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Abstract:

Freshwater inflow is necessary to maintain health and productivity in estuarine ecosystems.
There are no standard criteria to set inflow levels, however. Also, freshwater inflow rates are
changing due to changing land use patterns, water diversions for human consumption, and
climate effects. There is a need to be able to predict how changing hydrology might affect
estuary health. One indicator of estuarine health is ecosystem function of which whole
ecosystem metabolism is a major component. It was hypothesized that whole ecosystem
metabolism in shallow estuaries will depend on freshwater inflow. To test this hypothesis, whole
ecosystem metabolism was calculated in Lavaca Bay, Texas and its relationship to freshwater
inflow determined. We calculated a significant indirect relationship between whole ecosystem
metabolism and freshwater inflow near to the freshwater source in the upper bay, with more
negative whole ecosystem metabolism occurring after higher freshwater inflow events. No
significant relationship was found between whole ecosystem metabolism and freshwater inflow
in the lower bay. The relationship between freshwater inflow and net ecosystem metabolism
could be useful in total maximum daily load (TMDL) programs for dissolved oxygen
impairment. We conclude that freshwater loading i.e., the combination of water quality and
quantity, drives ecosystem function in shallow water estuaries. The location of freshwater inflow

sources within an estuary, however, is important in regulating this relationship.
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Introduction

Freshwater inflow is necessary to maintain both primary and secondary productivity in coastal
estuary ecosystems. Minimum freshwater inflow levels are required by many states to protect
estuarine health, but there is no standard approach or criterion to set inflow levels (Montagna et
al. 2002). Also, freshwater inflow rates are changing because of changes in land use, water
diversion for human consumption, and climate change effects. These anthropogenic changes
result in decreased freshwater inflow and changes in the capture and reduction of flood events.
There 1s a need to be able to predict how these anthropogenic changes in hydrology might affect
estuarine health. Estuarine health is the ecological integrity of an entire system. Ecological
integrity can be defined as a condition of ecosystems that is fully developed when the network of
biotic and abiotic components and processes is complete and functioning optimally (Campbell,

2000). A reliable and accurate indicator of estuarine health is ecosystem function.

An important component of ecosystem function is whole ecosystem metabolism. Whole
ecosystem metabolism is calculated by subtracting respiration from primary production for all
biological components contained in a defined body of water. A positive whole ecosystem
metabolism indicates that primary production exceeds respiration. A negative whole ecosystem
metabolism means that respiration exceeds primary production. In the aquatic environment,
whole ecosystem metabolism depends on a variety of physical and biological factors. Physical
factors that influence whole ecosystem metabolism include depth, surface wind speed,
freshwater inflow, turbidity, substrate type, salinity, temperature, flow rates, nutrient
concentrations, and tidal cycles. Biological factors that influence whole ecosystem metabolism

include chlorophyll-a, amount of live biomass in the water column and sediment, photosynthesis
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rates, and respiration rates. Changes in whole ecosystem metabolism may be driven by short
term events, seasonal, or annual cycles of environmental conditions. Freshwater inflow, by
delivering nutrients and organic matter from the watershed, may be the most important of these
environmental conditions by affecting the health, function, and productivity of estuarine

ecosystems.

Whole ecosystem metabolism is linked to dissolved oxygen dynamics through the processes of
photosynthesis and respiration. Dissolved oxygen concentrations must remain sufficiently high
to preserve ecosystem health. There are currently 4641 impaired water bodies in the United
States listed on the Environmental Protection Agency’s 2002 303(d) list for organic
enrichment/low dissolved oxygen. Low dissolved oxygen ranks 5 on the top 100 impairments
list. Low dissolved oxygen is responsible for the approval of 947 total maximum daily load
(TMDL) programs, representing over 10% of the total number currently approved. One effect of
dissolved oxygen dynamics that has received recent interest is bottom water hypoxia events
during summer months. Causes of bottom water hypoxic conditions include water column
stratification, nutrient enrichment, and organic matter decomposition (Officer et al., 1984;
Pokryfki and Randall, 1987; Rabalais et al. 2001). The balance between water/sediment interface
photosynthesis and respiration can determine whether these waters become hypoxic or anoxic.
Large areas of shallow water estuaries can become hypoxic during summer months when high
levels of water column primary production, stratification, benthic respiration, and reduced
flushing by freshwater inflow reduce bottom water dissolved oxygen levels to dangerous levels
(<2.0 mg O, I'"). Over one half of the estuaries in the Gulf of Mexico exhibit moderate to severe

