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The American shad, Alosa sapidissima (Wilson 1811), belongs to the herring family, Clupeidae.
It is the largest Atlantic Coast member of the family, with females in South Carolina reaching
about 66 cm (26 inches) total length (TL). Sexually mature female American shad, often called
roe shad because of the large, highly prized ovaries, rarely attain more than 3 kg (7 pounds).
Mature male shad, or bucks, are generally smaller than females, rarely exceeding 2 kg (4.5
pounds). American shad, like other alosines and most members of the Clupeidae, are laterally
compressed, with relatively large scales. Scales on the midline of the underside form sharp
scutes that produce a saw-toothed ridge. Coloration is dark bluish, greenish or bronze on the
back, silvery on the sides and white below, and varies depending on color and turbidity of water.
The mouth is near the midline of the snout, and a series of several dark spots usually extends
backward to below the dorsal fin from near the operculum and pectoral fin. The fins are dark
and without spines and the tail is deeply forked.
Most shad spawning in South Carolina are between three and six years old, with males averaging
about a year less than females. Shad migrate several hundred miles or kilometers inland in large
river basins and arrive in South Carolina from mid-January through mid-May. Peak spawning
activity is water temperature dependent, but generally occurs during March and April. Shad are
sequential or batch spawners, with groups of eggs released as the fish move upriver. Eggs are
semi-buoyant and drift in the water column when flows and depth are appropriate. Eggs usually
hatch within a few days into tiny larvae that soon transform into juveniles. Juveniles closely
resemble adults, but are generally more silvery, typically reaching only 10 to 12 cm (4 to 5
inches) TL before they move toward the ocean to complete growth and maturation, usually after
about one year of development in the rivers, sounds and bays. However, some juveniles remain
within the Santee-Cooper Lakes at least until the summer of their second year, presumably
because of difficulties in using out-migration options, some of which are not functional when
outflows are limited due to low lake levels (D. Cooke, SCDNR, pers. comm., 2005).
Juvenile American shad feed primarily on small invertebrates, including insect larvae and
zooplankton. Adult shad prefer larger zooplankton and rarely feed while in freshwater as they
are thought to die after their initial spawning run. Both outmigrating juveniles and adults that
survive spawning generally move into the Atlantic and migrate into coastal areas of Maine and
southern Canada, where they mingle with shad from all Atlantic populations and prey primarily
on abundant zooplankton. By fall, the vast conglomerate population migrates south and
overwinters off the Mid-Atlantic States. Sexually mature fish then disperse up or down the coast
to their respective rivers as late winter and spring water temperatures moderate and become ideal
for spawning (Neves and Depres 1979; McCord et al. 1987).

The hickory shad, Alosa mediocris (Mitchill
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1814), also belongs to the herring family,
Clupeidae. It is smaller than the American
shad, with females in South Carolina
reaching about 55 cm (22 inches) TL.
Sexually mature female hickory shad, often
called roe jacks, also carry highly prized
ovaries, but rarely attain more than 2 kg (4.5 pounds). Adult male hickory shad are usually
smaller than females, rarely exceeding 1 kg (2.2 pounds). Hickory shad are shaped much like
American shad and also have large scales. General coloration is greenish or bronze on the back,
silvery on the sides and white below. A small, indistinct spot can usually be seen beneath each
lateral scale. The mouth is nearer the top of the snout than in American shad. Several dark spots
usually extend backward to below the dorsal fin from near the operculum and pectoral fins. The
fins are dark and spineless and the tail is deeply forked. Juvenile hickory shad resemble adults,
but are less distinctively marked. Juveniles usually emigrate from inland habitats by early winter
at approximately 15 cm (6 inches) TL. Larval and smaller juvenile fishes are primary dietary
items for juvenile hickory shad.
Adult hickory shad migrate and spawn earlier than American shad and blueback herring; hickory
shad move inland from December through mid-April. Peak spawning for hickory shad in South
Carolina is during February and early March. Hickory shad typically spawn along channel edges
of tidally influenced freshwater river reaches, usually within 80 km (50 miles) of the ocean.
Otherwise, the general life cycle is similar to the American shad. However, most hickory shad
are believed to survive after spawning, presumably because they feed primarily on small fishes
that are generally available in inland habitats. Hickory shad apparently concentrate farther south,
principally from Delaware Bay to New England coastal inlets, where they feed primarily on
small fishes (ASMFC 1999).
The blueback herring, Alosa aestivalis (Mitchill 1814), is the smallest alosine in the Southeast.
Adult female blueback herring in South Carolina reach about 31 cm (12 inches) TL and weigh
0.3 kg (0.7 pounds); while the slightly smaller
mature males approach 28 cm
(11 inches) TL and weighs 0.27 kg (0.6 pounds).
Adult blueback herring are shaped and marked
much like American shad. Juveniles, which usually
emigrate to the ocean by mid-winter, resemble tiny
adults and are about 10 cm (4 inches) TL.
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Timing of inland migration, spawning and development of blueback herring closely follows
patterns for American shad. However, blueback herring typically spawn in freshwater
marshlands or small tributaries. Small zooplankton constitute much of the juvenile diet. Postspawning survival rates are not well known for blueback herring, but probably exceed those for
American shad. Migratory routes and timing of blueback herring are similar to those for
American shad. During the spawning migration, herring move inland at distances intermediate
to characteristics described for hickory and American shad. The distance that herring move

upriver may be partly dependent upon the availability of habitats with suitable substrates for egg
adhesion nearer the coast (Loesch and Lund 1977; J.W. McCord, SCDNR, pers. obs.).
During all life stages, alosines contribute greatly to the dynamics of food chains in freshwater,
estuarine or marine habitats (Facey et al. 1986; MacKenzie et al. 1985; Weiss-Glanz et al. 1986).
While at sea, alosines are prey for many species including sharks, tunas, mackerel and marine
mammals, including porpoises and dolphin (ASMFC 1999; Weiss-Glanz et al. 1986). In fresh
and brackish waters, both adult and juvenile alosines are consumed by American eel and striped
bass (Facey et al. 1896; Mansueti and Kolb 1953; Savoy and Crecco 1995; Walburg and Nichols
1967). Juvenile herring are high quality prey for largemouth bass (Micropterus salmoides);
accelerated growth of young bass occurs when herring consumption is high (Yako et al. 2000).
Tissues taken from predatory fish in tidal freshwaters following the residency of migrating
alosines had between 35 and 84 percent of their carbon-biomass derived from marine sources
(Garman and Macko 1998; MacAvoy et al. 2000). East Coast alosines, particularly populations
in the southeast where post-spawning mortality is highest, likely provide nutrients and carbon
into riverine systems, similar to nutrient dynamics provided by salmon in the Pacific Northwest
(Freeman et al. 2003). For example, the James River, Virginia may have received annual
biomass input from alosines of 155 kg/ha (138 pounds/acre) before dams blocked migrations
above the fall line (Garman 1992).
More than 40 species of birds and mammals congregate to feed on migrating anadromous fish in
southeastern Alaska (Willson and Halupka 1995; Willson et al. 1998). Similar relationships
likely occur between East Coast alosines and birds and mammals. Fish-eating birds like osprey
(Pandion haliaetus) and bald eagle (Haliaeetus leucocephalus), prey upon alosines (pers. obs.)
and may have evolved their late winter and spring nesting strategies in response to the
availability of food resources supplied by pre and post-spawning alosines. In addition, nutrients
released from carcasses of post-spawning alosines can substantially subsidize aquatic food webs
by stimulating productivity of bacteria and aquatic vegetation (Kline et al. 1993; Richey et al.
1975), thereby stimulating the assimilation of marine-derived nutrients into aquatic invertebrates
and fish (Bilby et al. 1996).
Status
American shad, hickory shad and blueback herring are experiencing coastwide reductions in all
stocks compared to historical populations (ASMFC 1985; ASMFC 1999). Current spawning
runs of east coast North American shad populations have been reduced to 10 percent of historical
sizes and have been extirpated from over 4,000 km (2,500 miles) of riverine habitat (Limburg et
al. 2003). Several alosine stocks (riverine populations) are of unknown status because no
directed studies have been conducted. Hickory shad population status is very poorly known for
South Carolina and historical data are virtually absent. The species is apparently not plentiful
anywhere within South Carolina. Populations of blueback herring in the Waccamaw-Pee Dee
and Santee-Cooper are presumably secure, though undoubtedly reduced from historical levels
predating dams. Blueback herring populations for other drainages are perceived to be of poorer
status, and perhaps absent.

