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Preface

Many estuaries around the world are becoming environmentally stressed due to a trend toward in-
creased human habitation along their shores. This stress can be manifested by changes in water qual-
ity or biotic measures of relative condition such as the abundance of seagrasses. Often it reflects the
biotic integrity of the entire ecosystem or is manifested in modifications to the life history attributes
of its living components. Thus, there is growing interest in being able to carefully assess the condi-
tions and health of these coastal aquatic biotopes, with the hope of determining the specific factors
that might be altered to correct a perceived overall downward trend in biotic conditions.

The spotted seatrout is often the target of commercial and recreational fishers throughout its
range (i.e., throughout coastal estuaries of the temperate and warm-temperate Atlantic coast of North
America). Although widely distributed among various biotopes in coastal areas, it is most often as-
sociated with grass beds. It is a noted sound-producing fish and an important trophic link within the
estuary between filter feeders, such as fish and shrimp, and the higher-level predators, notably bot-
tlenose dolphins. One of the most intriguing aspects of its life history, however, is that most of the
individuals apparently remain within a single estuary their entire lives. Thus, the spotted seatrout is
unlike many estuarine fishes that usually have some aspect of their life history met by waters outside
the estuary proper. Depending upon the species, most other estuarine-associated fish species migrate
offshore (like most other croakers or drums) or upstream (such as striped bass) to spawn or move be-
tween estuaries on feeding forays.

Because it is widely distributed and highly regarded as a food and sport fish, and especially be-
cause it has been well studied and found to be nearly restricted to its “home” estuary throughout its
life, the spotted seatrout has the potential to serve as an important estuarine biological sentinel and
monitor. This idea is based on the premise that the life history condition of this and other fishes is
largely dependent upon the quality of the aquatic environment in which they live. Thus, it is likely
that many biological attributes of aquatic species can reflect changes in aquatic conditions over time
or between places. Special here is the totally estuarine dependent and restricted nature of the spot-
ted seatrout.

This book represents compilation and summary chapters on the biological knowledge of spotted
seatrout by noted authorities in their respective fields. The primary objective is to make the latest and
most up-to-date life history information available on this species for the express purpose of begin-
ning the task of assessing differences in estuarine-restricted subpopulations of spotted seatrout. A
second objective is to indicate areas in which life history aspects of spotted seatrout can be used to
show their potential as indicators of estuarine conditions. A third objective is to begin to integrate es-
tuarine-specific life history features into the overall management of estuaries and of an estuarine-de-
pendent fishery.

Above all, this publication demonstrates a directed effort toward a goal of improving our ability
to monitor estuaries and fisheries simultaneously and gives purposeful direction to future research
efforts regarding the biology of estuarine fishes. Clearly, this is an initial and untried effort for any
species in any habitat, but, if the principles presented here hold true, the “spotted seatrout biol-
ogy—estuarine condition” sentinel should serve as a guide to develop information sources in other es-
tuaries, using a broad suite of life history characters from other estuarine-dependent species as indi-
cators of environmental conditions.

Stephen A. Bortone, Ph.D.
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Introduction

Stephen A. Bortone

The spotted seatrout, Cynoscion nebulosus, is a fish species of the croaker and drum family (i.e.,
Sciaenidae) that has special interest among a wide audience of individuals. Broadly distributed in
coastal areas along the eastern Atlantic and Gulf of Mexico coasts of the U.S., it is known officially
as the spotted seatrout (Robins et al., 1990) but colloquially and locally as speck, seatrout, gray
trout, trout, spotted weakfish, spotted seateague, winter trout, and speckled trout (Johnson and
Seaman, 1986). In the southern portion of its range along the Gulf Coast of Mexico it is known as
trucha del mar, corvina, and corvina pinta. In both countries it is the target of recreational and com-
mercial fishers as well as of the seafood-eating public because of its size and taste.

Scientists have their own interests in the species. Biologically, it is a sound-producing species that
serves as an important trophic link in estuaries, between invertebrates and small fishes and the larger,
fish-eating predators such as groupers, snappers, sharks, and bottle-nosed dolphins. Ecologically, it
is found nearly exclusively within estuaries where it seems to have a strong habitat affinity for sea-
grasses. Interest in this species can also be found among those who help manage and protect natural
coastal resources as the influx of coastal dwellers increases in virtually every part of the world.

Estuarine coasts have become prime settlement areas for new inhabitants. Increasing human set-
tlement results in stress to the coastal waters through increases in storm-water runoff that reduce
water quality, destruction of natural shoreline habitat, and elimination of submerged aquatic vege-
tation (Kennish, 1992). Unfortunately, estuaries often reflect the negative effects of coastal devel-
opment; this reality means that environmental managers should be vigilant in making sure that
declining conditions of coastal waters are kept to a minimum. Subsequent to the immediate prob-
lem of reducing the amount of deterioration of water quality is the objective of restoring estuaries
and coastal habitats to a state that emulates a minimally disturbed ecosystem, thus assuring the sus-
tainability of our near-shore natural resources.

The task at hand, then, is to monitor the condition of estuarine waters to assure minimal deteri-
oration of environmental conditions and then to objectively evaluate efforts to restore and maintain
the ecosystem to a level supporting an acceptable level of biotic integrity. Recently, several col-
leagues and I produced a book (Bortone, 2000) aimed at establishing a source of biological infor-
mation and assessment methodology on seagrasses that could be used to assess estuarine conditions.
While meeting the overall objective is becoming a reality, more than one biotic component of estu-
aries should be established as a biological sentinel. Since seagrasses are primary producers and are
able to reflect biological impacts of long-term environmental conditions at a point (because they are
rooted), a measure of more general biotic conditions within an estuarine ecosystem could be moni-
tored by examining a motile species that is broadly distributed but restricted to a particular estuary.

