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Estuaries cannot function properly without freshwater inflows
from rivers, streams, and local runoff. Freshwater provides low-
salinity nurseries (an osmotic gradient), addition of nutrients
such as nitrogen and phosphorus as well as detritus and other
organic materials, and sediment which flocculates and settles
out upon mixing with saline water thereby maintaining proper
elevation within an estuary to support fringing emergent
vegetation such as Spartina.




Spartina alterniflora




Inflow balance of Texas estuaries reflecting
average rainfall along the coast
60 inches (Beaumont) to 20 inches (South Padre Island)

Inflow Balance
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An estuary (?)
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The Water Cycle
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Freshwater is becoming
increasingly limited per household
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Estuarine Ecosystems are among the most

productive on the planet. All marine habitats
combined have been valued at providing 145
trillion worth of goods and services annually.




Intrinsic value: Something has value in and of

itself, and is not necessarily measured monetarily

Example: The Aransas Project lawsuit against the State of Texas
for violation of the ESA by honoring freshwater permits issued by
TCEQ for San Antonio and Guadalupe Rivers thereby reducing
freshwater inflow into the coastal estuaries to the extent that the
main food source of the endangered whooping crane, the blue crab,
was reduced sufficiently to result in whooping crane mortality.




Navigation: The Intracoastal Waterway offers protection
from heavy Gulf seas moving cargo safely via cost effective
barges. Environmental downside is required periodic
maintenance dredging.




Assimilative Capacity: The ability of an estuary to remove
contaminants in the water by plant absorption and organisms’
assimilation into their bodies, thereby reducing the waste load
entering the oceans.

However, excessive nutrient loading (nitrogen, phosphorus) can
result in eutrophication (dense phytoplankton blooms) resulting in
low DO, and thereby decreasing the ability of the estuary to
effectively filter contaminants.




Recreation and commercial fisheries: 80% recreational harvest
and 68% commercial harvest finfish and shellfish is from US
estuaries.

Many offshore species are dependent on estuaries for part of
their life cycle- shrimp and menhaden in the Gulf, for example




Recreation




Intertidal wetlands: Estuarine ecosystems between low
and high tide. Highly productive ecosystems- 2/3 of
worlds’ fish catch spend part of their life cycle in intertidal
wetlands (most often very early stages) Blue crab larvae
move from nearshore ocean to intertidal wetlands as they
metamorphoses into the megalopae larval stage




Rare and Endangered species




The DOMINO THEORY suggests that freshwater
inflow indirectly affects estuarine resources

( Freshwater Inﬂow\

« Quantity
- Timing
- Frequency
= Duration
- Extent
* Quality
» Tidal connections

/Estuarine \

Conditions

+ Salinity

+ Sediment

* Dissolved material
* Particulate material

ﬂstuarine Resources\

* Integrity
- Species composition
- Abundance
-~ Biomass
- Diversity
* Function
- Primary production
- Secondary production
- Nutrient recycling
+ Sustainability
- Habitats
- Valued resources
- Ecosystem services

. /




Historically benthic biomass, abundance, and
species diversity have been used to identify
bioindicators which in turn signify the health of

the ecosystem.




Benthos are used as bioindicators because they
1. Occur throughout the estuary

2. Can travel only short distances

3. Are generally osmoconformers

(fish, crabs, shrimp can move to avoid stressful
conditions, including salinity)




Freshwater inflow and thus salinity gradients (isohalines) within
an estuary determine both plant and organism distribution.
Although most estuarine organisms tolerate a wide range of
salinities most have an optimal salinity range where they are
least stressed and most likely to survive

Estuarine trophic structures are some of the most complex in
nature and are significantly influenced by salinity.
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Estuarine habitats- Emergent vegetation




Estuarine habitats- Seagrass meadow




Estuarine habitat- mangroves




Oysters are essential in maintaining an optimal phytoplankton
density in Texas bays, which are becoming increasingly
eutrophic as a result of urbanization which reduces infiltration
of rainwater as well as nutrient enriched return flows from
sewage treatment plants.

Oysters are stressed at salinities above 15 PPT due to predator
infestation (drills) as well as susceptibility to disease (Perkinsus
marinus)=Dermo




Osmoregulation in fish: Larval fish often seek estuaries after
hatching in the ocean.

Larval fish often have incompletely developed kidney systems
and become physiologically stressed when external salinity
varies greatly from their internal salinity. They will seek an
optimal salinity in an estuary with salinity gradients.
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TWDB/TPWD approach to determining
freshwater inflow needs

Figure 1

Determining Freshwater Inflows for a Healthy Estuary
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Table 2. Monthly Inflow Needs (in
thousands of acre-feet) of Guadalupe

Estuary for Two Simulations.

Species

Blue Crab

Oyster

Red Drum

Black Drum
Spotted Seatrout
Brown Shrimp
White Shrimp
Total Harvest

MinQ
255.5
609.7
63.8
32.4
113.0
547.8
018.2
2540.4

MaxH
379.9
702.7
34.0
324
114.8
704.0
910.3
2928.0
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DISCHARGE, IN CUBIC FEET PER SECOND
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Thus, total surface inflow reaching the estuary consists of:

Surface Inflow = (1) Sum over all gaged watersheds(USGS Gaged Flow)

+ (2) Sum over all ungaged watersheds(Modeled Flow)

- (3) Sum over all ungaged watersheds(Diveried Flow)

+ (4) Sum over all ungaged watersheds(Returned Flow)

Finally, when considering total fresh water balance, evaporation from and precipition onto the water surface of
the estuary must be considered:

Fresh Water Balance = Surface Inflow

- (5) Evaporation from the estuary surface

+ (6) Precipitation on the estuary surface
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A, Stratified Weak tidal currents

B. Partially Mixed

C. Fully Mixed
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Chlorophyll-based

Net Primary Productivity (mg Carbon/m?)
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Estuanne wetiancs can act as sinks for nutrients by fil run-off,

reducing the amouni of nutnents entenng sub-tidal zones. Th

waler guality and reduces the nsk of and algal blooms downs
Flushing wetlands, however, may provide a source of nutrents 10 coastal waters

mmm 2005; Rassam et al, 2006)

Nutrents are exchanged win terresinal areas (infuding nearty coastal areas and
other continents ) through animal movement. (Sheaves et al, 2008)

Groundwater and npanan vegetation can play a significant role in reducing
entenng sineams, protecting downsiream waler quaity (Rassam et al, 20086)

Nutnent cycling occurs within and between Tomes
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