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Priority Species

	Taxa Category
	Species Name
	Common Name
	State/Federal Status

	
	Octocorals
	
	SC

	
	Stony corals
	
	SC

	
	Black corals
	
	SC

	
	Fire corals
	
	SC

	Srimp
	Farfantopenaeus aztecus
	Brown shrimp
	SC

	
	Penaeus aztecus
	Brown Shrimp
	SC

	
	Farfantopenaeus duorarum
	Pink shrimp
	SC

	
	Penaeus duorarum
	Pink Shrimp
	SC

	
	Pleoticus robustus
	Royal red shrimp
	SC

	
	Litopenaeus setiferus
	White shrimp
	SC

	
	Penaeus setiferus
	White Shrimp
	SC

	Crabs
	Callinectes sapidus
	Blue crab
	SC

	Fish
	Centropomus parallelus
	Fat Snook
	SC

	
	Centropomus undecimalis
	Common Snook
	SC

	
	Microphis brachyurus
	Opossum Pipefish
	ST

	
	Pristis pectinata
	Smalltooth Sawfish
	FE

	
	Pristis Perotteti
	Largetooth Sawfish
	IUCN  RED LIST

	
	Rhinobatos lentiginosus
	Atlantic Guitarfish
	SC

	Drums
	Cynoscion nebulosus
	Spotted Seatrout
	SC

	
	Micopogonias undulatus
	Atlantic croaker
	SC

	
	Pogonias cromis
	Black Drum
	SC

	
	Sciaenops ocellatus
	Red Drum
	SC

	Flounders
	Paralichthys leghostigma
	Southern Flounder
	SC

	Jacks
	Seriola dumerili
	Greater Amberjack
	SC

	Mackerels
	Scomeromorus cavalla
	King Mackerel
	SC

	
	Scomeromorus maculatus
	Spanish Mackerel
	SC

	Mullets
	Mugil cephalis
	Striped Mullet
	SC

	
	Mugil curema
	White Mullet
	SC

	Sea Basses
	Epinephalus drummondhayi
	Yellowedge Grouper
	SC

	
	Epinephalus itajara
	Goliath Grouper (Jewfish)
	SC

	
	Epinephalus morio
	Red Grouper
	SC

	
	Mycteroperca bonaci
	Black grouper
	SC

	
	Mycteroperca microlepis
	Gag Grouper
	SC

	
	Mycteropterca phenax
	Scamp
	SC

	Snappers
	Lutjanus campechanus
	Red Snapper
	SC

	
	Rhomboplites aurorubens
	Vermilion Snapper
	SC

	Sharks
	Alopias superciliosus
	Bigeye Thresher
	SC

	
	Alopias vulpinus
	Thresher
	SC

	
	Carcharhinus acronotus
	Blacknose
	SC

	
	Carcharhinus altimus
	Bignose
	SC

	
	Carcharhinus brachyurus
	Narrowtooth
	SC

	
	Carcharhinus brevipinna
	Spinner
	SC

	
	Carcharhinus falciformis
	Silky
	SC

	
	Carcharhinus galapagensis
	Galapagos
	SC

	
	Carcharhinus isodon
	Finetooth
	SC

	
	Carcharhinus leucas
	Bull
	SC

	
	Carcharhinus limbatus
	Blacktip 
	SC

	
	Carcharhinus longimanus
	Oceanic Whitetip
	SC

	
	Carcharhinus obscurus
	Dusky
	SC

	
	Carcharhinus perezi
	Caribbean Reef
	SC

	
	Carcharhinus plumbeus
	Sandbar
	SC

	
	Carcharhinus porosus
	Smalltail
	SC

	
	Carcharhinus signatus
	Night
	SC

	
	Carcharodon carcharias
	White
	SC

	
	Cetorhinus maximus
	Basking
	SC

	
	Galeorhinus cuvier
	Tiger
	SC

	
	Ginglymostoma cirratum
	Nurse
	SC

	
	Hexanchus griseus
	Sixgill
	SC

	
	Hexanchus nakamurai 
	Bigeye Sixgill
	SC

	
	Isurus oxyrinchus
	Shortfin Mako
	SC

	
	Isurus paucus
	Longfin Mako
	SC

	
	Lamna nasus
	Porbeagle
	SC

	
	Negaprion brevirostris
	Lemon
	SC

	
	Notorynchus cepedianus
	Sevengill
	SC

	
	Odontaspis noronhai
	Bigeye Sand Tiger
	SC

	
	Odontaspis taurus
	Sand Tiger
	SC

	
	Prionace glauca
	Blue
	SC

	
	Rhincodon typus
	Whale
	SC

	
	Rhizoprinodon porosus
	Caribbean Sharpnose
	SC

	
	Rhizoprinodon terranovae
	Atlantic Sharpnose
	SC

	
	Sphyrna lewini
	Scalloped Hammerhead
	SC

	
	Sphyrna mokorran
	Great Hammerhead
	SC

	
	Sphyrna tiburo
	Bonnethead
	SC

	
	Sphyrna zygaena
	Smooth Hammerhead
	SC

	
	Squatina dumeril
	Atlantic Angel
	SC

	Billfish
	Istiophorus platypterus
	Sailfish
	SC

	
	Makaira nigrican
	Blue Marlin
	SC

	
	Tetrapturus albidus
	White Marlin
	SC

	
	Tetrapturus pfluegeri
	Longbill Spearfish
	SC

	
	Magalops atlanticus
	Atlantic Tarpon
	SC

	
	Rachycentron canadum
	Cobia
	SC

	
	Xiphias gladius
	Swordfish
	SC

	Mammals
	Balaenoptera musculus
	Blue Whale
	FE/SE

	
	Balaenoptera physalus
	Finback Whale
	FE/SE

	
	Eubalaena glacialis
	Black Right Whale
	FE/SE

	
	Feresa attenuata
	Pygmy Killer Whale
	ST

	
	Globicephala macrorhynchus
	Short-finned Pilot Whale
	ST

	
	Kogia breviceps
	Pygmy Sperm Whale
	ST

	
	Kogia simus
	Dwarf Sperm Whale
	ST

	
	Mesoplodon europaeus
	Gervais Beaked Whale
	ST

	
	Orcinus orca
	Killer Whale
	ST

	
	Physeter macrocephalus
	Sperm Whale
	FE/SE

	
	Pseudorca crassidens
	False Killer Whale
	ST

	
	Stenella frontalis
	Atlantic Spotted Dolphin
	ST

	
	Steno bredanensis
	Rough-toothed Dolphin
	ST

	
	Ziphius cavirostris
	Goose-beaked Whale
	ST

	
	Trichechus manatus
	West Indian Manatee
	FE/SE

	
	Tursiops truncatus
	Atlantic bottlenose dolphin
	SC

	Reptiles
	**Chelonia mydas
	**Green Sea Turtle 
	FT/ST

	
	**Dermochelys coriacea
	**Leatherback Sea Turtle 
	FE/SE

	
	**Lepidochelys kempii
	**Kemp’s Ridley Sea Turtle 
	FE/SE

	
	Caretta caretta
	Loggerhead Sea Turtle 
	FT/ST

	 
	Eretmochelys imbricate
	Hawksbill Sea Turtle 
	FE/SE


Location and Condition of the Bays, Estuaries, and Other Marine Systems
Element 2
Estuaries in Texas waters of the Gulf of Mexico differ in several respects from a classical estuary as defined by Pritchard (1967).  First, their connection with the open sea is more restricted, being confined to a few tidal channels that breach the offshore barrier islands.  Secondly, Gulf shore estuaries are often divided into at least primary and secondary basins.  Tidal waters from the Gulf flow into these basins first.  Primary bays rarely receive land runoff directly from major river channels, although a number of minor tributaries flow into them (Britton and Morton 1989). 

Major rivers in Texas (e.g., the Brazos, Colorado and Rio Grande) flow directly into the Gulf, or more commonly, into the secondary or lower salinity bays and associated marshlands, which are typically connected to the primary bays by a second restricted inlet maintained by runoff or tidal currents.  Due to this separation of primary and secondary bays, distinctly different salinity regimes normally characterize the two basins.  Primary bays vary in salinity from 30-40 ppt at tidal inlets, to 12-30 ppt near their connections with secondary bays.  Brackish to freshwater transition is completed within the secondary basins.  Tidal range in the Gulf at maximum declination is about 3 ft (0.8 m), and at minimum about 8 in (0.2 m) and is relatively small in the northwestern Gulf compared to the Atlantic or Pacific coasts (Armstrong 1987).  The presence of a second restricted inlet at the entrance of secondary bays further inhibits tidal distribution of saline water (Britton and Morton 1989).

Some of the best examples of primary-secondary bay systems on the Texas coast occur from Corpus Christi northwards, including the Corpus Christi-Nueces, Aransas-Copano and Galveston-Trinity bay systems.  The main basins of Texas secondary bays are relatively shallow at 1-7 ft (0.3-2 m).  Bay bottoms consist of various clays and silt.  Secondary bay shores are often bounded by extensive low-lying marshlands bisected by numerous narrow drainage channels.  Discharge currents in these bays are weak except near the river and drainage channels.  Tidal influence is also minimal here, since tidal energy has been dissipated by the tidal inlet bottleneck between the barrier islands and broad expanse of the primary bays behind.  
Normally, the influence of seawater is similarly reduced with secondary estuaries, inhibited by the shallow bottoms, minimal tidal force and restricted inlets.  Surface waters may be significantly fresher, but density gradients help to maintain at least mesohaline salinities near the bottom.  Periods of increased precipitation in the spring and fall often flush all brackish waters out of secondary bays, killing many benthic invertebrates.  Silts suspended in river waters settle out as the relative turbulence of river flow is dissipated in the broader expanse of the secondary bay.  Nutrient loadings increase at this time and oxygen levels become depleted.  Although creating a short-term negative effect; these increased inflow periods are long-term positive events for the estuaries and are necessities for wetland maintenance, overall productivity and health of the ecosystem.  See Britton and Morton (1989) for a more detailed description of various bay systems in Texas and the influence of tides, seawater wedges and salinity gradients.  

Emergent vegetation provides essential habitat for many managed species.  Marshes are an integral part of the estuarine system, serving as nursery grounds for larvae, postlarvae, juveniles and adults of several species.  The role of nursery, however, is but one important function of marshes and mangroves.  They also: 1) export nutrients that are vital to adjacent waters; 2) provide an important water quality function in the form of secondary and tertiary waste treatment through removal and recycling of inorganic nutrients; 3) serve as an important buffer against storms by absorbing energy of storm waves and acting as a water reservoir to reduce damage farther inland; and 4) serve an important role in global cycles of nitrogen and sulfur (Gosselink, Odum and Pope 1974; Turner 1977; Thayer and Ustach 1981; Zimmerman et al.1984).

Submerged vegetation is found along most of the Gulf coast.  Lindall and Saloman (1977) reported 796,805 ac (322,593 ha) of submerged vegetation in estuaries along the Gulf, of which 63% were found in Florida and 31% were found in the Laguna Madre and Copano-Aransas Bays in Texas (see submerged and emergent vegetation sections for additional information).

As with emergent vegetation, submerged vegetation is extremely important to fisheries production.  Seagrass meadows are often populated by diverse and abundant fish faunas (Zieman and Zieman 1989).  The seagrasses and their attendant epiphytic and benthic fauna and flora provide shelter and food to the fishes in several ways and are used by many species as nursery grounds for juveniles.  The grass canopy provides shelter for juvenile fish and for small permanent residents.  These also can feed on the abundant invertebrate fauna of the seagrass meadows, on the microalgae, on the living seagrasses themselves or on seagrass detritus.  In addition, because of the abundance of smaller fish and large invertebrate predators, such as blue crabs and penaeid shrimp, larger fish in pursuit of prey organisms use the meadows as feeding grounds.

Bays and Estuaries

Texas has approximately 365 mi (586 km) of open Gulf shoreline and contains 2,361 mi (3,798 km) of bay-estuary-lagoon shoreline.  This is the most biologically rich and ecologically diverse region in the state and supports more than 601,000 ac (243,000 ha) of fresh, brackish and salt marshes (Matlock and Ferguson-Osborn 1982).

Henderson (1997) describes the Gulf coast as containing a diversity of salt, brackish, intermediate and fresh wetlands.  Of the marshes described, saline and brackish marshes are most widely distributed south of Galveston Bay, while intermediate marshes are the most extensive marsh type east of Galveston Bay.  The lower coast has only a narrow band of emergent marsh, but has a system of extensive bays and lagoons.

From the Louisiana border to Galveston, the coastline is comprised of marshy plains and low, narrow beach ridges.  From Galveston Bay to the Mexican border, the coastline is characterized by long barrier islands and large shallow lagoons.  Within this estuarine environment are found the profuse seagrass beds of the Laguna Madre, a rare hypersaline lagoon, and Padre Island, the longest undeveloped barrier island in the world (TGLO 1996).  The Gulf Intracoastal Waterway (GIWW), a maintenance dredged channel, extends from the lower Laguna Madre to Sabine Lake.  Dredging of the channel has created numerous spoil banks and islands adjacent to the channel.

The major bay systems from the lower-to-upper coast are lower and upper Laguna Madre, Corpus Christi and Aransas Bays, San Antonio, Matagorda and Galveston Bays and Sabine Lake.  It was estimated that in 1992, these estuaries encompassed 1,550,073 ac (627,780 ha) of open water (estuarine subtidal areas) and 3,894,753 ac (1,577,375 ha) of wetlands.  About 85.3% of the total wetlands were palustrine, 14.5% were estuarine and 0.1% marine (Moulton, Dahl and Dall 1997).  Climate ranges from semi-arid on the lower coast, where rainfall averages 25 in (635 mm), to humid on the upper coast where average annual rainfall is 55 in (1,397 mm) (Diener 1975).  

Submerged Vegetation 

Seagrasses are submerged, grass-like plants that occur mostly in shallow marine and estuarine waters.  Submerged aquatic vegetation (SAV) occurs in relatively shallow [6 ft (2 m)] subtidal areas.  They may form small patchy or large continuous beds, known as seagrass meadows, which serve as valuable ESH.  Seagrass meadows may require decades to form.  In shallower waters of good quality, seagrass meadows may be lush and have a high leaf density, but in deeper waters, they may be sparse or species composition may shift to a less robust species (Sargent, Leary, Crewz and Kruer 1995).

Seagrasses are recognized as a dominant, unique habitat in many Texas bays and estuaries.  They provide nursery habitat for estuarine-dependent species, are a major source of organic biomass for coastal food webs, are effective natural agents for stabilizing coastal erosion and sedimentation, and are major biological agents in nutrient cycling and water quality processes.  They form some of the most productive communities in the world (Zieman and Zieman 1989) and are aesthetically and economically valuable to humans.  Because seagrasses are sensitive to nutrient enrichment, water quality problems and physical disturbance, distribution of seagrasses is used as an indicator of the health of an environment. 

There are five marine spermatophytes that occur in Texas:  shoal grass (H. wrightii), widgeon grass (Ruppia maritima), turtle grass (T. testudinum), clovergrass (Halophila engelmannii) and manatee grass (Syringodium filiformis).  Only turtle grass, widgeon grass, shoal grass and clovergrass have been reported on the central and upper coast.  The most abundant species, coastwide, is shoal grass.  Seagrasses are dominant on the central to lower coast where rainfall and freshwater inflows are low and salinities are higher (TPWD 1986).  Species of SAV that occur in river deltas and lack long-term tolerance for salinities above 6 ppt include Najas sp. and Vallisneria sp. (Zimmerman, Minello, Castiglione and Smith 1990).  Thalassia testudinum, S. filiforme, H. wrightii and H. engelmannii are seagrasses and R. maritima is a euryhaline aquatic plant.  Ruppia maritima is found in freshwater and is not considered a seagrass (Kaldy and Dunton 1994).  
The Texas Seagrass Plan (TPWD 1999) estimated that in 1994, the total seagrass habitat was approximately 235,000 ac (94,000 ha) coastwide.  This applied to permanently established beds of the four perennial seagrass species: shoal grass (H. wrightii), turtle grass (T. testudinum), manatee grass (S. filiforme), clover grass (H. engelmanni) and annual widgeon grass (R. maritima) beds.

Seagrass distribution parallels precipitation and inflow gradients along the Texas coast.  Seagrasses are dominant on the middle to lower coast where rainfall and inflows to the bays are low, evaporation is high and salinities are >20 ppt.  The majority, about 79%, of seagrass habitat occurs in the upper and lower Laguna Madre, about 19% is found in San Antonio, Aransas and Corpus Christi Bays and less than 2% occurs north of Pass Cavallo in Matagorda Bay.

It is difficult to generalize impacts on seagrasses in all bays, since conditions vary geographically between and even within individual bays.  Availability of reliable photographic and good historical field data limits trend analysis of seagrass beds to Galveston Bay, Corpus Christi – Redfish bays and the upper and lower Laguna Madre systems.  However, trend data and anecdotal information over the last 40-50 years indicate that considerable change has occurred coastwide, with seagrass beds becoming scarce in some areas and more abundant in others.   Change has occurred from both natural and anthropogenic causes.  Natural causes include hurricanes, sea level change and climatic cycles.  Anthropogenic causes include direct and indirect destruction and/or degradation from over 770 mi (1,239 km) of federally maintained navigation channels and over 500 disposal sites, shoreline developments, commercial and recreational boating, nutrient loading, etc.  The cumulative effects of anthropogenic threats are increasing in their complexity and severity.

Scarring of seagrass beds by boat propellers was commented on in the scientific literature as early as the late 1950s (Woodburn, Eldred, Clark, Hutton and Ingle 1957; Phillips 1960).  Concerns have increasingly been voiced since then (US Dept. of the Interior 1973; Chmura and Ross 1978).  Eleuterius (1987) noted that scarring in Louisiana seagrasses was common.  In deeper water, scarring was caused by shrimp boats, which also ripped up the margins of the beds with their trawls.  Shrimp fishery related scarring and seagrass bed damage was also recognized by Woodburn, Eldred, Clark, Hutton and Ingle (1957), as cited in Sargent et al. 1995.

Recently, severe scarring and fragmentation of seagrass beds as a result of boat propellers was found in several areas of Redfish Bay, inside of Corpus Christi Bay.  In one effort to rejuvenate seagrass beds damaged from boat prop scarring, TPWD, along with citizens, the Coastal Bend Bays and Estuaries Program and other entities designated several areas of Redfish Bay in Corpus Christi as a State Scientific Area on June 1, 2000 (McEachron, Pulich, Hardegree and Dunton 2001).  

Within the Scientific Area three voluntary “No-Motor” zones covering 1,385 ac (561 ha) were established.  These zones were intended to facilitate seagrass recovery and provide enhanced fishing opportunities in areas free of high speed motor boat traffic.  From July 1999 through August 2001, a variety of seagrass prop scar restoration techniques were evaluated.  Halodule wrightii appeared to recover extensively by natural re-colonization, whereas T. testudinum showed poor recovery, even with active manipulation.  This led investigators to conclude that the best recommendation for T. testudinum would be protective management of these beds (McEachron et al. 2001).  

Emergent Vegetation 

The following emergent vegetation discussion was taken largely from the TPWD Coastal Wetlands Conservation Plan (TPWD unpublished manuscript).  

Coastal wetlands are an integral part of Texas estuarine ecosystems and have tremendous biological and economic values.  Coastal wetlands serve as nursery grounds for shrimp species and many recreational and commercially important fish species found in the Gulf; provide breeding, nesting and feeding grounds for more than a third of all threatened and endangered animal species and support many endangered plant species (Kusler 1983); and provide permanent and seasonal habitat for a great variety of wildlife (Nelson 1992; Patillo et al. 1997).  

Coastal wetlands also perform many chemical and physical functions.  They can filter nitrates and phosphates from rivers and streams that receive wastewater effluents.  Wetlands also can temporarily retain pollutants in the form of suspended material, excess nutrients, toxic chemicals and disease-causing microorganisms.  Pollutants associated with the trapped material in wetlands may be converted biochemically to less harmful forms, or may remain buried and be absorbed by the wetland plants themselves.  Robinson (1995) reported that studies show restoring just 1% of a watershed's area to appropriately located wetlands can reduce runoff of nitrates and herbicides by up to 50%. 

Wetlands can also reduce erosion by absorbing and dissipating wave energy, binding and stabilizing sediments and increasing sediment deposition.  Wetlands decrease the hazards of hurricanes and other coastal storms by protecting coastal and inland properties from wind damage and flooding (Whittington et al. 1994).  Due to their topography, wetlands can reduce and retain surface-water runoff, providing storage capacity and overall protection of surrounding areas during periods of flooding.  Wetlands located in the mid- or lower reaches of a watershed contribute the most to flood control.  These values provide economic benefits to downstream property owners.  Wetlands also promote groundwater recharge by diverting, slowing and storing surface water. 

Functions of wetlands have been defined as all processes and manifestations of processes that occur in wetlands while value is associated with goods and services that society recognizes (NRC 1995). Alteration of wetland functions can weaken the capacity of a wetland to supply these goods and services.  A list of the relationships between wetland broad functional categories and related effects of functions and societal values is given in Table 1.  Emergent vegetation underlying or adjacent to tidal waters within Texas coastal areas is discussed below.   

Table 1.  Functions, related effects of functions and corresponding societal values (unpublished TPWD Coastal Wetlands Conservation Plan).