dissolved oxygen depletion (hypoxia/anoxia), a key indicator of aquatic ecosystem health
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(Bricker et al. 1999). Hypoxia in Corpus Christi Bay was documented in the summer months of
1988 (Montagna and Kalke 1992) and has occurred every summer since (Montagna and
Morehead 2003). Organic matter and nutrients delivered by freshwater inflow not only effect

estuarine health but also estuarine function.

Ecosystem function in Texas shallow water estuaries may be altered by anthropbgenic
modifications of Texas watersheds and the subsequent changes in freshwater inflow dynamics.
Restored inflow to Rincon Bayou Texas, after damming reduced freshwater inflow by 55%,
resulted in infauna abundance, biomass, and diversity increases (Montagna et al, 2002).
Increased freshwater inflow restored the ecosystem function of this salt marsh nursery habitat for
estuarine dependent, commercially important species such as the brown shrimp, Farfante
penaeus aztecus (Riera et al, 2000). Ecosystem function often translates into ecosystem

productivity.

Ecosystem productivity may be related to freshwater inflow by supplying nutrients and organic
matter from the watershed. Freshwater inflows to South Texas estuaries are limited (~0-800
million m® y!). An analysis of open water dissolved oxygen measurements to calculate
ecosystem metabolism over the past 20 years concluded that some Texas estuaries have low
amounts of gross primary productivity with only 200 g C m? y™! (Ward, 2003). Low gross
primary production may be due to lack of freshwater inflow. Both organic maﬁer and nutrients
can be used to fuel primary and secondary production in an estuary either directly by

incorporation into new biomass or indirectly by re-mineralization.
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Open water dissolved oxygen measurements have been used to estimate whole ecosystem
metabolism, providing spatially and temporally integrated estimates of metabolic processes since
Odum’s seminal work in the 1950°s (Odum 1956). Whole ecosystem metabolism is a
calculation of the change in dissolved oxygen concentration resulting from biological processes
in an aquatic ecosystem over a period of 24 hours. Atmospheric oxygen flux must be estimated
to separate physical and biological influences on dissolved oxygen concentration (Odum and
Wilson 1962). Atmospheric oxygen flux is influenced by a combination of dissolved oxygen
concentration gradients and near surface turbulence dynamics. The physical factors driving near
surface turbulence must therefore be accounted for during calculations of whole ecosystem

metabolism.

It was hypothesized that whole ecosystem metabolism in shallow estuaries will depend on
freshwater inflow. To test this hypothesis, whole ecosystem metabolism was calculated in
Lavaca Bay, Texas and its relationship to freshwater inflow determined. We calculated whole
ecosystem metabolism from continuous oxygen measurements and compared them to freshwater

inflow amounts.

Materials and Methods

A monitoring plan was designed to assess both the spatial and temporal variability in whole
ecosystem metabolism using dissolved oxygen concentrations in Lavaca Bay. Fifty-eight 24-
hour water quality monitoring samples, 20 water column nutrient samples, 43 water column
chlorophyll-a, and 50 sediment samples were taken over a two year period (2002-2003) (Table

la and 1b). Six different Texas Commission of Environmental Quality (TCEQ) sites were
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sampled to provide spatial coverage (Table 2) (Fig. 1) (http://www.tceq.state.tx.us). Sites were
divided into upper bay (stations 1-3), and lower bay (stations 4-6) groups. The upper, lower bay
groups are subdivided by a constriction caused by the Highway 35 overpass (Fig. 1)’. Dissolved
oxygen and other water quality parameter measurements were taken every 15 minutes at mid-
depth using YSI series 6 multiparameter data sondes. Models 6920-S and 600XLM data sondes
with 610-DM and 650 MDS display loggers were used. The series 6 parameters have the
following accuracy and units: temperature (£ 0.15°C), pH (£ 0.2 units), dissolved oxygen (mg 1!
+ 0.2), dissolved oxygen saturation (% + 2%), specific conductivity (+ 0.5% of reading
depending on range), depth (+ 0.2 m), and salinity (+ 1% of reading or 0.1 ppt, whichever is

greater). Salinity is automatically corrected to 25°C.

