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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



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.
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Fig. 1. Map of the Chesapeake Bay and adjacent Mid-Aflantic 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-



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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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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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 axzis 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.



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.

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

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

Incipient olfactory organs.

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
myoseptunms.

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-



8 DeveropMENT oF FisHes oF THE Mm-AtLANTIC BIcHT

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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Acipenser brevirostrum Lesueur, Shortnose sturgeon

ADULTS

D. 3317-42;' A, 18-24;° C. 680; P. 30-31; V. 17-21;®
dorsal shields 7 *—13; ¢ lateral shields 22*'-34;*® ventral
shields 6°-11; gill rakers on first arch 22°-32°

Proportions expressed as percent FL: Head length 18-
22."* Proportions expressed as percent HL: Postorbital
distance 51 *-62; interorbital width 31-40; ** snout length
37-50. Proportions expressed as percent snout length:
Mouth width 44-77.% Proportions expressed as percent
postorbital distance: Snout length 64-89.° Proportions
expressed as percent interorbital width: Mouth width
63-90.° Proportions expressed as times in TL: Greatest
depth 6.75; head 4.80. Proportions expressed as times in
HL: Eve ca. 14.%

Body elongate * pentagonal in cross-section,! with & rows
of enlarged shields.? Head large, convex, de};l,ressed be-
tween eyes; ** snout, as compared to A. oxyrhynchus of
similar size, shorter, more blunt, proportionately wider
at base; 1’ 4 barbels in ventra! transverse row 1/3 to 1/2
distance from snout tip to upper lip.* Mouth width inside
lips more than 3/5 width of bony orbit.® Eye small,®
pupil rounded; ** gill rakers rather long, triangular.’
Shields regular, oblong, with sharp keel,’® space separat-
ing dorsal shields as much as 1/2 len%-r_h of shields them-
selves.® Postdorsal and preanal shiclds single or paired.
No enlarged bony plates between base of anal fin and
lateral row of shields.” Upper lobe of caudal much longer
than lower; dorsal fin just before caudal peduncle; anal
fin under posterior portion of dorsal fin; pectoral fins just
behind gill openings; ventral fins at beginning posterior
1/3 of body.*

Pigmentation: Brown above, tinged with copper on the
sides (WLD); below lateral shields reddish mixed with
violet; abdomen white.” Tlorsal shields with whitish
centers, lateral shields paler than surrounding skin; vis-
cera blackish.? Iris witE greenish tint (WLD).

Maximum size: 1333 mm TL; ® 18.5 kg."*

DISTRIBUTICN AND ECOLOGY

Range: St. Jobn River, New Brunswick,® to St. Johns
River, Florida; ? rare and endangered.®**

Area distribution: Possibly before Delaware? and Poto-
mac Rivers; ® also recorded from Virginia.*

Habitat and movements: Adults and juveniles—found
most often in tidal rivers; * also recorded from open sea
some distance from parent stream.* In St. John River,
New Brunswick migrations to overwintering areas take
place in September and October.’® Overwintering occurs

in estuarine lakes at depths exceeding 10 m,*'® and
deeper regions of the lower estuary in salinities up to
20 ppt and temperatures of 48 C. During April move
out of overwintering areas and concentrate in river chan-
nels. Around mid-June movement to summer feeding
areas ocours,'?

Larvac—on bottom for several days after hatching,*

SPAWNING

Location: Middle reaches of large tidal rivers.! In the
St. John River, New Brunswick, spawning apparently
oceurs in the upper estuary adjacent to deep, turbulent
sections of the river in extremely turbid water.*?

Season: Females with mature eggs taken from the Hud-
son River in December (WLD), February ** and April.?
Spawning in the St. John River, New Brunswick, takes
pﬁlce between May 15 and June 15'® and may continue
until late August or early September.?

Time: During peak flood tide.’®
Temperature: Average 10 C.**

Salinity: Fresh during spawning; possibly becoming
brackish with changes in tidal cycles.”

Fecundity: 48,000-99,600.'®

EGGS

Mature ovarian eggs—average diameter 3.0 mm; ** dark
brown in color.?

Fertilized eggs—demersal, extremely adhesive just after
fertilization, after ca. 2 hours essentially nonadhesive.?

Pigmentation: Brown 1/2 circumference, grayish whitc
other 1/2; eve visible 6 days after fertilization, light in
color; 8-9 days after fertilization darker, plainly visible.”

Incubation: 4-8 days at unspecified temperature;!? at
7.8-12.2 C, 13 days.®

YOLK-SAC LARVAE

Very dark in color,** otherwise no information.

LARVAE

No information.

JUVENILES
Specimen described 197 mm ¥FL.?
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580 mm TL

Fig. 3. Acipenser brevirostrum. Spawning female 580 mm TL. (Visdykov, V. D, and J. R. Greeley, 1963: fig.

8.)

Head 28% of FL, postorbital distance 33% of HL.2

Snout longer than postorbital distance. Scutes on 5 main
rows sharp, set closely together.?

AGE AND SIZE AT MATURITY

In St. John River, New Brunswick, 8.8=17 years, but
females apparently do not spawn until 15514 years,
even though mature.® (Reports of 4-8 years in both
sexes in the Hudson River 7 are based on incorrect aging
methods, WLD.) Males may mature at 490 mm,” most
above 533 mm are mature.® Smallest mature female 460
mm, smallest ripe female 700 mm TL.*®
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Acipenser oxyrhynchus Mitchill, Atlantic sturgeon

ADULTS

D. 3046 "% A 22-32: P. 40-41; V. 28-29; gill rakers
on first arch 159°-27;1* dorsal shields 7°-16;* lateral
shields 24 >-36: * ventral shields 8-14.

Proportions as times in SL: Head 3.7-5.0, body depth
7.0-10.0. Proportions as times in head: Snout 2-3. Pro-
portions as times in snout: Eye 5-7."*

Body elongate; * in cross-section more or less pentagonal; *
with 5 rows of shields.’ Head flattened above,* snout
long, pointed; ?? eyes small, oval; mouth inferior, sucker-
like, lacking teeth,* width inside lips less than 3/5 bony
interorbit; #* 2 pairs of short, slender barbels in trans-
verse line midway between end of snout and anterior
edge of mouth.* Dorsal fin origin between pelvies and
anal, pelvies small, well to rear of abdomen; pectorals
low, origin just behind head.™ Two to six bony plates
at least as large as pupil between anal base and lateral
row of shields.?? Successive shields in dorsal series touch-
ing or overlapping; ¢ preanal and postdorsal shields in a
double row.? On basis of he length, pectoral fin
length, shape of scutes, and length of spleen A. o.
oxyrhynchus Mitchill separable from A. o, desotoi
Viadykov.

Pigmentation: Olive green, bluish gray, or brownish
above, pale below; iris pale golden; peritoneum nearly
white.

Maximum length: 4267 mm ? to possibly 5486 mm."

DISTRIBUTION AND ECOLOGY

Range: Nominate subspecies from Atlantic coast of Lab-
rador and Gulf of St. Lawrence to eastern Florida; repre-
sented in Gulf of Mexico, Bermuda, and French Guiana
by Acipenser o. desotoi Vladykov.?

Area distribution: Tributaries of Chesapeake Bay in
Maryland and Virginia, also Delaware River.”

Habitat and movements: Adults—a bottom species close-
ly associated with estuaries but sometimes wandering
across continental shelf eastward at least to offshore fish-
ing banks. Anadromous, moving toward fresh water in
spring, returning to salt water in fall.® Postspawning
migrations occur from October through November in Su-
wannee River, Florida,”® }une to November in Hudson
River, New York {(WLD) and in greatest numbers from
September through November in St. Lawrence River.’
Larger females apparently seek shallow water when mi-
grating upstream and deeper waters when migrating
downstrearn.” Maximum depth 46 m.®

1Larvae—no information.

Juveniles—may remain in fresh or brackish water until
3-5 vears of age {(WLD) or 760-915 mm long; »* possibly
participate in prespawning runs as early as age one; *
sometimes make oceanic excursions of at least 1450 km; *
apparently move north along Atlantic coast during late
winter and early spring and south from November
through January.® Maximumn depth at least to 18 m.?

SPAWNING

Location: Brackish or fresh water,’ possibly preferring
brackish,® over hard bottom of clay, rubble, gravel or
shell 271 in shallow running water '° or water up to 9 m
deep; possibly in pools below waterfalls.** Earliest ar-
rivals are said to spawn furthest upstream.*

Season: Migrations begin in early March in Suwannee
River, Florida,” February in §t. Marys River, Georgia,
April in Chesapeake Bay,? late April in Delaware River,*®
April (males) and May (females) in Hudson River
{WLD), May and June in Gulf of Maine,? May to July
in the St. Lawrence River.’” Peak activity oceurs in April
in Suwannee River, Florida,” mid- to late May in Dela-
ware River 3% and May 15 to June 15 in Hudson River
(WLD). Season ends in May in Suwannee River, Flor-
ida ** and early June in Delaware River.'®

Temperature: Ca. 13-18 C.*

Fecundity: 1,030,000 at 75 kg (WLD) to 3,755,745 at
1680 kg2

EGGS

Description: Demersal; adhesive, attached to weeds,
stones, shells, sticks, etc.; *° sometimes in stringy clusters
or ribbons.®

Ripe ovarian eggs—2.9*-2.6 mm in diameter.’®

Freshly deposited, unfertilized eggs—globular; light to

dark brown; * germinal disc evident; ** 3-9 micropyles.®

Fertilized eggs—diameter 2.0 **~2.9 mm; > initially glob-
ular, becoming oval as development proceeds; ** slate-
gray ? or light to dark brown 23*® with distinct cross- or
star-shaped pigment patch at animal pole; egg capsule
distinctly 2-layered * with outer layer comprised of a
viscous substance; strongly adhesive, and firmly attached
to substrate within 20 minutes.!®

EGG DEVELOPMENT
Cleavage, modified holoblastic.®®
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Fig. 4. Acipenser oaxyrhynchus, Atlantic sturgeon. A. Adult, ca. 460 mm TL. B: Leaf with attx?ched eggs. C.

Egg, unfertilized. This and all following eggs incubated at 20 C, 2529 mm dinmeter, yolk diameter ca. 2.2

mm; egg capsule removed for these drawings. D. Egg. third cleavage, lateral view, second furrow traverses yolk.

E. Egﬁ sixth cleavage, 4 hours. F, E%%, sixth cleavage, lower pole. G. Egg, late blastula, 16 hours. H. Egg,
, 28 1

gastra /% hours. Dorsal lip of blastopore with indentations. I Egg. early embryo, 43 hours. Blas.topore
still open; 8 somites present but rot distingunishable in surface view. ]. Egg, early embryo, 48 hours. View of
tail region; 20 somites present. (A, Goode, G. B., et al, 1884 pl. 243. B, Dean, B., 1895b: fig. 194. G-}, Man-
sueti, A, 1, and J. D. Hardy, Jr., 1967: fig. 8 after Dean, B., 1895b.)
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At mean temperature 20 C:

1 hour first cleavage.
1 hour, second cleavage.
15 minutes
2 hours, third cleavage.
20 minutes
19 hours early gastrula.
33 hours embryo around 90° of egg circum-
ference.
42 hours pronephric ducts formed.
43 hours central nervous system formed.
46 hours optic vesicles formed.
58 hours blastopore closed.
76 hours embryo around ca. 320° of circum-
ference.
82 hours first movement.'®

Incubation: 92 hours at unspecified temperature; '* 94
hours at ca. 20 C; ¢ ca. 168 hours at 17.8 C.#

YOLK-SAC LARVAE

Hatching length ca. 11 mm TL. Duration of stage ca. 6
days.*

Yolk sac large, oval, vascular; head not deflected over
yolk; mouth formed; eve relatively small; auditory ves-
icles round, equal to eye; branchial arches concealed by
opercular folds; barbels lacking; pectoral buds present;
origin of dorsal finfold in occipitaf region.?

Pigmentation: Head and tail darkly pigmented, yolk dirty
yellow. !

htss, Atlantic s
ca. 200 mm TL, 12 months. (A, Ryder, J. A., 1850: pl. 42, fig. I18. B, Dean, B., 189

Fig. 5. Acipenser oxy

LARVAE

Undescribed, except that this species is toothless “except
in larval stages.” ©

JUVENILES

Minimum size tentatively included 60 mm TL.*

Head pointed up to ca. 915-2220 mm TL; * snout longer
than postorbital distance in individuals up to 950 mm.?

Proportions as percent FL at 515-595 mm {(A. 0. desotoi):
Head length 30.9-33.6; snout length 16.3-19.0; maximum
body depth 15.6-15.7; postorbital distance 12.2-124
Proportions as percent HL at 515-5395 mm FL: Mouth
width 17.3-21.2: eye diameter 8.8-7.2.

Proportions as percent FL at 483-820 mm (A. o. oxyrhyn-
chus): Head length 26.5-27.6; snout length 11.8-15.3;
maximum body depth 12.8-16.1; postorbital distance
8.0-11.6. Proportions as percent head length at 483-620
mm FL: Mouth width 18.9-23.3; eye diameter 8.3-7.6.2
Proportions as percent HL at 60-490 mm: 22.4-28.4.2

AGE AND SIZE AT MATURITY

Males age 7-9, females age 8-12 (Suwannee River, Flor-
ida); # males presumably mature at age 11-20 (1219-
1829 mm), females age 20-30 (1829-2438 mm) (Hud-
son River, WLD); males age 22-34 (ca. 1650 mm
TL), females age 27-28 {ca. 1900 mm TL) (St. Lawrence
River).’"

11.5 mm TL

it
A AL LR e
'brb‘h P N L

ca. 200 nmm TL

eon, A, Yolk-sac larva, 11.5 mm TL, .‘;};ﬂt hatched. B. Juvenile,

: fig. 302.)
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Lepisosteidae
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FAMILY LEPISOSTEIDAE

Gars occur from Quebec, west to the Mississippi Valley and the Great Lakes
region, and south to Costa Rica and Cuba. One species reportedly occurs in
China. Typically inhabitants of freshwater, low gradient streams and lakes;
several species enter brackish and marine waters,

These fishes have a long cylindrical body, produced snout, numerous teeth,
asymmetrical caudal fin base, posteriorly placed vertical fins and two-layered
ganoid scales. The swim bladder is capable of assimilating atmospheric oxygen.

The family Lepisosteidae is represented by one genus and seven species.
One species, Lepisosteus osseus, is known from the Mid-Atlantic region.

L. osseus spawns in fresh and possibly slightly brackish water. Eggs are
large (3.3 to about 5.0 mm in diameter), demersal and adhesive. The egg capsule
is distinctly two-layered. Development is characterized by cleavage intermediate
between holoblastic and meroblastic,

At hatching, yolk-sac larvae have a prominent suctorial disc, large spherical
volk, posteriorly placed anus and high myomere count, By about 15 mm TL a
short snout with a terminal, suctorial disc is evident. Larvae at about 21-23 mm
TL have incipient dorsal, anal, pectoral and caudal rays, an elongate fleshy caudal
filament projecting from the notochord, posteriorly placed vertical fins and a
heterocercal tail. At 25 to 40 mm TL the snout is elongate and the suctorial disc

on the extreme end of the elongate upper jaw is disappearing.
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Lepisosteus osseus (Linnaeus), Longnose gar

ADULTS

D. 689; A, 8-10; C. 11-14; P. 10-13; V. 6; lateral line
scales 57 +-63; =3 predorsal scales 47-55; transverse scale
rows between pelvic and dorsal origins 31-35; gill rakers
14-31.% Distance from posterior edge of eye to posterior
edge of opercular membrane 3.5 times in HL in fish more
than ca. 100 mm long.®

Proportions as percent TL: Body depth 55-7.4; head
length 27.0-30.3; least caudal peduncle depth 29.1-36.5.%
Proportions as percent HL: Snout length 67.4+-75.4; =
least snout width 3.14.5; * interorbital width 10.5-13.7.**

Body long, cylindrical, slender; head narrow, snout
bluntly pointed, overhanging upper jaw. Teeth abun-
dant, villiform, sharp,** present on jaws, vomer and pala-
tines.” Scales ganoid; thin bony scutes on leading edges
of unpaired fins, and on both edges of caudal fin. Dorsal
fin nearly rectangular, its base 83.5-97.6% of anal base;
caudal abbreviate heterocercal; pelvic fins midabdominal,
blunt; pectoral fins low, tips pointed.®

Pigmentation: Gtzenerall),r olivaceous brown above,* lateral
surface pale green or silver,” white below.* Median fins
bright yellow to pale brown; with large dark green,

Fig. 8. Lepisostens osseus, Longnose gar. A, Adult, 5%4 mm TL. B, Egg. four-cell stage, 2 hours. This and

all following eggs incubated at ca. 17.8 C, dimmeter c8, 2.4 mm with egg capsule removed, G..E
stage, 3 hours. D. Egg, 18-ceil sufe. 3.75 hours, E. E

G. Egg, early gastrula, 82 hours,
Ioau%ﬂis.} e

g, early morila, 8 hours, F. E
A, Sutthus, R. D., 1863: fig. 13. B-G, Dean, B., 1

. eight-cell
. late morula, 25 hours.
Sa: pl. 1; delineated by



brown, or black spots; paired fins dusky, usually lacking
spots.?® Body usually with dark spots,* primarily from
pelvic fins back.*®

Maximum length: Maximum recorded size 1524 mm,’
possibly to ca. 1830 mm.!

DISTRIBUTION AND ECOLOGY

Range: Quebec to Florida, excluding eastern parts of the
New England states; * Montana, Wyoming and South
Dakota, south to northern Mexico and the Rio Grande
River in New Mexico.??

Area distribution: Fresh and brackish tributaries of
Chesapeake Bay in Maryland and Virginia; ¢ Dela-
ware; 2 New Jersey.*®

Habitat and movements: Adults—clear, low or base gra-
dient streams; ® shallow mud flats ** and grassy areas in
-rivers and lakes; ® in more or less stagnant water ** and
midchannel areas of streams,’” sometimes in moderately
‘swift current,”® Inshore movements occur at night.*® In
- winter congregate at bottom of deep pools. Maximum
-salinity, taken in water which varies from 13-25 ppt.”
‘Migrate up rivers during the spawning season and often
run up smaller Lake Erie tributaries.*®

Larvae—recently hatched larvae attached by adhesive
organ to aquatic vegetation both near surface and at
bottom; free swimming after yolk absorption,’*'® capable
of assimilating atmospheric oxygen.*®

Juveniles—close inshore among weed beds in Lake
Erie; 2 prefer shallow water, often along waveswept
shorelines in Lake Texoma, Oklahoma.?

SPAWNING

Location: Fresh, shallow water,?” usually in grassy or
weedy areas, also around stone piles,”” over algae ** and
over naked granite; ** along windswept shorelines and
rocky points.?®

Season: March through August in Florida, with peak
activity in April; ** May or June in Maryland,? and until
July in New York. 4

-

Qime: Usually during daylight hours,’® possibly with
E{Jeak activity between 1200 and 1500 hours.**

Temperature: Ca. 19-21 C in New York; :* 20-30 C in
T.ake Texoma, Oklahoma.*

ecundity: Ca. 1110-77,158.10

H

=6as

Z.ocation: Demersal; ¢ adhesive, attached singly or in
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irregularly arranged groups '* to stones, sticks, and
weeds, but becoming detached from slime-covered rocks
in 2 or 3 days.

Mature ova {(preserved): Diameter 2.1-3.2 mm, green in
color.®

Fertilized eggs: Diameter 3.3 to ca. 5.0 mm.* Egg
capsule distinctly two-lavered; ** micropyle single. Color
variable; slate gray at time of extrusion, 3 hours later
cream yellow, 2 days later dull greenish brown; ** also
described as having yellowish grecn outer envelope and
whitish blue yolk.'®

EGG DEVELOPMENT

At mean temperature of 17.8 C:

1 hour first cleavage.

2 hours second cleavage.

3 hours third cleavage.

37 houry carly gastrula; pigment noticeable in
yolk region.

46 hours closure of blastopore.

70 hours central nervous system outlined; pro-
nephric ducts apparent.

80 hours optic vesicles distinct; notochord,
blood vessels, 4 somites developed.

SG hours 7 somites.

ca. 140 hours embryo around ca. 200° of egg cir-
cumference,

149 hours first movement.

160 hours embryo around 320° of egg circum-

ference.?

Incubation: Ca. 72 hours at unspecified temperature,
120-144 hours at 18.9-21.1 C; #* 200-220 hours at 16.7-
22.2 C#

YOLK-SAC LARVAE

Hatching length 8.0 *-10 mm TL.** Duration of stage
up to 9 days at 18.9-21.1 C; ** also reported as lasting 3
weeks.!

Mouth open, more or less rhomboidal, and preceded by
papillate suctorial disc at 11 mm, becoming narrow slit
accompanied by elongation of preoral region into short
shout with terminal, suctorial disc at 15 mm. At 21 mm,
snout increased greatly in length, and lower jaw elon-
Esated." Eye poorly developed at hatu:hin%,"3 choroid

sure retained to at least I1 mm.> Dorsal, anal, and
caudal fins indicated by dense pigment in finfold at 11
mm, becoming even more dense at 15 mm; rals
forming as prominent, vertically projecting, longitudinal
ridges on surface of yolk sac at 11 mm; oral insertions
oriented more or less horizontally with body and covered
by large opercular flap at 15 mm; ventrals visible as small
longitudinal projections near posterior end of yolk sac at
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Fig. 7. Lepisosteus osseus, Longnose gar. A. Epg, late gastrula with blastophore, 44 hours. This and all follow-
ing eggs incubated at ca. 17.8 C, diameter ca. 2.4 mum with egg capsule removed. B. Egg, early embryc with
notochord, 80 hours. C. Egg, embryo 6 days. Myomeres and gill region well-developed. D. Egg, embryo 7
days. Rudimentary opercular flaps present. E. Egg, embryo just 'Eefore tching, ca. 10 mm TL, 11 days. Mouth,
gitl region. and suctorial disc well-developed; complete myomere count. F. Ventral view of head of 11 day em-
bryo with details of mouth and adhesive organ. G. Yolk-sac larva. Newly hatched, with prominent adhesive or-
ran, (A, B, Dean, B., 1895a: pl. 1, delineated by Joan Ellis. C-F, Balfour, F. M., and W. K. Parker, 1862: pl. 21;
delineated by Joan Ellis. G, Mansueti, A. 1., r.mc? I. D. Hardy, fr., 1967: fig. 6A, after Kerr, ]. G., 1919.)



Fig. 8. Lepisosteus osseus, Longnose gar.
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Length unknown
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A. Yolk-sac larva. Yolk partially sbsorbed; opercular flaps prominent.

B. Yolk-sac farva, 11 mm TL. Olfactory pit formed; darkening in areas of dorsal, angl, and caudal fins. C. Ven.

tral view of head of “B" with fetails of wouth wnd adbesive ar

. D. Yolk-sax larva, 1% m TL, 56 days.

AN
E. Yolk-sac larva, 11 days. (A, Kerr, J. G., 1819: fig. 198, © 1919%5’ Macmillan & Co. Ltd. Used with permission
of the publishes, delineated by Joan Ellis. B-D, Balfour, F. M., and W. K. Farker, 1882: pl. 21; delineated by
Joan Eliis. E, Agasstz, A., 1875: pl. 111, fig. 19; delineated by Marthe Anne Cole.}
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15 mm; ** urostyle oblique by 2nd day.*®

Pigmentation: Body coloriess, transparent; yolk sac
opaque bluish gray at hatching. “Somewhat later” upper
edge of yolk sac and surface of alimentary canal with
small melanophores; at 3 days, body with numerous,
small melanophores toward head region and on sides; by
5th day, entire body with melanophores except yellowish
gray venter. By 11th day, melanophores most numerous
above eye, in dorsal region, in dark band from upper
margin of yolk to tail, and in region of future vertival
fins. White areas completely enclosed in black, de-
veloped dorsally and ventrally in caudal region; fleshy
lobes of pectorals and outer edge of gill cover bluish.'®

LARVAE

Specimens described 20 4] mm TL.#
D.T, A 7.2

At ca. 20 mm, teeth evident; suctorial disc reduced to a
swelling on extremity of elongate upper jaw,’?! disap-
pearing by ca. 2540 mm.*’ Incipient rays of dorsal, anal,
pectoral, and caudal fins evident by ca. 20 mm; pelvic
rays evident at ca. 23-24 mm,'** although pelvics may
develop before pectorals in some cases.* Notochord pro-
duced posteriorly into an elongate fleshy filament above
caudal at ca. 23 mm.?* Preanal finfold still evident at 41

mm.12

s W
o O

R

Fig, 9. Lepisosteus osseus, Longnose gar. A. Larva, lower jaw and ventral buds developed. B. Putative larva, 18

mm TL. Snout more e
TL. End of snout maﬂ;ld
hesive organ apparent;
with pemis‘sioa of the publisher; delinsated

bulbous; sdhesive

and W. K. Parker, 1882: pl. 21, delinaated

ate. ‘C. Larva, ca. 21 mm TL. Marked heterocercal tail.

. Head of larva, 23 mm

still evident, testh present. E. Larva, 41 mm TL. Ad-
terocercal, (A, Kerr, [, G., 1919: fig. 198, © 1919 by Mecmillan & Co. Lid. Used
by Marthe Anne Cole. B, Wilder, B. C., 1877: ﬁ%Q; delineated by
Marthe Anne Cole. C, Agassiz, A, 1878: gf IV, fig. 88; delineated by Marthe Anne Cole. D,
y Marthe Anne Cole. E, Fish, M. P., 1932: fig. 2)

Balfour, F. M.,
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130 mm TL

Fig. 10. Lepisosteus osseus, Longnose gar. A. Juvenile, ca. 100 mm TL. Ventral lobe of caudal enlarged; dorsal

lobe reduced; lateral band
roportions; tail abbreviate
A, Fowler, H. W_, 1945:

ronounced. B. Juvenile, 130 mm TL. Lateral band persists; snout attaining adult
terncercal with pointed Hp. C. Juvenile, 432 mm TL, 865 mm SL. Tail adult-like.
. 6. B, Fowler, H. W., 1933: fig. 1. C, Trqutman, M. B., 1957; fig. 14, © Ohio State

University Press. Used with permission of publisher and author.)

- Pigmentation: At ca. 20 mm, dorsal region mottled with
. broad, irregular patches of brown and a heavy black line
- extends from back of eye to tip of tail’® At 41 mm, vari-
: Ul;:‘ shades of brown banded irregularly on sides with
white 12

- JUVENILES

Smallest specimen tentatively included 55.0 mm.*"

- Distance from posterior edge of eye to posterior edge of
. opercular mem%mne contained 3.0-3.5 times in HL in
: Specimens 50-100 mm long.® Scale ocutlines visible on
- bosterior part of body at 108 mm.'* Caudal filament
- adnate to lower portion of caudal fin at 247-301 mm.’
Vertebral constrictions visible in notochord at 35 mm.*?

¢ Pigmentation: Young less than ca. 75 mm long with black
0r chocolate brown bellies, a light yellow ventrolateral
band, and & dusky lateral band; young ca. 75-375 mm
long with dusky lateral band, midline of belly white,
bordered on each side with band of chocolate.® May and
“Gasaway state that juveniles display a “heavy pigment
__!me on sides extending through eye.”* This is evident
e F_o“’ie"'s 2% juvenile 130 mum TL, but not in the 432 mm
 TL juvenile presented by Trautman.?

AGE AND SIZE AT MATURITY

Males and females by ca. 500 mm; ** males average 660-
686 mrm; females average 838 mm; males ca. 34 years,
females ca. 6 years.®
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FAMILY AMIIDAE

Amia calva, the only living species in this family, is limited in distribution
to freshwater regions of the eastern United States.

The bowfin has an oval shape, scaleless head, large mouth, numerous teeth,
gular plate between the mandibles, slightly asymmetrical caudal fin base and long
dorsal fin. Like the gars, it is capable of breathing atmospheric oxygen. The
spiral valve in its large intestine is a feature almost unique among bony fishes,

Eggs attach to various objects by thread-like extensions of the chorion.
Initially oval (major axis 2.16-3.0 mm, minor axis 2.14-2.5 mm) eggs become
spherical after blastodisc formation and gradually distend with a jelly-like fluid
until they are about twice the original size. Cleavage during development is
modified holoblastic,

At hatching yolk-sac larvae have about 60 myomeres, an adhesive organ, a
posteriorly placed anus and a large spherical yolk. By about 10 mm TL the ad-
hesive organ is much reduced, the snout is rounded, the maxillary is established,
the gular plate is visible, the yolk is greatly reduced and incipient rays are evident
in the dorsal, anal, caudal and pectoral fins. Larvae are tadpole-like in appearance
and by about 20 mm have lost the adhesive disc. Late stage larvae and small
juveni{es are predominantly black in color with a greenish hue.
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Amia calva Linnaeus, Bowfin

ADULTS

D. 42-53; # A §8.12; 2+ P, 16-18; * scales in lateral line
62-70, in transverse series 18-20; ?* vertebrae 80 **-90; 3
branchiostegals 10-12.

Proportions as percent TL: Body depth 14.2-19.7; HL
21.9-24.1; snout length 5.9-7.3; caudal peduncle depth
11.0-13.2; dorsal fin base 42.7-47.5. Proportions as per-
cent snout length: Eye diameter 30.5-38.5. Proportions
as percent IL: Interorbital width 25.9-29.8.%

Body long, robust; head conic; * mouth large, maxillary
extending well past eye;® jaws with strong, conical
teeth; 24 anterior nostrils at base of short barbels.?® Large
gular plate between anterior halves of lower jaw. Scales
cycloid. ™ Dorsal fin origin at 1/3 of total length; anal
fin origin at midpoint of dorsal base; pelvies inserted at

midpoint of body.*

Pigmentation: Dark olive above combines with lighter
color on sides to form reticulated pattern; venter cream or
Eieenish; head yellow to brown with darker horizontal

ars; lower fins vivid green; caudal light olive with
irregular darker vertical bars. Adult males with promi-
nent yellow to orange bordered black spot at upper
caudal base, less intense or absent in females.” "

Maximum length: 914 mm.**

DISTRIBUTION AND ECOLOGY

Range: Quebec; Minnesota, Vermont,’? and Great Lakes
region; ' south to Florida and Texas; north on Atlantic
coastal plain to Susquehanna River; ** probably intro-
duced in Hudson River (ECR) and in Connecticut.*!

Area distribution: Tidal tributaries of Chesapeake Bay in
Virginia; *** introduced into Gunpowder and Sassafras
rivers in Maryland.*”

Habitat and movements: Adults—clear water in lakes,
low or basic gradient portions of streams, oxbows, marshes,
and harbors among aquatic vegetation; * occasionally in
slightly brackish water (RJM); apparently somewhat
migratory during spawning season.!®#

Larvae—in nest, remaining attached to roots or lying on
bottom until adhesive organ is absorbed, thereafter in
tight “swarm” guarded by male parent outside nest.*

Juveniles—with male until ca. 100 mm long, but with
schools becoming smaller, loosely aggregated, and not
well guarded after 35 mm; ? specimens 25-60 mm long
among weeds in water as shallow as 15.0 cm.®

SPAWNING

Location: Shallow, sluggish, or stagnant water »** up to
12 m deep or deeper® among thick vegetation in
hollowed-out, more or less circular ! or elliptical ¢ depres-
sions, 455-760 mm in greatest diamecter,* and with bot-
toms of fibrous roots, water-soaked leaves or gravel; also
under stumps, logs, and bushes.’”> Number of eggs per
nest 2000-5000.°

Season: Last week of March to June.?-3¢

Time: Usually at night, occasionally by day?®!" with
spawning lasting 1-3 hours.2®

Temperature: 1619 C.2¢
Fecundity: 2765 **~64,060.*

EGGS

Adhesive, attached to decaying vegetation and upright
reeds ® by thread-like extensions of egg surface; *° cleav-
age intermediate between holoblastic and meroblastic; ¥
micropyle apparently single.”

Fertilized eggs: Oval,** becoming nearly spherical follow-
ing blastodisc formation; greatest diameter 2.16 **-3.0
mm; 17 least diameter 2.14%*-2.5 mm,'” but with egg
capsule becoming progressively distended with jelly-like
Auid until dimensions are about twice original size. Color
variable, with white ** to yellowish brown animal pole *’
and charcoal gray * to dark, grayish brown 7 yolk; egg
possibly becoming darker with age ** or varying in color
with locality.?

EGG DEVELOPMENT

At 16-17C; ™
9 hours  30-40 cleavage furrows present.®
26 hours late cleavage.
36 hours blastoderm distinctly 2-layered.
40 hours 3 primary germ layers established:
blastoderm over 230° of egg.
58 hours neural cord established.
73 hours  tail bud, 45 pairs of somites formed.
124 hours choroid fissare and ca. 25 somites (10~
12 in trunk) formed; heart sigmoid in
shape and beating,
129 hours adhesive organs developed as pair of

crescent-shaped protuberances; lens
and anlagen of pectoral fins formed;
liver developing; hypochord greatly
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Fig. 12. Amia calve, Bowfin. A, Late embryo, 6 days, membrane removed. Head free from yolk. B. Ventral
view of strai%htened embryo just before hatching, ca. 87 mm TL. C. Yolk-sae larva, recently hatched, dorsal

view. D. Ya
pl 9,
by Marthe Anne Cole.)

reduced; cilia developed over entire
body; ca. 43 somites; melanophores
beginning to develop.

sensory canal system established; gas
bladder developing; ca. 53 somites;
melanophores concentrated in cephal-
ic region, but found over entire area
dorsal to yolk sac.®®

Incubation period: At 18-17 C, ca. 6 days (141-150
hours); * at unspecified temperatures, 4 2-14 days.*”

141 hours

YOLK-SAC LARVAE

Length at hatching ca. 3.0*-7.0 mm TL; * length at end
of stage ca. 9*"-13 mm,

Total myomeres ca. 60.2* By ca. 10 mm, incipient rays
as follows: D. 47; A. 9; C. 16; P. 14.1®

k-sac larva, recently hatched. Pectoral buds on dorsal surface of yolk. (A, C, D, Dean, B., 1896:
figs. 4, 8, 7; delineated by Marthe Anne Cole. B, Reighard, J., and J. Phelps, 1908: pl. 1, fig. 4; delineated

Body “tadpole-like,” 7 flexed at hatching, straightened by
2nd day. Yolk initially spherical and with prominent
vitelline vessels; ** egg-shaped at 1 day; " posterior end
distinetly pointed, ventral surface concave, and anteriof
part covered by opercular flap by ca. 7.0 mm; greatly
reduced by 10.5 mm.'* Mandible distinct by ca. 9.0 mm.
At ca. 10.0 mm, adhesive orpan reduced to small, non-
functional tubercle; gular p%ate visible; maxillary and
premaxillary established.’* Mouth functional by 110
mm.? Eye oval at hatching,”®* Choroid fissure still evic
dent at ca. 7.2 mm."® Pectorals oblique in specimens -3
mm long, vertical at 9-10 mm,** and with ossified support
elements at 11.0 mm.* Origin of dorsal finfold over
pectorals at 10 mm,’® further back at earlier stages™
Lateral line evident anteriorly at 1 day.*®

Pigmentation: At hatching, body pale, flesh-colored; yolk
sac deep sepia’’ or pale slate; eye with traces of
pigment.’® At 6-8 mm, pigment developed on head.s" At
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Fig. 183. whn. A. Yolk-sac larva, ca. 1 day. B. Yolk-sac larve, 3 days. C. Yolk-sac larva, 7.2 mm
g e o 2 entral view of grcular flaps continwous; gular plate not yet developed,

TL, 4 days. D. Yolk-sac larva, tral view of “C.”
E. Y(:Ik-szcs larva, g.l ::; TL,E5 ‘:ﬂ;s. (A-E, Dean, B., 1896: pl. 9, hgs. 8-10, 12, 13; delineated by Marthe Anne
Cole.
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Fip. 14. Amig calva, Bowhin. A. Yolk-sac larva, 10.] mm TL, 6 days. B. Yolk-sac larva, 10.6 mm TL, 8 days,
te formicg. C. Larva, 18.2 mt TL, 18 days. {3 Larva,

Adbesive organ reduced snd nonfanctional; gular
15 days. E. Larva, 25.7 mm TL, 22 days. (A-E, Degn, B., 1896: pls, 10, 11, figs. 15, 17, 19, 20, 22; delineated

by Muarthe Anne Cole.)
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Fig. 15. Amia caiua, Bowfin. A. Larva, 257 mm TL. Ventral view. B. Larva, 28.6 mm TL, 35 days. C. Larva,
ventral view of “B.” D, Juvenile, 80 mm TL. E, uvenile, 70 mm TL. (AC Dean, B., 1896: pl. 11, figs. 24
gb‘leeiehnmd by Marthe Anne Cole. D, E, Reighard, ].. 1903: pl. 7, figs. 1, 2; delincated by Marthe Anne
o
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12 mm, body dark greenish black, greenish brown, or
black above, dirty white below; iris metallic golden.?

LARVAE

Sizes described ca. 9 1'-29 mm.

D. 47 (a count of 70 rays by 35th day is questioned,
JDH); A. 10-13; C. 20-21; P. 17-22.°

Body tadpole-like; '" lower jaw shorter than upper.®
Adhesive disc evident as small, median opening at apex
of upper jaw at 17-18 mm; *2 no longer visible, except
histologically,* at 20 mm.** Skull cartilagencus ar 15-16
mm.*?* Gular plate 4-lobed at ca. 13 mm.*® Nasal open-
ings fully established by 10th day (ca. 13 mm), develop-
ing as tube-like outgrowths by ca. 15th day.*® Pelvics
first evident at 10-11 mm; ** preanal finfold lost by ca.
29 mm. Scales first evident by ca. 26 mm, entire trunk
region scaled at ca. 28 mm; 1* lateral line complete at ea.
11 mm."*?* Urostyle tipped slightly upward at 21 mm,**
conspicuously upturned and extended into dorsal lobe of
caudal at ca. 25 mm.*

Pigmentation: At 8-11 mm, body deeply pigmented with
brown; " at 12-30 mm, back and sides black and acquir-
ing a greenish hue,®

JUVENILES

Estimated minimum size ¢a. 30 mm.'®

Gular plate complete by 78 mm; teeth present on both
jaws at 136 mm; '® scales fully formed at 30-32 mm.?

Pigmentation: Predominantly black to at least 30—40 mm.
At 40 mm, top of head. back, and sides dark green; sides
of head olive green with 3 black stripes, the 2 uppermost
bordered with orange. At 50 mm, a small black spot at
caudal base? At 60 mm, upper parts olive green or
nearly black; lower parts silvery; ventrolateral aspects of
head greenish white; ocular and subocular stripes bor-
dered with yellow; caudal spot bordered with orange;
fins and opercle bordered with black; sometimes a black
stripe lengthwise through middle of dorsal. At 70 mm, a
vertical black band on caudal; yellow stripes on opercle.
At 170 mm, fins green rather than yellow; black pigment
increased in dorsal and caudal; males with reticulated
pattern.?

AGE AND SIZE AT MATURITY

Males at age 4, females at age 4 or 5; * minimum ca.
380 mm.”
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FAMILY ELOPIDAE

This family is widely distributed in warm, shallow coastal waters, estuaries,
rivers, canals, freshwater lakes and streams. These silvery fishes are moderate to
large in size with slender, rounded bellies, large terminal or superior mouths,
mloderately long gill rakers, numerous branchiostegals (23-35) and bony gular
Piates.

The family Elopidae includes two or three genera and ahout eight species.
Two species are known from the Mid-Atlantic region, Elops saurus and Megalops
atlantica.

The spawning location of these two species is not known, but is generally
considered to be in offshore waters, or in areas where the eggs can be carried
offshore by currents. The eggs of both species are undescribed. As determined
by Eldred (1972), Breder’s {1944) description of eggs and larvae do not apply to
this species.

Larval growth of E. saurus and M. atlantica is characterized by two periods
of length increase separated by a period of length decrease. Terminology used
to distinguish these developmental stages is modified from Wade (1962). Larvae
in the initial period of length increase are termed Stage I leptocephali. The
ribbon-like, transparent body and large fang-like teeth are outstanding features
in the earlier portions of this stage. The following stage, characterized by de-
creasing length, the gradual loss of the ribbon-Jike leptocephalous form and
anterior fin migration is termed Stage IL. Late in this stage and throughout
most of Stage I11 (which is the sccond and final period of Jength increase that
terminates with the onmset of the juvenile stage), larvae undergo pronounced
changes in body form. Among these are an increase in depth at the pectoral fins,
as well as increases in snout length, head length, dorsal and anal fin height and
pectoral fin size. The body may become more opaque and late in Stage i1 the
dorsal and lateral portions of some larvae become silvery in color.

Myomere counts separate E. saurus and M. atlantica larvae of all sizes. Late
Stage 1 leptocephali and all older specimens of these two species are also dis-
tinguishable on the basis of fin ray counts and relative pesition of the dorsal and
anal fin. To separate these species from Albula vulpes, see the family account

of Albulidae.
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Elops saurus Linnaeus, Ladyfish

ADULTS

D. 25-29; A. 16-19 {dorsal and anal counts include rudi-
mentary rays); © C. 9-11+10+94-7-8; 2 P. 17-18; V.
14-15; 7 lateral line scales 100 -120; total vertebrae 73 1
85," precaudal 55-56, caudal 24; = gill rakers on first arch
5 *—8 + 10-15 {(excluding rudiments}); branchiostegals 26 '~
33'1'

Proportions expressed as percent SL. (based in part on
immature specimens): Body depth 14.5-19.3; head length
25.0-31.0; eye diameter 5.0-6.3.

Body very slender, modcrately compressed; snout rather
long, usually somewhat longer than eye; mouth large,
nearly horizontal; maxillary extending beyond rear edge
of eye. Gular plate present. Scales small, thin. Lateral
line nearly straight, extending onto caudal base; axillary
scale of pectoral reaching to about midlength of fin

Pigmentation: Bluish above, sides silvery, venter yellow-
ish; dorsal and caudal dusky and yellowish; pelvics and
pectorals yellowish with dusky punctations; ? eye green-
ish gold and silver with black pupil.?

Maximum length: Ca, 915 mm TL.?

DISTRIBUTION AND ECOLOGY

Range: Cape Cod®' and possibly Gulf of Maine® to
Brazil; Indian and western Pacific oceans; 22! and Red
Sea‘12.13

Area distribution: “Large rivers” in Chesapeake Bay re-
gion; * also Cape Charles and Lynnhaven Roads,
Virginia.?

Habitat and movements: Adults—often in schools; usu-
ally in shallow, salt or brackish water; sometimes encoun-
tered several miles offshore '* or up rivers to nearly fresh
water; * inshore from June to October in South Caro-
lina; ** occurring sporadically north of Chesapeake Bay
in autumn.' Minimum salinity 0.17-0.18 ppt.®

Stage I Larvae (leptocephali)—offshore in water 38—
182 m or deeper.” Salinity 26.1-38.3 ppt, temperature
11.8-29.0 C.*»

Stage I1 Larvae (shrinking)—primarily along beaches;
also tidal marshes.™* Salinity 1.4 *-38.5 ppt; temperature
16.1 '*-28.9 C.** Collected as far north as James River,
lower Chesapecake Bay,=

Stage 111 Larvac—in brackish to nearly freshwater pools

and ponds in marshes.”#

Juveniles—in Texas reported from 17 to 97.3 ppt; * mor-
tality may result at temperatures of ca. 13 C and lower.®

SPAWNING

Area: Unknown, probably at sea; ™ nearly ripe females
bave been taken in Gatun Locks, Panama.*

Season: Extending throughout most of year,’® pos-
sibly coneentrated in the fall

Fecundity: No information.

EGGS

Undescribed, probably pelagic.?

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

Development is represented by profound changes in
body form accompanied by 2 periods of length increase
(Stages I and II1), interspaced by a period of length de-
crease (Stage IT).

STAGE |, LEPTOCEPHALUS

Specimens described 5.3 7-38.3 mm ** SL; size at end of
stage ca. 4045 mm.”

D. 21-24; A, 13-15; C. 1419+ 1 to 1+ 19 + 2; total mvo-
meres 74-83; preanal myomeres 66-77; predorsal my
omeres 59-686 at 14.3-38.3 mm SL; myomeres at ar
bladder 28 to 39 at 5.3-38.3 mm SL; myomeres at kidney
47-55 at 11.2-38.3 mm SL.»* Hypurals 4 at 10 mm, &4
at 15 mm. Four teeth in a single row on each side of jaw
at 53 mm, the anterior two in upper jaw the longest
fang-like, uniform throughout their length, and beveled
at tips; at 10.0 mm SL, 6 tecth on each side of each
jaw; 7 at 14.0 mm SL upper jaw 2+ 4, lower 4 + 4; at 247
to 38.3 mm SL upper jaw usually 2+5 to 248, lowe
jaw usually 4+ 8 to 4+ 11; % at ca. 40-45 mm, ca. 161
teeth in upper jaw, 12-14 in lower, all of approximate]}.'
equal size.”

Proportions as percent SL: Predorsal length 80.2-358
(one specimen 69.8 may be in error, PWT); preanal length
89.8-95.2; HL 7.7-10.5; eye diameter 1.3-2.1.%*

Body ribbon-like, long, thin, deep. Head at 5.3 rom
broader and slightly deeper than hody; at ca. 10 mP
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3 . ._ . . S
E ' 15.2 mm SL

Pig, 18. FElops sguerus, I.adc{ﬂsh. A. Adult, 450 mm TL. B. Stage I larva, leptocephalus, 53 mm SL, 5.8 mm
TL. Four teeth on each side of upper and lower jaws. C. Stage I larva, leptocephalus, 11.2 mm SL, 11.5 mm
TL, Caudal fin forming; number of u per tecth increased to 6 on each side; blood vessels of kidney visible as
dark parallel lines at myomeres 51 and 52; gas bladder discernible at myomeres 35-36. D. Stage I larva, lepto-
cephalus, 14.0 mm SL. Upper teeth 244, lower teeth 4+ 4, kidney at myomeres 48—49. E. Stage I larva, lepto.
cephalus, 15.2 mm SL, 15.9 mm TL. Dorsal ray bases, hypurals and caudal rays present. (4, Goode, G. B,
t;t ;-L 1884: pl. 218. B, C, E, Gehringer, J. W., 1959: fép . 2-4. D, Eldred, B., and W. G. Lyons, 1966: fig.
a.

47
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triangular in dorsal aspect, less deep than body;” at
34.5-36.5 mm strongly depressed; * at end of stage rela-
tively smaller than at any other stage of development.
At 5.3 mm, dorsal finfold originating immediately behind
head; preanal finfold from anus to point 1/3 distance
to head; by ca. 11.0 mm, dorsal finfold reduced anterior-
ly; at 31.3 mm. dorsal and ventral finfolds diminished
except in region of developing vertical fins. Dorsal ray
bases discernible at ca. 15 mm,” incipient rays at ca.
28.1°-31.3" mm, although sometimes not developed at
37 mm.! Anal ray bases at ca. 17 mm, incipient rays first
evident at 33.0°-34.5, Posterior margin of caudal some-
what truncate at 15 mm, forked and with 1 secondary
ray at ca. 20 mm, Pectoral a rounded bud throughout
stage. Urostyle tipped slightly upward at ca. 10.0 mm.
Rudimentary gas bladder visible as slight bulge in dorsal
wall of digestive tract at ca. 35-36th myomere in an 11.2
mm specimen. Two large renal blood vessels at myo-

meres 51 and 32 at 11.2 mm; at ca. 20 mm, a mass of
renal tissue along dorsal wall of digestive tract.