	PRIVATE 
Function
	Effects
	Societal Value

	Hydrologic
	
	

	Short-term surface water storage
	· Reduced downstream flood peaks
	· Reduced damage from floodwaters

	Long-term surface water storage
	· Maintenance of base flows, seasonal flow distribution
	· Maintenance of fish habitat during dry periods

	Maintenance of high water table
	· Maintenance of hydrophytic community
	· Maintenance of biodiversity

	Biogeochemical
	
	

	Transformation, cycling of elements
	· Maintenance of nutrient stocks within wetland
	· Wood production

	Retention, removal of dissolved substances
	· Reduced transport of nutrients downstream
	· Maintenance of water quality

	Accumulation of peat
	· Retention of nutrients, metals, other substances
	· Maintenance of water quality

	Accumulation of inorganic sediments
	· Retention of sediments, some nutrients
	· Maintenance of water quality

	Habitat and Food Support
	
	

	Maintenance of characteristic plant communities
	· Food, nesting, cover for animals
	· Support for furbearers, waterfowl; ecotourism

	Maintenance of characteristic energy flow
	· Support for populations of vertebrates
	· Maintenance of biodiversity; ecotourism


Salt Marsh

Coastal marshes in Texas can be divided into two major ecosystems, the Chenier Plain Ecosystem from the Texas-Louisiana border to East Bay (Texas) and the Texas Barrier Island Ecosystem from Galveston East Bay to the Texas-Mexico border (Webb 1982).

Salt marshes near Texas estuaries are typically dominated by cordgrass S. alterniflora, although black mangrove Avicennia germinans predominate in certain areas.  They are subject to intermittent inundation due to tidal action and high levels of freshwater inflow.  Fluctuations in temperature, salinity, water depth and sediment composition can have a limiting effect on the number of plant species found (Armstrong 1987).  Typical species in the salt marsh community include smooth cordgrass, saltwort (Batis maritima), glasswort (Salicornia virginica and S. bigelovii), saltgrass (Distichlis spicata), saltflat grass (Monanthochloe littoralis), sea-lavender (Limonium nashii), Carolina wolfberry (Lycium carolinianum), seashore dropseed (Sporobolus virginicus), sea ox-eye (Borrichia frutescens) and salt-marsh bulrush (Scirpus maritimus). 

The intertidal zone is dominanted by S. alterniflora.  Black needlerush (Juncus roemerianus) is a common salt to brackish marsh species occurring on the upper coast, especially in the Galveston-Houston area, at slightly higher elevations than S. alterniflora.  In areas south of the Corpus Christi/Nueces Bay system, S. alterniflora is found only in small areas of South Bay and Laguna Madre.  Black mangroves (A. germinans) are significant components of salt marsh systems in some areas along the central and south Texas coast.  Black mangroves occur on Galveston Island but distribution is limited by extended periods of subfreezing temperatures (McMillan and Sherrod 1986; Everitt, Judd, Escobar and Davis 1996). 

The broadest distribution of salt marshes is found south of the Galveston Bay area, where they are common on the bayward side of barrier islands and peninsulas and along the mainland shores of narrow bays, such as West Galveston Bay.  Although salt marshes occur on bay-head deltas, their biological plant communities change rapidly from brackish to intermediate and fresh marshes.

Brackish Marsh

The brackish-marsh community is a transitional area between salt marshes and fresh marshes.  Dominant species include marshhay cordgrass (Spartina patens), Gulf cordgrass (Spartina spartinae), saltgrass, salt-marsh bulrush (Scirpus maritimus) and sea ox-eye.  Brackish marshes are the dominant wetland communities in the Galveston Bay system (White and Paine 1992).  They are widely distributed along the lower reaches of the Trinity River delta (inland from West Galveston Bay), in the inland system west of the Brazos River and along the lower reaches of the Lavaca and Guadalupe river valleys.

Intermediate Marsh

Intermediate marsh assemblages occur on the upper coast above Galveston Bay, where average salinities range between those found in the fresh and brackish-marsh assemblages.  Typical species found in this environment include seashore paspalum (Paspalum vaginatum), marshhay cordgrass, Olney bulrush, cattail (Typha sp.) and California bulrush (Scirpus californiensis).

Fresh Marsh

Environments in which fresh marshes occur are generally beyond the effects of saltwater flooding, except perhaps during hurricanes.  Freshwater influence from rivers, precipitation, runoff and groundwater is sufficient to maintain a fresher-water vegetation assemblage consisting of such species as cattail, California bulrush, three-square bulrush (Scirpus americanus), water hyacinth (Eichhornia crassipes), spiney aster (Aster spinosus), rattlebush (Sesbania drummondii), alligatorweed (Alternanthera philoxeroides) and pickerel weed (Pontederia cordata).  Fresh marshes occur on the mainland and barrier islands along river or fluvial systems.  They are found inland from the Chenier Plain and upstream along the river valleys of the Neches, Trinity, San Jacinto, Colorado, Lavaca, Guadalupe and San Antonio Rivers.  Here, salinities decrease and fresh marshes intergrade with and replace brackish marshes.

Swamps and Bottomland Hardwoods 

Swamps are most commonly defined as woodlands or forested areas that are inundated by water during most of the year or contain saturated soils.  In Texas, these areas contain bald cypress (Taxodium distichum) and water tupelo (Nyssa aquatica) in association with other species of trees such as sweetgum (Liquidambar styraciflua) and willows (Salix spp.).  Swamps are found principally in the entrenched valleys of the Sabine, Neches and Trinity rivers.  At higher elevations, swamps transgress into river bottomland hardwood forest or streamside woodland.  River valleys to the south, both entrenched and non-entrenched, are dominated by drier woodlands or forested areas. 

Status and Trends of Texas Coastal Wetlands 

Moulton et al. (1997) reported that an estimated 4,105,343 ac (1,662,664 ha) of coastal Texas wetlands existed in 1955.  Approximately 84.6% of this total was palustrine (3,474,330 ac; 1,407,104 ha), 15.3% was saltwater estuarine (626,188 ac; 253,606 ha) and 0.1% was marine intertidal.  In 1992, an estimated 3,894,753 ac (1,577,375 ha) of wetlands existed with 85.3% being palustrine, 14.5% estuarine and 0.1% marine.  

Coastwide, recent estimates of wetland loss show that estuarine emergent wetlands decreased by 9.5% between the mid-1950s and the early 1990s; palustrine emergent wetlands declined by about 29%; forested wetlands or bottomland hardwoods declined by 10.9%; and palustrine scrub-shrubs increased by 58.7%.  Overall, coastal Texas wetlands sustained an estimated net loss of 210,590 ac (85,289 ha) from 1955-1992, or an average of 5,700 ac (2,309 ha) per year (Moulton et al. 1997).  

In comparison, White and Tremblay (1995) state that wetlands are disappearing rapidly in the Galveston Bay area.  Extensive areas of salt, brackish and locally fresh marshes have been converted to open water and barren flats along the upper coast in the Galveston Bay system, the Neches River valley inland from Sabine Lake and interfluvial areas southwest of Sabine Lake.  From the 1950s to 1989, there was a net loss of 33,400 ac (13,527 ha) in the Galveston Bay system, or 19% of the wetlands that existed in the 1950s (White, Tremblay, Wermund and Handley 1993).  However, the rate of loss has declined over time from about 1,000 ac (405 ha) per year between 1953 and 1979 to about 700 ac (284 ha) per year between 1979 and 1989.  The most extensive loss of contiguous wetlands on the coast occurred within the Neches River valley (White and Tremblay 1995).  Between the mid-1950s and 1978, approximately 9,415 ac (3,813 ha) of marsh were displaced primarily by open water along a 10 mi (16 km) stretch of the lower Neches River valley (White and Tremblay 1995).  Total loss of marshes in the river deltas since the 1950s was about 21,000 ac (8,505 ha), or 29% of the marsh area that existed in the mid-1950s (White and Calnan 1990). 

White et al. (1998) reported trends and probable causes of changes of wetlands in the Nueces, Aransas and Mission Rivers from the 1950s to 1992 for the Corpus Christi Bay National Estuary Program. (CCBNEP) Wetland codes and descriptions were adapted from Cowardin, Carter, Golet and LaRoe (1979).  In the Nueces River, approximately 371 ac (150 ha) of emergent wetland flats were converted to subtidal open water, due to a salt-marsh creation project.  Due to changes in photointerpretation techniques, Aransas River-Chiltipin Creek marshes showed net losses of more than 741 ac (300 ha) from 1950s to 1979.  A net loss of 284 ac (115 ha) of estuarine intertidal flats was attributed to conversion to subtidal habitats, including open water and seagrass beds.  Few changes were seen in Mission River marshes from the 1950s to 1979.  

Sabine Lake

The Texas-Louisiana border divides Sabine Lake - 12.6 mi (21 km) long by 7.8 mi (13 km) wide and contains 45,320 ac (18,355 ha) of surface area at mean low water.  The bay is connected to the Gulf  by Sabine Pass which is 6.6 mi (11 km) long.  Except in dredge areas, water depths average 5.1 ft (1.5 m).  The bay bottom consists primarily of mud and silt.  A few oyster reefs are found in the southern portion of the bay (Diener 1975).  Two spoil disposal sites along the western shore enclose 5,053 ac (2,046 ha) of the bay bottom (T. Stelly, Texas Parks and Wildlife Coastal Fisheries Division, personal communication).

Average annual flow of fresh water into the bay is 11,511 cf/s (326 m³/s), primarily from the Sabine and Neches Rivers (Diener 1975).  Rainfall in the area (Beaumont) averaged 55.9 in (142 cm) from 1961-1990 (SRCC 1997).  Average annual salinity in Sabine Lake from 1986-2000 was 7 ppt, and ranged from 4-14 ppt (Appendix A).
Marsh vegetation covers 425,000 ac (172,125 ha) in the Texas portion of Sabine Lake.  Dominant species are smooth cordgrass, salt meadow cordgrass (S. patens), seashore saltgrass (D. spicata), rush (Juncus roemerianus) and bulrush (Scirpus olneyi) (Diener 1975).  The only submerged spermatophyte recorded for the bay is widgeon grass, and acreage is unknown.  The western portion of the bay is heavily industrialized and most of the marsh vegetation is found on the eastern side.
Galveston Bay

Galveston Bay contains 383,845 surface ac (155,457 ha) of water and is the largest estuary in Texas (Shipley and Kiesling 1994).  The bay is separated from the Gulf by Follets Island, Galveston Island and Bolivar Peninsula.  One man-made pass (Rollover Pass in East Bay) and two natural passes (San Luis Pass in West Bay and Bolivar Pass in Galveston Bay) connect the estuary with the Gulf.  The Trinity River Delta, located at the northeast end of this bay system, is a growing delta and has the potential for marsh creation.

Average depth of the Galveston Bay system, which includes Galveston, Trinity, East, West, Dickinson, Chocolate, Christmas, Bastrop, Dollar, Drum and Tabbs bays and Clear, Moses and Jones lakes is 6.9 ft (2.1 m) or less, except in dredged areas (Diener 1975).  The Houston Ship Channel leading from the Gulf into Galveston, Texas City, Baytown and Houston is 51 mi (81 km) long and dredged to 41.3 ft (12.5 m) (Shipley and Kiesling 1994).  The GIWW is dredged to 12.2 ft (3.7 m) through the lower portion of the system.  Bay bottom consists of mud, shell and clay.  There are approximately 8,650 ac (3,503 ha) of oyster reefs in the system, and many spoil banks occur along most dredged channels (Diener 1975).

Emergent marsh vegetation totals 231,400 ac (93,717 ha), consisting of smooth cordgrass, salt meadow cordgrass, bulrush (S. maritimus), shoregrass (Monanthochloe littoralis), rush saltwort (B. maritima) and seashore saltgrass (Diener 1975).  Only 279 ac (113 ha) of seagrass beds remain in the Galveston Bay system as of 1989, with 275 ac (111 ha) occurring in Christmas Bay and consisting predominantly of shoal grass and widgeon grass.  Small amounts of clover grass and turtle grass are also present in Christmas Bay (TPWD 1999).

Shipley and Kiesling (1994) reported average fresh water inflow to the Galveston Bay system for the period 1941-1987, was 10.1 million ac-ft/year (12,458 million m3).  Average annual rainfall at Houston averaged 50.59 in (128 cm) from 1961-1990 (SRCC 1997).  Average annual salinity in Galveston Bay from 1982-2000 was 16 ppt, with a range of 13-23 ppt (Appendix A). 

The Galveston Bay Estuary Program (GBNEP) was established under the Water Quality Act of 1987 to develop a Comprehensive Conservation Management Plan for Galveston Bay.  The Galveston Bay Plan was created in 1994 and approved by the Governor of Texas and the Administrator of the US Environmental Protection Agency (USEPA) in March 1995 (Lane 1994; GBNEP 1995).  

Matagorda Bay

The Matagorda Bay system, comprising East Matagorda, West Matagorda and Lavaca Bays, encompasses an area of 248,250 ac (100,541 ha) at mean low water (Diener 1975).  The bay is separated from the Gulf by the Matagorda Peninsula and water exchange is through Pass Cavallo and Matagorda Ship Channel jetties, a manmade ship channel.  The Colorado River, which flowed into the Gulf prior to its diversion in 1992, formed a delta that divides the bay into Matagorda Bay proper and East Matagorda Bay.  Water exchange with the Gulf to the eastern portion is through Mitchell’s Cut.

The average depth of the Matagorda Bay is about 3.5 ft (1.1 m), and bottom substrate is sand, shell, silt and clay.  There are many oyster reefs in the area, but acreage is unknown.  The GIWW and Palacios Ship Channel dredged to 12 ft (3.7 m), and the Matagorda Ship Channel, dredged to 38 ft (12 m), are the major waterways in the area (Diener 1975).  Diener (1975) lists 120,000 ac (48,600 ha) of emergent vegetation consisting of smooth cordgrass, salt meadow cordgrass, saltwort, shoregrass and seashore dropseed (S. virginicus).  Submerged vegetation consisting of shoal grass, clover grass and widgeon grass covers 3,828 ac (1,550 ha) of the Matagorda and East Matagorda Bay system (TPWD 1999).
Primary freshwater inflow into Matagorda Bay is from the Tres Palacios, Carancahua, Lavaca and Navidad Rivers and averaged 3,072 cf/s (87 m3/s) (Diener 1975) before the re-diversion of the Colorado River into West Matagorda Bay in the 1980s and creation of Lake Texana, and more recently the installation of a water pipeline from Lake Texana to Corpus Christi.  Annual precipitation over the drainage area averaged 40 in (101 cm) from 1951-1980 (Longley 1994).  Average salinity in Matagorda Bay from 1982-2000 was 24 ppt, with a range of 16-31 ppt (Appendix A). 

San Antonio Bay

The San Antonio Bay system, comprising Espiritu Santo, San Antonio, Guadalupe, Hynes, Mesquite and Ayers Bays and Mission Lake, covers some 136,240 ac (55,177 ha) at mean low water (Diener 1975).  The system is separated from the Gulf by Matagorda Island.  Water exchange is through Pass Cavallo (located in Matagorda Bay) and to a lesser extent Cedar Bayou Pass (located in Mesquite Bay).  

Average depth of unaltered bay bottom is about 10.3 ft (3.2 m) and substrates generally consist of mud, sand and shell (Diener 1975).  There are approximately 7,200 ac (2,916 ha) of natural oyster reefs in the area.  Two major channels are the GIWW, dredged to 12 ft (3.7 m), and the Victoria Barge Canal, dredged to 9 ft (2.7 m).

Emergent vegetation, covering about 25,000 ac (10,125 ha), consists primarily of smooth cordgrass, seashore saltgrass, shoregrass and salt meadow cordgrass (Diener 1975).  Common reed (Phragmites communis) has been reported in the upper portion of the region (Matlock and Weaver 1979).  TPWD (1999) reported 10,600 ac (4,293 ha) of submerged grasses for the San Antonio and Espiritu Santo Bay system in 1989, consisting mainly of shoal grass and small amounts of clover grass and widgeon grass, with shoal grass being dominant.

Major sources of freshwater are the Guadalupe and San Antonio Rivers that provide most of the average annual inflow of 2.3 million ac-ft/year (2,837 million m3/year), averaged from 1941-1987.  Annual precipitation over the drainage area varies from 28 in (71 cm) in the western regions of the Guadalupe and San Antonio River basins to 40 in (102 cm) near the Gulf coast (Longley 1994).  Average salinity in San Antonio Bay from 1982-2000 was 18 ppt, with a range of 8-26 ppt (Appendix A).
Aransas Bay

The Aransas Bay complex, which comprises Aransas, Copano, St. Charles, Dunham, Port, Carlos, Mission and Mesquite Bays, covers approximately 111,880 ac (45,311 ha) (Diener 1975).  It is separated from the Gulf by San Jose Island with major water exchange through Aransas Pass and to a lesser extent through Cedar Bayou Pass.  Bottom sediments consist of mud, sand and shell; approximately 840 ac (340 ha) of oyster reefs are in the area. Average depth for the system ranges from 2 ft (0.6 m) in Mission Bay to 7.8 ft (2.4 m) in Aransas Bay.  Major channels include the GIWW and the Aransas Channel dredged to 12 ft (3.7 m) and Lydia Ann Channel that is dredged to 20 ft (6.1 m) (Diener 1975).  

Emergent vegetation, consisting primarily of saltwort, shoregrass, glasswort (S. bigelovii), smooth cordgrass, salt meadow cordgrass and seashore dropseed, cover about 45,000 ac (18,225 ha) (Diener 1975).  Submerged grasses cover 7,995 ac (3,237 ha) of Aransas, St. Charles and Copano Bay.  In Aransas Bay, the dominant species is shoal grass, with minor amounts of turtle grass and manatee grass occurring.  Clover grass and widgeon grass are also present (Pulich, Blair and White 1997).

The Aransas Bay receives an average annual freshwater inflow of 634,000 ac-ft/year (782 million m3/year) that includes sheet flow and an average annual flow of 876 cf/s (24.8 m3/s) from the Aransas and Mission Rivers and Copano Creek (Asquith, Mosier and Bush 1997).  Annual precipitation in Corpus Christi averaged 30 in (77 cm) from 1961-1990 (SRCC 1997).  Average annual salinity in Aransas Bay from 1982-2000 was 22 ppt, with a range of 12-30 ppt (Appendix A). 

Corpus Christi Bay

The Corpus Christi Bay system, comprising Redfish, Corpus Christi, Nueces and Oso Bays, contains 106,990 ac (43,331 ha) of water area at mean low water.  Mustang Island separates the estuary from the Gulf.  Water transfer is through Aransas Pass via the Corpus Christi Ship Channel.  In April 1992, as a result of growing concerns about the health and productivity of Corpus Christi Bay, the Texas Coastal Bend Bays of the Laguna Madre (to Kennedy County including Baffin Bay), Corpus Christi Bay and Aransas Bay were nominated for inclusion in the National Estuary Program.  The CCBNEP Program was established in late 1993 to develop a long-term comprehensive conservation and management plan, which was implemented in 1998 (CCBNEP 1998).  This primary planning document is a four-year, community-based, consensus-building effort that identifies problems facing the bay system and develops a long-term comprehensive conservation and management plan to address those  concerns (Raymond Allen, Coastal Bend Bays and Estuaries Program, personal communication).

Average depths in the system range from 1.6 ft (0.5 m) in Oso Bay to 10.5 ft (3.2 m) in Corpus Christi Bay.  Bottom sediments consist of mud, sand and silt.  Approximately 1,113 ac (451 ha) of oyster reefs are in the area.  Major channels include the GIWW and the Aransas Channel, dredged to 12 ft (3.7 m), and the Corpus Christi Ship Channel leading to Aransas Pass, dredged to 45 ft (13.7 m) (Diener 1975).

Diener (1975) lists 45,000 ac (18,225 ha) of emergent vegetation consisting of saltwort, shoregrass, glasswort, smooth cordgrass, seashore dropseed, seablite (Suaeda linearis), sea oats (Uniola paniculata), salt marsh bulrush and seacoast bluestem (Schizachyrium scoparium).  

Seagrasses covered about 2,359 ac (9,955 ha) in 1995 in Corpus Christi, Nueces and Redfish bays.  Net seagrass acreage appears fairly stable over the last 40 years.  Comparisons between 1958, 1975 and 1994, show evidence of seagrass bed fragmentation and seagrass loss in Redfish Bay and increases in bed acreage along Mustang Island, in the Harbor Island complex and in the Nueces Bay parts of the system.  In the Corpus Christi Bay system shoal grass, turtle grass, manatee grass, clover grass and widgeon grass are present.  Although shoal grass is dominant in Corpus Christi and Nueces bays, turtle grass is dominant in Redfish Bay (Pulich et al. 1997).

Freshwater inflow from the Nueces River averaged 378,000 ac-ft/year (466 million m3/year) from 1983-1993 (Asquith, Mosier and Bush 1997).  Annual precipitation in Corpus Christi averaged 30 in (77 cm) in 1961-1990 (SRCC 1997).  Average annual salinity in Corpus Christi Bay from 1982-2000 was 31 ppt, with a range of 26-37 ppt (Appendix A).  

Upper Laguna Madre

The upper Laguna Madre, including the Baffin Bay system, covers 101,370 ac (41,055 ha) of surface area at mean low water (Matlock and Ferguson (Osborn) 1982).  The Baffin Bay system consists of Alazan Bay, Cayo del Infiernello, Laguna Salada and Cayo del Grulla.  

