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Dr. Romeo J. Mansueti, 19231963, Dx. Mansueti initiated work on this project during his
time of employment at Chesapeake Biological Laboratory. Theee siz volumes represent our
humble efforts to complete that work.
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FOREWORD

The demand for electzic energy often creates conflicts with the desire to
preserve and protect the Nation's fish and wildlife resources. This is partieu-
larly true when the use of water for power plants s considered. Power plants
require large volumes of water from rivers, lakes, reservoirs, and estuaries. With-
drawal of water for cooling purposes causes the loss of fish eggs, larvae, and
juveniles through impingement or entrainment. The discharge of water causes
thermal and chemical pollution, and can cause alteration of stream flow patterns
and the disruption of the thermal and dissolved oxygen stratification in those
water bodies.

The biological consequences of water use by power plants depend upon the
species of organisms involved, the mechanical and physiological stresses on
e organisms, and the ecological role of the organisms. To assess the impacts
of power plants and other habitat modifications on fish populations, it is neces-
sary to identify fish eggs, larvae, and juveniles of different species. However, up
to now, descriptions of the developmental stages of fishes have been scattered
throughout a large number of sources.

The Development of Fishes of the Mid-Atlantic Bight is a reference which
compiles descriptions of the egg, larval, and juvenile stages of over 300 fish spe-
cies, and inclucﬂ:s dichotomous keys useful for identifying species. Descriptions
of spawning migrations and lfe habits of adult shes, their geographic range
and distribution, and movements of fish at all life stages are also included.

With this kind of baseline taxonomic information, biologists will be able to
assess the management implications of power plant siting and other habitat
modifications on aguatic populations and provide information to decision mak-
ers. We helieve these books are a major step in providing the type of infor-
mation necessary to incorporate environmental comsiderations inte resource

development decisions.
&ﬁ&w [\ gwm

Director, U.S. Fish and Wildlife Service
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The Biological Services Program was established within the U.S. Fish and
Wildlife Service to supply scientific information and methodologies on key en-
vironmental issues which impact fish and wildlife resources and their supporting
ecosystems. The mission of the Program is as follows:

1. To strengthen the Fish and Wildlife Service in its role as a primary
source of information on national fish and wildlife resources, particularly
in respect to environmental impact assessment.

2, To gather, analyze, and present information that will aid decision mak-
ers in the identification and resolution of problems associated with
major land and water use changes.

3. To provide better ecological information and evaluation for Department
of tEe Interior development programs, such as those relating to energy
development.

Information developed by the Biological Services Program is intended for
use in the (flanning and decision making process to prevent or minimize the
impact of development on fish and wildlife. Biological Services research ac-
tivities and technical assistance services are based on an analysis of the issues,
the decision makers involved and their information needs, and an evaluation
of the state of the art to identify information gaps and determine priorities. This
is a strategy to assure that the products produced and disseminated will be
timely and useful.

Biological Services projects have been initiated in the following areas:

*  Coal extraction and conversion
¢ Power plants
* Geothermal, mineral, and oil shale development

*  Water resource analysis, including stream alterations and western water
allocation

» Coastal ecosystems and Outer Continental Shelf development

+ Systems and inventory, including National Wetlands Inventory, habitat
classification and analysis, and information transfer.

The Program consists of the Office of Biological Services in Washing-
ton, D.C., which is responsible for overall planning and management; National
Teams which provide the Pragram’s central scientific and technical expertise
and who arrange for contracting Biological Services studies with States, univer-
sities, consulting firms, and others; regional staff who provide a link to problems
at the operating level; and staff at certain Fish and Wildlife Service research
facilities who conduct in-house research studies.
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GENERAL INTRODUCTION

As noted by Mansueti and Hardy (1967) in the first edition of Volume I of
this series, the early developmental stages of most fishes are either poorly known
or completely unknown. Despite the fundamental importance of this knowledge
to many aspects of fishery biology and ichthyology, this situation still persists.