Pigmentation: At 5.3 mm, body translucent; few melano-
phores along dorsum of digestive tract; eye silvery, pupil
black; by end of stage, melanophores increaséd alon

digestive tract, developed on myosepta, along mid-latera
line of body, on caudal fin, between anal ray bases, and
on dorsal surface of cye * as a crescentic patch and below
iris as a small patch.**

LATE STAGE I, LEPTOCEPHALUS, OR EARLY
STAGE Il

Specimen described 433 mm SL. D. 22; A 14; C
1+19+2 with 6 principal rays branched in each lobe.

Gas bladder long, cylindrical, blind sac directed dorsally

from digestive tract at 34th myomere.’

Fig. 17. Elops saurus, Ladyfish. A. Stage I larva, lep

43.3 mm SL

halus, 22.4 mm SL, 240 mm TL. Anal ray bases

present. B, Stage I larva, leptocephalus, 30.0 mm SL. Air bladder at myomeres 34-35, kidney at myomeres 50~
51. Dorsal rays present. C. Stage I larva, leptocepbalus, 31.3 mm SL, 34.2 mm TL. D. Stage I larva, lopto-

cephalus, 43.8 mm SL, 46.7 mm TL. Anal ma
each side; gas hladder cylindrical, directed

present; caudal rays branching; upper teeth increased to 11 on
rsally; pigment or dorsal su:goe

of eye. (A, C-D, Gehringer,

I W., 19580 figs. 5-7. B, Eldred, B., and W. G. Lyons, 1966: fig. 1b.)
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Fig. 18. Elops saurus, Ladyfish, A. Stage II larva, 34.0 mm
IT larva, 50.9 mm SL, 345 mm TL. Pectoral rays forming;

SL, 38.4 mm TL. Ventral fin buds evident, B. Stage

dorsal surface of air bladder pigmented. C. Stage II
es 67. D. Stage II larva, 28.6 mm 5L, 303

larva, 29.0 mm SL. Predorsal myomeres 56-58, preanal myomer
mwn TL. Branching of caudal rays com lete. E. Pumative Stage If larva, 21.5 mm SL, 24.4 mm TL. Pelvics
K3 D, E, Gehringer, J. W., 1959 figs. 8-11. C,

with 5 rays, gas biadder more pigmente
Eldred, B., and W. . Lyons, zsgg? fig. 1C.)

| STAGE I, LEPTOCEPHALUS

Specimens described 44.0 15-21.5 mm SL; size range from
- €. 4045 mm SL down to ca. 18-20 mm.’

b 2% A 13416, C. 141041 10 241042 V. 4

e 7total myomeres 83 '*-72; 7 preanal myomeres

m -80; " predorsal myomeres 88-48;'° prepelvic myo-

s 391232, 7 myomeres at air bladder 39-28; myo-
eres at kidney 55 is4.7

and thickening, {A, B,

Proportions as percent SL: Predorsal length 84.1-68.8;
repelvic Jength 55.0-50.4; preanal length 93.4-81.7; HL
7.1-15.1; eye diameter 1.2-3.9."°

Body thicker, shorter; ribbon-like appearance lost. Head
1o longer triangular in dorsal aspect by end of stage.”

Upper jaw teeth, range 0+3 to 24; lower jaw teeth,
range 0 +8 to 34. Branchiostegals forming in some spec-
smens as large as 30 mm SL."* Incipient rays of pectorals



DEevEroPMENT OF FisHES OF THE Mm-ATLaNTIC BICHT

Fig. 16. Elops sgurus, Ladyfish. A, Sta.%e III larva, 24.7 mm SL, 26.0 mm TL. Dorsal and anal shifted anteriorly;
dorsal with distinct pigment pattern, B. Stage Il larva, 25.9 mm SL, 31.1 mm TL. Remnants of preanal fin-
fold present; elongate gas bladder visible through body wall. C, Juvenile, 34,2 mm SL, 41.4 mm TL. Gas blad-
der visible, pigmentation dense over back. D. Juvenile, 87.5 mm Si,, 82.5 mm TL. Lateral line formed; scalation
complete although not illustrated; axillary scales with scall marging; adipose ewhd formed; fins punctate,
E. Juvenile, 152 mm SL, 190 mm TL. Axillary scales smooth. (A-E, Gehringer, . W., 1959q: figs. 13-16.)
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Fig. 20. Elops saurus, Ladyfish. A. Head of Stage I larva, leptocephalus, 45.3 mm SL. Pigmentation evident

over eye; ossification ap

as stippled areas. B. Head of Stage II larva, 26.6 mm SL, showing ossification as

stippled areas. {A-B, Gehringer, J. W, 1959a; figs. 18-10.)

first evident in dorsal portion of fin at ca. 30 mm in some
specimens,” possibly at 21.8 mm SL in others; ** pelvic
buds opposite 36th myomere at 34.0 mm SL." Incipient
rays first evident at 21.8 mm SL.** Gut loosely attached
to abdomen; ' gas bladder extended to and flattened
against vertebral column at ca. 30 mm.”

Pigmentation: Melanophores increased in number and

size; gas bladder densely pigmented.’

- STAGE HI, LEPTOCEPHALUS

: SFccimens described 24.7 and 259 mm SL., size range
of stage from ca. 18-30 mm SL.”

- GIll rakers first evident at 20-25 mm; at 25 mm, 3 pala-

_tine teeth in a row on each side of mouth; teeth on

- vomer, and in bands on ventral surfaces of maxillae. Fin-

fold partially retained to ca. 25-30 mm. Gas bladder

_ elongate am{ occupying a considerable portion of body

- Cavity at ca. 26 mm. Kidney between myomeres 48 and
54 at ca. 25 mm.?

Pigmentation: Silvery color may develop on body at ca.
20_ mm * while leptocephalid pigmentation may be re-
- tained in specimens up to ca. 32 mm.”

_JUVENILES

" Minimum size ca. 35 mm SL.

 Branchiostegals ca. 30 at ca. 35 mm, usually with more
on left side than right; gill rakers on first arch 5-7+12-15
™0 specimens exceeding 30 mm; teeth present on tongue
-t ca, 35 mm; pterygoid teeth developed in juveniles of
Unspecified size. At ca. 50 mm, adipose eyelid evident
't anterior and posterior margin of eye; lateral line?’
;Sf:ale% on body?® and axillary scales developed.” Scala-
* tion, Including sheaths of scales at dorsal and anal bases,

- complete at ca. 80-65 mm.’ Gas bladder long and thin
Rt ca. 35 mm, '

Pigmentation: By ca. 35 mm, pattern on dorsal surface
of head and body more dense; pigment extended on dor-
sal and caudal fins and developed on anal. At 50-80 mm,
dorsum dense greenish black, grading to silvery below;
dorsal and caudal fins with uniform pepper spots; pec-
torals, pelvics, and anal with few scattered spots.”

I larve, 309 mm SL. C. Caudal osteology of Stage II larva,
25.9 mm SL. D. Cauda! osteology of 258 mm specimen, {A-D,
Gehringer, J. W, 1959a: figs. 81-24.}
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M egalops atlantica Valenciennes, Tarpon

ADULTS

D, 13-16; 20 A, 22957 C. T4+ 1049467, P. 13-14;
vertebrae 53-57,' precaudal 33-34, caudal 22; # gill rak-
ers 1912224+ 368-40; lateral line scales 41-48 {counts
based in part on juvenile specimens).’

Proportions expressed as percent SL {(based in part on
juveniles): Body depth 23.5-29.0; head length 25.0-31.0;
snout length 4.5-8.2; eye diameter 5.3-9.5.%

Body moderately deep, rather strongly compressed;
mouth large, oblique; maxillary extended far bevond eye
in large individuals; elongate gular plate between rami
of lower jaw; mandible projecting prominently, Scales
very large, firm, with crenulate membranous border.
Lateral Jine complete, decurved anteriorly.’ Last dorsal
ray elongate.*

Pigmentation: Silvery, darker above.?
Maximum length: 2489 mm.*

DISTRIBUTION AND ECOLOGY

Range: Nova Scotia to Brazil; ¢ also to Pacific terminus
of Panama Canal; '3 Bermuda; in the eastern Atlantic
from French West Africa to the Belgian Congo.?

Area distribution: Chesapeake Bay,* north to Anne Arun-
del County, Maryland (FJS); New Jersey; * Virginia.®

Habitat and movements: Adults—primarily coastal wa-
ters, seldom more than few miles from land; also estuaries
and freshwater lakes and streams; some individuals
northward along coast of United States during summer.’

Stage T larvae (leptocephali)—warm, offshore epipelagic
waters of North Atlantic® as far out as 240 km; " also
recorded from inshore waters.»*

Stage 11 larvae {shrinking)—inshore waters '*** collected
as far north as Cape Fear River, North Carolina.*’

Stage {1 larvae —euryhaline; along beaches in lagoons,
. ivers, canals,® potholes, and ponds; ¢ rarely as far north
as North Carolina.2

* Juveniles—at smaller sizes, in shallow pools,® ponds and
. MOsquito drainage ditches partially or completely cut off
0m access to ocean for most of year; also in ditches at
.- bt‘adWatem of small creeks; ?! typically in dark-colored
- »rackish waters,® still or flowing,’® over bottom which is
- Bsually soft dark mud and peat, sometimes containing
H.82% Specimens 305-487 mm common in headwaters
: 9 brackish and freshwater streams.’ As size increases,
. Movement to ocean ocours. Salinity, 0-47 ppt Tempera-
. tare, maximum encountered 40 C; ** minimum ca. 12-18
: C, I‘G‘Ssibiy Torwer e

SPAWNING

Location: Unknown, apparently restricted to offshore
waters—possibly  Florida Straits,* Gulf Stream and
Caribbean Sea; i* or areas where currents can carry eggs
offshore; 2 possibly in shallow water between coastal
islands * or close to shore in salty or brackish water.?
Some populations may complete life cycle in freshwater;
e.g.. Lake Nicaragua in Central America,! and Deep
Lake, Florida.®

Season: Estimated from May ? to August in Florida; *®
possibly thronghout year with peak from September to
November in Colombia.?

Fecundity: Ca. 12,202,000 in a specimen 2032 mm long.'?

EGGS

No information. Eggs attributed to this species by
Dreder ® were erroneously identified.’”

EGG DEVELOPMENT

No information.

YOLK.SAC LARVAE

No  information. Yolk-sac larvae attributed to this
species by Breder? were erraneously identified.*”

LARYAE

Early stages attributed to this species by Breder * were
erroneously identified.*”

Larval development iz divided into 3 stages modified
from Wade: 2 Stage I, a period of initial length increase
ending with a fully formed leptacephalus; Stage IL, a

riod of marked shrinkage during which the larva loses
its leptocephalous form; Stage III, a second period of
length increase which terminates with the onset of the
juvenile stage.

STAGE |, LEPTOCEPHALUS

Sizes described 9.4 1°-27.9 wm SL.*

D. 12-13; A. 20-22; 722 C. 17 at 117 mm, 19 at 17.5
mm and older? Total myomeres 542357, predorsal
myomeres ca. 377-42; ** preanal myomeres 40 '°—43; *°
myomeres at air hladder 21-25; prepelvic myomeres 22—
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Adult .. | ca. 386 mm TL

17.1 mm SL

Fig. 22. Megalope atlantica, Tarpon. A. Adult, ca. 386 mm TL. B. Stage I larva, leptocephalus, 9.4 mm SL,
40+ 14 =54 myomeres. C. Stage I larva, leptocephalus, 11.7 mm SL. Kidney shown as shaded area above pos.
terior gut, incipient rays in dorsal. D. Stage I larva, leptocephalus, 17.1 mm SL. Slight loop or indentation in
ventral surface of intestine just in advance of anus. E. Lateral view of head, Slage I larva, 17.1 mm SL. Pig-
mentation pattern evident aE:ve eye. (A, Goode, G. B., ct al, 1884: pl. 217B. B, Eldred, B, 1972; fig. 1 re-
drown by Marthe Anne Cole. C, Wade, B. A, 1962: fig. 2a. D, E, Eildred, B., 1967: figs. 1A, B.)



F‘iig. 23. Megalops atlantica, Tar]ivon. A. Stage I larva, leptocephalus, 17.5 mm SL, total myomeres 57, 12 dor-
sa bla

and 21 anal ray bases. Gas

dder at 23rd myomere. B. Stage 1 larva, leptocephalus, 21.3 mm SL. Dorsal

rays 12; anal rays 20; pelvic buds at 23rd myomere; kidney extends anteriorly to 24th myomere; gas bladder a
cylindrical sac extending dorsally. C. Stage I larva, leptocephalus, 22.8 mm SL. First collection frem coastal
est Africa. Dorsal rays 12, anal rays 20, lpelvit: fin at 25th myocmere, dorsal origin at 40th myomere, anal

origin at 42nd myomere. D. Singe I larva,
fin at 24th m
R. A, 1982:

5. 2¢,d. C,
24 (at 22.0-27.9 mm).»23435 Teeth, upper 1 +7 to 0+3,

L')Wer 1+6 to 1+3 (at 9.4-22.0 mm).**** Hypural plates
¢ at 17.5 mm.*

f r(:iPOIﬁOns expressed as percent SL: At 94-22.0 mm

4’%’32’3 dePﬂl_ at pectorals 5.1 **-8.5; " snout length 2.9-

h. : d eye diameter (horizontal) 2.0-3.2." At 9.4-27.9 mm

Iga length 8.9 25.14.5; * preanal length 77.6-88.0. At
4~27.9 mm predorsal length 73.0 8212 At 21.3-279

I;:n breventral length 48.27-55.9. Proportions as per-

d,nt HL: At 11.0-21.3 mm snout length 24.4-31.3; eye
lameter 17.7-23.5.¢

eptocephalus, 23.0 mm SL. Head shape changing, body thick. Pelvic
ere, kidney extends from myomeres 35 to 45. (A, Gehringer, J. W, 1958b: fig. 1. B, D, Wade,
ichards, W, J., 1968: fig. 2.)

Body initially ribbon-like, elongate, thin and deep; by
17.5 mm depth reduced in pectoral region; at 23.0 mm
body laterally compressed, but thicker along its entire
length and no longer ribbon-like;* at 24.0-27.9 mm
greatest depth at pelvic fins, depth at caudal peduncle
and area of pectoral fins decreased.*® Head triangular in
dorsal aspect and wider than body, at least to 17.5 mum;
at 23.0 mm “bullet shaped” rather than “eel-like,” slightly
broader than body in dorsal aspect but not triangular,
width nearly uniform except for slight bulge at eyes;
snout rounded.? At 27.9 mm snout more pointed, car-
tilaginous structures evident in posterior operculum.®
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Nostrils first visible as shallow depressions at 17.5 mm,
apparently not bifurcate. Mouth initially large, obligue,
lower jaw protruding at 11.7 mm, jaws equal at 17.5 mm;
at 230 mm mouth smaller, gape much shorter. First
tooth in upper jaw fang-like followed by needle-like
teeth of uniform diameter in single row extending to
angle of gape; teeth in lower jaw thicker with anterior
pair apparently not set in jaw, teeth absent at 23.0 mm,
cartilage developing in maxillary and mandible. Eye
nearly round at 11.7 mm, oval at 17.7 mm. Gill filaments
fairly well formed at 23.0 mm; gill rakers lacking. Origin
of dorsal finfold ca. 2/3 body length behind head; caudal
finfold truncate, its margin invaginated dorsally and ven-
trally anterior to urostyle at 11.7 mm. Finfold reduced to
small remnants anterior to caudal fin at 21.3 mm. At
11.7 mm, 8 probable ray bases in dorsal finfold opposite
myomeres 4145 at 13.4-14.0 mm 8 incipient dorsal ray
buds,'™* rayvs first evident at 20.3 mm; ** at 23.0 mm
12th dorsal ray split, its posterior half slightly elongate; ®

at 24.0 mm dorsal origin at myomere 42,5 At 11.7 mm
opaquc area evident in postanal region of median finfold,
which may indicate developing anal fin; 2 at 13.4-14.0
mm, 14-15 incipient anal ray buds,'™'® rays first evident
at 20.3 mm; ** at 27.9 mm anal origin uader myomere
44.* Caudal fin forked and with unbranched rays at
17.5 mm; rays beginning to branch at 23.0 mm. Pectoral
a rounded bud at 117 mm, slightly larger at 21.3 mm,
fleshy base enlarged and fing more rigid at 23.0 mm.
Pelvic fin buds present at 20.0 mm, at 24th myomere at
23.0 mm. Vertebrae developing and visible at 11.7 mm.
Urostyle prominent, tipped up slightly at 11.7 mm, more
sharply at 17.5 mm. Gut tubular,® extending more than
3/4 length of body at 11.7 mm; terminating at anus op-
posite myomere 44—47; *** at 17.1 mm slight loop or in-
dentation in ventral surface just in advance of vent.”® At
240 mm heart located posteroventrally to pectoral fin,
“figure 8” in shape, not functional.?® Gas bladder evident
at 11.7 mm at myomeres 22-23, gradually expanding and

25,0 rm SL

Fig. 24. Megalops atlantica, Tngon. A. Stage I larva, leptocephalus, 24.0 mm SL. Dorsal origin over 42nd

myomere, anal origin under 44

27.9 mm SL. Dorsal origin over 42nd myomere, anal origin under 44th m
eve, anal origin under 42nd myomere, air bladder from myomers 23 to 24,
over 40th myomere, anal origin under 4lst myomere. (A-D,

SL. Dorsal origin over 41st m
D. St:§: II larva 25.0 mm SL. Dorsal origin
Merc, 8. J. E., and A, Giordelli, 1972: figs. 4, 5.)

myomere, pelvic origin under 23rd myomere. B. Stage I larva, lep

tooephalus,
. C. Stage II larve, 27.3 mm



Elopidae—tarpons 57

T
7

= AR, - WRRIREAN
- i - M

R I M X X &S5 T TS
PR - -

T

Fig, 25. Megalops atlantica, Tearpon. A. Stage 11 larve, 228 mm SL. Domsel origin over 39th myomere, anal
origin under 41st myomere. B. Stage II larva, 22.2 mam Sk. Dorsal origin over 39th myomere, anal origin
under 41st myomere, C. Stage 11 larva, 21.1 mm SL. Darsal origin over 55th myomere, anal origin under 42nd
myomere. D. Stage II Jarva, 19.0 nun SL. Dorsal origin over 38th myocrocre, anal origin under 41st myomere,
{A-D, Mercado S..'I. E., and A. Ciardelli, 1972; figs. 6-8A.)

- by 21.3 mm appears as short cylindrical sac arising from
- digestive tract at myomeres 23-24, extends dorsocaudally
about 1/3 distance to central nerve cord; by 23.0 mm ex-
tending about 2/3 distance to central nerve cord, base
etnding from myomeres 23 to 25. Kidney dorsad to
gul between myomeres 35 and 41 at 17.5 mm; ° at 23.0-
&7 enlarged, extending from myomeres 35 to 45, sepa-
Tated fxomn posterior end of digestive tract.2

Pigmentation: At 11.7 mm, a few scattered melanophores
% posterior part of gut dorsally to central nerve cord;
alse, 3 chromatophores on ventral surface of opercle, § on
d_“‘“i"v’l] border of gut anterior to gas bladder, and 1 on

(4l bladder.? From ca. 13.4 mm to end of stage densely
Packed dark brown chromatophores appear as fringed

_p‘“c‘-h curving over eyeball (when examined dorsally),
mail patches of chromatophores sometimes evident on

fleshy margin below eye. At 17.1 mm series of elongate
chromatophores along dorsal edge of intestine, a few
small chromatophores scattered over posterior intestine
with series concentrated ahove anus, scattered series of
elongate chromatophores on myosepta below midline, a
few chromatophores on caudal fin, one below oral
fin.** At 22.8 mm ca. 3 lines of pigment below lateral line
o candal neduncle !’ At 240w, one stellate chromato-

hore on lower head anterior to heart, one on heart and
34 behind heart, behind this a row of elongate chromato-
phores extends along dorsal surface of gut to separation
of kidney and intestine, followed by ca. four chromato-
phores over kidney. Series of melanophores at base of
ansl fin rays; below lateral line on caudal peduncle four
lines of melanin in dorsoventral alignment. At 27.9 mm
dorsoventral lines on at least 5 myomeres of caudal

peduncle J-shaped.”*
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16.9 mm SL

Al -

S

Fig. 26. Megalops atlantica, Tarpo

L

e

16.4 mm SL

n. A. Stage Il larva, 17.0 mm SL. Dorsal and anal have moved anteriorly;

area of gular plate swelling. B, Stage II larva, 16.9 mm SL. C. Lateral view of head, stage II larva, 16.0 mm
SL showing eye pigmentation. D. Stage II larva, 164 mm SL. Dorsal crigin over 37th myomere. (A, Wads,

R. A., 1862:;

STAGE I, LEPTOCEPHALUS

Sizes described 27.3-13.0 mm SL.2*

D, 1232.13,22 A, 20-22. Total myomeres 55-57; ** pre-
dorsal myomeres 427-36;*" preanal myomeres 43~
38; 2% prepelvic myomeres 24-2}; myomeres at coelom
14-24.** Hypurals ca. 8 at 17.0 mm.2

Prtéportinns expressed as percent SL: At 23.7-16.9 mm
body depth at pectoral 6.8-9.5; snout length 3.84.7; eye
diameter (horizontal} 1.7-2.5.2 At 27.3-13.0 mm head
len 0.2-26.9; p lvic len: 53.0 23-48.4; ** preanal
length B3.7 #2-7L5; ** predorsal length 79.3 2.69.2.2%

From 27.3 mm to 25.0 mm body depth decreases; ** at

. 8a. B, C, Eldred, B., 1967b: figs. 1o, d.

D, Mercado S., J. E., and A. Ciardelli, 1972: fig. 8B.}

17.0 mm depth at pectorals increased considerably elir
inating bottleneck-like appearance.? At 97.3 mm, dorsd
concavity of snout almost completely Iacking, crinidl
bones visible; at 20 mm mouth more dorsal in position
jaws longer,® by 17 mm lower jaw slightly longer that
upper.’ At 17 mm head increased greatly in relative sz
a slight swelling visible between developing mandible
in region of future gular plate.* At 15 mm nostrils swell
formed, gular plate forming. Eyes more rounded at 25
mm, rounded by 15-13 mm.® At 15 mm teeth present
by 15-13 mm, upper and lower jaws well formed. A
17.0 mm, dorsal and anal fins increased in height and
length; caudsl fin with some branched rays; pec{-mals
larger, more pointed, their fleshy bases reduced; * at 1
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16.9 mm 8L

Fig. 97, Megalops atlansi i
ik 05 tice, Yarpon. A. Stage I larva, 140 mm SL. Dorsal origin over 87th myomere, anal
origin under 39th myomere. B, Stage II larvg,e 13.0 mm 5L, Coelomic cavity extends from lTJ;ust behind head to
4nus, C. Stage I , 13.8 mm SL. Dorsal and anal continue to move anteriorly; gas bladder extends for-
¥ard to 12th myomere. D. Stage III larva, 15.9 mm SL. Pigmentatiop incressed pver body, particalarly be-
ormeres "

ongl A.ng ﬂi,; dark band ovgr gas bladder. E. Stage IH larva, 169 mm SL. (4, B, E, Mercado 5, J. E

1872: fgs. 9, 10A. €, Wade, R. A, 1962: fig. 3b. D, Harringion, B. W, 1958: fig. 5.)
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Fig. 28. Megalops atlantica, T

36.8 mm SL

. A. Stage III larva, 21.0 mm TL, 17.5 mm SL. Pigmentation concentrated

between myomeres; pigmented dorsal surface of jas bladder visible through body wall. B. Stage III larva, 23.0

mm TL, 19.8 mm SL. Spots developing on dors

and anal. C. Juvenile, 31.5 mm TL, 255 mm SL. Spot on

dorsal fin distinct; body pigmentation more profuse. D. Juvenile, 41.0 mm TL, 368 mm SL. Scales forming
along lateral line. {4-D, Harringtan, R. W., 1958: pls. 1, 1T delineated by Marthe Anne Cole.)

mm caudal lobes symmetrical. At 15.0 mm scales lacking,
gut completely formed.?® At 16.9 mm slight loop or
indentation in ventral surface of gut just in advance of
vent.* At 27.3 mm heart clearly visible, by 20 mm cir-
culatory system functional. Ovoid gas bladder evident
at 27.3 mm over myomeres 23-24, at 21.1 mm extending
from myomeres 24-27; at 17.0 min, more inflated and
extending forward to myomeres 20 *-21.2

Pigmentation: At 27.3 mm, similar to 27.9 mm specimen
(Stage I), with two melanophores evident over dorsal

portion of swim bladder. At 25 mm dorsal portion of
caudal peduncle with two stellate chromatophores, ver
tral portion with dorsoventral lines which in some speci
mens have lost “J” shape; increase of pigment on head
and extremes of upper and lower caudal lobes; pigment
evident over hypurals, on pectoral fins, central nerve
cord and ca. 3/4 of kidney; pigment over air bladder
unites forming one spot.® At 23.7-16.9 a series of ¢l
gate chromatophores along dorsal edge of intestine; serief
of small chromatophores on intestine above anus; scties
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238.0 mm SL

Fig. 29. Megalops gtlantica, Tarpon. A. Juvenile, 41.0 mm SL. B, Juvenile, 78.0 mm SL. Last dorsal ray elongat-
ing; scalation including axillaries, complete. C. Juvenile, 238.0 mm SL. Last dorsal ray filamentous; pattern on
individual scales formed. (A, Mercado S., J. E., and A. Ciardelli, 1972: fig. 10b. B, C, Hollister, G., 1939: figs.

10, 11}

b myosepta at midline; a few small chromatophores on
“‘hYUSePta above kidney and anal fin, small chromato-
2 ][:“55 on dorsal surface of air bladder, a few chromat-
'tp vres on anal, dorsal and caudal fins, one below pec-
i ﬂm‘;ll fin. Pi.gment evident above and on eyeball, and on
1:1 s} ¥ margin below. One specimen with four subsurface
:,.E ('l) one ;“rface chromatophores on or below lower part
;31“:11 Tam.* At 15 mm body more opaque, dorsal and lat-
;}madparts silvery; pigment concentrated along top of
de e“‘:‘ndlng along body dorsum, coelomic cavity
“Sensely pigmented. At 13 mm eye black.®

STAGE lil, LEPTOCEPHALUS

Size described 12.8 to ca. 25 mm SL.

D. 12517; % A. 19°-257 (including rays which consoli-
date as growth continues *°). Predorsal myomeres 37-39;

reanal myomeres 38—41. Upper teeth (-8, lower tecth
0-8. Gill rakers 147 at 131 mm, 2413 at 13.8 mm,
5+ 14 at 15.9 mm, 8421 at 20.2 mm. Branchiostegal rays

7-15 at 13.1-15.9 mm.?
Proportions as percent SL at sizes less than 17.1 mm:
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Body depth at lg)ectoral 9.9-17.0; head length 20.7-28.6;
prepelvic length 48.2-54.0; predorsal length 61.8-76.0;
preanal length 70.2-78.6.2 Proportions as percent HL:
Eye diameter 21.4-29.3; snout length 17.3-26.2.2

Body depth at pectorals increased in relation to SL at
13.8 mm, but decreased just behind this region. Head
somewhat irregular in outline at 159 mm; mandihle
oblique, extending to point in vertical alipnment with
pupil; posterior end of mandible distinctly flared. Teeth
on lower jaw throughout stage, developing on upper jaw
from 13.8-14.1 mm. Eye compressed dorsoventrally at
12.6 mm; nares bifurcating. At 13.8 mm, gas bladder en-
larged anteriorly extending to myomere 12 and having a
dorsal finger-like projection from posterior region to mid-
lateral Hne.? Dorsal fin origin at 37th myomere, anal
origin at 39th myomere; depth of anal greater than dor-
sal; last anal ray split; fleshy base of pectoral reduced;
pelvics with incipient rays.”

Pigmentation: At 13.8 mm, chromatophores on head and
body concentrated on snout, opercle, over brain, and in
area below midline. Pigment also on dorsal fin ray bases
and anterior dorsal and posterior anal rays, on dorsal
surface of gas bladder and gut, and in region separating
gut and kidoney. At 159 mm, chromatophores outline
myomeres and are developed on body above midline.?

JUVENILES

Minimum size described 25.2 mm SIL.2

D. 14-18; A. 2428 in specimens up to 59.9 mm, with
anal and dorsal counts lowered by consolidation of rudi-
mentary rays as growth continues.® Gill rakers 9424 at
25.2 mm, 164 34 at 35.0 mm, 17+ 34-22 + 40 at 51271
mm. Branchiostegals 22-25 at 51-271 mm?

At 252 mm, body torpedo-like; at 51.0 mm, body deep-
ened. At 25.2 mm, mouth large; lower jaw projecting;
maxillary broad, reaching posterior margin of eye. At
184.1 mm, maxillary extending beyond eye; snout ob-
tusely conical; villiform teeth on jaws, tongue, vomer,

alatines, pterygoids, and sphenoid.? Incipient scales
rst evident along lateral line at ca. 30-34 mm; 4 rows of
scales, 1 above, 2 below the lateral line at 36.8 mm;?
lateral line pores visible at 51.0 mm; ? axial scales formed
at least by 78 mm SL."* At 25.2 mm, 4th dorsal and 5th
anal ray longest; anal falcate, its origin slightly posterior
to dorsal insertion; pectorals broad, the central rays al-
most to origin of }I)elvics; pelvies about midway from
snout to hypural plate. By at least 140 mm two spe-
cialized ray scales cover uppermost and lowest caudal

rays.’’ At 194.1 mm, filamentous ray of dorsal grooved
on underside; anal with scaly sheath and last ray pro-
duced; caudal sealy.?

Pigmentation: At 25.2 mm, body opaque, internal organs
no longer visible, pigment mostly above the lateral line;
gular plate heavily pigmented; opercles silvery; pigment
on tip of mandible, snout, and occiput.? Juveniles be-
come darker dorsally with age.®

AGE AND SIZE AT MATURITY
End of 6th or 7Tth winter, ca. 1220 mm.?
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FAMILY ALBULIDAE

This family is widely distributed in warm waters around the world, Adults
are silver in color with slender bodies, rounded bellies, conical snouts and in-
ferior mouths. These fishes difter from the Elopidae by lacking a gular plate
and having a lower number of branchiostegal rays (12-14).

The family Albulidae includes two genera and three species (Bshlke and
Chaplin, 1988). One species, Albula vulpes, occurs in the Mid-Atlantic Bight.

The spawning location of A. vulpes is unknown but is probably in offshore
waters. Rass (1972) describes the eggs of what he considers to be this species as
being about 1.3:X 1.4 mm in diameter with a single. large oil globule.

Larval deveclopment of A. vulpes is characterized by profound changes in
body form associated with two periods of length increase separated by a period
of length decrease. Terminology used to separate these stages. as well as general
body forin at each stage, is comparable to that of the Elopidae (see account for
that family). .

Total myomere counts will, at all sizes, separate Stage I leptocephali of
A. vulpes from E. saurus and M. gtlantica. Late Stage I leptocephali and all
older larvae of these three species differ in dorsal and anal fin ray counts,
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Albula vulpes (Linnaeus), Bonefish

ADULTS

D. 172-19; A, 8'-10; 2 P, 15-17;* C. 8+1049+6; **
V. 94-10; " lateral line scales 85°-75,2° predorsal scales
23, average scales above lateral line 9.5, below 7.5; 22
total vertebrae 69-74, preanal vertebrae 42-47 pre-
caudal vertebrae 42, caudal vertebrae 27;*® gill rakers
on first arch 7-8+49-10;* branchiostegal rays 12-14.*

Proportions expressed as percent SL: Body depth at
origin of dorsal 14.0 '-24.5; # head length 27.5-32.0; eye
diameter 4.5**-8.0; snout length 8.5-13.6; length of
maxillary 9.1-12.7.%

Body slender, dorsal profile more convex than ventral; *
abdomen flattened.”® Head flat above; snout conical;?
mouth small, inferior; 2 gular plate much reduced, not
visible externally; '* maxillary not quite reaching eye.!
Roundish teeth on tongue, roof and floor of mouth.’
Scales large, silvery, adherent. Dorsal base nearer caudal
than snout, pelvics beneath posterior portion of dorsal
ﬁn.ﬂli

Pigmentation: Silvery white ** to bluish above with dark
streaks between scale rows.’

Maximum length: Ca. 1054 mm.*"

DISTRIBUTION AND ECOLOGY

Range: Virtually all warm seas; in the western Atlantic
from Woods Hole, Massachusetts and possibly Bay of
Fundy to Rio de Janeiro, Brazil; also the West Indies
and Bermuda.

Area distribution: Known from a single specimen off
Seaford, Virginia in the Chesapeake Bay.®

Habitat and movements: Adults-—in schools or singly
over mud and sand flats,’® usually in comparatively
shallow water.!

“Leptocephali” (exact stage unknown)—sometimes in
shallow tide pools’ but mainly offshore where bottom
depth may reach 4000 meters."?

Stage I larvae —usually in first 100 m of water with
greatest concentration at 33 m.®

Stage Il (shrinking)—in shallow bay areas and around
piers,’® dropping to sand bottom as metamorphosis
begins.®

Juveniles—among islands in Panama; in shallow tide

pools; ' over bottoms of hard sand and shell at Great
South Bay, New York."

“Young” ca. 70 mm long and still transparent ca. 275 m

offshore on bottom in water 7.3-10 m deep.*

SPAWNING

Location: Unknown, probably at sea.'

Season: In Florida, ripe and near ripe specimens of both
sexes present throughout the year;* ripe individuals
reported only from November through January in the
West Indies, 2

EGGS

Fertilized egg-—diameter 1.3 1.4 mm; oil globule pres-
ent ** (identity questioned, PWT).

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE

No information.

LARVAE

Larval development is represented by profound changes
in body form accompanied by two periods of length
increase {Stages I and III) interspaced by a iod of
length decrease (Stage II), as with the tarpon and
ladyBsh. '

STAGE I, LEPTOCEPHALUS

Size range described 7.8 mm SL ! to ca. 87 mm.?

D. 3-12 at 3840 mm, 10-16 at 4749 mm, 16 at 50-52
mm and beyond; A. 4-7 at 4432 mm, 7 at 53 mm and
beyond; C, 10/9 at 29-31 mm, 11/11 at 32 mm and be-
yond. Total myomeres 851°-73; %" preanal myomeres
62-72; prepelvic myomeres 311°-35; % predorsal myo-
meres 40°°-61.*" At 58.0-59.0 mm SL myomeres from
dorsal origin to pelvic origin 21.*

Proportions expressed as percent SL: Head length 60-
10.1; * snout length 2.0-2.7; eye diameter 1.7-2.7; 2* pre-
dorsal length 76.9-85.0; prepectoral length 6.8-12.2; pre-
anal length 86.7 1°-88.2; dorsal origin to pelvic origin :at
58.0-59.0 mm) 27.6-20.0.3+

Depth greatest at 30th myomere at 7.8 mm.* Head
narrow, eel-like; snout small, conical’®:2 At 7.8 mm
upper jaw with 2 protuberant incisors and 3 smaller teoth
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43.5 mm SL

F

Fig. 30. Albula vulpes, Bonefish. A. Adult, ca. 384 mm TL. B. Stage I larva, leptocephalus, 7.8 mm SL. Anus
at of caudal. C. Stage I larva, leptocephalas, 17.8 mm SL. Myomeres 68; gas bladder forming at myomere
32 but not illustrated, D. Stage 1 larva, leptocephalus, 28.1 mm SL, dorsal 5, gas bladder forming at myomere

8l. E. Stage I larvs, leptocephalus, 33.5 mm SL. Fredoral myomeres 53, reanal myomeres 68. F. Stage I
lvic buds at myomere 33; rays in all fins

larva, leptocephalus, 43.5 mm SL. Gas bladder at myomere 30;
"g‘&ﬂft pelvics. (A, Goode, G. B., et al, 1884: pl. 218. B-D, F, Alexander, E. C., 1961: fig. 2. K, Eldred, B.,

1987a: fig. 1.)
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Fig. 81, Albulg vulpes, Bonefish. A. Stage I larva, leptocephalus, 64.2 mm SL, anal 7, gas bladder a slight pro-
tuﬁerance. B. Stage I larva, leptocephalus, 7.3 mm SL. Myomeres 70+-3=73. C. Stage II larva, 468.1 mm
SI.. Total myomeres 67; dorsal and anal more anterior; gas bladder inflated; anus at myomere 63, D. Stage 11
larva, 37.1 mm SL. Anal at myomere 60; dorsal at myomere 47. (A, C, D, Alexander, E. C., 1961: fig. 2. B,

Shen, 5.-C,, 1964; fig. 1.)

posteriorly; lower jaw remarkably longer than upper,
with ca. 4 teeth. At 17.8 mm, teeth reduced in size; both
jaws equal. At 20.1 mm, teeth smaller and more numer-
ous.** At 33.5 mm upper jaw teeth 1412, lower jaw
14357 At 43.5 mm snout slightly hooked. At 58.0-
59.0 mm upper jaw teeth 1-+15, lower jaw 1+9 to
14102+ At 64.2 mm, small numerous teeth on both
jaws; snout sharply hooked; upper jaw distinctly over-
lapping lower.'* Mouth reaching to below eye at 58 mm
TL; * nostril divided and bony opercle scarcely visible
at 642 mm. Origin of dorsal finfold at about 30th
myomere at 7.8 mm SL. Incipient dorsal rays at 20-22
mm; dorsal ray count nearly complete but rays unseg-
mented at 43.5 mm; '* origin of dorsal over 50th myomere
at 48 mm TL.° Anal with incipient rays at ca. 26-28 mm.
Incipient caudal rays visible at 7.8 mm; caudal rays seg-
mented at 26-28 mm, beginning to branch at 64.2 mm;
caudal forked at 29.1 mm. Pelvies first evident at 35-37
mm SL. Notochord with 72 visible divisions at 7.8 mm;
urostyle turned upward and hypural plate developing at

17.8 mm, nearly complete at 842 mm.* Anus below
6lst myomere at 58 mm,” below T0th at 67.5 mm SL.*
Gas bladder present at 30th myomere at 7.8 mm (al
though not indicated in illustration of this stage).”®

Pigmentation: At 7.8 mm, small dark brown spots along
dorsal edge of gut changing to series of thin red-brown
dashes at 43.5 mm; ** at 33.5 mm a few chromatophores
at base of some caudal rays and a few chromatophores
may be present on anal fin; ** pigment formed on pos-
terior edge of caudal and cephalic region becoming
apaque by end of stage.’” At 33.5 mm and longer, deust
curved and fringed patch of dark brown chromatophores
over eyeball; Hleshy margin below eye usually with
small patches of chromatophores.®

STAGE i, LEPTOCEPHALUS

Size range of specimens describedl ca. 80-85 mm SL*
to ca. 20 mm TL.3+



D. 14%~19;% A, 7'-9;* C. 11/11. Total myomeres
65 '°-75; *" preanal myomeres 702'-353; predorsal myo-
meres 55-29; prepelvic myomeres 35-28."" At 46.041.0
mm SL dorsal-pelvic myomeres 2116,

Proportions expressed as percent SL: Prepectoral length
6.38-21.05; predorsal length 80.99-535.44; preaval length
96.46-52.48; head length 5.49-19.30. Propertions as per-
vent HL: Horizontal diameter of eye 35.01-24.54; snout
31.75-27.27.'* Proportions as percent SL at 46.0 to 41.0
mm SL: $oout length 2.4-2.7; prepelvic length 50.0-54.0;
dorsal origin to pelvic origin 26.0~21.0.

Body deeper than in previous stage, much thicker and
more “fish-like” by 31.6 mm SL. Head bullet-shaped,
becoming proportionately larger as stage progresses;
mouth inferior at 31.6 mm SL; " tecth minute, projecting
somewhat forward at 57 mm SL; ' at 46,0 mm SL upper
jaw teeth 1411 to 1+ 14, lower jaw 8§; at 41.0 mm SL
teeth very small and numerous; ** crushing palate form-
ing at 285 mm SL.’* Auditory vesicles about equal to
eve at 58 mm; ® opercle prominent at 46.1 mm SL; bifur-
cate nostrils surrounded by prominent ridges of cartilage
at 318 mm SL.° Remuant of dorsal finfold present at
37.1 mm SL, sometimes absent at 31.8 mm SL."° Dorsal
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fin migrating forward from myomere 50-56 *" to myo-
mere 29, anal fin from myomere 65-70* to myomere
87 during stage. Fectoral fns appear at 37.2-56.0 mm
SL. ravs becoming pointed at 37.1 mm SL, fleshy base
absent at 28.53 mm SL.** Vertebrae present at 22 mm.*
Anus located at myomeres 84-69 at 56.0-37.2 mm SL,”
moving forward to myomere 56 at 28.5 mm SL; gas
bladder inflated at 461 mm 5L, extended to midline of
body at 285 mm L.

Pigmentation: Initially with dusky blotches mixed with
yellow, becoming dusky silver as stage progresses‘ At
37 mm SL, 2 rows of chromatophores along intestinal
tract from pectoral fins to vent: vertieal series of dark
dots on caudal base; eyes dark; body transparent At
48.0-41.0 mm SL two chromatophores just below and
anterior to pectoral fn, a few chromatophores on anal,
caudal and dorsal fins,”* as well as on dorsal and ventral
contours.” At 39 mm SL, as in earlier stages but with
few chromatophores on head and a broken dark line of
pigment on upper and lower lobe of caudal! At 28.5
mm 5L, no visible pigment.** Three days after capture,
in specimens of unspecified size, 7 small sputs along
dorsal surface each surrounded by an opaque area; 2

¥ig. 32. Albulg culpes, Boneish, A. Stage 11 larva, 318 ym SL.

Total myomeres 69; anus at myomere 58;

; 56; anal at myo-
dorsal at myomere 43; anal at myomere 60. B, Stage I larva, 28.5 mm SL. Anus at myomere o5;
mere 57. néy Juvenile, 51.2 mm SYL. Scales present. {A-C, Alexander, E. C., 1961: fig. 2.
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C 33.5 mm SL D 43.5 om SL

E 64.1 mm SL F 46.0 mm SL

G 41.6 mm SL H 25.5 mm SL

Fig. 33. Albuls vulpes, Bonefish. A. Head of Stage I larva, leptocephalus, 7.8 mm SL. Exact number of testh
not Hustrated. B, Head of Stage 1 larva, leptoceyp! 17.8 mm 8L, Snout longer, teeth sharter. C. Head of
Stage I larva, leptocephalus, 33.5 mm SL. Pigmentation pattern evident over eys. D, Head of Stage I larvs,
leptocephalus, 43.5 mm SL. Upper jaw slightly hooked. E. Head of Stege I Tarva, leptocephalus, 84.1 mm
SL. Snout hooked; upper jaw overlaps lower; numerous teeth barely visible. F. Head of Stage II larva, 46.0
mm SL. Pigmentation pattern evident. G, Head of Stage II larva, 41.6 mm SL. Teeth barely perceptible. H.
Head of Stage II larva, 25.5 mm SL. {A, B, D, E, G, H, Alexander, E. C., 1961: fig. 3. C, F, Eklt):ed, B., I1867a:

fig. 1)



A

Fig. 4. Albula vulpes, Bonefish, A. Egg, }3x14 mm in di-
ameter. Ol glabule evident (identity questioned, PW]}. A4, Rass,
T. 5., 1972: fiz. 3.)

opaque spots on caudal peduncle; whitish areas along
lateral surface. On 5th day after capture, xanthophores
prominent gver brain, around spinal cord, on dorsal and
ventral surfaces, and around snout'*

STAGE I, LEPTOCEPHALUS

Size range described ca, 20-36 tam SL.

P. ca. 12; V. ca. 8 at 285 mm.* Depth at dorsal origin
65 times in SL, eye 5.05 times in head length at 28.0
mm TL.2

Gape extending to anterior margin of pupil; dorsal origin
equidistant between base of caudal and tip of snout at
28.0 mm. Scales first evident at ca. 35 mm.*

Pigmentation: At 25 mm, body transparent; dark spots
along, above, and below lateral line; b dark saddles over
back® At 28 mm, 2 dark lines along sides of intestine;
2 rows of dark spots on back; few elongate dark spots
along sides; some pigment at base of anal and veptrally
on caudal peduncle.’” Living specimens of unknown size
B days after capture, melanophores on caudal; 5 clusters
of melanophores along line of junction of dorsal and
ventral myumeres; iridocytes over brain; large clumps of
iridocytes over dorsal surface interspaced by melano-
phores and xanthophores.!

JUVENILES

Minimum size described 23 mm (based on pigmentation
énd branching of one anal fin ray).®

Proportions as percent SL in “juvenile” 51.2 mm 81
Head length 31.3; predomal length 57.60: prepectoral
‘ength 31.30; preanal length 8268.¢ Proportions ex-
vressed as times in SL: Head 2.95-3.03; body depth 5.44-
:’13; EF of snout to dorsal origin 1.85-2.51; tip of snout
‘o anal origin 1.15-143; tip of snout to pelvic origin
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1.56-2.00. Proportions expressed as times in head: Eye
4.234.72, snout 2.60-2.95; interorbital width 3.74-4.33.>"

At 81.2-102.0 mm TL body eclongate, subcylindrical,
tapering at both ends.®” At 51.2 mm SL, head bullet-
shaped, snout conical, mouth inferior, teeth quite small,
crushing palate formed.'® At 40-45 mm, pectorals more
thau halfway to pelvics, not yet falcate; scalation com-
plete except, perhaps, on belly; lateral line formed; anus
in advance of anal fin by a distance nearly equal to
length of snout.* Branching in all fins at 51.2 mm SL.*

Pigmentation: About 12 crossbands on back extending
to lateral line 1 and persisting to ca. 75 mm.® At 51.2
mm, pigment developed on snout and above eye;
chromatophores on dorsal and candal fins® At 812~
102.0 mm TL brownish above lateral line, silvery white
below; dorsal and caudal fins brownish on margins.
Anal, pectoral and pelvics hyaline ?*

AGE AND SIZE AT MATURITY

One year, at sizes as small as 210 mmy; near ripe females
as small as 251 mm SL.**

LITERATURE CITED

Hildebrand, S. F., 1963d:134-41.

Gill, T., 190742,

Hollister, G., 1936a:268, 274-5.

Hollister, G., 1936b:109.

Massmann, W, H., 1957:156.

Breder, C. M., Jr., 1962:565,

Fitch, ]. E., 1950:4-5.

Delsman, H. C., 1926:406.

Whitley, G. P., 1937:7.

10. Alexander, E. C., 1961:3-46.

11. Rasquin, P., 1955:8L

12, Hildebrand, S. F., 1943b:93.

13. Longley, W. H., and . F. Hildebrand, 1941:5,
14, Alperin, I. M,, and R. H. Schaefer, 1964:5-8.
15. Nybelin, O., 1960:78.

16. Migdalski, E. C., 1958:207.

17. Intemational Game Fish Association:1962:1.
18, Uchida, K., 1958b:2.

19. Meek, 8. E., and S. F. Hildebrand, 1923:178.
20. Thompson, W. F., 1919:155.

91. Gopinath, K., 1946:15.

29, Richards, W. J., 1969:515.

23, Losse, G. F., 1868:81-2.

94. Fldred, B., 1967a:2~3.

95, Christensen, R. F., 1065:35-8.

26. Bruger, G. E., 1974:16, 18.

27. Shen, Shih-Chieh, 1964:64-5.

98. Miller, G. L., and §. C. Jorgenson, 1973:303.
99, Rass, T. §., 1972:table 3.

0D WO



72 DevErLoPMENT OF FISHES OF THE MID-ATLANTIC BIGHT

ADDITIONAL REFERENCES 1959a; Jordan, D. §., 1905a; Longley, W. H., and S. F.

