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1.0 INTRODUCTION

Freshwater inflows have long been known to play a key role in the functioning of bays and estuaries. In
2007, the Texas Legislature passed Senate Bill 3, directing the development of environmental flow
recommendations to protect a “sound ecological environment” and to maintain the productivity, extent,

and persistence of key aquatic habitats in bays and estuaries (SAC 2009).

This document provides a summary of ecological information on focal plant and animal species within
the Sabine-Neches Estuary (Sabine Lake) to support environmental flow recommendations by the
Sabine/Neches Basin and Bay Expert Science Team (BBEST). As noted in SAC (2009), aquatic
organisms in estuaries are influenced by the effects of inflow, notably on salinity, nutrients, and sediments
rather than by the inflow itself. This differs from the response of riverine organisms, which do respond

directly to velocity associated with river flow as an important ecological determinant.
The purpose of this report is to:

e Summarize the dependencies of focal species with regard to habitat conditions, especially as

affected by freshwater inflow variation, salinity patterns and seasonality

e Provide graphical or tabular summaries of population abundance or biodiversity trends within the

estuary

e Describe key relationships between inflow and salinity variation and the ecology of focal species

at the individual or population level

Several previous reports on freshwater inflow to Sabine Lake were reviewed in addition to a large
collection of scientific literature on Gulf of Mexico (GOM) estuaries and the focal species identified in
this report. Relative to other major Texas estuaries, biological data for the Sabine Lake system has been
collected for a shorter period of time. However, information regarding the life history and habitat
requirements of many of the focal species was abundant in the literature. Range, abundance and
biodiversity trend information specifically within Sabine Lake was less ample, but enough information
was available to describe the freshwater inflow-ecology relationship for at least one life stage of these

estuarine-dependent focal species.
Sabine Lake

Sabine Lake is a relatively large, shallow, brackish-water estuary located on the Louisiana-Texas state
line that receives freshwater inflow from the Sabine and Neches Rivers. Sabine Lake is connected to the
GOM by Sabine Pass, which is very long and narrow compared to other Texas tidal passes. The tidal
range in Sabine Lake is generally in the range of 0.5 to 0.75 feet, and tides are generally minor except
when amplified by wind. The maximum depth in Sabine Lake is less than 10 feet, although dredged

portions of the rivers, canals and pass may be over 40 feet deep.




Sabine Lake is roughly divisible into three general environments that TDWR (1981) identified based on
composition and nature of bottom sediments, salinity and faunal composition. The upper part of the lake
includes the river-influenced environment, characterized by low salinity (generally less than 10 parts per
thousand [ppt]), lower species diversity (mainly mollusks and crustaceans) and generally firm mud
bottom sediments. The middle part of Sabine Lake has slightly higher salinities than the upper estuary
and bottom sediment is largely bioturbated mud. The lower part of Sabine Lake is an open bay that is
influenced by tidal interchange, with salinity ranging from 10 to 20 ppt, bioturbated mud bottom
sediments, and relatively high species diversity (TDWR 1981).




2.0 SABINE-NECHES ESTUARY FOCAL SPECIES

Ten estuarine focal species were chosen to support environmental flow recommendations to the
Sabine/Neches BBEST. The list of focal species were collectively identified by BIO-WEST, Inc. (BIO-
WEST) in collaboration and coordination with the Biological Subcommittee of the Sabine/Neches
BBEST, state agencies involved in the Texas Bays and Estuary Study Program, Louisiana Department of
Wildlife and Fisheries (LDWF), and local universities. The Biological Subcommittee provided the initial
guidance with regard to focal species, including those species that are sensitive to salinity and freshwater
inflow, serve as valuable ecosystem indicators, or that have been identified as focal species in other

studies within the northwestern Gulf of Mexico region.

A preliminary review was made of the Texas Parks and Wildlife Department’s (TPWD) 2005 publication,
Freshwater Inflow Recommendation for the Sabine Lake Estuary of Texas and Louisiana, in which eight
commercially and recreationally important fish and crustacean species were chosen, including Atlantic
croaker (Micropogonias undulatus), spot (Leiostomus xanthurus), Gulf menhaden (Brevoortia patronus),
white shrimp (Litopenaeus setiferus), blue crab (Callinectes sapidus), brown shrimp (Farfantepenaeus
aztecus), as well as two other species in which analysis was not provided due to low catch rates, spotted
seatrout (Cynoscion nebulosus) and red drum (Sciaenops ocellatus). Several other species suggested by
TPWD staff included sand seatrout (Cynoscion arenarius), hardhead catfish (Ariopsis felis), threadfin
shad (Dorosoma petenense), oysters (Crassostrea virginica), Atlantic rangia (Rangia cuneata), bald
cypress (Taxodium distichum), water tupelo (Nyssa aquatic), overcup oak (Quercus lyrata), river birch
(Betula nigra), olney bulrush (Schoenoplectus americanus) and bulltongue (Sagittaria lancifolia).