The relatively high wind speeds that occur across the shallow water estuaries of Texas imply that
wind will dominate the physical control of atmospheric oxygen flux. Texas estuaries experience
sustained wind speeds commonly around 7-8 m s™ (~13-18 mph), but can have daily variations
in wind speed from 1-10 m s (~2-23 mph) (Texas Coastal Ocean Observation Network data at

http://lighthouse.tamucc.edu/TCOON/HomePage). Estuaries in other regions of the U.S. tend to

have wind speeds in the range of 0-6 m s (~0-12 mph) with maximum atmospheric oxygen
exchanges measured at 8.6 ms™ (~19 mph) (Kemp and Boynton 1980; Marino and Howarth
1993). Meteorological forcing dominates water exchange and circulation in South Texas
estuaries because of shallow water depths (medium depth ~2-4 m), small tidal range (~0.25 m),
little freshwater inflow (~0-800 million m® y*), and long over-water fetches (Orlando et al.
1993). These characteristics when combined with ample sunlight, high temperatures, and

relatively steady South-east winds make South Texas estuarine ecosystems particularly amenable
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to open water methods of estimating whole ecosystem metabolism. Biological processes can still
dominate dissolved oxygen concentration changes in South Texas estuaries even with the
prevalence of high wind speeds. The physical features of South Texas estuaries, when combined
with the highly dynamic and large influence of wind speed on surface turbulence, require that
estimates of whole ecosystem metabolism in this region adjust for changes in atmospheric

oxygen flux because of changing wind speeds.

The wind dependent diffusion coefficients given by D’ Avanzo et al. (1996) were applied to
calculations of whole ecosystem metabolism in Lavaca Bay. D’Avanzo et al.’s diffusion
coefficients allowed for diffusion corrected calculations of dissolved oxygen concentration
change that could vary over short temporal scales (hourly). The major physical influence on
whole ecosystem metabolism calculations was thus removed by adjusting for atmospheric
oxygen flux generated during undersaturated or supersaturated dissolved oxygen concentration
conditions. Removal of the physical influences on dissolved oxygen concentration left just the

biologically driven changes in dissolved oxygen concentration.

Net ecosystem metabolism was calculated using open water diurnal methods. Dissolved oxygen
concentrations were taken every 15 minutes and converted to a rate of change in dissolved
oxygen concentration. These rates of change were then adjusted to control for diffusion of
oxygen between the water column and the atmosphere by using percent saturation of dissolved
oxygen in the water column and the wind dependent diffusion coefficient K (g O, m™ h'") at 0%

saturation proposed by D’Avanzo et al. (1996) using the equation:
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Rac =R - ((1-((S; + Sz) / 200)) * K / 4); where

Ryc = diffusion corrected oxygen concentration rate of change per 15 minutes,

R = observed oxygen concentration rate of change,

Si1and S, = dissolved oxygen percent saturations at time one and two respectively,

K = diffusion coefficient at 0% dissolved oxygen saturation.

To calculate daily net ecosystem metabolism the 15-minute diffusion corrected rates of dissolved
oxygen change were then summed over a 24-hour period, starting and ending at SAM. Open
water dissolved oxygen methods similar to those used here have been used in a variety of
estuaries to calculate net ecosystem metabolism (Kemp et al 1992; D’ Avanzo et al. 1996; Borsuk

et al. 2001; Caffrey 2003).

Net ecosystem metabolism was regressed against freshwater inflow, salinity, water temperature,
water column depth, water column chlorophyll-a, water column nutrients, and sediment
characteristics. Freshwater inflow was calculated by summing all daily USGS gauged river flow
(millions of cubic feet day™) into the bay during the ten days prior to sampling
(http://waterdata.usgs.gov/tx/nwis/rt). A ten day period was assumed to be the time interval
needed to capture an estuary’s response to relatively recent freshwater inflow. Salinity, water
temperature, and depth daily means were calculated from multiparameter sonde measurements.
Chlorophyll-a was sampled by modifying the TCEQ’s Surface Water Quality Monitoring
Procedures Volume 1 (2003) (http://www.tnrcc.state.tx.us/admin/topdoc/rg/415/415 .html)
methods for collection of routine water chemistry samples. Two 10-ml sub-samples from a 1-L

van Doran bottle were collected and filtered on site. Chlorophyll-a concentration was
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determined using non acidification fluorometric techniques (Welschmeyer 1994). Water column
nutrient analyses for ammonium, phosphate, silicate, and nitrate plus nitrite were run on a Lachat

Quikchem 8000 using standard colormetric techniques (Parsons et al 1984, Diamond 1994).