Hildebrand, 1941; Meek, A., 1916; Meek, §. E,, and S. F.
Beebe, W., and G. Hollister, 1835; Beebe, W., and ]. Tee- Hildebrand, 1923.

Van, 1928; Erdman, D. §., 1960a; Gehringer, . W,



Alosa aestivalis

Alosa mediocris

Alosa pseudoharengus
Alosa sapidissima
Brevoortia tyrannus
Clupea harengus
Dorosoma cepedianum
Dorosoma petenense
Elrumeus teres
Opisthonema oglinum
Sardinella aurita

herrings
Clupeidae



Blank page retained for pagination




FAMILY CLUPEIDAE

This family is comprised primarily of marine and estuarine species. A num-
ber of its representatives ate able to complete their life cycle in freshwater and
even more are anadromous. Members of this family are widely distributed, being
present in all seas except in the polar region. There are about 190 species in
50 genera.

Adult and juvenile herrings are silvery, schooling fishes which are usually
strongly, laterally compressed. They have one dorsal fin, a deeply forked caudal
fin, numerous long slender %ill rakers, and in most species a row of sharp-edged
scutes along the midline of the belly. The head is scaleless and the body is
covered with deciduous, cvcloid scales.

Eggs are characteristically round with a moderate to wide perivitelline
space, and a granular or segmented yolk; there is often one oil droplet, and
fre(?uently a number of smaller satellite droplets. The chorion is unomamented
and the marine species usually have pelagic cggs. See Table 1 for a brief
comparison of the eggs of regional clupeids.

TasLe 1. Spawning seasor and egg characteristics

Spawning Spawning Ega Locatlon in Gil
Spocien season tamperature (C} Salinfty diameter {mm) waler column droplets
Dorosoma Late spring— 10-28 & Frash c&. (.75 Dameranl 1 large
capedianum early aummar attached 1-5 smaller
Dorasoms Aprii— 14.4-27.2 Frash aor ca 075 Bamarsal 1 ar more
potenense July brackigh attached
Algsa Lata March- 10.5wca, 28 Fresh ¢.80-1.27 Esgontintly Numerous,
peeudoharengus mid-May pelagic tiny
Afosg April— 14—ca. 27 Fresh ar 0.87-1.11 Essantially Scattared,
aestivalis June brackish palagic unequai
Sardinella Summer 15-28 Maring 0.94-1.40 Palagia 1 large
aurita 1-3 smaliar
Alosa April~ Fresh 0 86-1.65 Demersal or Few, small
modiocri Juna pelagle
Clupag Fall and -5 Marira 1.0-1.4 Demeragi None
harengus mpring attached
Opisthonema Summer 22.5-90.3 Marine 1.08-1.31 Palagic 1
pghinum
Etrumsus Summer 18.4-28.9 Maring 1.17-1.53 Pelagic Mong
toren
Bravoorifa Fetl and 4.4-23.8 Usually 1.3-145 Pelagic 1
tyrannus apring Maring amatl
foss Aprii— p-26 Fresh 2534 Demarasl Nonp
sapldiseime Jduly and or palagic
parhaps
brackish

Yolk-sac larvae are characteristically fong and slender with a long straight
gut, poorly developed pigment and a £reanai length of 70% SL or more. The
yolk-sac larvae of anadromous clupei {genus Alosa) from the Mid-Atlantic
Bight lack oil globules but may have tiny oil droplets, whercas members of the
fresh and brackish water genus, Dorosoma, have one large oil droplet and several
smaller ones. Of the marine spawners reported from this region, yollk-sac la:va-e
of Brevoortia tyrannus, Opisthonema oglinum, and Sardinella aurita have oil
globules while those of Clupea harengus and Etrumeus teres do not.

With the exception of Brevoortia tyrannus, the regional clupeid larvae occur
in fresh and brackish waters or they are strictly marine. Menhaden larvae enter
estuaries at sizes of 10 mm and larger, This species is separable from larval

75
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fresh and brackish water clupeids on the basis of its comparatively advanced
state of development.

Table 2 shows characteristics useful in separating larval clupeids of the Mid-
Atlantic Bight. In addition to this, ventral pigment patterns arc useful in separating
Alosa sapidissima from Alosa aestivalis and Alosa pseudoharengus (see accounts
for thosc species) and may be helpful in identifying other fresh and brackish
water larvae as well. In addition to myomere counts, spawning season is useful
in separating marine clupeids. Brevoortia tyrannus and Clupea harengus
spawn during the colder months while Etrumeus teres, Opisthorema oglinum
and Sardinella aurita spawn during summer, Etrumeus teres differs from other
regional clupeids by having an elongate pointed snout at about 7 mm.

TasLE 2. Characteristics of larvae in the family Clupeidae

Myomeres batween
insertion of dorgal

Size range Preanal Taal fin and postarictr  Pradorsal

Spacias Location described (mm} myomares  myameres margin of vent myomeres
Afoss zastivalls Fresh and 4.0-15.8 51 4245 47-53* 11-13

brackish
Alosa mediocris Fresh and 6.5-18.0 TL ca. 3842 42-52

brachkish putalive
Aloss psevdoharengus  Fresh and 4.3-18.9 3L 39-43 46-50* 79

brackish
Afosa gapidissfma Frash gmd 8.7 5L 44-52 o8 55-97

brackish ca. 27 TL
Dargsoma cepedighum  Fresh and 7.0-ca. 21 TL J0-44 45-52

brackish
Dorpsoma pelenense Freah and 5.2-20 Th ca. 38 A3-44~

brackish
Brevogrifa tyrannus Freah to 50-28.7 TL AT-40 456-50

mating
Clupaa harengus Marlne 6.5-34 TL H-47 53-6%
Etrumeus teras Marine 6.8-33 TL 42-44 4B.-50 25-36
Qpizthonemes oglinum  Marine 3.8 NL- 46542 19-24

19.3 5L

Sardinsila aurita Marine 58-16 TL ce 48 2420

* indicates vertebral eccount

In clupeid larvae, the vent is always posterior to the dorsal fin. This

character scparates Jarvae of this family from those of the Engraulidae.

Within the Mid-Atlantic Bight there are records of Serdinelle aurita (=
8. anchovia of some authors), and there is the possibility that a second species of
Sardinella, S. brasiliensis, occurs. Since there are no published records of this
second species an account of it has not been included. For an excellent descrip-
tion of development of 8. brasiliensis see Matsuura, 1975,
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Alosa aestivalis (Mitchill), Blueback herring

ADULTS

D.15-20; ' A 15221, C. 785+ 10+94+6-7,2 B, 14—
18;® V. 9°-11;* scale rows between gill openings and
base of caudal 46-34; total ventral scutes 31-36,' pre-
pelvic scutes 18-21,' postpelvic scutes 12-16;° 13-14
longitudinal rows between dorsal and pelvic bases; !
total vertebrae 47 (FHB)-53' precandal 14-16, caundal
33-35; ¢ gill rakers 41-52; branchiostegals 7, 7.7

Proportions expressed as percent TL: Body depth 22.1-
23.2; head length 18.5-20.6. Proportions expressed as
percent HL: Eye diameter 22.0-26.4; snout length 23.4-
304 interorbital width 21.1-26.4.° Proportions expressed
as times in SL: Head 3.3-4.6; body depth 3.0-4.6. Pro-
portions expressed as times in HL: Eye 3.0-6.0; snout
36-5.8.11

Body moderately compressed,' elongate; ® eye small,
equal to or shorter than snout; mouth oblique; upper
jaw with definite median notch; lower jaw not extending

into dorsal profile. Teeth lacking on premaxillaries,
sumetimes evident on posterior maxillary; mandibular
teeth present anteriorly but lacking free points; narrow
band of granular teeth on tongue. Scales moderately
adherent with crenulate membranous edges preceded by
scarcely visible striae.” Lateral line not developed.®

Pigmentation: Bluish abave, sides silvery, upper scale
rows with more or less distinct longitudinal lines; a
single dark shoulder spot usually present; fins plain,
greenish, or yellowish. Peritoneum generally dark.!

Maximum length: Ca. 380 mm.’

DISTRIBUTION AND ECOLOGY

Range: Nova Scotia to St. Johns River, Florida.

Area distribution: Chesapeake Bay and “virtually all
streams tributary to the Bay,”? Delaware River, and
offshore waters of New Jersey.’

Fig. 85. Alosg gestivalis, Blugback herring. A. Adult, male ca. 262 mm TL. B. Egg, ca. 1.0 mm. Mature, un-
fertilized, water]]ard'ened_ ngris sticking %u adhesive egg capsule. C. Egg, blastodisc. Yolk granular with small oil

globules. Diameter ca. 1.0 mm. D. Egg, 4-cell siage.

Diameter ca.

1.0 mm. (A, Geode, G. B, et al. 1884:

Pl 209. B-D, Kumiz, A., and L. Radcliffe, 1917 figs. 87, 88, 80
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Habitat and movements: Adults —an anadromous, school-
ing species typically inhabiting a narrow band of coastal
water; entering fresh and brackish water during spawn-
ing season; first arrivals at 5 C in vicinity of Connecticut
River; upriver movement to spawning areas occurs in late
afternoon or at night. Apparently moving to offshore,
bottom waters during winter. 24

Larvae—fresh and brackish rivers 12+

Juveniles._smaller individuals apparently move up-
stream during periods of decreased flow. Leave fresh
and brackish nursery grounds at ca. 50 mm, primarily
during mid-September and October at 21-ca. 11 C, in
Connecticut. In James River, Virginia, majority collected
in gurface waters, dowmsiTeam migration almost com-
plete by November. Some overwintering takes place in
Delaware River Estuary and Chesapeake Bay during
first and possibly second winters. One and two year
olds arrive with or soon after spawning adults.”#*10.18,22
Experimentally survive transfer from 0 ppt to 28 ppt.™?

SPAWNING

Location: Fresh and brackish rivers and tributaries, ap-
parently never far above tidewater; also ponds having an

outlet to the sea.’* Over bottom of clean swept sand and
gravel '* to boulders, in areas of relatively wide and
deep ingress with swift flow. Not ascending freshwater
streams as far as alewife, Alosa pseudoharengus.'™®

Season: Last half of April through first half of May in
Potomac River; ' late April through mid-June, peak last
half of May in Delaware River; ™ late April to mid-
September in Connecticut.'#

Temperature: Minimum 14 C; at ca. 27 C spawning
apparently ceases; '® optimum ca. 21 *-25.5 C.17

Fecundity: 45,800 at 238 mm, to 349,700 at 310 mm,'?

EGGS

Unfertilized eggs: Fully ripe eggs light amber, semi-
transparent.'®

Fertilized eggs: Essentiaily pelagic, demersal in st
water,** somewhat adhesive, yellowish, semitransparent;
diameter 0.87-1.11 mm ** (average 1.0 mm); periviteliine
space ca. 1/4 egg radins. Capsule relatively thick with
inner surface appearing finely corrugated. Yolk granular,
oil globules small, unequal, scattered.”

Fig. 36, Alosa sestivalis, Blueback herring. A. EEE, 04-cell stagfe. This and ail follnwinﬁ eggs ca. 1.0 mm in

diameter. B. Egg, early embryo. Germ ring

; 8 somites visible. D. Egg, 24-26 somite stage. E.

%2, 1817: figs. 81, 9396,

at edpe o

blastoderm. C. Egg, early emhryo. Blastopore
g, tail-free embryo. (ig:ﬁ, Kuniz, 1?:0 and L.toﬁd-
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4.3 mm TL

e

-_ -{- {i{{ {““‘= “‘___—"'3

5.0 nm TL

Fl%’ 87. Alosa aestivalis, Blueback herring. A. Yolk-sac farva, 3.2 mm TL. Recently hatched; small oil globules
still visible in yolk. B. Yolk-sac larva, 3.5 mm TI.. Recently hatched. C. Yolk-sac larva, 4.1 mm TL. Recently
hatched. D. Ventral view of “C." E. Yolk-sac larva, 50 mm TL. Second day after hatching. {A, Mansueii,
A. ], and ]. D. Hardy, Jr., 1967: fig. 21A. B. Kuntz, A, and L. Hadcliffe, 1817: fig. 97. C-E, Cianci, J. M., 1969:

Fgs. 124, 13C, 13A.)

EGG DEVELOPMENT

.At “3-3b0ratory temperature,” 7

g:i differentiated blastodisc relatively thick, cap-like.
Per}#h blalstomeres large and tending to be spherical.
bl &l growth of blastoderm apparent before peri-
ing . s well differentiated, but greatly increased follow-

§ periblast formation and covering more than half the

yolk at completion of germ ring and early differentiation
of embryonic shield. Embryonic shield long, narrow;
embryonic axis, when clearly differentiated, extending
more than halfway around circumference of yolk. Three
somites visible just prior to closure of blastopore within
16 hours after fertilization. With 24-28 somites present,
embryo extends slightly more than 2/3 around yolk;
optic and auditory vesicles developed. Just prior to
hatching, length of embryo exceeds yolk circumference.
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Fig, 38. Alose gestivalis, Blueback hemring. A. Yolksac larva, 5.0 mm TL. Ventral view. B. Yolk-sac larva, 4.0
mm TL. C, Larva, 5.2 mm TL. 3. Larva, 4.8 ram TL. E. Larva, ventral view of “D.” F. Larva, 6.0 mm TL.
(A, D-F, Cignci, J. M., 1965: figs. 13B, 14, 15. B, C, Kuntz, A, end L. Radcliffe, 1917: figs. 98, 99.)

Embryo relatively opaque; slightly pigmented.’
At 23.9 C, 8 hours after fertilization, blastula stage.1®

At 21.8 C, 305 hours after fertilization, embryo 3/4
around yolk, tail free in many.*

Incubation: Ca. 8094 hours at 20-21 C; ** ca. 50 howrs
at 22 G; * 55-38 hours at 22.2-23.7 C.1#

YOLK-SAC LARVAE

Hatching length 3.1 2-5.0 mm TL, average 4.3 mm L.
Average length at end of stage 5.1 mm TL. Duration
stage 2-3 days,

Recently hatched larvae, preanal myomeres 37-41 (47
ically 38).* Proportions expressed as percent TL {aver.



agesh Snout to vent 77.50-79.75; head leangth 11.78-12.40.
Proportions expressed as percent HL (average): Eye
diameter 31.74—45.10.%¢

Body elongate, relatively slender, head moderately de-
flected at hatching.® Recently hatched larvae with head
attached to yolk,’ not deflected in some specimens at
one day; ' rudimentary mouth evident. Yolk mass initial-
ly subspherical, granular, containing small oil droplets; '¢
greatest length less than 1/4 TL, markedly reduced at
end of first day.” Auditory vesicles poorly developed. At
second day after hatching (average length 5.1 mm TL)
oil droplets absent from yolk mass; auditory vesicles
prominent, Three days after hatching {average length
51 mm) lower jaw extends beyvomd upper'" Incipient
caudal rays apparently formed at hatching. Pectorals
initially absemt; conspicucus and possibly rayed at one
day,” fin enlarged by third day.’® Origin of dorsal finfold
relatively far back on body at hatching; dorsal finfold
apparently somewhat more narrow at hatching than at
one day;” in recently hatched larvae ventral finfold
narrow, caudal finfold small, rounded.’”
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Pigmentation: At hatching eye completely pigmented,
chromatophores scattered over ventral surface of yolk
sac, Series of pigment on dorsal edge of gut from behind
yolk sac to anus, cccurs as elongate chromatophores to
myomere 17-19 followed by irregular widely spaced pig-
ment. Series along ventra) gut from myomere 18-20 to
anus. At 2nd day scattered chromatophbores more stellate,
irregular, row below pectoral fin; melanophores or upper
gut enlarged, becoming stellate near vent.*¢

LARVAE
Size described 4.0-159 mm SL.

Preanal mvomeres at 4.0-5.9 mm SL 42-44 (usually 43);
at 6.0-13.9 mm SL 43-45 (usually 44); at 14.0-15.9 mm
SL 4243, Myomeres between cleithrum and vent at
4.0-5.9 mm SL 41-43 (usually 42}); at 6.0-13.9 mm SL
4145 (usually 43); at 14.0-15.9 mm SL 39-40. Myo-
meres between insertion of dorsal fin and posterior
margin of vent 11-13 (x 11.8).%1

Fig. 39. Alosa aestivalis,
SL. Flexion beginning. C. Larva, 12.0 mm TL,

i
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14.8 mm TL

Blueback herring. A. Larwa, 6.7 mm TL, 6.5 mm SL. B. Larve, $.2 mm TL, 82 mm
11.0 mm SL. Flexion com

man TL, 13.3 mm S;l..g. {A-D, Chambess, J. R., ]. A. Mugsick, end J. Davis, 1

lete or nearly so. D. Larva, 14.8
76: figs. 5B, 6B, 7B, 8B)
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uvenile, 25 mm TL. Scales and
iidebrand, S. F., 1963b: fig. 81.

]

. Juvenile, 205 mm TIL. B
nge}, 45 mm TL. (A, B, D. H

A
D. Juveni
+ hg 22D,

C. Juvenile, 45 mm

forming.
C, Mansueti, A. |, and J. D. Hardy, Jr., 1967

g. 40. Alosa aestivalis, Blueback herring.

scutes
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Fig. 41. Alosa gestivalis, Blueback herring. Ventra! pigment pat-
tern separates this species from Alose sapidissima lasvae up to ca.
13 mm TL. {Leim, A. H., 1924: fig. 23B.)

At four days after hatching (average length 5.2 mm TL)
mouth open, protuberant; auditory vesicles greatly en-
larged,” At 5 days after hatching (average length 5.4
mm TL)} mouth terminal, upper jaw extends to anterior
1/3 of eye; operculum and otoliths prominent; branchi-
ostegals developing. At 6 days after hatching (6.0 mm
TL) head broader than body.® Ventral finfold deep at
52 mm TL; * notochord flexion oceurs at ea. 9 mm SL;
vent has begun forward migration by 14 min 5L, body
depth has increased.:®

Pigmentation: At 5 days after hatching elongate chro-
matﬂﬂhores at pectoral bases; melanophares along upper
and lower gut in distinet rows. At 6 days most anterior
melanophores on ventral edge of body below pectoral
fin, typically 4, enlarged; small chromatophores above
nid-lateral line.’* By 10.4 mm TL (and possibly smaller)
double line of pigment be%inning at pectora.] bases,

diverges gradually so that lines appear to be almost
straight.1o:16,22

 JUVENILES
- Minimum size described 205 mm TL. Two imens,
- tach 45.0 mm TL, are described in detail and indicate

- wide variability at this stage * (ATL).

Cﬁ'}‘_ rakers on lower limb 28-38 at 30-39 mm SL; 30-38
g ‘i;r"{}—ﬂg mm SL; 35-41 at 70-80 mm SL; 38-44 at 90—
1% mm SL; 42-48 at 110-120 mm SL; and 42-50 at
- 130-149 mm SL»
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Body initially very slender, its depth increasing with
age, 7.5 times in SL at 16.5 mm SL; 5.0 times in SL at
20.0 mm SL. At 205 mm TL eye longer than snout;
maxillary nearly to pupil. Minute teeth on premaxiliary;
teeth on free rim of maxillary rather prominent; mandi

utar teeth with free points’ Adipose eyelid present
(AJL). Pelvics inserted under origin of dorsal at 20.5 mm
TL, considerably further back at 25.0 mm TL. Scales
developed posteriorly and scutes evident at 25.0 mm
TL Omne 45 mm specimen with well-Geved axiad
scales and ventral scutes (AJL), another fully scaled.

Pigmentation: Large chromatophores scattered over head,
dorsum, and upper sides at 20.5 mm TL; those of upper
sides apparently arranged in definite rows at 25.0 mm
TL. Tongue pigmentation along margin when present.
Peritoneum usually black.! Least developed of two 45
mm specimens with broad mid-lateral band of chromato-
phores from which irregular -blotches extend dorsally;
chromatophores also present on head, opercle, and
caudal fin (AJL).

AGE AND SIZE AT MATURITY

Minimum age 3; ** most males at ages 3 and 4, most
females at age 4; ** 250 mm or less.*
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Alosa mediocris (Mitchill), Hickory shad

ADULTS

D. 15-20; A. 19-23;* C. 9+4+10+9+7;° P. 15-16; V. 9;
scale rows between upper angle of gill opening and base
of caudal 48-57,* longitudinal scale rows between base of
pelvics and anterior dorsal rays ca. 16;* ventral scutes
33-38; total vertebrae 53 (FHB)-55;* precaudal 17,
caudal 37; % gill rakers 18-23.!

Proportions as times in SL: HL 3.4-4.1; body depth
3.0-3.8. Proportions as time in HI.: Eye 3.0-5.3; snout
3.7-5.0.4

Body moderately slender,* elliptical, compressed; mouth
oblique; upper jaw with median notch; lower jaw strong-
ly projecting and extending into dorsal profile; upper
margin of mandible with no pronounced angle,” maxillary
broad, rounded posteriorly.* Teeth absent in upper jaw,
very small on lower jaw and tongue. Scales moderately
adherent with longitudinal striae and crenulate, mem-
branous borders; ! scutes present on midline of belly.*

Pigmentation: Grayish green above; sides iridescent silver.
Nape green; side of head brassy; tip of lower jaw dusky.
Caudal, dorsal, and pectoral fins dusky; pelvic and anal
fins plain. Narrow, dark lines along upper sides. Shoulder
spot commonly followed by several obscure, dark spots.
Peritoneum pale with scattered punctations.’

Masximum length: 600 mm.

DISTRIBUTION AND ECOLOGY

Range: Bay of Fundy to Florida.?

Area distribution: Throughout Chesapeake Bay;* also
recorded from New Jersey, Virginia,! and Delaware.’

Habitat and movements: Adults—marine waters, prob-
ably never far from land; also estuaries, tidal rivers and
tributaries during late spring and early summer. A
schooling anadromous species whose oceanic movements
are unknown., Well defined “runs” of adults enter estu-
aries during spring and, to a lesser degree, during fall in
Chesapeake Bay; * apparently return to ocean shortly
after spawning.®

Larvae—no information.

Juveniles—tend to leave nursery areas during early
summer; however specimens in age group I found spo-
radically throughout most of year in Chesapeake Bay
and tributaries.®

SPAWNING

Location: Tidal freshwater.®

Season: Late April through early June.®
Time: Possibly dusk to midnight.®

Fecundity: Unknown.

EGGS

Location: Apparently broadeast at random; typically
demersal although tending to be buovant under turbulent
conditions; slightly adhesive, but easily dislodged by
currents.®

Unfertilized eggs: Asymmetrical; average diameter 1.i2
mm (range 0.95-1.19 mm), average yolk diameter 0.95
(range 0.88-1.08 mm); egg capsule relatively thick, sur-
face appearing Anely corrugated; micropyle single.®

Fertilized and water-hardened eggs: Transparent, spher-
ical, diameter 0.96 to 1.65 mm, perivitelline spacc ca. 1/2
egg radius. Yolk, in life, light amber-yellow and densely
granular; in preservative, dark amber or whitish yellow,
diameter 0.83-1.16 mm; few small oil globules.®

EGG DEVELOPMENT

Temperature at time of fertilization 144 C; rearing
temperature from 2nd hour 18 to 21 C.

1 hour predominately blastodises; few 2-cell
stages; blastomeres with fine oil
globules.

2 hours predominately 2- and 4-cell stages.

4 hours 2- to B4-cell stages.

8 hours 18-cell stage to blastula.

18 hours blastula to headfold stage; about 5
somites present in most advanced
embryos.

24 hours embryonic axis through early embryo;
head, trunk, tail, spinal cord, gut
heart, pectoral buds, and ca. 30
somites evident in early embryos.

36 hours some embryos with tail attached,

others tail-free; somites 28-38; noto-
chord and otoliths well-developed;
eyes colorless; body pigmentation alr
sent; yolk sometimes with several
small oil globules; yolk membrane
vascular.’

Incubation: 48-70 hours at ¢a. 18 to 31 C.3

YOLK-SAC LARVAE :
Average size at hatching 6.1 mm TL (range 52-8.5 mi).
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Fig. 42. Alosa mediocris, Hickory shad. A. Adult, 394 mm TL. B. Ripe unfertilized egg, diameter 1.1 mm.
Asymmetrical appearance typical. C, Egg, blastodisc formed 1 hour. This and all following eggs ca. 1.5 mm.

Y
D. Egg, 4-cell stage, 2 hours. E. Egg, morula, 4 hours. F. Egg, blastala, blastopore still open, 16 hours. G.
Egg, 30 somites and optic vesicles £4 hours. H. Egg, tail-free embrye, 36 hours. Auditory wvesicles, anus, and
Pectoral buds formed; small oil droplets in yolk. % Egg, just prior to hatching, 48 hours. (A, Goode, G. B,
et al, 1884: pl 918a. B-I, Mansueti, R. J,, 1962b: figs. 3, 4.)
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Fig. 43. Alosa mediocris, Hickory shad. A. Yolk-sac larva, hatching, 8.1 om TL, 48 hours after fertilization.
B. Yolk-sec larva, 5.9 mm TL, recently hatched, Irr?ula.r margin of dorsal finfold typical. C. Yolk-sec larva,
8.0 mm TL, I day after hatching. Pectoral buds paddieshaped. D. Larva, 6.8 mm TL, 3 days. E. Larva, 15.8
mm TL. Intestine with marked striations along entire length. F. Juvenile, 17.5 mm TL. Preanal finfold present.
(A-F, Mansueti, R. J., 1962b: figs. 4, 5, 6, 8.) .



49.0 mm TL

Fig. 44. Alose mediooris, Hickory shad. A. Juvenile, 19.5 mm TL. Preanal finfoid present. B. Juvenile, 24.3
mm TL. Scutes formed. C, juvenile, 27.0 mm TL. Gill mkers visihle through operculum. D. Juvenile, 35.2
mm TL. Scales in pectoral region; axial scale furmed. E. Juvenile, 49.0 mm TL. Scalation almost complete;

light lateral band of pigment present; adipose eyelid formed. (A-E, Mansueti, R. J., 1962b: figs. 8, 9.)

87
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Preanal myomeres 37-40 at 1 day, 36—44 at 2 days; 5
branchial arches.?

Proportions as percent SL: Depth ca. 13-16; snout-vent
distance ca. 80-86; head length ca. 9-10. Eye diameter
ca. 40-47% head length.?

Yolk large, restricted to anterior 1/4 of body and char-
acterized by granular appearance. Eye large, unpig-
mented at hatching; hvomandibular, Meckel's cartilage,
auditory vesicles present; mouth open, but lacking esoph-
ageal connection; cleithrum and gill clefts formed or
forming by 2nd day. Pectoral buds prominent at hatch-
ing; leaf-like at 1 day.®

Pigmentation: Initially limited to few chromatophores
along gut. At 1 day, abdomen with small melanophores;
18-20 elongate melanophores along ventral surface of gut
between volk and anus; few dots on dorsal surface; eve
darkly pigmented. At 3 da\ﬂ: single line of 18-25 melano-
phores on wpper surface of intestine, bifurcating at yolk
and extending to region below origin of pectoral fin; few
melanophores posterior to anus and on caudal finfold.?

PUTATIVE LARVAE
Size range ca. 6.5-18.0 mm TL. Average preanal myo-
meres 39 at 6.5-7.0 mm, 38 by end of stage.®

Body elongate; anus 4/5 TL from head. Dorsal fin first
evident at ca. 9.0 mm, anal at 140 mm, and pelvics
at 13.0 mm.?

Pigmentation: Initially as in yolk-sac larvae; by end of
stage, melanophores on ventral part of body from gular
region to area above anal fin,®

JUVENILES

Minimum size ca. 18.0 mm TL.

Gill rakers on fower limb of first arch 11-20. Total
myomeres 50-54; predorsal myomeres ca. 17-26; preanal
myomeres 36—42."

Proportions as percent SL: Greatest depth 10.9-208,
snout-vent distance 74.5-81.8; head length ca. 22-30
Proportions as percent HL: Eve diameter ca. 200—308
mandibular length ca. 42.6-51.6.°

Preanal finfold retained to ca. 20.0 mm; scutes evident at
24 mm. Scales first evident ca. 35 mm, originating in
pectoral region; pelvic axial scales present or absent,
Adipose eyelid evident at ca. 49 mm.?

Pigmentation: An ill-defined double row of melanophores
along dorsum; caudal fin with melanophores. By 330
mm TL dorsum with numerous melanophores; a con-
spicuous U-shaped blotch behind eyes.?

AGE AND SIZE AT MATURITY

Males mature by 287 mm; females 320 mm TL.?

LITERATURE CITED
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Alose pseudoharengus (Wilson), Alewife

ADULTS

D. 127-19° (usually 13-14%); A. 157-21° (usually
17-18 #); P. 13-18 * (usually 16); V. 18; = scales in lateral
series 42 *~54,'¢ longitudinal scale rows between base of
pelvics and base of dorsal 14;% prepelvic scutes 17-21
{usually 18-20); ¢ postpelvic scutes 12°-17* (usnally
14-15 7); vertebrae 46-50; gilt rakers on lower kmb of
first arch 38 2—46; #* branchiostegals 7.7.%

Proportions as percent TL: Body depth 17.8-21.7; head
length 20.3-23.7; anal fin base 10.3-12.0.*" Proportions as
percent SL (based in part on juvenile specimens). Body
depth 23.5-35.5; head length 22.6-34.8; eve diameter
50-12.0. Proportions as percent HL: Eve diameter
981-32.0; snout length 269-357; interorbital width
157-21 6.%

Body strongly compressed, deep.’” Mouth oblique;®
anterior end of lower jaw thick, heavy, extending beyond
upper (closed gape); maxillary extending to below middle
of eye; 2’ eve large, longer than snout.? Dorsal fin origin
slightly in advance of pelvic fin; anal fin origin about
equidistant between pelvic base and caudal base; pelvic
fin usually equidistant between base of pectoral fins and
anal fin origin; lower lobe of caudal fin slightly longer
than upper.?®

Pigmentation; Grayish green above; sides silvery, wapper
seale rows sometimes with more or less definite dusky
lines; a dark shoulder spot; fins pale, vellowish, or green;
peritoneum pale or silvery, often with dark punctations.®

im:] run individuals with golden cast on head and upper
§] \.’.'_2'.'

. Maximum length: 380 mm.*

DISTRIBUTION AND ECOLOGY

Hmlge: Newfoundland #* to South Carolina; ** landlocked
* populations in the Great Lakes, Finger Lakes in New
York? and other freshwater lakes.>*

CArew distribution; Virtually all streams tributary to

» Chesapeake Bay;’ Virginia,” Delaware,* and New
Jesrap e

- Habitat and movements: Adults—a schooling species
- Whese oceanic movements are apparently restricted to
coastal areas proximal to natal estuaries; maximum depth
= 10-145 mn; maximum distance from land ca. 130 km;®
_ Smetimes in coastal ponds.®

: Qnadromous, migrations begin in late February or early
¥ larch in Chesapeake Bay,! March in Connecticut,™ late
-~ March ¢ to April in Rhode Island,** and May in Nova

Scotia.** Timing of movement into spawning streams
may be dependent on Iocal conditions.”* In North
Carolina spawning runs occur primarily from dawn to
noon and from dusk to midnight* Entry into streams
tributary to Pausacaco Pond, Rhode Island takes place
from 1300 to 1800 hrs. only.®® In the Annaquatacket
River, Rhode [sland near Hamilton Reservoir, mavement
into streams generally occurs in late afternoon at low
temperatures, early morning at high temperatures, at
both periods during peak of spawning run; high midday
activity restricted to overcast days; nocturnal movement
associated with abnormally high temperatures. Tempera-
tures below 8 C and ahove 18 C (24 hour average) result
in little movement into spawning streams.™ Peak move-
ment takes place at ca. 13.0 C in North Carolina * and
14.0-15.5 C in Rhode Island.* Return to sea shortly
after spawning,*#” In Lakes Ontario and Michigan, in-
shore movement begins in April, ends in late July and
late August respectively; individuals first appear in shal-
low water during daylight, later mainly at dusk and after
dark; ' move towards deeper waters (46-91 m) in
September, abundant there from December through
March, Taken at temperatures as high as 32 C in
Congamond Lake, Massachusetts,™

Larvae—remain in vicinity of spawning grounds; * form-
ing schools at sizes less than 10 mm, within one to two
weeks after batching,

Juveniles—pass slowly down Chesapeake drainage system
unti}! fall when main seaward migration occurs (WLD).
Emigration occurs from late June to late October in
Connecticut,* mid-June or early July to October {con-
tinuing in small numbers as late as December) in Rhode
Island,**** throughout summer in Gulf of Maine.* Migra-
tions take place during daylight hours; * related fo in-
wreased fow, decline in temperatures and precipitation.*
Some overwinter in Chesapeake * and Delaware bays,*
most go directly to sea? First year or so in salt water
tend to remain near surface.” Larger juveniles appear in
rivers with spavming adults.** In Lake Michigan youn%-
of-the-vear found at midlevels until late summer or early
fall; in large numbers on bottom at depths to 46 m in
October and to 36 m in November; age group I essential-
Iy pelagic, but occasionally on bottem in substantial
umbers in spring and fall; age group I1 more commonly
on bottom; * migrate inshore in spring, found in shallow
water after dark, in ca. 2-3 m during daylight.”’

SPAWNING

Location: Large rivers; ®!® streams only a few feet
wide; 17 small ponds, including barrier beach ponds; ®
sometimes in rapid water ca. 61 cm deep over coarse
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293 mm TL

Fig. 45. Alosa pseudoharengus, Alewife, A. Adult, female ca. 293 mm TL. B. Egg, ripe unfertilized. Dismeter
0.9 mm, C. Egg, blastodisc, ca. 45 minutes. This and all following e%s ca, 1.0 mm in dismeter, incubated at

average temperature of 20 C. D. Egg, blastodise, obligue view. E. Epg.
four-cell stage, ca. 1 hour. G. Egg, gégixtem-cell stage, 3 hours. (A, Goode

two-cell stage, ca. 1 bhowr. F. Egg,
, G. B, et al, 1884: pl. 207. B3,

Mansueti, A. J., and J. D. Hardy, Jr., 1967: fige. 26, B-C5.}

stones, sand and gravel; * usually in sluggish water 15-30
cm deep; *15* gver detritus covered hottom with attached
vegetation, sticks or other organic matter; occasionally
over hard sand bottom; * sometimes at depths of ca. 3
m.”” In general ascend freshwater streams further than

A, aestivalis®®

Season: Generally precedes A. agestivalis by 3-4 weeks; '
spawning peaks separated by 2-3 weeks.** Peak occurs in

early April in North Carolina® Season late ls\-ia;fﬁ;
through April in Maryland (AJL) with spawning lasti®:
only Ehfewlr) days fo:ry each sPaw]T;.ing gml.?; * early ApY
through mid-May (peak last two weeks in Apxil) in Deiﬁk'
ware River; ' late March or early April to mid-July (p¢®
early May through mid-June) in Connecticut; ** peak 0‘?3'
tered around May 1 in Rhode Island; +* late May to 0"
August in I;i;lEEr Lakes, New York; ¢ June through el
August in e Michigan.*



Time: Observed both diurnally *!* and nocturmnally,’” but
apparently with greatest activity at night. s

Temperature: Ca. 1057-21.6 C2* Apparently cessation
of spawning activity above 27.8 C.*

Fecundity: Variously estimated, 2180-10,011 (Lake
Cayuga, New York); '* 11,147-22,407 (Lake Michigan); *
average 102,800 (Potomac River, Maryland);* 48,000
380,600, average 229,000 {Bride Lake, Connecticut).*®

EGGS

Location: Broadcast at random; demersal? semidemer-
sal** or pelagic; ** within several hours after spawning
adhesive property lost and eggs enter water column.

Green unfertilized eggs: Uneven spheres with thin trans-
parent capsules; diameter 0.80-0.95 {average 0.80 mm);
volk diameter 0.07-0.85 (average 0.80 mm}; yolk dark
amber, opaque, granular, although not as much so as in
fertilized eggs.?
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Fertilized eggs: Diameter 0.80 22-1.27 %% mm; capsule
slightly rippled at high magnification. Yolk granular,
bri%ht translucent amber to pale vellow, lac ing oil
globules * containing tiny oil droplets.*?

EGG DEVELOPMENT

At 1.8 mm, embryo with optic cup, partially pigmented,
18 somites, At 2.6 mm embryo with primordial gill
arches, 37 somites 2=

Incubation Time Temperature (C} Development

(hours}

0 7.8 fertilization

8 9.4 blastula

12 94-10.3 gastrala

24 9.5-12.2 early embryo

38 9.5-10.0 tail-bud embryo;
eyes and myomeres
visible.

48 9.5-10 embryo almost

Fig. 46. Aloss preudoharengus

age temperature of 20 C. B. Egg, early gas
perature of 20 C, C. Egg, late gas , 12-15 hours.
of 20 C, D. Egg, len
early embryo

a, ca. 11

of embryo 0.5 mm. Dismeter of :
, one day. Blnsmpo?eoclosed, brain folds developed. Diameter va. 1.0 mam; incubated at average

Alewife. A. Egg, moruls, 4 1/2 hours. Dismeter ca. 1.0 mm; incubated at aver-

hours. Diameter ca. 1.0 mm; incubated at average tem-
Digmeter ca. 1.0 mm; incubated at average temperatare

yolk 0.76 mm. Diameter of egg 1.06 mm. E. Egg,

tsmperature of 20 C. F. Egg, oil droplets in yolk, 18 somites digmeter 1.06 mm. (A-C, E, Mansueti, 4. I, and

1. B. Hardy, Jr., 1067: fige. 98, C

Nordex, C. R, 1967h: figs- 1A-1B)
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completely en-
circles yolk.

$9.6-10.2 tail-free stage;
heart beating,
12.2 hatching begins V7

At average temperature of 20 C: *

45 minutes
1to3
hours
3 hours
4 hours,
30 minutes
11 hours

12 10 15
hours

Ca. 24
hours

65 hours

113 hours

blastodiscs.
2- and 4-cell stages.

18- and 32-cell stages.
32-cell, 64-cell, and morula stages.

gastula; blastodermal tissue around
1/2 of yolk; yolk granulations less
distinet.

blastopore formed; yolk paler; less
granular,

blastopore closed; embryo differen-
tiated; volk no longer granular.

tail free; eyes, lenses, auditory vesicles,
and 28 myomeres formed.

heart, otoliths, pectoral buds, finfold,

BicHT

intestine, and vent formed; brown
chromatophores over ventral 2/3 of
voik, sparsely scattered over eve, and
in a line along ventral surface of gut;
tail completely around yolk.?

Incubation: Z.1 days (average), at 289 C; 3.7 days
(average), at 21.1; % 3-5 days at 200 C (AJL); 345
days at 10.0-12.2 C; ** 6 days at 15.6 C;* 15 days (aver-
age), at 7.2 C.»°

Temperature limits: Lower ca. 6.7 C, upper between
28.4-30.6 C; optimum 17.8 C. Percent deformed larvae
after incubation temperature below 10.6 C, 69%; abave
106 C, 1.7%.7

YOLK-SAC LARVAE

Hatching length 2.5 -5.0 mm TL," average size at end
of stage 51 mm TL.? Maximum size at end of stage
5.8-6.0 mm TL, duration of stage 2 ¥-5 days (AJL).

Recently hatched larvae, preanal myomeres 37-4!
(x 39); ¥ at 3.3-5.0 mm TL, postanal myomeres 7-8.%?

Fig. 47. Alosa pseudoharengus, Alewife. A. Egg. tail-free embryo, 3 days. Total myomeres 28. Diameter ca.

1.0 mm; incubated at average temperature
Late embryo, 5 days. Pigmentation over eyes and yolk. This and all following eggs

incubated at average temperature of 20 C. D. Hawh:zg embryo
]

ca. 3.5 mm TL, 5 days. (4, C-E, Mansueti, A. I, a4
C. R., I987h: fig. IC.)

20 C, B. Late stage embryo. Diameter of egg 1.08 mm. C.

ca, 1.0 mm in diameter,
, ca, 3.5 mm TL, 5 days. E, Hatching embryo,
. D. Hardy, Jr., 1967: figs. 26, C10-C13. B, Nor
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Fig, 48. Alpsa pseudoharengus, Alewife. A. Yolk-sac larva, 3.5 mm TL, recently hatched. Notochord reticu-
lated. B. Yolk-sac larva, ventral view, recently hatched. C. Yeolk-sac larva, 8.9 mm TL, ventral view, ca. 24

hours,

D, Yolk-sac larva, 4.3 mm TL, recently hatched. E. Yoik-sac larve, ca. 4.5 mm TL, one dav. (A, B, E,

Mansueti, A. J., and J. D. Hardy, Jr,, 1967: figs. 27, A-C. C, D, Cianci, I M., 1969: figs. 24, C.)

i‘:’}_‘ﬂrﬁons expressed as percent TL (at hatching): Head
o frage) 11.1; snout to vent (average) 79.8. Proportions
o ])!f?ssed as percent HL: Eye (average) 37.1."" Preanal

%J“Stanal length ratio: 4.1-5.1 to 1 at hatching, 3.2-3.8
© ! by end of stage. s

?ALEI‘ ffﬂected at hatching, straight or deflected at 1 day
dej' » " Straight at 2 days; mouth absent,*” or barely evi-
4t at hatching, nonfunctional at 1 day (AJL), function-

al at 2 days with maxillary extending under anterior edge
of eve.”” Yolk initially hemispherical, pale amber (AJL),
granular; several oil droplets around periphery,®® or
throughout, absent at 1 day; *” yolk 1/2 absorbed by 1 day
(AJL) about as wide as deep at 3 days.*” Auditory vesi-
cles triangular at hatching, much enlarged by 2nd day
(AJL); otoliths visible at hatching. Operculum visible,
branchiostegal rays appearing at 1 day.”” Pectoral fin bud
present immediately after hatching,*” rounded at 3 days.»
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Dorsoventral finfold complete immediately after hatching,
extends from second somite, around tail to vent and on
to base of yolk sac,*® reduced at 3 days (AJL).

Pigmentation: In recently hatched specimens pigmenta-
tion pattern of yolk variable, typically with ca. 10 rows
of melanophores across ventral half of volk (AJL). Two
chromatophores present below pectoral fin insertion, 3-8
posterior. Row of melanophores along dorsal edge of gut
from behind volk sac to myomere I7-19 and on 35
myomeres preceding anus. Series of elongate melano-
phiores on ventral edge of gut from myomere 18-20, to
anus. Posterior to vent chromatophores irregularly scat-
tered on body above mid-lateral line; ' 47 chromato-
phores on caudal fin, usually 2 above notochord, 3-5
below.”> At 1 day pigment reduced on yolk sac and
above mid-lateral line, eye completely pigmented,*

DevELopMENT oF Fisues oF THE Mip-ArLanTic Bicar

flecked with gold (AJL); melanophores fewer but more
pronounced and in more defined Tows on upper and
lower gut. At 2 days after hatching chromatophores con-
centrated along posterior and ventral edges of yolk sac;
2 elongate chromataphores below pectoral fin, chromato-
phores posterior to vent sparse, small. At 3 days after
hatching anterior volk-sac melanophores form an elon-
gate dash in throat region along ventral surface. Upper
gut melanophores often appear as thin extended line®

LARVAE

Size range described 4.3-19.9 mm SL.

Preanal myomeres at 4.0-5.9 mm SL 40-42 (usually 41),
at 6.0-13.9 mm SL 40-43 (usually 41}, at 14.0-19.9 mm
SL 3841.** Myomeres between cleithrum and vent, at

Fig. 40. Aloss pseudohareng

I M., 1989: fig. 4C. B, Mansueti, A. ]., and J. D. Har
sfck, and . Davis, 1976: fige. 54, 6A. D, Norden, C. R.,

us, Alewife. A. Yolk-sac larva, 5.4 mm TL, veatral view. B. Larva, ca. 6.0 mm TL.
C. Larva, 80 mm TL, 59 mm SL. D, Larva, 7.7 mm TL. E. Larva, 9.0 mm TL, 88 mm, SL. {A, Clandl,

, Jr., 1967: fig. 27E. C, E, Chambers, ]. R, ]. A. Mu-
967: fig. 3B.)
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Fig. 50. Alosa pseudoharengus, Alewife, A. Larva, 11.9 mm TL, 11.5 mm SL. B. Larva, 13.0 mm TL. C. Larva,
15.0 mm TL, 13.68 mm SI.. D. Late stage larva, 19.0 mm TL, E. Juvenile, 245 mm TL. (4, C, Chambers,
I R, J. A. Musick, and ]. Davis, 1976: figs. 7A, 8A. B, D, E, Norden, C. R., 1967b: figs. 4, 5.)

j-l(l-o.Q mm SL 3940 (usually 39), at 6.0-13.9 mm SL 38—
(usually 39 or 40} at 14.0-199 mm SL 35-39. Myo-

z:c” o between insertion of dorsal fin and posterior margin
veat 7-9 (% 8.0).* Predorsal myomeres 24-27.%*

Preunal 4 postanal length ratio ca. 3.5:1 at 6.7 mm TL;
€. 401 at 14.8 mm TL.*

i?}‘;“ ﬂ}fmg, narrow; head variable, rounded at ca. 6.0
v Hattened by 8th day; lower jaw projected beyond
tg;f:: at 8 days (AJL), and at 9.0 mm TL;* mouth
rea;;ﬁnal at 8.0 mm (AJL); at ca. 45 mm TL maxillary

©s anterior 1/3 of eye,** lower jaw with small teeth

at 18.5 mm.* Notochord flexion occurs at ca. 9 mm SL.
Gut straight at 9.0 mm TL.*? striated at 10.4%-15 mmn
(AJL). At 4.3-11.9 mm TL anus at beginning of posterior
1/5 of total body length; ** gas bladder visible at 15.0
mm TL* and probably earlier (JRC). Caudal and
pectorals with or without incipient rays up to 5.4 mm
(AJL); preanal finfold retained to 16.5 mm.**

Pigmentation: At 60 mm, melanophores in a row on
dorsal surface of anterior half of intestine and on dorsal
and ventral midline of tail near developing caudal fin. At
8 days, ca. 12 melanophores along dorsal surface of
anterior half of gut, 22-24 on ventral surface of posterior



Fig. 51. Alosa pseudohar
SL. . Juvenile, 47.5 mm
Ir., 1967: Rg. 28B.)

half of gut; scattered melanophores on lateral body wall
and in area behind eye {AJL). At 9.0 mm TL melano-
phores on upper gut more expanded, caudal melanophores
more stellate, 1 large melanophore dorsal to pectoral fin
insertion.®” At 10.4 mm TL melanophores along ventral
surface between pectoral fins forming unjoined V.5%s747
At 121 mm pigmentation increasing along upper and
lower gut with small chromatophores reappearing above
lateral line.*" By 19.0 mm pigment increased, particularly

DEVELOPMENT OF FISHFS OF THE Mim-ATLANTIC BIGHT

47.5 mn 'TL

us, Alewife. A. Juvenile, 20 mm TL, 22 mm SL. B. Juvenile, 42 mm TL, 34 mm
L. (A, C, Hildebrand, 8. F., 1963a: fig. 83. B, Mansueti, A. ], and ]. D. Hardy,

in area of gills, otic region and caudal fin; dorsolaterd]
row of chromatophores appearing above lateral line.”

JUVENILES

Minimum size described 19.1 mm. TL.

At 19.1-32.2 mm TL preanal myomeres 33-42; pOStana]
myomeres 9-14; predorsal myomeres 15-23,2
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Fig. 52. Alosa pseudoharengus, Alewife. Ventral pigment pattern;
separates this species from Alosa sapidissima larvee up to cu. 13
mm TL. (Leim, A, H., 1924: fig. 23B.)

