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RED DRUM HABITAT ADDENDUM
1.4 HABITAT CONSIDERATIONS
1.4.1 Description of Habitat Important to the Stocks
1.4.1.1 Spawning Habitat
Red drum (Sciaenops ocellatus) spawn from late summer to early fall in a range of habitats,
including estuaries, near inlets, passes, and near bay mouths as opposed to further offshore or
inland habitats (Peters and McMichael 1987). Earlier studies have illustrated that the spawning
often occurred in nearshore areas relative to inlets and passes (Pearson 1929; Miles 1950;
Simmons and Breuer 1962; Yokel 1966; Jannke 1971; Setzler 1977; Music and Pafford 1984;
Holt et al. 1985). More recent evidence, however, suggests that in addition to nearshore vicinity
habitats, red drum also utilize high-salinity estuarine areas along the coast (Murphy and Taylor
1990; Johnson and Funicelli 1991; Nicholson and Jordan 1994; Woodward 1994; Luczkovich et
al. 1999; Beckwith et al. 2006). Coastal estuarine areas that have high salinity levels provide
optimal conditions for eggs and larval development, as well as circulation patterns beneficial to
transporting larvae to suitable nursery areas (Ross and Stevens 1992). Spawning in laboratory
studies have also appeared to be temperature dependent, occurring in a range from 22° to 30° C
but with optimal conditions between temperatures of 22° to 25° C (Holt et al.1981). Renkas
(2010) was able to duplicate environmental conditions of naturally spawning red drum from
Charleston Harbor, SC in a mariculture setting, and corroborated that active egg release occurred
as water temperature dropped from a peak of ~30o C during August. Cessation of successful egg
release was found at 25o C, with no spawning effort found at lower temperatures (Renkas 2010).
Pelagic eggs, embryos, and larvae are transported by currents into nursery habitats for egg and
larval stages, expectedly due to higher productivity levels in those environments (Peters and
McMichael 1987; Beck et al. 2001).
Part 1.4.1.2 Eggs and Larvae Habitat
Red drum eggs have been commonly encountered in several southeastern estuaries in high
salinity, above 25 ppt (Nelson et al. 1991). Salinities above 25 ppt allow red drum eggs to float
while lower salinities cause eggs to sink (Holt et al. 1981). In Texas, laboratory experiments
conducted by Neill (1987) and Holt et al. (1981) concluded that an optimum temperature and
salinity for the hatching and survival of red drum eggs and larvae was 25° C and 30 ppt. Spatial
distribution and relative abundance of eggs in estuaries, as expected, mirrors that of spawning
adults (Nelson et al. 1991); eggs and early larvae utilize high salinity waters inside inlets, passes,
and in the estuary proper. Currents transport eggs and pelagic larvae into bays, estuaries and
seagrass meadows (when present), where they settle (Levin et al. 2001) and remain throughout
early and late juvenile stages (Pattillo et al. 1997; Holt et al. 1983; Rooker and Holt 1997,
Rooker et al. 1998b; Levin et al. 2001). Larval size generally increases as distance from the
mouth of the bay increases (Peters and McMichael 1987), possibly due to increased nutrient
availability. Research conducted in Mosquito Lagoon, Florida, by Johnson and Funicelli (1991)
found viable red drum eggs being collected in average daily water temperatures from 20° C to
25° C and average salinities from 30 to 32 ppt. During the experiment, the highest numbers of
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eggs were gathered in depths ranging from 1.5 to 2.1 m and the highest concentration of eggs
was collected at the edge of the channel.
Upon hatching, red drum larvae are pelagic (Johnson 1978) and laboratory evidence indicates
that development is temperature-dependent (Holt et al. 1981). Newly hatched red drum spend
around twenty days in the water column before becoming demersal (Rooker et al. 1999; FWCC
2008). However, Daniel (1988) found much younger larvae already settled in the Charleston
Harbor estuary. Transitions are made between pelagic and demersal habitats once settling in the
nursery grounds (Pearson 1929; Peters and McMichael 1987; Comyns et al. 1991; Rooker and
Holt 1997). Tidal currents (Setzler 1977; Holt et al. 1989) or density-driven currents (Mansueti
1960) may be utilized in order to reach a lower salinity nursery in upper areas of estuaries
(Mansueti 1960; Bass and Avault 1975; Setzler 1977; Weinstein 1979; Holt et al. 1983; Holt et
al. 1989; Peters and McMichael 1987; McGovern 1986; Daniel 1988). Once inhabiting lower
salinity nurseries in upper areas of estuaries, red drum larvae grow rapidly, dependent on present
environmental conditions (Baltz et al. 1998).
Red drum larvae along the Atlantic coast are reportedly common in southeastern estuaries, with
the exception of Albemarle Sound, and are abundant in the St. Johns and Indian River estuaries
in Florida (Nelson et al. 1991). Daniel (1988) and Wenner et al. (1990) found newly recruited
larvae and juveniles through the Charleston harbor estuary over a wide salintity range. Mercer
(1984) has also summarized spatial distribution of red drum larvae in the Gulf of Mexico. More
recent studies conducted by Lyczkowski-Shutlz and Steen (1991) reported evidence of diel
vertical stratification among red drum larvae found at lower depths less than 25 m at both
offshore and nearshore locations. Larvae (ranging between 1.7 to 5.0 mm mean length) were
found at lower depths during night and higher in the water column during the day. At the time of
the study, water was well mixed and temperature ranged between 26° C to 28° C. There was no
consistent relationship between distribution of larvae and tidal stage. Survival during larval (and
juvenile) stages in marine fish, such as the red drum, has been identified as a critical bottleneck
determining their survival and contribution to adult populations (Cushing 1975; Houde 1987;
Rooker et al. 1999).
1.4.1.3 Juvenile Habitat
Juvenile red drum utilize a variety of inshore habitats within the estuary, including seagrass
meadows, tidal freshwater, low-salinity reaches of estuaries, estuarine emergent wetlands,
estuarine scrub/shrub, submerged aquatic vegetation, oyster reefs, shell banks, and
unconsolidated bottom (SAFMC 1998; ASMFC 2002). Smaller red drum seek out and inhabit
rivers, bays, canals, boat basins, and passes within estuaries (Peters and McMichael 1987;
FWCC 2008). Wenner’s studies (1992) indicate that red drum juvenile habitats vary slightly
seasonally: most often between August and early October, red drum inhabit small creeks that cut
into emergent marsh systems and have some water in them at lower tides, while in winter, red
drum reside in main channels of rivers ranging in depths from 10 to 50 feet with salinities from
one-half to two-thirds that of seawater. In the winter of their first year, 3 to 5 month old juveniles
migrate to deeper, more temperature-stable parts of the estuary during colder weather (Pearson
1929). In the spring, they move back into the estuary and shallow water environments. In the
following spring, juveniles become more common in the shallow water habitats. Studies show
that red drum inhabiting non-vegetated sand bottoms exhibit the greatest vulnerability to natural
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predators (Minello and Stunz 2001). Juvenile red drum in their first year generally avoid wave
action by living in more protected waters (Simmons and Breuer 1962; Buckley 1984).
In the Chesapeake Bay, juveniles (20-90 mm Total Length, TL) were collected in shallow waters
from September to November, but there is no indication as to the characteristics of the habitat
(Mansueti 1960). Some southeastern estuaries where juvenile (and subadult) red drum are
abundant are Bogue Sound, NC; Winyah Bay, SC; Ossabaw Sound, and St. Catherine/Sapelo
Sound, GA; and the St. Johns River, FL (Nelson et al. 1991) and throughout SC (Wenner et al.
1990; Wenner 1992). They were highly abundant in the Altamaha River and St. Andrews/St.
Simon Sound, GA, and the Indian River, FL (Nelson et al. 1991).
Peters and McMichael (1987) found in Tampa Bay that juvenile red drum were most abundant in
protected backwater areas, such as rivers, tidal creeks, canals, and spillways with freshwater
discharge, as well as in areas with sand or mud bottom and vegetated or non-vegetated cover.
Juveniles found at stations with seagrass cover were generally smaller in size and fewer in
number (Peters and McMichael 1987). Near the mouth of the Neuse River, as well as smaller
bays and rivers between Pamilico Sound and the Neuse river, surveys from the North Carolina
Division of Marine Fisheries (NCDMF) indicate that juvenile red drum were consistently
abundant in shallow waters of less than 5 feet. Generally, habitats identified as supporting
juvenile red drum in North Carolina can be characterized as detritus laden or mud-bottom tidal
creeks (in Pamlico Sound) and mud or sand bottom habitat in other areas (Ross and Stevens,
1992). In a Texas estuary, young red drum (6-27 mm Standard Length, SL) were never present
over non-vegetated muddy-sandy bottom; areas most abundant in red drum occurred in the
ecotone between seagrass and non-vegetated sand bottom (Rooker and Holt 1997). In SC,
Wenner (1992) indicated that very small red drum occupy small tidal creeks with mud/shell hash
and live oyster as common substrates (since sub-aquatic vegetation is absent in SC estuaries).
1.4.1.4 Subadult Habitat
The subadult phase of the red drum’s life cycle begins when late-stage juveniles leave shallow
nursery habitats at a size of approximately 200 mm TL and 10 months of age. These subadults
later attain sexual maturity, at about 3-5 years of age. Subadult red drum are most vulnerable to
fishery exploitation (Pafford et al. 1990; Wenner 1992). They utilize many habitats within the
estuary, including tidal creeks, rivers, inlets, and waters around barrier islands, jetties and
sandbars (Pafford et al. 1990; Wenner 1992). While subadults are found in habitats similar to
that of juvenile red drum, they are also found in large aggregations on seagrass beds, over oyster
bars, mud flats, and sand bottoms (FWCC 2008). In a study conducted by Bacheler et al.
(2009a), age-0 to age-3 red drum are commonly found in upper estuarine environments, but each
fall a portion of age-1 and age-2 cohorts move to high-salinity coastal waters, while some red
drum remain in upper estuarine habitat until age-3; at this age the last remaining red drum move
to coastal environments. Tagging studies conducted throughout the species’ range indicate that
most subadult red drum generally remain in the vicinity of a given area (Beaumarriage 1969;
Osburn et al. 1982; Music and Pafford 1984; Wenner et al. 1990; Pafford et al. 1990; Ross and
Stevens 1992; Woodward 1994; Marks and DiDomenico 1996). Movement within estuaries is
assumed to be related to temperature changes and food availability (Pafford et al. 1990;
Woodward 1994). The following is taken from the Atlantic States Marine Fisheries Commission
(ASMFC) Red Drum Fishery Management Plan (2002):
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“During 1994 and 1995, the Inshore Fisheries Section of the South Carolina DNR
conducted several aerial surveys to attempt to evaluate abundance and habitat
utilization of subadult red drum along the South Carolina coast. Aerial surveys were
generally deemed inefficient at estimating the number of fish inhabiting particular
areas, especially inlets and beachfront areas because of the visibility of schools from
the air depends on the interplay of temporal, climactic, topographic and behavioral
factors. On the occasions when red drum schools were reliably located, they were
found in flats at the confluence of rivers, inside inlets, creeks, sounds and bays. Aerial
surveys proved useful to characterize the general topography of subadult red drum
habitat in the intertidal and shallow-subtidal portions of the coast. It appears that
typical habitats where subadult red drum are found in South Carolina are of two
general types. In the northern portion of the coast, typical subadult habitat consists of
broad (up to 200 m or more in width), gently sloping flats often leading to the main
channel of a river or sound. Along the southern portion of the coast, subadult red drum
habitat consists of more narrow (50 m or less), fairly level flats traversed by numerous
small channels, typically 5-10 m wide by less than 2 m deep at low tide.”