After considerable discussion with colleagues with the broadest range of biological expertise, it
became apparent that few animal candidates had the potential to provide a platform to study bio-
logical impacts on estuarine conditions. For example, oysters, mussels, and clams, while sedentary
and long-lived, have larvae that are widely dispersed and have no specific estuarine affinity. Most
estuarine fishes (including other croakers and drums) and crustaceans (such as shrimps and crabs)
tend to migrate offshore to spawn; they have eggs or larvae that are discharged to the ocean and,

0-8493-1129-2/03/$0.00+$1.50 1
© 2003 by CRC Press LLC



2 Biology of the Spotted Seatrout

thus, also have no affinity to a “home” estuary. Some estuarine fishes such as striped bass move up-
stream to spawn and are subjected to non-estuarine conditions for a considerable amount of their
lives. Nearly every species considered had characteristics that readily disqualified them for the pur-
pose of estuarine monitoring.

The life history of the spotted seatrout, however, had fewer features to merit disqualification. It
is broadly distributed along coasts that encompass a considerable number of estuaries. It is long-
lived and thus able to be subjected to estuarine conditions for a period of time sufficient to serve as
a time-series monitor. A species that serves as a trophic link between low-level secondary producers
and top-level predators, it is common to abundant within the estuaries it inhabits. Importantly, it is
entirely estuarine dependent, only rarely moving out of its home estuary. Lastly, because the species
has attracted considerable attention from recreational and commercial fisheries, a reasonably de-
tailed historical and current database on its life history and biology exists (e.g., Johnson and Seaman,
1986; Bortone et al., 1997).

There is, of course, a rather large number of potential candidates for a species whose life history
attributes could serve as a biological monitor for estuarine conditions. However, when considered in
total, the attributes of the spotted seatrout demand further examination into its utility to serve as an
indicator of estuarine condition.

Our purpose here is to present summaries as well as new information on the current state of
knowledge of spotted seatrout biology. The book begins with an introduction to the current taxo-
nomic understanding of the species in the genus Cynoscion in order to establish its phylogenetic as-
sociates and to set the stage for future comparative biological studies with other species in the genus
(see Roff, 1992; Stearns, 1992). An examination of the importance of genetic structure and popula-
tion limits of the spotted seatrout follows, with interpretations of genetic data on its population struc-
ture from the Gulf of Mexico and southeastern Atlantic Ocean.

Long-term effects of environmental conditions have been most often inferred from data on age
and growth attributes of populations. The potential importance of these life history attributes is evi-
dent and included as two separate but complementary examinations of the age and growth aspects
of spotted seatrout. Numerous researchers have conducted reproductive studies for extended peri-
ods; the comprehensive summary presented here examines those studies from the broadest geo-
graphic perspective and fully explores this life history feature. Once fertilization takes place within
its home estuary, the spotted seatrout is subjected to the vagaries of the environment as a fully inde-
pendent organism. Early life history features are summarized, with special reference to the relation-
ship larvae and juveniles have with a predominant environmental variable — salinity. Habitat
affinities dominate many of the constraints of the species’ life history attributes and are examined,
with special reference to habitat features associated with inshore estuarine areas in the northern Gulf
of Mexico.

Sound is a peculiar and significant aspect of the life history of the spotted seatrout. Sound pro-
duction and its relationship to habitat are given special treatment as a life history attribute.
Concomitantly, diseases and parasites play a role in constraining the life history response of any
species to the environment. Since the spotted seatrout is a prime target of both recreational and com-
mercial fishers, it is important to have a clear understanding of the depth of the fisheries’ impact on
the populations. Two chapters are presented that offer a perspective of mathematical modeling to
gain an understanding of spotted seatrout. These two, very different approaches underline the fact
that the spatial and temporal scales within which the spotted seatrout exists are considerable and will
require the special skills that modelers can provide to facilitate understanding. Lastly, the relevancy
of these data and perspectives to the overall objective to establish the life history attributes of the
spotted seatrout as potential indicators of estuarine condition is examined.

The goal is ambitious and fraught with complications, but the end result gives large-scale per-
spective to a plethora of studies, independent examinations, and bits of information on a species that
could serve as a significant indicator of the future of estuarine ecosystems to a major part of the
world. If successful, it is hoped that other species that qualify with similar features will become
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established in other coastal areas as potential indicators of estuarine conditions. A vigilant assess-
ment of appropriate life history information should allow us to repair some estuarine ecosystems and
return them to fully functional systems. Moreover, through the integration of several levels of in-
spection, we will be able to maintain our estuaries at a level appropriate for sustaining their natural
resources while retaining their biological integrity.
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INTRODUCTION

Sciaenid fishes are an important fishery resource in the shallow warm seas and estuaries of the
world. The family Sciaenidae is the seventh largest among the 150 families of Perciformes and in-
cludes about 80 genera and 300 species. Four recognized genera with 20 plus species have adapted
to living in the freshwater rivers and lakes of the Americas. Many marine species use the estuarine
environment as a nursery and feeding ground for the young. Sciaenid body forms and mouth posi-
tions are among the most diverse of the percoids and appear to be the result of adaptations related
to different feeding modes and life history patterns (Chao and Musick, 1977).

The family is characterized by an elongated soft dorsal fin separated from the spinous dorsal fin
by a deep notch (rarely well spaced) and two anal spines (rarely one, never three); the lateral line
extends to the tip of caudal fin. Sciaenid fishes have large otoliths and often complex gas bladders
that are usually associated with well-developed drumming muscles in males or in both sexes. Many
species have cavernous skulls and enlarged slits and pores on the snout and underside of the lower
jaw. The lower jaw may also bear one or more mental barbels (also see Sasaki, 1989, for synapo-
morphies).

Species of the genus Cynoscion are commonly known as seatrout or weakfishes due to their ten-
der flesh. Along the West Coast of the U.S., they are also known as corbina or corvina. Most species
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6 Biology of the Spotted Seatrout

of Cynoscion are popular food and sport fishes usually found along inshore waters, lower reaches of
estuaries, salt marshes, and mangrove swamps. Two eastern Pacific Cynoscion species may also be
found in deeper coastal waters of 100 to 200 m in depth (e.g., C. nannus and C. nortoni).