Gill rakers 25-33 at 30-49 mm; 32--36 at 5069 mm; 30-39
at 70-89 mm; 35-38 at 30-109 mm; 36-40 at 110-129 mm.
Body depth 4 times in SL at 29 mm TL; depth adult-like
at 100 mm.?

At 191-32.2 mm TL teeth on maxilla, premaxilta and
dentary.?® At sizes over 35 mm TL gill rakers elongate,
closely spaced.** Scutes sometimes evident at 22-25 mm
TL, # scales first evident at 28 '*-29 mm #* on side of tail
along lateral line at about 43rd myomere.’* At 32.2 mm
vent at beginning of posterior 2/5 of body length.”

Pigmentation: At 19.1-32.2 mm TL chromatophores in-
creasing on dorsolateral: surface from head to caudal fin;
pigment on lower jaw, snout tip, top of head, caudal fin
and dorsal margin of swim bladder.*

AGE AND SIZE AT MATURITY

Freshwater populations mature earlier and at a smaller
average size than saltwater populations. Tn Lake Ontario,
males mature at minimum of ca. 1 year and ca. 95.5 mm
. SL. females at minimum of 2 years and ca. 110 mm SL#
- Anadromous populations in North Carolina, minimum
- ¢ 2, most at age 3; * in Connecticut, males minimum

Clupeidac—herrings o7

age 3, most at age 4, females minimum age 4, most
at age 5.
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Alosa sapidissima (Wilson), American shad

ADULTS

D. 14721 (usually 18-19}; %% A. 18-25'7 (usually 21-
22%9), C. 7-8+10+9+7; % P. 13418 (usually 16-
17 3%); V., 8-10; 2 lateral line scales 52-64,** scale rows
between base of pelvics and anterior dorsal rays 15-16; *
ventral scutes 34 #—40, 19~-25 anterior to pelvics, 1217-19
behind; * total vertebrae 51:*-80," precaudal 18-19,
caudal 37-33; ** gill rakers on lower limb of first arch
59 4-78; * branchiostegal rays 7, 7 (rarely 7, 6).%

Proportions as percent SL: Body depth 30.2-48; head
length 23-28; eye diameter 3.8-5.7 {may include some
juveniles).* Proportions as percent TL: Body depth 17.2-
19.4; head length 22.7-24.0. Proportions as percent HL:
Eye diameter 27.3-32.0; snout length 26.9-32.0; inter-
orbital width 18.6-21.6.%¢

. ""’-'*‘l‘:é%a*:‘:wéﬁ -

L)

B C

Body elongate; head broadly triangular; ** dorsal profile
of head nearly straight; © mouth oblique; * anterior end of
jaws about equal with mouth closed; ¢ maxillary reach-
ing slightly beyond posterior margin of eye; * upper out-
line of mandible only slightly concave and lacking sharp
angle.” Teeth small, weak and few in number, on pre-
maxillary and mandible,* or absent.* Scales large, mod-
erately adherent.” Dorsal fin elevated anteriorly, margin
slightly concave, origin an eye’s diameter or less in front
of pelvics; caudal deeply forked, lobes about equal and
somewhat shorter than head; anal low; axillary scale
equal to or little more than 1/2 length of pelvic.

Pigmentation: Greenish or bluish above;* fading to
brown with migration through freshwater; ** bright sil-
very on sides; dark shoulder spot sometimes followed by
one or more rows of smaller spots; fins pale to greenish,

Fig. 53. Alosa sapidissima, American shad. A. Adult, ca. 584 mm TL. B. Egg, ca. 1.8 mm. Ripe, unfertilized,

not water hardened. C. Egg, 2-cell stage, 1 1/3 hours, egg ca
astrula, with embryonic shield, eﬁ'ca sule removed. Diameter ca. 3.5 mm, incubated at 24

at 24 C. . Egé,

C. (A, Goode, ., et al,, 1884: pl." 212. B-D, Ry

psule removed. Diameter ca. 3.5 mm, incubated

- A, I887: figs. 68, 78, 101}



dorsal and cauda) sometimes dusky; peritoneum pale to
silver.*

Maximum length: Ca. 760 mm.®

DISTRIBUTION AND ECOLOGY

Range: Southeastern Labrador * to St. Johns River, Flor-
ida; 7 introduced on Pacific coast and now established
from San Diego, Calilornia, to Alaska; "' also eastern
shores of Kamchatka, U.8.8.R.*

Azea distribution: “Virtually all streams tributary
Chesapeake Bay”; * New Jersey, Delaware, and Virginia.¢

Habitat and movements: Nonspawning adults—waters
of continental shelf, appearing in schools near surface
in spring, summer, and fall; 7 also recorded in brackish
estuaries; * rarely in freshwater outside the spawning
season,” however, in Delaware River, many remain up-
stream well into summer and apparently into the fall.+”
Maximum depth 160-230 m.** Maximum distance from
coast 177 km.4

Spawning adults—anadromous, ascending parental rivers
to spawn *°1119 with runs of 825 kin from sea reported.®
Repeat spawners virtually absent in rivers of Chesapeake
Bay."+*"  Adults from Connecticut River to Chesapeake
Bay migrate northward of Gulf of Maine, those from
Canada move southward to same area with both popula-
tions remaining there throughout summer and fall. Dur-
ing winter this mixed population scatters t}n'othout
middle Atlantic area.® Distribution corresponds closely
to position of 13.0-18.0 C isotherms.® As spawning
season approaches schools move shoreward and to native
strcams.™  Atypical “runs” may occur in Noversber and
December in Chesapeake Bay.®

Larvae—fresh to brackish water; 2 most abundant at sur-
face; # maximum salinity ca. 7.0 ppt; * movements gen-
erally downstream.*

Juveniles—form schools at 20-30 mm TL and gradually
move downstream; *' movements from spawning grounds
Y nursery areas influenced by current and rising temper-
Uures,** Tn nontidal waters prefer deep pools well away
from shoreline, occasionally found in shallow riffles. In

claware River, largest juveniles occur furthest down-
Stream during summer; leave nontidal waters at ca. 80
Mo, very few present after October.’” Majority leave
Connecticut River in late September and early October,
igration complete by early November. Emigrate from
Stieims and rivers as temperatures drop below 155 C *°
to acean,® probably joining other migrating juveniles and
adults* Some remain in estuarine waters such as Chesa-
Peake Bay for first year, in northern localities tend to
Stuy close inshore for at least first year.* One and two
Year old shad are occasionally taken in brackish and
resh water in Potomae River,* Immature shad rypically
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remain in the ocean for three to six ** years, probably
spending winters in middle Atlantic area migrating to
Gulf of Maine each summer In autumn and early
winter, may not survive prolonged exposure at tempera-
tures of ca. 46 C;** upper natural temperature limit
may be ca. 30 C.*' Equilibrium usually not immediately
lost until dissolved vxygen level drops below 3.0 mg/l;
at 0.6 mg/l, immediate mortality evident’

SPAWNING

Lacation: Mostly in tidal freshwater, less frequently in
nontidal water (WHM); possibly in brackish water in
California.* Usually in river areas dominated by exten-
sive flats; ** also over sandy or pebbly shallows; 1 fre-
quently near mouths of creeks; ' in water clear to very
turbid, in current less than 0.3 to more than 0.9 m/sec,
in depths of 0.9-12.2 m*  Eggs absent at dissolved
oxygen levels less than 5 ppm™

Season: First muns in 8t. Johns River, Florida in Novem-
ber; * earliest individuals arrive in Maryland streams in
Februarv, but most abundant in April* with spawning
activity apparently continuing for “several weeks”;*®
spawning occurs from mid-May to July (peak late May
to mid- or late June} in Delaware River,***" Spawning
may continue until May or Junc in California,***" and in
maore northern localities of the east coast as late as
June 25,2850 or ]{11};'42

Time: Probably all hours of day and night with greatest
activity apparently between noon and midnight ** or
from sunset to midnight.** Spawning probably occurs at
night in clear water, begins later during day, or occurs
all day in turbid rivers.'®

Temperature: Peak movement into rivers takes place at
temperatures near 18,5 C,* few enter at temperatures of
4 C and below.!* Spawning reported from 8-28 C,*
generally gccurs at 12 2921 C.%

Fecundity: 58,334 *-659,000.> Reports of lower fecun-
dities (25,000-30,000) are apparently in error.*** Mean
population fecundity (total annual egg production of the
average female). St. Johns River, Florida, 412.000; York
River, Virginia, 262,000: Connecticut River, Connecticut,
269,000, St. John River, New Brunswick, 155,000.%

EGGS

Location: Demersal'* or found throughout water col-
umn; * deposited at random, dropped “loosely and singly
to the bottom”;* increase in diameter due to water
hardening may lodge eggs in bottom rubble.*

Unfertilized eggs: Ca, 1.8 mm in diameter; * pale amber;
with wrinkled egg capsule; micropyle single.?
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Fig. 54. Alosa sepidissime, American shad, A, E
subsequent eggs ca. 3.5 mm in diameter, incubate

, just after blastopore closure; 20 myomeres visible. This and
at 24 C. B. Eg% tail-free embryo, egg capsule removed; 32
myomeres visible, heart thickened dark area just posterier to eye. C.

Egg, ca. 72 hours. Yolk covered with stellate chromatophores; mouth open; rudimentary gil
buds

Egg, 44 hours, D. EFg, c;ixe. 48 élou.rs. rl;]}
arenes and pecto

formed. (A-E, Ryder, J. A., 1887: figs. 102, 126, 127, 136, 141)

Fertilized eggs: Transparent, pale amber or pink,' ini-
tially adhesive,” later nonadhesive,* spherical?® 2.5 %-
3.8 mm in diameter. Yolk distinctly granular; perivi-
telline space ca. 1/2 egg radius.!”

EGG DEVELOPMENT

Atca 24C: ™

Ca. 30 minutes blastodise formed.

Cz. 1 hour, first cleavage furrow.
20 minutes
Ca. & hours second cleavage.
Ca. 2 hours, third cleavage.
30 minutes
4 to 5 hours morula completed.
Beyond 5 hours blastula stage brief; blastocoel kid-

ney-shaped when viewed from
above, soon becoming crescent-
shaped. Three or 4 somites evident
at time of closure of blastopore;
Kupffer's vesicle, optic and audi-

tory vesicles, choroid fissure evi-
dent shortly thereafter; tail bud

stage with ca. 32 somites.

44 hours yolk pigmented and finfold well
formed.

Ca. 48 hours tail recurved and incipient pectoral
fins evident.2®

At 18-17 C:
6 hours blastula.
20 hours, late gastrula.
30 minutes
38 hours early embryo.
42 hours tail-free embryo.'*

Incubation: Two days at ca. 27 C% to 17 days at &
2Ce

Optimum conditions for develoiglent: Temperature ¢
17 C, salinity ca. 7.5 ppt, and darkness,?

Maximum hatch and survival of .eggs and larvae, 159
26.5 C.»®
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F 21.0 mm TL

Tig. 55, Alpsa sapidissima, American shad. A. Yolk-sae larva, 100 mm TL, newly hatched. Preanal myomeres
43; pigmentation on yolk and along intestine not shown. B. Yolk-sac larva, length unknown, 3 days. Urogenital
system drawn as a dark line over infestine. C. Yolk-sac larva, lengtk vriknmown, 5 days. Pignientation of ventral
and dorsal surfaces of intestine not illestrated, I3. Larva, 14.0 mm TL, 17T days; 8 incipieat rays in dorsal; rudi-
mentary gus bladder forming at 18th myomere. E. Larva, 22.9 mm TL, 20.0 mm 5L, 12 days.” Hatchery reared;
D, 17, 'A."21; preanal myomeres 43, postanal myomeres 14; sparse pigmentation. F. Larva, 2I.0 mm TL, 17.8 mm
SL, 18 days. %—Iatchea‘y reared, {A-D, Ryder, ]. A., 1887: figs. 148-151. E, F, Mansueti, A, ], gnd J. D. Hardy,
Ir, 1967: ﬁg 30

101
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YOLK-SAC LARVAE

Length at hatching ca, 8.7 **-10 mm TL; length at end
of stage ca. 9°-12.2 mm TL.* Duration of stage 4-5
days at 17 C, ca. 7 days at 12 C.

Body slender, depth in advanced specimens 0.05 of TL.4
In newly hatched, volk subspherical; head detached from
yolk; mouth open but without free passage through
esophagus; ® eyes large, dark, protuberant. By 3rd day,
jaws, gill arches, and 2 pairs of recurved teeth in lower
jaw forming; incipient rays of pectorals formed; noto-
chord thick, distinetly granular; gut striated; remal ap-

paratus conspicunus, extending from above yolk to anus.*

Pi
di

entation: Body transparent* Yolk sac covered with
se network of stellate chromatophores. Mid-ventral

DEVELOPMENT OF FISHES OF THE Mip-ATLANTIC BIGHT

line of pigment sometimes present on isthmus. A line of
chromatophores along juncture of yolk sac and body and
continuing along junction of intestine and body to anus,
A closely approximated double line of pigment on ventral
aspect of intestine from ca. 18th myomere to anus, A
fine network of pigment usually present on lateral surface
of intestine, most dense near anus. Stellate chromato-
phores on lateral surfaces of body, mostly between level
of motochord and intestine, extending from volk to be-
yond anus. Few spots above and below notochord in area
of future caudal fin.?

LARVAE

Size range——ca. 8.0 mm SL ™ to ca. 27.0 mm TL (may
include juveniles). Duration of stage 21-28 days.®

Fig. 568. Alosa sapidissima, American shad. A. Juvenile, 31.8 mm TL, 28.7 mm SL. D. 17, A. 21; preanal myo-
meres 88, postanal myomeres 15; remnant of preanal finfold; scutes forming. B. Juvenile, 39.5 mm TL, 33.5

mim SL; 33 soutes; preanal myomeres 38, postanal myomeres 16; scales forming a
stripe along side. C. Juvenile, 51.8 mm TL, 41.5 mm SL. 37 scutes; almost

e mid-lateral region; dark
y scaled; lateral stripe still evi-

dent. (A-C, Mansueti, A. ], and |. D. Hardy, jr., 1987: fig. 30.)



At 210 to 22.9 mm TL, pectorals and pelvics stll devel-
oping; P. 3-15; V. 5-7.7 Total myomercs 55-57 at 21.0-
229 mm TL (AJL); preanal myomeres (Chesapeake Bay
specimens) 44-50 (x=47) at 9.0-129 mm SL, 4549
(x=47) at 13.0-149 mm SL, 44-52 (x=48.3) at 15.0-
17.9 mm SL; ‘¢ preanal myomeres { Shubenacadie River,
Nova Scotia spectmens) 43-47 at 10.5-13 mm TL, 4145
at 14-16 mm TL, 3744 at 17-22 mm TL, 3442 at 93-27
mm TL.2

Body long and slender, increasing in relative depth
throughout stage. Auditory vesicles still evident at 21.0
mm. Gas bladder evident by 14 mm TL. By 14 mm TL,
finfold greatly reduced; anlagen of dorsal fin developed;
incipient caudal rays formed; urostyle directed slightly
upward; rudimentary pelvics evident at 18 wmm; preanal
finfold retained throughout stage.®

Pigmentation: Up to 13 mm TL, two lines of pigment
heginning at pectoral bases and continuing along venter
and intestine diverge rapidly causing both lines to exhibit
a double bending, appearing as short dashes; pigment
on isthmus decreased; a line of chromatophores dorsad
from base of pectoral; 0-15 chromatophores ventrolateral-
ly between head and caudal peduncle. At 1416 mm TL,
diverging lines of pigment along venter generally ter-
minating at 14th or 15th myomere; chromatophores some-
times present along dorsal wall of intestine between
dorsal fin and anus; few chromatophores on caudal fin,
Larger specimens highly variable; additional pigment
develops on snout, operculum, and dorsal surfaces of
head and body. Specimens from freshwater more heavily
pigmented than those from brackish water.?

JUVENILES

Minimum size 25 to 28 mm TL.2 (Possibly as small as
20 mm,23)

Total myomeres 54 at 32 mm (RIM); preanal myomeres
34-47 at 28-32 mm, 32-36 at 33-71 mm.? Gill rakers on
lower limb of first arch 26-31 at 35-65 mm, 34-43 at 70—
125 mm, 48-62 at 190-270 mm, and increasing with
growth to ca, 300 mm.* Ventral scutes 33 at 39.5 mm,
37 at 31.8 momy 2

Greatest depth ca. 3.9 to 4.5 in SL at 26.7-51.8 mm
(RIM): average depth 3.5 in SL at 35-100 mm.® Ratio
¢tween horizontal diameter of eye and distance from
most anterjor point of eye to tip of upper jaw in speci-

’1“2;“ 2347 mm {possibly including some larvae) 0.96-

At 318 mm, adinose evelid resent: opercular apparatus
not fully diﬂ:erergrt(;:lted{ rerml:ant of prEGana] ﬁnft?lgapres—
gh’u;’ axillary scales beginning to form. Scales first evi-

¢n! above mid.lateral region at 34.5 mm, nearly complete
a 318 mm TL (RIM). Cheek more narrow and deep;
angle of upper margin of mandible near middle and
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Fig. 57. Aloso sapidigsimg, American shad. Ventral pigment pat-
tem from yolk abscrption to ca. 13.8 mm TL. (Leim, A, H., 1924:
fig. 234

much lower and broader than in other voung clupeids.
Manxillary teaching middle of eye at 50 mm; ® median
notch on maxillary lacking below 150 mm;* teeth de-
veloped on anterior part of jaws, persisting to ca. 300
mm.” At 40-70 mm, tongue with 6-20 teeth.*?

Figmentation: Dorsal and dorsolateral aspects of body
and head covered with dense pigment® A 31.8 mm
specimen has chromatophores over head, below eye, on
opercle, along anal base, on caudal, in a distinct mid-
lateral line, and along dorsum (AJL). At 40-70 mm
four to six rows of melanophores on tongue.*®

AGE AND SIZE AT MATURITY

2 %7 years. Males at a minimum of 2 years, mean age
4.3; females at a minimumn of 2 vears, mean age 4.8;%°
males ca. 305447 mm FL; females 383485 mm FL.®
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Brevoortia tyrannus {Latrobe), Atlantic menhaden

ADULTS

D. 18-24°% (15-18 branched *); A. 18-24' (16-21
branched **); C. 7-9+ 10 +9-+6-7; % P. 13-19 *" (usually
15-17 ), V. 7, lateral scale yows 40-58 (usually 43-53),
total predorsal scales 3346 (usually 35-44),>* modified
scales anterior to dorsal fin 31-43; * ventral scutes 28-37 =
{usually 31-342%), prepelvic 19-21, postpelvic 11-13;™
total vertebrae 44 **-50 * (usually 46-48 #*}, precaudal 18-
19, caudal 26-30; ** gill rakers on lower limb of first arch
15¢ to 160 at 330-360 mm; ' outer row of gill filaments
on ceratobranchial arch 51-66 (usually 53-64); gill fila-
ments at 2420 mm mean SL, 57.9; pseudobranchiae 28-
38 at 220 mm; opercular striations 12-33 (usually 14-27).%

Proportions as percent of SL (based in part on juvenile
specimens): Body depth 29.9 #*-40.0; ! head depth 24.6-
29.7; head length 28.8 **-36.0; eye diameter ca. 5.0-8.0;"
mandible length 15.0-19.0; upper jaw length 12.7-16.0;
candal peduncle depth 8.2-10.1.8

Body elongate, compressed; head scaleless; maxillary
searcely reaching below posterior margin, or continuing
beyond eve; snout quite blunt with prominent median
notch, tip of lower jaw projects beyond upper; cheek
deeper than long; upper section of opercle with prom-
ment radiating ridges. Scales adherent, expused parts
much deeper than Jong, posterior margins nearly vertical
and strongly fimbriated; 7 scale pectinations pointed; **
Tow of modified scales on each side of midline of back
w {ront of dorsal fn; low sheath of scales at base of anal
and dorsal. Dorsal small, elevated anteriorly, margin
toncave, inserted about midway between tip of snout
and caudal base; origin of anal under or just behind tip
of last dorsa] ray; pectoral slightly falcate, inserted low
on body in advance of opercular margin; lower lobe of
caudal slightly longer than upper.t®

_ Pigmentation: Blue, green, blue-gray, or blue-brown
- ahove; sides, venter and fins silvery with strong yellow
. Ur brassy luster; * anal fin with melanin; ** dark, round
, 9 vertically elongate shoulder spot usually followed by a
- humber of smaller spots sometimes arranged in indefinite
- horizontal rows, Peritoneum black.?

Maximum length: Reported at 500 mm,* but sizes above
2470 v are wat authenticated.?
;; D!STHIBUTION AND ECOLOGY

_:Rar;.;_,:;\_; Dalhousie, New Brunswick?® to Everglades
= National Park, Florida.t

?%ma _,diStl"ibution: “Nearly all sections” of Chesapeake
8" New Jersey; Delaware; and Virginia.*

Habitat and movements: Adults—near-surface waters,'”
usually in shallow areas overlying continental shelf, in
greatest abundance immediately adjacent to major estu-
aries, Spring and fall migrations coincide with seasonal
shifts in the 10 C isotherm.*¢ Northern migrations
of older and larger individuals precede movernents of
vounger and smaller. In summer, population south of
Cape Lockout, North Carolina generally does not con-
tinue northward, those from Chesapeake Bay and north
continue to migrate northward throughout most ¢f sum-
mer. Southern movement north of Cape Cod begins in
September, by November nearly all fish north of Chesa-
peake Bay are moving southward. A major portion of
the population overwinters in offshore waters south of
Cape Hatteras, North Carolina; ™ some overwintering
oceurs in tributaries of Chesapeake Bay.'? From June to
October, population stratified by age and size along en-
tire coast with average age and length increasing from
south to north.** Salinity range, less than 1 to 38 ppt.
Growth and metabolism 10% greater in low salinity than
in high salinity.** Preferred temperature 15-21 ;26
avoidance temperature above 26 C.”* Found in greatest
abundance within 24 km of coastline.®®

Larvae—pelagic,® probably spend about one month in
waters over continental shelf, ™ emtering estuarine waters
at ca. 10 mm and larger,* in North Carolina, movement
ocewrs in two peaks, one in November and December,
and a second and major peak in February and March.+
Occur in upper Chesapeake Bav tributaries from late
May to late June and in November.®” Early larvae usual-
Iy at more than 25 ppt, minimum 18 ppt.*® In estuaries,
primarily downriver between fresh and brackish water
in salinities less than 1 to ca. 3 ppt; few individuals as
much as 54 km upstream from brackish water.”*#4
Early larvae, range 0-25 C, most between 15.8-18.5 C.*
Temperatures of 3.0 C and less appear to prevent entry
of larvae into estuaries; * acclimation teraperature of 15
C and 5.0-20 ppt salinity result in survival time of ca.
2 days at 3 C*

Juveniles—generally pelagic, with smallest size groups
farthest up river; * as much as 56 km upstream from
brackish water in Rappahannock River, Virginia; ® also
among rushes in intertidal zone of Delaware River
estuary.? Occur in Potomac River in March and April,*
and in upper Chesapeake Bay tributaries from late May
to late June and in November.®® During June and July
at 40-50 mm, generally within 0-15 ppt** Emigrate to
sea after first summer, generally in late August in north-
ern estuaries and as Jate as January in southern waters,’®
however, some overwinter in all major estuaries from
Chesapeake Bay to Florida.*® Those leaving northern
estuaries migrate south in fall.*> Temperatures above 34



106 DevELOPMENT oF FIsHes oF THE Mip-Arcantic Brecar

305 mm TL

Fig. 58. Brevoortia tyrannus, Atlantic menhaden. A. Adult, ca. 305 mm TL. B. Egg, morula. This and subse-

quent eggs 1.04-1.85 mm in diameter. . Egg, just before closure of blastopore.

Egg, early embryc 22-24

myomeres, blastopere closed. E. Egg, late embryo with scattered chromatophores over dorsal surface of body.
(A, Goode, G. B., et al.,, 1884: pl. 205. B-E, Kuniz, A,, and L. Radcliffe, 1917: figs. 76-79.)

C and below 6 C result in mortality under laboratory
conditions, *®

SPAWNING

Area: Chiefly at sea, closer to shore in northemn parts of
range,’ as much as 64 km offshore from mouth of Chesa-
peake Bay; ® eggs have been taken ca. 40 km south of
Cape Lookout, North Carolina, and larvas up to ea

160 km southeast of Cape Fear, North Carolina; ** €88
from lower Chesapeake Bay ** and in the Patuxent Rive/
north to Benedict.® Adults considered as one, two.” &

possibly four spawning races or populations.*® ’

FERLNS

Season: Almost every month in some part of range,
with fall and spring peaks apparently occurrivg ¥
Chesapesake Bay region.?

Temperature: Range 4.4-Z3.6 G,** peak activity 15-18
C.®
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in 58, Brevoortic fyronnus, Atlantic menheden. A, Yolk-sac larva, 3.5 mm TL, 32 mm SL, just hatched. B.
Yolk-sac larva, 4.5 mm TL, recentlg hatched. C. Yolk-sac larva, 4.5 mm TL, 4.4 mm SL, recently hatched. D,

Larva, 5.0 mm TL, 4.8 mm SL.

(A, C-E, Mansueti, A. I., and ]. D. Hardy, Jr., 1967: figs. S1C, E; 824, B. B, Kuniz, A, and L.

fig. 80.)

Salivity: Minimurm 10 ppt,?® usually greater than 25 ppt.?®

Fef:u.ndity: 38,000 to 831,000 eggs per season.®
EGGs

f_gl‘:;jj.-\ant’i spherical, highly transparent,** diameter 1.3
: 1-1.95 mm 1 (average 1.61 mm ?7), summer eggs

i;‘;mlewhat smaller than fal] eggs ' (a reported diameter
L mm e g probably in error, JWR). Yolk light

. Larva, 8.3 mm TL, 8.07 mm SL. Total myomeres 48; preanal myomeres 40.

liffe, 1917:

vellow, faintly segmented, 0.9-1.2 mm, % single small
oil globule 0.11*-0.17 mm* in diameter {average 0.14
mm). Egg diameter to oil globule diameter ratio ca.
117177 Fgg capsule thin, horny; '® pervitelline space
ca. 1/2 egg diameter in larger eggs.*®

EGG DEVELOPMENT

Embryonic axis formed before closure of hlastopore. At
22-24 somite stage, tail attached: Kupfler’s vesicle con-
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Fig. 80. Breuvoortia tyrannus, Atlantic menhaden. A, Larva, 107 mm TL, 10.4 mm SL_ Total myomeres 47; pre-
anal myomeres 37. Cas bladder inflated, depressing intestine. B. Larva, 16,6 mm TL, 15.3 mm SL. Total myo-
metes 47; preanal myomeres 37, D. 17; A, 38. C. Larve, 20.0 mm TL, 17.9 mm SL. Total myometes 46; preanal
myomeres 38, D. 16; A. 18. D, Larva, 23.1 mm TI, 20.4 mm SL. Total myomeres 48; preansl myomeres 38.
D. 18; A. 20. Dark pigment over dorsal surface of gas bladder, E, Larva, 27.0 mm TL. F. Larva, 28.7 mm TL.
(A-D, F, Mansueti, A. }., and J. D. Hardy, Jr, 1967: figs. 32C-F; 33B. E, Lewis, R. M., E. H. Wilkens, and

H. R. Gordy, 1972: fig. 1A))

spicuous; blastopore closed; otoliths present; and eyes
forming. Advanced embryo with elongate slender dorso-
lateral chromatophores from snout to tip of tail.*® Just
prior to hatching anus 9/10 distance from head to tip
of tail (ORS).

Incubation: 42-54 hours at 15-20 C

YOLK-SAC LARVAE
Hatching length 2.4'%-ca. 45 mm.®

At 3.3 mm TL, ca. 35 preanal myomeres.

Head deflected over and attached to yolk; yolk m#
large, ovoid; anus less than 1/8 TL from tip of tail
pectoral buds barely visible (AJL). At 4.5 mm[;lead Jess
deflected; yolk mass ca. 1/2 absorbed; anus ca. 1/3 7L
from snout tip to tail.'® Incipient rays in caudal (AJL!
Newly hatched larvae with 10 protruding neuroma®
along each side, forming primitive lateral line.*®

Pigmentation: At hatching eye. unpigmented. Snﬂ”;I
black chromatophores along entire dorga:ln surface (Al
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Fig. 81. Brevoortia tyrennus, Atlantic menhaden. A. Juvenile, 32.0 mm TL. B. Juvenile, 33.0 mm TL. C.
Juvenile, 41.0 mm TL. D. Juvenile, 84.0 mm TL. {A, D, Lewis, R. M., E. H. Wilkens, and H. R. Gordy, 1972:
s. 1B, C. B, C, Kuniz, A, and L. Radcliffe, 1917: figs. 84, 85.)

109



1o

with a fine row of melanophores dorsally near base of fin-
fold; ** few scattered through dorsal and ventral finfolds
(A]JL}); fine row of melanophores ventrally on body poste-
rior to vent.?” At 4.5 mm additional pigment on ventral
aspect of body posterior to yolk; ** chromatophores lack-
ing in finfold.

LARVAE

Size range described 5.0-28.7 mm TL (A]JL). Size at end
of stage up to 30 mm TL.**

D. 16-18; A, 18-20 at 16.6-23.1 mm; C. 19; preanal
myomeres 37-40; postanal myomeres 8-10 (AJL); myo-
meres between termination of dorsal fin and termination
of intestine 2--3.32

Depth ca. 30 times in TL at 8.0 mm, 2] times in TL at
23 mm.2

Head shape extremely variable. Choroid fissure retained
to ca. 17 mm; auditory vesicle large and more or less
trinngular at 11.0 mm. Incipient dorsal rays present at
ca. 9 mm; anal fin rays evident at 13-20 mm.”" Gas
bladder first evident at ca. 11.0 mm, conspictiously bulged
in some specimens (AJL)., Gut initially straight;? state-
ment that gut becomes convoluted with development !
is in error, never convoluted (EDH); vent slightly behind
a vertical from base of last dorsal ray at 25 mm.” Finfold
between dorsal and caudal lost between 8.3 and 10.7
mm; retained anterior to dorsal at least to ca. 17 mm;
preanal finfold retained to 28.7 mm but greatly reduced.
Dorsal, anal, and cauda] differentiating at 8.3 mm; caudal
forked at 16.6 mm (AJL); pelvies formed at 20 mm
(WFH). Pectorals rounded at 28.7 mm. Notochord ini-
tially thick, occupying more than 1/2 thickness of body;
urostyle directed upward at 10.7 mm (AJL). Minute
teeth on margin of maxillary at sizes above 20 mm
(WFH).

Pigmentation: At 5.0 mm, pigmentation along entire
dorsal surface of intestine and along posterior half of
ventral surface; scattered chromatophores dorsally and
in caudal region. At 5.7 mm, chromatlciphores no longer
evident dorsally except near tip of tail; small group of
ventral chromatophores in caudal region; and series
along digestive tract from level of %ctorals to vent. By
end of stage, additional chromatophores over gas blad-
der, on nape and opercle; near caudal, anal, and dorsal
bases; ventral to pectorals; and in series at dorsal level
of notochord (AJL).

JUVENILES

Minimum size described 30 mm TL.5¢

Myomeres between end of dorsal base and origin of anal
base 2—4.°

DEVELOPMENT OF FISHES oF THE Mib-ATLANTIC BicHT

Some specimiens up to 35 mm with ventral aspect of
chest and abdomen rounded and slightly flattened, with
greatest depth contained 13 times in TL. Gill raker
increasing with growth of fish; * 40-67 at 3348 mm
TL; ** ca. 60 at 60 mm, ca. 100 at 100 mm,! 130145 at
140-170 mm SL (FHB). Greatest depth ca. 8.7 times in
5L at 30-35 mm," ¢a. 4.2 times in SL at 35 mm (WFH),
ca. 3.64.0 at 40-45 mm. Cheek not deeper than long;"
tongue teeth 04.* Eye proportionately much larger at
41 mm than in adult* Striations on upper plate of gill
cover formed by 40-45 mm. Ventral scutes present in
some 30 mm fish.' Scales present at 33 mm,™ and scale
edges irregular at 60 mm, with blunt serrae at 100 mm;
scalation about complete at 4045 mm, but modified
predorsal scales not formed until ca. 125 mm TL; axillary
scales of Eectoral little developed at 50 mm, ca. 1/2
length of fin at 100 mm.

Pigmentation: At 33 mm, back pigmented; distinct dark
lateral stripe; melanophores on dorsal and caudal rays.
Specimens 35 mm long with a more or less definite lateral
band of dark pigment spots. Silvery lateral band devel-
oped at 30-35 mm, blending with silvery abdomen at
40-45 mm." At 41 mm, shoulder spot forming,' com-
pleted at 75 mm and followed by additional spots by
150 mam.!

AGE AND SIZE AT MATURITY

A few at age 1 {180-280 mm), ca. 80% at age 2 (195-3%
mm) all at age 3 {over 200 mm).™
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Clupea harengus Linnaeus, Atlantic herring

ADULTS

D. 18:-22,"%3 usually 17-18;' A, 153-217"* (westemn
North Atlantic), report of 12 ** probably aberrant (FDM);
C. 10-13+10+9+8-9;* P, 13-21 (spring spawning
population), 15 "-21 (fall spawning population); ™ V.
8-10; ** scales between gill openings and caudal base
ca. 56-682, ventral scutes weakly developed, ca. 39—46;°
vertebrae 23-25+ 32-33 (spawning populations undeter-
mined),** total counts 52-59 (spring spawning popu-
lation),"™* 50-59 (fall spawning population); ' gﬂi
rakers 43 ** (spring spawning population), 43 55 (tall
spawning population).™"**

Proportions as percent SL {may include some juveniles}):
Body depth 20.0-25.8; head length 22.6-26.4; eye diam-
eter 5.3-7.72

Body compressed; maxillary rounded posteriorly, not
quite reaching middle of eye, its margin with minute
serrae. Teeth on lower jaw, tongue,® and in oval patch
on vomer.” Dorsal fin origin about midway along trunk,
usually closer to caudal base than tip of suout.®

Pigmentation: Body iridescent, bluish above, silvery on
sides and belly.

Maximum length: Ca. 450 mm.!

DISTRIBUTION AND ECOLOGY

Range: North to edge of polar ice, rarely beyond; *¢ in
the western Atlantic, Greenland,?* and Labrador!® to
Cape Hatteras, North Carolina; in the castern Atlantic,
Iceland, Spitshergen, Novaya Zemlya, White and Baltic
seas, and Gulf of Finland,* south along coast of Europe
to Straits of Gibraltar.

Area distribution: Chesapeake Bay to vicinity of Solo-
mons Island, Maryland ** and in Patuxent River to Lower
Marlboro (WLD); also off New Jersey,* Delaware,** and
Maryland.!+3%

Habitat and movements: Adults—a pelagic, schooling
species found mainly offshore in deeper water * but with
some populations moving shoreward during spawning
season,* undertake vertical migrations, rising at night
and sinking by day.**#** Movements typically local
and probably of short range, although specimens of
unknown age are known to make long oceanic excur-
sions; e.g., from east coast of Iceland to southern Nor-
way.” Fall spawning populations of southem Gulf of
St. Lawrence migrate eastward to overwinter in the
fjords of southern Newfoundland or in deeper water
east of Nova Scotia.®” Maximum depth about 500 m,
but typically no deeper than 55 or 110 m (HCB)}. Salin-

ity typically ca. 35 ppt,*® ranging from 0.0 ppt in Euro.
pean lakes *! to 45 ppt under experimental conditions *
but not below 2.8 ppt along American coast.’

Larvae—initially in vicinity of spawning beds at bot
tom,* making short upward movements and sinking bach
to bottom; *'-** may make horizontal movements within
2 hours of hatching * and form discrete swarms withip
6 hours.?*** Vertical movements upward at night with
their magnitude increasing directly with size of larvae!
IJ’ltimate%;fn dispersed by current at lengths of 18°-25
mm,*" e.g., from Georges Bank toward Noava Scotia and
New Jersey.”” Recorded at depths of 7-700 meters*
around Georges Bank majority at about 91 m.™ Experi-
mental optimum salinity 10~15 ppt,* but able to with-
stand 1.4-60.1 ppt for at least 24 hours.”32

Juveniles—drifting with current,’ sometimes as far as
1280 km; 2t initially at surface; *° inshore after mcte-
morphosis,”* often in estuaries; "»* also in open sea’"
Early juveniles at 37 to 55 m depth.” Specimens 90 mn
long and longer have been experimentally maintained at
a salinity of 45 ppt.*?

SPAWNING

Location: Vicinity of fjords, bays, straits, and estuaries
also oceanic banks; %21 greatest concentration of spawn
ing activity off eastern United States at Georges Bash
ca. 160 km off Cape Cod;’" sometimes on slopes of
banks situated near underwater “valleys”™ along which
fish approach shore.” Usually over rock, pebble, o
gravel bottoms; sometimes over clay; probably never
over soft mud; 7 in areas with or without vegetation™”
Depth 0.3 m'" to 240 m;* in southermn Gulf of 5t
Lawrence, most occur within 50 m countour,™ Within
the North Sea there appear to be at least 3 isolated
breeding stocks within the fall spawning populations”
Fall breeding stocks breed farther offshore than sprind
spawners (Gulf of St. Lawrence).”

Season: In eastern North Atlantic a group of fall spawr
ing populations ** and a separate winter spawning grovp
of populations.® In western North Atlantic fall or sa
mer spawning populations, July 7*-**-September ™ or Nf
vember but peaking in September '4* or late August™"
Spring spawning populations peak in May, seas®
restricted,” New Jersey and Maryland popu]atmns
probably fall spawners.»

Salinity: 4.0-35.9 ppt ?' with some populations spawnibé.
in water that is “nearly fresh.” T Salinity of 1.7 ppt I
been recorded in European spawning grounds,” 3“:
eggs have been successfully fertilized, developed.

hatched at 52.5 ppt.** Many fall spawning popuiati®™
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Fig. 82. Clupea harengus, Atantic herring. A. Adult, 315 mm TL. B. Egg clusters attached to seaweed. C.

Cluster of #ggs containing advanced emb

. (A, Hildebtand, S. F., 1963a: fig

. 66. B, Bigelow, H. B., and

W. C. Schroeder, 1953: fig. 42 after Ehrenbaum, E., 1909. C, Berg, L. S., et al, 1949; fig. 121.}

usua{li}«- spawn at 33.8-34.1 ppt* In American waters,
"0t below 31.8 ppt or above 33.0 ppt.’

EemPE_‘rafure: Spring spawning populations 0-12 C; fall
Pﬁ“'mng populations 8-15 C,%

;B;::r’dﬂy 3000 77261 000,"" with summer-autumn

ucﬁi)ers 1 some areas having significantly higher pro-
. ‘Un_thaﬂ spring spawners,**""* Considerable inter-
fggt‘hho“al variation in fecundity with two English
"1, bopulations having no overlap in fecundity/length
“Rtionships except in smallest sizes.”™®

EGGS

Location;: Demersal, adhesive.! In western Atlantic
sometimes deposited on algae, anchor ropes,” and even
on free-living animals such as toad crabs, genus Hyas; +*
but most often in large “sheets”*® directly on stones,
gravel,* and shells '* in beds which may cover 375,200
square meters.’? Egg sheets may be 1-9 layers % or as
much as 35.5 mm thick at center.’ In English Channel
attached to large rocks in long, narrow beds which are
oriented with their greatest length lying in the direction
of tidal movements; ¥ sometimes close inshore™ and
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G

Fig. 83. Clupes harengus, Atlantic herring. A. Egg, early blastodise, 34 minutes at 17 C. Egg diemeter 1.12
mm; yolk diameter 0.65 mm. This and il following eggs with granular yolk, although illustrated in “C” only.
B. Egg, two-cell stn%e, 2 hours at 17 C. Egg diameter 1.2 mm, yolk diameter 1 mm; depth of blastomeres 0.55
mm and 0.45 mm, C. Egg, four-cell stage, capsule removed. D. E%g, morula, 8 hours at 11 C. Egg diameter
1.15 mm; yolk diameter 0.9 mm; depth of blastoderm 0.3 mm. E. Egg, blastuls, 12 1/2 bhours at 23 C, Ef_ﬁ
diameter 1.2 mm, yolk diameter 0.75 mm. F. Embryo, 26 hours at 15 C. Embryonic axis visible, This and
following emb: with capsule removed. G. Embryo, 25 1/2 hours, three myomeres, and optic vesicles visible.
H. Embryo, hours. Eighteen myomeres, and Kupffer's vesicle visible. 1. Embryo, tail bud stage, 38 hours.
Twenty-seven myomeres, auditory vesicles visible, (4, B, D-I, Krevanovski, S, (., 1956a: figs. 21, 23. C, Kupf-
fer, C., 1878: p{.nW, fig. 38, redrawn by Daniel M. Carver.)
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Fig. 84. Clu harengus, Atlantic herring. A. Embryo, 492 mm TL, 5 1/2 days, 14.8 C. Mel hores scat-
b "0.25 f 3:' , 15.8 C. Just before hatching; lower jaw ;ormed; eye

tered over head, B. Embiyo, 6.25 mm TL, 6 1/2
pigmented. C. Yolk-zac inl;-yva, 7.48 mm TL, 18.2 C. Tust hatched, 8 days after fertilization. D. Yolk-sac larva,

V.98 mm TL, 14.8 C. Nine days after fertilization. E. Yolk-sac Jarva, 822 mm TL, 15.8 C. Ten days after for-
tilization. ¥, Larva, 7.32 mm TL, 10.7 C. Eleven days after fertilization. G. Larva, 10.8 mm. Incipient rays in

dorsal fin, (A-F, Krevanovski, S. G, 1956a; figr. 26-38. G, Foge, L., 1920: fig. 39.)
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occasionally washed up on beaches. !

Ripe ovarian eggs: 0.92*-1.7 mm " in diameter; trans-
parent; *° almost globular; ** egg capsule thick, some-
what bossed; ** yolk transparent; micropyle single

Unfertilized eggs: 0.86-1.01 mm, yellow.*

Fertilized eggs: Diameter, typically 1.0-1.4 mm in Amer-
ican waters but varying from 0.36 mm in vicinity of
Ireland to 3.0 mm in Keil Canal' Size influenced by
size of female,* time of spawning,* and salinity of
environment.?? Yolk granular® mean diameter 0.81-0.92
mm with yolk decreasing 4.4-7.9% of original size during
first three hours of development. Perivitelline space ca.
23.2-29.6% of egg diameter.”® Transparent bluish gray
when first deposited, becoming whitish during hatching.5
Parthenogenesis aecurs.*®

EGG DEVELOPMENT
At 17-24 C; =2

1 hour, 45 minutes  1-cell stage.
2 hours, 3 minutes  2-cell stage.
8 hours, 20 minutes morula.

14 hours, 45 minutes early gastrula.

24 hours closure of blastopore.

25 hours, 30 minutes eyes forming; 3 somites present.

29 hours Kupffer's vesicle evident.

31 hours 9 somites.

36 hours 24 somites; auditory vesicles
forming,

38 hours 27 somites.

51 hours 45 somites; tail free.

109 hours 39 somites,

120 hours Kupfer's vesicle no longer evi-
dent; incipient pectoral buds
visible; pigmentation in eye
begun.

174 hours head not sharply deflected over

yolk; pigment developed along
lower edge of intestine an
above and below body in
caudal region.?® At time of tail-
free stage, yolk assumes a
somewhat elongate shape, but
becomes round when embryo
surrounds entire yolk.

Incubation: Ca. 4.3 * to 56 days,** depending primarily
on temperature, but with period also lengthened by
siltation ** and decreased salinity.>

01C 47-50 days,+*'
50C 24 days.**
80C 15 days.”
1240C 10 days.™
14.0C 7.5 days.2

DEVELOPMENT OF FISHES oF THE Mm-ATraNtic Bicar

Probable time in Gulf of Maine, 10-15 days.? Optimum
developmental salinity 20-35 ppt.*

YOLK-SAC LARVAE

Hatching length 4.0 '*~10.0 mm TL,*" with larvae hatched
at low temperatures tending to be longer and having
less yolk. Hatching length also influenced by salinity.
with largest larvae produced at 15 ppt.** Length at end
of stage 6.5 "*~12.0 mmn.*

Duration of stage varies with temperature and locality,
2 1/2 days at 145 C;** 4 1/2 to 14 days at 8 C; ** 50
yolk absorption in 36 days at mean temperature of 5.1
C2

Total myomeres 56 **-*°—87 * (rarely exceeding 63),"" in-
creasing during stage.® Preanal myomeres 47+ fized
throughout stage.** Four gill arches developed, the fifth
forming at hatching.”

Depth contained 24 times in TL; vent less than 1/5 TL
from tip of tail.?

Body very slender; ! head rounded at ca. 7.5 mm.*® Yol
mass oval at salinities of 5.9-22.7 ppt, spherical at 33.6-
450 ppt.** Mouth open,® nonfunctional at hatching; ®
sometimes functional prior to yolk abserption.?®® Eye
protuberant; choroid fissure evident. At hatching, gut
straight,?* sometimes with opening from mouth; 2 primi
tive excretory ducts present; gas bladder not evident”
At ca. 8,0 mm, heart a straight tube constricted at mid-
dle.** Anus fixed in position throughout stage.®* Pectoral
fin distinctly rounded at ca. 7.5 mm. Origin of dorsdl
finfold initially above pectoral origin; preanal finfold
long and wide; by 8.22 mm, finfold reduced in region of
future caudal peduncje.?®

Pigmentation: Body transparent; * eye uniformly black®
or silvery with black pupil.® A line of chromatophores
between body and intestine on anterior half of body.
ventrally along intestine on posterior half; a concentrs
tion of pigment in vent region.** Few chromatophores
on tail; “a little red pigment” located between yolk ¢

and anus.*?

LARVAE

Size range described 8.5 7°-34.0 mm TL.?

Preanal myomeres 46-47 at 10-20 mm, 41-46 in spec
mens longer than 20 mm; ¥ postanal myomeres 12-13 #
ca. 8-14 mm.* “Vertebral myomeres” 53-60, not pount-
able until after formation of urostyle; ** myomeres ™
tween anal fin and last dorsal ray at 18~19 mm usazaﬂ&
7-8.37 Tail less than 1/8 TL in specimens 20 mm 20
longer-ﬂ‘l',d! .

Head becoming elongate at ca. 7.8 mm, but neerly &
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41 mm

. . . . incini i 0.2 mm
Fig. 85. €I harengus, Atlantic herring. A. Larva, 18.5 mm; incipient vays in anal ﬁn._ B. Larva, 2

TE- Preanalug?old renh%ned. C. Larva, 29.80 mm. D. Head of larva, 20.0 mm TL. E. Juvenile, 86.0 mm TL. F.
Juvenile, 41 mm TL. (4, F, Fage, L., 1920: figs. 40, 42. B, D, Krevanovski, 8. G., 1956a: fgs. 30, 31. C, E,

Rass, T. 8., 1949: figs. 9¢, 4.)

braad ag long at 10.5 mm. At beginning of stage, anterior

Marging of upper and lower lips equal and level " Jaw

With tooth.like serrations and branchial arches evident at

5 Lam. Qpercle forming at 20 mm. Finfold no longer

- Ontinaous at 0.0 mm, but remnant retained anterior to
doT sal fin to end of stage.”® Incipient dorsal rays first

Pident only after yolk absorption,*” dorsal fin complete

by 157-28 mm; ** anterior migration of fin begins at ca.
27 mm. Anal fin first evident at 16 **-29 mm; ' incipient
rays at 17.0 *-20.2 mm; stainable rays at 17.5-20.0 mm,; =
anal fin complete at least by 30 mm.%" Pelvics first evi-
dent at 20.2 -29.9 mm,* usually appearing near 24th
myomere °* and usually in front of 1st dorsal ray;
posterior migration occurring by end of stage.®” Verte-
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bral centra stainable at mid-body at ca. 20 mm; entire
column developed at 24-25 mm.#***% Urostyle first di-
rected upward in some specimens at ea. 18 °*-17 mm,
but usually straight at 18.0 mm, completely oblique at
21 mm or more.” Forward migration of anus begins at
ca, 22 mm.#®

Pigmentation: Body transparent. Pigment increased in
density at 7.32 mm, especially in region of anus and be-
low pectoral fins, At 20.2 mm, a series of chromatophores
ventrally on body; heavy concentration of pigment above
anus; few chromatophores at caudal base.® At ca. 25
mm, a longitudinal row of black dots on wall of abdom-
inal cavity; fine black spots on dorsal surface, especially
on roof of brain*® At 20 mm, additional pigment on
head and in dorsolateral reigon of body.*

JUVENILES

Minimum size deseribed 30 mm TL.3%48

Gill rakers on lower limb of first arch 25-36 in specimens
36-70 mm long.’

