to absorption ratio less than 30 (Kirk 1994).  
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 Obtaining adequate spatial and temporal data about the underwater light field, 

though critical to successful seagrass management, can be costly and time consuming to 

collect and analyze. A useful approach to supplement discrete water samples and provide 

calibration of satellite and airborne remote sensing is the use of a continuous flow-

through system. Many of these systems have been constructed, but most have been 

deployed on larger research vessels in blue-water or coastal ocean environments (Madden 

and Day 1992; Twardowski et al. 2005). One such system has been modified to operate 

aboard a small open-hull boat in shallow seagrass areas. This deck-mounted flow-through 

system has all of the necessary sensors to fully characterize the optical light environment. 

The absorption coefficients  and  are not directly measured, but modeled 

using chlorophyll and CDOM fluorescence (Belzile et al. 2006; Ferrari and Dowell 1998; 

Ferrari 1996). The relationships between fluorescence and absorption are site-specific 

and therefore must be calibrated to the specific survey area. A contouring program can be 

used to map , , or any other flow-through parameter producing a synoptic 

snapshot of a given survey area. A deck-mounted flow-through system is not only useful 

for seagrass management but for any shallow water operation where optical information 

is desired. 

 This dissertation is divided into three main parts. Chapter 1: Estimating the 

photosynthetically available and useable radiation at the seagrass deep edge, focuses on 

the quantity and quality of light penetrating the bottom of selected Seagrass Management 

Areas in Tampa Bay to (1) evaluate the appropriateness of the current minimum light 

targets, (2) examine the relationship between bottom PAR() and PUR() along the 

seagrass deep edge, (3) use a GIS-based modeling approach to estimated percent 

subsurface PAR( ) along the seagrass deep edge and test the hypothesis that the seagrass 

deep edge is blue-light limited, and (4) propose spectrally relevant minimum light targets 

for PAR( ). 

Chapter 2: Relative contribution and magnitude of phytoplankton, CDOM, and 

detritus absorption to the total absorption coefficients in shallow seagrass areas, (1) tests 

the hypothesis that CDOM is the major absorption component to the total absorption of 

blue light, (2) challenges the current seagrass management paradigm by comparing the 
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SMA-specific IOPs with specific environmental variables, (3) establishes SMA-specific 

predictor equations to model the IOPs based on the quasi-IOPs, and (4) utilizes an 

empirically-derived spectral attenuation model to relate the IOPs to .  

Finally, Chapter 3: Synoptic surveillance of the underwater light field using a 

continuous deck-mounted flow-through system (1) designs a framework for surveying the 

optical properties of the light field in very shallow seagrass areas, (2) develops SMA-

specific correlations between the IOPs and raw flow-through 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. 
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Chapter 1. Estimating Photosynthetically Available and Useable Radiation at the 

Seagrass Deep Edge in Tampa Bay, Florida 

1.1. Abstract 

 Seagrass are among the most productive habitats in the world and are a vital 

component to maintaining a healthy estuary. To properly manage this resource requires 

both a solid understanding of light-seagrass relationships and a framework by which to 

monitor these complex relationships. A major challenge in managing seagrass is setting 

appropriate minimum light targets, and in Tampa Bay, resource management agencies 

have adopted a bay-wide minimum light target of 20.5% of photosynthetically available 

radiation (PAR). This target was based on a single species growing under optimal 

conditions and may not be appropriate as a bay-wide estimate. PAR is a broadband 

quantity and does not take into consideration the spectral properties of the light field, nor 

does it consider the specific absorption characteristics of the seagrass themselves. By 

multiplying PAR( ) with leaf absorptance (AL( )), a measure of the photosynthetically 

useable radiation (PUR()) can be easily obtained. To address the need for better 

monitoring tools, a GIS-based modeling approach was used to couple high resolution 

bathymetry with the light attenuation coefficient to map the percent subsurface PAR( ) 

reaching the bottom along the seagrass deep edge. Percent subsurface PAR() was also 

calculated using direct measurements at the seagrass deep edge. PAR() was grouped 

into blue, green, and red color bands whose wavelengths were based on the specific 

absorption characteristics of the seagrass species Thalassia testudinum (Banks ex. König) 

and Halodule wrightii (Asch.), both major species found in Tampa Bay. In all cases, the 

light field was depleted of blue light accounting for as little as 5.3 percent of the total 