The upper Laguna Madre is separated from the Gulf by Padre Island.  Water transfer is through Port Mansfield Pass to the south and Aransas Pass adjacent to Aransas and Corpus Christi Bays to the north.  The channel to Port Mansfield, approximately (125.4 ft (38 m) wide and 12.2 ft (3.7 m) deep, is bisected imperfectly by the GIWW (Diener 1975).  Many spoil banks are found along the route of the waterway.  

Average depth of the upper Laguna Madre is 2.8 ft (0.9 m).  In the Baffin Bay system average depths range from 0.7-7.7 ft (0.2-2.3 m) (Diener 1975).  Bottom sediments consist of mud, silt, sand and quartzose pebbles.  In the upper Laguna Madre, rock composed of shells and shell fragments, sand and clay bound together by calcium carbonate cement are found.  Large areas of ancient serpulid rock reefs, some of which still support live serpulid worms, are found in Baffin Bay.

The upper Laguna Madre contains emergent vegetation consisting primarily of glasswort, seacoast bluestem, seablite, sea oats and gulf dune paspalum (Paspalum monostachyum) (Diener 1975).  

The total area covered by seagrasses in the upper Laguna Madre system as of 1994 was 67,700 acres (27,419 ha) (TPWD 1999) with the dominant species consisting of shoal grass, widgeon grass, clover-grass and manatee grass.

No major rivers drain into the upper Laguna Madre, and freshwater inflow is minimal.  The average annual salinity in upper Laguna Madre from 1982-2000 was 38 ppt with a range of 26-50 ppt (Appendix A).
The upper and lower Laguna Madre are separated by an area of extensive wind tidal flats but are hydrologically connected by the GIWW in the area known as the “Land Cut”.

Lower Laguna Madre

Lower Laguna Madre, including the South Bay and La Bahia Grande complex, contains 179,540 ac (72,714 ha) of surface area (Matlock and Ferguson (Osborn) 1982).  It is separated from the Gulf by Padre Island.  Water transfer is through Port Mansfield Pass and Brazos Santiago Pass to the south.  The area is bisected imperfectly by the GIWW, which is 125 ft (38 m) wide and 12 ft (3.7 m) deep (Diener 1975).  Many spoil banks are along the route of the waterway.

Average depth of lower Laguna Madre is 4.7 ft (1.4 m) (Diener 1975).  Bottom sediments consist of mud, silt, sand and quartzose pebbles.  The only natural oyster reefs in lower Laguna Madre are in South Bay, the southernmost area of the lagoon.  

The lower Laguna Madre contains emergent vegetation consisting primarily of shoregrass, glasswort, seacoast bluestem, seablite, sea oats and gulf dune paspalum (Diener 1975).  The southern end of the lower Laguna Madre also has isolated stands of black mangroves.  Over the last 20 years, there has been a decline of 38,400 ac (15,550 ha) in seagrass habitat in the lower Laguna Madre, which is equivalent to about 25% of the mid 1980s habitat.  In 1994, the lower Laguna Madre seagrasses cover 118,600 ac (48,033 ha) with the dominant species consisting of turtle grass and manatee grass.  Shoal grass, clover grass and widgeon grass also occur (TPWD 1999).  

No major rivers drain into the lower Laguna Madre, and freshwater inflow is minimal.  However, the watershed of the lower portion of the lower Laguna Madre produces freshwater inflow into the Laguna Madre via the Arroyo Colorado.  Annual precipitation in the lower Laguna Madre area (Brownsville) averaged 27 in (68 cm) from 1961-1990 (SRCC 1997).  Average annual salinity in lower Laguna Madre from 1982-2000 was 34 ppt with a range from 31-37 ppt (Appendix A).

Gulf of Mexico

Texas has approximately 367 mi (612 km) of open Gulf shoreline.  The marine ESH boundary is seaward of the coastal barrier islands or other lines of demarcation used after Pearcy (1959).  This includes all waters and substrates within the US Exclusive Economic Zone seaward of the estuarine ESH boundary.  The habitat types located in the marine environment in the Gulf are varied.  Thriving coral reefs, seagrass meadows, non-vegetated bottom, drowned reefs related to ancient shorelines, manmade structures, salt diapirs and large rivers influence water characteristics on the inner continental shelf and contribute to the diversity of the marine habitat in the Gulf.  This diversity directly influences the species associated with these varying habitat types (Rezak, Bright and McGrail 1985).

Runoff from precipitation on almost two-thirds of the land area of the US eventually drains into the Gulf via the Mississippi River.  The combined discharge of the Mississippi and Atchafalaya (Louisiana) rivers alone accounts for more than half the freshwater flow into the Gulf and is a major influence on salinity levels in coastal waters on the Louisiana/Texas continental shelf.  The annual freshwater discharge of the Mississippi/Atchafalaya River system represents approximately 10% of the water volume of the entire Louisiana/Texas shelf to a depth of 295 ft (90 m).  The Loop Current and Mississippi/Atchafalaya River system, as well as the semipermanent, anticyclonic gyre in the western Gulf, significantly affect oceanographic conditions throughout the Gulf (Rezak et al. 1985).  From 1985–2000 salinity in Texas waters of the Gulf ranged from an average of 29 ppt in waters bordering Louisiana to 33 ppt near Mexico.  Salinity averaged 31 ppt for all Gulf waters sampled off Texas combined.
The Gulf of Mexico continental shelf varies in width from about 124 mi (200 km) off east Texas to 68 mi (110 km) off southwest Texas. The continental shelf occupies about 35% of the surface area of the Gulf and provides habitats that vary widely from the deeper waters.  The shelf and shelf edge of the Gulf are characterized by a variety of topographic features (Rezak et al. 1985).  The value of these topographic features as habitat is important in several respects.  Some of these features support hard bottom communities of high biomass and high diversity and an abundance of plant and animal species.  These features are unique in that they are small, isolated, highly diverse sections within areas of much lower diversity.  They support large numbers of commercially and recreationally important fish species by providing either refuge or food.

The Texas shelf is dominated by mud or sand-laden terrigenous sediments deposited by the Mississippi River.  Vertical relief of the banks on the Texas shelf varies from less than one foot to over 492 ft (150 m).  These banks exist in water depths of 72-984 ft (22-300 m) (Rezak et al. 1985).  

Rezak et al. (1985) conducted extensive research on the banks and reefs of the northern Gulf.   They grouped the banks into two categories.  The first were the mid-shelf banks, defined as those that rose from depths of 262 ft (80 m) or less and had a relief of 13-164 ft (4-50 m).  They were similar to one another in that all were associated with salt diapirs and were outcrops of relatively bare, bedded tertiary limestones, sandstones, claystones and siltstones.  Some of the named mid-shelf banks were Claypile Bank, 32 Fathom Bank, Coffee Lump, Stetson Bank and 29 Fathom Bank.

The other category of banks was the shelf-edge carbonate banks and reefs located on complex diapiric structures.  They are carbonate caps that have grown over outcrops of a variety of Tertiary and Cretaceous bedrock and salt dome caprock.  Although all of the shelf-edge banks have well-developed carbonate caps, local areas of bare bedrock have been exposed by recent faulting on some banks.  Relief on shelf-edge banks ranged from 115-492 ft (35-150 m).  Some of the named shelf-edge banks off Texas were East and West Flower Garden Banks (both within the Flower Gardens National Marine Sanctuary which prohibits harvest of any shrimp and other marine species).

South Texas Shelf

The Gulf continental shelf south of Matagorda Bay narrows to 68 mi (110 km) off southwest Texas and contains an area of drowned reefs on a relic carbonate shelf (Rezak et al. 1985).  These carbonate structures, the remains of relict reefs, currently only support minor encrusting populations of coralline algae.  The banks vary in relief from 3-72 ft (1-22 m).  The sides of these reefs are immersed in a nepheloid layer that varies in thickness from 49-66 ft (15-20 m).  The sediments around the reef consist of three main components, including clay, silt and coarse carbonate detritus.  These banks are composed of carbonate substrata overlain by a veneer of fine-grained sediment around the base that reaches an approximate thickness of 8 in (20 cm).  These fine-grained sediments decrease to a trace on the crests.  Carbonate rubble is the predominant sediment on the terrace and peaks of the banks (Rezak et al. 1985).  

Rezak et al. (1985) described several shallow water reefs which also occur on the south Texas shelf.  These reefs are East Bank, Sebree Bank, Steamer Bank, Little Mitch Bank, Four Leaf Clover, Nine Fathom Rock and Seven and One-half Fathom Reef.  These reefs are located south of Corpus Christi down to Brownsville in water depths of 46-131 ft (14-40 m) and provide relief of up to 16 ft (5 m).  They are thought to have different origins from the other banks located farther offshore on the south Texas shelf.

Southern Bank is a typical example of the relict reefs found on the deeper portions of the south Texas shelf.  It is circular in view with a diameter of approximately 4,265 ft (1,300 m), and rises from a depth of 262 ft (80 m) to a crest of 197 ft (60 m).  Approximately fourteen banks are on the south Texas shelf in water depths ranging from 197-295 ft (60-90 m).  The named south Texas banks are Big Dunn Bank, Small Dunn Bank, Blackfish Ridge, Mysterious Bank, Baker Bank, Aransas Bank, Southern Bank, North Hospital Bank, Hospital Bank, South Baker Bank, Big Adam Bank, Small Adam Bank and Dream Bank (Rezak et al. 1985).         

Rezak et al. (1985) reported the diverse epifaunal communities surrounding these banks.  The sea whip (Cirrihpathes sp.) is the most conspicuous epifaunal organism on the south Texas mid-shelf banks.  Another conspicuous macrobenthic organism is the sponge Ircinia campana.  Comatulid crinoids are abundant everywhere on the upper portions of the banks.  Large white sea fans (Thesea sp.) are also seen frequently along with other deepwater alcyonarians, mostly paramuriceids.  The only stony corals are agariciid colonies near the top of banks that are in relatively clear water.  Leafy algae are present at some banks.  Large mobile benthic invertebrates such as arrow crabs, hermit crabs, black urchins, sea cucumbers and fireworms are also present.  

Groundfish populations at the south Texas banks are dominated by the yellowtail reef fish (Chromis enchrysurus), roughtongue bass (Holanthias martinicensi), spotfin hogfish (Bodianus pulchellus), reef butterflyfish (Chaetodon sedentarius), wrasse bass (Liopropoma eukrines), bigeye (Priacanthus sp.), tattler (Serranus phoebe),  hovering goby (Ioglossus calliurus) and the blue angel fish (Holocanthus bermudensis) (Rezak et al. (1985).  Larger migratory fish observed included schools of red snapper (Lutjanus campechanus) and vermillion snapper (Rhomboplites aurorubens).  Also present were the greater amberjack (Seriola dumerili), the great barracuda (Sphyraena barracuda), small carcharhinid sharks and cobia (Rachycentron canadum).  Dennis and Bright (1988) observed 66 species of fish on the south Texas banks with 42 species being primary reef species.

The southernmost mid-shelf carbonate banks on the south Texas shelf, apparently due to their relatively low relief above the surrounding mud bottom, suffer from chronic high turbidity and sedimentation from crest to base, and all rocks are heavily laden with fine sediment (Rezak et al. 1985).  Consequently, the epibenthic communities on these banks are severely limited in diversity and abundance.
Circulation Patterns  

Britton and Morton (1989) discussed circulation patterns and tides for the Gulf.  The pattern of sea surface circulation in the Gulf is created as major incursions of water from the tropical Caribbean enter the Gulf via the Yucatan Channel, circulate and exit via the Strait of Florida.  While circulation of surface waters varies seasonally, it consists of two major elements: 1) a sweeping S-shaped element in the eastern Gulf, and 2) a complex double loop that focuses upon the south central Texas shore in the western Gulf.  The latter has a strong influence upon the composition of barrier island beaches, such as south Padre Island.  

From Mexico to the mouth of the Rio Grande and along central Padre Island, coastal sands move northward within a nearshore bar and trough system.  About 50 mi (80 km) north of the Rio Grande and along central Padre Island, the longshore bar and trough system fails to parallel the shoreline.  Here, a series of open grooves, called “blind guts” by local fishermen, create treacherous waters for mariners.  This area is also called “Big Shell” after the large accumulation of shell debris that collects here.  This is the northern limit of beach sands derived from the Rio Grande.  From here northward, beach sands have the characteristics of sediments brought to the Gulf by central Texas rivers.  The distribution of beach sands suggests that north of Big Shell, longshore currents push sand in a southwesterly direction.

Along the upper and middle Texas coast south to Big Shell, southeasterly winds cause a southwestern longshore current.  Local current patterns are often moderated by the effects of prevailing seasonal and local winds.  Winter cold fronts displace the subtropical airflow with strong northerly or northeasterly winds.  Northernmost longshore currents are affected moderately by the wind change, but a more pronounced effect occurs as one moves southward along the coast.  Offshore currents are also affected by wind and off Port Aransas, in 45 ft (14 m) of water, winter currents flow west southwesterly at a mean rate of 8 in/s (21 cm/s) in response to northerly winds.

Problems Affecting Habitat and Species

Miscellaneous factors that impact coastal wetlands include marsh burning, marsh buggy traffic, onshore oil and gas activities and well-site construction (MMS 1996).  Bahr and Wascom (1984) reported major marsh burns resulted in permanent wetland loss.  Even with wetland loss, federal and state legislation have had a positive influence on wetland conservation and management in Texas.  This legislation includes:  the 1948 “Clean Water Act” as amended, the 1969 National Environmental Policy Act, the1985 and 1990 “Farm Bills,” the 1989 North American Wetlands Conservation Act, the 1981 Texas Waterfowl Stamp Act, the 1991 Texas Coastal Coordination Act (includes Texas Coastal Management Program), the 1997 Texas Senate Bill 1 (Water Planning) and others.  In 1997, TPWD produced the Texas Wetlands Conservation Plan (TPWD 1997) which focuses on non-regulatory, voluntary approaches to conserving Texas wetlands. 

In addition, the Texas General Land Office (GLO) has compiled available literature on wetland studies and ecology with an emphasis on Texas coastal wetlands, entitled A Bibliography of Texas Coastal Wetlands.  This reference is the basis of the Texas Coastal Wetlands Conservation Plan (TPWD unpublished manuscript) which identifies and prioritizes coastal wetlands in need of restoration. 

Water Quality
Water quality is a key environmental factor in maintaining healthy populations of estuarine species.  Major activities affecting Gulf coastal water quality include those associated with the petrochemical industry; hazardous and oil-field waste disposal sites; agricultural and livestock farming; power plants; pulp and paper plants; fish processing; commercial and recreational fisheries; municipal waste water treatment; mosquito control activities; maritime shipping; and land modifications for flood control and river development and for harbors, docks, navigation channels and pipelines.  

Water quality conditions of the Gulf as a whole were discussed in the USEPA National Coastal Condition Report (USEPA 2001).  It represented a coordinated effort among USEPA, the National Oceanic and Atmospheric Administration (NOAA), the US Geological Survey and the US Fish and Wildlife Service to summarize the condition of ecological resources in US estuaries and rates areas on a general scale ranging from poor to good from data collected by states during 1990-2000.  The condition of estuaries Gulf-wide ranged from fair to poor: water clarity was fair, dissolved oxygen was good, wetland loss poor, eutrophic conditions poor (high chlorophyll-a in Laguna Madre), sediment contaminants poor (high concentrations in northern Galveston Bay and the Brazos River), benthic indicators poor and conditions based on fish tissue contaminants was poor.  From a national perspective, the report states the overall condition of US coastal waters is fair to poor, varying from region to region. 

Monitoring and Water Quality Standards

The Texas Commission on Environmental Quality (TCEQ) is the state agency charged with monitoring and maintaining water quality standards in the state.  Section 305(b) of the federal Clean Water Act (CWA) requires states to produce a periodic inventory comparing water quality conditions to established standards (Surface Water Quality Standards, 30 Texas Administrative Code (TAC) Section 307 and Drinking Water Standards, 30 TAC Sections 290.101-121). 

The TCEQ sets surface water quality standards in an effort to maintain the quality of water in the state consistent with public health and enjoyment, protection of aquatic life, operation of existing industries and economic development of the state, as well as to encourage and promote development and use of regional and area-wide wastewater collection, treatment and disposal systems. These standards can be found at Texas Administrative Code (TAC), Title 30, Chapter 307.

The 305(b) Water Quality Inventory is an overview of the status of surface waters in the state, including concerns for public health, fitness for use by aquatic species and other wildlife and specific pollutants and their possible sources.  The inventory is maintained by the TCEQ.  

Section 303(d) of the CWA requires each state to develop a list of waterbodies that do not meet established standards.  These are referred to as "impaired waters."  The state must take appropriate action to improve impaired waterbodies, such as development of total maximum daily loads (TMDL).  The TDML is the amount of a pollutant that a lake, river, stream or estuary can receive and still maintain Texas Surface Water Quality Standards.  It is a detailed water quality assessment that provides the scientific foundation for an implementation plan which outlines the steps necessary to reduce pollutant loads in a certain body of water to restore and maintain human uses or aquatic life.

TMDLs are developed by TCEQ staff or independent contractors working for the agency through a scientifically rigorous process of intensive data collection and analysis.  Implementation plans are the basis for initiating local, regional and state actions that reduce pollutant loads to levels established in TMDLs.  These plans include making wastewater permit limits more stringent.  This may require wastewater treatment plants for communities and industry to implement additional and sometimes costly new treatment technology.  Alternatively, farmers and ranchers may be asked to use new practices that prevent fertilizers, manure and pesticides from reaching lakes and rivers.  Cities may be required to control and treat runoff from their streets.  Local input in the TMDL process is essential to determining which controls will be the most effective to implement.  Additional water sampling will also be required to determine the effectiveness of the chosen controls. 

Upon adoption by the TCEQ, the TMDLs are submitted for approval by the USEPA.  In 1998 the TCEQ committed itself to developing TMDLs for all impaired waterbodies within 10 years of their first placement on the Texas 303(d) List.  This list included 240 waterbodies with 336 impairments in 2000.  Texas has completed a number of TMDLs and submitted them to the USEPA. During the first part of 2001, the USEPA approved 26 TMDLs in 12 Texas waterbodies. 

Federal regulations prohibit the addition of certain new sources and new discharges of pollutants to waters listed on the Texas 303(d) List until a TMDL is established.  Under federal law, if Texas does not develop its own TMDLs, the USEPA must develop them.  The first draft of the 2002 Texas 303(d) list was published in April 2002.  A few coastal waterbodies, like the Houston Ship Channel in Galveston Bay, were listed as not within standards due to high levels of bacteria, PCBs and dioxins in fish and crab tissue and pesticide residues.  

In Texas, as in many states, estuarine water quality standards are based on standards prepared for freshwater rivers and streams.  This approach fails to deal with natural processes unique to estuaries such as tides and seasonal stratification.  These processes can drastically affect estuary water quality.   Many states assess water quality conditions based upon measurements taken at the surface, or at 5 ft (1.5 m) depths or mid-depth, whichever is less.  This approach does not deal with conditions and processes in the deeper estuarine areas.  These areas are coincidentally where stratification in warmer months can lower oxygen concentrations.  Sediment oxygen demand can also be a factor in decreasing dissolved oxygen concentrations.  The disconnect between standards and environmental conditions necessary for aquatic productivity becomes more severe as greater amounts of waste are added to the system from point and non-point sources. 

Loss of Habitat for Human Uses

Some human uses are affected by certain types of pollution while others may continue at the same time.  The difference is between contact (e.g. swimming) and non-contact uses (e.g. sailing).  The most prevalent example of human use being curtailed by pollution in Gulf estuaries is coliform bacteria contamination, which is used as an indicator of shellfish suitability for human consumption.  Elevated coliform bacteria counts in estuaries lead to prohibitions of shellfish harvest.  Theses conditions can be temporal or permanent, depending on the situation.  Many Gulf estuaries have oyster beds permanently closed to harvest that are otherwise biologically productive.  A major part of the problem is the lack of meaningful septic tank regulations or the lack of enforcement of otherwise adequate regulations. 

Another example for loss of human uses in the Gulf is the mercury contamination of a portion of Lavaca Bay within Matagorda Bay (see point and non-point source pollution section for additional information on this case).  In April 1988, the Texas Department of Health (TDH) closed portions of the bay to all human uses, including fishing and swimming, because of mercury contamination of bottom sediments and a spoil island.  In March 1994, the USEPA and ALCOA (Aluminum Company of America) signed an Administrative Order of Consent for ALCOA to conduct a remedial investigation, risk assessment and feasibility study of the site.  In January 2000, the TDH reduced the size of the closed areas based on reductions of mercury contamination in fish tissue.  Following the completion of a proposed plan for remedial action and a record of decision, cleanup measures will be determined.  These cleanup measures should eventually result in TDH rescinding the fish closure order (USEPA 2001).  The recreational and commercial finfish industry has been particularly hard hit and will continue to suffer from this prohibition on possession of any and all finfish and shellfish from this area until it is lifted.  This includes such economically valuable species as red drum, spotted seatrout, southern flounder and blue crab.  White and brown shrimp and oysters do not seem to be affected by the mercury contamination.

Holistic Estuary Water Management Problems

Watershed destruction, including non-point source pollution, has been identified as the greatest source of water pollution nationwide.  Gulf estuaries and bays are experiencing this phenomenon.  The GBNEP has identified this problem as a major contributor to degraded estuary conditions.  Additionally, water managers have lacked needed planning for managing the ability of estuaries to assimilate wastes.  The consequence of inadequate estuary water planning is non-optimal use of fish and shellfish resources.  