Depth 5.2-9.5 times in SL in specimens 40-70 mm SL.*

Premaxilla and posterior supramaxilla developed at 34
mm; late juveniles with minute teeth on maxilla and 3-4
on premaxilla.* Dorsal and pelvic fins in final position
at ca. 50 "*-55 mm; anus in final position at ca. 40 mm.*"
Pyloric caeca developing at 33 mm,* fully developed at
70 mm.*® Gas bladder evident at 30-35 mm.?>% Scales
first evident at 24 *°48 mm; *7 urostyle still evident at
41 mm.?

DeveropmENT oF Fisaes oF tag Mip-Arpannic BicHT

Pigmentation: At 41 mm, pigment over back, along lat-
eral surface on posterior part of body, over gut, along
posterior half of venter and on dorsal and caudal fins;:
at 50 mm, pigment over most of head; # at sizes larger
than 35 mm operculum silvery.* Adult pigment pattem
at least by 45 mm in some populations.®®

AGE AND SIZE AT MATURITY

2 #-7 or possibly 9 years; *% in Gulf of St. Lawrence 5%
of spring spawning females mature at 5.9 years, 50% of
fall spawning females at 7.1 years; in southwest Nova
Scotia 50% of spring spawning females mature at 63
years, 50% of fall spawning females at 6.5 years.” Mini-
mum size ca. 181~185 mm SL in American populations.™
Length at which 50% of females from Gulf of St
Lawrence spawns varies from 303 mm for spring spawn-
ers to 329 mm for fall spawners; in southwest Nova Scotia
80% of the spring spawning females mature at 308 mm,
50% of the fall spawning females at 313 mm.™”
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Fig. 67. Clupea harengus, Atlantic herring. Dorsal views of head at various stages. A. Embryo, 7.0 mm TL.
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Dorosoma cepedianum (Lesueur), Gizzard shad

ADULTS

D 16-15 % A 2537, 5 C. 9-11 + 10+ 94 7; * P. 14-1T;
V. 77-10; ** scales in lateral series 52-70; scales around
body 36-45; scale rows between dorsal and anal fins
18-24; ventral scutes 27-32, prepelvic scutes 17-20, post-
pelvic scutes 10-14; 7 total vertebrae 47 **-51,7 precaudal
11-13, caudal 35-39; ** gill rakers increase with size from
100 ** to over 400; 7 branchiostegal rays 8, 6.5

Proportions as times in SL {based in part on juvenile
specimens): Head length 3.0-3.9; body depth 2.3-3.1;
predorsal Jength 1.85-2.05; prepelvic length 2.0-2.35;
anal origin to caudal base 2.4-2.8; anal base 3.2-3.9;
dorsal filament 3.1-8.5." Proportions as percent HL; Eve
diameter 20.2-26.4; snout length 16.9-24.2; interorbital
width 21.2-26.8.3°
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Fig. 89. Dorosoma cepedignum, Gizzard shad. A. Adult, ca. 323 mm TL. B. Egg,

Incubated at 28.8 C, C. Egg, four-cell

E.N., 19 1)

Body deep, strongly compressed laterally; head devoid
of scales;?* snout rounded,® overhanging subterminal
mouth; ventral edge of upper jaw distinctly notched,*
maxillary with 2 supramaxillary bones, teeth absent
Scales comparatively small, cvcloid, thin’ Last dorsal
fin ray elongate,* ridge on back before dorsal fin naked.

Pigmentation: Silvery blue above, milky white below.
often with brassy or golden reflections; ca. 6-8 horizon-
tal dark stripes along upper sides ™ which are variable
in occurrence; shoulder spot often absent in older fish; #
dorsal fin almost uniform dusky; caudal fin dusky, darkest
on outer third; anal fin dusky, lighter basally; top o
head, snout, upper jaw and upper part of opercle pig
mented; remainder of head silvery.”

Maximum length: Ca. 520 mm * (average ca. 25435
ml.zﬂ ).

323 mm TL

blastodise, diameter (.75 mm.
e, 3 hows. This and “D” 0.75 mm in diameter. Incubated at 16.6
C. D. E%, ;}ght-cell stage. Larger oil globules visible. (A, Goode, G. B., et al,, 1884; pl. 217A. B-D, Wamer,
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Fig. 70. Dorosoma cepedionum, Gizzard shad. A. Egg, morula, 5 1/2 hours. This and all following eggs 0.75

mm in diameter. Incubzted at 18.8 C. B. Egg, late gastrula, 15 1/2 hours. C. Egg,
ro closing, D. Egg, tail-free embrye, 80 hours. E. Egg, late embryo, 70 hours. (A-E, Warner,

hours, Blasto;
E.N,1940: pl 1))

DISTRIBUTION AND ECOLOGY

Range: Great Lakes ** to North Dakota® and South
Dakota, southwestward across Wyoming and Colorado
1o Continental Divide in New Mexico and North-Central
Mexico, east to Gulf of Mexico, through Mississippi and
Great Lakes drainages to Atlantic coast, north to south-
em New York.?:

Area distribution: Chesapeake Bay,"" Delaware River
- Bstuary,» Virginia,* and New Jerscy.4

Habitag and movements: Adults—in open quiet surface
aters which may be clear to very silty.! Concentrated
_ In deeper waters in fall and winter; some in shallow wa-
ters throughout year; found over mud, sand, gravel, bed-
“Yock and inundated vegetation.? Abundant i rivers of
heﬁdpeake Bay region throughout year; and in bay it-
el i fall A fall %ron” in Chesapeake Bay in Septem-
- %1 and Qgetober, 1t spring “runs” in North Carolina i* and
' ?P Mississippi River*  Maximum salinity 41.3 ppt,*
_ound in greatest numbers at less than 150 ppt? Maxi-
S Mum dept 33 m.?

Larvie—at 40.55 mm TL most abundant in surface
-:lﬂr;em both day and night; at 6.0-10.0 mm TL strong
‘m A preference during day, dispersed at night, slightly

Or¢ abundant at bottor; at 10.5-20.0 mm TL highest

., embryonic axis 25 1/2

concentrations at surface in day, changing at night to
midwater with lowest numbers at bottom; at sizes greater
than 20.5 not taken during day, most numerous at mid-
water at night (maximum sampled depth ca. 15 m).*

Juveniles—in greatest abundance well upstream from
brackish water;* very young individuals apparently
never enter brackish water,”’ taken only in fresh-
water at ca., 70 mm and less.* Reported from beds of
spatterdock; close inshore, usually in shallow water,!
primarily over mud bottom.** High mortality rates at
temperatures helow 2.2 C.2

SPAWNING

Locations: Freshwater **** npear surface in sloughs,
ponds, lakes, and large rivers:' ohserved spawning at
0.15 to ca. 15 m with greatest concentrations at 0.3 to
18m*

Season: Mid-March to late August, but prineipally during
April, May and June in temperate waters of the United
States; ! early summer in area of Chesapeake Bay.!
Second spawn may occur during late summer in some

areas.!ﬂ
Time: Midday.!
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Fig. 71. Dorosoma cepedianum, Gizzard shad, A. Yolk-sac larva, ca. 3.25 mm TL, fust hatched, 32 myomeres
visible. B. Yolk-sac larva, ca. 5.5 mm TL, 3 days old. C. Yolk-sac larva, ca. 6.5 mm TL, 8 days old. D. Yolk-
sac larva, 7.7 mm TL. Flexion beginping. E. Larva, 10.8 mm TL. Total myomeres 48, preanal myomeres 44,
F. Larva, 11 mm TL. (A, B, E, Wamer, E. N, 1940: pls. 2, 3. C, Miller, R, K., 1960: fig. 3. D, F, Lippson,
A. 1., and R. L. Moran, 1974: 53, 54.)

Temperature: 10 1-28.9 C,?? usually on rising temperature EGGS
and most active above ca. 18 C.4#

Fecundity: Range 22,405-543,912; average 59,480 at age

group I to 378,990 at age group II; declining with age to ‘
215,330 at age group VI.* Unwater-hardened eggs: Irregularly shaped and wr' akled

Location: Demersal; adhesive, attaching to contactf33
objects.! ‘



when first extruded, becoming spherical in water.!

Fertilized eggs: Creamy yellow; nearly transparent; 0.75
mr diameter.! Egg capsule smooth, tough: ™ micropyle
single.! Yolk finely granular with single large oil globule
andd 1-5 smaller ones. !

EGG DEVELOPMENT

At ca. 27 C:
15-20 minutes  blastodisc formed.
ca. 1 hour first cleavage.
Atca. 17 C:
3 hours 4-cell stage.
5 hours, morula.
3 minutes
25 hours, closure of blastopore.
30 minutes
33 hours, 2 somites; embryo around 7/8 of
30 minutes  yolk; neural keel deep in yolk; op-
tic vesicles and ncural cord cvident.
43 hours, 9 somites,
30 minutes
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52 hours, 17 somites; optic cup formed; cau-
30 minutes  dal region barely delineated from
underlving valk; embryo encircling

entire volk.
80 hours tail free and overlapping head

slightly; threc primary lobes of
brain distinguishable.!*

Incubation: Ca. 36 hours to 1 week depending on tem-
perature; * 95 hours at ca. 17 C, 36 hours at ca. 27 G

YOLK-SAC LARVAE

Average hatching length 3.25 mm TL. Maximum size
described 6.5 mm.

Total myomeres ca. 32 at batching, 40 at 5.5 mm. Four
gill arches but no filaments at 6.5 mm. Body elongate at
hatching; depth, including finfold, 0.2 mm; head flexed
downward 907 over yotk. Head straight at 5.5 mm. Yolk
mass initially oval and 0.8 mm in length, cylindrical by
2nd day, greatly reduced by 3rd (8.5 mm). Oral plate
perforated at 1 day, but pharynx not open into mouth;
cartilage of lower jaw forming at 8.5 mm; choroid fissure
wide, closed in I day. Gut nearly straight at hatching;

Fig. 72, Dorosoma cepedisnum, ;
myomeres 48, preanal myomeres 39. B. Juvenile,

izzard shad. A. Larva, 17.5 mm TL. D. 12; A. with 22 incipient rays: totad
% ’ 22.0 mm TL. C, Juvenile, 242 mm TL. (A, B, Wamner,

E/N, 1940; pl. 4. C, Lippson, A. }, and R, L. Moren, 1974: 54, after Taber, 1969.)
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anus at margin of finfold at hatching, close to body in
notch in finfold at 6.5 mm. Anlagen of pectorals present
at 5.5 mm, small and paddle-like at 6.5 mm; finfold slight-
Iy constricted in caudal region at hatching?

Pigmentation: Pigment lacking at birth and at 1 day; at
3 days (6.5 mm) a line of chromatophores on each side
of body starting dorsad to yolk and extending to pre-
anal finfold.}

LARVAE

Specimens described 7.0 to ca. 21.0 mm TL.2*

A, 22 at 17.5 mm. At 7.0 mm TL and larger total myo-
meres over 40; ** at 10.8 mm total myomeres 48, preanal
myomeres 44; ' at 14-15 mm total myomeres 45-50; ** at
17.5 mm total myomeres 49, preanal myomeres 3%; ! at
18-21 mm 4952 vertebrae.?*

Body long and slender. Incipient gill filaments present
at 10.8 mm; posterior development of opercle rapid dur-
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ing stage; nostril dividing at 17.5 mm. Internal folds of
intestine developing at 10.8 mm; gut L5 to 2.0 times TL.!
Finfold reduced dorsally at 10.8 mm; only preanal pres-
ent at 17.5 mm. Anal with incipient rays at 17.5 mm;
caudal rounded and with 14 incipient rays at 10.8 mm,
bifurcate at 17.5 mm; pectoral “paddle-like,” more ventra
by 10.8 mm, with primitive rays by 17.5 mm. Order of
fin development: dorsal, caudal, pectoral, pelvic and anal
Urostyle directed upward at 17.5 mm.**

Pigmentation: Additional chromatophores anterior to
vent and along each side of dorsal wall of anterior third
of QEUt; scattered over caudal fin and base, and aleng
each side of anal.?

JUVENILES

Minimum size described ca. 20 mm.?

Gill rakers as low as 90 at ca. 20 mm,’ greater than 30
at 85 mm SL, ca. 350 at 95 mm.’* At 22 mmn, body min-
now-like, ecylindrical; ! mouth subterminal,™ & few mi

Fig. 73. Dorosoma c
dorsal fin starting to e

dignum, Gizzard shad. A. Juvenile, 35 mm TL. B, Juvenile, 50 mm TL. Last ray of
gate. (A, Fowler, H W, 1835: fig. 2. B, Fowler, H. W, 1945: g 7)



nute teeth on lower edge of maxillary; ' median notch
lacking in young.’® Dorsal filament becoming elongate
at ca. 30 mm.*®* Scales apparently not formed, but ventral
scutes present at 35 mm; 7 scalation complete at ca. 50
mm.® Gut with 4 flexures at ca. 20 mm,’ caecae arise
from duodenum by 27.5 mm,; liver, intestine, and gizzard
well-developed by 26 mm.!*

Pigmentation: At ca. 20-26 mm, irregular triangle of
chromatophores on crown; ca. 20 chromatophares in 2
iregular rows on lower jaw plus few on lower li£ and
chin; scattered chromatophores on preopercle and throat;
3 rows on dorsolateral surface; a short fourth row along
base of caudal; a row along anal base; and many on
caudal fin.** Young-of-the-year (up to 114 mm) with dor-
sal and caudal fins vnifermly sprinkled with chromato-
phores; pectorals and ventrals almost unpigmented.*

AGE AND SIZE AT MATURITY

Usually 2nd or 3rd year; some females apparently at 1
year.* Typically 178-279 mm.*
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Dorosoma petenense (Giinther ), Threadfin shad

ADULTS

D, 11.-15; 3% pr 16; 1 A, 1727, C. 94109467, 12
P. 12-17, V. (7) 8; ' scales 39 %" or 4148 in lateral series,
16-20 around caudal peduncle; 15-18 prepelvic scutes,'®
10-12 postpelvic scutes; *° total vertebrae 43-44, pre-
caudal 11-13, caudal 30-32;'" gill rakers ahout 300 at
66 mm S1., 330 at 117 ynm SL. 350 at 131 mm SL and
440 at 180 mm SL.; *7 teeth absent in adult.

Body proportions as percent SL or HL: Head length
26.37°-33.9 SL;' depth 32.0"—417 SL;'® predorsal

Y
W
PO
. 3’0‘0‘0}’0‘0‘0’0

N

I
a%é%%_

length 46.2 SL; ** snout 20.6~24.4 HL; mandible 40.0-475
HL; eve 24.4-30.3 HL. ® or 8.6 SL.'°

Body oblong, elliptical and compressed with a trenchant
belly armed with bony scutes, ventral profile more strong-
Iy curved than dorsal,** mouth terminal,’® gape to middke
of eve. Scales large, thin, deciduous on body, small
scales covering base of caudal rays, accessory scales pres-
ent at bases of pectoral and pelvic fins.® Dorsal fin
origin over base of pelvic fin; last dorsal rays elongated
into a filament,** this filament reaching posteriorly be-
yond a vertical from the end of the anal fin. %

D

4.4 mm TL

Fiﬁi: 74, Dorcsoma petenense, Threadfin shad. A. Adult, length unknown. B, Yolk-sac larva, '4] mm TL. C.
Yolk-sae larva, 4.1 mm TL, dorsal view. D. Yolk-sac larva, 4.4 mm TL. (A, Miller, R. R., 1863: fig. 117. B-D,

Taber, C. A., 1969: fig. 5.)
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15.6 mm TL

Fig. 78. Dorosoma petenense, Threadfin shad. A, Larva, 5.2 mm TL. B. Larva, 5.2 mm TL, dorsal view. C.
Larva, 8.2 mm TL, incipient rays indicated in dorsal and caudal finfokl. I». Larva, 11.0 mm TL, flexion oc-
curring. E. Larva, 15.6 mm TL, bases to fin rays indicated in anal fin, pelvic bud formed. F. Larva, 15.6 mm

TL, domsal view. (A-F, Taber, C. A., 1969: fig. &.)

Efigment.'ition: In life body bright silver, especially on
i’}dﬁfs, opercles and underparts; back and upper sides
uish black or dark olivaceous, washed with gold and
overlaid with horizontal rows of dark stripes; a conspic-
"0us round or oval spot behind upper part of opercle;
cl_aﬁd"'i fin with middle portion of each lobe bright golden
zle E“" fading basally and distally, posterior border
ausl ¥; dorsal fin dusky, washed with yellowish olive;
g::?d fin yellow; paired fins yellow basally; a broad
0 then stripe (often represented only by gilt reflections)
@ light band between back and sides; almost no gilt

o sides of head,

Ma“mum length: To 218 mm.

DISTRIBUTION AND ECOLOGY

Range: Ohio River of Kentucky and Indiana westward
and southward to Oklahoma, Texas and Florida, along
coast of Gulf of Mexico to northern Guatemala and
British Honduras.’® The Ohio River populations of
Kentucky, Indiana and Hlinois possibly resulting from in-
troduction; also introduced into Virginia, West Virginia,
Arizona, New Meuxico," California,'*? Hawaii '' and
Puerto Rico.?2 On the West coast, movements of fishes
from the California introductions have resulted in re-
ports as far north as Oregon."

Area distribution: Introduced into James and Rappa-
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hannock rivers of Virginia.** Reported from Chesapeake
and Delaware Canal (MSB).

Habitat and movements: Adults—pelagic, schooling,
found in bays, large rivers, reservoirs, lakes and estu-
aries,’® prefer the presence of smooth, steep-sided sur-
faces such as dams, cement-lined pools and riprapped
streams, one report from offshore waters; ** 0 ppt 12%2°
to 32.3 ppt salinity;** im one Texas study 92% of
specimens were taken from between 10 and 20 ppt,?* in
Louisiana reported to be most common below 3 ppt;
reported from 1.1 to 349 C* geographic variability in
lower lethal temperature limits, in Texas between 12.2
and 14.2 C,* in California high mortality below 7.2 C*
in Arizona overwintering has occurred down to 5.6 C;*°
oceurs in the upper 15 m of the water column.?

Larvae—lakes and impoundments; **® diel migrations,
near surface in daytime, dispersed through midwater
and near bottom at night with smallest size at bottom
and larger sizes in midwater; 2* probably only in fresh-
water; '* surface to at least 15 m,* most common at sur-
face; #** common inshore.?

Juveniles—occasionally in surf zone in lower salinities; 2
prefer salinities below 15 ppt,”*® most common below 5
ppt; reported from 15.5 to 29.5 C.2¢

SPAWNIRG

Location: Qccurs in open water or nearshore in fresh-
water,’ over beds of aquatic vegetation,*'*** around
floating debris,’”** over brush, stumps or other objects
projecting from the bottom.*

Season: Between April 17437 and July;?® each age class
has a different spawning peak with classes 1IT and IV

B
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carliest and each other class peaking sequentially over a
3 to 4 week period; a second spawn may occur under
certain environmental conditions.*®

Time: Spawning reported at about sunrise !*** or twice

in a day, 0700 and 1500.

Temperature and salinity: Occurs from 144 to 27.2 C
in fresh or nearly fresh water.”

Fecundity: 800*-21,000 eggs/female,” fecundity de-
scribed by formula F=3.538 log 1-3.354 where F is
fecundity in thousands of ova and L is total length in
mm,*

EGGS

Location: Adberent to aquatic vegetation,!>1%3% algge;
floating debris; ** nets ** or planktonic at depths where
density equals that of water.!

Unfertilized ova: Regarded as mature at 0.53 mm,"* 68-
75 mm * or .74-94 mm," light yellow, semiadhesive”

Fertilized eggs: 0.75 mm; ¢ adhesive.

EGG DEVELOPMENT

Incubation time 3 days at 26.7 C; ! lower lmit for any
development between 13 and 15 C, for normal develop-
ment, 15 C; upper limit for development between 342
and 34.4 C*

YOLK-SAC LARVAE
4.1-4.4 mm,* yolk absorbed by 3rd day.!

20.3 mm TL

Fig. 76. Dorosoma petenense, Threadfin shad. A. Larva, 17.4 mm TL. B. Juvenile, 20.3 mm TL. (A-B, Taber,

C. A, 1989: fig. 5.)



About 36 preanal myomeres; jawbones forming at 4.4 mm
TL; choroid fssure noticeable up v 4.4 mm TL; anus
far back on body ** (most information based on interpre-
tation of {llustrations, FDM).

LARVAE
52 1o 1820 mm.

About 36 preanal myomeres; ** at 7-15 mm total myo-
meres Jess than 40; ** dorsal fin rays forming at 8.2 mm
TL; anal fin rays forming at 11.0 mm TL; caudal fin
rays at 5.2 mm TL; notochord flexion cccurring at 11.0
mm TL; anus located far back on body.? (All information
from Taber based on interpretation of illustrations,
FDM.)

JUVENILES

Adult fin ray complement by 18-20 mm TL.

Last dorsal ray beginning to elongate at 20.3 mm TL.*
(All information based on interpretation of illustrations,
FDM.)

AGE AND SIZE AT MATURITY

Mature at I or 2 vears in some lakes, 2 or 3 in others; "’
age class I spawning females 49 to 55 mm,* in general
mature hetween 735 and 126 mm.??
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Etrumeus teres (DeKay), Round herring

ADULTS

D 16:-22,¢ A 9913, C. 6-T+10+9+6, ¥ V., 8¢
P. 14-17;% scales in lateral series 48-36;'* branchios-
tegal rays 14-15; gill rakers on lower limb of first arch
27-38; total vertebrac 48-56,'* precaudal 15-17, caudal
32-34.1°

Proportions as percent of SL: Body depth 16.0-18.35,
depth of candal peduncle 6.7-8.2; head length 24.0-29.0;
base of anal fin 5.6-6.9; length of pectorals 14.0-17.0;
length of pelvics 89-11.5.1

Body nearly round, its greatest thickness 80% of depth.

Caudal peduncle compressed. Scales deciduous with
even edges; scutes lacking, Head low, moderately long;
eye with much adipose tissue; maxillary cibliqueﬁ'
rounded posteriorly, reaching under anterior margin of
eve; gill rakers slender, closeset. Single series of
teeth on mandible; row on margin of maxillaries; few
on premaxillaries; and verv small granular teeth on
vomer, palatines, pterygoids, and tongue. Pelvics in-
serted somewhat posterior to a vertical from base of last
dorsal ray; pectorals reaching less than halfway to pelvics

Pigmentation: Olive green above, silver below.”
Maximum length: Ca. 380 mm.*

140 mm TL

Fig. 77. Etrumeus teves, Round herring. A. Adult female, 140 mm TL, B. Egg, showing blastodermal cap. C.

Egg, blastula formation. D. Egg, embryo at 25 myomere stage, e
, advanced embryo,

open. F. Egg, tail separation. G. Egg

diameter 1.5 mm. E. Egg, blastopore

(4, Hildebrand, S. F., 1963s; fg. 62. B, C, E-G,

O'Toole, M. ], and D. P. F. King, 1974: fige. 2A-E. D, Uchida, K., 1958: pl. 5, fig. 2.}



DISTRIBUTION AND ECOLOGY

Range: In western Atlantic from Bay of Fundy to Cape
Canaveral, Flerida and Gulf of Mexico; ! the American
Pacific coast; ® central North Pacific near Hawaii; ¥
eastern and southwestern coasts of South Africa; south
and west coasts of Australia; coasts of Japan, Galapagos
Islands, eastern Mediterranean and the Red Sea.”*

Area distribution: One specimen 9.6 km southwest of
Cape Charles, Virginia; ? large schools off New Jersey in
some years; * possibly off Ocean City, Maryland (taken
from stomach of white marlin}.?

Habitat and movements: Adults—a pelagic, schooling
species whose pattern of movement is unknown; primarily
an inhabitant of offshore waters although occasionally
enter bays and rivers.’

Larvae—yolk-sac larvae found in surface waters in and
around spawning areas; larger specimens occur in mid- to
bottom waters.’? In eastern Gulf of Mexico at < 5.0 mm
occur at surface temperatures of 20.5-26.89 C (most at
21.26 C) and surface salinities of 34.1-36.8 ppt (most at
35.5-36.5 ppt).**

SPAWNING

Location: In eastern Gulf of Mexico primarily between
30-200 m depth contours with slightly over half occurring
at depths greater than 50 m.'* Some spawning may take
place beyond continental shelf.?

Season: In the eastern Gulf of Mexico from mid-October
to the end of May (peak in January and February).'® In
Hawaiian waters from mid-October through mid-July
(peak in Iate April).” In Gulf of California larvae most
abundant in April.*

Time: Evening ** and night.®

Temperature (surface); In eastern Guif of Mexico, 184~
269 C (most at 21-28 C);'® in Gulf of Califomia ca.
19.7-23.5 C; ** jn Hawaiian waters ca. 21.5-26.5 C.7 Off
western South Africa eggs have been taken at 165 C.1¢

Salinity (surface): In eastern Gulf of Mexico 34.5-36.5
{most ‘at 35.5-36.5); * in Hawaiian waters ca. 30.5-36.6
ppt-17

Fecundity (at 130-165 mm SL): In ecastern Gulf of
Mexico, 74468-19,699; relative fecundity (ova per gram of
bady weight) 150428 ova/g, mean 206.5 ova/g (8 x=33.7

- ova/ g)_le

EGGS

- Description: Fertilized eggs buoyant o (specific gravity
- bserved to change during late development **), smooth,
-~ Spherical, transparent; ’°" diameter 117 £.1.53 mm
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(X 1.29 mm.,* X 1.37 mm"}); volk pale yellow,* large,
lightly segmented; ' oil globule absent®1%!! Perivitelline
space narrow in specimens collected in Japanese 2 and
Hawaiian waters 17 and from the southeastern Atlantic
near the Republic of South Africa,’® ca. 10% based on
collections from the Gulf of Mexico,* moderate (ca. 20—
35%) in specimens from waters off the Korean Peninsula.!!

EGG DEVELOPMENT

Prior to blastopore closure light dendritic melanophores
on forehead, between optic cups, on hindbrain region,
along dorsal surface on each side of notochord from hind-
brain to ca. 1/3 body length, and on tail as light speck-
ling. At tail separation, finfclds develop, body somites
extend to caudal region, melanophores are more pro-
nounced on tail, dorsal pigmentation extends almost
length of body, ca. 40 countable myomeres present.
During late development, anus visible on posterior por-
tion of ventral finfold; dendritic melanophores on dorsal
surface begin ventral migration in anterior half of body.*®

Incubation:; 36 hours at 205 C;® ca. 48 hours at 23-25
C; " ca. 50 hours at 21-92 C; ' 135 hours at 11 C.0

YOLK-SAC LARVAE

Hatching length 3.8 11-4.84 wm TL,* 45 mm NL,; *° size
at end of stage ca. 6.0 mm TL "85 mm NL.»®

At 3.8 mm TL 43 + 8+ =51 + myomeres; at 421 mm TL
44 + 11 =55 myomeres (waters near Korean Peninsula), **
at 4.84 mm TL 42 +12=>54 myomeres; at 5.72 mm TL
43+ 11=>54 myomeres (Japanese waters}); ** by 5.0 mm
NL 48-50 total myomeres {near Republic of South
Africa); " at 4.4 mm TL 45 preanal myomeres (Australian
waters).?®

At hatching body slender; head noticeably flexed over
volk.' At one day after hatching mouth open, lower jaws
forming; *' at 5.0 mm NL mouth formed; jaws func-
tional; ** at 6.0 mm TL jaws well developed, teeth
present.? At 44 mm TL incipient rays in candal fin.*
Pectoral buds present in newly hatched larvae (EDH).
At 44 mm TL. striations in terior intestine; 2 at
hatching anus ca. 1/6 TL from tail.re?

Pigmentation: Newly hatched larvae-~melanophores
slightly larger than in eggs; " small group of melano-
phores on forebead, interorbital and cranial regions.®
Dorsal pigment in two rows, one on each side of noto-
chard, extends from hindbrain to ca. 7/8 NL with pig-
ment near tail turning to sides of body.’>** On sides, ca.
10 myomeres ahead of anus, dark pigment group covers
3-4 myomeres; eyes unpigmented. At ca. 42 mm + TL
eye pigmentation begins in some specimens; melanophores
scattered from dorsal ridge to sides of yolk, behind this,
dorsal pigment lacking; anterior 3/5 of gut pigmented on
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Fig. 78. Etrumeus teres, Round herring, A. E
mm. B, Egg, late stage embryo, 1.26 mm in

sac larva, 1 day after ia
K, 1958: pl. 3 figs. 35, B,

dorsal surface, posterior 2/5 on lateral surface; preanal
finfold with scattered pigment; pigment on ventral sur-
face of tail posterior to anus.* By 6.6-6.5 mm NL ventral
migration of melanophores almost complete except for a
few Iocated between myomeres 30-35; conspicuous band
of pigmentation present on lower jaw in specimens from
waters near Republic of South Africa,’ not always
present on Gulf of Mexico specimens { EDH). Isolated
melanophores visible on yolk sac and ventral finfold
between myomeres 30-35.1¢

, advanced embryo shortly before hatching, egg diameter, 1.2
jameter. . Yolk-sac larva, newly hatched 3.8 mm TL. D. Yolk-
tching 4.2 mm Ti. E. Yolk-sac larva, newly hatched 4.84 mm TL. (4, C, D, Uchida,
owde, E. D, and P. I, Fore, 1873 fig. 1. E, Mito, S., 1561 pi. 20, fig. 7.}

LARVAE
S8ize range ca. 6.9-33.0 mm TL.

At 69 mm TL 444 12=56 myomeres (waters nedl
Korean Peninsula); ** total myomeres at 15 mm TL 2

larger ca. 48-50 (eastern Cu{f of Mexico); * total m¥®
meres at 187-24.0 mm TL 52-53 {Australian waters); ]
at 69-23.4 mm TL preanal myomeres 42; predor
myomeres 25-35; at 153-330 mm TL prepelvic ™
meres 27-29; at 6.9-234 mm TL myomeres at pylor



17-20 {waters near Korean Peninsula); "' mvomeres be-
tween end of dorsal fin base and beginning of anal fin
base 3—4 (eastern Gulf of Mexico).?

Body depth contained 16 to 24 times in SL; snout 1.5 to
2.0 times length of eye.’

Snout pointed, elongate; jaws fairly wide at 8.9 mm TL,
at 33.0 mm TL, upper contoyr of snout somewhat round.
Forward migration of dorsal fin begins with origin over
myomere 36, origin over myomere 28 at end of stage; at
310 mm TL dorsal origin above pelvic fin, at 33.0 mm TL
dorsal origin anterior to pelvic fin. Caudal base visible
at 6.9 mm TL, principal adult fin ray complement evident
at 15.3 mm TL. At 153.3 mm TL ventral fins begin to
appear below myomeres 30-31. Scale formation begins
betore 33.0 mmm TL.*!

Pigmentation: At 6.3 mm TL ca. 8 large melanophores in
a row on each side of gut anterior to pylorus; posterior to

Clupeidae—herrings 135
pyloms, melanophores smaller, in two rows, one on each
side of ventral midline of gut. One large melanophore
evident on gut just above anus, one behind base of
pectoral fin, one somewhat anterior to pectoral base, a
few wear base of caudal fin. Ay 23.4 mm TL melano-
phores on pelvic and dorsal fin bases and on anus,
pigment increased ventrally posterior to pylorus. At
310 mm TL diagonal stripe near base of lower 1/2 of
caudal fin quite distinct. At 33.0 mm TL guanin appears
on lateral line between dorsal and pelvic fins.™!

JUVENILES

Minimum size ca. 33.0-35.0 mm TL.!

At 39.5 mm TL myomeres 42+ 13=55. At 39.6-45.6 mm
TL preanal myomeres 41, predorsal myomeres 16-18,
prepelvic myomeres 28-30. At 396 mm TL. myomeres
at pylorus 14 (waters near Korean Peninsula).*

Ll g FE T S oy A 2
T Shair et & e
H 1

P Tl

A i

Fig. 79. Etrumeus teres, Round herring. A. Yolk-sac larva, one day, 5.72 mm TL. B. Yolk-sac Jarva, 3 days efter

habching, 6.0 me TL, C. Larva, 8.9 mm TL. D. Larva, 8.5 mm SL. Incipient rays in dorsal and cau

fins.

(A, Mito, S, 1961: pl, 20, fig. 8. B, C, Uchida, K., 1958: pl. &, fige. 6, 7. D, Houde, E. D, and P. L. Fore, 1573:
. 1B)
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Fig. 80. Etrumens teres, Round herring. A. Larva, 10.5 mm TL. Incipient rays forming in anal fin. B. Head of
larva “A™ C. Larva, 13.6 mm TL. Inciplent rays in pectoral in. D. Larva, 153 mm TL. E. Larva, 16,1 mm SL.

F. Larva, 234 mm TL. Pelvic bud evident. G. Larva, 27.5 mm TL. H. Larva, 31.0 mm TL. {A-D, F, H,
Uchida, K., 1938: pl. 8, figs. 8-12. E, Houde, E. D., and P. L. Fore, 1973: fig. IC. G, Hildebrand, 8. F., 1963a:

fig. 63A.)
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46.5 mm TL

Fig. 81. Etrumeus feres, Round herring, A. Larva, 33.0 mm TL. B. Juvenile, 35.0 mm TL. C. Juvenile, 39.5
mm TL. D. Juvenile, 42.5 mun TL. E. Juvenile, 48.5 mm TL. {A, C, E, Uchida, K., 1958: pl. 6, figs. 15-15. B,

D, Hildebrand, . F., 1965a: fig. 63B, C.}

Body proportionately much deeper than in previous
:tage;un(}stril divided; gut still visible.* At 39.5 mm TL
©48.5 mm TL dorsal base on myomere 17-30. At larger
$lzes aﬂdistinct forward movement of dorsal fin evident.

tl42-° mm axillary process of pectoral present, that of
pelvic lacking; * at 39.5 mm TL to 46.5 mm TL pelvic fin
w“f%‘,” ou myomeres 30-32, at larger sizes a slight back-

A4 movement evident. Anterior tip of pelvic girdle

o g .
visih{{.;mere 26; ! at 42.5 mm urostyle and gut no longer

:;%m’r-“‘;tation: Rows of small chromatophores on dorsum
snout 2B upper sides; scattered chromatophores on
caudy] Posterodorsal region of head, caudal uncle,
e fin, and ventrally between anal and caudal
eril pigmentation scarcely complete at 55 mm TL.'

AGE AND SIiZE AT MATURITY

In eastern Gulf of Mexico ca. 100 mm TL.1®

000 1D A s 00 b
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Opisthonema oglinum { Lesueur), Atlantic thread herring

ADULTS

D, 17:+22; 7 A, 20-25;** C. 9+10+9+6-7; 22 P, 15-19;
V. 8-9; scale rows between gill opening and base of
caudal 42-50; vertebrae (total) 4549, precandal 12-13,
caudal 32-36; < total ventral seutes 32-38, prepelvic
scutes 17-19, postpelvic scutes 13-17;*7 gill ra]I;)crs total
ca. 125-158; epibranchial 50-61; ceratobranchial 2946,
hypobranchial 42-62, lower limb 80 (FHB)-100 or more.*

Proportions as Eercent SL: Body depth 30.040.0; caudal
peduncle depth 8.5-11.0; head length 19.0-28.0; eve
diameter 6.0-8.5; maxillary length 8.8-12.0; anal fin base
16.7-21.5; pelvic fin length 8.5-11.5; pectoral fin length
17.0-21.0; length of last dorsal ray 33.3-40.4.""

Body elongate, rather strongly compressed; ventral out-
line convex; dorsal outline only slightly convex. Head
small; snout lacking definite median notch; maxillary

c 4.0 mm TL
/ e
b = \ 4.0 mn TL
- ry - -z - bt A t——
. 4.0 mm TL
Fig, 82, Opisthonema oglinum, Atlantic thread berring. A. Adult, 220 mm TL. B. Egg, late embryo. C. Larve,
40 mm Ti. D. Dorsalagviewmof “Cr E. Veentralnv?ei of “C” showing t pattemn. (A, Hildebrand, 8. F.,
1963b: fig. 94, B-E, Richards, W. ], R. V. Miller, gnd E. D. Houde, 1974 fge. 1, 2)



140

broadly rounded, reaching anterior margin of pupil;
mandible slightly projecting, its upper margin forming
obtuse angle; jaws toothless; longest gill rakers ca. 1/3
eye diameter. Scales thin, decper than long, with some-
what irregular membranous edges; predorsal median line
scaled to nape; anal and dorsal bases with low sheath of
scales."” Last dorsal ray clongate, more than twice that
of next longest ray,’* often extending to near base of
caudal fin; ** ninth pelvic rav added as flattened seg-
mented ray closely adnate to second ray.** Gill rakers
increase in pumber with age®

Pigmentation: Bluish green*® to silvery bluish above
silvery on sides and below; usually with dark shoulder
spot; dorsal scale rows with more or less definite dark
lines, fins translucent,*’ tips of dorsal fin and caudal lobes

dusky.2!
Maximum length: Ca, 300 mm.

DISTRIBUTION AND ECOLOGY

Range: Gulf of Maine® to Santa Catarina, Brazil; 7 also
Bermuda * and West Indies.!

Area distribution: Chesapeake Bay,? to Anmapolis; ?
Ocean City, Maryland; ®* New Jersey.®

Habitat and movements: Adults—a surface schooling
species found chiefly in tropical and subtropical waters.*
Preferred salinity 32-34 ppt. Preferred summer tempera-
ture 26-29 C; absent at temperatures below 17 C.
Seldom at depths over 18 m, usually in water of 11 m or
less, frequently within the upper 3 m of water.”® In
eastern Gulf of Mexico, schools may move northward and
possibly offshore at temperatures above 29 C.'* Annual
north-south migrations occur along eastern Gulf '* and
Atlantic coasts.’® In winter concentrated within 16 km of
shore along lower west coast of Florida,® usually at
distances of 10 km or less.'

Larvae-—collected in castern Gulf of Mexico from March
through September at surface salinities of 27.3-36.9 ppt
and surface temperatures of 185-30.9 C; in greatest
abundance at surface salinities and temperatures of 35.0-
36.5 ppt and 25-30 C. Occur at water depths less than
50 m.»

Juveniles—often mixed with schools of juvenile Haren-
gula pensacolae ** and/or Sardinella aurita’® Reported
in small numbers from nearshore and estuarine areas on
Fiorida Gulf coast from June to December; apparently
prefer offshore waters.” Eight to 10 cm specimens
abundant in Beaufort Harbor, North Carolina in August
and September;* sometimes in great abundance in
Chesapeake Bay during summer months.?

Juveniles (40-150 mm)—minimum salinity 5.0 ppt, most
occur above 15 ppt. Temperature range 5.0-34.8 C

DEVELOPMENT OF FIspEs oF THE MID-ATLANTIC BiocHt

{temperature of 5.0 C may be in error, EDH), majority
above 20.0 C2® '

SPAWNING

Location: Reported from straits of Florida;'* eastem
Gulf of Mexico?* and North Carolina.’ Based on egg
collections, essentially all spawning occurs where depths
are less than 50 m, most takes place where water depths
are 30 m or less; within 30 km of the coast.**

Season: Primarily Febmary to April in Puerto Rico with
peak much shorter in some years than in others (FDM}
February to September in eastern Gulf of Mexico {spawn-
ing in February is restricted to southernmost portions:,
primarily from April through August.** Probably Mav
and June at Beaufort, North Carolina.!

Temperature (surface): 22.5-30.3 C, most above 25 C¥
Salinity (surface): 32.4-36.8 ppt, most above 35 ppt.*
Fecundity: {at 138-175 mm SL) 34,617-67,888.*

EGGS

Fertilized eggs: Buoyant; '? diameter 1,08-1.31 mm (x=
1.19 mm); Y chorion thin, fragile, unsculptured, unpig-
mented. Yolk mass vaguely segmented; at blastodisc
stage volk averages 59% egg diameter, at advanced ca
bryo ca. 53%. Single oil globule present 0.12-0.36 mm
(x=0.15 mm) in diameter.!* Perivitelline space wide.

33%.”

EGG DEVELOPMENT

Paired dorsolateral series of tiny melanophores on e
bryos about to hatch.t

YOLK-SAC LARVAE

Eye pigment present within one day after hatching "
otherwise undescribed.

LARVAE

Minimum size deseribed 3.8 mm NL, minimum :ize o
end of stage 19.3 mm SL.

Myomeres between end of dorsal fin and origin of :mﬂ;
fin {at lengths less than 18 mm SL} 8-10; predorsa
myomeres 19-24; % total myomeres 4648, rarely
(EDH); vertebrae 44-46.>*

Proportions as percent NL (at 4.1-9.9 mm) and SL ‘f
10.0-193 mm): Eye diameter 3.4-5.7; HL 12.0-293i
origin of dorsal fin to base of caydal rays 30.1-42.3 bock
depth 4.3-13.5; snout to origin of pelvic fin 414-48=
origin of pelvic fin to base of caudal rays 48.8-80.7: origy
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I13.7 mm SL

10.7 mm SL

13.7 mm SL

R

13.7 mm SL

Fig. 83. Opisthonema oglinum, Atlantic thread hering. A. Larva, 10.7 mm 51, flexion nearly complete. B. Dor-
sal view of “A> C., Ventral view of “A.”" D. Larva, 13,7 mm SL. E. Dorsa! view of "D.” F. Ventral view of

"D {A-F, Richerds, W. ., . V. Miiler, and E. D, Hounde, 1974: figs. 3, 4.)

;‘-‘f anal fin to base of caudal rays 8.2-155. Predorsal
ength averages over 80% BL up to ca. 17 mm.*

é;t_r ¢4 18 mm and less, body very slender. At ca. 14 mm
“inall teeth on ventral edge of maxillaries and antero-
aorsal edge of dentaries; tecth on basihyal may be limited
ud variable in occurrence. Dorsal fin develops at ca. 4
;nm TL (as with development of caudal fin, this may be
5 fcaring abnormality, fin development in field-captured
I:f‘(.‘lmens rarely starts at less than 7 mm SL); rays
gfs Nt at § mm SL, countable at ca. 8.4 mm SL; forward
'gration of fin begins with origin over vertebrae 25 at
155 mm SL; minimum adult dorsal fin ray comple-

ment first evident at 13.5 mm SL. Anal fin rays countable
at ca. 10.5 mm SL; at ca. I5 mm SL forward :migration of
fin begins with origin under vertebra 38. Caudal fin
develops more or less as a lobe at ca, 4 mum TL; ravs
countable at 8.4 mm SL; between 8.4-10.0 mm SL adult
complement evident. Pectoral first fin to form, as small
fan-shaped structure, ray areas differentiated soon there-
after but with no apparent relation to location of ossified
rays, which first form at ca. 17-19 mm SL. Pelvic fin
first appears as a fleshy protuberance, at 13 mm SL 4 rays
present. Finfold decreases at ca. 10.0 mm SL, almost
lost by 13 mm SL except for remnant beneath foregut.
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¥7.1 mn SL
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19.7 mm SL

25' 84. Opisthonema oglinum, Atlantic thread herring. A. Larva, 17.1 mm SL. B. Dorsal view of “A" C. Ven-
view of “A” D. Larva, 18.7 mm SL. E. Domsal view of “D.” F. Ventral view of “D.” (A-F, Richards,
W. J., R. V. Miller, and E. D, Houde, 1974: figs. 5, 6.)



30.8 mm &L

Fig- 85. Opmkonema oglinum, Atlantic thread hgmng A, juvenile, 244 mm SI. B. Domal view of “A" C,
Ventral view of “A” D. %uvenile, 90.8 mm SL. E. Dorsal view of “D.” F. Ventral view of “D.” {A-F, Richards,
W. 1, R. V. Miller, and E. D, Houde, 1974: figs. 7, 8.)
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Notochord flexion complete at ca. 10.0 mm SL. At 5 mm
SL, foregut and hindgut evident;™ hindgut possibly
ridged or banded at 10 mm or less (EDH); definitely
ridged or banded at 13.7 mm SL. Prior to notochord
flexion gut length averages 86% BL, after notochord
flexion to 15 mm gut averages 92% SL. Definite swim
bladder apparent at 15 mm SL. Ossification begins at
ca. 10.0 mm SL with maxillaries and dentaries; at ca. 10
mm SL ceratobranchials evident, by 12-13 mm SL
partially ossified; gill rakers evident at ca. 14 mm SL; at
158.5 mw SL all vertebral centra partially ossified.’

Pigmentation: At 4 mm TL, 1-2 melanopheres under
heart just anterior to pectoral svmphysis, paired row
along base of hindgut extending to anus, row on ventral
midline posterior to anus, dorsolateral row on each side
of foregut. By 10 mm SL, posteroventral row distributed
along posterior edge of hypural bones, limited internal
melanopheres appear dorsolaterally on each side of hind-
gut, remaining pattern basically unchanged. By 12,1 mm
SL limited internal melanophores over posterior centra.
By 15 mm SL streaks of pigment along Il?;as;e of isthmus,
dorsolaterally along anterior gut, along base of posterior
gut, on each side of base of anal fin. Internal melano-
phores above posterior gut with well defined, broken-
lined pattern which had advanced anteriorly forming a
slight arch in swim bladder area; one or two individual,
or groups, of melanophores above each vertebrae; melano-
phores on cleithrum near hindbrain; hypural melano-
phores on bases of lower lobe of caudal fin; bv 17 mm SL
on both lobes. By 19 mm 5L melanophores over anterior
vertebrac lost or reduced.'*

JUVENILES

Minimuem size at beginning of stage 197 mm SL.