Figure 1. Red drum habitats and primary prey by age and size. Figure adapted from Wenner
(2004) and based on research in South Carolina. R1, R2, and R3 are the ages of red drum when
they have deposited 1, 2, or 3 rings on their ear bones or scales.
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1.4.1.5 Adult Habitat
The adult phase begins when the fish are mature and can spawn regularly (Wenner 1992). Along
the Atlantic coast adult red drum migrate north and inshore in the spring. In the fall, they migrate
offshore and south (from Virginia to North Carolina). South of Hatteras, movement of adult red
drum is typically described as inshore and offshore as opposed to north and south. Adults
generally spend more time in coastal waters after they reach sexual maturity, but they do
frequent inshore waters on a seasonal basis. Bacheler et al. (2009b) collected data that
concluded that red drum of age 4+ generally moved furthest north and south, but traveled
distances shorter than other life stages when moving east or west, from coastal waters to inshore
waters. According to the 2008 Stock Assessment, red drum are found most abundantly in
nearshore (coastal) shelf waters, and males reach maturity at an earlier age (1 to 3 years) than
females (3 to 6 years) (FWCC 2008). The biology of the adult red drum is less well known than
the younger stages, and therefore there is a lack of information regarding habitat utilization by
adults. The South Atlantic Fishery Management Council’s (SAFMC) Habitat Plan (SAFMC
1998; ASMFC 2002) cited high-salinity surf zones and artificial reefs as Essential Fish Habitat
(EFH) for red drum in oceanic waters, which comprise the area from the beachfront seaward.
Both nearshore and offshore hard/live bottom areas have been known to attract concentrations
(schools) of adult red drum. Tagging studies have shown repeatedly that adult red drum in the
Gulf of Mexico move tens and even hundreds of kilometers from original capture locations
(Ingle et al. 1962; Osburn et al. 1982; Overstreet 1983; Julien et al. 2004). The following
description of these habitats is taken from the SAFMC’s Habitat Plan (1998) and ASMFC’s
Fishery Management Plan (2002):
“Hard, or live bottom (Struthsaker 1969), consists of aggregations of coral generated
habitats that have a thinner layer of live corals (soft and hard), among other biota
types, existing among different sediments, older reefs or rock bottom. Often these
bottom assemblages of coral provide reef structure for aggregations of red drum.
Coral assemblages vary with geographical area. On the South Atlantic coast, coral
communities are dominated by ahermatypic species, which are not reef building
species. In the South Atlantic Bight (SAB), hard or live bottom habitats are generally
small outcropping areas scattered in a patchy distribution over the continental shelf
north of Cape Canaveral, FL. These habitats are most numerous off the coast of
northeastern Florida and typically occur at depths greater than 27 m. Benthic
temperatures in deeper areas range from 11° C to 27° C, while nearshore temperatures
are typically cooler (from SEAMAPs South Atlantic Bottom Mapping Work Group
effort, beginning in 1992). Data suggest that red drum prefer higher salinities as they
age (Neill et al. 2004), which could partially provide an explanation as to why red
drum move more into coastal areas during their subadult and adult life stages
(Bacheler et al. 2009b).”
In addition to natural hard/live bottom habitats, adult red drum also use artificial reefs and other
natural benthic structures. As of 2002, 120,000 acres of ocean and estuarine bottom along the
south Atlantic has been permitted for the development of artificial reefs (ASMFC 2002). In
Florida alone, 34 out of 35 coastal counties have been involved in artificial reef development
(FWCC 2012). Most Atlantic coast states are in the process of establishing or have already
established artificial reef management programs in their coastal waters.
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Red drum were found from late November until the following May at both natural and artificial
reefs along tide rips or associated with the plume of major rivers in Georgia (Nicholson and
Jordan 1994). Data from this study suggests that adult red drum exhibit high seasonal site
fidelity to these features. Fish tagged in fall along shoals and beaches were relocated 9 to 22 km
offshore during winter and then found back at the original capture site in the spring. In summer,
fish moved up the Altamaha River nearly 20 km to what the authors refer to as “pre-spawn
staging areas” and then returned to the same shoal or beach again in the fall.
1.4.2 Identification and Distribution of Habitat and Habitats of Concern (HOC)
Red drum populations along the Atlantic coast are managed through the Atlantic Coastal
Fisheries Cooperative Management Act (Atlantic Coastal Act). Unlike the Magnuson-Stevens
Fishery Conservation and Management Act which addresses fishery management by federal
agencies, the Atlantic Coastal Act does not require the Atlantic States Marine Fisheries
Commission to identify habitats that warrant special protection because of their value to fishery
species. Nonetheless, the Commission believes this is a good practice so that appropriate
regulatory, planning, and management agencies can consider this information during their
deliberations.
As reviewed in section 1.4.1.1, habitats used by the various life stages of red drum include: tidal
freshwater wetlands, estuarine wetlands, tidal creeks, mangrove wetlands, submerged aquatic
vegetation (SAV), oyster reefs and shell banks, ocean high-salinity surf zone, hard bottom, and
natural and artificial reefs. Spawning occurs within passes and inlets of high salinity estuaries on
the southeastern U.S. coast and outer bars within surf zones (Murphy and Taylor 1990; Johnson
and Funicelli 1991; Nicholson and Jordan 1994; Woodward 1994). In more recent studies,
increased spawning habitat of red drum upriver to Oriental, NC, was due to elevated levels in
salinity (Beckwith et al. 2006). Specific “hot spots” for red drum spawning include: North
Carolina – waters of Pamlico Sound near Hatteras, Ocracoke and Drum Inlets and between the
Neuse and Pamlico rivers in the western portion of the sound; South Carolina – main channel
leading to Charleston Harbor and estuarine waters of St. Helena Sound; Georgia – the Altamaha
River estuary; Florida – Ponce de Leon inlet and the Mosquito Lagoon system (ASMFC 2002).
For red drum, nursery areas exist throughout estuarine environments, usually in shallow waters
with varying salinities. Areas included are coastal marshes, shallow tidal creeks, bays, tidal flats
of varying substrate type, tidal impoundments, and SAV beds. Red drum larvae and juveniles
occur within a broad range of estuarine habitats. Similarly, subadult red drum are found
throughout tidal creeks and channels of southeastern estuaries, in backwater areas behind barrier
islands, and in the front along ocean beaches during certain seasons. Estuarine systems as whole,
ranging from lower salinity rivers to the mouths of inlets, are needed to support populations of
red drum.
A subset of red drum habitats, which the Commission refers to as Habitats of Concern (HOC), is
especially important as spawning and nursery areas for red drum. HOC for red drum include all
coastal inlets, SAV beds, the surf zone (including outer bars), and state-designated nursery
habitats (e.g., Primary Nursery Areas in North Carolina; Outstanding Resource Waters in South
Carolina’s coastal counties; Aquatic Preserves along the Atlantic coast of Florida).
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Table 1. Summary of red drum life stage dependent physical and temporal habitat characteristics.
Life stage