Specific Bay Systems
Galveston Bay

In a study by Ward and Armstrong (1992), the water quality of the bay was summarized over the last several decades.  Salinity declined around 0.1-0.2 ppt/year over the 30-year period of record and water temperature declined at 0.05(C/year.  Dissolved oxygen is generally high throughout the bay, averaging near saturation over many areas.  Exceptions to this are in poorly flushed tributaries that receive runoff and waste discharges (Shipley and Kiesling 1994).  For these parameters there appears to be a steady-state condition.  

In addition, total suspended solids declined in the bay to ⅓ of levels seen 25 years ago.  Nitrogen and phosphorus concentrations throughout the bay declined over the past two decades to more normal levels; total nitrogen and ammonia nitrogen at 0.01 mg/L/year, and total phosphorus at 0.05 mg/L/year.  Total organic carbon has declined to one-third of its concentration in the 1970s, and chlorophyll-a to one-half the level a decade ago.  These data reveal an improvement in water quality over time.

Most metals found in the water column and sediment declined, particularly in the upper Houston Ship Channel.  Chromium, mercury and zinc in sediment declined by a factor of two; copper and nickel by a factor of three; and arsenic, cadmium and lead by a factor of ten.  Fecal coliform bacteria levels generally declined throughout the bay due to improved or increased sewage treatment.  Exceptions occurred in a few isolated areas of West Bay and the western urbanized tributaries to the bay.

Overall, the geographical problem areas were found in regions of intense human activity, which includes urban areas, points of runoff, waste discharges and shipping. 

Corpus Christi Bay

In research conducted for the Coastal Bend Bays & Estuaries Program in 1992, water quality within the Corpus Christi estuary system was deemed to be generally good to moderate (TCEQ 1992).

Some areas of fair to poor quality, however, were identified.  The Inner Harbor had the highest levels of many pollutants including metals, PCBs, organic contaminants and fecal coliform. Nueces Bay was consistently high in metal concentrations in both the water column and sediment.  Zinc levels were increasing in some bay regions and were 10 times higher in the Inner Harbor sediment than in portions of the Houston Ship Channel.  Trends in concentrations of other metals could not be determined from available data.

The researchers concluded that metal contamination in the bays is unlikely to pose a threat to marine life.  They also concluded that most point-source-loading of pollutants were found in the central portion of the Coastal Bend bays, primarily in the Nueces and Corpus Christi bays, while the upper bays received the least.  However, pollutants from these sources have decreased over the past 25 years.  The central bays received most of the non-point urban sources of pollutants while the upper bays received the majority of the agricultural non-point runoff.  Chemicals in the water from these sources were found at levels similar to other Texas bay systems.  The highest concentrations of pesticides occurred in Baffin and Copano Bays but did not exceed standards. 

Other Waterbodies 

In 1999, Texas produced the Clean Water Act Section 303(d) List and Schedule for Development of Total Maximum Daily Loads.  The document listed 34 coastal Texas waterbodies that did not meet or were not expected to meet applicable water quality standards.  In most cases only certain portions of these waterbodies were in question.  These areas were evaluated based on independent assessments of criteria for dissolved oxygen, toxic substances in water and ambient water and sediment toxicity (TCEQ 1998, 1999, 2002).

Re-evaluating water quality assessments for the year 2000, the TCEQ updated the state's 303(d) list and removed a total of 10 coastal waterbodies, indicating that these waterbodies meet applicable water quality standards.  Changes occurred in some cases due to newer methods of determining standards.

Salinity
Salinity is an important environmental factor affected by alterations in freshwater inflow.  A change to the salinity structure of an estuary may cause impacts throughout the system, at scales many times larger than the impacts of wetland loss or pollutant discharge.  To a great extent, distributions of organisms in an estuary are determined by salinity, which in turn is determined by a complex suite of interacting factors including rainfall, river discharge, tides, wind and basin configuration.  Human alteration of river flow can significantly affect the salinity regime of an estuary, and thereby change its biota (USEPA 1994a).
Salinity is a fundamental environmental factor because all organisms are from 80-90% water, and internal salt concentrations must be maintained within a certain range in each species.  Each species or life stage within a species is adapted to a particular external environment.  Most estuarine organisms can tolerate a wider range of external salinities than oceanic species; however, even estuarine species have tolerance limits.  Few estuarine species can function optimally within the entire salinity range from fresh to seawater.  Most organisms are associated with either the higher end of the salinity range (25-36 ppt) or the middle range (10-24 ppt), but not both.  Few estuarine organisms will tolerate salinity fluctuations greater than 15-20 ppt (USEPA 1994a).

Shifts in salinity distributions caused by changes in freshwater inflows can shut species out of formerly ideal refuges, feeding areas and nursery grounds.  Alterations in freshwater inflow can dramatically change the distribution of salinities across an estuary.  For example, changes in freshwater inflow can shift the boundary between fresh and salt water (usually considered the 1 ppt isohaline) several miles up or down stream.  The result may be a drastic area reduction of bottom types that are suitable for a given species.  Although many organisms are mobile, movement does not benefit them if no suitable areas with favorable salinities are available or if such areas have become so small that crowding occurs.  Because of the effect on salinity patterns alone, changes in freshwater inflow can reduce the overall carrying capacity of an estuary (USEPA 1994a).

Surface salinities in the Gulf vary seasonally.  During months of low freshwater input, surface salinities near the coastline range between 29 and 32 ppt.  High freshwater input conditions during spring and summer months result in strong horizontal salinity gradients with salinities less than 20 ppt on the inner shelf.  The waters in the open Gulf are characterized by salinities between 36.0 and 36.5 ppt (MMS 1997).

Bottom salinities were measured by Darnell et al. (1983) for the northwestern Gulf during the freshest and most saline months (May and August).  During May, all the nearshore waters showed salinity readings of 30 ppt or less, and for all of Louisiana and Texas to about the level of Galveston Bay, salinity of the nearshore water was less than 24 ppt.  Water of full marine salinity (36 ppt) covered most of the shelf deeper than 98-131 ft (30 m-40 m).  During August the only water of less than 30 ppt was a very narrow band in the nearshore area off central Louisiana.  The 36 ppt bottom water reached shoreward to the 66-98 ft (20 m-30 m) depth off Louisiana, but in Texas the entire shelf south of Galveston showed full marine salinity.  The shallower shelf bottom waters off Louisiana tend to be fresher than those off Texas during both the freshest and most saline months, but the difference is not great, and brackish water extends no deeper than about 98 ft (30 m).  Bottom waters of the mid to outer shelf remain fully marine throughout the year.

Estuaries on the other hand are typically less than 36 ppt.  This is because of the dilution capacity of freshwater inflows from tributaries and local rainfall.  The classic definition of an estuary is from Pritchard (1967): “An estuary is a semi-enclosed coastal body of water which has a free connection with the open sea and within which seawater is measurably diluted with fresh water derived from land drainage.”

In Texas, average salinities of estuaries are directly related to the number of annual inflow volumes each estuary receives.  Lower salinity bays generally receive a greater number of inflow volumes than those with higher salinities.  Estuaries display a salinity gradient that increases from the upper to the lower portion of the estuary.  Organisms found in estuaries have developed a resistance to, or need for, the typically lower salinities found there.  With each salinity change these organisms move, if possible, to areas containing their preferred salinities.  Other organisms, such as plants and most benthos, cannot move, so, they adapt, suffer stress or die (Longley 1994).

Estuaries in Texas have evolved characteristic vascular plant communities in accordance with the decreasing gradient in precipitation from north to south that controls freshwater inflows.  Dominant habitat types reflect the combined influence of basic physical and hydrological parameters, inducing coastline geomorphology, inundation and salinity regimes and nutrient loading.  Freshwater inflows operate through these different factors to affect plant production depending on the habitat type.  Vegetation communities integrate salinity, nutrient and sedimentation processes over time (Longley 1994).

Temperature

Water temperature determines not only which species are present in a population, but also much of the timing of their life cycles.  Species demanding high dissolved oxygen (DO) are commonly associated with lower water temperatures since low temperatures allow more oxygen to be dissolved.  The metabolic rate of most aquatic species is directly determined by water temperature.  An increase in water temperature of 10 ºC causes a doubling of the metabolic rate.  Thus, higher water temperature stimulates rapid growth, but can reduce the DO available to support it (USEPA 1994a).

Dissolved Oxygen, Turbidity and pH

The DO level in water is one of the primary factors determining which populations can survive in those waters.  As DO drops from 2 ppm to 0 ppm, the number of species surviving tends to shift rapidly to favor anaerobic bacterial populations.  The primary cause of DO depletion is metabolism of nutrient loads, mostly by bacteria.  The primary sources of DO are surface mixing and photosynthesis of phytoplankton populations (USEPA 1994a).  DO levels in Texas bay systems and Gulf waters off Texas are listed in Appendix A and averaged from 7-8 ppm annually from 1982–2000.  

Turbidity is a function of suspended and dissolved material in the water column (organic and inorganic).  High levels of turbidity can reduce or block light from penetrating beyond the upper layers of the water column.  This reduces photosynthesis by aquatic plants and can cause layers of silt and other debris to impact marine organisms, especially sessile types.  Turbidity in Texas bay systems and the Gulf varies greatly with water flow and runoff, but averaged 19–24 NTU in the bays and 8 NTU in the Gulf annually from 1987–2000 (Appendix A). 

Bay water pH averages ranged from 5-9, which is usually regarded as acceptable for most species, with a pH of approximately 8 being preferred.  Outside this range, pH becomes first a stressor, then lethal.  In natural waters, a low pH is commonly associated with outflow from watersheds rich in digestible carbon, such as forests and bogs.  These produce tannic acids, as well as the carbonic acid formed by metabolism.  High pH can be associated with high phytoplankton loads in poorly buffered waters, with pH rising as carbonic acid is removed through photosynthesis (USEPA 1994a).  TPWD Coastal Fisheries Division field surveys do not routinely monitor pH.

Hypoxia

Hypoxia or oxygen depletion occurs in some areas of the open Gulf (Rabalais, Smith, Harper and Justic 1995).  Zones of hypoxia (commonly referred to as “dead zones”) affecting up to 6,400 mi2 (16,500 km²) of bottom waters on the inner continental shelf from the Mississippi River delta to the upper Texas coast has been identified during mid-summer months.  Researchers have expressed concern that this zone may be increasing in frequency and intensity.  Although the causes of this hypoxic zone have yet to be conclusively determined, high summer temperatures combined with freshwater runoff carrying excess nutrients from the Mississippi River have been implicated.  Benthic fauna studied within the area exhibited a reduction in species richness, abundance and biomass that was much more severe than has been documented in other hypoxia-affected areas (Rabalais et al.1995).  At dissolved oxygen (DO) levels less than 2.0 ppm, a variety of physiological responses and behaviors occur among organisms.  Motile fishes, cephalopods and crustaceans leave the area.  Responses of non-motile benthic organisms range from pronounced stress behavior to death.  At 0.0 ppm DO there is no sign of aerobic life.  In areas affected by hypoxia annually, complete recovery of a climax community may not occur (Harper and Rabalais 1997). 

Shrimp harvest in Louisiana has shown a negative relationship between catch and percent area of hypoxic waters in shrimp catch sampling cells (Zimmerman, Nance and Williams 1997).  Decreased catches of epibenthic and demersal fisheries species have been shown, through fisheries-independent sampling, to occur in areas of lower oxygen.  Other potential fisheries impacts may include: concentration of fishing effort, leading to increased harvest and localized overfishing, low catch rates in directed fisheries and in recruitment due to impacts on zooplankton.  Changes in distribution and abundance of fish species could result in loss of commercial and recreational fishing opportunities (Hanifen, Perret, Allemand and Romaire 1997).  Diaz (1997), in reviewing hypoxic areas worldwide, found reduced or stressed fisheries populations to be common in areas where hypoxia occurs.

In 1999, the White House Council of the Environment and Natural Resources formed a multi-disciplinary “Hypoxia Assessment Work Group.”  Its purpose was to conduct an 18-month study to assess the causes of the hypoxia zone and propose management strategies.  The work group included members of academia, tribal leaders and federal and state agencies with an interest in the Mississippi River and the Gulf and planned for the development of six interrelated reports:

1. Distribution, dynamics and characterization of hypoxia causes;

2. Ecological and economic consequences of hypoxia;

3. Sources and loads of nutrients transported by the Mississippi River to the Gulf;

4. Effects of reducing nutrient loads to surface waters within the basin and the Gulf;

5. Evaluation of methods to reduce nutrient loads to surface water, ground water and the Gulf; and                                                                              

6. Evaluation of social and economic costs and benefits of methods for reducing nutrient loads.

The Hypoxia Group report (Report to Congress, the final Action Plan for Reducing, Mitigating, and Controlling Hypoxia in the Northern Gulf) was published by the USEPA in January 2001 (Mississippi River/Gulf of Mexico Watershed Nutrient Task Force 2001).  It stated that scientific investigations document a zone on the Gulf’s Texas-Louisiana shelf with seasonally low oxygen levels (< 2 ppm).  Between 1993 and 1999 the zone of midsummer bottom-water hypoxia in the northern Gulf was estimated to be larger than 4,000 mi2 (10,000 km2).  In 1999, it was 8,000 mi2 (20,000 km2), approximately the size of the State of New Jersey, and in 2000, the zone was measured at only 1,700 mi2 (4,400 km2), resulting in a 5-year running average of 5,454 mi2 (14,128 km2) for 1996-2000.  The hypoxic zone is a result of complicated interactions involving excessive nutrients (primarily nitrogen) carried to the Gulf by the Mississippi and Atchafalaya Rivers; physical changes in the basin, such as channelization and loss of natural wetlands and vegetation along the banks as well as wetland conversions throughout the basin; and the stratification in the waters of the northern Gulf caused by the interaction of fresh river water and the saltwater of the Gulf. 
Nutrients like nitrogen and phosphorus are essential for healthy marine and freshwater environments.  However, an overabundance can trigger eutrophication.  In the nearshore Gulf, excessive algal growth caused by excess nitrogen, can result in a decrease in dissolved oxygen in bottom waters and loss of aquatic habitat.  In the Gulf, fish, shrimp, crabs, zooplankton and other important fish prey are significantly less abundant in bottom waters in areas that experience hypoxia. 

In addition, the Mississippi River/Gulf of Mexico Watershed Nutrient Task Force of the USEPA (2001) reported that water quality throughout the Mississippi and Atchafalaya Rivers Basin (the Basin) had been degraded by excess nutrients.  Many states in the Basin have significant river miles impaired by high nutrient concentrations, primarily phosphorus, meaning that they are not fully supporting aquatic life uses.  Groundwater supplies are threatened in some areas by excess nitrates, which can be a human health hazard. 

Significant amounts of nutrients entering the Gulf from the Mississippi River come from human activities: discharges from sewage treatment and industrial wastewater treatment plants and stormwater runoff from city streets and farms.  Nutrients from automobile exhaust and fossil fuel power plants also enter the waterways and the Gulf through air deposition to the vast land area drained by the Mississippi River and its tributaries.  About 90% of the nitrate load to the Gulf comes from non-point sources.  About 56% of the nitrate load enters the Mississippi River above the Ohio River.  The Ohio River Basin adds 34%.  High nitrogen loads come from basins receiving wastewater discharges and draining agricultural lands in Iowa, Illinois, Indiana, southern Minnesota and Ohio.

Approaches to reduce hypoxia in the Gulf are: 1) reduce nitrogen loads from watersheds to streams and rivers in the Basin and 2) restore and enhance denitrification and nitrogen retention within the Basin and on the coastal plain of Louisiana.  Annual load estimates indicate that a 40% reduction in total nitrogen flux to the Gulf is necessary to return to average loads comparable to those during 1955-1970.  Model simulations imply that nutrient load reductions of about 20-30% would result in a 15-50% increase in bottom water dissolved oxygen concentrations. Since any oxygen increase above the 2 ppm threshold would have a significant positive effect on marine life, even small reductions in nitrogen loads are desirable (Mississippi River/Gulf of Mexico Watershed Nutrient Task Force 2001).

The primary focus of this strategy is to reduce nitrogen loads to the northern Gulf, but many of the actions proposed through the plan will achieve basin-wide improvements in surface-water quality by also reducing phosphorus.  Actions taken to address local water quality problems in the Basin should contribute to reductions in nitrogen loadings to the Gulf.

All nine states along the Mississippi River and federal agencies have agreed to work together to cut the hypoxia zone by half its average size over the next 15 years.  The plan’s participants agreed to develop strategies to reduce nutrients entering the Gulf, including nitrogen, by 30%.  Although many state and federal programs of all agencies will be used to reach this goal, the Farm Bill conservation programs will be the major tools.  Programs that compensate farmers to restore wetlands, retire sensitive lands, install vegetation buffers along streams and reduce fertilizer use will need to be expanded and funded (Mississippi River/Gulf of Mexico Watershed Nutrient Task Force 2001).

Historical Tracking of the Hypoxia Zone

In 1993, spring and summer flood waters from the Mississippi River doubled the hypoxia in the Gulf along the upper-Texas and Louisiana coasts.  Low oxygen levels were found across 6,800 mi2 (17,600 km2).  Effects on organisms in the area were unknown but the low dissolved oxygen levels were low enough to cause avoidance and/or death of animals (McEachron and Fuls 1996a).  

During the summers of 1995-1996, the Gulf hypoxic zone off Louisiana and upper Texas was estimated at 7,000 mi2 (18,100 km2).  Although about equal in size to the 1993 and 1994 events, the hypoxic zone was about double the average area documented during years prior to 1993 (Fuls and McEachron 1997).  Low dissolved oxygen readings (<2 ppm) were observed in bottom Gulf water in June 1996 off Galveston in association with the dead zone but returned to normal levels by July (McEachron and Fuls 1996b).    

The northern Gulf is the site of the largest (7,722 mi²; 20,000 km²) and most severe hypoxic zone in the western Atlantic Ocean.  The hypoxic zone now ranks equal in size with the northwestern shelf.  By early summer of 1997, low dissolved oxygen readings (1.0-2.3 ppm) were recorded at all Gulf trawl samples sites 6 mi (9 km) off Sabine Pass jetties.  Numerous dead fish (spotted seatrout, menhaden, eels, others) and crabs were reported on Dunn’s Beach (just west of Holly Beach, Louisiana) and Texas beaches on Bolivar Peninsula.  In mid-June, nearshore Gulf currents switched from an easterly to a westerly direction, attributed to an El Niño weather pattern.  This change returned normal dissolved oxygen levels to the Sabine Bank area, but temporarily pushed low DO level waters into Sabine Lake (Hensley, Spiller, Campbell and Fuls  2000).    

From 1993-1998, the extent of bottom water hypoxia (6,200-7,000 mi²; 16,000-18000 km²) off the Louisiana coast was greater than twice the surface area of the Chesapeake Bay.  Prior to 1993, the hypoxic zone averaged 3,100-3,500 mi² (8,000-9,000 km²) (1985-1992).  Since 1993, the hypoxic zones have been consistently greater than 5,800 mi² (15,000 km²) (Rabalais 2001).

After the Mississippi River flood of 1993, the spatial extent of the hypoxia zone increased to over 6,600 mi² (17,000 km²).  In the summer of 2001, after heavy rains in the mid-western US, the largest hypoxia zone ever recorded was measured at 10,700 mi² (27,720 km²), an area approximately the size of Massachusetts.  The large size of the zone provided more evidence that nutrient inputs from the Mississippi River drainage basin were contributing to the creation of the hypoxic zone (Rabalais 2001).

Increases in nutrient inputs in watersheds draining to coastal areas cause problems such as oxygen depletion, habitat loss, fish kills and increased frequency of harmful algal blooms.  Growth in population, changes in land cover and increases in fertilizer use have resulted in increases of 2-10 times the level of nutrient inputs during this century with dramatic increases since  1950 (Rabalais 1998).  The numbers and extent of hypoxic episodes are increasing, especially in areas important to commercial fishing.   
Algal Blooms

Brown tide was first documented in the Texas upper Laguna Madre (ULM) in early 1990.  This organism has been identified as Aureoumbra lagunensis (order Pelagophyceae) and has persisted for over 8 years.  Brown tide reduces light available for seagrass photosynthesis and has caused seagrass losses in the ULM (McEachron et al. 1998; Chris Onuf, US Geological Survey-Corpus Christi, personal communication).  

Within past few years, the bloom has disappeared from the ULM-Baffin Bay system  (McEachron et al. 1998).  The disappearance may have been aided by the 25 in (64 cm) of rain that fell in 4 days during October 1996.  This lowered salinities from greater than 50 ppt to less than 10 ppt in some areas.  The brown tide organism is still present but not in bloom proportions demonstrated by counts from researchers (50-100 cells/ml versus previous 500,000 cells/ml) in the early 1990s (Chris Onuf, US Geological Survey-Corpus Christi, personal communication).  

Researchers reported high densities of the larval dwarf surf clam (Mulina lateralis) a major grazer of the brown tide organism.  While there has been some reduction of seagrass beds by brown tide, only 7% remain nonvegetated.  These are deeper areas and are expected to take longer to recover.

Red tides are a natural phenomenon in the Gulf, primarily off Florida, Texas and Mexico.  Of particular concern are red tides caused by blooms of a dinoflagellate (Karenia brevis, formerly Gymnodinium breve) that produces potent toxins harmful to marine organisms and humans.  They can result in severe economic and public health problems and are associated with fish kills and invertebrate mortalities. 