Myomeres between end of dorsal fin and origin of anal
fin (at sizes less than 25 mm SL) 5-7.¢

Proportions as percent SL (at 19.7-30.8 mm): Eye
diameter 56-7.7; HL 19.8-28.3; snout to origin of pelvic
fin 45.7-52.4; origin of dorsal fin to base of caudal rays
46.7-59.2; body depth 13.2-27.7; origin of anal fin to base
of caudal rays 15.7-27.3; origin of pelvic fin to base of
caudal rays 47.6-54.3. Predorsal length averages 43% §L.**

Body generally more slender than in adults in specimens
up to 75 mm long. Number of gill rakers increasing with
size: 40-50 on lower limb of first arch at 40-80 mum TL; at
40-30 mm SL, ca. 24-35 epibranchial, 22-27 cerato-
branchial, and 23-31 hypobranchial.® At 2022 mm SL
essentially all bony structures at least partly ossified, by
24 mm SL six ossified branchiostegals present. By ca. 25
mm SL dorsal origin in final position over vertebrae 15-
16; at ca. 24 mm SL anal origin assumes final %’:sition
under vertebrae 33-34; by 23 mm SL pectoral changed

DEVELOPMENT OF FISHES OF THE MID-ATLANTIC BIGHT

into pointed shape of adult. Last dorsal ray 1/2 length
of longest ray to ca. 20 mm SL, after about 27 mp
longest.'* Ventral scutes developed at 30 mm or less;:
Gut ca. 75% SL.4

Pigmentation: By 24 mm SL: melanophores present dorsal-
ly and ventrally on swim bladder, on dorsum, along
lateral midline and internally over hypural bones. In-
ternal pigment associated with vertebral column quite
pronounced. Some specimens with melanophores medial
to left nostril. At 25-30 mm SL melanophores visible
over brain and jaws; in increasing guantities on dorsum
lateral midline, over gut and in caudal fin rays; by 30 mm
SL dorsal pigment increased, foregut pigment lost and
melanophores evident in the dorsal fin."' At 3540 mm
pigmentation variable; a silvery band, occasionally with
small dark spots, generally merges with silvery color of
sides, but can remain distinct up to ca. 50 mm. Shoulder
spot present in some specimens at 35 mm. Peritoneun
black, often visible through body wall.!

AGE AND SIZE AT MATURITY

Age at maturity unknown; size at maturity, 135 mm;"
smallest specimen with ripe eggs in a study performed in
Puerto Rico weighed about 7 g (FDM).
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Sardinella aurita Valenciennes, Spanish sardine

ADULTS

D‘ 15 13,...20; 1,0,13,16,18,24,25,540, 24 A 14 1.‘1,18_19 14, 16.18,u5 (20 30);
C. 8+ 10_4'_9_’_7’ ] P‘ 14 1:;_18; G TH V. 8 1,1.:,1&_10; 13,1k
scales 42 4-51, 17 predorsal,”” 12-14 in transverse se-
res,** 18-2011#5 1+ 1315 ** scutes; vertebrae 15-17 '8 -+
20-31,% total 45-32 but usually not more than 49,'% counts
above 49 possibly based on Etrumeus (EDH); gill rakers

66-427 depending on size,” fine and very slender,’*
curled upward, 0.60-0.66 eye diameter.' _

Proportions as percent SL: Depth 19.5 *-31.1; head length
22.2-27.4; % snout length 6.0 -7 8; ! eve diameter 5.3 2°—
7.1; pectoral fin length 13.9-17.6; pelvic fin length 8.3-
9.5; predorsal distance 42.3-45.3; preanal distance
76.0-79.9; * caudal peduncle depth 7.7-10.2

Fig. 8. Sardinella aurita, Spanish sardine. A. Adult, 120 mm TL. B. Egg, recently fortilized. This and all fol-

ing about 1.5 mm. C. Egg

, 2-cell staﬁe.
becoming better defined. F. Egg,

about

Hildebrand, S. F., 1963: fig. 99. B-G, Simpson, J. G., and G. Gon

D. Egg with complete blastodermal cap. E. E
lastopore closure. G. Ezgg earliest development o
¥4

. cephalic region
reeafaﬂ bud. (4,
G., 1967: fgs. 5a, b.}
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Body elongate,** compressed,™* oval in cross-
section; **® belly not sharply keeled; ™ ventral outline
more curved than dorsal outline* or about evenly
curved; ** snout long;* opercle, preopercle and sub-
opercle entire and smooth.** Mouth small,® terminal®
with lower jaw projecting slightly; **** maxillary reaches
under anterior third of eye “**** to border of pupil ? 15
No teeth on maxilla, lower jaw with a few fine teeth on
either side of symphysis, basihyal toothplate arrowhead-
shaped, basibranchial toothplate extremely slender; fine,
granular teeth on palatines, ecto- and endopterygoids.’

DEvELOPMENT ofF Fisprs oF 1ar Mio-ATr.Axntic BicHT

Scales thin, moderately adherent,” irregularly shaped
one pointed scale toward rear of dorsal fin base; ® scutes
on belly weakly keeled, especially before pelvic fin base:
No lateral line visible.”* Dorsal fin origin nearer snout
tip than to caudal hase by 2.0-2.5 eve diameters, its base
with a low scaly sheath; pectoral fin tips not reaching
pelvic fin bases by 1.86-2.00 eve diameters; pelvic fin
bases about equidistant between pectoral fin bases and
anal fin origin,' slightly behind center of dorsal fin;:
anal fin origin about 0.5 eye diameters nearer caudal fn
base than to pelvic fin bases,’ last two rays slightly

Fig. 87. Sardinells gurila, Spanish sardine, A. Egg, embryo about 2/8 arcund yolk, ca. 1.5 mm. western Atlan.

tic specimen. B. E

about same stage as previous, size iumstated. Mediterranean specimen. C. Egg, embryo

about 3/4 around fo%,k, ca, 15 mm. western Atlantic specimen. D. Egg, about same stage as previous, ca. 1.2
mm, Mediterranean specimen. E. Egg, embryo reaching nearly completely arcund yolk, ca. 1.5 mm. westen

Atlantic specimen. F,

Egg. just prior to hatching, ca. 1.5 mm. western Atlantic specimen. H. Fgg, probably just
o specimen. (4, C, E, G, Simpson, J. p(g., and C. Gorgwgaguc., 1&1"7:

1.5 mm, Mediterransan

28, embryo reaching completely around yolk, ca. 1.1 mm. Mediterranean 5

en. G.
rior to hatching, ca.
5. Sc, 5d. B, Buen,

M. F. de, 193%: fig. 1, after Roffacle, 1888. D, F, H, Oliver, M., and F. Navarro, 1952: fig. 1.)
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Fig. 88. Sardinella auita, Spanish sardine. A. Yolk-ssc larva, length unknown. B. Yolk-sac larva, 3.2 mm TL.
C. Yolk-sac larva, 4.1 mm TL, yolk nearly absorbed. D). Larva, 5.9 mm TL, bases for dorsal rays indicated as

well as precursors to the uroh
after Raffacle, 1888. B-D,

elf”}:ﬁ-‘f?ﬁfﬂ; * with a low scaly sheath; ! caudal fin forked
:}‘Ethrlohes sharply pointed,® & pair of lar%e alar scales
['#5¢, a scattering of small circular scales on rest of
ag;) .Ad]POSB tissue covers eye except for a vertical slit
Ui as wide as Pupil},s,w
?ﬂ*—‘“taﬁon: Back bluish,? #1323 metallic blue, green-
or ilile laaor greenish; 3o lOWEl' Sldes Silvery 2,9,11,12,14,30
va Boitien; * a yellow longitudinal streak on upper sides,
- TAYIug i mtensity between individuals; %126 snout

s. E. Larva, 6.5 mm TL, dorsal rays indicated. (4, Buen, M. F.
hitehouse, R. H., 1933: figs. 3, 4, 5. E, Fage, L., 1920: fig, 43.)

, 1932: fig. 2,

tip dark; cheeks silvery white; ** dark blotch on oper-
cle; 1292% yellowish tinge around eves.® Dorsal and
anal fins pale brownish * with blackish tip; ** other fins
whitish * or all fins with membranes yellowish with rays
outlined in gray, caudal fin tipped with blackish.1¢

In preservation: Back dark brownish,** may have blue
and violet reflections; sides, lower surface and iris bright,
silvery white; tip of snout dusky; dorsal and caudal gray-
ish with other fins whitish,*? or all fins hyaline exoept for
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speckling at tip of dorsal rays.'

Maximum length: Commeonly to 15-23 com,™ largest
reported 38 cm.™

DISTRIBUTION AND ECOLOGY

Range: Tropical watcrs on continental shelf bounded by
30-40° N and S, both sides of Atlantic and in western
Pacific from southern Japan, southerm China, Taiwan,
Hong Kong, and Indo-Australian Archipelago and the
Philippines; '* in the Mediterranean, southern Black
Sea 1?5 and Adriatic Sea; * in eastern Atlantic from
Spain * to Angola; in western Atlantic from Woods Hole
to Uruguay ** including the Gulf of Mexico."

Area distribution: New Jersey.”#

Habitat and movements: Adults—coastal pelagic,® off-
shore in cooler months, inshore in April and May in
Africa® or September to November at Woods Hole,*
otherwise nearly nonmigratory.* Reported from 24.1-
39.3 ppt salinity,® most abundant above 34 ppt** Re-
ported from 19.9-32 C* and from surface ** to 100-150
m, deeper during cooler periods.’® Usually found within
the 91 m contour but occasionally out to the 366 m
contour.”

Larvae-—pelagic,* reported from surface salinities of 35
ppt (EDH)}-42.34 ppt (most common ahove 35.5 ppt),'®
17.7-27.08 C surface temperature (optimum 20 C) and
from depth of 8-33 m (estimated by FDM based on
cable out), mostly in upper 10 m; ?* usually near coast.*®

Juveniles—school at surface over 18-36 m '® in shallow
waters; salinity not reported but given as slightly re-
duced by autumn rains; ** reported from temperatures
down to 15 C.3

SPAWNING

Location: Said to occur near coasts.16.2+

Season: Occurs throughout the year in Venezuela but
mainly from December to April with peaks in January
or February; >*'* in eastern Gulf of Mexico essentially
year round; *? in eastern Atlantic and Mediterranean
season given as June and July,** summer and fall; 1'%
#2331 gocurs earlier in spring in warmer years and occurs
more abundantly in years when rains come in February
and April.*

Time: Spawning occurs throughout the day but peaks
between 1930 and 2300 hours.!*

Temperature and salinity: Spawns between 18 and 28
C t* and between 35.6 ppt ** and 38 ppt salinity.1®#

Fecundity: Reported as 3710 to 48,600 dependent on size,
with females 125-149 mm averaging 4097 while females
230-249 mm average 41,400,

DEVELOPMENT oF FIsHES of THE Min-ATLaNTIC BicuT

EGGS

Location: Pelagic 43¢ at surface to various depths,*
common at 3-7 m below surface.’*

Unfertilized eggs: Increase in diameter from 0.988 mm
to 1.120 mm with water-hardening.*

Fertilized eggs: Spherical, '+ 0.942 *-1.40 mm * with
a mean diameter near 1.1 mm. Chorion thin, unsculp-
tured, translucent; volk with irregularly shaped granules;
usually one large oil droplet with several, usually three.
small ones.'**¥ Largest oil droplet ranging in diameter
from 0.121 * to 0.161 mm, mean of 0.145 mm, small
ones (.083-0.094 mm: ** oil droplet in ventral portion of
yolk,*  yellow; **:%¢ perivitelline space wide, ¥
mean width 0.292 mm.*

EGG DEVELOPMENT

No information.

YOLK-SAC LARVAE
2.3 mm to 4.08 mm.**

At 2.3 mm postanal length 20% TL, at 3.2 mm postanal
length 18% TL.**

At 2.3 mm yolk sac large, oval, yolk segmented;* oil
droplet located medioventrally,? % disappearing by 31
mm ** or possibly present to 4.0 mm SL (EDH), Otoliths
“more prominent” at 4.06 mm. Anus “well back on

body.” 28

Pigmentation: At 2.3 mm, a series of melanophores dor
sally along whole length. At 3.2 mm pigment more pré-
nounced, a group of melanophores an ventral side of tal
near its extremity as well as above anus; dorsal melano
phores appear to be migrating ventrally. At 4.06 mn
melanophores may still be dorsal.?

LARVAE

Reported as 5.9 to 16 mm.'®

At 11 mm 15 caudal rays and about 48 myomeres; #
vertebrae at 13.5 mm.*

Head length 20% TL at 6.5 mm, 18% TL at 11 mn, £
TL at 155 mm, 19% TL at 16 mm; prepelvic length 35
TL; pelvic fin to anus 31% TL and caudal fin 122 TL &
16 mm,*

Basal elements of dorsal fin present at 5.9 mm; * orig?
on 28th myomere at 11 mm,’*** on 27th myomere at } '!
mm, on 24th myomere at 16 mm. Anal fin indistinct @
11 mm, developed rays at 155 mm.** Caudal fin b2

elements at 5.9 mm,?* symmetrical at 10-11 mm, bec?™
ing forked at 15-18 mm.***' Pectoral fins well-developed
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Fig. 80. Sardinella surits, Spanish sardine. A. Larva, 11 mm TL, flexion has occurred sometime between the pre-
vious stage and this. B. Larva, 155 mm TL, anal fin devecloping rays. C. Juvenile, 41 mm TL. {A-B, Fage, L.,
1920: figs. 44, 45. C, Buen, M. F. de, 1932: fig. 6, after D’Ancona, 1931.)

and functional at 5.9 mm?* but without rays (EDH).
Pelvic fing with rudiments at 11 mm,** very visible rudi-
ments at 15.5 mm,?™?! inserted between 14th and 15th
wyomere, Urostyle fully flexed before 11 mm TL.2t Gut

;fully differentiated” at 5.9 mm,* at 11 mm 4 times head
Engt ‘21

Pigmentation: At 11 mm some pigment in dorsal fin,
melanophores distributed along base of the anal fin
rays.®*  Branchial chamber blac%ish.“

JUVENILES

Descriptions based on specimens 30 to 130 mm.*

' pmP_Ortions varying with length. Head length 24.26 TL

8048 mm, 21.1Z at 105 mm; predorsal length 37.2% TL

_ 334—6 cm, 368.1% TL at 9-11 em; caudal fin 16.2% TL at

: 44}%5" mm, 15.3% TL at 121-130 mm; prepelvic distance
‘v at 34 em, 42.8% TL at 12.1-13 em.*

-sScale-s reported to appear at 30 mm, especially ventral
-Seutes,' but may appear as early as 20-25 mm (EDH).

' iigmifntation: Blue and white as in adult but with pig-
- et spots on dorsum and in dorsal and caudal fins.**

AGE aAND sRZE AT MATURITY

) Magt““* In 2-3 years; ** males ripe at 12 cm in Algeria,

: fe;nasm in Spain ¢ and 13.5 cm in the Balearic Islands; *

and lf;s ripf.- at 13.5 em in Algeria, 194 cm in Spain *°
~ om in the Balearic Islands®

e AU N
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FAMILY ENGRAULIDAE

Anchovies are small schooling fishes found in warm inshore waters around
the world. While primarily marine, these fishes are also abundant in estuarine
waters, with some species entering freshwater streams and others possibly living
entirely in freshwater,

All species share the characteristic features of a rounded protuberant snout,
a large mouth and an enlarged maxillary. In life, anchovies are translucent with
a silvery, mid-lateral stripe.

This family is composed of 18 to 20 genera and 120 to 130 species (Bohlke
and Chaplin, 1968). Within the Mid-Atlantic Region four species have been
recorded. Anchou ducdecim, the New Jersey anchovy, known only from its type,
is not included in this volume. Eggs of the remaining three species, Amﬂ
hepsetus, Anchoa mitchilli, and Engraulis eurystole, are transparent, elliptical
{major axis 0.65-1.66 mm, minor axis 0.50-1.26 mm), lack oil globules and have
segmented yolks. :

At hatching yolk-sac larvae are long and slender, the anus is near the pos-
terior fourth of the body and the yolk tapers to a point posteriorly. Yolk-sac larvae
of Anchoa hepsetus are ca. 3.6-4.5 mm TL and lack incipient fin rays as well as
definite chromatophores. Those of Anchoa mitchilli range from 1.8-3.85 mm TL,
have incipient rays in the candal fin at 3.7 mm TL and, while initially lacking
pigment, develop a few chromatophores along the ventral midline below the gut
and ventrally between the anus and the caudal fin. Engraulis eurystole yolk-sac
larvae are 2.0-3.0 mm TL at hatching, have incipient rays in the caudal and
pectoral fins at ca. 3.4 mm TL, and at or within eight hours after hatching develog
pigment along the dorsal surface of the gut and at the base of the ventral finfol
posterior to the vent.

Larvae about 10 mm TL and larger are separable on the basis of the relative
placement of the dorsal and anal fins. The anal fin is under the last 5-8 rays of
the dorsal fin in A. hepsetus, at about the midpoint of the dorsal fin in A. mitchilli
and under the last 1-3 dorsal rays in E. eurystole (Lippson, A. |., and R. L. Moran,
1974).

153
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Anchoa hepsetus (Linnaeus), Striped anchovy

ADULTS

D. 132217, A, 18°-24;12 C, TO9+10+947-8,"% P.
13%-17;* V. 7; 1% scales from upper angle of gill opening
to base of caudal ca. 37-43; total vertebrae 40—44.,* pre-
caudal 21-22, caudal 20~£1; ** gill rakers 1520+ 18 2-25;
total gill rakers 34-44.*

Proportions as percent SL (at 80-110 mm SL): Body
depth 18.9-22.6; head length 26.1-28.9; I7 eye diameter

Fig. 90. Anchos hepsetus, Striped anchovy, A. Adult, 114 mm TL. B. Egg, 2-cell s
eggs 0.8 mm x 1.5 mm., C. Egg, 4-cell stage. D. Egg, early morula. E. E
Eight somites visible; Kupffer's vesicle present. G. Egg, just prior to ha

6.5 **-8.0; snout length 4.5-6.1.77

Description includes juveniles. Body slender, moderately
compressed,? belly rounded; snout about 3/4 of eve
diameter,'s projecting much beyond tip of lower jaw,
upper part of operculum twice as broad as lower part»
its posterior angle ca. 45.> Maxilla with tapering tip,
slightly ** to quite pointed, reaching nearly to margin of
opercle.? Lower edge of maxilla and premaxilla with
slightly eurved conical teeth; Iower jaw with teeth similar

¢. This and all following
, late ;oorula. F. Egg, early embryo.
ing. {A, Hildebrand, S. x‘Z 1963b:

fig. 40. B-G. Hildebrand, 8. F., and L. E. Cable, 1930: figs. 3-8.)
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Fig. §1. Anchoa hepsetus, Striped anchovy. A. Yolk-sac larva, 3.6 mm TL, ne\;i}; hatched. (] globules absent

in this species, although indicated iz illustration. B. Larva, 15.0 mm TL. {4, Hi
1530: fig. 8. B, Lippson, A. I, and R. L. Moran, 1974: fig. 58.)

to upper but less curved, first dozen separated from rest
by distinct diastema. Single pelvic scute.’> Origin of
dorsal about equidistant between base of caudal and
middle of eye; ? anterior rays of depressed dorsal fin not
reaching tips of posterior rays; '? anal origin below base
of eighth or ninth branched dorsal ray; pectoral Bn tips
falling short of pelvic fin base; ** pelvics inserted about
equidistant hetween anal origin and pectoral base.*

Pigmentation: Body light brown with silvery mid-lateral
stripe,'® expanded posteriorly only at caudal base. Large
dots underlying lateral stripe usually show above as thin
dark line.’ " Scattered melanophores on ventral surface of
snout reaching to mouth and premaxillae.” Dark pig-
ment over brain and dorsum of each orbit, two prominent
ovate spots on nape.'? Double line of melanophotes on
back before dorsal, appearing as broad band in large
fish.* Small melanophores ontline scale ;;?ckets dorsally,
most evident behind dorsal fin. Melanophores at base of
dorsal and anal fins and along dorsal and caudal fin
7ays'*  Anterior peritoneum and cleithral region of
branchial cavity black. Esophagus, part of stomach and
‘wtestine densely pigmented; pyloric caeca and posterior
stomach unpigmented.*”

Maximum length: 153 mm.?

DISTRIBUTION AND ECOLOGY

- Range: Nova Scotia to Montevideo, Uruguay.*

- Arcadistribution: Delaware, ™ Maryland, New Jersey,
and Virginia,
Habitz‘lt and movements: Adults—usually in large schools
Iéear shore; frequently in shallow, grassy areas in North
- rolina.' Salinity range 257 to 75-80 ppt® Greatest
- Tetorded depth 55-73 m.2 (ceanic movements largely
- wknown, apparently withdraws from Chesapeake Bay

brand, S. F., and L. E. Cable,

during winter.”

Larvae—salt and brackish water; hatched at sarface;
statement that majority apparently descend to bottom
at an early stage ' questioned (EDH). Recorded along
edge of continental shell off Delaware and Virginia
(ORS).

Juveniles—ne information.

SPAWNING

Location: In Port Aransas, Texas from 18 to 49 m, rarely
in nearby bays; '* in Biscayne Bay, Florida at 4 m or
less and possibly offshore near Miami (EDH), along
outer banks at Beaufort, North Carolina; also in harbor
and nearby sounds and estuaries; ’ not more than 16 km
offshore {OES).

Season: Late March through July, possibly lasting to
September near Port Aransas, Texas; ** winter and spring
months (at least from November through April) in Bis-
cayne Bay, Florida (EDH); mid-April through July with
peak activity in May in North Carolina.?

Time: Early evening’

Minimum temperature: 16 C (OES).

Minimum salinity: 5 ppt.*®

EGGS

Ripe ovarian eggs: Ca. 1.2 mm in diameter, white, oval.”
Fertilized eggs: Buoyant, transparent,’ elliptical.> Major
axis 1.2°-1.86 (OES), minor axis 0.72-0.94 mm (OES).
Yolk segmented into large cell-like masses? oil globules
absent ¢ (EDH)} even though illustrations do indicate a
single oil globule.
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Fig. 92. Anchoa hepsetus, Striped anchovy. A. Larva, 17.0 mm TL. B, Larva, 23.5 mm TL. C. Juvenile, 35 mm
TL. ID. Juvenile, 46 mm TL. Silvery band distinct. (A-D, Hildebrend, S. F., and L. E. Cable, 1930: figs. 12-15.)

EGG DEVELOPMENT

Eggs collected before any cleavage occurred, developed
at ca. 19-21 C.

Within 1 hour 8-cell stage; early cleavage
furrows deep.
12 hours embryonic axis.

Just before hatching heart action and embryonic
movement apparent.’

Incubation: 48 hours at ca. 18.9-21.1 C.!

YOLK-SAC LARVAE
Hatching length ca. 3.6-4.0 mm TL. Maximum size

described 4.5 mm TL. Duration of stage ca. 24 hours.”

Body long, slender,' thread-like; ? head somewhat de-
curved; * dorsal outline slightly concave.? Yolk_ma‘f
elongate, tapering to a point posteriorly. Anus stightly
behind beginning of posterior 1/4 of body at hatchilg
Fins lacking; finfold continuous from first somite 0 ven
and forward over posterior 1/3 of yolk.?
Pigmentation: Body highly transparent; slight greenisd
shade on head, but no definite chromatophores.’

LARVAE

Specimens described 5.0-25.0 mm TL.
Body very slender at 5.0 mm, slightly deeper at 10.0 ™%



depth ca. 8 times in SL at 25 mm. Mouth oblique early
in stage, gape extending to eye at 5.0 mm, beyond an-
terior margin of eye at 10.0 mm; mouth terminal, jaw
somewhat curved, gape extending bevond posterior mar-
gin of eye at 15 mm, mouth slightly inferior, jaw bent
upward anteriorly at 25 mm." Myomeres can be seen
and counted in larvae at all lengths (statement that
myomeres are visible only in posterior region at 10 mm
is in error, EDH). Dorsal, anal, caudal, and pectoral
fins evident, but lacking rays, at 5.0-6,0 mm. Incipient
pelvics at ca. 13 mm; caudal definitely forked at 10.0 mm,
definitely homocercal at 15.0 mm; vent posterior to ver-
tical from origin of dorsal. Notochord somewhat obligne
posteriorly at 3.0 mm, strongly oblique at 10.0 mm, no
longer visible at 15 mm. Gut almost straight, but with
striated appearance at 5.0 mm; not invaginated at 100
mm, fully enclosed in body wall at 25 mm.?

Pigmentation: At 5.0 mm, ca. 5 very small, elongate
chromatophores near ventral outline posterior to head.
At 100 mm, a few chromatophores on midline of chest
and along venter from anal base to candal. At 15 mm
additional pigment at upper margin of eye. At 25 mm,
a continuous dark line midventrally from gill covers to
opposite pectoral bases; 2 or 3 elongate spots behind
opercle; a ventrolateral series of chromatophores be-
twveen pectorals and pelvics; scattered chromatophores
on caudal base and fin.?

* WWVENILES

: Minimum size described 30.0 mm SL.

Proportions as percent SL (at 30-70 mm): Bedy depth

- 184-21.8; head length 27.3-30.5; eye diameter 7.5-8.8;

- nout length 4.6-5.7.'7 Depth 6 times in SI at 35 mm
TL; body very nearly as deep as in adult at 45 mm.*

A 33 mm head conical, snout fully developed.! Origin
- of anal under twelfth to fourteenth dorsal ray.’* Scales
evident at 45 !

Figmentation: At 35 mm SL pigment developed on dor-
S and a conspicuous brownish area on top of head”
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Silvery lateral band from level of posterior pectoral tp
to Jast anal ray, maximum width and density at level of
anal midpoint. Base of anal rays pigmented. Inside of
operculum with scattered pigment; peritoneum densely
but not uniformly pigmented; gnt black.’™ At ca. 55 mm
SL predorsal area nearly devoid of melanophores except
for thin middorsal stripe; ovate spots on nape, skull
pigmentation divided, appears as four closely appressed
dark blotches along midline; melanophores along En rays
of dorsal and caudal fins, around bases of dorsal and
anal fins.”* At 60 mm SL sparsely pigmented silver
band cxtends from opercular border to near caudal
base; inside of operculum densely pigmented; anterior
peritoneum heavily pigmented but not black; pyloric
vaeca unpigmented.'”

AGE AND SIiZE AT MATURITY

Ca. 1 year; minimum ca. 75 mm.!
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Fig. 93, Asnchoe miichilli, Bay anchovy. A. Aduldt, 85 mm TL. B. Egg, 2-cell stage. Egg sizes are 0.64-1.05 %
0.64-092 mm. C. Egg, marula, ca. 5 hours. D. Egg, gastrula, Egg at angle to show formation of embryonic
shield. E, Egg, gastrula. Lateral view of “D.” Blastoderm about 1/2 around yolk; germ ring distinct. ¥. Egg
late gastrula. Blastoderm 2/3 around yolk. G. Egg, early embryo just prior to bla.shg)ore closure, ca. 10 hours.
H. Egg. Embryo with 18-20 sumites and Kupffer’s vesicle. I Egg. Embryo with 29 somites. (4, Hildebrand,
§. F., 1983b: fig. 31. B-I, Kunts, A, 1914: figs. 25, 28, 31-36.)



Engraulidas—anchovies 159

Anchoa mitchilli (Valenciennes), Bay anchovy

ADULTS

D. 13-17; A. 23-30; ' C., S+104+9+7-8; # P. 10-13; 7
scales from upper angle of gill opening to base of caudal
ca. 35-44; total vertebrae 38-44° precaudal 19, caudal
21-22; * gill rakers 15-20 *7 4 20-26.°

Proportions as percent SL: Body depth 16.0-27.0; head
length 22.0 °-28.0, snout length 3.117-7.3; eye diameter
5.8 :-9.0.17

Body rather slender, moderately compressed; cheek short,
broad, about as long as eye, its posterior angle ca. 60°;
maxillary pointed, extending nearly to margin of opercle.*
Anal fin origin posterior to fifth or sixth dorsal ray; "’

pelvics small, not quite reaching halfway to anal origin,
inserted nearer anal origin than pectoral base.® Vent
close to tips of depressed pelvic rays."”

Pigmentation: Living specimens greenish above with
bluish reflections, silvery below;® iridescent green and
gold spot over brain and dorsum of each orbit; snout
yellow to transparent; narrow silver lateral stripe from
head to caudal base, masked by scales; opercular area,
eye, jaw, scales and peritoneum silvery.'?

Preserved specimens light vellow above, lower body and
sides of head bright silvery.* Melanophore pigmentation
highly variable. Dorsal melanophores in reticulated pat-
tern oriented vertically; lateral melanophores often a

crey '-':W
% o i
S

o

D

Fig. D4. Anchog mitchilli, Bay anchovy. A. Yolksac lgrva, 1.9 mm TL, recently hatched. B. Yolk-sec larva, 2.7

mm TL, 12 hours. C. Yolk-sac larva, 3.7 mm TL, snout to vent length

2.5 mm; few chromatophores in caudal

region. ‘I3, Larve, 2 mm TL, 36 bours. (A, B, D, Kuntz, A, I914: figs. 37-38. C, Mansueti, A. ], and ]. D.

Hardy, Jr., 1967: fig. 43.)
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narrow vague stripe from caundal base forward, but not
reaching head, completely covered by lateral silver stripe
in newly preserved specimens. Head anterior to eyes
sometimes stippled, prominent black spot over brain.
Double row of melanophores from dorsal origin to caudal
base; and along anal fin base " continuing on ventral
midline of caudal peduncle; * melanophores along rays
of dorsal and caudal fins.*"

Maximum length: 162 mm TL.*

DISTRIBUTION AND ECOLOGY

Range: Guif of Maine to Yucatan, Mexico.?

Area distribution: Chesapeake Bay,* New Jersey, Dela-
ware, and Virginia.*

Habitat and movements: Adults—euryhaline, 64 km above
brackish water in Virginia rivers.” Primarily estuarine
and coastal waters; in bayous; * off sandy beaches; "
in open bays and muddy coves;® grassy areas along
beaches; * around mouths of rivers; 5 and in both shallow
and deeper offshore waters.” Maximum salinity 80 ppt.’
Maximum recorded depth 27-36 m.* Present in Chesa-
peake Bay throughout the year, concentrating in deeper
water during colder months; * oceanic movements un-
kpnown, apparently restricted to localized inshore-offshore
migrations.*

Larvae—predominantly in surface waters of Chesapeake
Bay and Delaware River from early May to the middle
of Qctober, at ca. 11 C and higher,’#' Statement that
majority descend to bottom be?ore 12 mm! is in errox
(EDH). In Chesapeake Bay, collected in greatest abun-
dance at 3 to 7 ppt, upstream migration may occur.’®
Very comunon in Biscayne Bay, Florida at 30-35 ppt
(EDH).

Juveniles——euryhaline, ascending rivers in Virginia 64
km above brackish water; * also shallow grassy areas and
deeper water. Most abundant in brackish water near
salt-fresh interface from June to September. Found
primarily in deep waters from October to March.®

SPAWNING

Location: Typically in water less than 20 m deep,® al-
though possibly to edge of continental shelf on basis of
putative eggs (OES). In the harbor, estuaries, sounds,
and along outer banks near Beaufort, North Carolina.!
Throughout much of the lower Chesapeake Bay.'®

Season: May to November and February (based on lar-
vae less than 5 mm) in the western Gulf of Mexico; *® all
year in Biscayne Bay, Florida, uncommon in December
and January (EDH); late April to early September in
North Carolina," peak activity in July; ? late Apsil to
late September in Chesapeake Bay, peak in July; *# early

DeveELOPMENT oF Fsars or THE Mip-Arvantic BicHT

June to September in Long Island Sound.®
Time: Typically early evening, 1800 to 2100 hours.
Temperature: Ca. 9 C to 31 C with peak above 20 C»

Salinity: In Chesapeake Bay minimum I ppt, most at §
ppt or greater, peak at 13-13 ppt; *® in Port Aransas
Texas, all spawning occurs at ca. 30-ca. 37 ppt.”*

+

EGGS

Location: Found throughout water column at 815 ppt,
with densities somewhat higher in surface waters (LL
I11}; at 30-35 ppt typically buoyant until hatching {EDH).

Fertilized eggs: Slightly elongate ? {statement that e%gs
are occasionally spherical® questioned, EDH); highly
transparent; 2* eggs apparently smaller as season pro-
gresses.®'® Yolk segmented into large cell-like masses;*
oil globules absent;’® perivitelline space very narrow,
becoming larger in eggs from estuarine waters.'**

Size of eggs at various salinities as follows (each range
and mean calculated from 30 measurements): **

Major Axis Minor Axis
Salinity Range  Mean Range  Mean
5 ppt 0.92-1.33 112 0.86-1.26 104
10 ppt 0.86-1.38 1.05 0.83-1.15 098
15 ppt 0.834-1.12 097 0.65-1.09 090
20 ppt 0.86-1.11 0.95 0.84-0.95 0589

EGG DEVELOPMENT
At unspecified temperature:

5 hours
10 hours

cleavage regular and rapid; late morula
blastopore closed and embryo slightls
longer than 1/2 greater circumference
of egyg.

Soon after closure of blastopore, Kupffer’s vesicle formed;
18-20 somites present; optic and otic buds visible.*

Incubation: Ca. 24 hours at average temperature of ¢
212278 G2

YOLK-SAC LARVAE

Hatching length 1.8-27 mm.* Largest yolk-sac la
described 3.75 mm (WLD).

Snout to anus 2.02 mm at 2.75 mm TL, 2.5 mm at 5%
mm TL (WLD).

Body elongate, flattened, rather slender. Head deflected
downward over yolk at hatching, straight at 2.6-28 mﬂ
Yolk pear-shaped, tapering to a point posteriosly; * 2% g
10% remains 17 hours after hatching at 28 C and less th?,ﬂ
1% remains 25 hours after hatching.?® Incipient 18
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Fig. 95. Anchoa mitchilli, Bay anchovy.

A. Larva, 2.7 mm TL, 3 days old. B. Larve, 3.4 mm TL. C. Larva,

7.5 mm TL. D. Larva, 8.4 mm TL. {4, B, €, Kuniz, A, 1514: figs. 40, 41, 43. D, Lippsen, A I, and R. L.

Moran, 1974: fig. 61.)

caudal at 3.7 mm (WLD). Notochord thick, granular,
gut & straight tube.?

Pigmentation: Pigment initialty lacking; * at 3.7 mm, a
few chromatophores ventrally between anus and caudal
fin (WLD), a few along ventral midline below gut (EDH).

LARVAE

Specimens described 2.7 mm TL ?~18 mm TL.®
At 120 mm, D, 15-16; A. 23-31 (NSS).
- Depth 12 times in body at 16 mm TL.

' ﬁ;ud:‘ ](’HE and slender. Mouth terminal, apparently
. Cam}t“v‘nal at 27 mm. Finfold somewhat constricted in
| cr;l; ‘a] region at 2.9 mm; relative depths of finfolds de-
" Tin ‘w:\i by 3.0-4.0 mm.? Gut never convoluted, muscular
of D tevelop along hindgut at ca. 5 mm (EDH). Anlage
& Pectoral present at 2.7 mm; incipient dorsal and anal
20 mm; some specimens with full anal count by

ca. 11 mm SL2 (not at 7.0-8.0 mm TL, VP}. Urostyle
oblique at 7.5 mm? Transformation into juvenile form
begins at 15.5 mm SL (VP).
Pigmentation: Highly transparent, becoming less so with
rowth. At 3.5 mm, double row of chromatophores along
venter (WLD). At 7.0-8.0 mm, a few chromatophores
on ventral aspect of thoracic region and at base of
caudal.’

JUVENILES

Limits of stage unknown (PWI]). Metamorphosis is es-
sentially completed by 22.5 mm SL (VP).

Depth 9 times in body length at 20 mm, 3.5 times at
25 mm.*

Projecting snout developed at ca. 20-25 m; ® maxillary
almost reaches lower edge of operculum.?® Anal origin

slightly behind dorsal origin; vent under or slightly
anterior to dorsal origin.’
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43.0 mm TL

Fig. 86, Anchoe mitchilli, Bay anchovy. A. Larea, 10.0 mm. B. Larva, 12.0 mm TL. Intestine bulging below
expanding gas bladder. C. Larva, 15.0 mm TL. Pelvic buds formed. D. Larvae, 195 mm TL. E, ]uven%l , 43.0
mm TL. Gas bladder visible. (A, C, Kuntz, A., 1914: figs. 44, 45. B, E, Mansueti, A. ], and ]. D. Hardy, Jr,
1967: fig. 45. D, Fowler, H. W., 1945; fig. 34.)

Pigmentation: Individuals may remain quite transparent AGE AND SIZE AT MATURITY

until mature; ® at 18.5 mm, a series of chromatophores o TN
ventrally between operculum and pelvic fins; a similar Minimum ca. 2 1/2 months (based on putative ident/ic”
series from origin of anal to caudal base; mid-laters]l row tion), between 34 and 40 mm.*

of chromatophores on posterior 2/3 of body; scattered

chromatophores on dorsolateral surface; a dark blotch LITERATURE CITED

between eyes on top of head; caudal fin heavily pig- _
mented.”® At 43 mm, a row of chromatophores along 1. Hildebrand, 8. F., and L. E. Cable, 1930:338-8%
anal base and continuing to caudal fin; few chromato- 393-95.

phores on head (NSS). 2. Kuntz, A., 1914:13-19.
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Engraulis eurystole (Swain and Meek), Silver anchovy

ADULTS

D. 13-16; A. 15-19;% P. 147216, * V, 7; * scales between
upper angle of gill opening and caudal base 40-43; verte-
brae 3; gill rakers 24-28 + 27-33.*

Proportions as percent of SL: Body depth 15.4~18.0; head
length 25.02-29.6; * snout length 3.85°-8.0; 7 eye diam-
cter 5.7 2-8.5; 7 postorbital distance 13.8°-16.7; 7 naxil-
lary length 15.8-17.8; mandibular length 15.02-20.1;°
anal fin base 12.1 *-16.0; ® pectoral fin length 12.5 *-13.9;
peivic fin l[ength 8.68-9.8; predorsal distance 50.3-53.8;
prepelvic distance 48.6-50.0; preanal distance 67.5-73.5.7

Body slender, not strongly compressed,? belly rounded.
Snout peinted,’ projecting half its Jength beyond man-
dible.: Operculum narrow, lower border at an angle of
ca. 20° to horizontal, exposed portion of suboperculum
with evenly rounded posterior margin; posterior border
of gill opening fairly evenly rounded; gill rakers slender,
shightly curved, longest two-thirds eye diameter” Max-
illary rather narrow, rounded distally,® scarcely project-
ing beyond second supramaxilla, entire lower edge with
single series of fine, close set teeth; Jower jaw slender,
with a single series of teeth continuous except for gap at
junction u% maxilla and premaxilla. Single unkeeled pel-
vic scute; alar scales present. Dorsal fin origin nearer
caudal base than to snout tip by one-half to three-
quarters eye diameter,’ longest ray failing to reach,*” or
surpassing tip of last ray with fin deflexed, last ray above
midpoint between pelvic fin tips and anal origin; pec-
toral tips failing to reach peivic base by just under one
eye diameter; pelvic fin base one-half 7 to nearly one eye
diameter before vertical from dorsal origin; * anal origin
three-quarters eye diameter behind vertical from last
dorsal ray.”

Pigmentation: Light brown with bright silver lateral
band, broadening over anal fin (especially large fish};
melanophores concentrated just beEind head, evident
above and sometimes replacing silver lateral band, and
speckled on alar scales; fins hyaline.”

Preserved specimens pale or bluish above; sides of head
and lower sides sometimes silvery; a silvery lateral band
about as broad as eye in small specimens, becoming
obscure along ventral margin in large specimens.?

Maximum length: 155 mm TL.*

DISTRIBUTION AND ECOLOGY

Range: Lynn Harbor, Massachusetts * to southern Flor-
ida.™

Area distribution: Unknown from Chesapeake Bay, rarely

taken in coastal waters of New Jersey.?

Habitat and movements: Adults—coastal waters; pri-
marily pelagic,* often taken at or near surface waters be-
tween the 36 and 55 m depth contours during winter and
occasionally in bottom trawls in the northern Gulf of
Mexico.® recorded inshore at Mullet Pond on Shakleford
Banks, North Carolina,* and in Brigantine Bay, New
Jersey; possibly seaward to within the Gulf Stream.**

Larvae-—putative stages from edge of continental shelf
off Mantauk and New York {(QES]),

Juveniles—no information.

SPAWNING

Area: Probably offshore waters.” Presence of putative
larvae suggest spawning as far south as off the Chesa-
peake Capes (OES).

Season: July* to early August;’ possibly early spring
based on putative larvae taken near edge of continental
shelf in April (OES).

Time: Probably during evening.

EGGS

Description: Buoyant,® highly transparent, oblong’
major axis 1.02 (OES)-1.25 mam,’ minor axis 0.50 (OES}-
0.80 mm. Yolk coarsely granular.?

EGG DEVELOPMENT

Unspecified rearing tempersture. Embryonic axis evi-
dent when blastoderm covers less than 1/4 of volk.
Shortly after closure of blastopore, somites, awpditory
vesicles, Kupfler's vesicle and anlagen of eyes differen
tiated. When fully differentiated, embryo lies para].]ei to
major axis with head deflected sharply over yolk. Ad-
vanced embryo, apparently without pigment; extends &
2/3 around yolk; notochord thick and vesicular.’

YOLK-SAC LARVAE
Length at hatching ca. 2.0 °-3.0 mm TL; at 1 day, ca. 34

mm,?!

Body elonl%ate; head not deflected over yolk at 8 hout*
after hatching, Yolk mass elongate, tapering to point
posteriorly; more than 1/2 absorbed by first day; gut
straight tube at hatching; anus about 1/4 length of qu}'
from posterior end. Dorsal finfold originates just behint
auditory vesicles. Finfold straight-edged in newl
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3.4 mm TL

22.8 mm L

Fig. 97. Engraulis eurystole, Silver anchovy. A. Adult, 75 mm TL. B. Egg, embryonic axis forming. This and
all following eggs with major axis of 1.15-1.25 mm, C. Egg, earli embryo ’Frior to blastopore closure. D. Egg,
early embryo just after closure of the blastopore, E. Egg, late embryo. F. Yolk-sac larva, 3.2 mm TL, 8 hours.
G. Yolk-sac larva, 3.4 mm TL, 1 day. H. Larva, 22.8 mm TL. (4, Hildebrand, S. F., 1963b: fig. 44. B-C,
Kuntz, A., and L. Radcliffe, 1917: figs. 69-74. H, Lippson, A. I, and R. L. Motan, 1974: fig. 62.)

185
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hatched larvae; weakly sinuate margin above region of
future caudal peduncle in 1 day old fish, Preanal finfold
extends forward about halfway across yolk. Incipient
rays forming in caudal and anlagen of pectorals present
in 1 day old specimen. Notochord reticulate.’

Pigmentation: At hatching or within first 8 hours, melano-
phores in series along intestine posterior to yolk and at
base of ventral finfold posterior to vent; melanophores
considerably larger at 1 day.

LARVAE

Specimens described 4.0-22.8 mm TL.*

By 4.0 mm, yolk mass absorbed.® At 5.2 mm, body
deeper anteriorly. Mouth large, oblique, terminal; ? gape
reaching middle of eye. Opercle well differentiated. In-
cipient rays forming in dorsal, caudal and anal. Dorsal
finfold reduced in front of and strongly notched at poste-
rior region of developing dorsal fin; preanal finfold ex-
tending slightly forward to distal end of pectoral fin and
almost below anterior end of dorsal finfold. Notochord
conspicuously thickened, reticulate.! Intestine not con-
voluted posteriorly; striations due to muscular rings
along posterior part of intestine cause a convoluted
appearance (EDH).

DEVELOPMENT OF FISHES OF THE MIb-ATLANTIC BIGHT

Pigmentation: At 4-5.2 mm body almost colorless; me.
lanophores of earlier stages less conspicuous.® At 22§
mm TL pigment in series above intestine and along
ventral aspect of myomeres to caudal base.?

JUVENILES

No information.

AGE AND SIZE AT MATURITY

No information.
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FAMILY UMBRIDAE

Mudminnows inhabit small, muddy ponds, slow moving vegetated streams
and stagnant pools in North America, Europe and Asia.

These fishes are small, ovate to laterally compressed, with square to some-
what flattened heads and rounded caudal fins. The swim bladder is capable of
assimilating atmospheric oxygen.

The family Umbridae is composed of three genera and five species. Within
the Mid-Atlantic region one species is known, Umbra pygmaea.

This species spawns in algal nests in fresh to slightly brackish waters. The
eggs are § ightly viscous, have a namrow perivitelline space and contain several
oil droplets of various sizes. At hatching the yolk is somewhat flattened, the anus
is neay the body midpoint and the urostyle extends alimost to the tip of the candal
finfold. From volk absorption to at least 22 mm TL. the prominent extended
urostyle is the most outstanding feature of this species. In addition to the ex-
tended urostyle, small juveniles (and possibly larger larvae) are heavily pigmented,
have a dark basicaudal spot and numerous large chromatophores on the fin rays.

169
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Umbra pygmaea (DeXay), Eastern mudminnow

ADULTS

D. 2-3 unbranched, 12-14 branched; A. 4 unbranched,
5-8 branched;* V. 6; P. 12 **-16; * scales in mid-Iateral
series 28-33, transversely between dorsal and pelvic
origins 12-15.°

Body depth 4.5 times in TL; ® eye 3.4-5.0 times in HL.*

Body robust, thick, litle compressed; head bluntly
conic; *° snout short, equal to diameter of eye; mouth
moderate, jaws short* mandible protrudes slightly be-
yond tip of upper jaw,? premaxillaries not protactile.”’
Gill rakers short and numerous, Scales cycloid, lateral
line lacking.* Dorsal inserted nearer pectoral than caundal
base; pelvic inserted just before origin of dorsal, rays of
depressed fin reaching to about 3rd anal ray.?®

Pigmentation: Yellowish green with 10-12 narrow lateral
dark stripes; a dark stripe through eye; a black basi-
candal bar;® lower jaw pale; ** fins plain® During
spawning season, ground color black or gray.*

Maximum length: Ca. 152 mm or larger.®

DISTRIBUTION AND ECOLOGY

Range: Southeastern New York (ECR) to northeastern
Florida * (records from New England* are doubtful,
PW]); introduced and established in Belgium,* France,'*
and the Netherlands.?!

Area distribution: Tidal tributaries of Chesapeake Bay
in Virginia; *** coastal streams and ponds in Maryland
(JDH), Delaware #* and New Jersey.*

Habitat: Adults—lowland streams, ponds, pools,’* and
swamps; !7 in heavy vegetation over soft, silty bottoms in
sluggish streams,® sometimes in slightly alkaline waters

(ECP). Maximum natural salinity 4 ppt; * experimentally
survive at 10 ppt but not at 15 ppt.®

Larvae—remain in algal nest for ca. 6 days.*® -

Juveniles—among aquatic vegetation along edges of shal-
low barrier beach ponds adjacent to C%esa ake Bay
(JDH); specimens 15-22 mm TL tend to travel in schools
of 10-12 individuals.’

SPAWNING

Location: In hollows formed in masses of algae.’’**

Season: March and April in aquaria; *1¢ early spring (1o
at least Apnil) under natural conditions.®**

Temperature: 1415 C.*
Fecundity (at 36.4-90.4 mnm TL)}: 31-2566, average 34

(ECP).
EGGS

Description: Placed in special algal nest*® and guarded
by parents.

Fertilized eggs—diameter 1.4-2.2 mm (average 1,65 mm.
based on 6345 eggs (ECP). Slightly viscous; ** perivite:
line space ca. 1/9 yolk radius; yolk with numerous o
globules of various sizes.!

EGG DEVELOPMENT
Incubation: 6 ** to 14 days. ¢

YOLK-SAC LARVAE
Specimens described 5.4 and 6.0 mm TL.

Adult

Length unknown

Fig. 98. Umbra pygmaea, Eastern mudminnow, Adult, length unknown. {Jordan, D. 5., 1908: fig. 152.)
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AT o

5.4 mm TL

19.0 mm TL

Fig. 99. Umbra pygmaes, Eastern mudminmow. A. Yolk-sac larva, 5.4 mm TL, newly hatched. B. Yolk-sac
larve, 6.0 mm TL, 8 days after hatching. C. Juvenile, 14.8 mm TL, 12.56 mm SL. Pigment spot at base of
caudal and along urostyle. D, Juvenile, 19.0 mm TL, 16.5 mm SL. (A, B, Breder, C. M., Jr., 1933b: figs. 1B,
IC. C, D, Mansueti, A.']., and J. D, Hardy, Jr., 1967: figs. 47G, 4TH.)