Optimal Temperature
Range

Salinity range

Habitats

Timing

Adults-spawning

22-25oC (up to 30oC)

>25ppt (high salinities)

Estuary, passes/inlets, along open coasts

Late Summer-Early Fall

Eggs

20-30 oC

>25ppt (high salinities)

Estuary, passes/inlets, seagrass meadows

Fall

Larvae

Based on regional
temperature regime

Low Salinities (10-20 ppt)

Pelagic-20days; then demersal

Late Fall-Spring

Upper estuary
o

Juveniles

(10-25 C)
Based on regional
seasonal temperature
regime

Low-High Salinities
(15-25 ppt)

(10-30 oC)

Estuary: seagrass, tidal freshwater, low-salinity
reaches, emergent wetlands, estuarine scrub/shrub,
submerged aquatic vegetation, oyster reefs, shell
banks, unconsolidated bottom
Passes/Inlets

Sub-Adults

Adults

Based on regional
seasonal temperature
regime

Low-High Salinities

Based on regional
seasonal temperature
regime

High salinities

(high estuarine to marine)

(25-35 ppt)

Winter:
Deeper bay and river channels
Spring/Summer:
Shallow creeks and shorelines

Estuary to Marine: tidal creeks, rivers, inlets,
shallows near barrier islands, jetties and sandbars;
large aggregations in seagrass beds, over oyster
bars, mud flats, and sand bottoms
Marine: Frequent inshore shelf waters on a
seasonal basis; nearshore and offshore hard/live
bottom, high salinity surf zones, artificial reefs

Seasonal movement within habitats
based on temperature changes and
food availability

Lower Riverine: pre-spawning

South of Cape Hatteras: Seasonal
migration onshore in the spring;
offshore in the fall

Virginia and N.C.: Seasonal
migrations north and inshore in the
spring; offshore and south in the fall