A significant red tide event began off the Texas coast on September 18, 1997 near Pass Cavallo and Sargent Beach (McEachron, Pridgeon and Hensley 1998).  The bloom progressed southward into Mexico during October, with the majority of the bloom occurring in the Gulf waters off of Padre Island.  The duration of the offshore bloom was September 18 through November 23, 1997.  On November 21, 1997, red tide was reported inside bay waters near Corpus Christi and Port Aransas, Texas.  The duration of this bloom lasted from November 21 through December 10, 1997, with areas of high cell counts lasting through January 19, 1998.  A minimum estimate of mortality was 21.8 million aquatic organisms (16.5 million occurring in the surf and 5.3 million in the bays).  The species killed (in millions) included: anchovies Engraulidae  sp.(5.5), menhaden Brevoortia sp. (4.6), Atlantic bumper Chloroscombrus chrysurus (3.9), ghost shrimp Callianassa sp. (1.8), scaled sardines Harengula jaguana  (1.7) and mullet Mugal cephalus (1.2) (McEachron et al. 1998).  There are ongoing studies to determine whether human activity that increases nutrient loadings to Gulf waters contributes to the intensity of red tides (MMS 1996).

Meteorological Events

TPWD annually investigates meteorological data and other factors or conditions that may result in increases or decreases of finfishes and shellfishes in Texas waters.  The major meteorological event that affects marine organisms in Texas is the occasional freeze. 

Documented mass freeze mortalities occurred in 1886, 1917, 1924, 1940, 1951, 1983 and 1989 (lowest temperatures on record), for an average interval of 15 years.  Less severe fish killing freezes were interspersed among these major freezes.  Martin and McEachron (1996) report studies that estimated freezes alone reduced the “fishable population” in Texas bays by 50% in 9 years out of 14 between 1940 and 1953; only in 5 years were coastal fish populations not adversely affected by cold weather. 

El Niño and La Niña

The term El Niño was coined by South American fishermen to characterize the periodic arrival of unusually warm water in the eastern Pacific Ocean around Christmas time.  El Niño means “The Little Boy” or “Christ Child” in Spanish.  It is a periodic phenomenon that is caused by changes in surface trade wind patterns.  The tropical trade winds normally blow east to west piling up water in the western Pacific and causing upwelling of cooler water along the South American coast.  El Niño occurs when this “normal” wind pattern is disrupted.  While this disruption tends to occur to some extent annually, an El Niño is an exaggeration of what is usually a brief disruption in the normal pattern (NOAA 1998a). 

During an El Niño year the thermocline along Pacific South America is depressed, and surface waters warm.  Although normally cyclic over a number of years, El Niño has occurred in rapid succession during 1990-1994.  In recent years, the El Niño of 1997-1998 was very intense. 

However, the greatest ocean-atmosphere disturbance ever recorded occurred in 1982-1983.  El Niño generally produces cooler and wetter weather in the southern US and warmer than normal weather in the north.  During this time, the Gulf Coast states experienced heavy rains and flooding causing $1.2 billion in property and agricultural losses between December 1982 and May 1983.  There is a pattern of fewer tropical storms during and after El Niño years, but major increases in tropical storms and hurricanes from 2 to 4 years following El Niño (NOAA 1998b).

La Niña means “The Little Girl”, and is sometimes called El Viejo (Old Man), anti-El Niño, or simply “a cold event” or “a cold episode.”  La Niña is characterized by unusually cold ocean temperatures in the eastern equatorial Pacific, as compared to El Niño, which is characterized by unusually warm ocean temperatures. 

La Niña tends to bring nearly opposite effects of El Niño to the US — wetter than normal conditions across the Pacific Northwest and dryer and warmer than normal conditions across much of the southern tier.  In the continental US, during a La Niña year, winter temperatures are warmer than normal in the Southeast and cooler than normal in the Northwest.  Direct effects to the Gulf can be very dry and hot conditions throughout the region and the possibility of more than the average number of tropical storms, and possibly hurricanes, occurring in the Gulf from June through October.  

In both the El Niño and La Niña events, the natural state of ESH is disrupted, displaced or destroyed.  

Atmospheric Deposition

Atmospheric deposition results when nitrogen and sulfur compounds, or other substances such as heavy metals and toxic organic compounds, are transformed by complex chemical processes.  The transformed chemicals return to the earth in either a wet or dry form.  Wet forms may be rain, snow or fog; dry forms may exist as gases or particulates.  Once these transformed substances reach earth, they can pollute surface waters, including rivers, lakes and estuaries (USEPA 1994b).

The Clean Air Act established the National Ambient Air Quality Standards (NAAQS); the primary standard to protect public health and a secondary standard to protect public welfare.  The Clean Air Act Amendments of 1990 established classification designations based on regional monitored levels of ambient air quality.  These designations impose mandated time tables and other requirements necessary for attaining and maintaining healthy air quality in the US based on the seriousness of the regional air quality problem (MMS 1996).

When measured concentrations of regulated pollutants exceed standards established by the NAAQS, an area may be designated as a nonattainment area for a regulated pollutant.  The number of exceedances and the concentrations determine the nonattainment classification of an area.  There are five classifications of nonattainment that are defined in the 1990 Clean Air Act Amendments: marginal, moderate, serious, severe and extreme.

Ambient air quality is a function of the size, distribution and activities directly related to populations in association with the resulting economic development, transportation and energy policies of the region.  Meteorological conditions and topography may confine, disperse or distribute air pollutants.  Assessments of air quality depend on multiple variables such as the quantity of emissions, dispersion rates, distances from receptors and local meteorology.  Due to the variable nature of these independent factors, ambient air quality is a dynamic process. 

Demographic Trends

Texas is facing increasing pressures on natural resources, particularly population growth and urbanization.  These pressures will result in more pronounced exploitation of plant, fish and wildlife resources; further loss and fragmentation of habitat; and decline in the quality of remaining habitat. 

Water development projects and increased domestic, agricultural and industrial water use will reduce habitat quality and quantity, resulting in altered ecosystems, effluent-dominated streamflows that threaten aquatic life, and loss of associated wetlands and bottomland hardwoods.  Urbanization and agricultural development will also threaten species and critical habitats in Texas.  

Habitat Alteration

Physical alterations to habitat occur from man’s activities and natural environmental events.  Potential activities that adversely impact ESH can range from minor (possible recovery of the ESH to 100 % functionality in months to years) to major (possible recovery of partial ESH functionality in years to decades) to catastrophic (loss of all ESH functionality to the foreseeable future).

Broad categories of activities which can adversely affect ESH include: dredging (ship channels, waterways and canals); fill; excavation; fossil shellfish dredging; mining; impoundment; discharge; water diversions; thermal additions; actions that contribute to non-point source pollution and sedimentation; introduction of potentially hazardous materials; introduction of exotic species; and the conversion of aquatic habitat that may eliminate, diminish or disrupt the functions of ESH.


Industrial/Commercial Development and Operations

Potential threats to habitat are directly and indirectly imposed from industrial and commercial development and operations.  These threats include: conversion of wetlands to industrial and appurtenant sites such as roads, parking and administrative and distribution centers; point-and non-point-source discharge of fill, nutrients, chemicals, toxic metals, hot water resulting from cooling operations, air emissions and surface and ground waters into streams, rivers, estuaries and ocean waters; hydrological modification of ditches, dikes, water and waste lagoons; intake and discharge systems; hydropower facilities and cumulative and synergistic effects caused by association of these and other industrial and non-industrial related activities.

Industrial and commercial development and operations affect habitat in a number of ways.  The most inexpensive land is usually sought for development near major shipping lanes such as rivers or ports.  These lands usually contain wetlands that are generally filled for plant sites, parking, storage and shipping and treatment or storage of wastes or by-products.  Many industries are also users of large quantities of water.  Water often is a vital component of the manufacturing process, serves as a cooling mechanism, and is used to dilute and to flush wastes or other by-products, which often lead to highly contaminated estuarine and bay bottom sediments.  Many heavy industries also produce airborne emissions which often include contaminants.

Commercial development and operations along the Gulf coast have been extensive.  Most coastal areas or barrier islands have not been subject to some form of commercial development, targeting mainly the tourist trade.  Past development practices have been especially abusive because, before adequate regulation, it was not uncommon for extensive nearshore modifications to take place for hotel and resort construction.  This has now been abated largely because better information and regulations have helped resource managers decrease the damage to natural resources caused by this practice.  However, it remains true that dry land or uplands are a decreasing commodity along the coast and that filling of wetlands is viewed as a less expensive alternative.  Accordingly, there will continue to be proposals aimed at altering wetlands for commercial development and related infrastructure and these must be carefully assessed to minimize their impact on habitat.  

The overall amount of ESH lost to or affected by commercial and industrial development is likely to be at least as important as that from urban and suburban development.  In some situations, especially for industries that produce hazardous materials, non-point-source discharges can be a traumatic event, especially if there are accidental releases of chemicals.  Of additional concern with industrial operations are contaminants that are emitted into the atmosphere.  The types and levels of airborne contaminants reaching Gulf surface waters are unknown, but may have only a marginal effect because of dispersal by winds (GSMFC 1998).


Housing Developments

The coastal areas of the Gulf are highly sought after as places to live.  The amenities of the coast and the water-related activities and climate that people enjoy lead to high human population growth rates.  As the population increases so does urbanization.  People require places to live as well as related services such as roads, schools, water and sewer facilities, power, etc.  These needs often are met at the expense of habitat and may adversely impact the very values that brought people to the coast.  Wetlands and adjacent contiguous lands have been filled for housing and infrastructure.  Further, the demand for shoreline modifications (docks, seawalls, etc.) and navigation amenities have further modified the coast.  Chemicals produced and used by people, such as oil from roads and parking lots, enter waters as non-point-source runoff.  This has lowered water quality in waters and wetlands adjacent to urban developments.  

Potential threats include: 1) conversion of wetlands to sites for residential and related purposes such as roads, bridges, parking lots, commercial facilities, reservoirs, hydropower generation facilities and utility corridors; 2) bulkheading of the coastal land/water interface; 3) direct and/or non-point-source discharges of fill, nutrients, chemicals, hot water resulting from cooling operations and surface waters into ground water, streams, rivers and estuaries; 4) reliance on septic tanks for onsite waste disposal; 5) hydrological modification to include ditches, dikes, flood control and other similar structures; 6) damage to wetlands and submerged bottoms; and 7) cumulative and synergistic effects caused by association of these and other developmental and non-developmental related activities.

Wetlands and other important coastal habitats continue to be adversely and irreversibly altered for urban and suburban development.  One of the most serious of the adverse effects is filling areas for houses, roads, septic tank systems, etc.  This directly removes ESH and degrades ESH that lies next to developed areas.  While the total affected area is unknown, it has been extensive in much of the Gulf coast.  

Another major threat posed by housing development is that of non-point-source discharges of chemicals used in day-to-day activities associated with operating and maintaining homes, septic tanks used for onsite human waste disposal, for maintaining roads, for fueling vehicles, etc.  In addition to chemical input, changes that affect the volume, rate, location, frequency and duration of surface water runoff into coastal rivers and tidal waters are likely to be determinants in the distribution, species composition, abundance and health of Gulf fishery resources and their habitat.  In the long-term, impacts of chemical pollution (e.g., petroleum hydrocarbons, halogenated hydrocarbons, metals, etc.) are likely to adversely impact fish populations (Schaaf, Peters, Vaughan, Coston and Krouse 1987).  Despite current pollution control measures and stricter environmental laws, toxic organic and inorganic chemicals continue to be introduced into marine and estuarine environments.


Oil and Gas Operations in the Gulf of Mexico

Structures placed or anchored on the Outer Continental Shelf (OCS) to facilitate oil and gas exploration, development and production include drilling ships (jack-ups, semi-submersibles and drill ships), production platforms and pipelines.  Such structure placement disturbs some area of the bottom directly beneath the structure.  If anchors are deployed, the bottom habitat (immediately under the anchors and about one-third of the anchor chain) is directly impacted.  Jack-up rigs and semi-submersibles are generally used to drill in water depths less than 1,300 feet (400 m) and disturb about 4 ac (2 ha) each.  In water depths greater than 1,300 ft (400 m), dynamically positioned drill ships disturb little bottom.  Conventional, fixed platforms installed in water depths less than 1,300 ft (400 m) disturb about 5 ac (2 ha).  Tension leg platforms, installed by tethers in water depths greater than 1,300 ft (400 m), disturb about 12 ac (5 ha).  Placement of pipelines disturb an average of 0.8 ac (0.32 ha) per kilometer of pipeline (MMS 1996).

Each exploration rig, platform and pipeline placement on the OCS disturbs some surrounding area where anchors and chains are set to hold the rig, structure or support vessel in place.  Exploration rigs, platforms and pipe-laying barges use an array of eight 20,000-lb (9,000-kg) anchors and very heavy chain to both position a rig and barge, and to move a barge along the pipeline route.  These anchors and chains are continually moved as a pipe-laying operation proceeds.  The area actually affected by anchors and chains depend on water depth, wind, currents, chain length and the size of the anchor and chain (MMS 1996).

Conventional, fixed multi-leg platforms, which are anchored into the seafloor by steel pilings, predominate in water depths less than 1,300 ft (400 m).  During structure removal, explosives are used to sever conductors and pilings of these structures that were built to withstand probable hurricane conditions over an average 20-year life span.  Upon removal, the US Department of Interior Minerals Management Service (MMS) requires severing at 16 ft (5 m) below the seafloor to ensure that no part of the structure will ever be exposed to and interfere with commercial fishing.  Possible injury to biota from explosive use extends outward 3,000 ft (900 m) from the detonation source and upward to the surface.  Based on MMS data, it is assumed that approximately 70% of removals of conventional fixed platforms in the Gulf in water less than 1,300 ft (400 m) deep will be performed with explosives (MMS 1996).  Alternative methodologies such as mechanical cutting and inside burning that might be used to sever pilings of multi-leg structures are often ineffective and are hazardous to underwater workers.

Bottom debris is herein defined as material resting on the seabed (such as cable, tools, pipe, drums and structural parts of platforms, as well as objects made of plastic, aluminum, wood, etc.) that is accidentally lost or thrown overboard by workers from fixed structures, jack-up barges, drilling ships and pipeline placement operations.  Varying quantities of ferromagnetic bottom debris may be lost or thrown overboard during operation.  The maximum quantity of bottom debris per operation is assumed to be several tons.  Extensive analysis of remote-sensing surveys within developed blocks indicates that the majority of ferromagnetic bottom debris falls within a 1,500 ft (450 m) radius of a site.  Current federal regulations require all bottom debris to be cleared from a defined radius around a site after its abandonment unless it is designated an artificial reef site.

Improperly balanced well pressures that result in sudden, uncontrolled release of petroleum hydrocarbons are called blowouts.  Blowouts have caused the greatest number of fires, explosions, deaths, injuries, property damage or rig loss (Danenberger 1980; Fleury 1983).

Blowouts can occur during any phase of development: exploratory drilling, development drilling, production or work over operations.  Historically, 23% of all blowouts result in oil spills; 8% result in oil spills greater than 50 barrels (bbl); and only 4% result in oil spills greater than or equal to 1,000 bbl.  In subsurface blowouts, sediment of all available sizes is resuspended and disturbs the bottom within 1,000 ft (300 m).  Sands settle within 1,300 ft (400 m), but finer sediments remain in suspension for periods of 30 days or longer.  Fine sediments are distributed over large distances (MMS 1996).


Petroleum Products and Operations

The petrochemical industry along the Gulf coast is the largest in the US  It includes extensive onshore and offshore oil and gas development operations, tanker and barge transport of both imported and domestic petroleum into the Gulf region and petrochemical refining and manufacturing operations (MMS 1996).

As of January 1, 1993, approximately 30,000 oil and gas wells had been drilled, and almost 5,000 platforms were producing on the OCS.  In 1993, approximately 300 million bbl of crude oil and 4.6 trillion cf of gas were produced and shipped to shore by pipeline.  Although such activity seems extensive, the maritime industry’s use of Gulf waters is even greater.  Approximately 1.5 billion bbl of crude oil were imported through Gulf waters by tanker in 1993, about 5 times the volume piped from domestic production.  In addition, about 236 million bbl of petroleum products were imported in Gulf waters and 175 million bbl were exported.  Although petroleum, both crude oil and petroleum products, is the most common commodity shipped through Gulf waters, vessel traffic associated with other commodities is extensive; the Gulf has four of the top 10 busiest ports in the US, including Houston.  All of these offshore activities discharge some form of treated wastewaters into the Gulf and have resulted in accidental spills of both oil and other chemicals (MMS 1996).

The major operational wastes of concern generated in the largest quantities by offshore oil and gas exploration and development include: drilling fluids, cuttings and produced waters.  Other major wastes generated include the following: from drilling--waste chemicals, fracturing and acidifying fluids and well completion and work over fluids; from production--produced sand, deck drainage, and miscellaneous well fluids (cement, blowout preventer fluid); and from other sources--sanitary and domestic wastes, gas and oil processing wastes, ballast water, storage displacement water and miscellaneous minor discharges (MMS 1996).

Major contaminants or chemical properties of concern in oil and gas operational wastes can include high salinity, low pH, high biological and chemical oxygen demand, suspended solids, heavy metals (including mercury), crude oil compounds, organic acids, priority pollutants and radionuclides.  New restrictions on these waste streams were recently implemented by the USEPA (MMS 1996).  These contaminants and properties can lead to direct loss and/or harmful effects on managed species, including prey species.
Accidental discharge of oil in coastal and offshore habitat can occur during almost any stage of exploration, development or production on the OCS.  Oil spills occur as a result of many causes, e.g., equipment malfunction, ship collisions, pipeline failures, platform (or well) blowouts, human error or severe storms. Many oil spills are not directly attributable to the oil extraction process but are indirectly related to the support activities necessary for recovery and transportation of the resource.  In addition to crude oil spills, chemical, diesel and other oil-product spills can occur in association with OCS activities.  Of the various potential OCS-related spill sources, the great majority of the spills have resulted from transportation activities (MMS 1996).


Loss of Barrier Islands and Shorelines
Coastal barriers consist of relatively low landmasses that can be divided into several interrelated environments.  The beach consists of the foreshore and backshore.  The nonvegetated foreshore slopes up from the ocean to the beach berm-crest.  The backshore is found between the beach berm-crest and the dunes and may be sparsely vegetated.  The backshore may occasionally be absent due to storm activity.  The dune zone or a barrier landform can consist of a single dune ridge, several parallel dune ridges or a number of curving dune lines that are stabilized by vegetation.  These elongated, narrow land forms are composed of sand and other unconsolidated, predominantly coarse sediments that have been transported and deposited by waves, currents, storm surges and winds (MMS 1996).

These habitats provide a variety of niches that support many avian, terrestrial and aquatic and amphibian species, some of which are endangered or threatened.  Habitat stability is primarily dependent upon rates of geodynamic change in each coastal vicinity.  Changes to barrier land forms are primarily due to storms, subsidence, delta abandonment, deltaic sedimentation and human activity.  Barrier landform configurations continually adjust in response to prevailing or changing environmental conditions.  Man-made obstructions to long shore sediment transport include jetties, groins, breakwaters and bulkheads (MMS 1996).  

In Texas from east to west, coastal barriers are found at: the Chenier Plain of Louisiana and Texas; Trinity River Delta; Brazos-Colorado River Delta and its accompanying barrier islands; barrier islands of Espiritu Santo Bay and Laguna Madre; and the Rio Grande Delta (MMS 1996).

Efforts to stabilize the Gulf shoreline have adversely impacted barrier landscapes.  Efforts to stabilize the beach with seawalls, groins and jetties have contributed to coastal erosion by depriving downdrift beaches of sediments, thereby accelerating erosion (Morton 1982).  Over the last 20 years, dune and beach stabilization have been accomplished more successfully by using more natural applications such as beach nourishment and vegetative plantings (MMS 1996).


Navigation Projects, Ports, Marinas and Maintenance Dredging

Potential navigation-related threats to habitat located within estuarine waters can be separated into two categories: navigation support activities and vessel operations.  The following discussion was taken largely from GMFMC (1998).

Navigation support activities include, but are not limited to, excavation and maintenance of channels (includes disposal of excavated materials); construction and operation of ports, mooring and cargo handling facilities; construction and operation of ship repair facilities; and construction of channel stabilization structures such as jetties and revetments.  Potentially harmful vessel operation activities include, but are not limited to, discharge or spillage of fuel, oil, grease, paints, solvents, trash, and cargo; grounding/sinking/prop scaring in ecologically/environmentally sensitive locations; exacerbation of shoreline erosion due to wakes; and transfer and introduction of exotic and harmful organisms through ballast water discharge or attachment to hulls.

The most conspicuous navigation-related activity in many estuarine waters is the construction and maintenance of navigation channels and the related disposal of dredged materials.  The amount of subtidal and intertidal area affected by new dredging and maintenance dredging is unknown, but undoubtedly great.  These activities have adversely affected and continue to adversely affect habitat by modifying intertidal and subtidal habitats.  For more extensive dredged features and related disposal sites, hydrology and water flow patterns have also been modified.  While the channel excavation itself is usually visible only while the dredge or other equipment is in the area, the need to dispose of excavated materials has left its mark in the form of confined and unconfined disposal sites, including those that have undergone human occupation and development.  Chronic and individually small discharges and disturbances routinely affect water and substrate and may be significant from a cumulative or synergistic perspective.  Observed effects on habitat include: direct removal/burial of organisms as a result of dredging and placement of dredged material; turbidity/siltation effects, including increased light attenuation from turbidity; contaminant release and uptake, including nutrients, metals and organics; release of oxygen consuming substances; noise disturbance to aquatic and terrestrial organisms; and alteration to hydrodynamic regimes and physical habitat.  The relocation of salinity transition zones due to channel deepening may be responsible for significant environmental and ecological change. 