Studies on phylogenetic relationships among species of Cynoscion are still incomplete (Aguirre-
Maldonado, 2000; Moshin, 1973; Paschall, 1986; Schwarzhans, 1993; Weinstein and Yerger, 1976).
Phylogenetic relationships of Cynoscion and other genera of Sciaenidae reported by Sasaki (1989)
and Casatti (2000) are in accord with the observations of Trewavas (1962) and Chao (1978, 1986).
That is, the genera Atractoscion, Cynoscion, Isopisthus, and Macrodon form a monophyletic tribe,
the Cynoscionini. It is endemic to the tropical and warm temperate regions of the Americas, with the
exception of Atractoscion aequidens (Cuvier), which is distributed along the eastern Atlantic coast
of southern Africa and off southern and eastern Australia. All four genera have an elongated body
form and a pair of variably developed large horn-like appendages at the front of the gas chamber
(Figure 2.1; also see the diagnosis below). Atractoscion can be further distinguished from other gen-
era of Cynoscionini by lack of enlarged canine-like teeth at the tip of the upper jaw and a much
thicker sagittal otolith (Chao, 1986; Schwarzhans, 1993).

The Indo—Pacific genus Otolithes Oken 1817 (written Otolithus by Cuvier 1829 and later authors)
has a pair of canine-like teeth on upper and lower jaws; this is probably why several authors included
American seatrouts in this genus. The genus Otolithes (tribe Otolithini) is not closely related to
Cynoscion.

Genus Cynoscion consists of 24 species: 12 species in the eastern Pacific and 12 in the western
Atlantic. Distribution records of Cynoscion for the eastern Pacific extend from southern California
(C. parvipinnis) to northern Chile (C. analis) and in the western Atlantic from the Bay of Fundy (C.
regalis) to northern Patagonia (C. guatacupa). Most species are found in the tropical and subtropi-
cal regions of Central and South America.

This review presents an updated taxonomy of Cynoscion species and provides artificial keys for
species identification. Primary synonyms, references to original authors, type localities, and sizes of
examined type specimens are listed. Complete references to the original species descriptions are
readily available in Eschmeyer (1998). Museum collection acronyms follow Leviton et al. (1985).

GENUS CYNOSCION GILL 1861

DIAGNOSIS

The body is elongate, moderately compressed, and the predorsal profile nearly straight, ventral
evenly arched. The head is conical, snout pointed. The mouth is large and oblique, with the lower
jaw projecting; teeth are sharp and set in narrow ridges — the tip of the upper jaw usually with a pair

A) B) C) D)

FIGURE 2.1 Gas bladder of Cynoscion has a pair of stout horn-like appendages. A: C. microlepidotus,
B: C. nothus; C: C. virenscense; D: C. leiarchus.
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of large canines at least twice the size of other teeth, tapering from base to tip (no obviously enlarged
teeth in C. steindachneri). The preopercular margin is membranous or ciliate, never with spines. Gill
rakers are moderately long and slender. Vertebrae are usually 13(12) + 12(13) = 25, except 15 +12
=27 in C. nothus and 12 +10 = 22 in C. microlepidotus. The gas bladder has a pair of stout, horn-
like appendages arising anteriorly from the gas chamber; the horns are mostly directing straight for-
ward, but a few are curved medially (Figure 2.1). Sagitta (saccular otolith) are usually oval and
elongate (Figure 2.2) with a tadpole-shaped sulcus mark. The head portion (ostium) is broad, not
reaching the anterior margin of the sagitta in most species; the tail portion (cauda), not deeply
grooved, is usually long and often expanded toward the tip in adults.

SYNONYMS

Cestreus Gronow in Gray 1854:49 (type-species: Cestreus carolinensis Gronow in Gray 1854,
by monotypy, preoccupied by Cestreus McClelland 1842)

Cynoscion Gill 1861: 81 (type-species: Johnius regalis Bloch and Schneider 1801, by original
designation)

Apseudobranchus Gill 1862:18 (type-species: Otolithus toeroe Cuvier in Cuvier and
Valenciennes 1830 = Cynoscion acoupa (Lacepede 1801), by original designation and
monotypy)

Archoscion Gill 1862:18 (type-species: Otolithus analis Jenyns 1842, by original designation
and monotypy)

Cynoscion (Buccone) Jordan and Evermann 1896:394 (type-species: Cestreus praedatorius
Jordan and Gilbert in Jordan and Eigenmann 1889, by original designation and monotypy)

Symphysoglyphus A. Miranda Ribeiro 1915, Sciaenidae: 43 (type-species: Otolithus bairdi
Steindachner 1879 = Cynoscion microlepidotus (Cuvier), by monotypy)

Paralarimus Fowler and Bean 1923:18 (type-species: Paralarimus patagonicus Folwer and
Bean 1923 = Cynoscion acoupa (Lacepede 1801), by original designation and monotypy)

Cynoscion (Eriscion) Jordan and Evermann 1927:506 (type-species: Cynoscion nebulosus
Cuvier in Cuvier and Valenciennes 1830, by original designation, also monotypy)

Remarks — Based on the sagitta morphology of recent and fossil Cynoscion, Schwarzhans
(1993) used the available names of the genus and divided Cynoscion into four subgenera: Cynoscion,
Apsuedobranchus, Buccone, and Archoscion. He also defined the subgenus Archoscion (including
C. analis and C. orthonopterus) as intermediate between the genera Cynoscion and Isopisthus. This
relationship was consistent with the phylogenetic relationship of C. analis and Isopisthus remifer in-
ferred from mitochondrial DNA sequence data by Aguirre-Maldonado (2000). Since the related
genera Atractoscion and Macrodon were not included in either analysis as out groups, the subgeneric
divisions within the Cynoscion probably need further scrutiny.