Head defleoted downward at hatching, but apparently
yot attached to yolk; yolk mass somewhat flattened at
o fching, more than half absorbed by 6.0 mm. Mouth
' h?e "8t 6.0 mm, Anlagen of pectorals formed at hatch-
' vo%; Finfold apparently continuous around and beyond
Ven at hatchin&; constricted at mid-body and in area of
n t and bluntly pointed at posterior end at 6.0 mm.
- Meiplent rays in caudal fin at 6.0 mm.’

_ Pigmentation: Chmmatophores on dorsal surface of head

and eye, and above and below body in basicaudal region
at hatching. At 6.0 mm, chromatophores along dorsal
surface of y, in a line between y and yolk, in a
heavy blotch ventrally in region of future anal fin,
throughout eye, and on top and sides of head and snout.!

LARVAE
Specimens described 6.5-10.0 mm TL.
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Urostyle turning upward at 8.5 mm. Incipient rays in
dorsal at 8.5 mm. Finfold constricted near caudal region
and with distinct postdorsal notch at 85 mm.!

JUVENILES
Minimum size described 143 mm TL (JDH).

Body shape similar to adult at 13 mm.* Nostril an elon-
Eate slit at 22.2 mm. Scales forming at 14.7 mm. Preanal
nfold 2/3 distance to opercle at 14.3 mm, to base of
lvics at 21.1 mm; lacking at 160 mm. Dorsal finfold
orward to a point above pectoral tips at 14.3 mm; re-
duced to a small remmant at 16.0 mm (JDH). Urostyle
external and projecting above dorsal margin of caudal fin
at 15.0 mm, gradually absorbed inte caudal fin thereafter.:

Pigmentation: At 14.3 mm, uniformly and heavily pig-
mented except in thoracic region, with most dense pig-
ment on head and in region of developing caudal stripe.
Rays of fins with numerous large chromatophores. In-
ternal chromatophores visible from eye to opercular
region and over gas bladder (JDH). At 15-22, projecting
urostyle nearly black.?

AGE AND SIZE AT MATURITY

Females 2 years at average size 37.3 mm TL; males 1 1/2
years at average size 34.8 mm TL (ECP).

Fig. 100. Umbra pyg

maea, Kastern mudminnow. Eg%; digmeter
1.6 mm, just before hatching. (Breder, C. M., Jr,, 1833h;

fig. 1A)

DevELOPMENT OF FisHES oF THE MID-ATLANTIC BIcHT
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A 6.5 mm TL

B 8.5 mm TL

Fig, 101. Umbra pygmaea, Eastern mudminnow. A. Tail of larva,
8.5 mm TL, early flexion, B. Tail of larvae, 8.5 mm TL. P
longed urostyle established. (A, B, Breder, C. M., Jr,, 1933b: fi.
24, C}
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FAMILY ESOCIDAE

The pikes, of which there are live species, all in the genus Esox, are primarily
freshwater fishes and only rarely enter brackish water. They are limited in dis-
tribution to the northern hemisphere, and are found in lakes, ponds, swamps,
rivers, and streams from the southeastern United States to northerm Canada in
North America and from southermn Europe eastward and northward to the Arctic
Circle in Eurasia.

Members of the family may be characterized as follows: an elongate body,
laterally compressed, covered with cycloid scales: the lateral line is complete.
The snout is conspicuously produced and flattened above; the jaws are equipped
with long, sharp, recurved teeth; there are large patches of cardiform tcetfl on
the vomer, palatines, and tongue. The gill rakers are reduced to patches of sharp
denticles; and there are 8 or more pores in the infraorbital canal, 10 to 20
branchiostegal rays, and 43-67 vertebrae,

Spawning takes place in early spring, soon after the break-up of ice, in
weedy, shallow water. The large eggs (1.9-2.5 mm in species from the Mid-
Ablantic region) are scattered at random. In the regionally abundant species,
Esox niger, the eggs are initially demersal and attached, but ultimately become
free and semibuoyant or buoyant. Within these eggs are a number of widely
scattered minute oil globules.

Esocid larvae have a large, oval yolk, and a relatively deep body. A
long preanal finfold may be retained, at least in Esox americanus, to lengths
in excess of 18.0 mm. The anus is far back on the body, three-fifths to four-fifths
the distance to the tip of the tail. In Esox americanus the pelvic buds are evident
at 118 mm, while in E. niger they have not yet formed at 14.0 mm. Pike larvae
are often quite colorful: in those of Esox niger the body is chartreuse with a rich
pattern of%rown melanophores, and chartreuse spots in the finfold.

175



178

DEVELOPMENT OF FistHEs oF THE Mib-ATLANTIC BicHT

Esox americanus Gmelin, Redfin and grass pickerel

ADULTS

D, 130521, = A, 13 17-18; P. 8-18; 1* V. 8 1711; 5 [ateral
line scales 93 '*-124; cardiaid scales between pelvic fins,
E. a. americanus 6-32, E. a. vermiculatus 0-5 (mean 0.5},
intergrades 0-26; notched scales in a line between dorsal
and anal fin origins, E. a. americanus 7-25, E. a. vermic-
ulatus (-8, intergrades 1-22;°% vertebrae 4272-51;"
branchiostegals 9 '"-16* {(one side), 19*-31 7 total; sub-
mandibular pores 3:2 to 6:5, usually 4:4.%¢

Proportions expressed as percent TL: Greatest body
depth 12.1~18.3; body width 7.7-10.5; caudal peduncle
depth 5.6-18.3, length 13.1-16; HI 24.2-31.4. Propor-
tions expressed as percent HL: Eye diameter 13.4-16.0;
interorbital width 20.2-23.6; snout length 33.8-41.6.77
Proportions as times in Sl: Greatest depth 52-81;°
snout length 7.9-9.5.° Postorbital length +snout length:
E. a. americanus 1.0-1.4, E. a. vermiculatus 0.8-1.3,
intergrades 0.9-1.2.2%

Body robust,* long, eylindrical, cross-section almost cireu-
lar ** with flattened to slightly concave dorsal surface.
Head large,'® flat, naked on top.** Right branchiostegal
membrane usually overlaps left (E. a. vermiculatus).®
Snout short, broad spatulate,® dorsal surface between
raised orbits and tip of snout slightly concave (E. a.
vermiculatus) '* or convex (E. a. americanus). Mouth
large,'” horizontal, lower jaw extending slightly beyond
upper,? maxillary usually not reaching beyond middle of
pupil or to suborbital bar (E. a. vermiculatus) or reach-
ing at least to middle of pupil or suborbital bar (E. a.
americanus).’” Teeth moderately large, those in front of
upper jaw and several along each side of ramus a little
enlarged; ° cheek and opercle fully scaled.!4

Pigmentation: Olivaceous to black above;? belly pale
amber ! to white, sometimes mottled with dark; ? mid-
dorsal band from nape to dorsal fin origin inconspicuous,
pale (E. a. americanus) or rusty brown (E. g. vermicu-
latus). Sides with 15-23 (E. q. vermiculatus) or 20-38 (E.
a. americanus) olive to black wavy vertical bars sepa-
rated by paler extensions of what had been lateral band
in young, pale area between adjacent bars nartower (E.
a. americenus) or wider than bars (E. a. vermiculatus).
Suborbital and preorbital black bars prenounced,’” sub-
orbital curved back ventrally (E. a. americanus)® or
straight, vertical (E. a. vermiculatus),’® postorbital hori-
zontal; lateral edges of jaws heavily pigmented (E. a.
americanus) or lightly pigmented (£. a. vermiculatus).
Pupil yellow (E. a. vermiculatus) to yellow-green,'” iris
gold (E. a. americenus).’ Dorsal fin darkly pigmented,
others orange to red (E. a. gmericanus) or leading edge
of all Bns black, remainder dusky to amber (E. a.
vermiculatus).’’

Females distinguishable from males (ca. 75% accuracy}
by greater intensity and amount of submandibular pig-
ment {E. a. americanus).’’ .

Maximuom length: Ca. 376 mm TL.* Larger specimens
{up to ca. 483 mm) may be hybrids (EJC).”

DISTRIBUTION AND ECOLOGY

Range: E. a. americanus occurs from the south shore of
St. Lawrence River, Quebec; through the Champlain
Vallev in southern New Hampshire, Vermont, and New
York, south along eastern seaboard to Lake Okeechobee,
Florida; #* introduced in mountainous regions of Man-
land,** and possibly Pennsylvanial® E. a. vermiculatus
is found from the St. Lawrence River near Montreal
south, west of Allegheny Mountains, in Lake Ontario
and Finger Lakes drainages of New York, to Louisiana,
west to Brazos River in Texas,’"** north through Okla-
homa,* Kansas, Nebraska, lowa,'” Wisconsin?® and
Michigan. Introduced in Colorado, Washington and
California. Intergrades may occur in Florida, Georgia.
Alabama and Mississippi.*

Area distribution: Tidal tributaries in Chesapeake and
Delaware Bay region, New Jersey? (E. a. amert
mnw)_us,zs.z&

Habitat and movements: Adults—in shuggish streams
sloughs, drainage ditches, ponds, lakes, swamps and
creeks; usually associated with heavy emergent vege
tation over mud bottom; in areas lacking vegetation ass
ciated with brush piles, overhanging brush or rocks anl
boulders; rarely in rivers or areas lacking dense vegt
tation, unknown from main current, open water or water
over 1.2 m deep. At night near surface, above vegett:
tion; often in tea-colored water of pH 4.2-49 (£ ¢
americanus),>*1* or rarely found in somewhat acid wate!
(E. a. vermiculatus),® In winter in dead leaf litter”
Maximum salinity 10.15 ppt; ** final preferred temper
ture 28 C.1¢

Yolk-sac larvae--possibly attached to vegetation.’’

Larvae-—sometimes in very shallow water in roadside
ditches (JDH), also in dead leaf litter.’®

Juveniles—young-of-the-year in flood pools and rivalet
among exposed roots, twigs, leaves, and grass in 7.6-10
cm of water.?

SPAWNING

Location: Flood plains, grassy banks,* sloughs,™ dimhes:;
and overflow ponds in areas of heavy vegetation, S0
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D

Fig. 102. Esox americanus, Redfin and grass pickerel. A. E. a. americanus, adult, 200 mm TL, 172 mm SL. B.
E. a. gmericanus, larva, 11,6 mm TL, 11.4 mm SL. Preanal myomeres 3i; postanal myomeres 154+, C. E. a.
amerlcanus, larva, 17.8 mm TL, 16.9 mm SL. D. E. a. americanus, juvenile, 22 mm TL, 20 mm SL. (A-D,

Mansueti, A. ], and . D, Hardy, Jr., 1967: fig. 484-D.)

times in water less than 30.5 cm deep.?

Seas:m_: February and March in North Carolina (with
i}{%}wnm_g possibly lasting one month),® April and May in
Visconsin (spawning continues for about two weeks),™
Probubly April or May in Ontario.® Fall and early
Winter spawning probable.!*1%18:21

Temperature: 1.1-11.7 C10

EECU?fdity: E. a. americanus 34 years old, 186-542 ripe

_ &88 (average 269.4).° E. g. permiculatus at 168 mm and
™, 825 and 4584 respectively.?®

EGGs

: 100"111'011: Scattered in small numbers among aguatic

vegetation,® not in long strings as has been reported.®

RiFe ovarian eggs: 1.6-2.3 mm in diameter; 312 golden
vellow or amber, clear (E. g. americanus); ®* or 1.5-2.4
mm in diameter ** {reported to average 1.4 mm in diam-
eter), transparent, yellow to amber in color (E. a.
vermiculatus).3

Water-hardened egps: Yellow (E. a. vermiculatus).®
Fertilized eggs: Average 1.9 mm (E. a. americanus).”"

EGG DEVELOPMENT

Incubation: 11 days at average temperature of 8.9 C; 14
days at average temperature of 8.3 C; 15 days at average
temperature of 7.8 C (E. a. vermiculatus); ** 10-14 days
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at unspecified temperature (E. a. americanus).’”

YOLK-SAC LARVAE

Hatching length 5.8-6.1 mm TL (E. a. americanus),”” or
5.0_.8.9 mm TL;!" maximum size described 10 mm TL
(E. a. vermiculatus).’® Duration of stage 10-14 days.””

By 9.0 mm TL mouth fully developed,’ at 10.0 mm TL
gut partially formed in some specimens,’® complete in
others (E. a. vermiculatus).®

Pigmentation: At 7-8 mm TL black eye pigment
present.”

LARVAE

Specimens described 11.6-17.8 mm TL (E. a. americanus).

At 11.6 mm, preanal myomeres ca. 31; postanal myo-
meres 15+; myomeres no longer distinct at 17.8 mm
(JDH).

Snout elongates with growth, still quite blunt at 11.6
mm, more elongate at 17.8 mm. Cleithrum and outline
of auditory vesicles visible; gill rakers formed and visible
through opercle at 11.6 mm; choroid fissure still evident
at 17.8 mm. Dorsal finfold extended forward beyond
level of ventrals at 11.8 mm, wholly behind ventrals at
17.8 mm. Pelvic buds formed at 11.8 mm; incipient rays
in caudal and anal at 11.6 mm, in dorsal by 17.8 mm.
Urostyle oblique; caudal finfold bilobed, adjacent to, but
not continuous with, dorsal and ventral finfold at 17.8
mm (JDH).

Pigmentation: At 11.6 mm, conspicuously darker below
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than above; lower fourth of abdomen clear except for
heavy, mid-ventral dark stripe. Dorsolateral regions with
large brown stellate chromatophores; a mid-dorsal light
stripe lacking chromatoihores; sides of tail posterior to
anus with light and dark chromatophores; a dark stripe
along snout and continuous behind eye to pectorals. At
17.8 mm, abdomen conspicuously lighter; mid-ventral line
reduced; number of c%)orsal chromatophores increased
and concentrated over brain and in dark band between
pectoral fins {JDH).

JUVENILES

Minimum size described 203-22 mm TL (E. a. ameri-
canus).

Eye proportionately larger than in adult; urostyle still
evident; caudal fin lobed; finfold absent at 22 mm TL
{JDH). In E. a. americanus snout length 8.7 or more
times in TL {7.5 times in SL) at sizes less than 150 mny
scales first evident at ca. 50 mm behind head and in
lateral band behind pelvics; at 85 mm, scales complete
except on venter; vertebral column completely segmented
by 85 mm.'¢

Pigmentation: E. a. americanus: At 20-22 mm TL sides
with scattered stellate chromatophores, denser below
than above and enclosing an unpigmented, poorly de-
fined, mid-lateral band which extends from operculum to
region above posterior margin of anal fin. Dense stripe
on snout and behind eye; vertical band below eye nol
yet developed. Mid-ventral row of chromatophores still
evident; clear area on abdomen much reduced. A cor
spicucus, bright red blotch at base of caudal fin (JDH)
Under 60 mm, a straight to moderately wavy, unpig

100 mm TL

ca.

Fig. 103, Esoz americanus, Redfin and grass pickerel. A, E. a. americanus, juvenile, ca. 50 mm TL. Unpig-

mented lateral band, straight to moderately wavy. B. E. a. americanus, juvenile,
ng into adult pattern with vertical bars prominent. (A, B, Mansueti, A. 1, and J. D. Herdy, Jr.,
1967 fig. 48E, F, after Croseman, E. |, 1062b: fig. 2)

band

ca. 100 mm TL. Lateral



mented lateral band from snout to caudal peduncle,
which separates an upper band of olive or black and a
lower band of gray. “Young” with red coloring limited
to fin bases, and with a lustrous, silver-green mid-dorsal
band from tip of snout to caudal base. At 60-100 mm,
mid-dorsal and lateral bands inconspicuous; vertical bars
forming on sides. Adult pattern developed in excess of
150 mm.**

Pigmentation: E. a. vermiculatus: At sizes over 20 mm
up to 145 mm pigment-free line extends from snout to
il At 45 mmm TL dorsal surface and upper half of
sides above lateral line brownish to olive-green; below
this, narrow green-gold band from operculum to caudal
peduncle, followed by a narrower black line and then by
another gold band; ventral surface white. Operculum
with gold band bordered by two narrow black lines, up-
per b%ack line and gold band continuous through center
of eye to end of snout, remainder of iris gelden, pupil
black; suborbital bar visible. Dorsal, anal, and paired
fins clear, caudal tip pale red, base black, candal pe-
duncle with reddish tint. Between 50-140 mm variable
black dorsoventral bars evident, usually separated by
extensions of li%ht green lateral bar; gold on head dis-
appears except for iris, suborbital bar more pronounced.
Adult pattern first appears at ca. 130-140 mm.**

AGE AND SIZE AT MATURITY

Possibly 1 year (EJC), definitely 2 years ** (E. a. ameri-
canus), or 1 year * (E. a. vermiculatus). Males 128 mm
Fl, females 132 mm FL;? also reported as ca. 99 mm
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TL (E. a. americanus} * or 102 mm (E. a. vermiculatus).?
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Esox niger Lesueur, Chain pickerel

ADULTS

D, 14-15 principal rays,® 17 *-21,* in¢luding rudiments;
A, 11-13 principal rays; * 15 **-19,*2 including rudiments;
P. 12-15 {one £n),** 25-30 (both fins); V. 18-21 (hoth
fins); ** scales in lateral line 112-1352° (usually ca.
125 *}; branchiostegals 14-17; 14** vertebrae 49-54.%

Proportions expressed as times in SL: Body depth 5.3-
8.6, ® snout 6.13-6.83." Proportions expressed as times
in HL: Snout 2.2-2.4.2° Proportions expressed as percent
TL: Greatest body depth 11.5-15.5; caudal peduncle
depth 4.3-5.9; HL 26.1-28.3; occiput to dorsal origin
40.3-44.4. Proportions expressed as percent HL: Inter-
orbital width ca. 20; eye diameter ca. 14; snout length
44.3-48.0.%¢

Body rather slender, somewhat compressed, deepest near
middle. Head large,® naked * and depressed ahove, pro-
file slightly concave over snout; snout long, broad,’
rounded; * mouth large, nearly horizontal; lower jaw
projecting; maxillary extending to, or slightly beyond

anterior margin of pupil. Teeth present on jaws, vomer,
palatines, and tongue; lateral teeth on lower jaw and
vomer enlarged.” Cheek and opercle fully scaled.* Gil
rakers on lateral and medial surfaces of arches.”

Pigmentation: Greenish above, sometimes very dark;®
venter pale; scales above with golden luster; 2 laterally
with light areas enclosed by dark chain-like markings;
dark upper side interrupted by light vertical bars; sub-
orbital bar almost vertical or with slight posterior slant;
rays of dorsal, anal, pectorals, and pelvics with light
interradial membranes,’® caudal fin base marbled with
dark pigment, tips dusky; pupil of eye yellow.®

Maximum length: 787 mm.* Hybrids of Esox niger
Esox lucius look very much like E. niger but can exceed
the maximum length for that species (EJC).

DISTRIBUTION AND ECOLOGY

Range: New Brunswick,® southern tributaries of 5t

Fig. 104. Esox niger, Chain pickerel. A. Adult, ca. 287 mm TL. B. Egg, unfertilized, before water-hardening,

diameter 2.0 mm. C. Egg

, 2.5 mm, 4-cell stage, 6 1/2 hours at 12-16 C. D. Egg, 2.5 mm, motula, 12 hours at

12-16 C. {A, Goode, G B., et al,, I884: pl. 183. B-D, Mansueti, A. I, and . D. Hardy, Jr., 1987: figs. 498,

ci1, C2)
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Fig. 105, Esox niger, Chain pickerel, A, Egg, gastrula, 1 day. Oil droplets more concentrated under blastoderm
in early cleavage, more diffuse in later stages. This and all following eggs ca. 2.5 mm in diameter, incubated

at 12-16 C. B. E
ing. D. Egg, tail-free em

, eatly embryo, 2 days, notechord formed. C. Egg, carly embryo, 3 days, myemeres form-
0, 4 days, ca. 41 myomeres. E. Egg, just before hatching, 5 days. Brown pigmenta-

tion intense, embryo with chartreuse coloration. F. Egg. lateral view of “E.” (A-F, Mansueti, A. I., and J. D.

Rardy, Ir., 1967: fig. 49C3-C8.)

Lawrence River and Lake Ontario (rare) drainages south
(E]C), east of mountains, to Florida; in Mississippi Valley
© Texas, southern Missouri and Alabama; *' introduced
in Nova Scotia (Digby County only),* in areas as far

vest as state of Washington# and in Appalachian
Mountaing,ss

Area distribution: Throughout area, tidal tributaries of
esapeake Bay »!* and Delaware River; +42 New Jersey.**

Eab“’&t and movements: Adults—prefer shallow, warm
-~ Vater over mud bottoms with abundant vegetation 7 in
4 €S, ponds, and sluggish streams; #31v¢ a%so found in
t:‘eé) cold water *" with little or no vegetation.'”” Migrate
wa ;epel' water during winter >4 undertaking shore-
. Jpawning migrations soon after spring ice disap-
gzea;; wlMaximum depth 4.6-8.1 m.»* Maximum salinity

' ::’:ﬁ—sac larvas—able to swim when hatched but gen-

tion ;i altached to submerged debris or aquatic veFeta-

o o g 0mietimes attached to surface scum,® also lying
I sides on hottom.?¢

Laryge_ 1.
4Vae--hide among vegetation.’* “Fry” sometimes land-

locked by receding water and killed.*

Juveniles—at ca. 25 mm, tend to lie motionless near
shore ur burrow themselves in mud beneath debris.?? At
28-101 mm SL, near edges of ponds, seldom in water
more than 61 cm deep. Larger juveniles present at all
depths to 3.4 m, especially at night.*®

SPAWNING

Location: Usually in water a few centimeters to 3 m
deep in coves, mouths of inlets, approaches to outlets,
swampy streams, ditches, flooded lowlands,>* stough
areas and shallow tributaries with considerable bottom
vegetation; ** often among terrestrial vegetation; * or
Catta-il mmhes_s,hlo.sq,zs

Season: Migrations begin at ca. 40 C* As early as
January in Alabama; ** February to June in New York; *
early March #* to mid-April in Maryland; ** possibly dur-
ing late fall in some areas.’®

Temperature: 5.8 C*-18.3 C, usually between 10 and
155 C.*
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10 mm TL

Fig. 106. Esox niger, Chain pickerel. A. Yolk-sac larva, 8.5 mm TL, just hatched. Pigment sgots in dorsal fin-

fold chartreuse. B. Yolk-sac larva, 8.0 mm TL, 2 days after hatching; 31 preanal Inyomeres.
9.1 mm TL, 3 days after hatching. D. Yolk-sa; larva, 10 mm TL, 5 days after ha
and J. D. Hardy, Jr., 1967: figs. 49D, 48F, 504, 50B.)

Fecundxty . 8§38 38_30,000'17,30

EGGS

Description: Demersal when first deposited,” but appar-
ently becoming semibuoyant to buoyant at eyed stage; ***
temporarily adhesive, but lose this characteristic after
water-hard‘;ned; 24 pot deposited in long strings as fre-
quently reported *7.25.21.21 hut distributed over compara-
tively large area by vigorous spawning activity.®

Yolk-sac Jarva,
ing. (A-D, Mansueti, A, I,

Mature ovarian eggs: Ca. 2.0 mm *-248 mm in fiiam-_
eter; * yellowish or amber,* almost transparent, slight
adhesive, more dense than water.®®

Unhardened eggs: Bright amber; capsule clear, TUg%
(AJL).

Water-hardened, unfertilized eggs:
mm, mean ca. 2.5 mm; many small, diffuse oil
(AJL).

Fertilized eggs: Diameter 2.25-2.95 mm, mean ©& &

2.35-2.10
gl(}h‘l,llﬂs



mm, volk diameter 1.5-2.3 mm. Usually spherical, some-
times ovoid (AJL); amber-colored, translucent; egg
capsule tough, finely granulated.

EGG DEVELOPMENT

At 12.2-16.6 C:
1 hour, 30 diameter of blastodisc 1.2 mm;
minutes vil globules concentrated in area
of blastoderm.
8 hours 2-cell stage.
6 hours, 30 4-cell stage.
minutes
8 hours 8-cell stage.
10 hours 18-cell stage.
12 hours ear]y morula.
13 hours, 30 late morula.
minutes
ca. 48 bours early embryo formed; oil glab-
ules more evenly distributed;
scattered dark brown chromato-
phores in yolk.
ca. 72 hours eyes with lens; somites faintly
visible.
ca. 98 hours embryo thicker, extended 2/3
around yolk; tail free and with
finfold; 41 somites; brown chro-
matophores over head, body and
volk adjacent to embryo.
ca. 120 hours anus visible; eyes pigmented;
(just before heavy concentration of brown
hatching} and chartreuse chromatophores

over embryo and yolk adjacent
to embryo (AJL).

- Inenhation: 5 {AJL) to 12* days depending on tempera-
ture; 5-6 days at 12.2-16.6 C {AJL); 11 days at 10 C; *
| hatching over period of 9-3 days at ca. 17.2 C.2

'YOLK-SAC LARVAE

+Size at hatching 5.0-7.9 mm TL, mean 7.2 mm (AJL);
ean size at end of stage 10.2 mm; ** duration of stage
days.** Preanal myomeres 30~-34 by 3rd day (AJL).

Head_":lighﬂy deflected over yolk at hatching, straight-
ened by 5th day at ca. 10 mm. Yolk more or less oval
% hatching, 1/ absorbed by 3rd day (A]JL), or by 85
. Mouth open by ca. 80 mm (AJL). Gas bladder
. Elf’bl" on 5th day at ca. 10 mm. Incipient rays in caudal
ﬂ'\ 90°-10.0 mm. Pectoral buds present at hatdﬁné;
ened by 9nd day or ca. 8.0 mm, fan-shaped and wi

“Picat rays by 3rd day or 9.1 mm (AJL). Notochord
gTanu]ar at 9.0 mm.g

;Pig";ﬂntaﬁon: Newly hatched live specimens with dorsal
old and body chartreuse; dark brown chromatophores

Esocidae—pikes 183
scattered over head, dorsolateral region of yolk, along
gut, and beneath tail. Pigment increased on yolk and
head by 2nd day; extended to ventral reiion of yolk and

increased caudally by 3rd day; eye black at ca. 10 mm
(AJL).

LARVAE
Size range described ca. 9.8 #-14.0 mm TL.

Total myomeres ca. 53-54; snout becoming elongate at
beginning of stage; lower jaw definitely longer than
upper; eye extended into dorsal profile by 7th day or at
ca. 10-11 mm {AJL); choroid fissure visib{e and auditory
vesicles elongate at 11.5 mm.”

Anlage of dorsal visible at ca. 14 mm and that of anal
at ca. 10-11.8 mm (AJL); pectoral with incipient rays at
1L5 mm; * urostyle straight to at least ca. 14 mm (AJL).

Pigmentation: A conspicuous band of pigment through
eve at ca. 14 mm {A]L}.

JUVENILES
Minimum size described 24.3 mm TL (AJL}.

Ratio of TL/snout length 7.0 or less; ** HL/snout length
22251

At 24.3 mm TL myomeres still visible in thoracic region;
scales visible in caudal area {AJL).

Pigmentation: At 24.3 mm TL, dark streak through eye;
bady chartreuse (AJL). At ca. 25-50 mm, greenish or
vellowish throughout with suggestions of dusky puncta-
tions; black stripe from tip of snout through eye to
margin of opercle; subocular bar downward and oblique-
ly forward from eye®?* With increased size, narrow,
pale, vertical bars appear on upper sides; * adult pattern
appears at lengths of 152-203 mm and over.®**¢ In
“young” a “pale” ** or golden mid-dorsal stripe evident.”

AGE AND SIZE AT MATURITY

11284 years; ** minimum length ca. 156 mm.**
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E ' - ca. 100 mm TL

Fig. 107. Esox niger, Chain pickerel. A. Larva, 11 mm TL, 9 days after hatchmF. Total myomeres 53+ .
B. Larva, 14 mm TL. Pigment streak through eye. C. Juvenile, 24.3 mm TL, scales on ceudal region. D.
Juvenile, ca. 50 mm TL, distinctive dorsolateral pigmentation developing. E. Juvenile, ca. 100 mm TL, lateral
barred pigmentation pattern established. (A-C, Mansueti, A. ], and J. D. Hardy, Jr., 1987: figs. 50C-E. D,
E, Crossman, E. J., 1962: fig. 2. © Royal Onigrio Museum. Used with permission of author and publisher.)
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FAMILY SYNODONTIDAE

This family is primarily tropical in distribution with a few species ranging
into temperate waters. Capable of burrowing into bottom sediments, lizardfishes
are usually associated with a sand or mud substrate.

These fishes have a cylindrical body, wide mouth, numerous sharp teeth and
large pelvic fins. Except for one Australian species, an adipose dorsal fin is
present (Bohlke and Chaplin, 1968). The air bladder is small in some species
and absent in others. Most lizardfishes are marked with saddles, blotches or
bands.

The family Synodontidae includes four genera and 35 to 40 species. Two
species are known from the area, Synodus foetens and Truchinocephalus myops.

Eggs of synodontid fishes are spherical with a narrow perivitelline space and
an unsegmented yolk. The chorion is, in most species, ornamented with hexa-
gonal facets. In at least some cases, a short spike is evident at each angle of the
hexagon. '

Larvae are more or less elongate with 4866 myomeres (Mito, 1961), and a
posteriorlir placed anus. The most outstanding feature of lizardfish larvae and
prejuveniles is the prominent row of ventrolatera] pigment spots,

A transformation from prejuvenile to juvenile is accomplished after the
assumption of a benthic existence and is probably completed in less than one
week. Juveniles lack the prominent ventrolateral pigment blotches characteristic
of earlier stages.

189
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255 mm SL

L

Fig. 108. Synodus foetens, Inshore lizardfish. A. Adult, 255 mm SL. B, Larva, 10.0 mm TL, 9.2 mm SL. Dor-
sal finfold ballooned. C. Prejuvenile, 35 mm TL, 30 mm SL. Total myomeres 58; preanal myomeres 39; postanal
myomeres 19. D. Prejuvenile, 40 mm SL. Lateral pigmentation i crosses. £, Juvenile, ca. 30 mm SL. Fish in
natura] pose resting on bottom ready to strike at food. (A, D, Anderson, W' W, J W, Gehringer, and F. H.
Berry, 1966: figs. 8, 24. B, C, Mansueti, A. [.,and J. D. H ardy, Jr., 1967: figs. 598, 52C. E, Breder, C. M., 1944a:

text, fig. 1)
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Synodus foetens (Linnaeus), Inshore lizardfish

ADULTS

D. 91+-13 ** (usually 12 **); A. 10-14 !* (usually 12-13 2#);
C. 11-12+10+9+11-12=41-43; = P. 12-15;"* V, §; **
pored lateral line scales 57-64 (reports of 56-65 are in
error),* predorsal scales 20-30, scales between dorsal
base and lateral line 4-8.** scales between anterior por-
tion of dorsal fin base and lateral line 5 to 6.5; * total
vertebrae 56-82; ** trunk vertebrae 38; ** branchiostegals
12-18.85

Proportions expressed as times in SL (at 126-169 mm):
Head 3.89-4.5; depth 8.9-8.45. Proportions expressed as
times in HL (at 126-169 mm}: Snout 3.2-3.35; eye 6.2~
7.6 Proportions as percent of SL: Depth at base of
pelvics 8.8-14.4; HL 20.6-28.3; eye diameter 3.4-6.2; anal
fin base 9.0-13.9.1+

Body elongate,*® cylindrical; ** head depressed, broader
than deep,’ slightly rugose above,!'* interorbital space
concave; ** snout triangular,’* pointed, projecting beyond
tip of mandible,® typically longer than diameter of eye
in specimens larger than 200 mm SL; * 6-7 oblique rows
of scales present on cheeks; # top of head naked.*
Mouth very large, gape extends well past eye; ** upper
jaw projects slightly, premaxillaries form entire margin of
upper jaw; large, sharp ** depressible teeth present on
upper jaw,! tongue and lower pharyngeals.” Scales
small ** (except for patch of large elongate scales pres-
ent below ral base and above pelvic base **), lat-
cral line well marked,™ not keeled. Dorsal fin origin
equidistant from center of eye and adipose fin, anterior
13ys not reaching past tips of posterior rays with fin de-
pressed; ** anal fin base longer than or equal to dorsal
base, 737 origin equidistant from end of dorsal base and
base of caudal rays; caudal fin lobes of about equal
length; tip of pectoral fin not #* or barely reaching origin
of pelvic fin; 7 pelvic fins inserted closer to vent than to

snout tip; adipose fin base no longer than diameter of
pupil. Anterior nares with prominent dermal flap.?® Gill
rakers rudimentary.*

Pigmentation: Color variable with both Jocality * and
immediate background; * dorsum brownish or oliva-
ceous ' and with overall greenish cast; ' mid-lateral line
with ca. 8 obscure blotches, variable in occurrence and
intensity, fading with growth; '##3% head bhrownish with
light vermiculations on top and sides, pale yellow below;
belly white,' silvery white,' or yellowish, sometimes with
brownish punctations; ** pectorals dusky,”® yellowish, or
light green; adipose with dark spot posteriorly.’

Maximum size: Confirmed to reach 405 mm SL," but
reported to reach ca. 810 mm.’

DISTRIBUTION AND ECOLOGY

Range: Cape God, Massachusetts south to Santa Catarina,
Brazil; also Bermuda and the West Indies,™ uncommon
north of South Carolina.?

Area distribution: Chesapeake Bay north to vicinity of
Annapolis; also tidal portions of Patuxent, Choptank,®
and Potomac Rivers; Maryland seastde *42=* and Indian
River Bay, Delaware,™

Habitat and movements: Adults—a bottom species !
found on both shallow and deep sand flats among
grass; 47 inshore in saltwater creeks, rivers, bays,
sounds,’ and deep channels within lagoons; * possibly
more common over mud than shell or calcareous bot-
tom; * also found in open ocean over continental shelf.
Migrating northward seasonally, rarely found north of
North Carolina from January through May.'* In south-
ern waters, as in South Carolina, found in deeper coastal
waters throughout the vear, in shallow water from June
to October.”* Salinity range 4.0 *-60.0 ppt * (lower limit

Fig. 100. Synodus foetens, Inshore lizardfish. A. Juvenile, 57 mm SL. Lateral crosses still visible. (A, Ander-
son, W. W., . W. Gehringes, and F. H. Berry, 1966a: fig. 25.)
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may include juveniles), described as being more abun-
dant above 10 ppt?* and 30 ppt.** Temperature range
5.0-34.9 T {may include juveniles)** Maximum depth
183 m.*?

Larvae—newly hatched near surface of 2746 m depths
in spring at Port Aransas, Texas; *' recorded from offshore
waters of Virginia in May (WHM).

Prejuveniles and juveniles—apparently pelagic until
ready to metamorphose,® readily collected from open
ocean, usually near land in vicinity of or in shallow
water; found at surface at night; collections recorded for
February, May # to August, November, and December.”
At 2345 mm common at Port Aransas, Texas in summer
to late September.®* Transformation to juvenile form
probably completed in less than one week and accom-
panied by assumption of benthic existence and burial in
muddy substrate®?' Transforming individuals (38.5-44
mm SL} taken in 22 m depths at Port Aransas, Texas.»
Specimens less than ca. mm dredged at 15 m off
Beaufort, North Carolina,'” Recently transformed indi-
viduals taken at Port Aransas, Texas, nearby bays and
offshore at depths greater than 16 m.>* Specimens 47.1-
87.2 mm taken from bayous in vicinity of Tampa Bay,
Florida; * “young” taken at 137 m; 2° other small speci-
mens from deep sandy flats.*? Salinity 10 ppt to over
30 ppt.2°

SPAWNING

Location (based on larval collections): At Port Aransas,
Texas in 2746 m in spring, possibly deeper in summer,
and perhaps in less than 46 m in fall.®

Season: Ixtends throughout most of year,® probably
concentrated in spring.®*

Temperature: Unspecified, but said to spawn on a rising
or high temperature.’

Fecundity: No information,

£GGS

No information,

EGG DEVELOPMENT

No information,

YOLK-SAC LARVAE

Size at hatching ca. 2.5 mm.*
At hatching snout very blunt.®

Pigmentation: Three to six ventrolateral spots present
which are smaller than interspaces.™

DeveELoPMENT OF FisHES oF THE Mip-AtoanTic BicHT

LARYAE
Maximum size described 10 mm SL.*

At 10 mm TL preanal myomeres 42, postanal myomeres
17 {AJL).

Balloon inflation of the skin present up to ca. 7 **-10 mm,
At 10 mm TL auditory vesicle large, friangular, about
equal to eye (AJL). In some specimens fin rays all well-
developed at 10 mm SL.** In others at 10 mm TL in-
cipient dorsal, anal and pectoral rays present; pectoral
with feshy base; caudal semewhat bifurcate and appar-
ently with definite rays. Origin of dorsal finfold in oc
cipital region; preanal finfold small, short; orostyle
oblique {AJL).

Pigmentation: Six prominent ventrolateral peritoneal
spots; a small spot at caudal base and another at anal
insertion {AJL).

PREJUVENILES

Minimum size described 15.8 mm TL.** End of stage
30.5°—44 mm SL.*

Snout usually longer than eye diameter (slightly shorter
or equal to ¢n small specimens).’* Eye 1.8 in snout at
40 mm SL,* eve diameter 5 times in HL in “young™”
Body transparent, subleptocephalic,” becoming translu-
cent at 40 mm SL.*?

Pigmentation: A row of six conspicuous ventrolateral
spots of about equal size and equally spaced,* with cach
spot much smaller than the interspace,’ extending from
edge of gill cover * to a peint just in front of anal origin:
snout, lower jaw, and back lightly pigmented; 2 series
of cross blotches developing along lateral line; pigment
along anterior base of dorsal; * a dark, chevron-like,
basicandal mark with a short, narrow line extending
forward from its apex. Just prior to transformation. 2
pale dorsal pattern develops.’

JUVENILES

Minimum size described 30 mm SL.°

At 40 mm SL depth 11.5 times in SL.#* Teeth conspic®
ous,' conical, directed somewhat backward.? At 57 m
SL, a flap of tissue on edge of anterior nasal openng

Pigmentation: In recently transformed juveniles body
opaque; internal pigment patches retained but overld!
by dermal pigmentation.® At 57 mm SL, venml_af?raf
s[lnts missing; belly immaculate; ca. 8 very .d1st_1ﬂ;t
blotches along lateral line arranged as crosses with lig .
centers. Caudal and dorsal pigmented throughott; Pll%-
ment developing at base of adipose.’* Color of 11:3]?‘

grown” specimens variable with surroundings; typ



creamy white to pale yellow; dorsal surface crossed by
cleven brownish bands or blotches equally spaced, the
first between. the eyes, all double except the last which
lies at caudal base. Ten diamond-shaped spots along
lateral line and a second series of spots of lighter shade
below and alternating with them. Dorsal, caudal, and
proximal half of pectoral same color as body; other fins
transparent.’

AGE AND SIZE AT MATURITY

Ne information.
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Trachinocephalus myops (Forster), Snakefish

ADULTS

D. 1122-14;% A, 1320-18;* C. 13+10+9+13;22 P, 11-
13; V. 8; ® pored lateral line scales 53-59,17 scales hetween
dorsal base and lateral Bne 3.0; % total vertebrae 54-57
(mean 55.4),"7 trunk vertebrae 46.°

Proportions as percent of SL: Depth at pelvic base 15.5-
21.5; HL 25.2-28.6; eve 3.2-6.3; anal fin base more than
23.0.°

Body slender, slightly compressed. Head compressed, up-
per surface strongly rugose; snout blunt and shorter than
eve diameter; lower jaw projecting. Scales moderate.
Lateral line poorly marked. Large, compressed teeth in
narrow band on upper and lower jaw with inner ones
larger and depressible; teeth also present on tongue,
hyoid bone and palate. Origin of anal fin about midway
between base of caudal and insertion of pectorals;®
dorsal origin slightly nearer snout tip than adipose fin; *
pelvic separated from anal by less than its length.*®

Pigmentation: Golden brown above, yellowish below; **

)

p-3
A
Adult

back with ca. 5 indistinet saddles; sides with ca. 4 fzint
yellow longitudinal stripes which are indistinct in Jarger
specimens; opercle with black spot at upper angle; pec-
toral, pelvic and anal fins pale yellowish; dorsal and
caudal dusky.*

Maximum length: Recorded to 375 mm.®

DISTRIBUTION AND ECOLOGY

Range: Warm waters of all oceans but not reported from
the eastern Pacific off the American continents; % in the
western Atlantic from Cape Cod south to Brazil.®

Area distribution: Off New Jersey at 40°04" N, 70°33' W.!

Habitat and movements: Adults—reported from inshore
habitats ©¢ but apparently more common in offshore wa-
ters; over sand, shell, rock and mud bottoms; sometimes
burrowed in substrate with only eyes exposed. Depth
usually 36-91 m.®

Prejuveniles and juveniles—in or near Gulf Stream over

Fig. 110. Trachinocephalus myops. Snakefish. A. Adult, 180 mm SL. B. Egg, 1.10 mm with inset showing hex-

onal structure of membrane.
| S., 1972: figs. 1-8)

A, Anderson, W, W, J. W. Gehringer,

F. H. Berry, 1966a: fig. 8. B, Rass,



Fig, 111. Trachinocephalus myops, Snakefish. A. Egg,
closed; Ku
lens form

“F,” pigment extends to tip of notoc
embryo extends to pectoralpb

hore _than 1800 m of water;* also in coastal waters; ®
Sometimes washed ashore during storms.®® Maximurm
depts: 388 m.s

SPAWNING

LOcat_;i()n: Ripe or nearly ripe individuals recorded near
th,fshmds and major land masses, such as St. Helena,*
renadines, British West Indies,” and off the West
African ooast, 18
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germ ring stage. B. Egg, early embryo; bhlastopore not
er's vesicle evident. C. Egg, embryo covers ca. 1/2 circumference of yolk; somites forming. D, Egg,
» pigment patiern developing. E. Egg, early tailbud-free stage, pectarals forming.

covers ca. 3/4 circumference of egg, pigment extending to dorsal swrface of head. G. Egg, a
%ord. H. Egg, embryo extends the circumference of yolk. 1. Egg, tail of

ud; pigment evident in caudal finfold. (A-I, Zojagina, O. A., 1965: fig. 1)

F. Egg, embryo
ut same stage as

Season: Probably prolonged; a fully ripe female has been
recorded in July,’’ and prejuveniles in July, August, Oc-
tober, and November.*

EGGS

Ripe ovarian eggs: 0.78-1.12 mm.2*

Fertilized eggs: Pelagic, spherical,’® diameter 0.95-
1.25 mm; 2 membrane with hexagonal meshes 0.041-



196

.
g, S

LY

&

L

i
™
N

rt/
Py ]
S

v,

PO Ay,

»

T%?’;{#"M_. -at-!hrmf
*‘*‘\H - o

DEveroPMENT o FisHes o THE Min-Atoantic Bicur

Fig. 112, Trachinocephalus myops, Snakefish. A. Egg, late stage embryo. B. Yolk-sac larva newly hatched, 3.66
mm TL, myomeres 334-20==53. C. Yolk-sac larva, 3.96 mm TL, two days after hatching, myomeres 33--21-=
54. D. Larva 8.2 mm, height of head ca. twice that of body. E. Larva, 7.8 mm, caudal fin with 12-13 rays. {4-
C. Mito, S., 1961: pl. 24. D, E, Zvjagina, O. A., 1965: hg. 3.)

0.052 mm; ** short spike evident at each angle; ** yolk
unsegmented,'® diameter during early development 0.67~
0.84 mm; ** perivitelline space namow, less than 15%
diameter.'*

YOLK-SAC LARVAE

Hatching length ca. 3.7 mm TL; maximum size described
4.0 mm TL.

Myomeres 33+ 20=53 at 3.7 mm TL, 33+ 21=>54 at 4.0

mm TL.#

Head deflected at hatching, straight at 4.0 mm; mouth
forming at 40 mm. At hatching pectoral fins present
yolk tear-shaped. Origin of dorsal finfold over otic c3
sule at hatching, over vertical midpoint of eye at 40 ™%
TL (based on illustration by Mito,** PW]).

Pigmentation: Newly hatched specimens with smalf chr
matophores lightly ‘scattered in eye; stellate chromat®
phores on dorsal surface of head; ill defined oW °
pigment along dorsolateral surface; row of chromat®
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. --_——-'l-_. -—n----a-q.-n-- - ——— . =

Fig. 113, Trachinocephalus myops, Snakefish, A, Larva, 9.8 mm, ventral fins forming. B. Larva, 21.3 mm, adi-

pose fin evident. Pigment on operculum crescent shaped.
o e O. A, %‘l&s:

Juvenile, ca. 125 mm TL. {A-C, Zvjaging,

C. Prejuvenile, 35.5 mm. D. Prejuvenile, 42.5 mm $L. E.
fie. 8. D, Anderson, W. W, J. W, Gehringer, F. H.

Berry, 1966a: figs. 8, 14. E, Jordan, D. 8., and B. W. Evermann, 1896-1900: pl. 88, fig. 235.)

phomf along ventral aspect of myomeres; scattered pig-
Tent i candal finfold. At 4.0 mm TL eye pigmented;
: Cﬁn b_‘ﬂ migration of pigment complete except for scattered

fomatophores between anus and tip of notochord: four
Proniinent ventrolateral spots visible between pectoral
a:-)se and anus; posterior to anus, short row of pigment
oS ventral ridge; pigment on caudal finfold more pro-
. inced (based on illustrations by Mito,?* PW]).

LARVAE

Specimens deseribed 8.2-21.5 mm.

At 6.2 mm height of head ca. twice that of body; at 21.5
mm height of head and body almost equal. At 6.2 mm
mouth oblique; anterior portion of upper jaw above
horizontal midline of eve, by 21.5 mm slightly oblique,
below midline. Anal fin with 15 ray bases at 9.8 mm;
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lower lobe of caudal finfold with 12-13 rays at 7.6 mm,
pelvics forming at 9.8 mm. At 21.5 mm adult fin ray
complement evident in dorsal, anal, caudal and pectoral
fins; adipose fin evident. Urostyle flexed at 7.6 mm.**

Pigmentation: At 6.2 mm six pairs of prominent ventro-
lateral pigment blotches between pectoral base and anus;
large chromatophure midway between anus and tip of
notochord at site of future insertion of anal fin: scattered
pigment on dorsal and ventral surface of tail, scattered
pigment on caudal finfold. At 7.6 mm pigment blotch on
pectoral base larger; pigment above anus more rounded;
cluster of pigment under urostyle. At 9.8 mm anterior-
most ventrolateral pigment blotch extends over edge of
operculum. At 21.5 mm pigment on operculum in shape
of crescent, remaining preanal ventrolateral pigment
oval, pigment near pectoral fin tip somewhat higher than
others in series. Pigment evident on posterior dorsal sur-
face of head, at base of adipose fin and on lateral midline
from anal fin and back; small melanophores on caudal
peduncle near caudal fin base.*

PREJUVENILES

Size range described 2748 mm TL %'? or larger.®

Branchiostegals 13-14 at 3542 mm. At 35-42 mm, body
depth 10.33-11.50, and HL 5.25-5.75 times in TL: body
width 1.25-1.33 times in depth; eye 3.50-3.75 times in
HL.?