Summer
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1.4.3 Present Condition of Habitats and Habitat of Concern
1.4.3.1 Coastal Spawning Habitat: Condition and Threats
The productivity and diversity of coastal spawning habitat can be compromised by the effects of
industrial, residential, and recreational coastal development (Vernberg et al. 1999). Coastal
development continues in all states and coastlines of the nation despite the increased protection
afforded by federal and state environmental regulations. Threats to nearshore habitats in the
south Atlantic that are documented spawning habitats for red drum or are suitable spawning
habitats are described below.
Navigation and boating access development and maintenance activities, such as dredging and
hazards from ports and marinas, are a threat to spawning habitats of red drum. According to the
SAFMC (1998) and ASMFC (2002), navigation related activities can result in removal or burial
of organisms from dredging or disposal of dredged material, effects due to turbidity and siltation,
release of contaminants and uptake in nutrients, metals and organics, release of oxygenconsuming substances, noise disturbance, and alteration of hydrodynamic regime and habitat
characteristics. All listed effects have potential effects to decrease the quality and quantity of red
drum spawning habitat.
Ports also pose the threat of potential spills of hazardous materials. Cargo that arrives and
departs from ports can contain highly toxic chemicals and petroleum products. While spills are
rare, constant concern exists for extensive spans of estuarine and nearshore habitat being at risk
of contamination. Even a small spill could result in a huge exposure of productive habitats. Oil
releases such as the MC 282 or Deepwater Horizon oil release (2010) into the Gulf of Mexico
has severely affected aquatic life, water quality and habitat posing many threats such as
mortality, disease, genetic damage, and immunity issues (Collier et al. 2010). Chemicals in
crude oil can cause heart failure in developing fish embryos (Incardona et al. 2004, 2005, 2009).
Chronic exposures for years after the Exxon Valdez oil spill were evident in fish and other
marine life, resulting in a higher pattern of mortality (Ballachey et al. 2003). Oiling of nearshore
high-energy habitat along beaches of the Gulf of Mexico from Louisiana to Florida occurred for
prolonged periods of time during the spring of 2010, and weathered oil products were found in
offshore benthos where spawning red drum can occur. The discharge of oil may have also
altered migration patterns and food availability. Port discharge of marine debris, garbage, and
organic waste into coastal waters is also a concern.
Beach nourishment projects and development of wind and tidal energy could also alter red drum
spawning and offshore adult habitat dynamics. Beach nourishment can result in removal of
offshore sediments resulting in depressions and altering sediment characteristics along the
shoreline (Wanless 2009). Sediments eroded from beaches after nourishment projects can also
be transported offshore and bury hard bottoms, which can diminish spawning aggregation habitat
for red drum. Beach nourishment projects can also alter forage species abundance, distribution
and species composition in the high-energy surf zone for a time, but this varies by species and
timing of nourishment activities (Irlandi and Arnold 2008). Wind and tidal energy projects can
create artificial structure in migration corridors and submarine cables may produce electrical
fields that can affect red fish movement patterns and habitat use in affected areas (DONG 2006;
OEER 2008; ASMFC-Habitat Committee 2012).
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Use of certain types of fishing gear, such as trawls and bivalve dredges can also adversely affect
spawning habitat (Northeast Region Essential Fish Habitat Steering Committee 2002). Trawls
and dredges remove structure-forming epifauna, alter sediment contours, redistribute reef
aggregate materials (e.g. fractured rock outcroppings and boulders) and change infaunal and
demersal organism assemblages in areas where fishing gear is operated. These effects can
reduce forage species abundance for red drum thereby affecting spawning success. The most
significant effect of this type of fishing gear is long-term changes in bottom structure and longterm changes in benthic trophic or ecosystem functions. These effects can be on the order of
months to years in low energy environments, so alterations can have a long-term effect on red
drum spawning habitat.
Spawning is optimal within a specific range of temperatures. Climate change and resulting
temperature regime changes in spawning habitats could alter the timing of spawning and egg
development, which may be detrimental in a specific habitat area of concern. Such alterations in
phenology are recognized as such a threat to the survival of many species (USFWS 2011).
Significant climate change could alter current patterns and significantly change water
temperatures, affecting migration and spawning patterns, and larval survival (Hare and Able
2007; USFWS 2011).
1.4.3.2 Estuarine Spawning, Nursery, Juvenile and Subadult Habitat:
Condition and threats
Between 1986 and 1997, estuarine and marine wetlands nationwide experienced an estimated net
loss of 10,400 acres (Dahl 2000). The majority of this loss was from urban and rural activities
and the conversion of wetlands for other uses. Along the south Atlantic coast, Florida
experienced the greatest loss due to urban or rural development (Dahl 2000). In Tampa Bay,
3,250 acres of seagrass have been recovered between 2008 and 2010 (EPA 2011b).
Conditions of red drum estuarine habitats vary depending on the level of urbanization.
Generally, an estuarine environment closer to a highly developed urban area will exhibit
degradation when compared to the quality of estuarine habitat with less development of its
surrounding landscape. Runoff, waste, and sewage pollution of sensitive coastal environments
and can result in the proliferation of pathogens. Pathogens can result in lesions, developmental
issues, disease of major organs, and mortality in red drum and other fishes (Conway et al. 1991)
Red drum may exhibit a higher tolerance to bacteria with age, and antibody response also
increases as water temperature does (Evans et al. 1997). Atrazine, a widely used pesticide in the
United States, was exposed to red drum in low levels to test its’ affect on growth, behavior, and
survival of red drum. In laboratory experiments, using realistic doses of atrazine with respect to
runoff amounts, red drum larvae exhibited a 7.9% - 9.8% decrease in growth rate (Alvarez &
Fuiman 2005).
Nutrient enrichment of estuarine waters is a major threat to water quality and habitat available to
the red drum. In the southeast, forestry practices significantly contribute to nutrient enrichment,
as does pesticide use, fertilizers, and pollution runoff (ASMFC 2002; NSCEP 1993). Urban and
suburban development are the most immediate threat to red drum habitat in the southeast. Port
and marina expansion also impact the estuarine habitat important to red drum by pollution
contributed from stormwater originating from altered uplands and through alterations to
hydrodynamic flows and tidal currents. Watercraft operation can result in pollutant discharge,
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contributing to poor water quality conditions. Facilities supporting watercraft operations also
result in the alteration and destruction of wetlands, shellfish and other bottom communities
through construction activities. Motorized vehicles in Class A (< 16 ft) and Class 1 (16 to 25
feet) have seen major recreational growth in estuarine waterways (NMMA 2004). Operation of
watercraft equipped with outboard and inboard engines and propellers over shallow seagrass
communities can cause increased seagrass scarring (Sargent et al. 1995). Mining activities in
nearby areas can also pose a threat with nutrient and contaminant runoff, dredging material
deposition, and through alternations of the hydrology of the estuary.
Hydrologic modifications can negatively affect estuarine habitats. Aquaculture, mosquito
control, wildlife management, flood control, agriculture, and silviculture activities can result in
altered hydrology. Ditching, diking, draining, and impounding activities also qualify as
hydrologic modifications that can impact estuarine environments (ASMFC 2011). Alteration of
freshwater flows into estuarine areas may change temperature, salinity, and nutrient regimes as
well as wetland coverage. Studies have shown that alteration in salinity and temperature can
have profound effects in estuarine fishes (Serafy et al. 1997) and that salinity can dictate the
abundance and distribution of organisms residing in estuaries (Holland et al. 1996). Certain
areas in the southeast concern the maintenance and stabilization of coastal inlets. Construction
of groins and jetties has altered hydrodynamic regimes and in turn, transport of larvae of
estuarine dependent organisms through inlets (Miller et al. 1984; Miller 1988).
Shoreline erosion patterns can also affect the hydrodynamics and transport of larvae to estuarine
environments. Erosion has the potential to alter the freshwater flow into habitats essential for
egg, larval, and juvenile survival. Whether erosion is human-induced or naturally occurring,
nearshore habitats are consequently affected and eroded sediment is transported and deposited
elsewhere (ASFMC 2010). Beach nourishment activities can result in sedimentation in estuaries,
covering seagrass beds and other nearshore habitats, and causing water quality to deteriorate
(Green 2002; DEP 2011). Along the Atlantic coast, living shorelines are becoming a more
popular management strategy to control and minimize erosion (ASFMC 2010).
As with other red drum habitat, trawl fisheries represent a threat to estuarine habitat for this
species. In combination with the physical and biological effects identified in the Northeast
Region Essential Fish Habitat Steering Committee workshop proceedings (2002), trawling
activities and bivalve harvesting activities(oyster tonging, clam raking, clam kicking, etc.) can
severely damage seagrass systems (Stephan et al. 2000). Such activities can reduce the
productivity of estuarine red drum habitat and alter the ecology of this habitat. Forage species
abundance can diminish and movement patterns for red drum schools within the estuaries they
inhabit can be altered. Effects of these fishing gears can be ameliorated through effective
management strategies, such as exclusion of trawl fisheries from seagrass communities, but
without such management, the adverse effects of the fishery activities can be long-term.
Climate change has the potential to cause sea level rise, which could result in faster erosion of
certain nearshore areas and loss of shallow nursery habitats to inundation. Projections of global
sea level rise are from 18-59 cm by the year 2100, with an additional contribution from ice sheets
of up to 20 cm (IPCC 2007). In addition to sea level rise, climate change could alter the amount
of freshwater delivery and salinity levels in estuarine areas (USFWS 2011). Estuarine
environments are highly vulnerable to changes in climate, so any change in temperature regime
is also a concern. As temperature increases, the surface water in estuaries and marshes increases,
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which makes oxygen solubility more difficult (EPA 2011a) and can stress the environment. This
can also minimize saltwater and freshwater mixture, and affect nutrient supply by changing
hydrodynamics. Increases in carbon dioxide levels in ocean water, as a result of climate change,
causes rises in acidity and pH levels. Estuarine waters are vulnerable to acidification, but
seagrasses are particularly susceptible to changes in water column acidity (EPA 2011a).
Increases in temperature can also affect metabolism of seagrass (Evans et al. 1986, Marsh et al.
1986; Bulthuis 1987; Zimmerman et al. 1989b; Neckles and Short 1999), which alter the carbon
balance and nutrient cycle. Changes could result in alterations in species distribution and
abundance varying both geographically and spatially (McMillan 1984; Walker 1991).
1.4.3.3 Adult Habitat: Condition and Threats
While threats to adult red drum habitat exist, they are not as numerous as those faced by postlarvae, juveniles, and subadults in estuarine and coastal waters. According to the SAFMC
(1998) and ASMFC (2002), threats to both nearshore and offshore habitats that adult red drum
utilize in the south Atlantic include navigation management and related activities; dredging and
dumping of dredged material; mining for sand or minerals; oil and gas drilling and transport; and
commercial and industrial activities, and are similar to those for red drum coastal spawning
habitat as mentioned in section 1.4.3.1 above.
Currently, mineral mining activities in the South Atlantic are highly limited. Offshore mining has
the potential to pose a threat to adult red drum habitat in the future. Mining activities could alter
the hydrology, sediment landscape, and water quality of surrounding areas, affecting both fish
and their habitat, by causing sediment plumes or releasing metallic substances into the water
column (Halfar 2002).
A more immediate threat to red drum adult habitat is the mining of sand for beach nourishment
projects. Associated risks include burial of hard bottoms near mining or disposal sites,
contamination, and an increase in turbidity and hydrological alterations that could result in a
diminished habitat (Green 2002; Peterson and Bishop 2005).
Although adult red drum are euryhaline and eurythermal, drastic or sudden changes in salinity or
temperature can result in mortality (Gunter 1941; Buckley 1984). While climate change is not an
immediate threat, drastic fluctuations in seasonal temperature regimes and predicted extreme
weather events could potentially pose threats the future.
1.4.4 Habitat Bottlenecks
Red drum utilize all available estuarine and nearshore habitats throughout their life history.
Although regional habitat types, such as mesohaline SAV communities, might be limited locally,
red drum can use multiple habitat types at each stage of their development. There is no
supporting evidence that habitat is currently limiting to populations of red drum throughout their
range.
For example, oyster reefs are an important habitat to red drum at the juvenile and subadult life
stages. In South Carolina, the abundance of red drum is not limited by the availability or health
of oyster reef habitat, despite significant reductions of oyster reef habitat throughout the range of
the red drum population. Data from Georgia’s Marine Sportfish Health Survey (MSPHS)
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suggests over 80% of all juvenile red drum (< 375mm CL) captured since 2003 are associated
with shell/oyster habitat. In comparison, less than half of the stations sampled were associated
with shell. Since red drum use multiple habitat types at each stage of their development,
limitation of one habitat type does not necessarily reduce survival of that life stage’s cohort.
Creeks, tributaries, and estuaries are important habitats for red drum. Larval, juvenile, and
subadult red drum are particularly sensitive to pollution contributed by watershed scale human
activities. There is currently no evidence that chemical pollution is a limiting factor for juvenile
and subadult red drum. However, changes in hydrology due to watershed activities that alter
stormwater flow and sedimentation might restrict red drum larval recruitment both locally and
regionally. The potential for impact on larval red drum recruitment is dependent upon the scale
of stormwater change within the watershed and creek systems. Additionally, sediment
accumulation may alter SAV abundance and circulation patterns resulting in lower recruitment
into small creeks.
While these sensitive habitats have been identified as important to various life stages of red
drum, none of them are believed to currently limit the successful recruitment of red drum
individuals to regional stocks.
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Figure 2. Red drum habitat preference from Georgia DNR MSPHS. Total sets across habitat types from
2003-2012.