N Y
=

A) B) C)

FIGURE 2.2 Sagitta otoliths of Cynoscion are mostly oval elongated, with few exceptions. A: C. nebulo-
sus; B: C. regalis; C: C. virenscense.
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VALID SPECIES

A total of 24 species of Cynoscion are recognized here. The 12 western Atlantic and Caribbean
species are C. acoupa, C. guatucupa, C. arenarius, C. jamaicensis, C. leiarchus, C. microlepidotus,
C. nebulosus, C. nothus, C. regalis, C. similis, C. steindachner, and C. virescens. The 12 eastern
Pacific species are C. albus, C. analis, C. nannus, C. nortoni, C. parvipinnis, C. orthonopterus, C.
phoxocephalus, C. praedatorius, C. reticulatus, C. squamipinnis, C. stolzmanni, and C. xanthulus.
Remarks — Two large sciaenids, Atractoscion nobilis (Ayres, 1860) and Totoaba macdonaldi
(Gilbert, 1890), were commonly included in the Cynoscion until a new genus, Totoaba, was recently
described (Villamar, 1980). Both species lack large canine-like teeth on their jaws. Furthermore, T.
macdonaldi has a distinct gas bladder with a pair of thick, long, tubular appendages running along the
sides of the main gas chamber (Villamar, 1980). Trewavas (1962) included Indo—Pacific monotypic
Atractosion aequidens in the tribe Cynosionini for its gas bladder, which is the same type as that of
C. regalis and more abdominal than caudal vertebrae (14 + 11 = 25), which is not diagnostic for the
tribe. Trewavas (1977) also included the eastern Pacific Cynoscion nobilis in the genus Atractoscion
for lack of large canine-like teeth. C. nobilis and C. aequidens have distinctly thicker sagittal otoliths
than all other Cynoscion species; including them in a separate genus Atractoscion is valid. The adults
of Brazilian C. steindachneri (Jordan) also lack enlarged canine-like teeth on the upper jaw.
Cynoscion fusiformes Borodin (1933) from the Florida Keys (holotype: VMM 1267, 215 mm TL, now
at AMNH) is not a sciaenid. A photo of the holotype resembles the Stizostedion species (Percidae).

WESTERN ATLANTIC SPECIES
Cynoscion acoupa (Lacepede)

Cheilodipterus acoupa Lacepede 1801, Cayenne, French Guiana (holotype: MNHN 5502, 262
mm SL, Cayenne, other syntypes from Surinam and Brazil; also see Bauchot and Desoutter,
1987)

Lutjanus cayenensis Lacepede 1802, Cayenne, French Guiana (holotype: MNHN 5502, 262
mm SL)

Otolithus rhomboidalis Cuvier 1829, Cayenne, French Guiana (based on “Lutjan de
Cayenne,” Lacepede)

Otolithus toeroe Cuvier in Cuvier and Valenciennes 1830, Cayenne, French Guiana (syntypes:
MNHN 4616, 347mm SL, Cayenne; MNHN 5500, 175 mm SL, Brazil; MNHN A 4518, two
specimens, 493 and 485 mm SL, Cayenne; also see Bauchot and Desoutter, 1987)

Paralarimus patagonicus Fowler and Bean 1924, Patagonia, Argentina (holotype: USNM
83222, 136 mm SL)

Remarks — The specimen was collected during the Wilkes expedition and catalogued on
1 March 1919. T suspect the stated locality of the holotype was incorrectly registered.

Cynoscion maracaiboensis Schultz 1949, Rio Agua Caliente, 2 to 3 km above Lake Maracaibo,

Venezuela (holotype: USNM 12742, 251 mm SL, paratypes: see Eschmeyer, 1998).

Cynoscion arenarius Ginsburg

Cynoscion arenarius Ginsburg 1929, Texas (holotype: USNM 89385, 245 mm SL)
Remarks — Two independent electrophoresis studies of four western North Atlantic
Cynoscion (Weintein and Yerger, 1976; Paschall, 1986) have suggested that C. arenar-
ius and C. regalis formed one phyletic line. These authors questioned the species status
of C. arenarius and have suggested that C. arenarius may be a subspecies of C. regalis.

Cynoscion guatucupa (Cuvier)

“Guatucupa” Marcgrave 1648, Brazil (non-binominal)
Otolithus striatus Cuvier 1829 (after Marcgrave)
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Otolithus guatucupa Cuvier in Cuvier and Valenciennes 1830, Montevideo (syntypes: MNHN
7517, two specimens, 358 and 366 mm SL; also see Bauchot and Desoutter, 1987)
Remarks — Figueiredo (1992) correctly regarded Cynoscion striatus (Cuvier, 1829) as
a nomen dubium that is valid as Cynoscion guatucupa (1830).

Cynoscion jamaicensis (Vaillant and Bocourt)

Orolithus jamaicensis Vaillant and Bocourt 1883, Jamaica (holotype: MNHN A.557, 205 mm SL)
Archoscion petranus A. Miranda Ribeiro 1913, Campo Grande, Brazil (no type known)

Cynoscion leiarchus (Cuvier)

Otolithus leiarchus Cuvier in Cuvier and Valenciennes 1830, Brazil (syntypes: MNHN 5503,
two specimens, 152 and 234 mm SL; MNHN A.2690, 187 mm SL; MNHN A.5422, a dried
stuffed specimen, 112 mm SL, Brazil; also see Bauchot and Desoutter, 1987).

Cynoscion microlepidotus (Cuvier)

Otolithus microlepidotus Cuvier in Cuvier and Valenciennes 1830:79, Surinam (holotype:
ZMB; see Bauchot and Desoutter, 1987)

Otolithus bairdii Steindachner 1879, Santos, Brazil (syntypes: one of several examined NMW
51130, 152 mm SL, label states - donated by Steindachner)

Cynoscion nebulosus (Cuvier)

Labrus squetaegue var. maculatus Mitchill 1815, New York (not Labrus maculatus Bloch
1793; no type known)

Otolithus nebulosus Cuvier in Cuvier and Valenciennes 1830, locality unknown (holotype:
MNHN 7527, 233 mm SL)

Otolithus carolinensis Valenciennes in Cuvier and Valenciennes 1833, Charleston, South
Carolina (holotype: MNHN 7507, 335 mm SL)

Otolithus drummondii Richardson 1836, New Orleans, Louisiana (holotype: whereabouts
unknown)

Cynoscion nothus (Holbrook)

Otolithus nothus Holbrook 1855, South Carolina (no type known)

Cynoscion regalis (Bloch and Schneider)

Johnius regalis Bloch and Schneider 1801, New York (holotype: ZMB 8700, not examined)

Roccus comes Mitchill 1814, New York (no type known)

Labrus squeteague Mitchill 1815, New York (no type known)

Cestreus carolinensis Gronow in Gray 1854, off the Carolinas, U.S. (holotype: BMNH
1853.11.12.42, a dried skin, 344 mmTL not of Otolithus carolinensis Valenciennes)

Otolithus thalassinus Holbrook 1855, Charleston, South Carolina (no type known)

Otolithus obliquatus Valenciennes in Sauvage 1879, Martinique Island, West Indies (lecto-
type: MNHN 7632, 209 mm SL; paralectotypes: MNHN1987-151 [ex MNHN 7632], 182
mm SL; also see Bauchot and Desoutter, 1987).