Ultimately, ten focal species were chosen to include two wetland plants, two mollusks, three crustaceans,
and three fish species (Table 1). This list of species was compiled with consideration of representing: a
diversity of estuarine-dependent species across a number of taxa and trophic levels; species that “enjoy
some prominence” (SAC 2009) or those that are economically important; species that are abundant in
Sabine Lake or that utilize the estuary during a particular life stage; and species that are a key ecological
component to the ecosystem. No state or federally threatened and endangered fish, crustacean,
molluscan, or wetland plant species occur in Sabine Lake and therefore were not considered. Lastly, our
focus for the estuarine focal species selection and freshwater inflow-ecology relationship summary was
concentrated on aquatic species within Sabine Lake itself and its fringing marshes. Therefore, additional
wildlife species associated with wetlands surrounding Sabine Lake were not included in this summary
document. In a separate report (Fluvial Focal Species Summary [BIO-WEST 2009]), a number of

recommended species more closely associated with the Sabine and Neches river basins were evaluated.




Table 1. Estuarine-dependent focal species identified to support environmental flow recommendations of
the Sabine/Neches BBEST.

Wetland Plants Bivalve Mollusks
Olney bulrush (Schoenoplectus americanus) Atlantic rangia (Rangia cuneata)
Saltmeadow cordgrass (Spartina patens) American oyster (Crassostrea virginica)
Crustaceans Fish
White shrimp (Litopenaeus setiferus) Atlantic croaker (Micropogonias undulatus)
Brown shrimp (Farfantepenaeus aztecus) Spot (Leiostomus xanthurus)
Blue crab (Callinectes sapidus) Gulf menhaden (Brevoortia patronus)




3.0 FOCAL SPECIES SUMMARIES

3.1 Wetland Plant Focal Species

Estuarine wetlands provide shelter, foraging and nursery habitat for many wading and migratory bird
species as well as small mammals, fish, shrimp, crabs, and invertebrates. As described in TDWR (1981),
the periodic inundation of deltaic and tidal marshes also provides a method for nutrient exchange
processes and allows for the movement of detritus from the marshes into the open estuary. The plant
communities themselves are structured by both ambient salinity levels and the degree of flooding stress,
determined to a large extent by marsh elevation, river flood events and tidal inundation rates (Bertness

and Ellison 1987; Flynn et al. 1995) and vary both regionally and over the course of the growing season.

While plant species dominance patterns within wetland communities are not well understood, they are
likely related to gradients in salinity and hydrology (Mitsch and Gosselink 2000). Landscape patterns of
species dominance are influenced over long time periods, whereas annual gross and net primary
productivity of wetland plants can vary seasonally and between years as a result of short-term changes in
hydrology (Mitsch and Gosselink 2000). These changes in seasonal and annual productivity may be

attributed to individual plants’ adaptations to the stressors of salinity and inundation.

Most of the estuarine or tidal fringe wetlands along the GOM formed around the bays that resulted from
the flooding and filling of ancient river valleys. The Chenier Plain is a unique salt marsh area on the
eastern edge of Texas into Louisiana, formed over the last 3,000 years by sediment input from the shifting
of the Mississippi River mouth. Extensive wetlands less than five feet above sea level stretch inland four
to fifteen miles along the entire GOM shoreline and a narrower discontinuous band of marsh borders
Sabine Lake. Marshes cover most of the lower fifteen miles of the Neches valley, and extensive swamps
extend another ten miles up the valley. Swamp and wetlands are also common in the lower fifteen miles

of the Sabine valley.

Nearly 35,000 acres of vegetated intermediate, brackish, and salt marshes dominated by cordgrass
(Spartina spp.) and saltgrass (Distichlis spicata) border Sabine Lake (Figure 1). Saltmeadow cordgrass
(Spartina patens) is one of the dominant wetland plant species in brackish marshes around Sabine Lake,
with areas dominated by the less salt-tolerant olney bulrush (Schoenoplectus americanus) also present
(TPWD, pers. comm., July 2009). The Texas Point National Wildlife Refuge, the largest salt marsh
bordering the estuary, is to the west of the Sabine Pass Ship Channel. Smaller marshes occur along the
Sabine and Neches Rivers at the head of the estuary (Armstrong 1987). Most of the salt marsh to the east
of the estuary has been designated a National Wildlife Refuge (USFWS 2009).
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Figure 1. Wetland communities around Sabine Lake relative to a typical April salinity gradient (Source:
TPWD 2005).

3.1.1 Olney bulrush (Schoenoplectus americanus)

General Description

Olney bulrush Schoenoplectus americanus is a member of the sedge family Cyperaceac. Common
synonyms of this species that appear in the wetland literature are olney’s three-square bulrush,
chairmaker’s sedge, Schoenoplectus olneyi, Scirpus americanus, and Scirpus olneyi. S. americanus is a
medium height to tall, native herbaceous plant, that can grow as high as seven feet (Tiner 1987). The
seeds, basal portions and rhizomes are eaten by wildlife including ducks, snow geese, nutria and
muskrats. S. americanus is the single most important food source for muskrats along the Gulf Coast
(Stutzenbaker 1999).