OBJECTIVES

The primary purpose of this series is to synthesize the world literature
on fishes occurring in the Mid-Atlantic Bight of the United States. The suc-
cessful accomplishment of this goal serves a number of useful functions, among
which are greater ease in identifying young fishes and fish eggs, the systematiza-
tion of information gaps, and the stimulation of studies in areas where such gaps
have been clearly demonstrated. Although some original data have been included
in this series, time constraints have kept this to a minimum, primary efforts
having been directed toward a comprehensive review of existing literature.

FORMAT

The geographical area considered extends from the northern boundary of
New Jersey to the southern boundary of Virginia from tidal freshwater out to the
100 fathom contour (see fig. 1).

Data have been presented on 321 species. Mansueti and Hardy (1967) ar-
ranged the species in Volume I in the sequence used by the American Fisheries
Society (1960). Although disagreements exist with this arrangement as a phylo-
genetic sequence it is used here to order the species and families in this series
so that the revised Volume I will remain intact. In some cases recent systematic
revisions have demanded realignment at familial levels or the updating of generic
and ific names.

e series is presented in six volumes as follows: Volume I, Acipenseridae
through Ictaluridae, 50 species; Volume If, Anguillidae through Syngnathidae,
48 species; Volume III, Aphredoderidae through Rachycentridae, 52 species;
Volume IV, Carangidae through Ephippidae, 52 species; Volume V, Chaetodon-
tidae through Opﬂdﬁdae, 52 species; and Volume VI, Stromateidae through
Ogcocephalidae, 87 species.

Species accounts are arranged athabetically within family groupings. Each
species account is divided into the following major divisions:

ApurTs—meristics, morphometries and general description.

DisTRIBUTION AND ECOLOGY—range, habitat and movements of adults, larvae,
and juveniles.

SeawnNmNc—description of season, location, conditions of spawming, and
fecundity.

Eccs—description of ripe ovarian, unfertilized or fertilized eggs.

Ecc pEveLoPMENT—developmental sequences, physical limiting factors and
incubation times.

YoLx-sac LARVAE-—size range, morphology, development and pigmentation.

LaAnvai—size range, morphology, development and pigmentation.

PreyuvENDLES (not recognized in all volumes)—size range, morphology,
development and pigmentation.

JuvENILES—size range, morphology, development and pigmentation,

GrowTa (not given in all volumes)—average and/or representative growth
rates, especially preadult growth.

AGE AND SIZE AT MATURITY—average age and size at maturity plus variation
if these data are available.

€20z aunr g0 uo 3sanb Aq /p0saouaisal 60-10-80-ewmypd/600ZAuswalddns-sjone/wmyl/woo ssaidus)ie-uelpuawy//:djy woly papeojumoq



2 DEVFLOPMERT OF FISHES OF THE Mm-ATLANTIC BIGHT
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Figt.hi Map of the Chesapeake Bay and adjacent Mid-Atlantic Bight. Hatching indicates the area comsidered
in this series,

Lirerarure crtEp—abbreviated citations to literature consulted for that
account. Complete citations in Bibliography,

Superseript numbers in each species account refer to the abbreviated cita-
tions given at the end of each account. Complete citations may be found in the
bibliography at the end of each volume. In prefaces, introductions, family ac-
counts and figure legends, citations are given by author and date, rather than
superscript. Throughout, parenthetical initials follow original unpublished in-
formation provided by the person whose initials are given (see preface for full
name and address). Each volume has its own bibliography and index. No cumu-
lative bibliography or index has been attempted.

Ilustrations are of mixed quality and utility. For the most part they are
simply reprinted from the literature. In some cases, however, previously pub-
lished figures have been redrawn, and a number of original illustrations are in-
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General Introduction

cluded. Figure legends cite the artist or delineator. Redrawings are usually of
figures which are unique in that they provide the only illustrations of particular
features or stages and will not reproduce well or are confusing or inaccurate in
detail, Attempts have been made to exclude drawings of misidentified specimens;
however, error in judgement is possible. Where available, multiple illustrations
of the same stage are included if thev show geographic variation or if the authors
were unable to determine which illustration provided the most accurate represen-
tation. In addition, a number of drawings which have been published in rare
or generally unavailable sources have been included primarily for their historic
value.