Remarks — The identity of Orolithus obliquatus (Valenciennes) was discussed by
Jordan and Evermann (1898), Randall and Cervigén (1968), and Chao (1978). The
types were collected by M. Plée from Martinique and are the only records of C. regalis
from the West Indies. They have higher soft dorsal and anal ray counts (30 dorsal rays,
12 anal rays in MNHN 7632 and 28 dorsal rays, 11 anal rays in MNHN 1987-151),
whereas the C. jaimaicensis has 23 to 25 dorsal rays and 8 to 10 anal rays.
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Cynoscion similis (Randall and Cervigén)

Cynoscion similis Randall and Cervigén 1968:170, Isla de Margarita, Venezuela (holotype:
USNM 201382, 284 mm SL)

Cynoscion steindachneri (Jordan)

Cestreus steindachneri Jordan in Jordan and Eigenmann 1889: 372, Brazil (MCZ 10922, 318
mm SL)

Cynoscion virescens (Cuvier)

Otolithus virescens Cuvier in Cuvier and Valenciennes 1830, Surinam (holotype: ZMB, not
examined)

Remarks — Chao’s (1978) inclusion of Otolithus microps Steindachner 1879 as a syn-
onym of C. virenscens is doubtful. The locality, Porto Alegre, Rio Grande do Sul, is in
southern Brazil and is not a coastal city; I have not examined the holotype (NMW
31111) to verify its identity.

KEY TO ATLANTIC SPECIES OF CYNOSCION

la. Scales on body cycloid, much smaller than pored lateral line scales; more than 100

transverse rows above l1ateral IINE............oooiiiiiiiiiiieiieeeeeeeeeeeeee e 2
1b. Scales on body ctenoid, about same size or larger than pored lateral line scales; fewer
than 70 transverse rows of scales above lateral line............ccccccvveeieevviieieeeeeiineeee e, 4

2a. Caudal fin truncate in adults; inner row of lower jaw teeth slightly enlarged, uniform in
size and closely set: anal fin with 10 to 12 soft rays; about 110 transverse scale rows above
LAtEral LINE ...ooeeeiieiieieeiete ettt ettt ettt sb et C. leiarchus
(Caribbean coast to southern Brazil)
2b. Caudal fin rhomboidal in adults; inner row of lower jaw teeth distinctly larger, gradual in-
crease in size posteriorly and widely spaced; anal fin with 7 to 10 soft rays; about 140
transverse scale rows above lateral line ........cc.ccocceverieninieniniienieiieccecec e 3
3a. Soft dorsal fin almost entirely covered with small scales; 22 to 25 dorsal fin soft rays;
gas bladder with a pair of long, straight, horn-like appendages; 22 vertebrae
........................................................................................................ C. microlepidotus
(Caribbean coast of South America to northeastern Brazil)
3b. Soft dorsal fin unscaled, except 1 to 2 rows of small scales at base; 27 to 31 dorsal
fin soft rays; gas bladder with a pair of curved horn-like appendages; 25 vertebrae
................................................................................................................. C. virescens
(Caribbean coast to southeastern Brazil)
4a. Body with spots or stripes on back, dorsal, or caudal fins; caudal fin truncate or emar-
ginated 1N AdULLS ......ocoiiiiiiiiii e e 5
4b. Body uniformly silver, may have some faint streaks on back, but never with spots or
stripes; caudal fin rhomboidal or double emarginated in adults..........cccoeeereverieeniennnnn. 9
5a. Back with distinct spots scattered randomly on dorsal and caudal fins; soft dorsal fin un-
scaled; pectoral fin shorter than pelvic fin ........ccccoeoeviiiiniiiniiinciecs C. nebulosus
(Atlantic coast from Nova Scotia to Florida and Gulf of Mexico coast from Florida to Texas)
5b. Back with numerous small spots forming oblique and undulating lines, usually not
extending to dorsal or caudal fins; pectoral fin slightly longer than pelvic fin ............... 6
6a. Dotted stripes on trunk irregular or reticulated; anal fin with 11-13 soft rays.. C. regalis
(Atlantic coast from Virginia to Florida and Gulf of Mexico coast of Florida)
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6b. Dotted stripes on trunk follow oblique scale rows; anal fin with 8 to 10 soft rays ......... 7
7a. Soft dorsal fin with 18 to 21 rays; 21 to 26 gill rakers, longer than gill filaments on first
GULATCH Lot ettt st e n C. guatucupa
(Southeast Brazil to Patagonia, Argentina)
7b. Soft dorsal fin with more than 23 rays; fewer than 13 gill rakers, shorter than gill filaments

L0 T 5 6o A 1 (o) + LSRR 8
8a. Lower jaw teeth closely set, similar in size; unscaled soft dorsal fin membranes, except
two to three rows of small scales along itS base..........ccoceevereenenienenienenienienne C. similis