The expansion of ports and marinas has become an almost continuous process due to economic growth, competition between ports and increased tourism.  Elimination or degradation of aquatic and upland habitats is commonplace since port and marina expansion almost always requires the use of open water, submerged bottoms and riparian zones.  Ancillary related activities and development often utilize even larger areas, many of which provide water quality improvement and other functions needed to sustain living marine resources.  Vessel repair facilities use highly toxic cleaners, paints and lubricants that can contaminate waters and sediments.  Modern pollution containment and abatement systems and procedures can prevent or minimize toxic substance releases; however, constant and diligent pollution control efforts must be implemented.  The extent of the impact usually depends on factors such as flushing characteristics, size, location, depth and configuration.  For example, it is common for a prohibition on human consumption of marine products taken from shellfish beds in proximity to marinas.

The GIWW serves as the primary route for barges carrying needed goods, supplies and energy.  The cargo may be diverse and ranges from highly toxic and hazardous chemicals and petroleum products to relatively benign materials.  Spills (major and minor) and other discharges of hazardous materials are not uncommon and are of constant concern since large and significant areas of wetlands and SAV habitat is at risk.  

Maintenance and dredged material disposal to maintain navigable depths for vessels is a major issue at all port facilities and for many marinas.  In many cases, dredged materials are contaminated and disposal locations for these sediments are not readily available.  Often offshore disposal for clean and contaminated sediments is proposed and for some of the major ports, dredged material disposal sites have been used offshore.  Still, contaminated sediments remains an issue as does the effects of these materials on offshore systems.

The operation of vessels, both commercial and recreational, also threatens habitat.  The USEPA (1993) identified a suite of possible adverse environmental impacts and pollutants discharged from boats; pollutants generated from boat maintenance activities on land and in the water; exacerbation of existing poor water quality conditions; pollutants transported in storm water runoff from parking lots, roofs and other impervious surfaces; and the physical alteration or destruction of wetlands and shellfish and other bottom communities during the construction of marinas, ramps and related facilities.

The chronic effects of vessel groundings, prop scarring and anchor damage are generally more problematic in conjunction with recreational vessels.  While grounding of ships and barges is less frequent, individual incidents can have significant localized effects.  Propeller damage to submerged bottoms occurs everywhere vessels ply shallow waters.  Direct damage affects multiple life stages of associated organisms, including eggs, larvae, juveniles and indirectly damages are caused through water column de-stratification (temperature and density), re-suspending sediments and increasing turbidity.  Damage is particularly troublesome where SAV is found.

The effects of vessel induced wave damage have not been quantified, but may be extensive.  The most damaging aspect relates to the erosion of intertidal and SAV wetlands adjacent to marinas, navigation channels, and boating access points such as docks, piers and boat ramps.  The wake erosion in places along the GIWW and elsewhere is readily observable and undoubtedly converts a substantial area of wetlands to less important habitat (e.g., marsh to submerged bottom).  In heavily trafficked submerged areas, bottom stability is constantly in flux and bottom communities may be weakened as a result.  Indirect effects may include the resuspension of sediments and contaminates that can modify ESH.  Where sediments flow back into existing channels, the need for maintenance dredging with its attendant impacts may be increased.

Marinas and other sites where vessels are moored or operate often are plagued by accumulation of anti-fouling paints in bottom sediments, fuel spillage and overboard disposal of trash, sewage and wastewater.  This is especially troubling in areas where houseboats have proliferated without authorization.  Boating and operations at these facilities (e.g., fish waste disposal) may lead to lowered dissolved oxygen, increased temperature, bioaccumulation of pollutants by organisms, water contamination, sediment contamination, resuspension of sediments, loss of SAV and estuarine vegetation, change in photosynthesis activity, change in the nature and type of sediment, loss of benthic organisms, eutrophication, change in circulation patterns, shoaling and shoreline erosion.  Pollutants that result from marinas include nutrients, metals, petroleum hydrocarbons, sewage and polychlorinated biphenyls.  However, in areas where vessels are dispersed and dilution factors are adequate, the water quality impacts of boating are likely mitigated (USEPA 1993).  

Marina personnel and boat owners use a variety of boat cleaners, such as teak cleaners, fiberglass polish and detergents.  Cleaning boats over the water, or on adjacent upland, creates a high probability that some cleaners and other chemicals will enter the water.  Copper-based antifouling paint is released into marina waters when boat bottoms are cleaned in the water.  Tributyl-tin, which was a major environmental concern, has been largely banned except for use on military vessels.  Fuel and oil are often released into waters during fueling operations and through bilge pumping.  Oil and grease are commonly found in bilge water, especially in vessels with inboard engines, and these products may be discharged during vessel pump out (USEPA 1993).

Another problem associated with commercial and recreational boating activities in coastal environments is the discharge of marine debris, trash and organic wastes into coastal waters, beaches, intertidal flats and vegetated wetlands.  The debris ranges in size from microscopic plastic particles (Carpenter, Anderson, Harvey, Milkas and Peck 1972), to mile-long pieces of drift net, discarded plastic bottles, bags, aluminum cans, etc.  In laboratory studies, Hoss and Settle (1990) demonstrated that larval fishes consume polystyrene microspheres.  Investigations have also found plastic debris in the guts of adult fish (Manooch 1973; Manooch and Mason 1983).  Based on the review of scientific literature on the ingestion of plastics by marine fish, Hoss and Settle (1990) conclude that the problem is pervasive.  Most media attention given to marine debris and sea life has focused on threatened and endangered marine mammals and turtles and on birds.  In these cases, entanglement in or ingestion of the animals in netting, fishing line or plastic bags and other materials is of concern.


Pipeline Crossings and Rights-of-Way

Pipeline and navigation canals have the potential to change the natural hydrology of coastal marshes by:  1) facilitating rapid drainage of interior marshes during low tides or low precipitation, 2) reducing or interrupting fresh water inflow and associated littoral sediments and 3) allowing salt water to move farther inland during periods of high tide (Chabreck 1972).  Saltwater intrusion into fresh marsh often causes loss of salt-intolerant emergent and submerged-aquatic plants (Chabreck 1981; Pezeshki, DeLaune and Patrick 1987), erosion and net loss of soil organic matter (Craig, Turner and Day 1979).  Because vegetated coastal wetlands provide forage and protection to commercially important invertebrates and fishes, marsh degradation due to plant mortality, soil erosion or submergence will eventually decrease productivity.  Vegetation loss and reduced soil elevation within pipeline construction corridors should be expected with the continued use of current double-ditching techniques (Polasek 1997).

Pipeline landfall sites on barrier islands potentially cause accelerated beach erosion and island breaching.  A MMS study and other studies (LeBlanc 1985; Mendelssohn and Hester 1988) have investigated the geological, hydrological and botanical impacts of pipeline emplacement on barrier land forms in the Gulf.  In general, the impacts of existing pipeline landfalls were minor to nonexistent.  In most cases, due to new installation methods, no evidence of accelerated erosion was noted in the vicinity of the canal crossings if no shore protection for the pipeline was installed on the beach (MMS 1996).  

Numerous pipelines have been installed on the bay side of barrier islands and parallel to the barrier beach.  With overwash and Gulf shoreline retreat, many of these pipeline canals serve as sediment sinks, resulting in narrowing and lowering of barrier islands and their dunes and beaches.  Such islands and beaches are more susceptible to breaching and overwash (MMS 1996).

Inland, pipelines cross open water, wetlands, levied-land and upland habitats.  The number, type and length of pipelines that cross open water and wetlands are unknown but are estimated to be in the tens of thousands, up to 40 in (100 cm) in diameter, and from thousands of feet to hundreds of miles in length, throughout the Gulf Coast.  New pipeline canals through wetlands are typically 10 ft (3 m) wide, which is necessary for the push-ditch method of pipeline construction (Turner and Cahoon 1988).  Since 1970, backfilling newly dredged pipeline canals has been required by permitting agencies.  Typically, installation of a new pipeline through wetlands disturbs a 100-ft (30-m) wide path through the vegetation.  After being backfilled, the right-of-way may revegetate or remain as shallow open water.  This remaining impact is estimated to be a water channel 5 ft (2 m) wide in wetland areas (MMS 1996).


Ocean Dumping

No legal ocean dumping of industrial and commercial waste material occurs in the Gulf.  The Gulf-wide artificial reef building program instituted by the Gulf states is not considered ocean dumping.  

Dredge and Fill

Dredging is the excavation of earthen materials from wetlands, open surface water areas or in uplands where wetlands or other surface waters are created.  Filling involves the deposition of any material (such as sand, silt, dock pilings or seawalls) into wetlands or other surface water areas.

Dredge and fill activities are regulated to protect our surface waters from degradation caused by the loss of wetlands and from pollution caused by construction activities.  Alterations of wetlands and other surface waters may have detrimental impacts on the environment.  Degrading or eliminating can cause a reduction of beneficial functions provided by the wetlands.  Texas has about 1,000 mi (1,800 km) of navigational channels (Lindall and Saloman 1977).  Spoil disposed from these channels has created 86,900 ac (35,200 ha) of fill in the state, and maintenance generates 1.3 trillion cf (36.6 million m3) of dredged material per year.   

Traditional dredging and dredged material disposal practices can directly eliminate, displace, or adversely modify habitat through conversion to deep-water coverage, erosion and turbidity effects.  However, dredged materials can also be used in a variety of beneficial manners such as creating, restoring or enhancing estuarine habitats and building bird-nesting islands.  Obstacles to the use of dredged materials such as agency regulation, public resistance, availability of dredged materials and costs can be overcome.

 

Under the Marine Protection Research and Sanctuaries Act (MPRSA), the USEPA and the Corp of Engineers (COE) share a number of responsibilities with regard to the ocean disposal of dredged material.  This involves: 1) designating ocean sites for disposal for dredged material; 2) issuing permits for the transportation and disposal of the dredged material; 3) regulating times, rates, and methods of disposal and the quantity and type of dredged material that may be disposed of; 4) developing and implementing effective monitoring programs for the sites; and 5) evaluating the effect of dredged material at the sites.

 

The principal authority and responsibility for designating ocean sites for the disposal of dredged material is vested with the Regional Administrators of the USEPA Regions in which the sites are located.  The Regions are responsible for developing and publishing Environmental Impact Statements (EIS) and the rulemaking paperwork associated with ocean disposal site designations.  The COE Districts provide the USEPA Region with the necessary information to prepare the EIS and identify any significant issues that should be addressed in the site designation process, generally through a scoping process.

 

Offshore dredging for sand, gravel and shell locally destroys bottom habitat that may eventually recover.  Large-scale removal of coarse materials would eliminate protective cover and change the nature of the bottom habitat.  Dredging near shores could remove protective barriers and result in greater erosion of the beach.  In addition to extraction of substrate, addition of substrate, such as "beach replenishment" and "beach nourishment" can also be highly disruptive and destructive in the adjacent nearshore areas, especially if this substrate addition results in burial or sediment overlay of live/hardbottom, coral and/or seagrasses.  Extraction of chemicals from seawater is not known to cause significant environmental damage except for loss of coastal habitat where the extraction plant is located.  If solar evaporation of seawater is involved, extensive land areas may be utilized as evaporation pans (Darnell, Pequegnat, James, Benson and Defenbaugh 1976).

 

Hydromodification, wetland dredge and fill modifications, natural subsidence and apparent sea level rise, is strongly altering the Gulf's coastal water quality.  These activities result in sediment deficit and saltwater intrusion.  Saltwater intrusion is defined as the inland movement of offshore saline waters into more brackish and fresh waters.  It is estimated that millions of cubic feet of material are dredged each year to support oil and gas projects in the Gulf area.  Dredged material disposal results in temporarily increased turbidity and resuspension of released sediment contaminants into coastal waters (MMS 1996).

Exotic Species

The introduction of non-native species into an environment, including coastal and marine habitats, can have a variety of impacts ranging from benign to causing serious disruptions of biological communities.  Some of these impacts may include:  competition with, predation on, or displacement of native species; habitat disruption; introduction of diseases; and disruption of food webs.  The National Research Council (NRC) in 1995 reviewed the most critical threats to marine biodiversity and stated that invasion of exotic species was among the top five issues facing coastal ecosystems (Carlton 1997).  Exotic species can actually be viewed as a form of biological pollution; however, unlike chemical contaminants, exotic species may continue to proliferate long after they are introduced (GMP 1997).  Some species may experience explosive population expansion since they may be unaffected by predators, parasites or competitors in their new environment.

Some exotic species may enter new environments through natural range expansion.  However, of most concern environmentally are those introductions that are facilitated by human actions, either intentionally or unintentionally.  Common mechanisms by which exotic species are introduced into coastal and marine environments include: vessel or other structural transport (i.e., on or within hulls or as ballast); aquaculture activities; fisheries stocking releases; research activities; and canals (Carlton 1997).

To date there have been few formal investigations of exotic species introductions into the Gulf and its coastal habitats.  Balboa (1991) evaluated the potential harm of exotic shrimp (Litopenaeus vannamei, formerly Penaeus vannamei) on native shrimp populations and habitat, which were discovered in the Brownsville (TX) Ship Channel in 1989.  Of six criteria used for determining potential harm, this species exhibited at least four: 1) potential for establishing self-sustaining populations, 2) potential for adversely affecting native penaeids and predators that feed on shrimp, 3) disease transmission, and 4) morphological similarity with native and other exotic penaeids.  The discovery of this exotic shrimp and its potentially adverse effects on native shrimp populations led to the adoption of regulatory measures by the TPWD Commission (Commission) in 1990.  The Texas Legislature, in Parks and Wildlife Code (Chapters 61, 66 and 77), gives the Commission authority to regulate the possession and sale of exotic fish and shellfish and mandate health certifications of native penaeid shrimp.   

Fishing Impacts

Bottom trawling and other fishing activities that involve direct contact between fishing gear and the bottom environment in the bays, estuaries and Gulf can alter the structural character and function of shrimp habitats.  When the change is sufficient to preclude or limit use by fishery- directed or target species, declines in catch abundance and individual animal size may occur.  Although a clear cause and effect relationship is evident, determination of the exact nature of this relationship is complex.  Relevant factors, in addition to the magnitude of the direct physical change, may include disturbance frequency and duration, seasonality and other environmental, ecological and physiological processes that control recovery and recruitment of marine species of the community.  As noted by Auster and Langton (1998) “... mobile fishing gear reduced habitat complexity by (1) directly removing epifauna or damaging epifauna leading to mortality, (2) smoothing sedimentary bedforms and reducing bottom roughness and (3) removing taxa which produce structure (i.e., taxa which produce burrows and pits).”   

Environmental changes brought about by physical alteration of substrates and changes in species composition may create conditions that cannot sustain preexisting plant and animal assemblages or abundances.  Auster and Langton (1998) state population response (and successful fishery management) may be linked to parameters that are closely correlated to “...ecological relationships (and) population response may be the result of : 1) independent single-species (intraspecific) responses to fishing and natural variation; 2) interspecific interactions such that, as specific populations are reduced by fishing, non-harvested populations experience a competitive release; 3) interspecific interactions such that as non-harvested species increase from some external process, their population inhibits the population growth rate of the harvested species; and 4) habitat mediation of the carrying capacity for each species, such that gear induced habitat changes alter the carrying capacity of the area.”   As further implied by Auster and Langton (1998), the magnitude of environmental or ecological change needed to affect a fishery may not need to be monumental from a physical perspective.  

In Texas waters, bottom trawling for shrimp is the dominant commercial fishing activity.  The effects of bottom trawling have been discussed since the 14th century (Jones 1992).  This method of fishing disrupts the habitat by scraping the substrate to depths from a few inches to a foot or more.  Many studies have documented this affect along with more direct impacts on the benthic communities (Rester 2000).  Some of the effects documented include:

1. Disruption of vast areas of bay and Gulf bottom sediments,

2. Resuspension of sediments into the water column creating potential respiration problems for biota with gills,

3. Physical destruction of biota (flora and fauna) through direct contact,

4. Destruction of biota due to uncovering and exposure,

5. Changes in benthic communities, from short to long term (decades), 

6. Elimination of species from some trawled areas,

7. Dumping and accumulation of dead bycatch,

8. Alteration of bottom topography,

9. Reduced biotic diversity,

10. Increased dominance by a few species.

Research has documented that these changes are dependent on several variables including weight of the gear, towing speed, sediment type, frequency of disturbance and currents and tides (Jones 1992).  Some of the changes in the benthos can be permanent.  This permanence may be related to the frequency of the disturbance and the attributes of the species involved.  And in deep water (over 3,000 ft; 1,000 m), the recovery of these communities may take decades.  Also, some epifaunal groups were more abundant in areas receiving the least amount of trawling.  Norse and Watling (1999) described bottom trawling as similar to clear-cutting but more extensive, converting large areas of biologically complex communities into the marine equivalent of low-diversity cattle pasture.  It is clear from the literature that the effects of bottom trawling on bottom habitat and the associated communities are complex and severe.

A recent review of the effects of trawling on bottom habitat and associated biota (NRC 2002) complemented earlier findings.  The authors reiterated that fishing gears, “…will impact the flora and fauna of a given location to a certain degree, but the magnitude and duration of the effect depends on a number of factors, including gear configuration, towing speed, water depth and the substrate over which the tow occurs.”   Recovery times can be up to five times the generation time of the biota involved.  Depending on the species this can be less than a month to decades or even centuries in the case of some corals.  The more frequently an area is trawled the longer the recovery time could be.  Finally, the more complex and stable the biotic community, the longer the recovery period can be expected to be.  Short-lived, very mobile species can be expected to recover more quickly than long-lived immobile species.

Using data from TPWD and the National Marine Fisheries Service (NMFS), estimates were made on the area of bay bottom trawled by shrimping activities.  These estimates are very conservative, since  they did not include shrimp bait fishery activity.  For 1998, it was estimated that a total of 8,726,336 ac (3,534,166 ha) of bay bottom was trawled in Texas bays.  This included areas that were trawled numerous times.  Data indicated that the impact is greatest along the upper coast relative to the lower coast, both in terms of repetition rate and area trawled.  Clearly, bottom trawling represents a significant impact on public-owned bay bottom habitat (ESH) in Texas waters.

Similar estimates were derived for Gulf bottom habitat in Texas waters out to 10 fathoms (60 ft; 18 m).  It was estimated that 19,075,281 ac (7,725,489 ha) were trawled in 1998, some of it repetitively.  Typically, as in the bays, the portions covered repetitively are those areas where shrimp congregate, indicating habitat preferred by shrimp under some conditions.  This likely means that other species also frequent the area and thus the trawling activity is affecting more than shrimp.  This last aspect is held in common with bay trawling effects.

Repetition rates, the number of times an area was covered in specific time periods, were also estimated for both bay and Gulf shrimping fleets.  Trawlable bay areas were trawled at least 4-8 times for each bay system each year.  For the nearshore  Gulf these estimates ranged from zero to more than six.  It is apparent from these estimates that at certain times of the year bottom trawling for shrimp repeatedly disrupts certain areas.  The literature suggests this could mean significant disruption in the bottom dwelling biotic communities, specifically the targeted species (shrimp), with possible long recovery times.

Aquaculture Effluent Discharges

Aquaculture is a rapidly growing industry that has been plagued with social, economic and environmental problems (Boyd 1999).  Before 1999, shrimp farmers pumped hundreds of millions of gallons of water per day through production ponds to ensure clean water and high dissolved oxygen in the ponds.  These flow-through systems exported most, if not all, of the burden of waste to the receiving waters.  Aquaculture wastes consist primarily of uneaten fish food, fecal and other excretory wastes.  These wastes are a source of organic matter (nitrogen and phosphorus) which  result in high concentrations of biochemical oxygen demand (Goldburg and Triplett 1997; Boyd 1999).  The large volumes of water used in these flow-through systems also resulted in high discharges of total solids, siltation and increased turbidity in receiving waters.  Increased turbidity and suspended solids shaded and suffocated grass beds and created siltation buildups in the effluent discharge area. 

Since 1999, shrimp farmers have reduced the amount of water they pump through their farms for a number of reasons and realize that good yields can be obtained with little or no water discharge.  Wastewater discharge also permits incentives to clean and reuse water.  Farmers can lower their operational costs by pumping less water and they may achieve better production rates by reusing water and operating more cleanly.  Reduced flow-through also decreases the possibility of introducing White Spot Syndrome virus into the wild shrimp population. 

The water re-use method of production greatly reduces the need for the continuous flow of water through the production ponds even though the hatchery industry is still permitted to discharge millions of gallons each year.   Shrimp farmers have been able to reduce the amount of effluent discharged into public waters through the use of artificial wetlands, settlement holding ponds and canals to clean wastewater.  Water treated using this method has several advantages:  1) reduces the amount of water pumped from public waters, 2) reduces the amount of effluent discharged into public waters, 3) reduces the risk of introducing diseases from outside the farm, 4) continues production and harvest even if diseases are present on the farm, and 5) reduces waste and suspended solids before water is discharged into public waters. 