Marshes dominated by S. americanus occur along the Gulf Coast of Texas, the Chenier Plain of
Louisiana, and the mid-Atlantic coast of Maryland and Delaware. It occurs in both low and high marsh
habitats, but is most abundant on the high marsh (Ikegami 2006). It also occurs near ponds, lakes,




sloughs, swamps, beach pools and sandy flats, often in shallow water up to about one to 2.5 feet (Voss
1972). In mixed plant communities, S. americanus is most commonly mixed with S. patens. Other
species associated with S. americanus vegetation communities can include Spartina alterniflora, Spartina
cynosuroides, Phragmites australis, Juncus roemerianus, Typha domingensis, Pluchea odorata, Distichlis
spicata, and Limonium carolinianum.

Ecological Relationship with Freshwater Inflow and Salinity

S. americanus can occur in fresh, intermediate and brackish marshes, surviving in salinities from 0 to 12
ppt (Howard & Mendelssohn 1999). However, S. americanus reaches its maximum productivity in
intermediate marshes where salinities are generally below 3.5 ppt (Stutzenbaker 1999). The aboveground
vegetation biomass of S. americanus is dependent on the presence of standing water, with biomass being
greater during periods of standing water (Bhattacharje et al. 2009). S. americanus functions as a stress
tolerator, being able to withstand temporary increases in salinity and inundation duration (Howard and
Mendelssohn 2000). S. americanus tolerance exceeds that of E. palustris and S. lancifolia (Howard and
Mendelssohn 1999).

Life History

S. americanus is a perennial sedge from long stout rhizomes, with single triangular stems that are in small
groups. The ability of S. americanus to successfully colonize a wide range of habitats is the result of
plasticity in clonal architectures. An individual S. americanus plant can send out one to three new ramets

(consisting of a shoot, roots and a tuber) throughout the growing season.

Green shoots appear aboveground at the beginning of the growing season (generally around April along
the Gulf coast) and green shoot production may persist into the winter (Ikegami 2006). Flowering occurs
around May and June, although not all shoots flower. Seeds mature and are shed around September. The
seeds remain dormant as long as they are submerged in water and thus become a component of the marsh
seed bank. Germination and seedling establishment potentially occurs on exposed mudflats following
marsh drawdown. The seed germination of this species is strongly regulated by salinity. At a salinity of
4 ppt, germination is reduced by 50 percent, and above 13 ppt no germination occurs (Palmisano and

Newsom 1968). Thus, due to high salinity, seed germination is rare in salt marshes.

3.1.2 Salt meadow cordgrass (Spartina patens)

General Description

Saltmeadow cordgrass Spartina patens, also known as wiregrass or marshhay cordgrass, is a
characteristic species of high salt marsh, typically occurring on slightly elevated surfaces where tides may
be less regular and where soils may concentrate salts. Spartina is a relatively small genus consisting of
approximately 14 species, geographically centered along the east coast of North and South America, with
outliers on the west coast of North America and Europe. Members of the genus occur primarily in

wetlands, especially estuaries (Partridge 1987).




S. patens is an important coastal grass species, occurring along the Atlantic coast from Canada to the
Caribbean and Central America, and along the Gulf of Mexico coast into south Texas (Silander 1984). It
can also be found along the shores of the Great Lakes. S. patens grows in all marsh types but reaches
greatest abundance in intermediate to brackish marshes where it often forms meadow-like communities

over large expanses (Stutzenbaker 1999).
Ecological Relationship with Freshwater Inflow and Salinity

S. patens is a halophyte with a high salinity tolerance that has the ability to secrete salts out of the plant
and onto the leaf surfaces through salt glands, although growth reduction does occur at salinities above 12
ppt (Anastasiou and Brooks 2003). It is limited to high salt marshes because of its inability to tolerate the
lower oxygen conditions at lower tidal elevations. The species lacks aerenchyma tissue that would allow
it to oxygenate its rhizosphere in anoxic soils (Bertness 1991). Along the Atlantic and Gulf coasts, S.
patens and S. alterniflora often occupy the same tidal marshes. S. alterniflora dominates the regularly
flooded seaward margins of the marshes, while S. patens inhabits higher, less flooded areas (Gleason and
Zieman 1981). Unlike S. patens, S. alterniflora can survive in either high or low salt marshes; however, it
is restricted to low salt marshes by competitive displacement by S. patens (Bertness 1991).

Life History

S. patens is a rhizomatous grass with dark green stems, 0.3 to 1.2 meters tall, often forming dense, single
species stands (Pfauth and Sytsma 1998). S. patens is commonly found growing in saline to brackish
marshes, sandy beaches and low dunes, tidal flats and marsh ridges from normal high tide to about 4
meters above sea level. S. patens typically occurs from mean high water to approximately 0.5 meters
above mean high water (Raupp and Denno 1979). A study in Connecticut found that 72 percent of S.
patens occurred above mean high water (Lefor et al. 1987). This grass is adapted to a wide range of soils
from coarse sands to silty clay sediments with pHs ranging from 3.7 to 7.9. S. patens will tolerate

irregular inundations with salinities from 0 to 35 ppt (USDA 2009).