(Caribbean coast of South America to northeastern Brazil)
8b. Lower jaw teeth widely spaced, gradually increasing in size posteriorly; soft dorsal fin

covered with small scales 3/, of fin height ..........cccoovnnnnnnnnnnnne. C. jamaicensis
(West Indies and from Caribbean coast of South America to Mar del Plata, Argentina)
9a. Pectoral fin shorter than pelvic fin, two times or more in head length. .......c..c.cccccceee. 10
9b. Pectoral fin about equal to or longer than pelvic fin, less than two times in
NEA TENZLN ..t 11
10a.Large canine-like teeth often absent from tip of upper jaw; soft dorsal fin with 21 to 24
rays and almost entirely covered with small scales; 25 vertebrae.......... C. steindachneri

(Caribbean coast of South America to northeastern Brazil)
10b. A pair of large canine-like teeth always present; dorsal fin with 26 to 31 soft rays, covered
with small scales to half of fin height; 27 vertebrae...........ccccoeeeevvererirnencennn. C. nothus
(Atlantic coast of U.S. from Virginia to Florida and Gulf of Mexico coast to Texas)
11a. Dorsal fin with 17 to 22 soft rays; anal fin with 7 to 9 soft rays ......c...c..c....... C. acoupa
(Caribbean coast of South America to northeastern Brazil)
11b.Dorsal fin with 25 to 29 soft rays; anal fin with 10 to 12 soft rays. .............. C. arenarius
(Gulf of Mexico coast from Florida to Texas)

EASTERN PACIFIC SPECIES

Cynoscion albus (Giinther)

Otolithus albus Giinther 1864, Chiapam, Guatemala (holotype: BMNH 1864.1.26.240, 305
mm SL)

Cynoscion analis (Jenyns)

Otolithus analis Jenyns 1842, Callao, Peru (holotype: BMINH 1917.7.14.44, 242 mm SL)
Otolithus peruanus Tschudi 1845, coast of Peru (syntypes: ZMB 864, not examined)

Cynoscion nannus (Castro-Aguirre and Arvizu-Matinez)

Cynoscion nannus Castro-Aguirre and Arvizu-Matinez 1976, off Rio Baluuarte, Sinaloa,
Mexico (holotype: L.E.M. (Lab. Ecol. Mar. Cole) 4109, 137 mm SL; paratypes: L.E.M.
4108, 10, 86 to 123 mm SL, not examined)

Cynoscion nortoni (Béarez)

Cynoscion nortoni Béarez 2001, Puerto Lépez fish market at Manabi, Ecuador (holotype;
MNHN 99-0961, 260 mm SL; paratypes: CAS 208889,1, 272 mm SL; MCZ 156126, 1,
280 mm SL; MNHN 99-0962, 7, 250-293 mm SL; USNM 357280, 1, 303 mm SL; and
SIO 83-75,1, 380 mm SL Paita, Peru)

11
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Cynoscion orthonopterus (Jordan and Gilbert)

Cynoscion orthonopterum Jordan and Gilbert 1881, Punta San Felipe, Gulf of California,
Mexico (holotype: USNM 29385, 56 cm SL)

Cynoscion parvipinnis (Ayres)

Cynoscion parvipinnis Ayres 1861, coast of Baja, California, 27°N (no types known)

Otolithus magdalenae (Steindachner)

Otolithus magdalenae Steindachner 1876, Magdalena Bay, Baja, California, Mexico (syntypes:
MCZ 10880, 3, 265 to 308 mm SL; NMW 32256, 1, 408 mm SL and others, not examined)

Cynoscion phoxocephalus (Jordan and Gilbert 1881)

Cynoscion phoxocephalum Jordan and Gilbert 1881, Panama Bay, Panama (syntypes: USNM
29339, 1, 230 mm SL; not examined USNM 29296, 1; USNM 29724,1; USNM 29389,1,
missing?)

Cynoscion praedatorius (Jordan and Gilbert)

Cestreus praedatorius Jordan and Gilbert in Jordan and Eigenmman 1889, Panama (syntypes:
MCZ 10901, 2, 315 and 402 mm SL); MCZ 10902, 1, 332 mm SL, labeled as Otolithus

panamensis Steindachner

Cynoscion reticulatus (Giinther)

Otolithus reticulatus Glinther 1864, San José, Guatemala (holotype; BMNH 1864.1.26.324,
316 mm SL)

Cynoscion squamipinnis (Giinther)

Otolithus squamipinnis Giinther 1867, Panama (syntypes: BMNH 1865.7.20.20-21, 2, 223 to
266 mm SL)

Cynoscion stolzmanni (Stendachner)
Otolithus stolzmanni Stendachner 1879 Tumbes, Peru (several syntypes: MW3113, 1, 315 mm
SL examined)
Cynoscion xanthulus (Jordan and Gilbert)
Cynoscion xanthulum Jordan and Gilbert 1881, Mazatlan, Mexico (holotype: USNM 28109:
not located)

KEY TO PACIFIC SPECIES OF CYNOSCION

la. Second dorsal fin with small scales covering at least to the basal half of the membranes

DEEWEET TAYS -veeuvveeureeuieeieesteeteesteeteesuteeseesateesbeesateesteesaseesseesssesnseesaseenbaessseenseesaseenseennes 2
1b. Second dorsal fins without scales extending on membranes, some with one to three rows
of small scales forming a low sheath along the base.........ccccccecuveviiriiiiieiieenieiieeeene, 6
2a. Scales all CYCIOIA. ...eeuiiiiierieiieeteeee ettt ettt et sttt st e 3

2b. Scales ctenoid on at least posterior 3/, of body, cycloid on head or breast...................... 4
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3a.

3b.

4a.

4b.

5a.

5b.

6a.

6b.

7a.

7b.

8a.

8b.

9a.

9b.

10a.

10b.

11a.

11b.