PAR at the bottom. Green light accounted for approximately half the total PAR at bottom 

while red light accounted for about one third. Based on annual average light attenuation 

coefficients, seagrass received 31.7 ï 38.9 percent of surface PAR and 13.6 ï 18.1 

percent of surface blue light along the deep edge. In August, during the rainy season, 

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 percent of surface green light, and  26.8 
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percent of surface red light. Under the lowest light conditions measured in this study, 

seagrass were primarily dependent on red light and, to a lesser extent, on blue-green and 

yellow light. Bottom PUR() at the deep edge was 13.0 mol m
-2

 s
-1

 for blue light and 

66.0 mol m
-2

 s
-1

 and 56.3 mol m
-2

 s
-1

 for red and green light, respectively. The 

relatively high PUR() for the green wavelengths suggests that when blue light is limited, 

the accessory pigments chlorophylls b, c, and the carotenoids, may be most important to 

maintaining photosynthesis and ultimately plant survival. 
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1.2. Introduction 

 Seagrass are important primary producers in estuarine systems around the world 

and provide critical habitat and food for many commercially and recreationally important 

fish. Seagrass also play a key role in biogeochemical processes, sediment stability, as 

well as many other functions (Bortone 2000; Hemminga and Duarte 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 possible. Light is the primary limiting 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 requirements (Abal et al. 1994; Major and 

Dunton 2002; Zimmerman 2003). Seagrass depth limits are strongly related not only to 

the percent of incoming solar radiation reaching the bottom and the rate at which it is 

attenuated but the light fieldôs spectral quality (Figure 1-1) (Dennison 1987; Duarte 1991; 

Durako 2007; Nielsen et al. 2002).  

In most systems, including Tampa Bay, seagrass are light limited (Janicki 

Environmental 2001; Kenworthy and Fonseca 1996). For this reason, most management 

plans attempt to set minimum light targets to maximize seagrass coverage along the deep 

edge. 
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Figure 1-1. Conceptual diagram of light loss with depth. The percent subsurface 

irradiance is defined as the percent of PAR() or PUR( ) reaching the bottom relative to 

just below the water surface. Source: Center for Environmental Science, University of 

Maryland 

 

Over-development and pollution in Tampa Bay has resulted in a decrease in 

seagrass coverage by 75% between the years of 1950 and 1985. Since 1985, 

improvements in wastewater treatment and stormwater management have seen large 

improvements in water quality resulting in increased light penetration with a 

corresponding increase in seagrass coverage. Despite these large increases, total seagrass 

coverage is still below that of the 1950s. The development of a minimum light target for 

seagrass is a major part of the restoration and management plan for seagrass in Tampa 

Bay. Though imperfect, it has provided a context by which site suitability can be easily 

measured.  

The Tampa Bay Estuary Program and its partners established a minimum light 

target for Tampa Bay of 20.5% of the total incoming PAR in units of 

 (TBNEP 1996). This target was largely based on work that 

focused on a single species growing in lower Tampa Bay under optimal conditions 
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(Dixon and Leverone 1995). The goal of this early work was to determine the annual 

light regime along the deep edge of a stable Thalassia testudinum (Banks ex. König) bed 

where light limitation was believed to be the limiting factor (Hall 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 bottom was determined to be 22.5% (Dixon 

and Leverone 1995). As 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 locations. The decision to extrapolate 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 proposed minimum light targets for other 

seagrass species including Halodule wrightii (Asch.) and Syringodium fili forme (Kutz). 

For example, estimates of between 24% - 37% of subsurface PAR have been proposed 

for the Indian River Lagoon along the east coast of Florida (Kenworthy and Fonseca 

1996). In 2007, the Tampa Bay Estuary Program began an extensive re-evaluation 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 seagrass deep edge. Since 1988, the Southwest Florida Water Management District 

(SWFWMD) has been mapping the spatial extent of seagrass along the west coast of 

Florida, including Tampa Bay, using aerial photography collected roughly every two 

years. After the images are georectified and orthorectified, they are analyzed by certified 

photointerpreters who delineate seagrass polygons and classify them as either patchy 

(>25% of a polygon is unvegetated) or continuous (<25% is unvegetated) (Kurz 2002). 

Stringent quality control measures are used to establish the accuracy of identifying each 

polygon with the correct seagrass classification. A 90% accuracy rate is required for 

polygons greater than 0.4 hectares in size (Kurz 2002). These maps are the basis for 

tracking long-term seagrass coverage in Tampa Bay. The 2006 maps are used here to 

estimate the extent of the mapped seagrass deep edge within the study areas. For the 

purposes of this study, no distinction is made between the patchy and continuous 

coverage classifications. It is recognized that seagrass can grow beyond this mapped edge 
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but at densities that are too small to be detected. It is estimated that these grasses 

represent a very small percentage of the total seagrass area. Therefore, the mapped edge 

is considered to be the seagrass deep edge for management purposes and is defined as 

such here. 