TERMINOLOGY

For the most part, terminology and methods of measuring and counting
are those of Hubbs and Lagler (1958); however, these terms are specifically for
adult forms and must be modified or replaced by different ones for early
developmental stages.

a For illustrations of typical developmental stages and larval anatomy see
g 2 :
Definitions and terms for developmental stages vary considerably depending

on the investigator and the species worked on. The following terminology has
been standardized:

Yorx-sac Larva—stage between hatching and absorption of yolk;

Larva-—stage between absorption of yolk and acquisition of minimum adult
fin ray complement;

PReyUVENILE—stage between acquisition of minimum adult fin ray comple-
ment and assumption of adult body form; used only where strikingly different
from juvenile (cf. Hubbs, 1958; Tholichthys stage of butterflyfishes, querimana
stage of mullets, etc.);

JuvENLE—stage between acquisition of minimum adult fin ray complement
and sexual maturity or between prejuvenile stage and adult;

Apurr—sexually mature.
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4 DeveLormeNT OF Fisues ofF THE Mimp-ATianNTic BIGHT
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Fig. 2. Diagrammatic representation of morphology and development of egg and Iarval stages of a typical
t.
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GLOSSARY

A. Abbreviation for anal fin.

abbreviate heterocercal. Tail in which the vertebral
axis is prominently flexed upward, only partly in-
vading upper lobe of caudal fin; fin fairly symmetri-
cal externally. :

adherent. Attached or joined together, at least at one

point,

adhesive egg. An egg which adheres on contact to sub-
strate material or other eggs; adhesiveness of entire
egg capsule may or may not persist after attachment.

adipose fin. A fleshy rayless median dorsal structure,
located behind the true dorsal fin.

adnate. Congenitally united; conjoined.

adult. Sexually mature as indicated by production of
gametes.

anadromous. Fishes which ascend rivers from the sea to
spawn.

anal. Pertaining to the anus or vent.

anal fin. Unpaired median fin immediately behind anus
or vent.

anal fin origin. Anteriormost peint at which the anal fin
attaches to the body.

anlage. Rudimentary form of an anatomical structure;
primordium.

anus. External orifice of the intestine; vent.

auditory vesicle. Sensory anlage from which the ear
develops; clearly visible during early development.

axillary process. Enlarged accessory scale attached to
the upper or anterior base of pectoral or pelvic fins.

BL. Abbreviation for body length.

barbel. Tactile process arising from the head of various
fishes.

blastocoel. Cavity of the blastula; segmentation cavity.

blastoderm. Sensu strictu, early embryonic tissue com-
posed of blastomeres; more generally, embryonic
tissue prior to formation of embryonic axis.

blastodisc. Embryo-forming area of egg prior to cleav-
age.

blastomeres. Individual cells formed during cleavage.

blastopore. Opening formed by and bordered by the
germ ring as it extends over the yolk.

blastula. Stage in embryonic development which repre-
sents the%nal product of cleavage stages, character-
ized by formation of the blastocoel.

body length. A specialized method of measuring, gen-
erally applied only to billfishes, and defined by

Rivas (1958a) as the distance from the tip of the
mandible (with jaws closed) to the middle point on
the posterior margin of the middle caudal rays.
branched ray. Soft ray with two or more branches
distally.
branchial arches. Bony or cartilaginous structures, sup-
porting the gills, filaments and rakers,
branchiostegals. Struts of bone inserting on the hyoid
arch and supporting, in a fanwise fashion, the
branchiostegal membrane; branchiostegal rays.
buoyant egg. An egg which floats free within the water
column; pelagic.