Anal fin long, with 13 to 15 soft rays, 22 to 24 dorsal rays; head 2.8 to 3.5 times in
standard length; caudal fin emarginated ..........c.cccecervereninininincncncecee C. analis
(Ecuador to Chile)
Anal fin with 8 to 10 soft rays; 18 to 21dorsal rays; head 3.5 to 3.9 in standard length;
caudal fin double truNCALe...........cocveerieriieieeie et C. predatorius
(Costa Rica to Panama)
Roof of mouth black; head large, 2.6 to 2.8 in. standard length; eye 4.4 to 5.3 times
TN REAA .ottt e C. nanus
(Southern Gulf of California to Guatemala)
Roof of mouth pale; head 3.1 or more in standard length; eye more than six times

Posterior end of maxilla reaching beyond the hind margin of eye; dorsal fin with VII-VIII
+ I spines, 21 to 23 soft rays; gill rakers 12 to 16; caudal fin double truncate............... C.
squamipinnis
(Gulf of California to northern Peru)
Posterior end of maxilla short of the hind margin of eye; dorsal fin with IX—X + I spines,
23 to 27 soft rays; gill rakers 24 to 27; caudal fin emarginated .............. C. othonopterus
(Gulf of California, Mexico)
Scales small, cycloid on body and head; tip of mouth pointing upward, above the
mid level of the eye; gill rakers much shorter than gill filaments at the angle of
GULAICH oot C. phoxocephalus
(Southern Mexico to northern Peru)
Scales ctenoid on at least posterior %, of body, tip of mouth below the mid level of eye;
gill rakers about equal to or longer than filaments at the angle of first gill arch.............. 7
Back with prominent stripes and reticulation; pectoral fin tip extends beyond that of pelvic
fins; second dorsal fin long, with 25 t0 29 1ayS ....ccccevvveeriervieereerieeieeeeen C. reticulatus
(Gulf of California to northern Peru)
Back uniformly bluish-gray, some backs with faint stripes never reticulated; pectoral fin
length about equal to or much shorter than the pelvic fins; second dorsal with 24 or
FEWET TAYS ..ttt ettt ettt et st a e e 8
Scales mostly ctenoid on body and head; pectoral fin short, 2.0 or more times in head
length, its tip falling short of tip of pelvic fins; a dark lunate band median to lower .....9
Scales ctenoid on body, cycloid below pectoral fins and on head; pectoral fin 1.8 times or

less in head length; its tip reaching to or beyond that of pelvic fins. .........ccceceneenennne. 11
Lining of gill cover and pectoral axils dark but never black; dorsal fin with VIII-IX + I
spines, and 21 to 23 soft rays; caudal fin emarginated ............ccccceceeeeneene. C. parvipinnis
(Southern California, Gulf of California to Mazatldn, Mexico)

Inside mouth and gill chamber black; dorsal fin with X — XTI + I spines ......c...cccceue..... 10
Soft dorsal fin with 23 to 26 rays; caudal fin truncate ..........c.cccceeeevveceeerenncnn C. nortoni
(Ecuador and Peru)

Soft dorsal fin with 20 to 21 rays; caudal fin nearly rhomboidal................ C. stolzmanni

(Southern Mexico to Peru)
Pectoral fin tip reaching as far back as pelvic fin tip; first dorsal fin with usually 10
spines, few ctenoid scales on opercle; 54 to 58 pored lateral line scales, 64 to 69 parallel
scale rows above lateral line; inside mouth pale to yellowish ..........cccccccecenee C. albus
(Gulf of California to Ecuador)
Pectoral fin tip reaching much short of pelvic fin tip; first dorsal fin usually with nine
spines; scales cycloid on opercle; 58 to 68 pored lateral pored scales, 74 to 86 parallel
scale rows above lateral line; inside mouth bright orange ...........cccceevueenee. C. xanthulus
(Gulf of California to Guerrero, Mexico)

13
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FUTURE STUDIES AND CONSERVATION OF SEATROUT

Phylogenetic and life history studies of the Cynoscion species and populations are still lacking over
most of their geographic range, except for those of the Atlantic and Gulf of Mexico coasts of the U.S.
Because seatrout are also a group of important sport fish, seatrout studies are well funded in the U.S.,
but the knowledge of impacts of recreational fishing on seatrouts and their management is lacking
in Central and South America. For example, studies of possible population structuring of the broader
ranged and highly exploited South American species such as C. acoupa, C. jaimaicensis, and C.
virescens are urgently needed for local fishery management.

One of the largest seatrout species, Cynoscion acoupa, is still abundant along the northeastern
Atlantic coast of South America from Venezuela to northern Brazil, or roughly between the Orinoco
and south of the Amazon delta (Figure 2.3). The inshore habitats of C. acoupa are often associated
with mangrove swamps and the historically small artisan fisheries of the region, which may have
helped preserve it. However, local fishery managers should be aware that this large seatrout could be
rapidly overfished to critical levels if more efficient fishing and processing techniques are imple-
mented. The first endangered seatrout-like species, the Totoaba (Totoaba macdonaldi), is an exam-
ple not to follow (Villamar, 1980).

ACKNOWLEDGMENTS

This article was “thrust” upon me by Steve Bortone and has been prepared practically in the middle
of the Amazon (Manaus), where I have had extremely limited access to recent literature. I have used
the fish collections at the USNM and MCZ to update the keys provided here and in the species iden-
tification sheets that I prepared for the FAO (Chao 1977, 1995). Bruce B. Collette (Systematics
Laboratory, NMFS at USNM) has let me use the same bench space in the NMFES fish preparation
room, where I started my studies of the Sciaenidae in the early 1970s. I also wish to thank colleagues
in the basement of the Fish Division (USNM) for keeping things almost the same for 30 years for
the return of this still “young” VIMS student. I also thank W. E. Aguirre-Maldonado (SUNY, Sony
Brook) and Karsten Hartel (MCZ) for reviewing drafts of this article; Karsten also remeasured types
and searched references for me. Scott Schaefer and Damaris Rodriguez (AMNH) sent me the digi-
tal images and x-ray film of the holotype C. fusiformes.