Wetland Impoundment and Water Management

Coastal wetlands are highly productive habitats that are the transition zone between upland and open water.  Since wetlands have both upland and aquatic characteristics, they are often more productive than other habitats (Moulton and Jacob 2000).  Coastal wetlands reduce the frequency and severity of flooding, act as buffers reducing shoreline erosion and are important nurseries for recreationally and commercially important species including shrimp.  

Texas coastal wetlands decreased about 9.5% between the mid-1950s and early 1990s, with an estimated net loss of 59,600 ac (24,130 ha) (Moulton et al. 1997).  These losses were due to both natural and man-made causes.  Natural causes for loss of wetlands include subsidence and sea level rise.  The greatest threats to wetlands caused by man include industrial development; urban and suburban sprawl; subsidence caused from mining of oil, gas and water; and reduced fresh water inflow into deltas caused by reservoir construction (Duke and Kruczynski 1992; Moulton and Jacob 2000). 
Hydrology

Hydrology in Texas bays and estuaries is influenced by climatic conditions, fresh water inflow and tidal exchange.  Tidal exchange in Texas bays and estuaries is due to astronomical tides and weather conditions (primarily wind).  Water exchange between the Gulf and estuaries is primarily the result of wind-driven tides.  In addition, channelization has occurred in Texas tributaries and estuaries.  This action has the effect of changing historical water flow patterns both spatially and temporally. 

Freshwater Inflows 

The crucial need for freshwater inflows to Texas bays and estuaries was first recognized by Hildebrand and Gunter (1953).  An overview of the value of freshwater inflows to the estuarine habitat was presented by Powell (in Longley 1994) and is summarized below.

In summary, freshwater inflow affects estuaries at all basic levels of interaction with physical, chemical and biological effects.  The functional flow of freshwater to the ecology of estuarine environments has been scientifically reviewed and effects on these living coastal systems were found to include:

1. Dilution of seawater to brackish conditions;

2. Dilution and transport of harmful materials and contaminants;

3. Creation and maintenance of low salinity nursery habitats for all biota;

4. Moderation of bay water temperatures;

5. Reduction of metabolic stresses and the energy required for osmoregulation (regulation of internal body salts) in estuarine-dependent organisms;

6. Provision of a medium for the transport of beneficial sediments and nutrients, the biogeochemical cycling of essential primary nutrients (carbon, phosphorus and nitrogen), and the removal of metabolic waste products from living organisms;

7. Modification of concentration-dependent chemical reactions, ion-exchange and flocculation (coagulation and precipitation) of particles in the saltwater environment;

8. Creation of a resource-partitioning mechanism among estuarine plants and animals as a result of the combined effects of inflow on salinity, temperature and turbidity of bay waters;

9. Distribution (horizontal displacement) and vertical movement of organisms in the water column related to the stimulation (release) of a positive phototaxic or negative geotaxic behavioral response;

10. Creation of a cutting and filling mechanism that affects both erosion and deposition in the bays and estuaries;

11. Creation of a salt-wedge and mixing zone in concert with tidal action from the ocean;

12. Transportation of allochthonous (external) nutritive materials (organic detritus from decaying plant and animal tissues) into bays and estuaries as a function of land surface topography, amount of rainfall and size of the drainage area;

13. Migration (timing of arrivals and departures) and orientation (direction of movement) of migratory organisms like the penaeid shrimps and many marine fishes and

14. Stimulation of some plants and animals that may be considered less desirable or even a nuisance to man such as red tide organisms (see algal blooms section), the Eurasian water milfoil, the South American water hyacinth and the Chinese grass carp.

As Texas continues with water planning it is becoming more evident that providing water for all user groups, including beneficial instream and estuarine uses, will be difficult.  The needs of tributaries and estuaries are not universally considered to be of major importance.  Powell (in Longley 1994) also described some of the major effects of reduced inflows due to droughts, dams or diversions:

1. Increased salinity of bay, estuary and neritic (nearshore) marine waters;

2. Reduced mixing due to salinity differences and stratification of the water column;

3. Penetration of the salt-wedge further upstream allowing greater intrusion of marine predators, parasites and diseases;

4. Saltwater intrusion into coastal ground and surface water resources used by man;
5. Diminished supply of essential nutrients to the estuary from inland or local terrestrial origins;

6. Increased frequency of benthic sediments becoming anaerobic, liberation of toxic heavy metals into the water column that had been sequestered in the benthic substrates and sulphur cycle domination;

7. Reduced inputs of particulates and soluble organic matter with flocculation and deposition of the particles locally rather than being more widely dispersed throughout the estuarine ecosystem;
8. Loss of economically important seafood harvests from coastal fisheries species for a variety of reasons related to high salinity conditions, reduced food supply and loss of nursery habitats for the young;

9. Loss of characteristic dominance of euryhaline species in the bays and estuaries to stenohaline species as natural selection occurs for species more fully adapted to marine conditions in general (see salinity section);

10. Increased populations of salt-tolerant mosquitoes and flies;

11. Increased incidence of human diseases such as cholera caused by the bacteria Vibrio cholerae in improperly cooked seafood; 

12. Deterioration of salt marshes, mangrove stands and seagrass beds if under constantly elevated salinities;

13. Loss of sand/silt renourishment of banks and shoals resulting in erosion;

14. Alteration of littoral drift and nearshore circulation patterns and
15. Aggravation of all negative effects during low-flow (drought) periods with increasing    severity as the frequency of occurrence increases.
Dilution of marine water by fresh water and the supply of nutrients and sediments are the three major influences that rivers and streams have on estuaries.  Changes in dissolved oxygen, water temperature and pH are induced by altered inflows (USEPA 1994a).  Accompanying these hydrological changes are the more substantial changes in nutrient and sediment loads associated with altered freshwater inflow that can result in disruption of the nursery function of an estuary by affecting food and habitat availability.  Biodiversity and productivity of estuarine ecosystems are also disrupted by the lack of fresh water inflow (Longley 1994).  Various studies have shown that changes in phytoplankton, zooplankton and benthos, as well as fish and invertebrates, are associated with alterations in freshwater inflow.  Clearly the effects of fresh water inflows affect the entire marine ecosystem.

The influx of fresh water is also important for the process of circulation and flushing in estuaries.  In some estuaries, horizontal density gradients established by freshwater inflows combine with winds and tides to drive circulation in the estuary.  The resulting currents and related flushing rates not only influence water quality, but are also instrumental in transporting planktonic organisms throughout the estuary.  Secondarily, planktonic organisms and detritus are flushed into the Gulf, providing food for those organisms that do not enter the estuaries (USEPA 1994a). 

Construction of large-scale water development projects has the potential for depriving bays and estuaries of needed freshwater, with the concomitant nutrients, sediments and salinity buffering.  

Of concern when evaluating applications for water diversions is the volume of water available.  For each tributary there are estimates of the normal or average volume in the streambed.  And, it is known how much water is already “reserved” for other permits.  The difference between these existing permit volumes and the known volume in the tributary is the volume available to be reserved for future permit applications.  For these reasons it is imperative to accurately document water availability and current permitted volumes for each tributary.  Specific mean annual freshwater inflows by Texas bay systems are shown in Table 2.
Table 2.  Mean annual freshwater inflows into Texas bay systems (TWDB 2002).

	
Texas Bay System 
	Mean Annual Inflows (ac-ft)

	
Sabine-Neches
	
13,809,408

	
Trinity-San Jacinto
	
10,041,210

	
Lavaca-Colorado
	
3,080,301

	
Guadalupe
	
2,344,140

	
Mission-Aransas
	
439,388

	
Nueces
	
598,126

	
Upper Laguna Madre
	
173,384

	
Lower Laguna Madre
	
434,543


In addition to having an adequate quantity of water to meet all user needs, timing of withdrawals is critical.  For municipalities, reservoirs of some type are necessary to meet peak demand periods.  Agricultural users most often need large volumes of water during the growing season and little or none during the cold months.  A management tool to assure that instream and estuarine inflow needs are met when needed is to incorporate special conditions in state permits to store, take or divert water.  In general, these conditions will regulate the quantity and timing of the permitted water use.  Timing of water diversions and inflows for all users is critical and complicates the issue of satisfying all needs.  Reservoirs alter the quantity and pattern of freshwater inflows over time.  This is the normal mechanism that regulates the salinity of estuarine waters and the inflow of nutrients and sediments.  Reservoirs are almost always destructive for the native environment, both instream and estuarine.  

As the human population in Texas continues to increase, conflict between municipal and commercial water user demands and the freshwater inflow needs of the bays and estuaries will only escalate.  The combined municipal, agriculture and industrial water use will grow and water managers will be pressured to reduce dam pass-throughs.  When droughts occur, water managers will initiate drought release programs.  This will result in estuaries receiving only the amount of water necessary to maintain safe water quality in the tributary.  This volume of water will not maintain the salinity gradients within the estuary enough to allow biota to disperse spatially.  The end result is that mobile animals requiring low salinities (e.g. white shrimp and blue crab) will congregate in the upper reaches of the estuary, near the mouths of tributaries, creating overcrowded conditions and extreme pressures on the local food supply and space.  This effectively reduces the carrying capacity of the estuary for these species.

At the November 2000 Gulf of Mexico Fisheries Management Council (Council) meeting, the Council approved a recommendation by the Texas Habitat Protection Advisory Panel to develop a freshwater inflow policy.  The policy was developed by the Gulf States Marine Fisheries Commission (GSMFC) Habitat Subcommittee (Appendix B).  Once approved by the GSMFC Commissioners, the policy will go back to the Council for approval and adoption.  TPWD has reviewed the policy and modified the draft to accommodate Texas’ freshwater issues.

Channelization

Channels, such as the GIWW, have major impacts on navigation, commerce and marine habitat in Texas.  The GIWW is a coastal canal from Brownsville, Texas, to the Okeechobee waterway at Fort Myers, Florida.  The Texas portion of the canal system extends 426 mi (685 km), from Sabine Pass to the mouth of the Brownsville Ship Channel at Port Isabel.  The GIWW is part of a national system of waterways that extends along the US coast.  It originated in the federal 1873 Rivers and Harbors Act that called for detailed surveys of the Texas coast.  Construction of the GIWW began in 1905 when canals were dredged to a depth of 5 ft (1.5 m) and a width of 40 ft  (12 m) along some parts of the Gulf Coast.  By 1909, the GIWW extended from Corpus Christi to Aransas Pass, from Aransas Pass to Pass Cavallo and from the Brazos River to West Galveston Bay.  In 1934, the GIWW was extended from Galveston Bay to the Sabine River.   Finally, in 1949, the last reach of the waterway was completed from Corpus Christi to Brownsville, thus forming a continuous waterway from Apalachee Bay, Florida, to the Mexican border.  By 1961, nearly 90 tributaries had been incorporated into the GIWW system, more than half of these in Texas and Louisiana (Leatherwood 2002).  

Navigational channels such as the GIWW, local ship channels and recreational navigation lanes alter circulation patterns.  This can cause shoaling of natural passes as water follows the path of least resistance represented by the deeper channels.  These channels can also facilitate intrusion of saltier Gulf water further into the upper estuaries.  This reduces the amount of low-salinity habitat for shrimp species like white shrimp.  Clearly, channelization, whether in the tributaries or in the bay, has the potential to disrupt the habitat and inhabitants.

The GBNEP determined that channelization for flood control “destroys wetland habitats, alters stream flow patterns and provides a speedy vehicle for transport of non-point source pollution to the Bay” (GBNEP 1998).  The CCBNEP has identified spoil placement from channelization efforts as a cause of wetland loss.  Altered circulation was also attributed to channelization and placement of spoils (Bearden 2001).

Dams and Springs

The effects of on-channel dams on estuaries are many.  They function as nutrient and sediment traps; accentuate floods and droughts; change tributary temperature and flow regimes downstream; and interrupt migration upstream. 

There are 80,000 mi (129,000 km) of rivers and streams in Texas that support unique and valuable estuarine communities (i.e. ESH).  Texas, which has only one natural lake, Caddo, now has over 190 reservoirs that provide important recreational and fisheries benefits.  However, 30% of Texas native fish are endangered, some now extinct, primarily because of that development. Native species are also endangered due to changes in their habitat resulting from the introduction of non-indigenous species.  Changes in annual flooding patterns and interrupted flow impact both riverine and estuarine ecosystems.  Continued water development, diversions and flood control will increasingly impact this habitat.  Pollution from wastewater, non-point sources and spills are ongoing threats.

The timing, volume and quality of fresh water inflows have direct effects on the overall health of an estuary and its living marine resource habitats.  Fresh water inflows to Texas bays have been drastically reduced through the construction of large reservoirs.  For example, Nueces Bay often goes hypersaline.  This condition has been attributed to reduced fresh water in the drainage from the construction of the Choke Canyon Reservoir.  Continued population growth will place more demand on the state’s limited fresh water supply.  Reduced inflows will significantly alter salinity gradients, circulation patterns and nutrient levels within the bays and can affect habitat such as wetlands and oyster reefs.  These alterations can also alter the distribution and abundance of fish and shellfish species that inhabit the bays.

Springs and spring runs have unique characteristics and are natural settings for many rare and unusual species.  A significant number of Texas springs have gone dry from man’s activities. Over-pumping of groundwater for irrigation and human use has led to lowered groundwater tables and decreased or ceased spring discharge (e.g. Edward’s aquifer in the Austin area).  Texas historically had 281 major springs. By 1973 only two of four very large and 17 of 31 large springs were still flowing.  Increasing pressures on groundwater and aquifers will continue to impact existing springs affecting associated flora and fauna and indirectly, ESH.

Mitigation of hydrologic modification projects can be achieved by design modifications to minimize direct and indirect impacts.  Modifications can make beneficial use of dredged materials, and marsh management or flood control operations to reduce restrictions to fishery ingress and egress.  Design modifications could also include avoiding construction which would alter water flow through estuarine wetlands (i.e., avoid ponding or draining wetlands), reducing the extent of dredging and filling, using dredged material to restore wetlands, gapping or degrading spoil banks and plugging canals.

Point and Non-point Source Pollution

Point-source discharges from commercial and industrial development and operations follow the same risks imposed for urban and suburban development.  Industrial point-source-discharges are of greater concern because of their quantity and content.  They can alter the diversity, nutrient and energy transfer, productivity, biomass, density, stability, connectivity and species richness and evenness of ecosystems and the communities at the discharge points and further downstream (Carins 1980).  Growth, visual acuity, swimming speed, equilibrium, feeding rate, response time to stimuli, predation rate, photosynthetic rate, spawning seasons, migration routes and resistance to disease and parasites of finfish, shellfish and related organisms also may be altered.  In addition to direct effects on plant and animal physiology, pollution effects may be related to changes in water flow, pH, hardness, dissolved oxygen and other parameters that affect individuals, populations and communities (Carins 1980).  Some industries, such as paper mills, are major water users and the effluent dominates the conditions of the rivers where they are located.  Usually, parameters such as dissolved oxygen, pH, nutrients, temperature changes and suspended materials are the factors that an effect on healthy habitat.  The direct and synergistic effects of other discharge components such as heavy metals and various chemical compounds are not well understood, but preliminary results of research are showing that these constituents will be a major concern for the future.  More subtle factors such as endocrine disruption in aquatic organisms and reduced ability to reproduce or compete for food are being observed (Scott et al. 1997).  Mercury was found to be high in Matagorda Bay, Texas due to major discharge of this element in the area in the 1960s (NOAA 1992a).  

A report by NOAA National Status and Trends Program (NST) examined data from six different electronic information systems maintained by USEPA and NOAA and evaluated the spatial distribution of sediment contamination (Daskalakis and O’Connor 1994).  The report concluded that the Gulf has more areas with high concentrations than other US coasts.  It states that most of the six databases provide chemical concentrations that were measured near effluent discharge sites while the NOAA database provides chemical concentrations that were measured at randomly selected points along the Gulf coast.  Given that the Gulf has the greatest number of waste discharge point sources; it is not surprising that the Gulf would show a larger number of sites with ‘high’ levels of contamination than do other regions (MMS 1996).

The cumulative effect of many types of discharges on various aquatic systems is not well understood, but attempts to mediate their effects are reflected in various water quality standards and programs in Texas.  Industrial wastewater effluent is regulated by the USEPA through the NPDES permitting program.  This program provides for issuance of waste discharge permits as a means of identifying, defining, and controlling virtually all point-source-discharges.  The complexity and magnitude for administering the NPDES permit program limits overview of the program, and federal agencies such as the NMFS and the US Fish and Wildlife Service (USFWS) generally do not provide comments on NPDES permit notices.  For these same reasons, it is not possible to presently estimate the singular, combined and synergistic effects of industrial (and domestic) discharges on aquatic ecosystems.

The use of toxic chemicals such as Malathion, an organo-phosphate, for coastal mosquito control spraying, is administered by USEPA under the Federal Insecticide, Fungicide, Rodenticide Act, (Amended 1988).  In Texas, USEPA has delegated the oversight authority to the state of Texas, through the TCEQ, for the setting of application rates and amounts.  Following major coastal spraying events public comments are received complaining of mortality to finfish, shellfish and other estuarine organisms. Texas has no program to respond to these reports or to test the estuaries for potential cumulative toxic impacts.

An illustration of the extremely toxic effects of industrial discharges of heavy metals into bays and estuaries is the current mercury pollution of approximately one-third of Lavaca Bay.  The ALCOA Point Comfort Operations (PCO) began as an Aluminum Smelter in 1949 (ALCOA 1995).  Mercury, used as a cathode in the chlor-alkali process area (CAPA), was ultimately discharged into Lavaca Bay as wastewater from the production of sodium hydroxide.  Peak operation of the CAPA facility occurred between 1966 and 1970.  After 1970, ALCOA purchased sodium hydroxide from an outside vendor and shut down the CAPA facility.  During the 4 year period ALCOA operated the CAPA facility, it is estimated that about 700,000 lb (317,520 kg) of elemental mercury may have been discharged into Lavaca Bay and the Dredge Island.  In 1980, Alcoa shut down all smelter operations at PCO; bauxite refining, however, still occurs today.

In July 1970, the TDH closed part of Lavaca Bay due to elevated mercury levels in oysters.  In 1971, Lavaca Bay was reopened to oyster harvesting.  In 1988, TDH closed the area around PCO to the taking of finfish and crabs due to elevated tissue mercury concentrations.  On February 23, 1994, the ALCOA PCO site was placed on the National Priority List (Superfund) with an effective listing date of March 25, 1994.  In late 1995, ALCOA began the remedial investigation phase of the study that included the collection and analysis of over 10,000 environmental samples from surface waters, sediments and biological organisms (ALCOA 1996, 1997a and 1997b) near the facility.  

The results of the remedial investigation show that, in most areas, historical mercury contamination is being buried by sedimentation (both natural and man-made through active dredging of the nearby ship channels).  Areas containing elevated surface mercury concentrations are limited to the areas directly offshore of the plant where the main source of the discharge occurred, and other small areas where sediment hydrodynamics have inhibited active sedimentation.  Mercury tissue concentrations in fish and blue crabs within the TDH closed area average > 1 ppm total mercury, thus the area continues to be closed for public health reasons. 

In January 2000, the TDH reduced the size of the closed areas based on decreases of mercury contamination in fish tissue.  Following the completion of a proposed plan for remedial action, and a record of decision, cleanup measures will be determined.  These cleanup measures should eventually result in TDH rescinding the fish closure order (USEPA 2001).   

Mercury is considered to be one of the more readily bioaccumulated metals.  It is volatile and is readily transformed into methyl mercury by marine bacteria (Belliveau and Tevors 1989; Bartlett and Craig 1981).  There is also evidence of abiotic methylation of mercury in marine sediments (Belliveau and Tevors 1989; Moore and Ramamoorthy 1984).  Biological membranes tend to discriminate against the absorption of ionic and inorganic mercury, but they allow relatively free passage of methyl mercury and dissolved mercury vapor (Boudou, Delnomdedieu, Georgeschauld, Ribeyre and Saouter 1991; Eisler 1987).  Evans and Engel (1994) suggested that the most important mechanisms for mercury accumulation in a marine food web are via the consumption of sedimentary detritus and benthic invertebrates, including shrimp.

Mercury is toxic to all biota, including birds, mammals and aquatic organisms.  Mercury causes lethal and sublethal effects on the central nervous, cardiovascular, immunologic, reproductive and excretory systems of mammals (ATSD 1993).  Low doses of metallic mercury vapors have been associated with adverse effects on the kidney and central nervous system of mammals.  In birds, mercury can adversely affect growth, development, reproduction, blood and tissue chemistry and behavior (Eisler 1987).  In aquatic organisms, mercury can produce impairment, growth reduction, osmoregulatory disturbances, developmental effects or death.

Since methylation does take place in aquatic environments and bioaccumulates /bioconcentrates, it can be found in higher trophic level predators in areas with substantially elevated levels.  Also, since mercury accumulation in fish and other aquatic organisms takes place in many organs, including muscle tissue, contaminated fish can serve as a pathway to the human population eating seafood from contaminated areas.

Despite the significance of point source contamination, non-point source runoff has had the greatest impact on coastal water quality.  Non-point pollutant sources include agriculture, forestry, urban runoff, septic tanks, marinas and recreational boating and hydromodification.  Waterways draining into the Gulf transport wastes from 75% of US farms and ranches, 80% of US cropland, hundreds of cities and thousands of industries not located in the Gulf’s coastal zone.  Urban and agricultural runoff and septic tanks contribute large quantities of pesticides, nutrients and fecal coliform bacteria (MMS 1996).