Sediment and macrobenthos were sampled by taking five 6.7 cm diameter cores per station.
Three cores were divided into 0-3 cm and 3-10 cm sections, and preserved in formalin until
macrobenthic analysis. One core was divided into 0-3 cm and 3-10 c¢cm sections for sediment
grain size analysis; all of the 0-3 cm section and a vertical slice of the 3-10 cm section were
collected in the field, but only 20 cm® were used in analysis. Zero to 1 cm and 2-3 ¢m sections
from the final core were placed in sterile Petri dishes for total carbon, total nitrogen, and total

organic carbon analyses.

Results

Principle component analysis (PCA) of site specific environmental variables yielded two
relatively distinct groups of stations located in upper and lower Lavaca bay. Two groups of
stations; 1, 2, and 3 in upper Lavaca bay and station 4, 5, and 6 in lower Lavaca bay were
identified from salinity, temperature, and depth measurements taken during every 24-hour
dissolved oxygen deployment (Fig. 2a). Salinity and temperature had the highest loading values
with depth being similar to salinity (Fig. 2b). Principle components 1 and 2 explained 56.3%
and 28.1% respectively of the total variability. The station groups resulted from a gradient of
high salinity conditions at station 6 in the upper left to lower salinity conditions at station 1 in the

lower right (Fig. 2a). Temperature depended on time of year when samples were collected with
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lower temperatures corresponding to the lower left and higher temperatures in the upper right

(Fig. 2a).

Chlorophyll-a measurements resulted in similar station groups as the environmental condition
analysis (Fig. 3). Stations grouped together into three sets; 1 in upper bay, 3, 5, and 6 in lower
bay, and stations 2 and 4 made up a transitional group. Significant differences were seen
between station 1 and the group of stations 3, 5, and 6. Stations 2 and 4 grouped with both upper
and lower bay groups. The discrepancy between site 3 and 4 falling in an alternate group than
during the environmental condition analysis may be due to resuspension of benthic algae by
turbulence generated as water moves past an overpass located down estuary from station 3 and
up estuary of station 4. Chlorophyll-a did not have a significant relationship with net ecosystem

metabolism (linear regression, p = 0.5821) (Fig. 4).

Water column principle component nutrient analysis separated stations along a gradient from
upper to lower bay. The large change in nutrient concentrations during a large pulse of
freshwater inflow implies that the main driving force behind nutrient concentrations is freshwater
inflow (Fig. 5a). Upper bay stations encounter slightly higher concentrations of nutrients than
lower bay stations under lower freshwater inflow conditions (Fig. 5b). Principle component 1

and 2 accounted for 83.3% and 7.9% respectively of the total variance (Fig. 5¢).

Sediment characteristic PCA resulted in a separation between upper and lower bay stations (Fig.
6a). Principal component 1 and 2 accounted for 60% and 24% respectively of the total

variability (Fig. 6b). Stations were vertically separated on PC 2 by a gradient of sandy sediment
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in upper bay to clay dominated sediments in lower bay. Lower bay stations also had more total
sediment nitrogen. Station 5 separated from the rest of the stations on PC 1 because of the large
quantities of total carbon, total organic carbon, and rubble measured there. The rest of the
stations were characterized by a larger percentage of silt and higher concentrations of total
nitrogen. No significant relationship was found between any sediment charactéristic and net

ecosystem metabolism (linear regression, p = 0.076-0.106).

Linear regression analysis comparing net ecosystem metabolism with freshwater inflow, salinity,
temperature, and depth resulted in only salinity (p < 0.001, R* = 0.400) or freshwater inflow (p <
0.001, R? = 0.374) being significant depending on which was entered into the model first.