POPULATION DISTRIBUTION AND SIZE
American shad occurs along the Atlantic coast from Bay of Fundy, Canada to St. Johns River,
Florida. The historical range of hickory shad is very similar, from Bay of Fundy, Canada to
Tacoma River, Florida, but current distribution is uncertain with known occurrence as far north
as Connecticut (ASMFC 1999). Blueback herring are distributed from Nova Scotia to northern
Florida, though they are most abundant from the Chesapeake Bay and south (Scott and Scott
1988). In South Carolina, all three species are presumed to occur as unique populations by
coastal river system with a minimum of eight populations (presumably for all three species):
Waccamaw-Pee Dee, Santee-Cooper, Ashley, Edisto, Ashepoo, Combahee, Coosawhatchie and
Savannah drainage basins. Relatively unique populations likely occur in the major tributaries
within the Waccamaw – Pee Dee basin, including Waccamaw, Little Pee Dee, Great Pee Dee,
Lynches, Black and Sampit Rivers.
Historical population estimates are nonexistent, but historical distribution records (USFWS
2001) and anecdotal information on abundance strongly indicates that all populations of alosines
in South Carolina are reduced compared to historical levels (early 20th century and earlier).
American shad and, to a lesser extent, blueback herring historically ascended large river basins
of the state (Waccamaw-Pee Dee, Santee and Savannah) well inland of the fall line and into
North Carolina and Georgia (USFWS 2001).
Trends in American shad stocks have been primarily monitored by observations in commercial
gill-net fishery catch rates since 1979. Based on these trends, American shad populations in
Waccamaw-Pee Dee Basin and Savannah River have remained relatively stable and healthy over
the past 25 years, though almost certainly below levels of a century past (McCord 2003).
Fortunately, the lowermost dams on both Savannah and Waccamaw–Pee Dee Basins are
approximately 320-river km (200 mi) from the ocean. However, historical alosine spawning
migrations in these basins extended beyond the point of these dams (USFWS 2001). Anecdotal
information indicates that both blueback herring and hickory shad occur in the Savannah in small
populations. Dam-locked populations of blueback herring now occur in several reservoirs,
including Lakes Jocassee and Hartwell. Hickory shad may have also become dam-locked in
Savannah Basin reservoirs, but spawning has not been recorded (D. Cooke, SCDNR, pers.
comm. 2005).
Among the ACE Basin rivers, Edisto River’s shad populations apparently declined dramatically
through the early 1990s, with overfishing indicated as a primary cause (McCord and Ulrich
1991). Directed management through restrictive commercial fishery regulations enacted in 1993
and a decline in the number commercial fishers has apparently promoted an increased population
as indicated by improved catch rates for gill-net fishers (McCord 2003). However, this stock is
considered to be in guarded condition until additional monitoring can better indicate stock status
(McCord 2003). The Combahee River shad population was categorized as substantially declined
in the late 1990s, presumably from an extended period of overfishing (McCord and Ulrich 1994;
McCord 2003). Restrictive commercial fishery guidelines were established in 2000 and should
allow for growth of this stock. The status of the American shad population in Ashepoo River,
the smallest of the ACE Basin rivers, is unknown. Relatively few records exist for either hickory

shad or blueback herring in the ACE Basin. Both species are presumed to occur in very small
populations.
Both Ashley and Coosawhatchie Rivers are small, coastal plain drainages that historically
supported limited commercial American shad fisheries. The current status of these populations
is also unknown. Commercial fishing activity has been restricted substantially for the Ashley
and banned for the Coosawhatchie since fishery laws were revised in 2000 in accordance with
Act #245 of the 2000 South Carolina General Assembly. The status of alosine stocks in these
small rivers, including whether any hickory shad and blueback herring are present, is unknown.
The Santee-Copper American shad population has grown substantially since 1985 and is among
the largest on the Atlantic coast, with the population likely approaching one million adults
annually (McCord 2003). The blueback herring population was estimated to average over six
million in the five years following the rediversion of flows (Cooke and Leach 2003) and may be
larger now following almost 20 years of increased flows and fish passage. Both American shad
and blueback herring populations in the Santee-Cooper Basin have responded well to existing
fish passage protocols and increased flows.
Hickory shad population status is poorly understood; however, based on anecdotal observations,
the Santee-Cooper population is among the largest in the state, despite very low passage numbers
recorded at St. Stephen Dam (Cooke and Leach 2001). All three alosines are thought to occur as
secure stocks in the Waccamaw-Pee Dee Basin.
HABITAT AND NATURAL COMMUNITY REQUIREMENTS
Because of the highly migratory nature of alosines, these fishes require access to an expansive
variety of high quality freshwater and marine habitats. Within state waters, adults migrate
through nearshore Atlantic shelf waters and enter coastal sounds, bays and inlets to access the
river basins in which they spawn. Eggs of American shad and hickory shad require adequate
flows (generally 0.15 to 0.9 m/second or 0.5 to 3.0 feet/second) and sufficiently low sediment
loads to keep eggs adrift until hatching (ASMFC 1985; Mansueti 1962; Williams and Bruger
1972). In river reaches where flows and/or water depth are not sufficient to keep eggs
suspended, the semi-buoyant eggs sink to the bottom and roll or bounce on hard substrates but
may be suffocated in areas with siltation (Massmann 1951; Williams and Bruger 1972).
Successful spawning of blueback herring is partly dependent upon the availability of relatively
clean vegetation and other substrates outside and at the periphery of river channels for egg
adhesion and development with relatively low turbidity or suspended sediments (Christie et al.
1981). Christie et al. (1981) found high utilization of tidal, freshwater breached impoundments
or relict rice-fields as blueback herring spawning habitat in the Cooper River basin.
American shad require high, but stable flows of high quality water for spawning and early
nursery habitats (Crecco and Savoy 1987). Nursery habitats for American and hickory shad
include all channel and adjacent out-of channel submerged habitats from a few kilometers or
miles seaward to estuarine sounds and bays of river basin deltas. Larval and early juvenile
blueback herring are associated more with the floodplain small tributaries and marshlands where
spawning occurs, but older juveniles move into the same riverine and estuarine habitats used by