C. Abbreviation for caudal fin.

caeca. Finger-like outpouchings at boundary of stomach
and intestine.

cgtadromous, Fishes which go to sea from rivers to
spawn,
caudal fin. Tail fin,

caudal peduncle. Area lying between posterior end of
angl fin base and base of caudal fin.

cheek, Lateral surface of head between eye and opercle,
usually excluding preopercle.

chorion. Outer covering of egg; egg capsule.

choroid fissure. Line of juncture of invaginating borders
of optic cup; apparent in young fish as a trough-like
area bhelow lens.

chromatophores. Pigment-bearing cells; frequently ca-
pable of expansions and contractions which change
their size, shape, and color.

cirrus. Generally small, dermal, Bap-like or tentacle-like
process on the head or body.

cleavage stages. Initial stapes in embryonic develop-
ment where divisions of blastomeres are clearly
marked; usually include lst through 6th cleavages
(2-84 cells).

cleithrum. Prominent bone of pectoral girdle, clearly
visible in many fish larvae.

ctenoid scale. Scales with comb-like margin; bearing
cteni.

cycloid scale. Scales with evenly curved free border,
without cteni.

D. Abbreviation for dorsal fin.

demersal egg. An egg which remains on the bottom,
either free or attached to substrate,

dorsal fins. Median, longitudinal, vertical fins located
on the back.
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8 DeEvELOPMENT OF Fisnes oF THE Mm-ATLANTIC BiGHT

dorsal fin origin. Point where first dorsal ray or spine
attaches to body.

early embryo. Stage in embryonic development char-
acterized by formation of embryonic axis.

egg capsule. Outermost encapsulating structure of the
egg, consisting of one or more membranes; the
protective shell.

egg diameter. In nearly spherical eggs, greatest diam-
eter; in elliptical eggs given as two measurements,
the greatest diameter or major axis and the least
diameter or minor axis.

emarginate. Notched but not definitely forked, as in the
shallowly notched caudal fin of some fishes.

embryonic axis. Primitive differentiation of the embryo;
an elongate thickening of blastodermal tissue.

embryonic shield. Thickened shield-like area of the
blastoderin at caudal edge of the germ ring.

erythrophores. Red or orange chromatophores.

esophagus. Alimentary tract between pharynx and
stomach.

falcate. Deeply concave as a fin with middle rays much
shorter than anterior and posterior rays.

finfold. Median fold of integument which extends along

body of developing fishes and from which median
arise.

FL. Abbreviation for fork length.

fork length, Distance measured from the anteriormost
point of the head to the end of the central caudal
rays.

ganoid scales. Diamond- or rhombic-shaped scales con-
sisting of bone covered with enamel.

gas bladder. Membranous, gas-filled organ located be-
tween the kidneys and alimentary canal in teleasts;
air bladder or swim bladder.

gastrulz. Stage in embryonic development between
blastula and embryonic axis.

germ ring. The thickened rim of the blastoderm evident
during late blastula and gastrula stages.

germinal disc. The blastodisc.

gill arches. See branchial arches.

gill rakers. Variously-shaped bOny projections on an-
terior edge of the gill

granular yolk. Yolk consisting of diserete units of finely
to coarsely granular material.

guanophores, White chromatophores; characterized by
Ppresence of iridescent crystals of guanine.
gular fold. Transverse membrane across throat.

late. Ventral bony plate between anterior third
lP lower jaws, as in Amig calva.

heterocercal. Tail in which the vertebral axis is flexed
upward and extends nearly to tip of upper lobe of
caudal fin; fin ically asymmetrical externally,
upper lobe much longer than lower.