1.4.5 Ecosystem Considerations
Ecosystem management considerations for red drum include protection and enhancement of
habitat features, which can contribute to fish production, as well as consideration of how
harvesting one species may impact the focus species and the biotic communities both supporting
it, and which it supports.
The complexity of available habitat structure determines the ability of juvenile fish to avoid
predation (Crowder and Cooper 1982; Salvino and Stein 1982; Nelson and Bonsdorff 1990;
Heck et al. 1997; Minello and Stunz 2001). When available, seagrass environments serve as
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primary habitats for eggs and pelagic larvae and are also important to the juvenile stage of red
drum. Seagrass habitats provide multiple ecosystem services in addition to their function as
nursery systems (Constanza et al.1997; Heck et al. 2003), are highly productive environments
that are nutrient rich from detrital sources, and they produce suitable habitat for prey and
predators. Productivity outputs from seagrass habitats include carbon that enters coastal food
webs and into other physiochemical structural pathways (Heck et al. 2003). Maintenance and
restoration of seagrass habitats is beneficial to red drum by increasing nutrient and habitat
availability, and in turn, increasing growth and development rates for larvae and juvenile red
drum stages which have been previously described as a bottle-neck in determining regional
populations and the future survival of the species (Cushing 1975; Houde 1987; Rooker et al.
1999).
Marsh environments are also valuable habitats to the larval and juvenile life stages of red drum.
Red drum use tidal creeks from post-larval through sub-adult life stages. Seasonally, tidal
currents move and guide early life stages of red drum into new environments as they transition
from pelagic to juvenile stages. Under certain tidal conditions, water levels in marsh habitats
may be lower or remain higher than water levels of open water systems in estuaries, which
reduces water exchange and in turn affects physiochemical conditions, such as oxygen levels,
salinity, and temperature (Levin et al. 2001). In a closed environment, depleted oxygen levels
can lead to fish kills, which can either directly affect red drum, or indirectly affect local
populations by killing off much of their forage resource. Hypoxia can also lead to avoidance
behavior, relative to affected system, in addition to reduced growth and survival rates of local
populations of juvenile to sub-adult red drum (Pihl et al. 1991; Eby and Crowder 2002; Thornson
and Quigg 2008; Bacheler et al. 2009a). Red drum are susceptible to harmful algal blooms in
estuarine environments, which can be due to elevated nutrient levels and can cause anoxic water
column conditions. (Steidinger et al. 1998; Adams et al. 2011). Because red drum have shown
some selectivity in salinity and temperature levels in the waters they inhabit (Neill 1987; Holt et
al. 1981), reduced water exchange in marsh habitats may affect pelagic life stages.
In estuarine habitats, red drum growth and survival may suffer from sub-lethal effects due to
anthropogenic degradation of water quality (Adams et al. 2011). Beckwith et al. (2006)
concluded that, in low-salinity years, poorer water quality has a greater impact and can result in
higher egg mortality. Bacheler et al. (2009a) collected 5,961 red drum in Pamilco Sound, North
Carolina, where age-1 red drum were in greatest abundance at low (0 to 8 psu) or high (20 to 30
psu) salinities while the lowest catches occurred in moderate salinities (10 to 15 psu). Age-1 red
drum were also most abundant in bottom habitats where there was algae, detritus, and shell, but
lowest in areas with seagrass. Along the Outer Banks, North Carolina, however, higher catches
of red drum were made in seagrass areas, suggesting that shallow, nearshore areas may provide
subadults with a greater amount of foraging opportunities (Ross and Epperly 1986; Ruiz et
al.1993; Miltner et al. 1995; Craig and Crowder 2000; Bacheler et al. 2009a). Inhabiting
nearshore areas may also minimize predation, because predators of the red drum, such as
bottlenose dolphins (Turisops trucatus), primarily occur in deeper waters (Gannon 2003;
Bacheler et al. 2009a).
Regarding biotic factors, growth and survival rates of red drum larvae are similar to other marine
fishes in that they are associated with prey availability (G.J. Holt, unpublished data; Rooker et al
1999). In Minello’s et al.’s experiment (2001), wild-caught red drum had higher average
predation rates in non-vegetated mesocosms than in areas sampled with oyster reefs. Predation
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rates in seagrass and marsh systems were intermediate when compared to these other habitats
and experimental conditions. Hatchery-reared red drum showed little difference in mortality
rates among these different habitats when released and subsequently sampled from them.
Because of the complex physical structure provided, oyster reefs have the potential to provide
better sheltering habitat for red drum, and thereby minimize predation. If oyster reefs provided a
substantial enough advantage in protection from predation for red drum living in this habitat,
more juveniles would survive the life stage associated with use of this habitat. This could result
in an increase in individuals reaching reproductive maturity, which would positively affect the
reproductive standing stock of regional populations recruiting individuals from this habitat.
Research has concluded that oyster reefs provide more protection from predators to juveniles
than seagrasses, marshes, or non-vegetated sand (Levin et al. 2001). Recruiting population
vulnerability to depredation generally decreases as habitat complexity increases (Heck and Orth
1980; Levin et al. 2001).
Oyster reefs can also provide benthic-pelagic coupling (Hare and Maranick, 2007; ASMFC
2007b). Feeding activities by the oysters can cause a reduction in water column turbidity, which
generally has a positive impact on submerged aquatic vegetation by allowing a higher degree of
ambient light penetration in the water column. In addition to increasing water quality, oyster
reefs reduce erosion (ASMFC 2007b), which can threaten estuarine habitats with sediment
smothering, and baffle tidal currents that carry pelagic larvae into upper reaches of estuarine
rivers.
Invasive species indirectly pose a potential threat to red drum by displacing or minimizing the
populations of native species of animals and plants, which can alter the trophic structure of red
drum communities, prey availability, and predator behavior dynamics. While red drum are
considered a predatory fish, juveniles, eggs, and larvae may be adversely affected if they are
directly displaced or if food sources upon which they depend are displaced by an invasive
species or suite of species.
In south Texas estuarine habitats, spatial and temporal variation in meiofaunal prey density is
common, so seasonal trends in prey abundance may affect early life survival of red drum
(Rooker et al 1999). Predator suites also vary spatially and temporally, and abundance may be a
factor in survival. Post-settlement red drum are often exposed to a large variety of predators
with a shifting abundance and distribution in seagrass meadows (Rooker et al. unpublished data;
Rooker et al. 1999). Predators inhabiting seagrass meadows are capable of consuming large
numbers of red drum, which can result in prey and predator density fluctuations critical to the
survival of red drum in the egg and larval stages (Rooker et al. 1998a).

14

Literature Cited:
Adams, D. H., R. H. Lowers, E. A. Reiyer, and D. M. Scheidt. 2011. Movement patterns of adult
red drum, Sciaenops ocellatus, in shallow Florida lagoons as inferred through
autonomous acoustic telemetry. Environmental Biology of Fishes. Vol. 90, No. 4:343–
360.
Alvarez, M. C. and L. A. Fuiman. 2005. Environmental levels of atrazine and its degradation
products impair survival skills and growth of red drum larvae. Aquatic Toxicology 74:
229-241.
ASMFC. 2002. Amendment 2 to the Interstate Fishery Management Plan for Red Drum; Fishery
Management Report No. 38 of the Atlantic States Marine Fisheries Commission.
ASMFC. pp.69-75.
ASMFC. 2007b. The Importance of Habitat Created by Molluscan Shellfish to Managed Species
along the Atlantic Coast of the United States. Atlantic States Marine Fisheries
Commission, Washington, D.C.
ASMFC. 2010. Living Shorelines: Impacts of Erosion Control Strategies on Coastal Habitats.
Atlantic States Marine Fisheries Commission, Washington, D.C.
ASMFC. 2011. Spotlight on Habitat Restoration Projects: Oyster Reefs and Mosquito Ditches.
Atlantic States Marine Fisheries Commission, Washington, D.C.
ASMFC-Habitat Committee. 2012. Offshore wind in my back yard? Draft ASMFC technical
information document. 6 p.
Bacheler, N. M., Paramore, L.M., Buckel, J.A., and J.E. Hightower,. 2009a. Abiotic and biotic
factors influence the habitat use of an estuarine fish. Mar Ecol Prog Ser. 377: 263-277.
Bacheler, N. M., Paramore, L.M., Burdick, S.M., Buckel, J.A., and J.E. Hightower. 2009b.
Variation in movement patterns of red drum Sciaenops ocellatus inferred from
conventional tagging and ultrasonic tracking.” Fishery Bulletin. 107, 405-419.
Ballachey, B.E., J.L. Bodkin, D. Esler, D.B. Irons, C.H. Peterson, S.D. Rice, and J.W. Short.
2003. Review: Long-Term Ecosystem Response to the Exxon Valdez Oil Spill. Science.
Vol. 302.
Baltz, D.M., J.W. Fleeger, C.F. Rakocinski and J.N. McCall. 1998. Food, density, and
microhabitat: factors affecting growth and recruitment potential of juvenile saltmarsh
fishes. Environ. Biol. Of Fish. 53: 89-103.
Bass, R.J. and J.W. Avault, Jr. 1975. Food habit, length-weight relationship, condition factor,
and growth of juvenile red drum, Sciaenops ocellatus, in Louisiana. Trans. of the Am.
Fish. Soc. 104(1): 35-45.
Beaumarriage, D.S. 1969. Returns from the 1965 Schlitz tagging program, including a
cumulative analysis of previous results. Florida DNR Tech. Series 59: 1-38.
Beck, M.W., K.L. Heck, K.W. Able, D.L. Childers, D.B. Eggleston, B.M. Gillanders, B.
Halpern, C.G. Hays, K. Hoshino, T.J. Minello, R.J. Orth, P.F. Sheridan, and M.P.
Weinstein. 2001. The identification, conservation, and management of Estuarine and
Marine Nurseries for Fish and Invertebrates. BioScience 51(8):633–641.