American and hickory shad. Where fish passage venues provide access into reservoirs, juveniles
of all three species apparently successfully utilize artificial lake habitats as nursery areas (D.
Cooke, SCDNR, pers. comm. 2005).
Abundant sloughs and flats with submerged vegetation are generally available in reservoirs,
providing excellent spawning habitat for blueback herring During fall and winter, juvenile
American shad and blueback herring tend to co-occur predominantly in deeper, channel habitats
of estuarine systems, while hickory shad juveniles are more frequently encountered in shallow
expanses of sounds and bays (pers. obs.). These variant distributions are likely reflective of
differences in food preferences, as small crustaceans used by American shad and blueback
herring are generally abundant near the bottom in estuarine channels and small fishes preferred
by hickory shad are likely more numerous in shallower habitats adjacent to marshlands.
CHALLENGES
Obstructed access to a diversity of habitats may limit basin-specific alosine populations. Dams
prevent upstream migration of alosines and other species (ASMFC 1985; ASMFC 1999; USFWS
2001). Atlantic streams from Maine to Florida have undergone a restriction or loss of access for
migratory fishes to about 84 percent of stream habitat within historic ranges from dams alone
(USFWS 2001, Busch et al. 1998). The Waccamaw-Pee Dee, Santee-Cooper and Savannah
basins in South Carolina are impacted by dams that restrict migrations of alosines into historical
habitats (USFWS 2001). Dams and other impediments to migration have eliminated alosines
from many historical habitats in South Carolina (USFWS 2001); the result being a general
reduction in alosine populations even in currently accessible river reaches. The ecosystem
effects of this loss are difficult to identify (Power et al. 1996), but ecological roles for alosines
may be greatly diminished (Garman and Macko 1998). For example, many freshwater mussels
are dependent upon migratory fishes as hosts for their parasitic larvae and are presently among
the most imperiled freshwater fauna (Neves et al. 1997; Vaughn and Taylor 1999), with 29
species of conservation concern in South Carolina.
The Santee Basin has the second largest drainage area and total discharge (only the Susquehanna
is larger) of all river systems on the east coast of the U.S. (Hughes 1994). However, this large
watershed has been adversely affected by damming to a greater extent than most basins on the
Atlantic Coast of North America, with nearly 45 dams in the South Carolina portions of the basin
alone (USFWS 2001). The original Santee-Cooper diversion project, completed in 1942, shifted
approximately 88 percent of the historical Santee River flow into the Cooper River, changing the
average Cooper River flow rate from 2 cms (cubic meters per second) or approximately 7 cfs
(cubic feet per second) to 442 cms (1,560 cfs) (Kjerfve 1976). Prior to rediversion in 1985,
water releases at Pinopolis Dam on the Cooper River were generally continuous. A weekly
average flow of 122 cms (430 cfs) has been maintained in the Cooper River since rediversion to
protect water supplies (Orlando et al. 1994), but generation time has been restricted to as little as
10 hours per day. Tidal freshwater marshes along the Cooper River (many of which are relic rice
impoundments with breached or eroded dikes), which were used extensively as spawning habitat
by blueback herring prior to rediversion of flows into the Santee River (Christie et al. 1981), are
less extensive under reduced flows, and many are now partly dewatered or influenced by
brackish water. Available fish passage and commercial fishery data indicate that the herring

population has declined dramatically since flows were rediverted, presumably because of a
reduction in the amount, and perhaps quality, of spawning and nursery habitat (Cooke and
Eversole 1994). The original diversion of Santee River historical flows into the Cooper River
caused average freshwater flow in the Santee River seaward of Wilson Dam to drop from 525 to
74 cms (1,850 to 260 cfs), and allowed saltwater intrusion (Kjerfve and Greer 1978). The
Santee-Cooper Rediversion Project returned about 70 percent of the Cooper River flow to the
Santee, increasing average flow to approximately 367 cms (1,290 cfs) and reducing salinity in
the lower Santee (Orlando et al. 1994). However, there is no minimum flow requirement at St.
Stephen Dam on the Rediversion Canal (D. Cooke, SCDNR, per. comm., 2005) and the average
daily flow from Wilson Dam is only about 18 cms (63 cfs) (Orlando et al. 1994). During periods
of low inflow into the Santee-Cooper Lakes, water releases can be discontinued at St. Stephen
Dam (D. Cooke, SCDNR, per. comm., 2005). In contrast, the average daily discharge from
Wilson Dam can approximate 500 cms (1760 cfs) during flood-control releases (Orlando et al.
1994). The resulting flow regimens in both the Cooper and Santee Rivers is typically in highs
and lows (with more abrupt changes from peaked power generation and flood releases) than are
characteristic of more gradual river flow changes that occur in open rivers where waters expand
into, and withdraw from, floodplains.
With the construction of the Santee-Cooper lakes (Moultrie and Marion) in the 1940s, the vast
majority of the Santee was closed to migratory fishes (USFWS 2001). Both the Pinopolis
navigational lock and St. Stephen fish passage facility are currently used for alosine passage.
Passageways at both facilities provide passage for blueback herring and American shad (Timko
et al. 2003). The efficiency of passage at St. Stephen Dam for blueback herring is low (Cooke
and Leach 2001) and has yet to be determined for American shad.
Fish passage designs and flow protocols currently used at dams on the lower Santee-Cooper
Basin were initially designed for passing blueback herring into the lakes for forage and do not
maximize passage efficiency for alosines in either direction (Cooke and Leach 2001; D. Cooke,
SCDNR, pers. comm. 2005). Dams on the Santee-Cooper Basin that currently incorporate
passage for alosines, do not employ methodologies that accommodate timely outmigration and
maximized survival of post-spawning adults or emigrating juveniles. Delayed outmigration of
juvenile alosines, as occurs in the Santee-Cooper Lakes, may result in increased mortality of
juveniles from artificially high predation and from potential capture for bait since fish become
concentrated near dams for an extended period of up to several months. In open rivers, juveniles
gradually move seaward in groups that are likely spaced according to the spatial separation of
spawning and nursery grounds (Limburg 1996; J.W. McCord, SCDNR, pers. obs.) Delayed
outmigration not only concentrates juvenile alosines, but extends their stay in freshwater areas
until moderating water temperatures of late spring and early summer induce more active feeding
behavior for many freshwater piscivores. Delayed outmigration may also increase vulnerability
of juveniles to marine predators that would otherwise be absent from coastal waters if juveniles
were able to adhere to natural migration patterns. According to the ASMFC IFMP and
Amendment 1 to the IFMP, a fish passage program for alosines is only legitimate if downstream
passage is an integral part of such operations (ASMFC 1985, 1999).
Dams, and particularly hydropower dams, often produce flow regimens that are not reflective of
natural seasonal flows. Pulse flows used for peaking hydropower production can disrupt natural