S. patens culms first appear in the spring, when they emerge through the thick, dead horizon of the
previous year’s growth (Denno 1980). The major production of roots, rhizomes, stolons, and upright
culms occurs under the higher temperature and longer day lengths of the growing season. The highest

standing crop occurs from July to October (Seneca 1974).

S. patens flowers from June to September. Seedlings emerge in May, but they do not appear to flower
during their first season and produce limited flowers during their second season (Seneca 1974). Seedlings
often colonize low sand flats where moisture is adequate for germination and growth (Seneca 1974).

Although S. patens does produce viable seed, it reproduces primarily via rhizomes (Seneca 1974).




3.2 Bivalve Focal Species

Similar to crustaceans, bivalves play an important role in energy transfer in the estuarine food web.
Additionally, adult bivalves are sessile organisms in the estuary and are therefore regarded as integrators
of ecological conditions over time. They are filter-feeders and feed on phytoplankton and detritus in the
water column by pumping water across the gills and trapping food particles that are then moved to the
mouth. Estuarine bivalve species typically spawn in response to environmental conditions, and their free-
swimming larvae stay within the estuary until they find adequate substrate to settle on and become sessile
(Nelson et al. 1991; Patillo et al. 1997).

Estuary-dependent species occurring within Sabine Lake include Atlantic rangia (Rangia cuneata) and
eastern oyster (Crassostrea virginica). R. cuneata is by far the most common bivalve in Sabine Lake
(TDWR 1981).

Variability in physicochemical parameters such as temperature, salinity and dissolved oxygen, as well as
the availability of food in the water column, and available substrate for recruitment are important in
determining the size and location of bivalve populations in an estuary. To the extent available, the life
history, physicochemical preference of specific life stages, and spatiotemporal abundance of focal bivalve

species are described below.

3.2.1 Atlantic rangia (Rangia cuneata)

General Description

Atlantic rangia Rangia cuneata (Gray), also known as common rangia, is a small brackish water clam of
the family Mactridae (marine bivalve clams) that is an important component of estuarine ecosystems. In
low salinity estuarine areas, R. cuneata functions as a link between primary producers and secondary
consumers. As a non-selective filter feeder, this species transforms large quantities of plant detritus and
phytoplankton into clam biomass. R. cuneata was a food item of prehistoric Indians and it is still
occasionally canned and eaten. Economically, it is more important as a source of shells for road building

and industrial products.

R. cuneata is found along the GOM coast from Florida to Mexico and along the Atlantic coast as far north
as Maryland and New Jersey (LaSalle and de la Cruz 1985). The highest concentration of clams along
the Gulf coast has been associated with shallow water areas less than 6 meters deep, where they are

common in a wide range of soft substrates.

This species occupies the fresher portion of Sabine Lake, and are usually scattered throughout the
sediments rather than forming reef-like masses (Kane 1961; Harrel 1993). A distribution of R. cuneata
within the Neches River and a portion of Sabine Lake was established by Harrel (1993). However, the
overall distribution of R. cuneata in Sabine Lake is not well understood. The National Wildlife
Federation (NWF) has a project underway to assess the distribution of Atlantic rangia colonies in Sabine

Lake. Maps from previously collected sonar imagery along with a remote sensing survey using side scan




sonar will be used to map the estuary bottom and identify rangia colonies throughout Sabine Lake
(Figure 2).

Port Arthur

N . .
Existing Data
A Proposed Primary Transects
1 inch = 14,000 feet TRz Proposed Secondary Transect

Figure 2. Transect locations for a proposed Atlantic rangia survey in Sabine Lake.

Ecological Relationship with Freshwater Inflow and Salinity

This species is a permanent resident in low salinity (0 to 18 ppt) regions of estuaries (Cain 1975), with
populations most abundant in areas of 5 to 15 ppt. The distribution of R. cuneata in an estuary overlaps
that of C. virginica, but R. cuneata becomes much more abundant farther up the estuary where the
salinities are too low for oysters and for almost all other estuarine competitors or influents (Hopkins and
Andrews 1970). A population of R. cuneata 40 to 50 kilometers above the mouth of the Neches River
was found living in fresh water (salinity below 0.3 ppt) for at least 7 months of the year, and in salinity up

to 13 ppt during low river periods, without apparent mortality (Hopkins and Andrews 1970).