HL. Abbreviation for head length.

head length. Distance from anteriormost tip of head to
posteriormost part of opercular membrane, exclud-
ing spine; prior to development of operculum, mea-
sured to posterior end of auditory vesicle.

holoblastic. Type of cleavage in which the entire egg,
including the yolk, undergoes division.

homocercal. Tail in which the vertebral axis terminates
in a penultimate vertebra followed by a urostyle
(the f?lsion product of several vertebral elements);
fin perfectly symmetrical externally.

hypochord. A transitional rod of cells which develops
under the notochord in the trunk region of some
embryos.

hypurals. Expanded, fused, haemal spines of last few
vertebrae which support caudal fin,

incubation period. Time from fertilization of egg to
hatching,

interorbital. Space between eyes over top of head.

iridocytes. Crystals of guanine having reflective and
iridescent qualities.

isocercal. Tail in which vertebral axis terminates in
median line of fin, as in Gadiformes.

isthmus. The narrow area of flesh in the jugular region
between gill openings.

jugular. Pertaining to the throat.

juvenile. Young fish after attainment of minimum adult
fin ray counts and before sexual maturation.

keeled. With a ridge or ridges.

Kupffer's vesicle. A small, vesicular, ventro-caudal pock-
eting which forms as blastopore narrows.

larva. Young fish between time of hatching and attain-
ment of minimum adult fin ray counts,

late embryo. Stage prior to hatching in which the em-
bryo has developed external characteristics of its
hatching stage.

lateral line. Series of sensory pores and/or tubes extend-
ing backward from head along sides.

lateral line scales. Pored or notched seales associated
with the lateral line.

mandible. Lower jaw, comprised of three bomes: den-
tary, angular and articular.

maxillary. The dorsalmostofﬁxehwoboneswtheupper

jaw.
Meckel's cartilage. Embryonic cartilaginous axis of the
lower jaw in bony fishes.
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melanophores. Black chromatophores.

mental. Pertaining to the chin.

meroblastic.  Type of cleavage in which only the blasto-
disc undergoes division.

micropyle. Opening in egg capsule through which

spermatozoa enter.

morula. Stage in development of egg in which blasto-
meres form a mulberry-like cluster.

myomeres. Serial muscle bundles of the body.

miyoseptun, Connective tissue partitions separating
myomeres.

nepe. Area immediately posterior to occipital region.

nasel. Pertaining to region of the nostrils, or to the
specific bone in that region.

NL, Abbreviation of notochord length.

notocherd. Longitudinal supporting axis of body which
is eventually replaced by the vertebral column in
teleostean fishes.

notochord length. Straight-line distance from anterior-
most part of head to posterior tip of notochord; used
prior to and during notochord flexion.

occipital region. Area on dorsal surface of head, begin-
ning above or immediately behind eyes and extend-
ing backwards to end of head.

oil globule(s). Discrete sphere(s) of fatty material with-
in the yolk.

olfactory buds. Incipient olfactory organs.

optic vesicles. Embryonic vesicular structures which
give rise to the eyes.

otoliths. Small, caleareous, secreted bodies within the
inner ear.

P. Abbreviation for pectoral fin.

palatine teeth. Teeth on the paired palatine bones in
the roof of the mouth of some fishes.

pectoral bud. Swellingnat site of future pectoral fin;
anlage of pectoral fin.

pectoral fins. Paired fins behind head, articulating with
pectoral girdle.

pelagic. Floating free in water column; not necessarily
near the surface.

pelvic bud. Swelling at site of future pelvic (ventral)
fins; anlage of pelvic fin.

pelvic fins, Paired fins articulating with pelvic girdle;
ventral fins.

periblast. A layer of tissue between the yolk and cells

of blastoderm which is ¢bserved as a thin border
around blastula.

peritoneum. Membranous lining of abdominal cavity.