productivity and availability of zooplankton needed for larval and early juvenile forage (Crecco
and Savoy 1987; Limburg 1996), can displace eggs and/or larvae from otherwise highly
productive habitats, and can disrupt both upstream and downsteam migration patterns for adult
and juvenile alosines (ASMFC 1985; ASMFC 1999; Limburg 1996; USFWS 2001). Dams may
also reduce minimum flows, potentially dewatering otherwise productive habitats, causing
increased water temperature, or contributing to or exacerbating poor water quality such as
reduced dissolved oxygen (ASMFC 1985; ASMFC 1999; NMFS 1998; USFWS 2001). Water
releases from deep reservoirs may be poorly oxygenated and/or of below normal seasonal water
temperature, thereby causing loss of suitable spawning or nursery habitat in otherwise suitable
river reaches (ASMFC 1985; ASMFC 1999; NMFS 1998; USFWS 2001). Further, impounded
marshlands in freshwater river reaches prevent access of blueback herring to potential spawning
and early nursery habitat.
Large concentrations of double-crested cormorants (Phalacrocorax auritus) occur immediately
below dams, particularly below those with fish passage and during the winter-spring season of
alosine passage (J.W. McCord, SCDNR, pers. obs.). The cormorant population has increased
dramatically over the past decade (Wires et al 2001) and these birds have been shown to feed
heavily on alosines (Johnson et al. 1999). Small alosines can comprise up to 64.5 percent of the
cormorant’s diet (Johnson et al. 2000). Although the impact of cormorant predation on alosine
populations has not been quantified, it appears that cormorants have to potential to negatively
impact both upstream passage success for blueback herring and out-of-lake passage for all
juvenile alosines.
Competition and predation from non-native species, in particular flathead catfish (Pylodictis
olivaris) and blue catfish (Ictalurus furcatus), may be additive to ‘more natural’ sources of
mortality and may be particularly problematic below dams where catfish density is often high
(J.W. McCord, SCDNR, pers. obs). Even adult American shad have been observed in the diet of
large flathead catfish (D. Allen, SCDNR, pers. comm.), and both non-native catfishes are
presumed to be problematic to alosines as both competitors and predators (NMFS 1998).
Dredging can also negatively affect alosine populations by producing suspended sediments
(Reine et al. 1998). Behaviorally, chronic turbidity from frequent or prolonged dredging can
also affect fish migration, spawning, conspecific interactions, and foraging (Coen 1995).
Migrating alosines are known to avoid waters of high sediment load (ASMFC 1985; Reine et al.
1998). Suspended sediments have been linked to a variety of lethal and sublethal responses in
juvenile and adult fishes that are consistent with oxygen deprivation due to gill clogging (Sherk
et al. 1975; Sherk et al. 1974). Filter-feeding fishes such as alosines are particularly susceptible
to negative impacts of suspended sediments on gill tissues (Cronin et al.1970). Siltation from
dredging and from agricultural, silvicultural and other land use practices can reduce spawning
success by causing mortality of eggs or by coating substrates needed for attachment of adhesive
eggs (NMFS 1998). Suspended sediments, whether caused by dredging or by erosion from land
use practices, can also cause reduced feeding success in larval or juvenile fishes that rely on
visual cues for plankton feeding (Kortschal et al. 1991). Larval striped bass (Morone saxatilis)
consumed 40 percent less prey when suspended solids exceeded 200 mg/l (milligrams per liter)
(Breitburg 1988). Survival of larval alosines decreases as turbidity or suspended sediments
increases above 50 mg/l (Auld and Schubel 1978).

Dredging may negatively impact prey availability by removing benthic invertebrates within
sediments, by increasing suspended sediments, or by producing changes in salinity or dissolved
oxygen regimens (ASMFC 1990). Sediment resuspension from dredging can cause increased
turbidity and localized depletion of dissolved oxygen, as well as increased bioavailability of any
contaminants that may be bound to the sediments (Clarke and Wilber 2000). The eggs and
larvae of estuarine and coastal fishes appear to be among the most sensitive to suspended
sediment exposures of all the taxa and life history stages for which data are available (Clarke and
Wilber 2000). High concentrations of suspended sediments, as well as relatively low
concentrations sustained for several days, have been shown to cause direct mortality, impaired
hatching success, reduced larval feeding, and diminished larval growth in several species of
estuarine and anadromous fishes (Clarke and Wilber 2000). Waters with high suspended
sediment are unproductive for primary and secondary portions of the food pyramid on which
juvenile alosines feed, and changes in salinity regimens can dramatically impact prey distribution
(ASMFC 1990).
Pollution from point and non-point sources is a primary cause of reduced habitat quality and
aquatic species viability in tidal systems. Land use practices such as agriculture and logging, as
well as residential, commercial and industrial development, greatly influence the input of
chemicals and nutrients into waterways, and are the primary sources of increased siltation. All
of these factors contribute to eutrophication and a general decline in water quality, including a
reduction in dissolved oxygen as mentioned previously. Sediments and pesticides most
commonly enter coastal waters in run-off from agricultural and silvicultural lands, and
agricultural and silvicultural practices alone can significantly decrease the quality of water
discharges into coastal habitats, thereby causing drastic adverse impacts on aquatic life (Butler
1968). In addition to sediments, run-off from uplands includes nitrates, phosphates, herbicides,
pesticides, silt and other chemicals, any of which either acting alone or in combination with other
pollutants can be lethal to aquatic life, and particularly to larval forms (Matthews et al. 1980).
Chemicals and heavy metals from industrial and other sources that do not cause acute toxicity
can be assimilated through the food-chain and can produce sub-lethal effects including
behavioral and reproductive abnormalities (Matthews et al. 1980). Pollution can directly
produce mortality from contaminants such as pesticides, can lower pH that may reduce egg and
larval survival (Klauda 1994) and can contribute to reduced oxygen levels. All of the potential
impacts of sediment resuspension and increased turbidity due to dredging (described in detail
above) would also apply to sediments derived from upland sources.
Deforestation of swamp forest potentially leads initially to increased soil and water temperature
(Aust and Lea 1991; Perison et al. 1993), siltation from increased erosion and runoff (Aust et al.
1997), decreased DO (Lockaby et al. 1997), disturbance of food-web relationships in adjacent
and downstream waterways (Batzer et al. 2005). Forestry BMPs for bottomland forests are
voluntary. When BMPs are not used, braided streams may be obstructed by plant material and
disturbed soils, excessive ruts may channel eroded sediments into streams, and partially
stagnated waters may become nutrient-rich and promote algal growth that can die under
extended periods of cloud-cover (J.W. McCord, SCDNR, pers. obs.). Siltation from agricultural,
silvicultural and other land use practices can reduce spawning success by causing entrapment
and mortality of semi-buoyant eggs and adhesive eggs by coating substrates needed for