Freshwater inflow will be used during the rest of the analysis instead of salinity since freshwater

inflow is more manageable by anthropogenic modification of watersheds than salinity.

Freshwater inflow correlated with net ecosystem metabolism in upper Lavaca bay (linear

regression p<0.0001, R* = 0.41) (Fig. 7). The largest net ecosystem metabolism residuals

“occurred during the lowest levels of freshwater inflow into upper Lavaca bay. The most negative

net ecosystem metabolism values were calculated in upper Lavaca bay.

Lower Lavaca bay net ecosystem metabolism had an insignificant correlation with freshwater
inflow (linear regression p = 0.3497, R* = 0.03) (Fig. 8). The largest response in net ecosystem
metabolism to freshwater inflow, however, was seen in lower Lavaca bay. The two large
positive values of net ecosystem metabolism in Lower Lavaca bay occurred at station 6 during

higher freshwater inflows. The lack of data during moderate freshwater inflows stems from the
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pulsing nature of precipitation events in Texas watersheds which are characterized by extended

periods of drought punctuated by flood events (Fig. 9).

Discussion

Freshwater inflow and salinity were determined to be the only factors to have a relationship with
net ecosystem metabolism in Lavaca Bay. Freshwater inflow and salinity, however, have a fairly
strong inverse relationship to each other (linear regression, p < 0.0001, R* = 0.43) (Fig. 10).
Freshwater inflow is much more manageable than salinity because freshwater inflow is not as
affected by tidal and meteorological change;. The large variability in estuarine environmental
factors means that care must be taken to control for effects these factors may héve on one’s
response variable of interest, in this case net ecosystem metabolism. Separation of stations into
two groups located in upper and lower Lavaca Bay, even though no significant relationships
were found, allowed us to remove most of the effects on net ecosystem metabolism from station
differences in temperature, depth, chlorophyll-a, water column nutrients, and sediment
characteristics. The only other environmental factor that needed to be controlled for was

atmospheric water column oxygen diffusion.

The large influence that diffusion coefficients have on atmospheric water column oxygen
diffusion and the resulting net ecosystem metabolism values meant that we needed to choose an
appropriate diffusion equation for our specific ecosystem of study. Caffrey (2004) concluded
that 25% of daily measured oxygen concentration changes at 42 National Estuarine Research
Reserve (NERR) sites were due to atmospheric oxygen flux in water depths of approximately 1

meter. Estimates of diffusion coefficients and their relationship to wind speed have been
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calculated using a variety of methods. Odum and Hoskin (1958) used a method based entirely
on the rate of change of dissolved oxygen concentration in South Texas estuaries during night
time periods experiencing constant or near constant wind velocities. Their results suggest for
Texas shallow water estuaries the volumetric diffusion coefficient k (in mg O, 1" hr™ at 100%
saturation deficit) increases linearly from 0-3 as wind increases from 0-12 m s (0-30 mph)
(Odum and Wilson 1962). Hartmon and Hammond (1984) working in San Francisco Bay had
similar results and derived an area based wind-dependent diffusion coefficients K (in g O m™ h™!
at 100% saturation deficit) that ranged from approx. 0-1.5 with wind speeds of 0-10 ms™. Kemp
and Boynton (1980) assumed that atmospheric flux in relatively deeper systems varied as a
constant function of the oxygen gradient between surface water dissolved oxygen and
atmospheric gas with a diffusion coefficient 'that varied with both air and water turbulence. Their
estimates of gas transfer across the air-water interface from measurements using the floating
dome method (Copeland and Duffer 1964; Hall 1970) yielded area based diffusion coefficients
0f0.9t0 9.7 g O, m™>h'. Boynton et al (1978) also found a similar range of K’s (0.4-10.7 g O,
m™ h™) using a variety of methods. With more use of the floating dome method and
comparisons between different system types (i.e., estuaries, open ocean, and lakes) a more
complete picture of wind speed influence on atmospheric oxygen flux became available (Marino
and Howarth 1993). A general exponential relationship suggested by Smith (1985) was used to
model oxygen transfer velocity as a linear function of wind speed. Smith’s log linear model
explained 55% of the atmospheric oxygen flux variability in a combined data set compiled from
a wide range of systems and measurement techniques (Marino and Howarth 1993). A recent
comparison of three wind-dependent diffusion coefficients with a constant coefficient of 0.5 g O,