Glossary 7

perivitelline space. Fluid-filled space between egg
proper and egg capsule.

pharyngeal teeth, Teeth on the pharyngeal bones of the
branchial skeleton.

postanal myomeres. The number of myomeres between
posterior margin of anus and the most posterior
myoseptums.

preanal length, Method of measuring often not stated,

assumed to be about equivalent to snout to vent
length in larvae,

preanal myomeres., The mumber of myomeres between
the anteriormost myoseptum and the posterior mar-
gin of anus.

predorsal scales.  Scales along dorsal ridge from occiput
to origin of dorsal fin,

prejuvenile. Developmental stage immediately follow-
ing acquisition of minimum fin ray complement of
adult and before assumption of adult-like body
form; used only where strikingly different from ju-
venile (¢f. Hubbs, 1958; Tholichthys stage of butter-
fiyfishes, querimana stage of mullets, etc.}.

premaxillary. The ventralmost of the two bones in-
cluded in the upper jaw.

primordium. Rudimentary form of an anatomical struc-
ture; anlage.

principal caudal rays. Caudal rays inserting on hypural
elements; the number of principal rays is generally
defined as the number of branched rays plus two.

procurrent caudal rays. A series of much shorter rays
anterior to the principal cauda) rays, dorsally and
ventrally, not typically included in the margin of
the caudal fin.

pronephric ducts. Ducts of pronephric kidney of early
developmental stages.

scute. A modified, thickened scale, often spiny or keeled.

sigmoid heart. The S-shaped heart which develops from
the primitive heart tube.

SL. Abbreviation for standard length.

snout to vent length. Distance from anteriormost part
of head to posterior margin of anus; the precise
method of measurement often not stated.

soft rays. Bilaterally paired, usually segmented, fin sup-
ports.

somites. Primitive, segmented, mesodermal tissue along
each side of notochord.

spines. Unpaired, unsegmented, unbranched fin sup-
ports, usually (but not always} stiff and pungent.

standard length. 1In larvae, sitaight-line distance from
anteriormost part of head to end of hypural ele-
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ments; not applicable to larvae prior to notochord
flexion. (In juveniles and adults measured from most
anterior point of snout or upper lip.)

stomodeum. Primitive invagination of the ectoderm
which eventually gives rise to the mouth.

tail-bud stage. Stage of embryonic development char-
acterized by a prominent caudal bulge and marked
development of cephalic region.

tail-free stage. Stage of embryonic development char-
acterized by separation of the tail from the yolk.

TL. Abbreviation for total length,

total length. Straight-line distance from anteriormost
part of head to tip of tail; all older literature refer-
ences not stated differently are assumed to be total
length.

urostyle. Terminal vertebral element in higher teleosts,
derived from the fusion and loss of several of the
most posterior centra of the more primitive forms,

V. Abbreviation for the central or pelvic fin.

vent. Anus,

venfrgl fins. Paired fins articulating with the pelvie
girdle; pelvic fins.

vitelling vessels, Arteries and veins of yolk region.

water-hardening. Expansion and toughening of egg cap-
sule due to absorption of water into the perivitelline
space.

width of perivitelline space, Distance between yolk and
egg capsule expressed either as direct measurement
or a ratio of the egg diameter.

xanthophores. Yellow chromatophores.

yolk. Food reserve of embryonic and early larval stages,
usually seen as a yellowish sphere diminishing in
size as development proceeds.

yolk diameter. Greatest diameter of yolk; more accu-
rately measurable prior to embryo formation.

yolk plug. Yolk within the blastepore.

yolk sue. A bag-like ventral extension of the primitive
gut containing the yalk.

yolk-sac larva. A larval fish characterized by the pres-
ence of a yolk-sac.
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INTRODUCTION TO VOLUME |

This first volume of the Development of Fishes of the Mid-Atlantic Bight is
a revision of Development of Fishes of the Chesapeake Bay Region, Part I (1967}
by Alice J. Mansueti and Jerry D. Hardy, Jr. Included are accounts of 48 species
of teleostian Hshes in 14 familics {Acipenseridae through Ictaluridae),

Within the 14 families, two species from this region have not been included.
They are Anchoa duodecim, reported by Hildebrand (1983} from a single speci-
men collected off the New Jersey coast, and Esox masquinongy, known from one
specimen collected in the tidal portion of the Northeast River in the upper
Chesapeake Bay.