attachment of adhesive eggs (Mansueti 1961). Siltation also causes increased water temperature
and reduced DO, and can result in reduced productivity beginning at lower levels of food-chain
relationships on which juvenile alosines are dependent (Mansueti 1961).
Siltation, from erosion due to land use practices or from dredging, physically covers and kills
some aquatic life, including submerged aquatic vegetation (SAV) and thereby increases
biological oxygen demand (BOD). SAV provides important ecological functions in freshwater
habitats. SAV improves water quality (Rybicki and Hammerschlag) and provides habitat for
predator avoidance, foraging and nursery development for many macro-invertebrates and
resident and migratory fishes (Maldeis 1970; Killgore et al. 1989; Monk 1988). SAV can also
provide important spawning habitat or substrate for blueback herring (Christie et al. 1981). SAV
is adversely affected by suspended sediments less than 15 mg/l (Funderburk et al. 1991) and by
deposition of excessive sediments (Valdes-Murtha and Price 1998).
Dewatering of freshwater streams from irrigation and other water removal projects decreases
instream flows and decreases the quantity of both spawning and nursery habitat. Dewatering can
result in reduced water quality from the impacts of more concentrated pollutants and/or increased
water temperature (ASMFC 1985). Density dependent impacts such as predation and
competition may also increase. Further, mortality of eggs, larvae and/or juvenile alosines can
occur due to impingement and entrainment in water intakes at water removal projects and in
turbines in dams (ASMFC 1985).
By-catch from ‘non-game’ gill-nets may exert excessive mortality on hickory shad. Participants
in this late winter fishery have reported that numerous hickory shad are caught in these nets
(J.W. McCord, SCDNR, pers. obs.). Further, hickory shad are not generally segregated from
American shad in commercial catches nor are they easily differentiated in fish passage counts.
These factors prevent the collection of reliable fishery-dependent and fishery-independent data
collection as needed to properly manage hickory shad populations. Mortality from directed
fisheries and/or from by-catch in other fisheries outside of state jurisdiction, including fisheries
within the Exclusive Economic Zone (that portion of the Atlantic Ocean under federal
jurisdiction from 3 to 200 miles offshore) and within Canadian waters, may negatively impact
South Carolina stocks of alosines (ASMFC 1985; ASMFC 1999).
CONSERVATION ACCOMPLISHMENTS
The first river-specific restrictive commercial gill-net fishery regulations (Act # 343 of the 1992
South Carolina General Assembly) were enacted in 1993 for the Edisto River after SCDNR
studies indicated overfishing as major contributor to a perceived trend of population decline
(McCord and Ulrich 1991). In 2000, laws and regulations were revised to be more responsive to
individual perceived population status by drainage basin or river system (Act #245 of the 2000
South Carolina General Assembly). The Coosawhatchie River shad population received the
most protection, as the river was closed to commercial gill-nets (Act #245 of the 2000 South
Carolina General Assembly). The amount of potential gill-net fishery effort was substantially
reduced for other small, more imperiled stocks, including those in Combahee, Ashepoo and
Ashley Rivers (Act #245 of the 2000 South Carolina General Assembly).

An interstate fisheries management plan (IFMP) has been developed for the alosines under the
auspices of the Atlantic States Marine Fisheries Commission (ASMFC 1998). The original
ASMFC IFMP for Shad and River Herring was completed in 1985 and was amended in 1999.
The 1999 Amendment 1 to the ASMFC IFMP required all member states to close directed
fisheries for American shad in coastal Atlantic Ocean waters by 2005 through a phase-out
process initiated in 2000 (ASMFC 1999). Addenda to the IFMP were also approved in 2000 and
2002 (ASMFC 2000; ASMFC 2002). The Atlantic Coastal Fisheries Cooperative Management
Act (ACFCMA) of 1993 requires states to adopt management guidelines as mandated by
approved ASMFC IFMPs, including the conduct of surveys in selected South Carolina rivers and
the monitoring of catch and effort for commercial and recreational fisheries for alosines
(ASMFC 1999).
The ASMFC IFMP also required states to limit recreational harvest through the establishment of
possession limit not to exceed an aggregate of 10 American and hickory shad per angler per day
by 2000. Through legislative action, South Carolina established a 10-fish limit in 2000 for all
State waters, except for Santee River, where a 20-fish limit was allowed under a conservation
equivalency adjustment.
Many dams in South Carolina are currently, or soon to be, undergoing FERC (Federal Energy
Regulatory Commission) re-licensing processes; these processes will include considerations for
improved access and migration of aquatic species. Passage at all types of dams and other
barriers to migration is strongly recommended by the ASMFC IFMP. Existing passage systems
and protocols have apparently contributed to observed increases in American shad and blueback
herring populations in the Santee River.
The Santee-Cooper Rediversion Project enhanced year-around flows and average late winter and
spring water levels in the Santee River, primarily seaward of the Rediversion Canal. These
improved flow regimens have likely produced increases in the quantity and quality of alosine
spawning and nursery habitat seaward of St. Stephen Dam and the Rediversion Canal.
CONSERVATION RECOMMENDATIONS
•
•
•
•
•
•
•

Conduct statewide surveys of alosine distribution and population size, particularly for
small rivers where stock status is unknown or perceived as poor, in order to make
prioritized decisions for restoration and passage.
Determine passage and outmigration efficiency for all alosines at existing facilities so
potential changes in protocols or designs can be identified.
Inventory sources of mortality, including existing outlets providing outmigration through
dams and bycatch in commercial fisheries; formulate remedies where practical.
Improve quality and scope of coverage for mandatory catch and effort records, for both
recreational and commercial fisheries.
Determine how often hickory shad is misidentified as American shad or blueback
herring.
Investigate impacts of logging in swamp forests on water quality and habitat, especially
as related to blueback herring.
Determine impacts of dewatering of freshwater streams to aquatic species.

•
•
•
•

•
•
•
•
•
•
•
•
•

•
•
•

•
•

Conduct studies on the energetics and nutrient dynamics related to food-chain
relationships and spawning migrations of alosines.
Investigate potential success for fish passage at various dams by evaluating upstream
habitats for value as spawning and nursery habitat
Determine genetic relationships, or extent of homing, of alosines relative to tributary
streams (particularly in Waccamaw-Pee Dee Basin).
Determine impacts of competition and predation from non-native species, particularly
below dams where alosines passing through existing outmigration routes may become
stunned or disoriented, exacerbating predation impacts. To the extent possible, control
and prevent further distribution of non-native blue and flathead catfish populations.
Partner with federal authorities to create on-board observer programs to investigate bycatch of alosines by out-of-state jurisdictional fisheries.
Partner with appropriate agencies to evaluate state water quality standards and Best
Management Practices (BMP) that may impact wetlands to ensure that guidelines are
stringent enough to protect alosine habitat.
Determine impacts of pollution and siltation on life history stages of alosines.
Determine biotic effects of alosine stocking in habitats where access was previously
restricted or absent.
Determine the relationships of alosines to freshwater mussels on the South Carolina
Species of Concern list.
Determine impacts of biotic and abiotic factors on egg, larval and juvenile survival and
development and how such factors relate to spawning stock recruitment.
Survey non-gamefish winter gill-net fisheries to determine potential impacts on alosines,
particularly on hickory shad.
Determine potential impacts of double-crested cormorant predation on passage of adult
blueback herring and on all juvenile alosines, particularly at St. Stephen Dam.
Participate in FERC-relicensing evaluations and partner with appropriate agencies to
ensure that cost-effective and efficient designs for providing both upstream and
downstream passage of alosines are installed in dams blocking access to suitable
spawning and nursery habitats.
Partner with appropriate entities to improve access to a full diversity of habitats by
including fish passage designs, or improving existing designs, at facilities not under
FERC jurisdiction.
Impediments to migration, such as nonfunctional dams, dikes or causeways should be
identified. Investigate the feasibility for these structures to ultimately be removed,
breeched or bypassed through partnerships with the appropriate authorities.
Build partnerships with NGOs, permitting authorities, and county and local governments
to improve and/or implement the use of Best Management Practices (BMPs) in
agriculture, silviculture and urban development activities to reduce siltation and
contaminant input.
Partner with the appropriate agencies to determine water removal guidelines for
agricultural, civil or industrial purposes that include considerations for migratory fishes.
Partner with appropriate entities to limit deforestation of river floodplains and swamp
forests.