10



Although adults are euryhaline, embryos are much more sensitive to salinity. Spawning at salinities
between 2 to 10 ppt allows for the survival of the sensitive stages to the more eurytopic later larval stages
(Cain 1973). Once the larvae have developed past the swimming stage and settled to the bottom as
juvenile clams, salinity is probably not as critical (Cain 1976). The increased tolerance of the larvae

permits good survival during its more stressful pelagic existence.
Life History

The life span of R. cuneata has not been confirmed, although it has been estimated between 4 and 15
years (LaSalle and de la Cruz 1985). Annual growth increments of R. cuneata in the GOM are reported
to range between 0 and 20 mm per year (Fairbanks 1963). Adults range from 2.5 to 6 centimeters in
length. R. cuneata possess both extracellular (blood and body fluid) and intracellular mechanisms of
osmoregulation that enable them to respond to sudden salinity changes in many estuaries (Bedford and
Anderson 1972). However, studies indicate the long-term welfare of a Rangia population is not the

physiology of the adult individuals, but reproduction and recruitment (Hopkins et al. 1973; Cain 1975).

Although spawning may be continuous, peak spawning periods have been documented from March to
May and from late summer to November in Louisiana (LaSalle and de la Cruz 1985). Spawning may be
triggered by an increase in temperature and salinity. Cain (1975) and Jovanovich and Marion (1989)
indicated that an increase in water temperature to 15 °C appeared to be important in the initiation of
spawning. During spawning, gametes are released directly into the water and shelled larvae have been
documented within 24 hours of fertilization (Chanley 1965). Although common in a wide range of soft
substrates, Fairbanks (1963) reported that larvae were capable of selecting substrate for setting and
preferred substrates high in organic content.

R. cuneata can be an important species in the low salinity zones of estuaries along the GOM and may
comprise a large portion of the benthic macroinvertebrate biomass in these areas (Cain 1976; Brammer et
al. 2007). A combination of low salinity, high turbidity, and a substrate of sand, mud, and vegetation
appears to be the most favorable habitat for R. cuneata (Tarver 1972). R. cuneata are concentrated in
areas where salinity seldom exceeds 18 ppt (LaSalle and de la Cruz 1985). Studies indicate optimum
conditions for embryo development are water temperatures of 18 to 29 °C and salinities of 6 to 10 ppt.
Embryos did not develop at 0 ppt salinity (Cain 1973, 1974). On the Gulf coast, R. cuneata tolerates
water temperatures as low as 3 °C for at least a few hours, and as high as 32 °C for months, without

conspicuous mortality (Hopkins and Andrews 1970).
Parasites and Predators

R. cuneata are parasitized by larvae of Fellodistomatid trematodes (Fairbanks 1963), although only large
clams are infected. R. cuneata are preyed upon by fish, crustaceans, mollusks and ducks. Moon shell
snails, Polinices spp., may be predators as suggested by drill holes in R. cuneata shells (Hoese 1973). R.
cuneata are abundant in the diets of blue catfish, freshwater drum, spot, black drum, river shrimp, and

blue crab in Louisiana (Darnell 1958, 1961). Ctenophores are also potential predators of R. cuneata,

11



which sometime appear in high abundance in certain times of the year. Ctenophores can cause mass
mortality of R. cuneata larvae.

3.2.2 American oyster (Crassostrea virginica)

General Description

The American oyster is a species of oyster that is native to the eastern and GOM coastlines of North
America. This species is also referred to as the Eastern oyster, Atlantic oyster, and Virginia oyster. As
extremely popular seafood, oysters are of vital economic and cultural importance to the GOM region.
Additionally, oysters provide a number of key ecosystem functions: oyster spawn and larvae comprise a
large proportion of the planktonic biomass in Texas bays providing a vital food source for many
planktivores; oyster reefs provide an important physical habitat for a diverse group of benthic organisms;
and oyster filter feeding plays a key role in maintaining water clarity (Kennedy et al. 1996).

Oysters are filter feeders, feeding primarily on phytoplankton and suspended detritus (Langdon and
Newell 1996). Oyster reefs are also highly utilized habitats in the estuarine environment, exploited by
different species than those utilizing the marsh habitats (Zimmerman 1989). Many animals including

fish, crabs, worms and meiofauna use oyster reefs as both a foraging and shelter resource.

Although oysters are present in a few areas, oyster reefs are not as well developed in the Sabine Lake and
do not support a commercial fishery as in the other estuaries on the Texas coast. The American oyster
occurs singly or as reefs, typically in the more saline part of the lake (Figure 3). One large reef is located
along the Louisiana shoreline near Blue Buck Point, with another reef along the Texas shoreline

approximately opposite the point (Kane 1961).
Ecological Relationship with Freshwater Inflow and Salinity

The oyster has a complex ecological relationship with freshwater inflow and salinity. While adult oysters
are euryhaline (5 to 40 ppt salinities), oyster populations are dependent on estuaries for their food supply
and in regulating the predator and parasite populations that prey on oysters (Buzan et al. 2009).
Prolonged exposure to very low salinities or freshwater floods will cause mortality of oysters (Kennedy
1996). Larvae life stages require salinities that are not too high or low to settle, generally in the range of
10 to 27.5 ppt (Kennedy 1996). Optimal salinity conditions for oyster growth are 10-28 ppt, and freshet
events that significantly lower salinities are extremely important to decrease predators and parasite
infections that can decimate oyster reefs, including the oyster drill (Stramonita haemastoma) and dermo
(Perkinsus marinus) (La Peyre et al. 2003).