This volume is primarily a summary of the existing literature relative to the
species included. Since the availability of specimens representing the early life
history stages of these species is severely limited and time constraints precluded
original work, contributions from other biologists as well as critical review of
manuscripts by experts were essential for providing accurate and complete species
accounts. In this respect we are extremely grateful to Jules Loos of the Academy
of Natural Sciences of Philadelphia for reviewing the Cyprinidae manuscripts
and contributing illustrations and descriptions of several species in this family.
We would also like to thank the following persons for reviewing manuscripts:
William L. Dovel, Boyce Thompson Institute, for reviewing the Acipenseridae;
Anthony A. Echelle, Baylor University, for reviewing the Lepisosteidae and the
Amiidae; David G. Smith, University of Texas, for reviewing the Elopidae and
Albulidae; James R. Chambers, U.S. Army Corl;s of Engineers, for an excellent
review of Alposa aestivalis, Alosa mediocris, Alosa pseudoharengus and Alosa
sapidissima; W. A. Richkus, Martin Marietta Laboratories, for reviewing Alosa
pseudoharengus; William F. Hettler, Atlantic Estnarine Fisheries Center, for
reviewing Brevoortia tyrannus; Thomas W. McKenny, Northeast Fisheries Center,
for reviewing Clupea harengus; M. Kjelson, Atlantic Estuarine Fisheries Center,
for reviewing Dorosoma cepedianum and Dorosoma petenense; Edward D.
Houde, University of Miami for excellent reviews of Etrumeus teres, Opisthonema
oglinum, Sardinella aurita and the Engraulidae; the late E. Clyde Prince, Towson
University, for reviewing the Umbridae; E. J. Crossman, Royal Ontario Museum,
for reviewing the Esocidae; William W. Anderson, St. Simons Island, Georgia,
for reviewing the Synodontidae; Robert E. Jenkins, Virginia Commonwealth Uni-
versity, for reviewing the Catostomidae; W. L. Long, Western Maryland College,
for reviewing Catostorus commersoni; George Drewry, Chesapeake Biological
Laboratory, for reviewing the Ariidae; and William Ralph Taylor, United States
National Museum, for reviewing the Ictaluridae.

Cynthia Simmonds typed most of the manuscripts. Elizabeth Ray Peters was
responsible for most of the plate layout. We would also like to acknowledge those
who donated valuable time. Among these are George Drewry, Steven B, Drewry,
Julia R. Clark, Ronald Fritschze, Dave Johnson, Marthe Anne Cole, Danie] M.
Carver, Eunice Benson, Majorie H. Blackwell, August Selckmann, Jr., L. Diane
Haft, Joan Ellis, Tamiko Karr, Donna Jean Davis, R. T. Bishop, Alice . Lippson,
R. L. Moran, Mary Jane Reber, Jack Morquardt, Ruth Wilson, Judith K. Wiley,
and Caroline Essex. Mr. Arie de Kok translated a number of papers.

Kathy Ann Denney, Hillary Handwerger, David C. Klinger, Francine H.
Scherger, and Sarah A. Vreeland assisted with the reading of galley proofs,
preparation of the page layouts, and checking of bibliographic entries.

F. Douglas Martin took primary responsibility for writing Dorosoma pete-
nense and Sardinella qurita as well as the revision of Carassius auratus. Jerry D.
Hardy, Jr., revised Cyprinus carpio. Philip W. Jones took primary responsibility
for reviewing the remaining species and writing the Acipenser brevirostrum ac-
count. Family accounts were collectively prepared.
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Original unpublished contributions are indicated in the text by the initials
of the contributors as follows;

AJL  Alice Jane Lippson, Martin Marietta Corporation, Baltimore, Maryland.

ECP E. Clyde Prince, Towson State University, Baltimore, Maryland.