•
•
•
•
•
•
•
•
•

Partner with appropriate permitting authorities to design dredging protocols that consider
the timing of alosine migration.
Partner with other coastal states to promote protection of the alosines in the EEZ and in
Canadian coastal waters.
Form an alliance with other state and federal agencies as well as NGOs to implement
range wide conservation and management of alosines as described in the ASMFC IFMP.
Build partnerships with natural resource agencies in Georgia and North Carolina to
manage alosine populations that transcend individual state jurisdictions, specifically
populations in the Savannah River and Waccamaw-Pee Dee Basin, respectively.
Partner with NGOs and other state and/or federal agencies to promote changes in water
release protocols for dams that will restore or approximate natural flow regimens and
increase minimum flows.
Partner with appropriate agencies and NGOs to develop or revise river basin plans to
identify habitats areas of particular concern (HAPCs), to identify degraded or threatened
habitats, and to identify preventative or mitigation actions.
Partner with appropriate agencies to designate critical coastal areas.
Develop Memoranda of Understanding (MOUS) with other state agencies for joint
review of projects and planning activities to ensure that habitats, particularly HAPCs, are
sufficiently protected.
Develop education and outreach programs that distribute information to governments,
civic groups, educational systems and NGOs about critical habitat needs, threats, and
potential conservation actions related to alosines.

MEASURES OF SUCCESS
One measure of success would be to develop sound survey and monitoring programs and
estimate trends in alosine populations. Once status has been determined, management plans can
be developed to manage for stable to increasing alosine populations in South Carolina.
LITERATURE CITED
ASMFC. 1985. Fishery management plan for American shad and river herring. Atlantic States
Marine Fisheries Commission Fisheries Management Rep. No. 6. 369 pp.
ASMFC 1990. Fishery management plan for Atlantic sturgeon. Atlantic States Fisheries
Commission Marine Fisheries Management Rep. No. 17: 73 pp.
ASMFC. 1999. Amendment 1 to the fishery management plan for shad and river herring.
Atlantic States Marine Fisheries Commission Fisheries Management Rep. No. 35. 76 pp.
ASMFC. 2000. Technical addendum #1 to Amendment 1 to the interstate fishery management
plan for shad and river herring. Atlantic States Marine Fisheries Commission. 6 pp.
ASMFC. 2002. Addendum I to Amendment 1 and technical addendum #1 to the interstate
fishery management plan for shad and river herring. Atlantic States Marine Fisheries
Commission. 10 pp.

Auld, A.H. and J.R. Schubel. 1978. Effects of suspended sediments on fish eggs and larvae: a
laboratory assessment. Estuarine Coastal Mar. Sci. 6(2):153-164.
Aust, W.M. and R. Lea. 1991. Soil temperature and organic matter in a disturbed forested
wetland. Soil Sci. Soc. Am. J. 55:1741-1746.
Aust, W.M., S.H. Schoenholtz, T.W. Zaebst and B.A. Szabo. 1997. Recovery status of a tupelocypress wetland seven years after disturbance: silvicultural implications. Forest Ecol.
and Man. 90:161-169.
Batzer, D.P., B.M. George and A. Braccia. 2005. Aquatic invertebrate responses to timber
harvest in a bottomland hardwood wetland of South Carolina. Forest Sci. 51(4):1-8.
Bilby, R.E., B.R. Fransen and P.A. Bisson. 1996. Incorporation of nitrogen and carbon from
spawning coho salmon into the trophic system of small streams: evidence from stable
isotopes. Can. J. Fish. Aqua. Sci. 53:164-173.
Bogan, A.E. and J.M. Alderman. 2004. Workbook and key to the freshwater bivalves of South
Carolina. 69 pp.
Breitburg, D.L. 1988. Effects of turbidity on prey consumption by striped bass larvae. Trans.
Amer. Fish. Soc. 117:72-77.
Busch, W.D.N., S.J. Lary, C.M. Castilione and R.P. McDonald. 1998. Distribution and
availability of Atlantic Coast freshwater habitats for American eel (Anguilla rostrata).
Administrative Rep. No. 98-2, USFWS. Amherst, New York. 28 pp.
Butler, P.A. 1968. Pesticides in the estuary. In: J.D. Newsom (ed.). Proceedings of the marsh
and estuary management symposium. Louisiana State Univ., Baton Rouge, Louisiana.
pp. 120-124.
Christie, R.W, P.T. Walker, A.G. Eversole and T.A. Curtis. 1981. Distribution of spawning
blueback herring on the west branch of Cooper River and the Santee River, South
Carolina. Proc. Ann. Conf. SE Fish Wildl. Agencies 35:632-640.
Clark, D.G. and D.H. Wilber. 2000. Assessment of potential impacts of dredging operations due
to sediment resuspension. DOER Technical Notes Collection (ERDC TN DOER-E9),
U.S. Army Engineer Research and Development Center, Vicksburg, MS.
Coen, L.D. 1995. A review of the potential impacts of mechanical harvesting on subtidal and
intertidal shellfish resources. Prepared by the SCDNR. 37 pp.
Cooke, D.W. and A.G. Eversole. 1994. Effects of a river rediversion on fish passage and
blueback herring landings in two South Carolina rivers. Pp. 113-118. In: Anadromous