Life History

American oysters have a lifespan of up to 20 years (Buroker 1983) growing to 100 to 115 millimeters in
length in two years. Individuals can reach sexual maturity at four months. Spawning is initiated by a
combination of factors including water temperature, salinity, and physiochemical interactions (Galtsoff
1964, Hofstetter 1977, Hofstetter 1983).
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Figure 3. Oyster reef locations in Sabine Lake based on a side scan sonar survey in 2008. (Source: Shackelford 2008).
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In southern waters, spawning occurs in all but the coldest months (Berrigan et al. 1991). Conditions
generally required for spawning include water temperatures at or above 20°C and salinity higher than 10
ppt. When these conditions persist, spawning can continue year-round (Breuer 1962). The optimal
salinity for growth and reproduction is 10-28 ppt (Wilson et al. 2005). Larvae will not settle and
metamorphose into spat when salinity is less than 6 ppt (Wilson et al. 2005), while adults can live in
salinities up to 35 ppt (Buroker 1983). After fertilization, oysters develop through several free-swimming
larval stages before attaching to a hard substrate and becoming sessile. The rate of development through

these stages is temperature dependent (Shumway 1996).

Larval oysters are induced to settle by the presence of hard substrate, such as shells, and by chemicals
produced by adult conspecifics, so oyster reefs tend to be self-perpetuating. Unlike some regions, such as
the Chesapeake Bay, oysters in Texas bays are almost always harvested in the reefs where they settle
rather than moved post-settlement to designated growing locations. As a result, the entire post-larval life

of these oysters will depend on specific conditions at the reefs.

Oysters can survive in salinities ranging from about 5 to 40 ppt, but growth is stunted below 7.5 ppt
(Kennedy et al.. 1996). Oyster reefs which are subjected chronically or episodically to salinities that are
too low due to excessive freshwater runoff may have problems ranging from complete or partial
population mortality to stunted growth. Oysters grow optimally from approximately 10 to 25 ppt (Cake
1983). Salinities of greater than 25 ppt are not only suboptimal physiologically, but reefs that are located
in regions of chronic or seasonally high salinities (>25 ppt) will have a greater mortality due to predation

and to dermo, a protozoan parasite infection caused by Perkinsus marinus (Kennedy et al. 1996).

Temperatures in the GOM do not get low enough to cause oyster mortality, but oyster growth rate is
slower in colder temperatures. In fact, the combination of physiological effects of low temperature and
limited food supply, in general, can cause individual oysters to lose biomass in winter months (Hofmann
et al 1992). Optimal temperature for oysters is approximately 25 °C and temperatures over 30 °C can

cause cessation of filter feeding (Kennedy et al. 1996).

The timing and amount of food supply in the form of phytoplankton and other organisms that can be
utilized by filter-feeding oysters may have strong impacts on both oyster productivity and size structure
(Hofmann et al. 1992, 1995; Powell et al. 1995, 1997; Dekshenieks et al. 2000).

Because adult oysters are sessile, their distribution depends on where the larvae set and on subsequent
survival of the young spat oysters (Stanley and Seller 1986). Oysters are capable of surviving in a wide
range of habitat conditions, but they are more abundant under preferred habitat (general range) conditions.
These habitat conditions include estuarine areas with oxygenated waters that are less than 4 meters deep
with a tidal range of 0.5-2.7 meters (Stanley and Seller 1986).

Optimum temperatures for settlement and growth of larvae are ~20°C to 32.5°C (Calabrese and Davis
1970), while adult optimum temperatures range from 20 to 30°C (Stanley and Sellers 1986). Larvae
prefer to settle on clean hard or shell substrate, and adult oysters do well on various substrates, including

mud that supports the growing community weight (Jenkins et al. 1997).
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Disease/Parasites

Two major parasites impact C. virginica populations in the United States, Haplosporidium nelsoni (also
known as MSX) and Perkinsus. marinus (also known as dermo) (Kennedy et al. 1996). However, only
dermo is a problem in the Western GOM (Soniat, pers. comm., 2005). It is known that dermo prefers
high salinity waters (>15 ppt). Infection from this parasite usually occurs in the warmer months between
an oyster’s first and second year, then intensifies during the second year, killing the oyster before it

reaches market size.

Dermo infections may be strongly affected by temperature and salinity regimes. The division rate of
dermo cells within oysters is related to both temperature and salinity of the surrounding water (Hoffman
et al. 1995). At salinities greater than 10 ppt, dermo cell division is primarily affected by and increases
with temperature. Below 10 ppt salinity, dermo cell growth decreases sharply with salinity (Hofmann et
al. 1995). In bays in the western GOM, oyster populations on reefs closer to freshwater inflow sources
typically have lower dermo infection intensities than reefs farther down bay (closer to the seawater source
at the bay’s mouth), and episodes of salinity below 10 ppt are often associated with a reduction of dermo
levels on reefs (see data on oystersentinel.org; MBHE 2005). However, salinities low enough to harm
dermo populations can also stress oysters, so the ideal salinity regime to control dermo is one with
episodic freshwater inflows that reduce salinity below 10 ppt, rather than continuously low salinities
(Hofmann et al. 1995, Kennedy et al. 1996).