15

Beckwith, A.B., G.H. Beckwith, Jr., and P.S. Rand. 2006. Identification of critical spawning
habitat and male courtship vocalization characteristics of red drum, Sciaenops ocellatus,
in the lower Neuse River estuary of North Carolina. North Carolina Sea Grant Fishery
Research Grant Program, Final Report 05-EP-05. 39 p.
Buckley, J. 1984. Habitat Suitability Index Models: Larval and Juvenile Red Drum. U.S. Fish
and Wildlife Service. pp. 1-25.
Bulthuis, D.A. 1987. Effects of temperature on photosynthesis and growth of seagrasses. Aquat.
Bot. 27, 27-40.
Collier, T.K., J.P. Incardona, and N. L. Scholz. 2010. Oil spills and fish health: exposing the
heart of the matter. Environmental Conservation Division, Northwest Fisheries Science
Center, National Oceanic and Atmospheric Administration (NOAA), Seattle,Washington,
USA. Journal of Exposure Science and Environmental Epidemiology.
Comyns, B.H., J. Lyczkowski-Shultz, D.L. Nieland, and C.A.Wilson. 1991. Reproduction of red
drum, Sciaenops ocellatus, in the Northcentral Gulf of Mexico: seasonality and spawner
biomass. U.S. Dep. Commer., NOAA Tech. Rep. NMFS 95: 17–26.
Conway, P.L., S. Kjelleberg, J.C. Olsoon, and A. Westerdahl. 1991. Isolation and
Characterization of Turbot (Scophtalmus maximus)- Associated bacteria with inhibitory
effects against Vibrio anguillarum. Applied and Environmental Microbiology. Vol 57,
No. 8 p. 2223-2228.
Costanza, R, R. d’Arge, R. De Groot, S. Fraber, M. Grasso, B. Hannon, K. Limburg, S. Naeem,
R. V. O’Neill, J. Paruelo, R.G. Raskin, P. Sutton, and M.Van Den Belt. 1997. The value
of the world‘s ecosystem services and natural capital. Nature 387:253–260.
Craig, J.K., and L.B. Crowder. 2000. Factors influencing habitat selection in fishes with a review
of marsh ecosystems. In: Weinstein MP, Kreeger DA (eds) Concepts and controversies in
tidal marsh ecology. Kluwer Academic Publishers, Dordrecht, p 241-266
Crowder, L.B., and W.E. Cooper. 1982. Habitat structural complexity and the interaction
between bluegills and their prey. Ecology 63, 1813–1892.
Cushing, D.H. 1975. Marine ecology of fisheries. Cambridge University Press, Cambridge. Pp.
278
Daniel, III, L.B. 1988. Aspects of the biology of juvenile red drum, Sciaenops ocellatus, and
spotted seatrout, Cynoscion nebulosus, (Pisces: Sciaenidae) in South Carolina. M.S.
Thesis. College of Charleston, Charleston, SC. 58p.
Dahl, T.E. 2000. Status and trends of wetlands in the conterminous United States 1986 to
1997.U.S. Dept. of Interior, USFWS, Washington, DC. 81p.
DEP. 2011. Seagrass Conservation Issues. Florida Department of Environmental Protection.
Retrieved February 29, 2012 from
<http://www.dep.state.fl.us/coastal/habitats/seagrass/issues.htm>.
DONG. 2006. Danish offshore wind key environmental issues. DONG Energy, Vattenfall, The
Danish Energy Authority and the Danish Forest and Nature Agency. 142 p.
EPA. 2011a. How will Climate change affect Victorian Estuaries? Environment Protection
Authority of Victoria, Australia. Publication No. 1389.
16

EPA. 2011b. Estuaries and Coastal Watersheds. United States Environmental Protection Agency.
Retrieved February 22, 2012, from
<http://water.epa.gov/type/oceb/nep/challenges.cfm#hydro>.
Eby, LA, and L.B. Crowder. 2002. Hypoxia-based habitat compression in the Neuse River
Estuary: context-dependent shifts in behavioral avoidance thresholds. Can J Fish Aquat
Sci 59:952-965
Evans, A.S., K.L. Webb, and P.A. Penhale. 1986. Photosynthetic temperature acclimation in two
coexisting seagrasses Zostera marina and Ruppia maritima. Aquat. Bot. 24, 185-198.
FWCC. 2008. Red Drum, Sciaenops ocellatus Stock Assessment. Florida Fish and Wildlife
Conservation Commission: Red Drum 61.
FWCC. 2012. Conservation: Saltwater Programs: Artificial Reefs. Florida Fish and Wildlife
Conservation Commission.
Gannon, D.P. 2003. Behavioral ecology of an acoustically mediated predator-prey system:
bottlenose dolphins and sciaenid fishes. PhD dissertation, Duke University, Durham, NC
Green, K. 2002. Beach nourishment: a review of the biological and physical impacts. ASMFC
Habitat Management series #7. 174 p.
Gunter, G. 1941. Death of fishes to cold on the Texas cost, January, 1940. Ecology 22(2): 203208.
Halfar, J. 2002. Precautionary Management of Deep Sea Mining. Marine Policy 26(2): 103-106.
Hare, J. A. and K.E. Marancik. 2007. Large Scale Patterns in Fish Trophodynamics of Estuarine
and Shelf Habitats of the Southeast United States. Bulletin of Marine Science, 80(1): 6791.
Hare, J. A., and K. W. Able. 2007. Mechanistic links between climate and fisheries along the
east coast of the United States: explaining population outbursts of Atlantic croaker
(Micropogonias undulatus). Fisheries Oceanography 16: 31-45.
Heck, K.L., and R.J. Orth. 1980. Seagrass habitats: the roles of habitat complexity, competition
and predation in structuring associated fish and motile macroinvertebrate assemblages.
pp. 449–464. In: V.S. Kennedy (ed.) Estuarine Perspectives, Academic Press, New York.
Heck, K., D.A. Nadeau, and R. Thomas. 1997. The nursery role of seagrass beds. Gulf Mex. Sci.
15, 50–54.
Heck, K.L., G. Hays, and R.J. Orth. 2003. Critical evaluation of the nursery role hypothesis for
seagrass meadows. Mar. Ecol. Prog. Ser. 253: 123-136.
Holland, A.F., G.H.M. Riekerk, S.B. Lerberg, L.E. Zimmerman, D.M. Sanger, G.I. Scott and
M.H. Fulton. 1996. Assessment of the impact of watershed development on the nursery
functions of tidal creek habitats. In: G.S. Kleppel and M.R. DeVoe (eds.) The South
Atlantic Bight land use – coastal ecosystems study (LU-CES), pp. 28-31. Univ. of
Georgia Sea Grant and S.C. Sea Grant Program. Report of a planning workshop.
Holt, J., R. Godbout and C. Arnold. 1981. Effects of temperature and salinity on egg hatching
and larval survival of red drum Sciaenops ocellata. Fish. Bull. 79(3): 569-573.