Alosa Symposium, Tidewater Chapter, J.E. Cooper, R.T. Eades, R.J. Klauda and J.G.
Loesch (eds.). Am. Fish. Soc. Bethesda, Maryland.
Cooke, D.W. and S.D. Leach. 2001. Santee-Cooper blueback herring studies. Rediversion
project. South Carolina Department of Natural Resources. Columbia, South Carolina. 112
pp.
Cooke, D. W. and S. D. Leach. 2003 Beneficial effects of increased flow and upstream fish
passage on alosid stocks. Pp. 331-338. In: Biodiversity and Conservation of Shads
Worldwide, K.E. Limburg and J.R. Waldman, editors. American Fisheries Society
Symposium 35. Baltimore, Maryland.
Crecco, V.A. and T. Savoy. 1987. Review of recruitment mechanisms of the American shad:
the critical period and match-mismatch hypotheses reexamined. Am. Fish. Soc.
Symposium 1, Bethesda, Maryland. Pp. 455-468.
Cronin, E.L., R.B. Biggs, D.A. Flemer, G.T. Pfitzmeyer, F. Goodwin, Jr., W.L. Dovel and D.E.
Richie. 1970. Gross physical and biological effects of overboard spoil disposal in upper
Chesapeake Bay. Chesapeake Biological Laboratory, Natural Res. Institute, Spec. Rep.
3, Univ. Maryland. Solomons, Maryland. 66 pp.
Facey, D.E. and M.J. Van Den Avyle. 1986. Species profiles: life histories and environmental
requirements of coastal fishes and invertebrates (South Atlantic) – American shad.
USFWS Biol. Rep. 82 (11.45) USACOE, TR EL-82-4. 18 pp.
Freeman, M.C., C.M. Pringle, E.A. Greathouse and B.J. Freeman. 2003. Ecosystem-level
consequences of migratory faunal depletion caused by dams. Pp. 225-266. In:
Biodiversity and Conservation of Shads Worldwide, K.E. Limburg and J.R. Waldman,
editors. American fisheries Society Symposium 35, Bethesda, Maryland.
Funderburk, S.L., S.L. Jordan, J.A. Mihursky and D. Riley (eds). 1991. Habitat requirements
for Chesapeake Bay living resources. Chesapeake Bay Program, Living Resources
Subcommittee, Annapolis, Maryland.
Garman, G.C. 1992. Fate and potential significance of postspawning anadromous fish carcasses
in an Atlantic coastal river. Trans. Am. Fish. Soc. 121:390-394.
Garman, G.C. and S.A. Macko 1998. Contribution of marine-derived organic matter to an
Atlantic coast, freshwater, tidal stream by anadromous clupeid fishes. J. N.A.
Benthological Soc. 17:277-285.
Hughes, W.B. 1994. National water quality assessment program – the Santee Basin and coastal
drainage, NC and SC. USGS, Rep. No. FS94-010. 2 pp.

Johnson, J.H., R.M. Ross and C.M. Adams. 1999. Diet composition and fish consumption of
double-crested cormorants in eastern Lake Ontario, 1998. NYSDEC Special Rep, Feb. 1,
1999. 7 pp.
Johnson, J.H., R.M. Ross and R.D. McCullough. 2000. Diet composition and fish consumption
of double-crested cormorants from the Little Galloo Island Colony of Eastern Lake
Ontario in 1999. NYSDEC Special Rep, Mar. 1, 2000. 8 pp.
Killgore, K.J., R.P. Morgan, Jr. and N.B. Rybicki. 1989. Distribution and abundance of fishes
associated with submerged aquatic plants in the Potomac River. N. Am. J. Fish. Man.
9:101-111.
Kjerfve, B. 1976. The Santee-Cooper: a study of estuarine manipulations. Pp. 44-56. In:
Estuarine Processes. Vol. I. M. Wiley (ed.). Academic Press. Orlando, Florida.
Kjerfve, B. and J.E. Greer. 1978. Hydrography of the Santee River during moderate discharge
conditions. Estuaries. 1(2):111-119.
Klauda, R.J. 1994. Lethal and critical effects thresholds for American shad eggs and larvae
exposed to acid and aluminum in the laboratory, with speculation on the potential role of
habitat acidification on stock status in Maryland. Pp. 7-39. In: Anadromous Alosa
Symposium, J.E. Cooper, R.T. Eades, R.J. Klauda and J.G. Loesch, (eds.). Tidewater
Chapter, Am. Fish. Soc. Bethesda, Maryland.
Kline, T.C., Jr., J.J. Goering, O.A. Mathisen, P.H. Poe, P.L. Parker and R.S. Scalan. 1993.
Recycling of elements transported upstream by runs of Pacific salmon: II. δ15N and δ13C
evidence in the Kvichak River watershed, Bristol Bay, southwestern Alaska. Can. J.
Fish. Aqua. Sci. 50:2350-2365.
Kortschal, K., R. Brandstatter, A. Gomahr, H. Junger, M. Palzenberger and M. Zaunreiter. 1991.
Brain and sensory systems. In: Cyprinid fishes. I.J. Winfield and S.J. Neilson (eds).
Chapman and Hall.
Limburg, K.E. 1996. Growth and migration of 0-year American shad (Alosa sapidissima) in the
Hudson River estuary: otolith microstructural analysis. Can. J. Fish. Aquat. Sci. 53:220238.
Limburg, K.E., K.A. Hattala and A. Kahnle. 2003. American shad in its native range. Pp. 125140. In: Biodiversity, status, and conservation of the world’s shads, K.E. Limburg and
J.R. Waldman, editors. Amer. Fish. Soc. Symposium 35. Bethesda, Maryland.
Lockaby, B.G., R.H. Jones, R.G. Clawson, J.S. Meadows, J.A. Stanturf and F.C. Thornton.
1997. Influences of harvesting on functions of floodplain forests associated with loworder, blackwater streams. Forest Ecol. and Man. 90:217-224.

Loesch, J.G. and W.A. Lund. 1977. A contribution to the life history of the blueback herring in
freshwater habitats. Amer. Fish. Soc. Symposium 1:89-103.
MacAvoy, S.E., S.A. Macko, S.P. McIninch and G.C. Garman. 2000. Marine nutrient
contributions to freshwater apex predators. Oecologia. 122:568-573.
MacKenzie, C., L.S. Weiss-Glanz and J.R. Moring. 1985. Species profiles: life histories and
environmental requirements of coastal fishes and invertebrates (Mid Atlantic) –
American shad. USFWS Biol. Rep. 82 (11.37) USACOE, TR EL-82-4. 18 pp.
Maldeis, R.W. 1978. Relationship between fishes and submerged aquatic vegetation in the
Chesapeake Bay. Chesapeake Bay Foundation, Annapolis, Maryland.
Mansueti, R.J. 1962. Eggs, larvae, and young of the hickory shad, Alosa mediocris, with
comments on its ecology in the estuary. Chesapeake Science. 3(3):173-205.
Mansueti, R.J. and H. Kolb. 1953. A historical review of the shad fisheries of North America.
Maryland Dept. Research and Education. Chesapeake Biological Laboratory Publication.
97:1-293.
Massman, W.H. 1951. Characteristics of spawning areas of shad, Alosa sapidissima (Wilson),
in some Virginia streams. Trans. Am. Fish. Soc. 81:78-93.
Matthews, T.D., F.W. Stapor, Jr., C.R. Richter, J.V. Miglarese, M.D. McKenzie and L.A.
Barclay (eds.). 1980. Ecological characterization of the Sea Island coastal region of
South Carolina and Georgia. Vol. I: Physical features of the characterization area.
USFWS, Office of Biological Services, Washington, D.C. FWS/OBS-79/40. 212 pp.
McCord, J.W. 2003. Investigation of fisheries parameters for anadromous fishes in South
Carolina. Completion Report to NMFS, 1 Mar. 1998 – 28 Feb. 2001, Project No. AFC53. SCDNR. Charleston, South Carolina. 145 pp.
McCord, J.W. and G.F. Ulrich. 1991. Investigations on American shad commercial fishing in
South Carolina. Annual Completion Report to NMFS, 1 Mar. 1990 – 28 Feb. 1991,
Project No. AFC-37. SCWMRD (SCDNR). Charleston, South Carolina. 30 pp.
McCord, J.W. and G.F. Ulrich. 1994. Investigations on American shad commercial fishing in
South Carolina. Annual Completion Report to NMFS, 1 Mar. 1993 – 28 Feb. 1994,
Project No. AFC-37. SCWMRD (SCDNR) Charleston, South Carolina. 38 pp.
McCord, J.W., N.C. Jenkins and G.F. Ulrich. 1987. Monitoring and assessment of South
Carolina’s commercial shad fishery. Completion Report to NMFS, FY 1986, Project No.
AFC-26. SCWMRD (SCDNR) Charleston, South Carolina. 32 pp.