Dermo infestations tend to be most intense in summer, when temperatures are highest. Temperatures
above 25 °C are associated with high oyster mortality from dermo, and the persistence of high intensity
dermo infestations is dependent on extended periods of high temperature (Kennedy et al. 1996). Such

periods are common during summers in Texas bays.

In Sabine Lake, dermo infection and intensity data is collected routinely at one Oyster Sentinel station in
the southern portion of the Lake (Figure 4). Oyster Sentinel is a web-based scientific community which
uses the American oyster as a bioindicator of estuarine health (http://www.oystersentinel.org/). On this
website, temperature, salinity, and dermo infection data for juvenile and commercial sized oysters in

Sabine Lake is reported from January 2006 through the spring 2009.
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Figure 4. Dermo assessment location in Sabine Lake for the Oyster Sentinel program
(http://www.oystersentinel.org).

Predators

Many important oyster predators are limited by low salinities (Kennedy et al. 1996). The most severe
predation impact on oysters in the western GOM is from the oyster drill, Thais haemastoma (Soniat and
Kortright 1998). Drill predation rates on oysters are limited by both low salinity and low temperature.
Lower tolerance levels for drills (7.5 ppt, 12.5 °C) also constitute poor conditions for oysters (Kennedy et
al. 1996), but drill predation is also reduced in moderate salinities in the range where oysters prosper. In
the western GOM, significant losses to drills increase on reefs farther from freshwater sources (Soniat
2005).

A number of other oyster predators are also limited by low or moderate salinities (Longley 1994;
Kennedy et al. 1996). In general, extended periods of salinities greater than 25 ppt allow predator
populations to build up and are associated with high predation rates on oyster populations (Kennedy et al.
1996).
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3.3 Crustacean Focal Species

As food for fishes and larger invertebrates, crustaceans play a major role in the transfer of food energy to higher
trophic levels within coastal waters. Crustaceans are an important link in the estuary food chain between
benthic and pelagic organisms (Turner and Brody 1983). Crustaceans are also a dominant food item in the diet
of a variety of fish species. As with many fishes, the life histories of many Gulf crustaceans can be
characterized as estuarine-dependent. These species typically spawn in the GOM, and their larvae are then
carried inshore by currents. Juveniles generally remain in these estuarine nurseries for about a year, taking
advantage of the greater availability of food and protection that estuarine habitats afford. Upon reaching
maturity, individuals migrate from the shallow estuaries to the deeper GOM.

Estuary-dependent crustaceans occurring within the intertidal brackish marsh habitats within Sabine Lake
include, but are not limited to, hermit crab (Clibanarius vittatus), mud crabs (Rhithropanopeus harrisii,
Neopanope texana, and Panopeus herbstii), white shrimp, brown shrimp, pink shrimp (Farfantapenaeus
duorarum), spiny lobster (Panulirus argus), blue crab, Gulf stone crab (Menippe adina), and stone crab
(M. mercenaria) (Nelson 1992). Up to 15 species of penaeid shrimp can be expected to use the coastal
and estuarine areas in the GOM; brown, white, and pink shrimp are the most numerous and comprise a
substantial shrimp fishery. About eight species of portunid (swimming) crabs use the coastal and
estuarine areas in the GOM. Blue crabs are the only species, however, that is located throughout the Gulf
and comprises a substantial fishery. All of these species occur in a variety of habitat types in fresh,

estuarine and shallow offshore waters.

Variability in physicochemical parameters, such as temperature, salinity, and dissolved oxygen, affect the
suitability and selection of habitat by estuarine fish, crustaceans, and other organisms in their various life
stages (Peterson et al. 2004). Therefore, for the purposes of this Summary Report and when available,
life histories, physicochemical preferences of specific life stages, spatiotemporal abundance, and value

are described below.

Based on the National Oceanic and Atmospheric Administration’s (NOAA) Estuarine Living Marine
Resources (ELMR) Program, relative abundance is defined using the following categories (Nelson 1992;
Patillo et al. 1997):

. High abundant — species is numerically dominant relative to other species.
. Abundant — species is often encountered in substantial number relative to other species.
. Common — species is generally encountered but not in large numbers; does not imply an

even distribution over a specific salinity zone.
. Rare — species is present but not frequently encountered.

. Not present — species or life stage not found, questionable data as to identification of the

species, or recent loss of habitat or environmental degradation suggests absence.
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When relevant, essential fish habitat (EFH) is described for particular species. EFH is defined as "those
waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity" (16 U.S.C.
1802(10)). The Gulf of Mexico Fisheries Management Council (GMFMC) designated EFH for adult and

juvenile life stages of the following two focal species: white shrimp and brown shrimp.