m~ h”' concluded that the constant coefficient was only similar to the wind-dependent
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coefficients at wind speeds from 0-5 m s™' and greatly underestimated air-sea exchange at winds
greater than 8 m s (Caffrey 2004) (Table 3). The three wind-dependent diffusion coefficient
equations are similar when plotted over wind speeds from 0-10 m s (Fig. 11). D’Avanzo et al.
(1996), studying a shallow estuarine system in Waquoit Bay, Cape Cod, Massachusetts,
estimated relatively higher air-sea exchanges over the entire range of wind speeds than that
found for the wide range of systems used by Marino and Howarth (1993) which included deep
open ocean waters. A wind dependent diffusion coefficient similar to that proposed by D’ Avanzo
et al. (1996) or Marino and Howarth (1993) is therefore preferable to assuming a constant
diffusion coefficient in systems encountering strong and highly variable wind speeds. We chose
to use D’Avanzo et al.’s (1996) diffusion coefficients in our calculations of net ecosystem
metabolism’s relationship to freshwater inflow because both of our estuarine systems have

shallow water depths.

Freshwater inflow alone is not driving whole ecosystem metabolism in estuaries, it is the organic
and inorganic loads contained in that inflow. We can define freshwater loading as the
combination of water quantity and quality. Freshwater inflow into an estuary contains organic
matter and nutrients from an estuary’s corresponding watershed. Freshwater inflow rates can be
used as a proxy for freshwater loading from a specific watershed and will integrate watershed
level processes that effect both water quality and quantity. The relationship between freshwater
inflow and whole ecosystem metabolism was found to differ depending on location within a

shallow water estuary.
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In the upper bay, net ecosystem metabolism becomes more negative as freshwater loading
increases. A negative net metabolism value implies that an allochthonous source of organic
matter is being respired, and that daily respiration is higher than photosynthesis. This organic
matter sink may result in higher secondary production, but an extremely large negative net
ecosystem metabolism could lead to dissolved oxygen impairment as large amounts of oxygen
arc converted to carbon dioxide during oxidation of organic matter. Upper Lavaca bay, being
located in close proximity to freshwater point sources, had the largest negative net ecosystem
metabolism response to increased freshwater inflow. Multiple freshwater point sources present
at Lavaca Bay (i.e. rivers and streams) may have led to the relatively larger variability in net
ecosystem metabolism during lower freshwater inflow periods. Shallow depths in the upper bay
may also have contributed to variability due to the effects of changing daily irradiance on benthic
primary production during low inflow periods when water clarity tends to increase. Upper bay
health and function, even with the increased variability at lower freshwater inflows, seem to be
primarily driven by levels of freshwater loading, but causality cannot be drawn from these results

due to use of correlation statistical analysis.

The lower bay, which likely receives less organic matter, has a more balanced to slightly positive
net ecosystem metabolism with increased freshwater loading. A balanced net ecosystem
metabolism implies that lower Lavaca bay doesn’t act as a sink or source of organic matter. A
positive net metabolism value implies that autochthonous organic matter is being produced, and
the ecosystem is a net source of organic matter. Autochthonous matter production may be the
result of increased nutrient input from periods of increased freshwater flow. The two large

positive net ecosystem metabolism values during a period of high freshwater inflow occurred at
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station 6. Net ecosystem values closer to zero were found at station 4 during the same freshwater
inflow period. Upper bay conditions may push down into the lower bay where station 4 is
located during very high freshwater inflows. Station 4 may act as a transition between upper and
lower bay results during high freshwater inflows. If we separated the station 4 results from
stations 5 and 6 we could tentatively conclude that the lower bay has a large positive net
ecosystem response during high freshwater periods. The lack of replicate samples at station 5
and 6 during high freshwater inflows, however, means that further research will be needed before
valid conclusions about lower bay net ecosystem dynamics can be made. Autochthonous matter
production in lower Lavaca bay could, if severe, lead to eutrophic conditions and occurrences of
harmful algal blooms, but this is usually prevented in Lavaca bay by wind and tidal flushing, and
a well mixed water column. The deeper depths of the lower bay and the spatial separation from
freshwater inflow point sources implies that water column proéesses will dominate and tidal
forcing may be more important here than in the upper bay. The lack of significance in the
relationship between freshwater loading and whole ecosystem metabolism implies that other
factors are more important than freshwater loading this far away from freshwater inflow point

sources. Which factors are important, however, are still unknown.