ECR Edward C. Raney, Icthyological Associates, Ithaca, New York.

EDH Edward D. Houde, University of Miami School of Marine and Atmo-
spheric Science, Miami, Florida.

EJC E.].Crossman, Royal Ontario Museurn, Toronto, Canada.

FDM F. Douglas Martin, Chesapeake Biological Laboratory, Solomons,
Maryland.

FHB Frederick H. Berry, Southeast Fisheries Center, Miami, Florida.

FJS Frank J. Schwartz, University of North Carolina, Institute of Marine
Science, Morehead City, North Carolina.

HCB H. C. Boyar, United States Bureau of Commercial Fisheries, Biologi-
cal Laboratory, Booth Bay Harbor, Maine.

JDH Jerry D. Hardy, Jr, Chesapeake Biological Laboratory, Solomons,
Maryland.

JJL. Jules J. Loos, Academy of Natural Sciences of Philadelphia, Philadel-
phia, Pennsylvania.

JRC James R. Chambers, U.S. Army Corps of Engineers, Vicksburg, Mis-
sissippi.

JWR P]IZ:hn W. Reintjes, National Marine Fisheries Service, Atlantic Es-
tuarine Fisheries Center, Beaufort, North Carolina.

LLII L. Lubbers III, Chesapeake Biological Laboratory, Solomons, Mary-
land.

MSB Melvin §. Beaven, Chesapeake Biological Laboratory, Selomons,
Maryland.

NSS Nancy S. Smith, St. Petersburg, Florida.

OES The late Oscar E. Sette, National Marine Fisheries Service, Southwest
Fisheries Center, Tiburon, California.

PW] Philip W. Jones, Chesapeake Biological Laboratory, Solomons, Mary-
land,

RE] Robert E. Jenkins, Virginia Commonwealth University, Richmond,
Virginia.

RIM gl'In']lie late Romeo |. Mansueti, Chesapeake Biological Laboratory,
Solomons, Maryland.

VP Varghese Ponmattan, University of Miami, School of Marine and At-
mospheric Science, Miami, Florida.

WFH William F. Hettler, National Marine Fisheries Service, Atlantic
Estuarine Fisheries Center, Beaufort, North Carolina,

WHM Williasmm H. Massmann, United States Bureau of Commercial Figh-
eries, Washington, D.C.

WLD William L. Dovel, Boyce Thompson Institute for Plant Research Inc.,
Yonkers, New York.

WLL W. L. Long, Western Maryland College, Westminster, Maryland.

WRT W. Ralph Taylor, United States National Museum, Washington, D.C.
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FAMILY ACIPENSERIDAE

Sturgeons, of which there are four genera and 23 species, are anadromous
and freshwater fishes restricted in distribution to the northern hemisphere. These
fishes are moderate to large in size and have elongate fusiform bodies, extended
snouts, inferior mouths, four barbels in front of the mouth, heterocercal tails,
posteriorly placed dorsal fins, fewer than 50 gill rakers, and five lengthwise rows
of bo_}%r plates or scutes.

is family is represented by two species in the Mid-Atlantic region, Acipen-
ser brevirostrum and Acipenser oxyrhynchus. Their spawning begins in eary
spring and may continue into late summer, occmring in fresh and possibly slightly
brackish water. Descriptive information on the early life history stages of these
species is restricted to A, oxyrhynchus. During embryonic development, cleavage
is intermediate between holoblastic and meroblastic. The cggs are about 2-3 mm
in diameter, with a distinetly two-lavered capsule and are strongly adhesive.
Initially globular in shape, with a distinct cross- or star-shaped pigment patch at
the animal pole, the eggs become oval as development proceeds. )

At hatching, larvae are large in size (ca. 11 mm}, the yolk is large, oval and
vascular, the mouth is formed, barbels are lacking and the anus is somewhat
posterior to the body midpoint. Descriptions of late stage yolk-sac larvae, larvae
and eatly juveniles are lacking.
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