3.3.1 White shrimp (Litopenaeus setiferus)

General Description

White shrimp (Litopenaeus setiferus), previously in the genus Penaeus, along with other penaeid species
comprise a commercially important shrimp fishery in the GOM (Cook and Murphy 1971), the second
most valuable commercial fishery in the U.S. (Patillo et al. 1997). Up until the 1930’s, white shrimp were
the major commercial shrimp in the GOM (Muncy 1984).

White shrimp range from the Atlantic Coast as far north as New York, down to Florida, along the coast of
the GOM and down to Mexico (Perez-Farfante 1969). In the GOM, highest abundance of white shrimp
occur off the coast of Louisiana in waters less than 9 meters deep (Muncy 1984) and are well established
throughout Texas, Louisiana, and Mississippi bays and estuaries (Patillo et al. 1997). White shrimp have
been found in the Sabine Lake system year round with peak abundances from July to December (TPWD
2005).

Morphology

Morphologically similar to brown shrimp, a few key characteristics help to differentiate between the two
species. In white shrimp, the antennal flagella are 2.5 to 3 times the length of the body length (Perez-
Farfante 1969), much longer than those of brown shrimp. Additionally, the adrostral sulcus is much
shorter extending only to the epigastric tooth on the rostrum, versus the hind margin of the carapace in

brown shrimp (Muncy 1984).
Ecological Relationship with Freshwater Inflow and Salinity

White shrimp are tolerant to a wide range of salinities and can be considered euryhaline (Zein-Eldin and
Griffith 1969). However, they are generally found in lower salinity waters than brown shrimp (Turner
and Brody 1983). Table 2 provides the relative abundance by month of white shrimp in Sabine Lake
during each life stage (adult, eggs, juveniles, larvae, and spawners) in five salinity zones. White shrimp
have been shown to have a preference for low salinity nursery grounds, with postlarval shrimp most
abundant at 5 to 10 ppt in Texas (Muncy 1984, cited from Gunter 1967), though they have been collected
in salinities as low as 0.42 ppt (Perez-Farfante 1969) and as high as 37.4 ppt. In Texas, postlarvae enter
nursery areas from April to November (Kilma et al. 1982). Juveniles appear to tolerate lower salinities
ranges, less than 10 ppt (Zein-Eldin and Renaud 1986) and have been found upstream in rivers and
tributaries (Patillo et al. 1997), as far as 160 kilometers in Louisiana (Perez-Farfante 1969).

NOAA (1998c) has documented adult white shrimp as being highly abundant in the high and decreasing
salinity season (August through February) in Sabine Lake (Figure 5) and also being found offshore in
salinities greater than 27 ppt (Muncy 1984).. Juveniles in Sabine Lake are highly abundant in lower
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salinities, ranging from 0.0 to 0.5 ppt, particularly around April through December (Nelson 1992), though
NOAA (1998d) NMFS Galveston Lab has documented juveniles as highly abundant throughout the year
(Figure 6).

White shrimp are also tolerant to a wide range of temperatures, from 7 to 38 °C (Patillo et al 1997).
Postlarval shrimp have been recorded in temperature ranging from 13 to 30 °C and juveniles ranging from
6.5 to 39 °C, with peaks of abundance around 15 and 33 °C (Zein-Eldin and Renaud 1986).

Life History

Adults inhabit both estuarine and coastal waters; however, adults spawn offshore at depths ranging from 8
to 30 meters from spring to early fall (Perez-Farfante 1969; Patillo et al. 1997) preferring salinities to be
at least 27 ppt (Cook and Murphy 1969). Spawning also coincides with increasing temperatures in the
spring time and ending with declining temperatures in the fall (Muncy 1984). White shrimp spawn
offshore where they hatch and pass through a series of metamorphoses as planktonic larvae. After a
period of about 2 to 3 weeks, postlarvae are transported by favorable currents and tides to estuary nursery
grounds, around May to November (Perez-Farfante 1969; Muncy 1984). In nursery grounds that provide
habitat and protection (Turner and Brody 1983), juveniles appear to tolerate lower salinities ranges
moving farther upstream than brown shrimp (Muncy 1984). Juveniles approaching adulthood move out

of estuaries back into coastal waters.

Depending on the life stage, white shrimp are neritic to estuarine and pelagic to demersal. Eggs and early
planktonic larvae are found in nearshore marine waters, and postlarvae are later found in estuarine nursery
grounds. Postlarvae seek areas of shallow water with muddy or sandy bottoms or marsh grass (Patillo et
al. 1997) connected by passes to adjacent offshore, higher salinity areas with mud or clay bottoms
(Anderson 1956). Juveniles prefer sandy and muddy habitats and adults prefer sand-silt-clay areas of
high detrital content (Zein-Eldin and Renaud 1986).

Feeding Preferences and Predators

White shrimp tend to be omnivorous through their life stages, even as postlarve. Juveniles feed on
organic-inorganic detrital matter, diatoms, and polychaetes, and the diet of adults is composed of much of
the same (Zein-Eldin and Renaud 1986).

Finfish prey heavily on white shrimp, which serve as an important food source, link and integrator of the
environment (Mu