These findings conclude that freshwater loading drives ecosystem function in shallow water
estuaries. The location within an estuary, however, is important in describing this relationship.
Whole ecosystem metabolism provides an indicator of ecosystem health and function but is also
a direct estimate of the biological processing of oxygen. Total maximum daily load programs for
dissolved oxygen impairment could use the techniques and relationships between freshwater

inflow and net ecosystem metabolism generated during this study and apply them to keep
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estuarine ecosystem metabolism in balance. Future research efforts include conducting broader
scale studies to quantify the temporal and spatial variability in net ecosystem metabolism’s
relationship with freshwater inflow. The larger range of environmental conditions captured
during this future research will be used to produce a practical integrated watershed level

modeling tool for management of estuarine dissolved oxygen concentrations, health, and

function.
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Table 2. Stations sampled for net ecosystem metabolism. T. C. E. Q. descriptions and locations.

Assessment Station No. ;
Unit Short Description Latitude (N) Lv(;]ngltude
TCEQ UTMSI W)

Upper-Bay 17552 LB 1 Lavaca Bay So. of  28.69683456 96.64499664
Garcitas Cove

Upper-Bay 17553 LB2 Lavaca Bay West ~ 28.67436218  96.58280182
of Point Comfort

Upper-Bay 13383 LB3 Lavaca Bay at SH  28.63888931 96.60916901
35

Lower-Bay 17554 LB 4 Lavaca Bay East 28.63933372  96.58449554
of Noble Point

Lower-Bay 13384 LB5 Lavaca Bay at'Y'  28.59583282  96.56250000
at CM 66

Lower-Bay 17555 LB6 Lavaca Bay South  28.59769440 96.51602173
of Rhodes Pt.

Table 3. Wind dependent and constant diffusion coefficient (K) equations. Diffusion
coefficients (K) are in g O, m™> h'. Odum and Wilson; and Marino and Howarth estuarine

subset equations estimated from graphs.

Author(s) Location(s) Wind Speed Equation Variability
Range (ms') X =Wind Speed  Explained (%)
Odum and Texas Gulf 0-12 0.2x NA
Wilson, 1962 Coast
Marino and ~ World Wide 0-12 0.1098e02* 55
Howarth, 1993  Full data set
Marino and Estuarine 0-12 o100+ 04%) NA
Howarth, 1993  data subset
D’Avanzoet  Waquoit Bay NA 0.56e>% NA
al., 1996
Caffrey, 2004  NERR sites 0-10 0.5 NA
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Fig. 1. Map of 24 hour data sonde deployment at U. T. M. S. L. stations in Lavaca Bay.

Fig. 2a. Environmental condition PCA scores.

Fig. 2b. Environmental condition PCA loads.

Fig. 3. One way anova of chl.-a by station with Tukey’s minimum significant difference = + 3.7
as error bars.

Fig. 4. Net ecosystem metabolism vs. chlorophyll-a linear regression.

Fig. 5a. Water column nutrient PCA scores (Circled area contains scores during high freshwater
inflow).

Fig. 5b. Water column nutrient PCA scores close up.

Fig. 5c. Water column nutrient PCA loads.

Fig. 6a. Sediment characteristics PCA scores.

Fig. 6b. Sediment characteristics PCA loads.

Fig. 7. Upper Bay net ecosystem metabolism vs. freshwater inflow.

Fig. 8. Lower Bay net ecosystem metabolism vs. freshwater inflow.

Fig. 9. Cumulative ten day prior to date gauged freshwater inflow into Lavaca Bay, Texas.
(Circles denote sample dates.)

Fig. 10. Mean daily salinity vs. cuamulative freshwater inflow from ten days prior to sample date.
(Labeled by U. T. M. S. I. station number.)

Fig. 11. Wind dependent and constant diffusion coefficients (K) vs. wind speed.
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