17

Holt S.A., C.L. Kitting, C.R. Arnold. 1983. Distribution of young red drums among different
sea-grass meadows. Trans Am Fish Soc 112:267–271.
Holt, G.J., S.A. Holt and C.R. Arnold. 1985. Diel periodicity of spawning in sciaenids. Mar.
Ecol. Prog. Ser. 27: 1-7.
Holt, S.A., G.J. Holt and C.R. Arnold. 1989. Tidal stream transport of larval fishes into nonstratified estuaries. Rapports du Conseil International pour l'Exploration de la Mer 191:
100-104.
Houde ED. 1987. Fish early life dynamics and recruitment variability. Am Fish Soc Symp 2:17–
29.
IPCC (Intergovernmental Panel on Climate Change). 2007. “Climate Change 2007: The physical
science basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change.” eds S Solomon, D Qin, M Manning,
ZChen, M Marquis, KB Averyt, M Tignor and HL Miller. Cambridge University Press,
United Kingdom and New York, pp. 996.
Incardona J.P., Collier T.K., and Scholz N.L. Defects in cardiac function precede morphological
abnormalities in fish embryos exposed to polycyclic aromatic hydrocarbons. Toxicol Appl
Pharmacol 2004: 196: 191–205.
Incardona J.P., M.G. Carls, H. Teraoka, C.A. Sloan, T.K. Collier, and N.L. Scholz. Aryl
hydrocarbon receptor–independent toxicity of weathered crude oil during fish
development. Environ Health Perspect 2005: 113: 1755–1762.
Incardona J.P., M.G. Carls, H.L. Day, C.A. Sloan, J.L. Bolton, T.K. Collier. Cardiac arrhythmia
is the primary response of embryonic Pacific herring (Clupea pallasi) exposed to crude
oil during weathering. Environ Sci Technol 2009: 43: 201–207.
Ingle RM, RF Hutton, and RW Topp. 1962. Results of the tagging of salt water fishes in Florida.
Fla Dept Nat Resour Mar Res Lab Tech Ser. No. 38:1–55
Irlandi, E. and B. Arnold. 2008. Assemessment of nourishment impoacts to beach habitat
indicator species. Final report to the Florida Fish and Wildlife Conservation Commission
for grant agreement No. 05042. 39 p. + tables and figures.
Jannke, T. 1971. Abundance of young sciaenid fishes in Everglades National Park, Florida, in
relation to season and other variables. University of Miami Sea Grant Technical Bulletin
No. 11, 127p.
Johnson, D.R. and N.A. Funicelli. 1991. Estuarine spawning of the red drum in Mosquito
Lagoon on the east coast of Florida. Estuaries 14: 74-79.
Johnson, G.D. 1978. Development of fishes of the mid-Atlantic Bight. An atlas of egg, larval and
juvenile stages. Vol IV. U.S. Fish and Wildlife Service, Biological Services Program.
FSW/OBS-78/12: 190-197.
Julien, N., R.S. McBride, and H.M. Patterson. 2004. Population structure of red drum (Sciaenops
ocellatus) as determined by otolith chemistry. Mar. Bio. 144: 855-862.
Levin S.P., T.J. Minello, and G.W. Stunz. 2001. Selection of estuarine nursery habitats by wildcaught and hatchery-reared juvenile red drum in laboratory mesocosms. Environmental
Biology of Fishes 61: 305-31.
18

Luczkovich, J. J., H. J. Daniel, III, and M. W. Sprague. 1999. Characterization of critical
spawning habitats of weakfish, spotted seatrout and red drum in Pamlico Sound using
hydroplane surveys. Completion Report, F-62, NC Division of Marine Fisheries,
Morehead City, NC. 128 p.
Lyczkowski-Shultz, J. and J.P. Steen, Jr. 1991. Diel vertical distribution of red drum Sciaenops
ocellatus larvae in the northcentral Gulf of Mexico. Fish. Bull. 89: 631-641.
Mansueti, R.J. 1960. Restriction of very young red drum, (Sciaenops ocellata) to shallow
estuarine waters of the Chesapeake Bay during late autumn. Chesapeake Science 1: 207210.
Marks, R.E., Jr. and G.P. DiDomenico. 1996. Tagging studies, maturity, and spawning
seasonality of red drum (Sciaenops ocellatus) in North Carolina. Completion Report
Grant F-43, 1-39.
Marsh Jr., J.A., W.C. Dennison, and R.S. Alberte. 1986. Effects of temperature on
photosynthesis and respiration in eelgrass (Zostera marina L.). J. Exp. Mar. Biol. Ecol.
101, 257-267.
McGovern, J.C. 1986. Seasonal recruitment of larval and juvenile fishes into impounded and
non-impounded marshes. MS Thesis. College of Charleston, Charleston, SC.
Mercer, L.P. 1984. A biological and fisheries profile of red drum, Sciaenops ocellatus. North
Carolina Department of Natural Resources and Community Development, Special
Scientific Report No. 41, 89p.
McMillan, C., 1984. The distribution of tropical seagrasses with relation to their tolerance of
high temperatures. Aquat. Bot. 19, 369-380.
Miles, D.W. 1950. The life histories of spotted seatrout, Cynoscion nebulosus, and the redfish,
Sciaenops ocellatus. Texas Game, Fish and Oyster Commission, Marine Laboratory
Annual Report (1949-1950): 66-103
Miller, J.M. 1988. Physical processes and the mechanisms of coastal migrations of immature
marine fishes. in: M.P. Weinstein (ed.) Larval fish and shellfish transport through inlets,
pp. 68-76. American Fisheries Society, Bethesda, MD.
Miller, J.M., J.P. Read and L.J. Pietrafesa. 1984. Pattern, mechanisms and approaches to the
study of migrations of estuarine-dependent fish larvae and juveniles. In: McCleave,
J.D.,G.P. Arnold, J.J. Dodson and W.H. Neill (eds.) Mechanisms of migrations in fishes.
Plenum Press, NY.
Miltner RJ, S.W. Ross, and M.H. Posey. 1995. Influence of food and predation on the depth
distribution of juvenile spot (Leiostomus xanthurus) in tidal nurseries. Can J Fish Aquat
Sci 52:971-982.
Minello, T. J. and G.W. Stunz. 2001. Habitat-related predation on juvenile wild-caught and
hatchery-reared red drum Sciaenops ocellatus (Linnaeus). J. Exp. Mar. Biol. Ecol. 260:
13-25.
Murphy, M.D. and R.G. Taylor. 1990. Reproduction, growth and mortality of red drum,
Sciaenops ocellatus in Florida waters. Fish. Bull. 88(4): 531-542.

19

Music, J.L., Jr. and J.M. Pafford. 1984. Population dynamics and life history aspects of major
marine sportfishes in Georgia's coastal waters. Georgia DNR, Coastal Resources
Division. Technical Report 38. 382p.
NSCEP (National Service Center for Environmental Publications). 1993. Nutrient Enrichment
action Agenda (3.2) For the Gulf of Mexico.
National Marine Manufacturers Association (NMMA). 2004. 2002 U.S. Recreational Boat
Registration Statistics. National Marine Manufacturers Association, Market Statistics
Department, Chicago, Illinois.
Neckles, H.A. and F.T. Short. 1999. The effects of global climate change on seagrasses. Aquatic
Botany 63: 169-196.
Neill, W.H. 1987. Environmental requirements of red drum. In: Chamberlain, G.W. (ed) Manual
on Red Drum Aquaculture. Preliminary draft of invited papers presented at the
Production Shortcourse of the 1987 Red Drum Aquaculture Conference on 22-24 June,
1987 in Corpus Christi, Texas. Texas A & M University, College Station, TX. 396p.
Neill, W. H., T. S. Brandes, B. J. Burke, S. R. Craig, L. V. Dimichele, K. Duchon, R. E.
Edwards, L. P. Fontaine, D. M. Gatlin III, C. Hutchins, J. M. Miller, B. J. Ponwith, C. J.
Stahl, J. R. Tomasso, and R. R. Vega. 2004. Ecophys.Fish: a simulation model of fish
growth in time-varying environmental regimes. Rev. Fish. Sci. 12:233–288.
Nelson, W.G., and E. Bonsdorff. 1990. Fish predation and habitat complexity: are complexity
thresholds real? J. Exp. Mar. Biol. Ecol. 141, 183–194.
Nelson, D.M., E.A. Irlandi, L.R. Settle, M.E. Monaco and L. Coston-Clements. 1991.
Distribution and abundance of fishes and invertebrates in southeast estuaries. ELMR
Report No. 9, NOAA/NOS Strategic Environmental Assessments Division, Silver Spring,
MD. 167p.
Nicholson, N. and S.R. Jordan. 1994. Biotelemetry study of red drum in Georgia. Georgia DNR,
Brunswick, GA. 64p.
NOAA. 2008. Revised Environmental Assessment for the Action to Repeal the Federal Atlantic
Coast Red Drum Fishery Management Plan and Transfer Secretarial Authority to
Regulate the Harvest and Possession of Red Drum in and from Federal Waters of the
U.S. Atlantic from the South Atlantic Fishery Management Council under the MagnusonStevens Fishery Conservation and Management Act to the Atlantic Coastal Fisheries
Cooperative Management Act.
Northeast Region Essential Fish Habitat Steering Committee. 2002. Workshop on the effects of
fishing gear on marine habitats off the northeastern United States, October 23-25, 2001,
Boston, Massachusetts. Northest Fish Sci. Cent. Ref. Doc. 02-01; 86 p.
OEER. 2008. Funder tidal energy strategic environmental assessment final report. Nova Scotia
Department of Energy. Halifax, Nova Scotia. 83 p.
Osburn HR, Matlock GC, Green AW. 1982. Red drum (Sciaenops ocellatus) movement in Texas
bays. Contrib Mar Sci 25:85–97
Overstreet, R.M. 1983. Aspects of the biology of the red drum, Sciaenops ocellatus, in
Mississippi. Gulf Res Rep Suppl 1:45–68.

