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Evaluating Indicators of Seagrass Stress to Light
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Introduction

Estuaries and coastal waters are highly productive, ecologically and societally valuable ecosystems. They
are under increasing stress from both anthropogenic factors, such as nutrient enrichment and sedimen-
tation, and altered frequencies and intensities of natural disturbances arising across many scales, from
inputs to a watershed to those wrought by global climate change. Seagrasses are often dominant primary
producers that can play a central role in the stability, nursery function, biogeochemical cycling, and
trophodynamics of coastal ecosystems and, as such, are important for sustaining a broad spectrum of
organisms (Thayer et al., 1984; Hemminga and Duarte, 2000). For example, they stabilize sediments,
which are easily resuspended if the plants are lost, resulting in increased and prolonged turbidity that
reduces available light reaching the seafloor. For these reasons, seagrasses are widely recognized as
“barometers” of estuarine water quality, being perhaps the most parsimonious integrator of estuarine
water quality throughout the range of their current and historic distribution (Dennison et al., 1993).
Thriving seagrass communities signal a productive, diverse, and biogeochemically and trophically well-
coupled coastal ecosystem (Harlin and Thorne-Miller, 1981; Thayer et al., 1984; Fonseca et al., 1998;
Hauxwell et al., 2001). Accordingly, the presence or absence of seagrass is a useful measure of estuarine
condition, but reliance on presence/absence as an indicator implicitly requires significant degradation of
estuarine water quality (Zimmerman et al., 1991; Short and Wyllie-Echeverria, 1996). By focusing on
seagrass decline, we are restricted to detecting conditions when water quality is already so degraded
that there is virtually no time for corrective actions. Therefore, early detection of sublethal stress
thresholds in seagrass plants is crucial for effective conservation of this resource.
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194 Estuarine Indicators

The role of seagrasses as indicators of estuarine condition, particularly decreased water clarity, was
proposed in the early 1990s (Kenworthy and Haunert, 1991; Neckles, 1994). Dennison et al. (1993)
concluded that seagrasses were potentially sensitive indicators of declining water quality because of
their high light requirements (15 to 25% surface irradiance) compared to those of other aquatic primary
producers, such as macroalgae and benthic microalgae, with much lower light requirements (Markager
and Sand-Jensen, 1992, 1996; Agusti et al., 1994). To develop predictive indicators of estuarine suitability
for seagrasses, both water-quality-driven stressors and the whole-plant integrated responses should be
assessed. Potential predictive indicators need to respond clearly and reliably to abiotic factors that cause
suboptimal seagrass growth (e.g., light limitation) and should come from a suite of approaches over a
range of hierarchical levels.

Bio-Optical Modeling

Provided that all other environmental parameters are suitable, the light environment during the growing
season is the most important abiotic factor determining survival of seagrasses (Moore et al., 1997; Batiuk
et al., 2000; Dixon, 2000a). Light attenuation by the water column is a major variable related to seagrass
decline (Dennison and Alberte, 1982, 1985; Bulthuis, 1983). Another is epiphytic light attenuation, which
Dixon (2000b) found to be more important in the subtropical waters of Florida. Low light levels, below
some minimum physiological requirement (typically 15 to 25% of incident surface light = /) may result
in a loss of seagrasses. Light is attenuated down the water column resulting in less light available at the
bottom (7,) than at the surface (I,) by factors including:

1. Turbidity, expressed as total suspended particulate matter (SPM)

2. Phytoplankton, which both absorb and scatter light, expressed in chlorophyll concentration
(chl a)

3. Colored dissolved organic matter (CDOM) leaching from decaying vegetation
4. Macroalgae and epiphytic microalgae that grow on the seagrass, which are usually more

problematic when eutrophication is taking place (Harlin and Thorne-Miller, 1981; Hauxwell
et al., 2001)

Light attenuation (Figure 13.1A) can be expressed as PLW (percent light through water) or the
combined effects of contributions due to turbidity, chlorophyll, and color, resulting in significantly
reduced light with increasing depth. Additional light attenuation can occur at the leaf surface due to
epiphyte fouling, PLL (percent light at leaf), which occurs primarily under heavily eutrophic conditions
(Batiuk et al., 2000). However, this may not always be the case; for example, Dixon (2000b) found light
attenuation due to epiphytes averaging 34% of all attenuation of light in lower Tampa Bay where chl a
has an annual average that is less than 5 mg m~3 (not heavily eutrophic). One of the goals of our research
has been to refine a bio-optical water quality model (Gallegos, 1994, 2001) by determining the importance
of SPM, chl a, and CDOM on light attenuation to seagrasses in North Carolina during different seasons.

Graphically, the results of the bio-optical model are shown as in Figure 13.1B, where two components
of light attenuation (chl a, TSS) are presented on the x and y axes. The third constituent, CDOM, can
be plotted on the z axis on a three-dimensional (3D) plot to show all three components of attenuation.
Median concentrations for one water quality sample are plotted on this graph and compared to a minimum
light water quality requirement for a given depth (for simplicity, depicted as a line of constant attenuation),
which is calculated using a radiative-transfer model and knowledge of seagrass species light requirements.
Target minimum water clarity requirements for seagrass survival are found at the intersection of vectors
perpendicular to the axes or the origin from the median sample concentration. The target concentrations
in this figure suggest that both TSS and chl a need to be reduced to meet the minimum light requirements
of this seagrass species.

Determining the minimum light requirements for a given species requires either monitoring and
identifying the deep edge of existing seagrass beds within an estuary, or an experimental approach where
the minimum light requirements for survival are determined over a period of time. An understanding of
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