FIGURE 2.3 “Snapper,” Cynoscion acoupa, is apparently abundant in Georgetown, Guyana (5 December
2000, at Georgetown Fishermen’s Co-op landing area).
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ABSTRACT

Allelic variation at (presumed) nuclear-encoded microsatellites was assayed among spotted seatrout
sampled from localities along the Gulf Coast of Texas. Tests of Hardy-Weinberg equilibrium at each
microsatellite within each sample and tests of genotypic equilibrium among pairs of microsatellites
within and among samples were nonsignificant. Homogeneity (exact) tests of allele distributions at
each microsatellite and estimates (the 0 estimator of Wright’s F¢) of population structure were non-
significant following correction for multiple tests executed simultaneously. The absence of a geo-
graphic pattern to microsatellite variation among spotted seatrout sampled from the Texas coast
differs from that reported previously for the nuclear-encoded gene aspartate aminotransferase (SAAT-
2) and for mitochondrial (mt)DNA: genetic divergence at SAAT-2 and mtDNA was significant and re-
lated in part to increasing geographic distance between sample localities (isolation by distance).

Several possibilities to account for the difference in patterns of geographic variation among
these three types of genetic markers are discussed. We suggest that population structure of spotted
seatrout along the Texas coast is best modeled as a series of overlapping subpopulations or stocks
distributed linearly along the coastline: individual subpopulations are centered in individual (natal)
estuaries, but gene flow between geographically proximate estuaries is sufficient to prevent signifi-
cant genetic divergence. This type of model also has been hypothesized for red drum (Sciaenops
ocellatus), a related sciaenid, in the northern Gulf of Mexico. Microsatellite variation also was as-
sayed in a sample of spotted seatrout from the Atlantic coast of Florida. Significant differences in
allele frequencies between the sample from the east coast of Florida and four samples from the
Texas Gulf coast were detected at all five microsatellites assayed. These findings parallel results
from several studies on marine fishes (including other sciaenids) where regionally distinct popula-
tions reside in the northern Gulf of Mexico and along the southeast (U.S.) Atlantic coast.
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INTRODUCTION

Spotted seatrout, Cynoscion nebulosus, is an estuarine-dependent sciaenid fish distributed from coastal
waters in Massachusetts to the Bay of Campeche on the Yucatan Peninsula in Mexico (Patillo et al.,
1997), extending perhaps into the Mexican Caribbean (Aguilar-Salazar et al., 1993). The species is most
abundant in the northern Gulf of Mexico (hereafter called Gulf) from Florida to Texas (Lassuy, 1983;
Mercer, 1984) and at one time supported both recreational and commercial fisheries (Patillo et al., 1997).
A small (~48,500 kg in 2000) commercial fishery industry still exists in western Florida, Mississippi,
and Louisiana (http://www.st.nmfs.gov/stl/commercial/landings/annual_landings.html) but is dwarfed
by the recreational fishery in the Gulf where more than 4 million kg were landed in 1998 and (exclusive
of Texas waters) over 6,350,000 kg were landed in 2000 (http://www.st.nmfs.gov/stl/recreational/
queries/catch/time_series.html; L. Green, Coastal Fisheries Division, Texas Parks and Wildlife, personal
communication). Perceived declines in spotted seatrout abundance across the Gulf have led to decreases
in or prohibition of commercial catches and increasing restrictions on recreational catches (references in
Bortone et al., 1997). Both overfishing and loss of habitat are hypothesized (Shipp, 1986; Patillo et al.,
1997) as instrumental in spotted seatrout declines.

Assessment and allocation of spotted seatrout recreational resources in the Gulf are the respon-
sibility of individual states and vary from state to state (GSMFC, 1993). With the exception of
Florida — where management of spotted seatrout is regionally based (Muller et al., 1997) — regu-
lations in most Gulf Coast states are predicated on a single-stock model; i.e., allocation is the same
across bays and estuaries within a state. Past studies asking whether a single-stock model is appro-
priate are equivocal. Nongenetic studies include those of Colura and King (1989), who found that
shapes of scales and otoliths varied among spotted seatrout collected from several bays along the
Texas coast, and Iverson and Tabb (1962), who reported different growth rates for spotted seatrout
obtained from the Gulf Coast of Florida. The differences reported by Iverson and Tabb (1962), how-
ever, were hypothesized by Murphy and Taylor (1994) to stem from environmental or harvest fac-
tors, not from existence of discrete stocks. Tagging studies (Overstreet, 1983; Baker and Matlock,
1993), generally have indicated little “coastwise” movement of juveniles or adults, with most returns
occurring less than 50 km from the release site. Movement of spotted seatrout from bays and estu-
aries does occur but appears to be primarily associated with spawning or in response to changes in
salinity or temperature (Lorio and Perret, 1978; Helser et al., 1993).

Genetic studies have been less equivocal, as differences in general protein banding patterns
(Weinstein and Yerger, 1976), allozymes (Ramsey and Wakeman, 1987; King and Pate, 1992), and
mitochondrial (mt)DNA (Gold et al., 1999) have been reported among spotted seatrout sampled
from various bays and estuaries of the Gulf. In three of these studies, i.e., Ramsey and Wakeman
(1987), King and Pate (1992), and Gold et al. (1999), genetic divergence, although comparatively
small, appeared to be, in part, a function of geographic distance between pairs of sample localities.
In their study of 44 allozyme loci among 12 samples along the Gulf Coast of Texas and northern
Mexico, King and Pate (1992) attributed this “isolation-by-distance” effect to westerly directed
transport of eggs and larvae in nearshore waters. King and Zimmerman (1993) hypothesized that the
difference in frequencies of alleles at the aspartate aminotransferase locus reported by King and Pate
(1992) may reflect adaptation to temperature or salinity differences but that a nearshore dispersal
mechanism might limit genetic divergence. Gold et al. (1999) assayed mtDNA variation across a
broader geographic range, from the Lower Laguna Madre in southern Texas to Tampa Bay on the
west coast of Florida, and hypothesized that the isolation-by-distance effect stemmed from factors
(e.g., behavioral, physiological) that limited female dispersal from natal bays and estuaries.

In this chapter, we report results from ongoing, independent studies in our laboratories on vari-
ation in (presumed) nuclear-encoded microsatellites among geographic samples of spotted seatrout
from the Gulf Coast of Texas. Briefly, microsatellites are abundant, short stretches of DNA
composed of di-, tri-, or tetranucleotide arrays that are embedded in unique DNA, inherited in a
Mendelian fashion, highly polymorphic, found in all eukaryotic species, and distributed evenly