An excess of nutrients, primarily found in river runoff, is one of the greatest sources of contamination to Gulf coastal waters.  Nutrient over-enrichment can lead to noxious algal blooms, decreased seagrasses, fish kills and oxygen-depletion events.  Nutrient over-enrichment has been a particular problem for the lower and upper Laguna Madre in Texas.
A good indicator of coastal and estuarine water quality is the frequencies of fish kill events and closures of commercial oyster harvesting.  Of the 10 most extensive fish kills reported in the US between 1980 and 1989, five occurred in Texas (3 in Galveston County, 1 in Harris County and 1 in Chambers County) (NOAA 1992a).  Because oysters are bottom-dwelling filter feeders, they concentrate pollutants and pathogens.  The oyster industry is a good indicator of impacts from septic tank runoff pollution.  Approximately one-half of the harvestable shellfish beds in Louisiana are closed annually because of E. coli bacteria contamination.  Most of the productive oyster reefs in Gulf estuaries are in conditionally approved areas or areas where shellfish harvesting is affected by predictable levels of pollution (MMS 1996).

Over 10 million lb (4.5 million kg) of pesticides were applied within the Gulf coastal area in 1987, making it the top user of pesticides in the country (NOAA 1992a).  The Gulf ranked highest in the use of herbicides (6.6 million lb; 2.9 million kg) and fungicides, and second in the use of insecticides.  The lower Laguna Madre and Matagorda Bay ranked in the top 10 estuarine drainage areas in the US for concentrations of pesticides found in coastal waters.  Although ranking high, when NOAA normalized pesticide data based on risk to estuarine organisms, the Gulf fared better (NOAA 1992a).  

Nitrogen and phosphorus loadings in the Mississippi River and Gulf coastal waters have risen dramatically over the last three decades (Rabalais 1992).  The Nutrient Enrichment Subcommittee of the Gulf of Mexico Program estimated that more than 379,000 lb (172,000 kg) of phosphorus and over 1.87 million lb (849,000 kg) of Kjeldahl nitrogen are discharged into the Gulf on an average day, with 90% of both elements coming from the Mississippi River system (Lovejoy 1992).   

Since 1984, the NOAA NST has monitored the concentrations of synthetic chlorinated compounds such as DDT, chlordane, polychlorinated biphenyls (PCBs), tributyltin, polynuclear aromatic hydrocarbons (PAHs) and trace metals in bottom-feeding fish, shellfish and sediments at coastal and estuarine sites along the Gulf (NOAA 1992b).  Sites were randomly selected to represent general conditions of estuaries and nearshore waters away from waste discharge points.  Eighty-nine sites were sampled along the Gulf coast and compared with more than 300 sites located throughout the US coastal areas.  The following summarizes NOAAs findings for both sediments and shellfish (MMS 1996).

Oysters were sampled for 5 years as part of the NST National Mussel Watch Program.  Examining the entire US coastal area, the highest chemical contamination consistently occurred near urban areas.  Fewer sites along the Gulf were contaminated than along other coastlines.  Sites located along the Gulf having oysters containing at least three compounds with "high" concentrations were Galveston Bay, Brazos River, Corpus Christi Bay and the lower Laguna Madre (O'Connor 1992).  Moderately elevated concentrations of pesticides and PCBs appeared at isolated stations in Texas (Matagorda and Galveston Bays) (TAMU 1988).  The DDT concentrations in oysters showed significant decreases over the 5 years sampled, primarily since DDT use is no longer allowed (MMS 1996).

 

Sediment data were also collected and examined (O’Connor 1992).  As in benthic samples, higher levels of sediment contamination were associated with highly populated areas, and sites in the Gulf from 1984-1988 generally had lower concentrations of toxic contaminants than the rest of the country.  Again, the likely reason for this finding was that sampling sites in the Gulf coastal area were away from urban areas, which are characterized as having large numbers of point-source discharges.  The distribution of organochlorine loadings in sediment followed those observed in oysters (TAMU 1988).  The number of sites in each state having concentrations among the top 20 nationally for selected classes of contaminant compounds in sediments was provided (NOAA 1992b).  Texas had one site that had high DDT levels (MMS 1996).

Also, as part of the NOAA NST Program, petroleum hydrocarbons were measured in the Gulf oyster and sediment samples.  The results showed: 1) total hydrocarbon concentrations were lower than hydrocarbon concentrations at east and west US coast locations, probably because the sites in the Gulf are farther removed from large point sources, such as large cities and industrial areas; 2) chronic petroleum contamination is taking place, possibly from oil and gas operations along the Gulf coastline, but also due to contamination of the discharge from the Mississippi River; and 3) water quality degradation from oil and gas operations is not taking place to such an extent to show marked increases over US coastal areas that do not have as many oil operations (MMS 1996).

Hazardous Waste Management

Government and industry use several methods to reduce or store hazardous waste.  Management methods include land filling, land farming, incineration, chemical treatment, discharging, deep-well injection and recycling.  Many hazardous wastes can be treated to render them nonhazardous, as through neutralization, or can be recycled to recover usable constituents, as through solvent recovery or metal reclamation (NOAA 1996).

Remediation of existing and pre-existing toxic chemical sites and proper management of toxic chemical wastes -- including reducing the total production of such wastes -- will lessen the potential for environmental degradation to bays, estuaries, wetlands and other coastal natural resources.  Current efforts to improve waste management are expected to continue.  These efforts are particularly essential within the coastal zone where the chemical and petrochemical manufacturing capacity is concentrated (NOAA 1996).

Chemical Contaminant Spills

Chemical contaminant spills occur predominantly in the GIWW and ship channels.  They are caused by barges carrying chemicals colliding with other vessels, by weather-related accidents or being rammed by another barge in the GIWW.  Chemical spill impacts on immediate and surrounding habitat are generally dictated by the type of chemical, time of day, weather conditions and geographic location.  Most barge spills in the GIWW are extremely damaging to the marshes and estuaries due to the narrow confines of the GIWW itself and the isolated geographic location of the spill.  This usually necessitates a long response time before clean-up crews can get to the spill site, allowing a large area to be impacted.  This also leads to a long clean-up time period with subsequent impacts to the environment from the usually unavoidable clean-up operation impacts.  

Chemical spills kill fish, crabs, shrimp, benthic animals, birds, mammals and most of the marsh plants.  The degree of mortality is based on the chemical itself and its interaction with water and air, depth of water, time of year, time of day and local weather conditions.  Recovery of the impacted area is usually measured in months or years.

Sea Level Rise

Relative sea level rise is usually attributed to global warming or excessive pumping of ground water and/or petroleum or gas.  This apparent sea level rise has been reported to be on the order of 1.5 to a few millimeters per year and from 6-24 in (15-60 cm) per century.  However, the rate of rise may be much greater in areas where excessive pumping is taking place.  

Typically estuarine areas maintain their profile against this relative water rise through sedimentation and soil building processes.  Processes that interrupt freshwater inflow or marsh growth can inhibit or interfere with this critical ability of estuaries to rebuff sea level rise.  Among the predicted effects of sea level rise are barrier island drowning, estuarine salinity increase, species diversity reduction and wetland destruction.

Subsidence, a permanent and irreversible sinking of the ground surface, is primarily caused by the excessive withdrawal of subsurface fluids, principally groundwater.  Coastal habitat has been lost in areas of the Galveston Bay estuary that are susceptible to flooding due to high tides, heavy rainfall and hurricane storm surge.  Efforts of the Harris-Galveston Coastal Subsidence District have significantly reduced the rate of subsidence throughout shoreline areas in recent years, although subsidence remains a problem in the northwestern portion of the lower watershed (GBNEP 1998).

It has been estimated that along the Gulf and Atlantic coasts, a 1-ft (30-cm) sea level rise is likely by 2050 and possible by 2025.  By the end of the next century a 2-ft (60-cm) rise is likely, but a 4-ft (120-cm) rise is possible.  Sea level will probably continue to rise for several centuries, even if global temperatures stop rising within a few decades (NOAA  1998b).  How well coastal wetlands survive sea level rise depends upon the rates of relative sea level rise and marsh accretion.  Relative sea level rise is a function of both land submergence and actual sea level rise.  Since both processes lower land surface relative to water levels, it is often difficult to separate the relative magnitudes of each.  Global estimates of sea level rise made in the 1980s do not recognize a significant variation in relative sea level change found in various regions of the US, ranging from over 0.04-in (10-mm) per year decline in the sea surface along the coast of southeastern Alaska to a 0.04-in (10- mm) per year rise along the northeastern Maine and Louisiana coasts (Stevenson, Ward and Kearney 1986).

In the face of rising relative sea level, coastal marshes may keep pace if vertical marsh accretion increases sufficiently.  At historic rates of sea level rise, most coastal wetlands of the East and Gulf Coasts of the US have kept pace with sea level rise (Stevenson et al. 1986).  Out of 18 US wetlands for which sufficient data on accretion rates and relative sea level rise are available, only four sites (encompassing the Mississippi River Delta and Blackwater Marsh in the Chesapeake Bay) have not accrued sediment fast enough to keep pace with relative sea level rise.  In general, wetlands in regions with relatively small tidal ranges have lower rates of vertical accretion because less sediment is transported by tidal action (Stevenson et al. 1986).  By the same token, coastal areas with higher tidal ranges are less vulnerable to sea level rise (Reid and Trexler 1991).  It is estimated that a 2-ft (60-cm) rise in sea level could eliminate 17-43% of all US wetlands (NOAA  1998b). 

As wetlands become inundated by sea level rise, estuarine marsh productivity may temporarily increase because of edge effects as marsh begins converting to open water and estuarine dependent organisms have greater access to the marsh.  However, as sea level continues to rise, eventually most or all of the wetlands may be replaced by open water, with catastrophic decreases in production for these species (NOAA  1998b).

A synergistic effect of sea level rise and coastal development is that coastal beaches and shorelines that are bulkheaded and developed are less able to accrete sediment for new wetland creation (NOAA  1998b).

According to a recent study (Moulton et al. 1997), wetlands in coastal Texas are being lost through conversion to open water, uplands and palustrine emergents at an estimated annual rate of 1,600 ac (650 ha) or about 59,618 ac (24,145 ha) from 1955-1992.  A primary cause of this loss has been associated with the submergence and erosion of wetlands most likely due to faulting and land subsidence resulting from the withdrawal of underground water and oil and gas (White and Tremblay 1995).  The conversion of intertidal wetlands and shallow estuarine subtidal bottoms to uplands and palustrine emergents is primarily the result of ship channel construction and maintenance.

Development of Artificial Reefs

Artificial reefs are important biologically, sociologically and economically.  From a biological perspective, artificial habitat can function to: 1) redistribute biomass; 2) increase exploitable biomass by aggregating previously unexploited biomass; and 3) improve aspects of survival and growth, creating new production.  

Resource managers have been involved in artificial reef development off the Texas coast for over 50 years.  Crowe and McEachron (1986) documented that 68 intentional artificial reef areas had been created in Texas marine waters from 1947-1984, consisting of oyster shell, tires, automobiles, construction rubble and ships.  The first successful reef development activity within Texas using stable, durable and complex material occurred with the donation of 12 Liberty Ships in 1975-76.   Since then, the Texas Artificial Reef Program (Program) has received numerous material donations and created over 40 permitted reef sites encompassing over 2,768 ac (1,120 ha) in inshore and offshore waters.  Past reef materials used have been oil platforms, concrete culverts, concrete reef modules, fly ash and granite blocks and vessels.  The Program currently has received 52 obsolete petroleum jackets, one caisson and two decks placed at 31 of the 40 currently permitted reef sites in the offshore waters of Texas.  Water depths at these sites vary from 36-305 ft (11-93 m), provide relief of 5-220 ft (1.5-67 m) and are located 6-120 mi (10-191 km) offshore.  For a more detailed history of the Reef Program, including social and economic impacts of artificial reefs in Texas, refer to Shively, Culbertson, Peter, Embesi and Hammerschmidt (in press).  
Oil and gas structures are the most prominent type of reef material used in Texas waters.  These petroleum platforms provide an increase in the hard bottom area in the north-central Gulf.  Gallaway (1980) estimated that a major platform in one Texas oil and gas field in 66 ft (20 m) of water provided about 40,903 ft2 (3,800 m2) or 0.009 ac (0.004 ha) of hard substrate.  Shinn (1974) estimated that a typical platform in water 100-ft (30-m) deep provides about 88,000 ft2 (8,173 m2) or 2.0 ac (0.81 ha) of hard substrate.  By using this average water depth and estimate of hard surface area, petroleum platforms provide an increase of approximately 9,139 ac (3,700 ha) of hard substrate.  This represents an increase of 1.3% (686,660 ac; 278,000 ha) of the total reef habitat as calculated by Parker, Colby and Willis (1983) from Pensacola, Florida to the Mexican border in 60-300 ft (18-91 m) of water. 

Other types of unintentional artificial reefs are the thousands of underwater obstructions and debris that litter the Gulf.  Underwater obstructions in the Gulf are usually comprised of the same materials used in building intentional artificial reefs.  Sunken barges, sunken vessels, metal drums, pieces of pipe and assorted oil and gas related debris all provide habitat for fish and hard substrate for invertebrate colonization, including the exotic Pacific tunicate (see exotic species section).  More than 10,000 hangs and obstructions are listed by Graham (1996a and 1996b) along the Louisiana and Texas coasts, and there are over 3,500 wrecks and obstructions in the Gulf listed by the Automated Wreck and Obstruction Information System run by the Hydrographic Surveys Division of the National Ocean Service.  The number of underwater obstructions in the Gulf could provide a significant amount of habitat to marine life.  There is no knowledge of whether any of these hangs or obstructions have disappeared over time (G. Graham, Texas A&M University Sea Grant, personal communication). 

The GMFMC estimated the total natural reef habitat in the Gulf to be approximately 9.6 million ac (3.9 million ha), with one-third offshore of Louisiana and Texas where 99% of the platforms in the Gulf currently exist.  Gallaway and Lewbel (1982) and Gallaway and Cole (1997) estimated that petroleum platforms provide approximately 1.3 million ac (518,000 ha) of reef fish habitat, increasing the total amount of natural reef fish habitat by an estimated 27%.  

Offshore Texas, the continental shelf is approximately 17,101,088 ac (6,925,940 ha) with 14,382,432 ac (5,824,885 ha) of the continental shelf being in federal waters and the remaining 2,718,656 ac (1,101,056 ha) in state waters.  The Texas Artificial Reef Program has four reef sites within state waters occupying 520 ac (211 ha) of submerged lands and 36 reef sites in federal waters occupying 2,150 ac (870 ha).  A total of 802 oil and gas structures exist offshore Texas with 505 of these structures in federal waters (unpublished MMS data) and 297 structures in state waters (unpublished GLO data).  Assuming the Artificial Reef Program captured all the structures offshore Texas, made a 40-ac (16-ha) reef site around each structure and added the acreage of the program's existing sites, only 0.203% of the continental shelf offshore Texas would be covered by planned artificial reefs.  If the continental shelf area offshore Texas was separated between state and federal submerged lands; planned artificial reefs would cover 0.456% and 0.155%, respectively.

Conservation Actions
· Marsh Rebuilding Projects -  have shown some success in preventing subsidence, but the success rate of this action has so far been less than 100% effective in survival of new plantings. Subsurface and deep well water and oil/gas extraction along the Gulf coastal zone has been directly related to coastal subsidence in areas of Texas.  This has led to the loss of large areas of coastal habitat in these subsidence districts.  Coastal subsidence is a permanent geological action and when it happens, it is unalterable.  
· Man-made Marshes - Questions also remain unanswered in regards to the productive potential of the man-made marsh in relation to a natural marsh.  So far, man-made marshes are significantly less productive than a natural marsh, even after 10 or more years of observation and measurement.  As restoration techniques improve, so should success rates.

· Prescribe Burning - Properly timed and managed marsh burns have the potential to enhance accretion rates (i.e., marsh build up) and decrease probabilities of catastrophic marsh fires.  Marsh burns also increase plant diversity and production, and are necessary to prevent succession into non-grassland vegetative stages (Barry Wilson, Gulf Coast Joint Venture, personal communication).  

· Develop New Water Quality Standards - In Texas, as in many states, estuarine water quality standards are based on standards prepared for freshwater rivers and streams.  This approach fails to deal with natural processes unique to estuaries such as tides and seasonal stratification.  These processes can drastically affect estuary water quality.   Many states assess water quality conditions based upon measurements taken at the surface, or at 5 ft (1.5 m) depths or mid-depth, whichever is less.  This approach does not deal with conditions and processes in the deeper estuarine areas.  

· Lobby for a more effective and inclusive Coastal Zone Management Program from the Office of Ocean and Coastal Resource Management (NOAA).
· Continue to monitor Section 404 Permit Applications submitted through USACE and TCEQ.

· Marsh creation with marsh mounds, terracing,etc., using dredge material.
· Manually move sediments from upshore sedimentation areas to downshore areas that need it.  This is already being done by the Galveston District of USACE at the Old Colorado River Channel.  Work on designing new systems that allow sediment transport at ship channel entrances.
· Put in measures like shoreline protection to stop erosion (ex.  Mad Island Marsh Preserve) of intertidal marshes along the GIWW.  Enforce shipping traffic laws and pass legislation to slow vessels down or make shipping industry responsible.  Use dredge material from channels in ways to build marsh, create bird islands, etc. (The widening and deepening of the Houston Ship Channel Project is a good example).

· Covering existing live oyster reef with sediments can be detrimental; find ways of protecting reefs or management practices to increase reef production and growth.
· Work with subsidence districts.  Develop proactive wetlands restoration and protection projects using Corps of Engineers, Texas General Land Office, Texas Parks and Wildife, US Fish and Wildlife programs.
· Work with Texas Water Development Board long-term planning groups to secure adequate future inflows.  Support sand nourishment projects where appropriate.
· Participate in federal navigation project review to insure proper jetty construction, sand bypassing, etc.
· Develop coastal wetland protection/restoration projects using Corps of Engineers, Texas General Land Office, Texas Parks and Wildife, US Fish and Wildlife, NOAA, and other funding programs.

· Seek agreement with International Water and Boundary Commission and various water districts to limit brush eradication within floodways.
· Continue to support scientific management of fisheries and establish and enforce appropriate fishing regulations.
· Enforce Clean Water Act and restore hydrology.
· Document resources that could be affected by disturbances at each location.  Seasonal area closures and buffer zones could be implemented in areas where species are breeding or feeding.  Any type of "unnatural" disturbance should not be allowed in these areas at fragile times.  Provide recreational users with educational material that discusses the impact of disturbance on wildlife and provide them with alternative recreational suggestions.  
· Reduce or minmize the impact of dredging activities regarding the productivity of water resources (i.e bay seagrasses, etc.) or bury existing faunal or floral communities.
· Limit commercial fishing and stabilize shrimp and crab stocks, change harvesting practices to environmentally friendly methods.  Encourage fisherman to use it once it is available.  Protect fishery nursery habitat, TPWD is already doing so in the Eastern Arm of Matagorda Bay.
· Fund research on invasive species such as with the Texas invasive species monitoring committee to assess risks and recommend policies that regulate importation of exotics.
· Educate boaters concerning the transport of aquatic invasives on boat trailers, boat motors and fishing equipment, support additional research on management techniques for invasive species, and actively apply control measures.

· Institute water level fluctuations for the management of certain specie (i.e. Properly timed freshwater inflows will keep both Dermo and the oyster drill populations down allowing oysters to thrive.  Too much freshwater will kill oyster reefs too, so there must be a balance).

· Fund broad coalition (environmental and agricultural, industry and private foundations) support for ground water quality and conservation policies that may take form in statutory restrictions on 'right of capture.'   Fund Joint Ventures and other partners that leverage resources to purchase or obtain conservation easements on surface and ground water rights that are most vulnerable to loss or degradation.

· Gather and publish available "grey" literature data and technical report documentation for the species in order to direct and facilitate research directions and prioritization.

· Prevention, Rapid Cleanup, Proper preparation/drills, develop innovative cleanup techniques.
· Reduction of non-point pollutants and the monitoring of air, soil, water, and plant and animal tissues for trends in non-point pollutants; Better monitoring of discharge permit conditions, BMP during construction, maintaining buffers to prevent direct runoff.

· Increase awareness of the effects of groundwater and hydrocarbon pumping along the Upper Texas Coast.  
· Protection of fragile locations from various forms of habitat destruction

· Protection extant populations from various forms of habitat destruction

· Fund broad coalition (environmental and agricultural, industry and private foundations) support for water conservation policies that have application to insure instream flows to coastal estuaries and bays and healthy riparian ecosystems.  Fund Joint Ventures and other partners that leverage resources to purchase or obtain conservation easements on critical or high priority sites (surface or water rights) vulnerable to loss or degradation.

· State protection for isolated wetlands.

· Using current GIS; analyze the landscape and identify critical corridors with high conservation needs, continue to participate in West Gulf Coastal Plain, and other similar intiatives, support additional acquisition of lands for conservation, continue to promote LIP and PFW programs for private landowners and actively pursue identification of funding sources for these conservation purchases.

· Identify critical bird-use areas, and mark them as no wake zones and enact new or enforce existing regulations.

· Reduce impacts to seagrasses (scarring), impacts to waterfowl esp. redhead ducks where a majority of the North American population winters.
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