20

Pafford J.M., A.G. Woodward, and N. Nicholson. 1990. Mortality, movement and growth of red
drum in Georgia. Final report. Georgia Department of Natural Resources, Brunswick, p
85.
Pattillo, M.A., T.E. Czapla, D.M. Nelson, and M.E. Monaco. 1997. Distribution and abundance
of fishes and invertebrates in Gulf of Mexico estuaries. Volume II: Species life history
summaries. ELMR Per. No. 11. NOAA/NOS Strategic Environmental Assessments
Division. Silver Spring, MD, 377 pp.
Pearson, J.C. 1929. Natural history and conservation of the redfish and other commercial
sciaenids on theTexas coast. Bull. U.S. Bureau of Fish. 44: 129-214.
Peters, K.M. and R.H. McMichael. 1987. Early life history of the red drum, Sciaenops ocellatus
(Pisces: Sciaenidae), in Tampa Bay, Florida. Estuaries 10(2): 92-107.
Peterson, C.H. and M.J. Bishop. 2005. Assessing the environmental impacts of beach
nourishment. Bioscience. 55:10 p. 887
Pihl, L., S.P. Baden, and R.J. Diaz. 1991. Effects of periodic hypoxia on distribution of
demersalfish and crustaceans. Mar Biol 108:349-360
Renkas, B.J. 2010. Description of periodicity and location of red drum (Sciaenops ocellatus)
spawning in Charleston Harbor, South Carolina. M.S. Thesis. College of Charleston,
Charleston, SC. 41p.
Rooker, J.R. and S.A. Holt. 1997. Utilization of subtropical seagrass meadows by newly settled
red drum Sciaenops ocellatus: patterns of distribution and growth. Marine Ecology
Progress Series 158: 139-149.
Rooker, J. R., G. J. Holt, and S. A. Holt. 1998 (a). Vulnerability of newly settled red drum
(Sciaenops ocellatus) to predatory fish: is early survival enhanced by seagrass meadows?
Mar. Biol. 131:145–151.
Rooker, J.R., S.A. Holt, M.A. Sota and G.J. Holt. 1998 (b). Postsettlement patterns of habitat use
by sciaenid fishes in subtropical seagrass meadows. Estuaries 21: 315–324.
Rooker, J.R., S.A. Holt, G.J. Holt, and L.A. Fuiman. 1999. Spatial and temporal variability in
growth, mortality, and recruitment potential of postsettlement red drum, Sciaenops
ocellatus, in a subtropical estuary. Fish. Bull. 97:581−590.
Ross, S.W., and S.P. Epperly. 1986. Utilization of shallow estuarine nursery areas by fishes:
Pamlico Sound adjacent tributaries, North Carolina. In: Yanez-Arancibbia A (ed) Fish
community ecology in estuaries and coastal lagoons: towards an ecosystem integration.
UNAM Press, Mexico, p 207-232
Ross, J.L. and T.M. Stevens. 1992. Life history and population dynamics of red drum (Sciaenops
ocellatus) in North Carolina waters. Marine Fisheries Research. Completion Report,
Project F-29. North Carolina DMF, Morehead City, NC.
Ruiz, G.M., A.H. Hines, and M.H. Posey. 1993. Shallow water as a refuge habitat for fish and
crustaceans in non-vegetated estuaries: an example from Chesapeake Bay. Mar Ecol
Prog Ser 99:1-16

21

SAFMC. 1998. Habitat plan for the South Atlantic region: essential fish habitat requirements for
fishery management plans of the South Atlantic Fishery Management Council. SAFMC,
Charleston, SC. 457p. + appendices.
Salvino, J.F., and R.A. Stein. 1982. Predator-prey interaction between largemouth bass and
bluegills as influenced by simulated, submerged vegetation. Trans. Am. Fish. Soc. 111,
255–266.
Sargent, F.J., T.J. Leary, D.W. Crewz, and C.R. Kruer. 1995. Scarring of Florida’s seagrasses:
assessment and management options. FMRI Tech Rep. TR-1. Florida Marine Research
Institute, St. Petersburg, Florida. 37 p. plus appendices.
Serafy, J.E., K.C. Lindeman, T.E Hopkins and J.S. Ault. 1997. Effects of freshwater canal
discharges on subtropical marine fish assemblages: field and laboratory observations.
Mar. Ecol. Prog. Ser. 160: 161-172.
Setzler, E.M. 1977. A quantitative study of the movement of larval and juvenile Sciaenidae and
Engraulidae into the estuarine nursery grounds of Doboy Sound, Sapelo Island, Georgia.
MS Thesis. University of Georgia.
Simmons, E.G., and J.P. Breuer. 1962. A strudy of redfish, Sciaenops ocelleta (Linnaeus), and
black drum, Pegonias cromis (Linnaeus). Publ. Inst. Mar. Sci. Univ. Tex. 8:184-211.
Steidinger KA, Landsberg JH, Truby EW, Roberts BS. 1998. First report of Gymnodinium
pulchellum (Dinophceae) in North America and associated fish kills in the Indian River,
Florida. J Phycol 34:431–437.
Stephan, D.C., R.L. Peuser, and M.S. Fonseca. 2000. Evaluating fishing gear impacts to
submerged aquatic vegetation and determining mitigation strategies. Atlantic States
Marine Fisheries Commission Habitat Management Series # 5. Washington, D.C.
Struthsaker, P. 1969. Demersal fish resources: composition, distribution and commercial
potential of the continental fish stocks off southeastern United States. Fishery Industrial
Research 4(7): 261-300.
Thronson A., and Quigg, A. 2008. Fifty-five years of fish kills in coastal Texas. Estuaries Coasts
31:802–813.
USFWS (U.S. Fish and Wildlife Service). 2011. National fish, wildlife and plants climate
adaptation strategy. Washington, D.C. 153 p.
Vernberg, F. J., W. B. Vernberg, D. E. Porter, G. T. Chandler, H. N. McKellar, D. Tufford, T.
Siewicki, M. Fulton, G. Scott, D. Bushek and M. Wahl. 1999. Impact of coastal
development on land-coastal waters. Pages 613-622 in E. Ozhan, editor. Land-ocean
interactions: Managing coastal ecosystems. MEDCOAST, Middle East Technical
University, Ankara, Turkey.
Walker, D.I., 1991. The effect of sea temperature on seagrasses and algae on the Western
Australian coastline. J.Roy. Soc. WA 74, 71-77.
Wanless, H.R., 2009. A history of poor economic and environemental renourishment decisions
in Broward County, Florida, in Kelley, J.T., Pilkey, O.H., and Cooper, J.A.G., eds.,
America’s Most Vulnerable Coastal Communities: Geological Society of America
Special Paper 460, p. 111-119.

22

Weinstein, M.P. 1979. Shallow marsh habitats as primary nurseries for fishes and shellfish, Cape
Fear, North Carolina. Fish. Bull. 77(2): 339-357.
Wenner, C.A., W.A. Roumillat, J. Moran, M.B. Maddox, L.B. Daniel III, and J.W. Smith. 1990.
Investigations on the life history and population dynamics of marine recreational fishes in
South Carolina: Part 1. South Carolina DNR, Marine Resources Research Institute, Final
Report Project F-37, 179p.
Wenner, C. 1992. Red Drum: Natural History and Fishing Techniques in South Carolina. Marine
Resources Research Institute. Report No. 17
Wenner, C. 2004. Red Drum. Natural History and Fishing Techniques in South Carolina.
South Carolina Department of Natural Resources, Marine Resources Research Institute,
Charleston, South Carolina. Educational Report No. 17. 44 pages.
Woodward, A.G. 1994. Tagging studies and population dynamics of red drum in coastal
Georgia. Final Report. Georgia Department of Natural Resources, Brunswick, GA. 71p.
Yokel, B. 1966. A contribution to the biology and distribution of the red drum, Sciaenops
ocellata. MS Thesis. University of Miami, Miami, FL. 166p.
Zimmerman, R., T. Minello, R. Baumer, and M. Castiglione. 1989a. Oyster reef as habitat for
estuarine macrofauna. NOAA Technical Memorandum – NMFS-SEFC-249.
Zimmerman, R.C., R.D. Smith, and R.S. Alberte. 1989b. Thermal acclimation and whole-plant
carbon balance in Zostera marina L. (eelgrass). J. Exp. Mar. Biol. Ecol. 130, 93-109

23