Monk, K.S. 1988. The effect of submerged aquatic vegetation on zooplankton abundance and
diversity in the tidal freshwater Potomac River. MS Thesis, George Mason Univ.,
Fairfax, Virginia.
NatureServe. 2005.
Http://www.natureserve.org/explorer/servlet/NatureServe?menuselect=none&sourceTem
plate=tabular_rep
Neves, R.J., A.E. Bogan, J.D. Williams, S.A. Ahlstedt and P.W. Hartfield. 1997. Status of
aquatic mollusks in the southeastern United States: a downward spiral of diversity. Pp 4385. In: Aquatic fauna in peril: the southeastern perspective, G.W. Benz and D.E. Collins,
editors. Southeast Aquatic Research Institute, Special Publication 1. Decatur, Georgia.
Neves, R.J. and L. Depres. 1979. The oceanic migration of American shad, Alosa sapidissima,
along the Atlantic coast. Fish. Bull. 77:199-212.
National Marine Fisheries Service. 1998. Recovery plan for the shortnose sturgeon (Acipenser
brevirostrum). Prepared by the Shortnose Sturgeon Recovery Team, National Marine
Fisheries Service. Silver Spring, Maryland. 104 pp.
North Carolina Wildlife Resources Commission (NCWRC). NC Atlas of Freshwater Mussels
and Endangered Fish. Available:
http://www.ncwildlife.org/pg07_wildlifespeciescon/pg7b1a1_24.htm. Accessed: March
1, 2005.
Orlando, S.P., Jr., P.H. Wendt, C.J. Klein, M.E. Pattillo, K.C. Dennis and G.H. Ward. 1994.
Salinity characteristics of South Atlantic estuaries. Silver Spring, MD: NOAA, Office of
Ocean Resources Conservation and Assessment. 117 pp.
Perison, D., J. Phelps, C. Pavel and R. Kellison. 1997. The effects of timber harvest in a South
Carolina blackwater bottomland. Forest Ecol. and Man. 90(1997):171-185.
Power, M.E., W.E. Dietrich and J.C. Finlay. 1996. Dams and downstream aquatic biodiversity:
potential food web consequences of hydrologic and geomorphic change. Environmental
Management. 20:887-895.
Reine, K.J., D.D. Dickerson and D.G. Clarke. 1998. Environmental windows associated with
dredging operations. DOER Technical Notes Collection (TN DOER-E2). U.S. Army
Engineer Res. and Devel. Center, Vicksburg, MS. 14pp.
Richey, J.E., M.A. Perkins and C.R. Golman. 1975. Effects of kokanee salmon (Oncorhynchus
nerka) decomposition on the ecology of a subalpine stream. J. Fish. Res. Board Can.
32:817-820.

Rybicki, N.B. and R. Hammerschlag. 1991. Effects of submerged macrophytes on dissolved
oxygen, pH, and temperature under different conditions of wind, tide, and bed structure.
J. Freshwater Ecol. 6(2):121-133.
Savoy, T. and V. Crecco. 1995. Factors affecting the recent decline of blueback herring and
American shad in the Connecticut River. A Report to the ASMFC. Washington, D.C. 48
pp.
Sherk, J.A., J.M. O’Connor and D.A. Neumann. 1975. Effects of suspended and deposited
sediments on estuarine environments. Pp. 541-558. In: L.E. Cronin (ed.). Estuarine
Research 2. Academic Press, New York.
Sherk, J.A., J.M. O’Connor, D.A. Neumann, R.D. Prince and K.V. Wood. 1974. Effects of
suspended and deposited sediments on estuarine organisms, phase II. Reference No. 7420, Natural Resource Institute, University of Maryland, College Park, Maryland.
Timko, M.T., D.W. Cooke and S.D. Leach. 2003. Monitoring of shortnose sturgeon (Acipenser
brevirostrum), blueback herring (Alosa aestivalis) and American shad (Alosa
sapidissima) with acoustic tags at Pinopolis Locks, SC to assess fish passage under
induced flow conditions. Report to Santee Cooper.
United States Fish and Wildlife Service, National Marine Fisheries Service, and South Carolina
Department of Natural Resources. 2001. Santee-Cooper Basin diadromous fish passage
restoration plan. 72 pp.
Valdes-Murtha, L.M. and K.S. Price. 1998. Analysis of critical habitat requirements for
restoration and growth of submerged vascular plants in Delaware and Maryland coastal
bays. MS Thesis, College of Marine Studies, Univ. Delaware. Lewes, Delaware.
Vaughn, C.C. and C.M. Taylor. 1999. Impoundments and the decline of freshwater mussels: a
case study in extinction gradient. Conserv. Biol. 13:912-920.
Walburg, C.H. and P.R. Nichols. 1967. Biology and management of the American shad and
status of fisheries, Atlantic coast of the United States, 1960. USFWS Special Report –
Fish 550. Washington, DC. 105 pp.
Weiss-Glanz, L.S., J.G. Stanley and J.R. Moring. 1986. Species profiles: life histories and
environmental requirements of coastal fishes and invertebrates (North Atlantic) –
American shad. USFWS Biol. Rep. 82 (11.59) USACOE, TR EL-82-4. 16 pp.
Williams, R.O. and E. Bruger. 1972. Investigations on American shad in the St. Johns River.
FL DNR, Marine Research Laboratory. Technical Series No. 66. St. Petersburg, Florida.
49 pp.
Willson, M.F., S.M. Gende and B.H. Marston. 1998. Fishes and the forest. BioScience. 48:455462.

Willson, M.F. and C.K. Halupka. 1995. Anadromous fish as keystone species in vertebrate
communities. Conserv. Biol. 9:489-497.
Wires, L.R., F.J. Cuthbert, D.R. Trexel and A.R. Joshi. 2001. Status of the double-crested
cormorant (Phalacrocorax auritus) in North America. Final Rep. To USFWS.
Yako, L.A., M.E. Mather and F. Juanes. 2000. Assessing the contribution of anadromous herring
to largemouth bass growth. Trans. Am. Fish. Soc. 129:77-88.