 

1.2.2. Wavelength-specific 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 regardless of its wavelength-specific energy (Kirk 1994; 

Mobley 1994). Of course, a given photon must first be absorbed by one of the 

wavelength-specific photosynthetic pigments. The usefulness of a given light field for 

photosynthesis is not simply a function of the total intensity of PAR, but how well the 

spectral distribution of PAR matches the absorption spectrum of a given aquatic 

macrophyte or phytoplankton (Kirk 1994). 

Because PAR, by definition, is a broadband quantity, it does not take into account 

the spectral variability of light reaching the bottom. Spectral PAR (PAR()) provides 

much more information on the shape of the incoming light field than simply measuring 

PAR. However, neither PAR nor PAR() provide any indication that the photons 

available are actually being absorbed. Since seagrass are considered the ñend usersò of 

the incoming light field, it is important to express light quality in terms of the specific 

absorption characteristics of the light harvesting pigments found in seagrass. Like all 

higher plants, seagrass are reliant mostly on light within the blue and red color bands, 

though the presence of accessory pigments can increase the operational window beyond 

the blue and red wavelengths (Figure 1-2).  
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Figure 1-2. Absorptance spectra and PUR() for two species of seagrass Thalassia 

testudinum (Banks ex. König) and Halodule wrightii (Asch.), and bottom PAR() 

measured in Tampa Bay. PUR() is the product of the leaf absorptance and PAR(). 
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Light-harvesting pigments associated with photosynthesis include the 

chlorophylls a, b, and c, and the carotenoids (Kirk 1994). The chlorophylls are the 

primary pigments for light harvesting but the presence of carotenoids expands the 

absorbing capabilities into the near-UV and blue-green wavelengths (Kirk 1994). Of the 

chlorophylls, chlorophyll a is the primary light absorbing pigment, with a primary 

absorption peak centered near 440nm and a secondary peak near 660nm (Figure 1-2). 

Seagrass do not posses antennae pigments capable of efficient harvesting of green light 

(Cummings and Zimmerman 2003) unlike some species of red and blue-green algae that 

contain green-light harvesting billiproteins (Kirk 1994). Green light should not be 

thought of as being useless to seagrass, however some of the carotenoids can extend the 

absorption range of seagrass well into the blue-green region up to about 560nm (Kirk 

1994).  

Photosynthetically useable radiation (PUR) is a spectrally integrated quantity, 

defined as the fraction of the radiant energy that can be absorbed by a given plant, in this 

case seagrass (Morel 1978; Morel 1991). Both PAR and PUR can be expressed in terms 

of their spectral quantities and are given the symbols PAR() and PUR(), respectively. 

PUR( ) is calculated by multiplying PAR( ) by some dimensionless quantity that is 

proportional to the leaf absorption per wavelength (Kirk 1994). This dimensionless 

quantity is commonly defined by phytoplankton researchers as the ratio of the 

phytoplankton absorption coefficient to the maximum absorption coefficient, typically at 

440nm (Morel 1978; Morel 1991). Typically, seagrass researchers express this 

dimensionless quantity in terms of the leaf absorptance (AL). 

 While pigment concentrations can vary significantly both within and among 

various seagrass species, leaf optical characteristics are quite similar because of the 

strong package effect, partially due to the chloroplasts being limited to the leaf epidermis 

(Cummings and Zimmerman 2003; Durako 2007; Enriquez 2005). A comparison of the 

relative absorption curves of Thalassia testudinum (Banks ex. König) and Halodoule 

writtii  (Asch.) reveals very little difference in the peak 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, chlorophyll content can vary significantly among 

different species and habitats in response to low-light conditions (Cummings and 

Zimmerman 2003; Dennison and Alberte 1982; Herzka and Dunton 1997). This 

acclimation strategy has been found to be largely inefficient due in part to the strong 

package effect caused by the structural configuration of the leaf tissue restricting the 

chloroplasts to the epidermal layer (Cummings and Zimmerman 2003). 

 For resource managers, it is far too complicated to address light quality on a per 

nanometer basis. It is more practical both operationally and conceptually to combine 

wavelengths into broad color bands based on the absorption characteristics of the 

seagrass (Figure 1-2). In this study, three color regions or bands are defined (Table 1-1). 

 

Table 1-1. Selected wavelength ranges of the color bands blue, green, and red and the pigments 

that are represented by each.  Only the red algae, blue-green algae, and the cryptophytes 

contain billiproteins that allow them to harvest green light. 

 Blue Green Red 

Wavelength Range 400nm-490nm 490nm-600nm 640nm-690nm 

Pigments Chlorophyll/Carotenoid 

Protein Complex 

Billiproteins Chlorophylls 

Found in Seagrass  Yes No Yes 

 

 

These regions correspond to the absorption peaks associated with the chlorophylls and 

the carotenoids. There is an inherent danger of over simplifying what is a very complex 

process by simply binning wavelengths and this issue is examined in some detail by 

comparing these bulk color bands with measurements of PUR(). 

 

1.2.3. Measuring transparency in shallow waters 

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

techniques and still a very common method is to use a Secchi disk. This approach has 
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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 disk cannot 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 gives no 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 have necessitated the development of an alternative approach to 

measuring light. Of primary significance is this lack of spectral information. While PAR 

is a good bulk estimator of the subsurface light field, isolating specific PUR wavelengths 

allows a much more surgical approach to establishing relevant seagrass targets. Advances 

in technology have made it relatively easy to acquire spectral data in very shallow waters. 

Presented here is a framework for determining not only the quantity of light reaching the 

bottom but also the spectral shape of the underwater light field. With this information a 

light attenuation coefficient is calculated and the percent subsurface light reaching the 

bottom is determined.  

 A potential source of error in setting light and depth targets 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 method commonly 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 irradiance in water depths of less than 0.5m. This 

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 Area concept 

 As part of the Tampa Bay Estuary Programôs seagrass management plan re-

evaluation, Tampa Bay was subdivided into 30 individual Seagrass Management Areas 

(SMA) (Figure 1-3) (EPCHC 2007). For this study, four SMAs were selected based on a 

priori knowledge of the optical properties and historical seagrass coverage. Within each 

SMA two fixed stations were established from which all in-water irradiance 

measurements were collected. For each SMA, except for Egmont Key, a nearshore and an 

offshore station were established (Table 1-2). 

 

Table 1-2. Fixed stations for each SMA where in-water irradiance measurements were collected. 

Meter marks correspond to the approximate distance from the shoreline. The seagrass Halodule 

wrightii disappeared from the offshore Wolf Branch and Kitchen sites mid-way through the study. 

Depth is relative to MSL. 

SMA  Strata 

Meter 

Mark 

Depth 

(m) Seagrass Species 

Coffeepot Bayou  near shore 

offshore 

100 

900 

0.92 

1.18 

Thalassia testudinum, Halodule wrightii  

Thalassia testudinum 

Wolf Branch  near shore 

offshore 

300 

1100 

0.85 

1.50 

Thalassia testudinum, Halodule wrightii  

Halodule wrightii  (disappeared) 

Kitchen  near shore 

offshore 

600 

1300 

0.88 

1.16 

Halodule wrightii   

Halodule wrightii  (disappeared) 

Egmont Key near shore 100 1.59 Thalassia testudinum 

 

The nearshore sites were located within relatively healthy seagrass beds where light 

limitation was assumed not to be a factor. Originally the offshore sites were to be located 

at the deepest extent of seagrass growth, where light limitation was likely to be the 

primary limiting factor. In the Kitchen and Wolf Branch offshore 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 of the persistent seagrass bed.  
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Figure 1-3. Seagrass Management Areas of Tampa Bay. 

 

 The Kitchen (SMA 5) is located in eastern Tampa Bay (Figure 1-3) and has an 

area of approximately 776ha. There have been significant increases in seagrass 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 Sutton berths to the 

south, and the shoreline to the east boxing in the area (Figure 1-4). The shoreline is 

mostly mangrove with some salt marsh. The only direct freshwater inflow is from 

Bullfrog Creek, a 3km long tidal creek that drains mostly agriculture and some urban 

development. Additonal freshwater inflow can come from the Alafia River just to the 

north. The nearshore and an offshore site were located approximately 600m and 1300m 

from the shoreline (Figure 1-4). The offshore site had very sparse Halodule wrightii 

(Asch.) at the beginning of the study, but by October, what little grass there was had 

completely disappeared. Given the extremely shallow nature of this SMA, the nearshore 