Body slender, considerably less deep than in adult?
elongate, slightly compressed, and of almost equal depth
throughout; abdomen with narrow smooth hand, sep-
arating terminations of muscle rings and deeply grooved
along each side. Head small with short, rounded snout;
interorbital region narrow, concave;® mouth nearly
straight; lower jaw included; gape extending to just
beyond posterior margin of eye: a single row of pala-
tine teeth on each side; * pseudobranchiae present; gill
rakers minute, tubercular® Lateral line developed at
28 *42 min; * at 48 mm, scales of lateral line developed
but not imbricated, scales developing on caudal peduncle
and posteriorly on body but only indicated by pits on
anterior half of body.*> Urostyle oblique at 28-39 mm.”
At 27-35 mm, dorsal above myomeres 16-23; anal below
myomeres 37—45.° Third and 4th dorsal rays, 4th anal
ray, and 6th pelvic ray the longest. Adipose fin inserted
above 3rd quarter of anal.®

Pigmentation: Six pairs of large, preanal, ventrolateral
blotches, with the anteriormost partially on opercle, the

terior 4 sometimes confluent below forming a bluish
band® At 27-35 mm, body transparent; a semicircle of
chromatophores in occipital region, its curve directed
posteriorly; a prominent spot at base of adipose fin;
scattered chromatophores over head, dorsally between

DevELOPMENT OF FisuEs oF THE MIp-ATLANTIC BicHT

dorsal and adipose fins. At 27 mm TL to 43.0 mm SI,,
a midlateral row of chromatophores, the anteriormost
conspicuously stellate. At 28-43.0 mm, a dark blotch at
caudal base; small chromatophores beneath eve, on
cheek and in series on each side of posterior half of
ana}.“"*“-“-”""

JUVENILES

Minimum size unknown. Specimens described 874
137.2 mun SL.

Proportions as times in SL: Body depth 5.2-58; head
3.5-3.8; caudal peduncle depth 13.4-13.9; predorsl
length 2.4-2.5. Proportions as times in head length: Eye
6.1-8.8; snout 7.2.7.7.2

At ca. 125 mm TL eye larger than in adult, mouth less
ablique.

Pigmentation: At ca. 125 mm TL blotches developed dor-
sally and laterally.?

AGE AND SIZE AT MATURITY
Ripe female taken 168 mm in length.*
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Carassius auratus
Cyprinus carpio
Hybognathus nuchalis
Notemigonus crysoleucas
Notropis amoenus
Notropis analostanus
Notropis bifrenatus
Notropis chalybaeus
Notropis hudsonius
Semotilus corporalis
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FAMILY CYPRINIDAE

Cyprinidae, the largest of the fish families, contains about 10 subfamilies,
275 genera, and 1600 species, Its members are found throughout most of Eur-
asia, reaching the Arctic Circle in some areas; most of Africa, except the desert
regions; and from Alaska and northem Canada to Mexico in North America.
The cyprinds are primarily freshwater fishes, oceurring in a variety of habitats
* from quiet ponds to swift flowin g streams, and are generally intolerant of brackish
water.

In the carps and minnows the jaws are toothless; the pharyngeal teeth are
in one o three rows, and there are hever more than eight teeth in any one row; the
upper jaw is uswally bordered only by the premaxillary; one or two barbels are
sometimes present; the gill membranes are united: there are three bmnchiostegals;
the lateral line is usually present; and the scales are cycloid and usually restricted
to the body. Sexual dimorphism is often striking, and breeding males may be
brightly colored and develop nuptial tubercles on the head, body, and fins.

A variety of reproductive stratagems is evident among the cyprinid fishes of
the Mid-Atlantic region. The most znusual oceurs in Semotilus corporalis, which
spawns in a pebble nest as much as two meters wide and onc meter high. Other
species spawn in meadows imundated by spring floods, over muck bottoms, in
gravelly riffles and in the abandoned nesfs of other fishes.

Eggs of the regional cyprinid fishes vary in diameter from a minimum of
about 1.0 mm in most species to 2 maximum of 2.7 mm in Semotilus corporglis;
the perivitelline space is moderate to broad; and oil glnbules are usually absent,
although there are minute oil globules in the cggs of Carassits auritus and No-
tropis analostanus and small oil globules are sometimes present in the eggs of
Cyprinus carpio. Except in Hybognathus nuchalis all arc adhesive and attached.

Newly-hatched larvae of the regional cyprinids vary in length from 2.7 mm
{in Notemigonus erysoleucas) to a possible maximum of 8.0 mm (in Carassius
auratus). The most striking feature of these larvae is the bilobed yolk: the
anterior lobe is generally thick and oval and the posterior lobe is thin and
tubular, The anus is always posterior to the midpoint of the body and is generally
located at a point between three-ffths and four-fifths of the distance between the
snout and the end of the tail. The dorsal finfold iy short, extending forward only
about two-thirds the distance to the head, and the preanal finfold is typically
elongate. Pigment is commonly present on the volk sac and body at the time
of hatching. _

Regional larvae have preanal myomere counts of 18-25 (20 Or more in most
species) and postanal myomere counts of 12-17 fmost ofteq_u 1?,—15}, These counts
overlap in many species which, combined with the similarity in body proportions
and shape, make identification difficult and often dependent on pigment patterns
alone.
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Carassius auratus (Linnaeus), Goldfish

ADULTS

D. 111, 14-20; ** A. T *-11,% 5-6; = C. 19-20; P. 13 =
17; V. 8-9; 3* scales 25 13*-34; ** 5-8 rows above lateral
line; ** vertebrae 28-32; "# gill rakers 37 1'-50; ' pharyn-
geal teeth 0,4-4,0.%0-4

Proportions as percent SL: Body depth 33 **-50; * head
28. Eye 29% HL.*

Body stout, thick-set, caudal peduncle thick and short.*
Head scaleless,**** broadly triangular,® interorbital space
broad, snout longer than eye diameter, maxillary reach-
ing posterior nostril or not quite to eye,® barbels lacking
on upper jaw.>* Scales cycloid, large. Lateral line com-
plete. Dorsal and anal fins with serrate bony spines,
pelvic fins short, broad and thoracic. Nuptal tubercles
of male fine, on opercles, sometimes on hack and a few
on pectoral fins. Hybridize readily with carp, hybrids
intermediate in most characteristics.®*

Pigmentation: Wild-caught specimens olive brown,*?
slatey olive,® olive green ®** with a bronze sheen? sil-
very,’ pgrayish yellowish, gray-silver,’”® through gold
(often with black blotches) to creamy white; *¢ vellowish
white or white below. Cultured forms vary through
scarlet, red-pink, silver, brown, white, black and combi-
nations of these colors.?

Maximum size: About 457 mm."

DISTRIBUTION AND ECOLOGY

Range: Europe except Scandinavia and temperate zones
Asia; *! introduced throughout the world;*? in North
America, widespread in U.S.,** most common in vicinity
of Lake Erie, absent from southern Florida® in Canada,
the Maritime Provinces, southern Ontario, parts of Al-
berta and British Columbia.?

Area distribution: Fresh and brackish waters of Chesa-
peake Bay tributaries in Maryland 17 {RJM).

Habitat and movements: Adults—usually a bottom spe-
cies, but sometimes in schools at surface; ® shallow water
with dense vegetation in warm lakes, reservoirs, rivers,
and quiet streams 122 (RJM). Maximum recorded
salinity 17 ppt,’® but apparently unable to withstand pro-
longed exposures above 15 ppt.*** Lake dwelling indi-
viduals move into river mouths to avoid winter O,
minima.®

Larvae—cling to plants ** or remain quietly on bottom
when first hatched; 2* free-swimming after 1-2 days; *
near surface after yolk absorption.?

uveniles—presumably same as adult (FDM).
pPr Y

SPAWNING

Location: Shallow water among weeds,™ often where
willow roots grow exposed in water,* alse meadows in-
undated by spring flood.”

Season: Intermittently from late March # to about mid-
dle of August with first spawn of season the largest;!
peak activity in April and May; individual fish spawn
3-10 lots of eggs at intervals of 8~10 days.”

Time: Recorded from just before dawn,®* to midafter.
noon,* or sunrise to 1000-1100 hours starting again from
1800-2000 or 2100 hours,* most often on bright sunny
mornings.**

Temperature: Ca. 16.4 C 2 to 23 C, egg production is
abundant in hatcheries at 22-23 C®

Fecundity: 2000 #'-400,000,*® average 98,200 in 15-24 cm
fishes.®

EGGS

Location: Attached singly, rarely in two’s and three's, at
intervals of ca. 12-25 mm on aquatic plants,*%* and
other fixed objects.’®

Ripe ovarian eggs: 0.8-1.28 mm.*

Unfertilized eggs: Diameter ca. 1.6 min; *° outer cover
ing slightly wrinkled, loose;** micropyle apparently
single.'®

Fertilized eggs: Spherical; *** diameter 1.0-1.7 mm,’
with smaller fish apparently developing smaller eggs”
Eggs just after fertilization slightly oblong; vertical axis
1.05 mm, horizontal axis 1.14 mm.>* Variously described
as transparent,”*® semitransparent,®* pale yellow,” }.'_91‘
lowish white,® cream-colored,* and grayish green.’ Entire
surface adhesive until water-hardened and attached.* EgE
capsule smooth,*! described as both “thin” * and “heavy
perivitelline space narrow, 0.1 mm; yolk coarsely granulat;
oil globules 6.01-0.05 mm, sparsely scattered, and tend;
ing to disappear during later stages of development
Area specimens comparatively smaller and clearer tha?

carp eggs (JJL).

EGG DEVELOPMENT

At 2428 C (constant temperature of 25 C following 1
cleavage stages):

30 minutes
45 minutes

1st cleavage.
2nd cleavage* {at which time rhyth-
mic contractions of the egg have be¢"
observed *).
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Fig. 114. Corasrius auratus, Goldfish. A, Aduit, ca. 200 mm TL. B. gﬁ before water-hardening. C. Egg,
blastodisc, Lake Erie wild population. D, Egg, blestodise, domestic gol stock, Indis. Note the apparen

wider petivitelline space than in those eggs from Lake Ere. E. Egg, 4-cell stage, Lake Erie. F. Egg, 8-cell
stage, C. a. cuvieri. Note the wider perivitelline space. G. Egg, morula, 2 hours at 25 G, Lske Erie. (4, Goode,
G.'B, et al, 1884: pl. 231. B, F, Nakamura, M., 1963: pl. 80. C, E, G, Battle, H. I, 1040: figs. 1, 8, 4. D,

" Khan, M. H., 1929: pl. 1}
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Fig. 115, Comssiur awgtus, Coldiith. A, Ege bastala, €. o cuvieri. B. Egp, embryonic axis formed, € 6.
cusiert. C. Egg, embryonic shield reaching about 3/4 stound yolk. . Egg, neasr blastopore vlosure, subspecies
unknown. E. Egg, lizatinn beginning, & o cuwvies, F. Eggs, optic anlagen, samites forming, O, @ cuvleri.
G. Egg. about sume developmenal stage as previows, Kupffer's vesicle visible, H. Egg, otic capsule forming, I
Epe s:ﬁ:;nites}fomd further forward thgn provivaw. (A4-H, Npkwoore, M., 1089; ols. T8, 78 I, Battle, H. I,
1940 hg. i4.
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Fig. 118. Carassius aouratus, Coldfish. A. Egg, late embryo, subspecies unknown, B. Egg, late embryo, €. a.

fangsdorfii. About same stage as previous buf eye un};)lilgmcnted and general pigment pattern distinctly different.
C. Egg, late embryo, subspecies unknown, Showing further development of color pattern. D, Egg, late embryo,
C. a. cuvieri. Showing still a third color pattern. E. Egg, late embryo, C. 4. cuvieri, Showing r develop-

ment of color pattern. F. Egg, late embryo, American fish. Color pattern more similar to that of C. a. cuvéeri

than to others shown. (A-E, Nekemuta, M., 1869: pls. 76, 78, 80. F, Baitle, H. I, 1946: fig. 16.)

2 hours morula. and along dorsum and primitive
7 hours blastoderm extended to equator of intestine.
egg. 60-65 hours  otoliths and rudimentary semicircular
9 hours blastopore formed. canals formed; dorsal finfold to first
N-12howrs  axis of embryo nearly encircling yolk, myomere; pectorals free from yolk sur-
and head region visible as a somewhat face; 21-22+11-12 somites; heavy,
a oval expansion. stellate melanophores over head, yolk
12 hours 3—4 somites, notochord differentiated. sac along dorsolateral and ventral
15 hours oval optic evaginations, 8-10 somites. musculature, and ventrally over region
17 hours auditory vesicles, olfactory pits, and of intestine; eye densely pigmented.
18 somites formed. 1.
24-2Thours  tail and head free from yolk; narrow At 2121 C:
finfold around tail extending anterior- 30 minutes  water-hardened.
ly on dorsal surface to midpoint of 1 hour 2 cells.
body; 25 somites, optic cup, and lens 11/2hours 4 cells.
4 formed; pigment absent. 2 hours 8 cells.
5-50 hours embryo longer than yolk circumfer- 21/2hours 16 cells.
ence; yolk sac divided into anterior 3 hours 32 cells.
spherical or oval division and posterior 31/2hours  morula.
cylindrical parts; 20-22410-12 som- 4 hours blastula, raised from volk surface.
ites; pectoral buds formed; stellate 51/2hours  blastula, flattened somewhat.
chromatophores over head, yolk sac 7 hours blastula, beginning to overgrow yolk.
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Fig. 117. Carasrius aurgtus, Goldfish. A. Embryo removed from egg, 45 hours at 25 C. B. Embryo removed
from egg, 50 hours. This and following developed at 21 C. C. Em removed from egg, 60 hours. Heart
pulsating, cirenlation evident. D. Hatching embryo, 100 hours. {4, BattrL, H. L, 1940: fig. 15. B-D, Kajishima,
T., 1960: figs. 22, 28, 25.)



91/2 hours
11 hours
13 hours
15 hours
18 hours
21 hours
26 hours
30 hours
33 hours
36 hours
50 hours
80 hours
80 hours
100 hours

early gastrula.

middle gastrula.

late gastrula.

carly embryonic shield.

late embryonic shicld.

optic anlagen visible.

optic vesicles.

optic cups and lens developed.

tail bud.

retinal pigment begins.

melanophores first appear on embryo.

heart pulsating.

Eectoral fin buds appear.
atching,®

At an unspecified temperature: *

1 hour

3 hours
% hours
9 hours

10 hours

11 hours
13 hours
14 hours

16 hours

22 hours

25 hours
a7 h(}urs

32 hours

46 hourg

cleaved into ceils (8 cells shown in
figure).

periblast visible.

periblast eut off from blastoderm,
peripheral margin thickened to form a
germ ring,

{from dorsal view) germ ring seen as
a thick triangular area; a plug of yolk
cells at blastopore.

longitudinal thickening from blasto-
pore to anterior end, the embryonic
axis.

4 somites visible.

8 somites; eyes colorless,

13-14 somites; blastopore closed; edges
of 15th and 16th somites barely visi-
bie; eve colorless; head and tail at-
tached to yolk sac.

16-20 somites; otoliths behind the
eyes; individuals with 20 somites show
movement; head and tail still attached
to yolk sac; no heart visible.

heart visible but no bload vessels visi-
ble; embryo moves; tail detached from
yolk sac; brain developed.

blood vessels visible; eyes a bit darker;
round pigment cells visible.

“typical emb?lonic teleostean circu-
lation”; no %1'1 s visible.

pigment cells become stellate; cyes
darker; anterior vena cava passin
through yolk sac with walls studde
with white pigment cells; tail elon-
gated.

pectoral fins membranous; stellate pig-
ment cells increased; some eggs
hatched by 45 hours, hatching tail
first,?

: Ipiiubation‘ 40 hours® to 14 days* depending on tem-
. dtore; 57 days {presumably) at 22-23 C; ** 8-10 days

Cyprinidae—minnows and carps

at 15 C, 5 days at 20 C.* 40-60 hours at 29 C.?

YOLK-SAC LARVAE

Hatching length 3.0°-5.05 possibly to 8.0 mm TL;*
minimum size at end of stage 6.5 mm TL.*

Myomeres 21-22 4 11-12,

Yolk initially with anterior oval and posterior cylindrical
sections; almost tubular and much reduced at 5.8 mm:
represented by few abdominal granules at 6.8 mm. Head
not deflected over yolk, mouth open at 5.8 mm. Mouth
much enlarged with lower jaw movable at 6.8 mm.
Opercular membrane growing posteriorly over gills at
58 mm and well-developed at 8.8 mm; * gills visible at
edge of operculum by 3rd day. Otoliths enlarged on 3rd
day. Heart complex with & aortic vessels. Gas bladder
apparent within 20 hours of hatching,® partially inflated
at 5.8 mm. Gut a straight tube, somewhat dilated behind
gas bladder at 5.8 mm, enlarged anteriorly at 6.8 mm.
Liver reddish yellow, ventral, triangular mass pos-
terior to heart at 6.8 mm.? Dorsal first indicated at 5.5
8.8 mm, with incipient rays at 6.2 mm; anal anlage visible
at 7.0 mm. Caudal anlage with incipient rays in ventral
lobe at 4,.5-6.8 mm; caudal more or less truncate at 6.2-
6.8 mm, somewhat forked at 7.0 mm. Pectoral buds small
at hatching, with incipient rays at 6.2 mm,"* Urostyle
oblique at 8.0 *'-8.8 mm.’

Pigmentation: Variable at hatching, melanophores on
jaws, dorsal surface of head and back, on sides at level
of lateral line, and concentrated on anterior aspects of
volk; heavy subsurface melanophores above gill arches;
double or triple series on dorsal surface of intestine,
extending beyond vent to Hp of notochord. Some speci-
mens light green with guanophores scattered among
melanop%'nores,“ others uniformly covered with black pig-
ment ' or silvery gray.?® At 5.8 mm, density of pigment
increased, especially in eye; xanthophores developed
along dorsal musculature and on head. At 6.8 mm, dense
yellow pigment on entire body; melanophores developed
on ventral margin of operculum and dorsal surface of
gas bladder.* At 5 days, round pigment cells along dorsal
and ventral edge of notochord.?

LARVAE
Specimens described 6.5 *~11.6 mm TL.
D. 9 at 9.4 mm; myomeres 22 4 12.2

At 7.9 mm, otoliths about equal to size of lens; gills
completely covered by operculum; lips with minute,
partly pigmented elevations; *’ gas bladder partially di-
vided into & chambers.**" Notochord flexion on 6th day
after hatching.?

Finfold lobed in region of future dorsal and anat at 7.9
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Fig, 118, Carassiue guratus, Goldfish, A, Yolk-sac Iarva, 4.5 mm, C. g longsderfii. B. Yolk-sac larva, 4.7 mm,
subspecies unknown. €. Yolk-sac larva, 45 mm TL, smaller than previous but jaw appears more developed. D
Yolk-sac larva, 5.2 mm, C. a. cuvieri, E. Yolk-sac larva, 5.8 mm TL. (A, B, D, Nakamura, M., 1969: pls. 76, 78.
80. C, E, Battle, H. 1., 1940: figs. 17, 18.)
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Fig. 119. Coressius auratus, Coldfish. A. Yolk-sac larva, 5.5 mm, C. a. langsdorfii. B. Yolk-sac lerva, 5.2 mm,
subspecies unknown. Smaller than previous specimen but yolk more reduced, C. Larva, 5.6 mm, subspecies un-
known, D, Larva, 5.7 mm, C. a. langsdorfii. E. Larva, 5.8 mm, subspecies unknown. (A-E, Nekemure, M.,
1969: pls. 76-78.) :
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Fig. 120. Carassius auratus, Goldish. A Larva, 8.4 mm, C. a. langsdorfii. B. Larva, 6.0 mm, C. a. cupieri, stage
about equivalent to previous. C. Larva, 6.8 mm TL, flexion beginning. D. Larva, 6.8 mm TL, early flexion. E.
Larva, 7.0 mm, subspecies unknown. (A, B, D, E, Nakamura, M., 1969: pis. 77, 79, 81. C, Bettle, H. 1., 1940:

fie. 19.)



Cyprinidae——minnows and carps 211

R

*
o WY

E ' 7.9 mm TL

Fig. 121, Cargssius susotus, Coldbsh. A. Larva, 7.2 mm, C. a. lgngsdorfi. B. Larva, 8.4 mm, subspecies un-
known. C. Larva, 84 mm, C. a. cuvieri. D. Larva, 9.5 mm, C. ¢. langsdorfii. E. Larva, 7.8 mm TL, smaller

previous 3 figures but fin ray development well advanced. (A-D, Nakamura, M., 1959: pls. 77, 79, 81. E,
Battle, H. 1., 1940: fig. 20.)
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Fig. 122. Carassius aurstus, Goldfish. A. Larva, 11.0 mm, C. a. langsdorfii. B. Larva, 9.4 mm TL. Smaller than
previous but anal and pectoral fin rays appear to be more advanced in development. C. Larva, 10.6 ram TL. D.
Larva, 11,0 mm, subspecies unknown. (A, D, Nakemurs, M., 1969: pls. 77, 79. B, Battle, H. 1., 1940: fig. 21.
C, Dmitrieva, E, N, 1957: fig. 6.)
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b

Fig. 128. Cargssius aunrtus, Goldfish. A. Larva, }1.8 mm, C. g cupieri. B. Larva, 14.0 mm, C. a. cuvieri. C.
Juvenile, 14.0 mm, . g, langsdorfi. D. Juvenile, 163 mm, C, g. cuvieri. (A-D, Nokamure, M., 1968: pls. 79, 81.
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mmy; finfold discontinugus from dorsal to caudal at 10.0
mm, discontinucus from anal to caudal at 12 mm; ** pre-
anal finfold reduced at 11.6 mm. Dorsal rays differen-
tiated and spinous ray developing at 7.5 mm; caudal rays
branching at 11.6 mm; ' pelvics first evident as minute
lateral buds at 9 mm, with incipient rays at 10.0*°-11.6
mm.’

Pigmentation: At 7.9 mm, melanophores of head region
rounded, those of body stellate; a definite row of external
melanophores along horizontal myosepta * (this row not
developed in carp specimeus, but, like carp, it lacks
internal melanophores on horizontal myosepta (JJL) );
elongate melanophores in region of developing dorsal
and anal fins; yellow pigmentation heavy; body iridescent.
At 9.4-11.6 mm, opacity increased; ground color greenish
vellow to fawn,

DevELoPmMENT OF FisHEEs oF THE MID-ATLANTIC BIcHT

JUVENILES
Specimens 12 mm TL,™ and larger.

At 157 mm, body shape and form essentially as in adult:
Nostril single at 15 mm,* double at 21 mm. At 12 mm
scales formed along lateral line with several rows of
scales above and below lateral line on anterior 2/3 of
body,* scalation complete at 15.7 mm in some populs-
tions,' apparently incomplete at 30 mm in others® At
12 mm preanal finfold retained and extending beyond
pelvics; ** caudal rays segmented.®” At ca. 20 mm, dorsal
soft rays segmenting and branching, spinous ray serrated.
Serrations increase with age; 8 at ca. 35 mm, 12 at ca. 50,
12 with “four distal caps not yet fused to rest of spinc”
at 170 mm. Anal rays segmented at 14 mm, branched at
20 mun; 1st spinous ray serrated at 20 mm with serrations

C

Fig. 124. Cgrassius auratus, Goldfish. A. Juvenile, 12 mm TL. B. Juvenile, 140 mm, C. Juvenile, 16 mm TL.
(A, C, Dmitrieva, E. N., 1957: fig. 6. B, Nakemura, M., 1969: pl. 77.)
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30 mm TL

Fig. 125. Carassius ouratus, Goldfish. A. Juvenile, 21 mm TL. B. Juvenile, 30 mm TL. {4, B, Dmitrieva, E. N.,

1957: fig. 6.)

increasing with age. Caudal rays branched at 17 mm.
Pelvic rays segmented at 17 mm, hranched at 23 mm.
Preanal finfold lost at ca. 15 mm.*’

Pigmentation: At 12 mm scattered chromatophores oves
upper sides, back, and. head.” Juvenile pigmentation
variable, olive gray** to gray-green,** becoming adult-
like by loss of melanophores and increase in erythro-
photes and xanthophores.'® Time required for color
thange varies with individual 22! and never occurs in
some speeimens.’® Juvenile pattern may be retained 3 *
t 12 months *+#1#¢ or to a length of ca. 25 mm or more.'”

AGE AND SIZE AT MATURITY

: US'—“*’*_”}’ 282l 4 years; also reported at 8 months. Do-
~ Mestic varieties 78 mm Jong are reported to breed well*
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Cyprinus carpio Linnaeus, Carp

ADULTS

D. 1, 1820; A 1, 5;°° C, 484 16-18+6-8; P, 14 50—
19; 4% scales in lateral line, 32-41'* secales above lateral
line 5-7, below 5-7** (although scales lacking in some
individuals *°); gill rakers on first arch 21-29; pharyngeal
~ teeth typically 1,1,3-3,1,1; vertebrae 32-39.%

Proportions as percent SL in natural population: HL
21-27; interorbital width 8-12; predorsal length 41-49;
prepelvic length 41—48; preanal length 70-77; body depth
23-32; pectoral origin to pelvic base 20-26; pelvic base
to anal base 28-33; dorsal fin base 36-45; anal fin base
7-11; longest pectoral ray 15-22; longest pelvic ray 14-20;
longest dorsa{J ray 13-20; longest anal ray 14-18. Pro-
portions as percent HL: Length of orbit 12-17; length
of shortest barbel 3-12; length of longest barbe] 8-22 ¢
(but in other studies eye 17.7-23.3 percent HL). Propor-

tions as percent TL: Depth 25.8-32.8; HL 23.3-27.2.

Bodyv robust, compressed; *° a distinet crest behind head.
Mouth inferior,’s toothless; ** upper jaw with 2 fleshy
harbels on each side.”* Lateral line complete. Dorsal
spine distinctly toothed, anal spines with serrations on
trailing edge®® Spawning males with pearl organs de-
veloped on head and pectoral fins; pear organs lacking
in females,+

Pigmentation: Typically slaty, golden olive, or olive-
green above; Jower sides golden yellow; venter yellowish
- or yellowish white; scales on sides and back with black
. basal spot; lower half of caudal and anal fin often with

teddish hue, Ripe males darker than ripe females. Males

dark green to Sﬁtte gray on dorsal surfaces, dark brown
ventrally; females green to gray dorsally, light yellow
\’entrally_-i.sz,n.so

Maximum length: Ca. 1219 mm.”* Maximum recorded
} Weight 40,8 kg_rr.m

: DISTRIBUTION AND ECOLOGY

- Range, Originally temperate parts of Asia and Eu-

C Wpe; pow widely introduced in North America and
tsewheare 2050

Area distribution: Tidal tributaries of Chesapeake Bay
"rth to Havre de Grace, Maryland; %7 New Jersey."
Habitat and movements: Adults—a schooling species
ound in moderately warm, generally shallow waters of

vers. lakes, and reservoirs, usually in association with
iquatic vegetation; 52 also rocky shoal areas, protected
%5 Gver sand, clay, or mud bottoms * and, rarely, swift
1-[:) Wing water during spawning runs; ** capable of surviv-

8 in highly polluted water.> Reported in salinity of

17.6 ppt in Chesapeake Bay ! and from “salt water” in
Russia and Europe.''#® Maximum depth ca. 30.5 m 225

Mi(%grate into lake shallows, stream tributaries, marshes,
and drowned flood plains prior to spawning when tem-
peraturcs reach ca. 10 C:2*** In the Danube, how-
ever, some individuals are semimigratory (and are,
oddly, deep-bodied fish) while others are nonmigratory
(and have clongate bodies).™ OQOeccasional adults may
make excursions of up to 1084 km.* In Lake St
Lawrence, Ontario, spend late summer and early autumn
in marginal marsh areas at depths of 1.5-1.8 m, moving
into more shallow water on warm days to feed; as
temperatures fall, move into deeper water of lakes and
remain throughout winter.*’

Larvae—imitially at bottom, but at less than 5.0 mm
attach to aquatic vegetation and other parts of the sub-
strate; *** yolk-sac larvae frequently in water ca. 25-100
mm deep.” Larvae at bottom among aquatic vegeta-
tion; * apparently some “congregation and schooling
behavior”™ is evident at ca. 8.5 mm, but is not “very
significant.” +

Juveniles—at ca. 25 mm, begin to move into sliﬁhtly
decper water.***" Young less than 1 year old, nonschool-
ing and found in vegetation in shallow water over sand,
clay, or silt bottoms.*

SPAWNING

Location: Near surface in shallow, weedy areas of lakes,
ponds, tributary streams, creeks, swamps, marshes, and
temporary flood plains at depths of 76 cm to 1.8 m;
typically over muck bottoms, and in areas with dense
Vegetaﬁon’iﬁﬂ7.35,53,46,47

Season: May (JDH) and June in Maryland; * late March
to August or possibly September in North Amer
fca b1 747528 In Russia late May *7 and possibly continu-
ing until September or October; ** in the Danube early
April *# to July or later; * in Israel, March to end of
August.™ Spawning is intermittent, lasting several days
to several weeks,”* and two spawning peaks may occur
in a single scason in some arcas.*

Time: Throughout the day and apparently to a lesser
extent at night %217 peak activity at or shortly after
dawn *>*¢ or near midday.*

Temperature: Reported range 9 **-32 C, although typical-
ly begins at temperatures of ca. 14-18 C and ceases
above ca. 28 C; 3347 in New York ceases if temperature
falls below ca. 14 C.*' Optimum in nature variously re-
ported as 18-20 C,* 18-22 C,** and 19-23 C, but under
laboratory conditions greatest activity apparently at 24~
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Fig. 126. Cyprinus carpio, Carp. A. Adult, length unknown, B. Recently fertilized egg showing method of at-
tachment. C-G. Development of egg. C. Early blastodisc, one-half to one hour. D). 2-cell stage. E. 4-cell stage.
F. 8-cell stage, 5 1/3 hours. G. 16-cell stage. (A, Smith, H. M., 1896: pl. 75. B-G, Hikita, T., 1956: pl. 4)

25 C.* Specimens transferred from 15-18 C water to
19-20 C water spawned after 10-12 hours of acclimation;
others held at 18-20 C spawned after transfer to 28-29 C4¢

Salinity: Usually in freshwater, but also reported in water
exceeding 10 ppt.*®

Fecundity: Minimum reported 3950; ** otherwise range
38,000-2,208,000; 4 average forl kg fish 150,000," means
otherwise stated as 478,753 and 599,000; ** number of
eggs discharged at primary spawning 50,000-620,000; **
egys in single spawning act 1500-1600.*

EGGS

Location: Deposited in clusters of 500 7-700 * in aft &%
about 1.8 m in diameter; 1* t‘y&pically attached to ‘f(’get;'
tion (both aquatic and, in flooded areas, terrestrial), 7005
twigs, and stones.*®*"-°

Ovarian eggs: Three batches of eggs develop in U"arn’iﬁ '
simultaneously; mature ovarian sggs yellowxsh g’eeﬁé_
chorion apparently double-layered,* diameter c& o
1.7; % ovulated eggs 0.686-1.90 mm, averages vasying
from 1.04-1.54 mm.*
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Fig. 127. Cyprinus carpio, Carp. Development of egg {continued). A. 32-cell stage. B, Early momla, 10 1/2
hours. C. Blastoderm descending over yolk. D. Blastoderm well below equator of egg, 38 hours. E, Clowure
of blastopore. F. Body evident. G. 3-somite stage, 65 hours. H. B-somite stage. I Tail-free stage, 13 somites,
eyes formed, Kupffer's vesicle evident, 80 1/2 hours. (A-1, Hikita, T., 1956: pl. 5.}

E{l;ferzi]ized eggs: Opaque, yellow, spherical; diameter
- %17 mm: chorion smooth, tough.*

F'e Milized Diameter 1.0%*-2,04 mm;* average
ameierg variously reported from 1.26%-1.73 mm; egg
s}]ml?ter increasing  with increasing length of fish; *°
' I:Item\ml; ¢ extremely adhesive when first deposited,”
oeed_\fjs?ssadh%iveness decreasing as development pro-
whit%u;; variously described as colorless,® grayish
ST yellowish, and extremely translucent #*! to

slightly transparent; * perivitelline space ca. 1/5 egg
radius; £ yolk diameter 1.51-1.73 mm; *¥ volk described
as lacking oil globules ** or with numerous small oil

globules.**

EGG DEVELOPMENT

Development at 12-25 C; **
30-80 minutes  Blastodisc formed.
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Fig. 128. Cyprinus cagn‘o, Carp. Development of egg (continued}). A. 1B-somite stage, otocyst evident. B.
23-somite stage, choroid Bssure developed. €. Advanced embryo, 4 days, [‘:'i'ment forming in eye, otoliths
formed. D). Embryo, 5 days, pigment on body and yolk, circulation established. E. Pre-hatching stage, linear
pigment pattern on body. (A-E, Hikita, T., 1956: pl. 6.}
4 hours, 2-cell stage. 30 minutes  melanophores on yolk and body*
15 minutes 48
4 hours, 4-cell stage. Development at 13-17 C:
30 minutes Ca. 10 minutes Blastodisc formed.
5 hours, 8-cell stage. Ca. 3045 Blastodisc cap-like.
20 minutes minutes
6 hours, 16-cell stage. 4 hours 2-cell stage.
15 minutes Ca. 5 hours, 4-cell stage.
19 hours, 32-cell stage. 30 minutes
15 minutes 8 hours B-cell stage.
10 hours, 84-cell stage. 8 hours 16-cell stage.
35 minutes Ca. 10 hours 32-cell stage.
34 hours Morula, 15 hours 64-cell stage. .
38 hours Gastrula. Ca. 17 hours  Morula stage, marginal peribia!
63 hours Embryo formed. thickened.
85 hours 3 somites formed. Ca. 20 hours Blastula, blastocoel Well-devel”[’e‘?'
80 hours, 7-13 somites, optic vesicles, Kupf- 24 hours Gastrula established; germ ring m{'
30 minutes  fer’s vesicle formed. dent, blastoderm over 60-65% ¥
95 hours Kupffer's vesicle no longer visible; yolk. p
25 somites; auditory vesicles and Ca. 30 hours Blastopore closed, neural plate o
neural cord formed; embryonic ferentiated.
movements noticeable. 32 hours Eye developing. .
101 hours, Tail free; lens, notochord, and oto- 37 hours Optic vesicles conspicuous, bfiz
10 minutes  liths formed; melanophores on op- ventricles developed, 4-6 so™
tic cup. at mid-body.
123 hours, 30 somites; circulation established; 38 hours Kupffer's vesicle formed.



40 hours

45 hours
Ca. 48 hours

Ca. 52 hours

53-55 hours
Ca. 35 hours
56 hours

57 hours

7¢ hours

78 hours

80 hours

Immediately
after
fertilization

1 hour

1 hour,

15 minutes

1 hour,

45 minutes

2 hours,

30 minutes

2 hours,

45 minutes

4 hours,

30 minutes

6 hours

8 hours

9 hours
19 hours

12 hours,
30 minutes

13 hours,
_'30 minutes
1.*' h(]urs

21 hours

Lens placodes formed, embryo
around 3/4 yolk, 14 somites.

Lens detached.

Kupfter’s vesicle no lenger evident,
otoliths formed, tail nearly to head,
heart pulsations established, pig-
ment developing in eye.
Pharyngeal folds  considerably
broadened.

Nephric tubules established.
T.ateral ¥ine organ cvident.
Circulation established, pectoral
buds evident, melanophores in-
creased in eye, 25-30 somites.
Five pharyngeal pouches formed,
body movement established.
Pigment developed on head and
volk, eye with dark black pigment
and noticeable iridescence; eve
movement established.

Liver evident, attachment (secre-
tory) cells developing on yolk and
head.

Hatching begins
first). 1

{occurring  tail

f temperature of 19-23 C: ¢

Egg more transparent, perivitelline
space forming,

Blastodisc formed.
2-cell stage.

4-cell stage.
8-cell stage.
18-cell stage.
Early morula.

Late morula, periblast clearly evi-
dent.

Blastula stage; blastocoel evident.
Blastocoel well-developed.

Early gastrula.

Germ ring to equator of cgg.
Germ ring over 3/4 volk, embryo
elongate, keel of central nerve cord
well marked.

Fore-, mid-, and hindbrain devel-

oped,

Bl;:s‘ioporc closed, optic lobes de-
veloped.

Embryo elevated and well demar-
cated from yolk, embryo around
3/4 yolk, 5-10 somites formed.
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Ca. 32 hours Kupfler's vesicle, otic vesicles
formed; cmbrye completely around
yolk.

Lens formed, pericardium devel-
oped, tail free, movement estab-
lished in tail.

Olfactory lobes developed, heart-
beat evident.

Pigment developed on margin of
cye, otoliths formed.

Pectoral buds evident, yolk circu-
lation complete, red blood cells evi-
dent, melanophores on dorsal side
of body.

Hatching, Tremors evident in
trunk and tail region, just before
hatching **

Ca. 38 hours

46 hours

58 hours

78 hours

Comments on development: At a rearing temperature of
ca. 21.6 C, “eved” embhryos were noted in 24 hours.?®
Sato noted that, at ca. 24 hours alter fertilization, primor-
dia of supraorbital organs and main lateral canal organs
are developed; at 41 hours, two additional placodes de-
velup, one behind the optic vesicle and the other in front
of the auditory vesicle; at 63 hours supraorbital and main
canal placodes begin to divide into distinet cell masses.*
Swee and McCrimmon found that, under field conditions,
water-hardening was complete in 15-25 minutes.*! Hatch-
ing is not synchronous and may take from *a few
hours” * up to 3.5 days for completion.*

Incubation period, 3-16 days at unspecified tempera-
mreslﬁ.11.29r51.53

Incubation at various temperatures:

At 15 C 5 days '
At 20 C 3.3 dayg?
Incubation at various temperature ranges:

13-17 C 90 houss **
1429 C 76 hours ¥
1819 C 88 hours *
2223 C 60 hours *¢
2495 C 70 hours *
2532 C 50 hours 47

Notes on incubation: Under natural conditions {at wn-
specified temperature ), first hatch at 50-78 hours, 50%
hatch at 55-144 hours. A decrease to 11 C or below is
Jethal to eggs deposited at 17 C or above.*

YOLK-SAC LARVAE

Hatching Iength 3.0-6.69 mm; average length at hatch-
ing 4.38-5.70 mm; ****** Jength at end of stage 7.0%-
9.5 rum; ** duration of stage 4 *'-10 days.”*

&,
Total myomeres 34-36,'° preanal mycmeres 24,
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Fig. 129. Cyprinus cerpio, Car% A. Yolk-sac larva, 4.4 mm TL, pectoral buds evident. B. Dorsl view af 4.
C. Yolk-sac larva, 4.8 mm TL. D. Yolk-sac larva, 8.0 mm T, emphasizing extremiely narrow Fostcn‘or yolk
mass. E. Yolk-sac larva, 40-5.0 mun TL, pigment well-developed, yolk somewhat reduced. F. Yolk-sac larve,
vecently hatched, 5.0 mm TL. (A-B, Taber, U. A, 1965 fie. 8. C, Hoda, $. M. §., and H. Tsukahara, 1972:
fig. 8. D, Vasnetsov, V. V., et al., 2057: fig. 3. E, Rikiz, T., 1856: pl. 7. F, Kostomarov, B, I855: fig. 50B.)
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Fig, 130. Cyprinus carpio, Carp. A. Yolk-sac larva, 5.1 mm TL. B. Yolk-sac larva, 5.3 mm TL. C. Yolk-sac
larva, 55 mm TL. D. Yolk-sac larva, 5.5 mu TL, yolk reduced, mouth open. E. Yolk-sac larva, 5.7 mm TL.
F. Yolksac larva, 5.9 mm TL. (A, Hoda, 5. M. S., and H. Tsukahars, 1971 fig. 6B. B, Nakamura, M., 1969:
pl. 82, ¢, Taber, C. A., 1969: fig. 6. D, Smallwood, W. M., and M. L. Smallwood, 1981, fig. 1. E, Bragensky,

B. Y, I960: fig. 1. F, Balon, E. K., 1958: fig. 2.)
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Fig. 131. Kpﬂnw carpio, Carp. A. Yolk-sac larva, 59 mm TL. B. Yolk-sac larva, 6.0 mm gas bladder evi-
dent. C. Yolk-sac larva, 6.0 mm TL, pectoral fin e ded. D. Yalk-sac larva, 6.0 mm TL. E. Yolk-sac Iarva.
6.8 mm TL, mcrgrent caudal rays ‘evident. F. ~sac larva, 8.7 mm TL. (4, I, Balon, E. K., 1958: fig. 3

B, Hikita, T., 1956: pl. 8. C, Vashetsov, V. V,, etal 1957: fig. 3. E, Hods, 8. M. §., and H. T.mkaham,IQ?l ﬁg

6. F, Taber, C. A., 1969: fig. 6.)
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7.1 mm TL

i isti Yolk-sac larva, 7.0
Fig. 132. Cyprints carpio, Carp. A. Yolk-sac larva, 6.8 mm TL, gas bladder distinct, B. va,
mx%a TL, choyrgid ﬁsgur;p still e‘r}j,dent_ C. Larva, 7.0’ mm TL. D. Yalk-sac larva, 7.0 mm TL. NE, Larva, 1’&0
mm TL. F. Larva, 7.1 mm TL, nostril divided, {A, Vasnetsor, V. V., et al, 1957: ﬁg fl g, ndﬂka”Hm";, P
1969: pl. 82. C, Bragensky, R. Y., 1960: fig. 2. D, Hikata, T., 1956: pl. 9. E, Hoda, 5. M. 8, & . Tsuka-
hara, 1971: fig. 6. F, Taber, C. A, 1969; fig. 6.
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Yolk mass elongate, initially round or oval anteriorly,
cylindrical behind,>*+* nearly half absorbed at 1 day; **
volk apparently granular; ** head slightly deflected *2 or
straight ** at hatching, characteristically straight at 1
day; ** mouth open “* or closed at hatching, definitely
opened at 2nd dav (6.5 mm);** at 5.6-6.7 mm mouth
shifted forward; ** jaw evident at 5.7 mm,** movable at
ca. 7.0 mm; ** at hatching nasal opening single, rounded,*
at 5.7 mm elongate; ** pharyngeal tecth evident at 51—
6.8 mm." Origin of dorsal finfold near 3rd myomere at
hatching: preanal finfold narrow. Pectorals initially
small, rounded," incipient rays developed at 5.5 mm.*
Gas bladder (but probably posterior part only, JDH)
evident at hatching * or by end of first dayv ** at length
of 5.5-6.0 mm; filled at ca. 7.0 mm.** Liver developed at
4.0 mm, spleen at 5.0 mm.*’ Anus open on 2nd day just
after opening of mouth.** First center of ossification on
operculum at 6.2 mm; at 8.3-6.7 mm mandibular arches,
basioccipital bones, branchial arches, and a few caudal
rays ossified." At 24 hours all placodes of lateral line
organs with distinct cell masses; lateral line organs hair-
like at 7.0-7.7 mm. Urostyle beginning to flex on some
individuals at 7.5-7.7 mm.*"

Pigmentation: At hatching transparent,*’ eye with some
pigment ® (fully black bv at least one day *?). Melano-
phores sometimes lacking; ** when present, on head and
anterior half of dorsum, along dorsal surface of alimen-
tary camal, above and below urostyle, and over anterior
half of all of yolk sac;® vellow tints sometimes along
mid-dorsal ridge; blood yellow. At 5.1 mm pigment de-
veloping along lateral line; * at 5.3 mm pigment along
both dorsal and ventral line; ** and at 5.5 mm pigment
developing on gas bladder® At 6.0 mm anterodorsal
surface of gas bladder silverv.® At .3 mm back of head
and body light %reenish vellow. At B.5-8.8 mm, melano-
phores posteriorly on head and along mid-dorsal line.? At
7.0 mm density of pigment increased over head, on dor-
sal surface of gas bladder, and in region of urostyle. At
7.0-7.7 am melanophores and yellow pigment well-
developed on head and along mid-dorsal surface of body;
also on pharyngo-esophagus and air bladder; blood red.*®

LARVAE

Size range 7.0 ¥ or possibly smaller 4* to 19.0 mm.*

D. 6 at 10 mm,® ca. 16 at 11.5 mm; A. 4 at 11.5 mm;
P. ca. 4 at 12.2 mm; ** preanal myomeres 18-25; postanal
myomeres 12-13.%¢

Body stout. Head relatively small; mouth moderate®
sucker-like at 9.0-10.0 mm; ** fleshy and papillated at
11.0-18.0 mm. Mandibular barbels evident at 18.5-19.0
mm.** At ca. 8.5 mm otic capsule enlarged, closer to
eye.* At 9.6-105 mm a distinct hump behind head.
Dorsal fin outline becoming evident at 7.8-9.5 mm;
dorsal with incipient rays at 9.0® to ca. 150 mm* (5

DEvELOFMENT OF FispEs oF THE Mm-Atrantic Bicar

rays over vertebrae 13-17 at 9.3 mm 5SL); *2 dorsal com-
plete at 20-21 mm.** Anal with 4 rays under vertebrae
26-28 at 108 mm,™ rays complete at 20.0-21.0 mm.
Caudal fin beginning to form at 7.7 **-8.5 mm; ** first
rays cevident at 8.2 '*-10.0 mm; ** fin forked or forking at
9.6 *-10.5 mm, and with segmented rays at 12.2 mm
Pectorals variously deseribed as round and without ravs
at 10.0 mm," with incipient rays at ca. 15.0 mm,** and
“complete” at 12.0~13,0 mm.”" First appearance of pelvic
buds described by various authors as from 9.5 to .
15.0 mm; 2141545 pelvics complete at 19 *°-21 mm.* Se.
quence of fin development typically caudal, dorsal, anal,
pectoral and pelvics.®® Scales first evident at 16 *-I5
mm; ** first scales developed anteriorly just below lateral
line. At 7 days lateral line organs as in adult.™ First
vertehral column ossification at centrum of 7¢h vertebn
at 7.0 mm SL; hypurals beginning to ossify at 7.4 mm
SL; 5* 7 hypurals tormed at 9.6 mm. Weberian ossicles
ossified at 9.0-9.5 mm.** Urostyle distinctly obligue at
8.2 mm.”” Anterior chamber of gas bladder developed
at 9.8 +°-12.0 mm, gas bladder completely filled at 130
mm."* Gall bladder and pancreas evident at 7.0 mm*

Pigmentation: At ca. 80 mm often with a dark streak
just below midline of body extending forward to oper
cular region where it branches to form a “Y”.1* Lacks
internal melanophores on horizontal myoseptur,™ a pig-
ment characteristic of native cvpriniform fishes from the
study area (JJL). At 9.0 mm, density of pigment in-
creased over gas bladder; ** skin with a yellowish hue.
and a dark spot developing at hase of tail.*® At 10.0 mm.
stellate chromatophores on both jaws, top of head, fins.
middorsal part of body, and, to a lesser extent, on sides
to region of lateral line; subsurface chromatophores in
double series along lateral line, ventrally to anus, on gilks.
and dorsal surface of intestine.® At 10.5 mm, pigment
increased laterally and longitudinal rows of chromate
phores developed on candal base; 2 at 11.5 mm, densitv
of pigment increased over entire body. At 150 mo
pigment concentrated in a definite blotch over head”

JUVENILES

Minimum size described, 19.0 mm**

At 30.75 mm, preanal myomeres 19, postanal myomers
178

Body stout.® Nasal opening constricted at 225 . di
vided at 30.0 mm.”* Development of barbels variable; i
some individuals all barbels evident at ca. 22.0 mm,”* 18
others a single set of barbels to lengths of at least 3075
mm.* At ca. 50.0 mm gepe halfway to eye, pharyog®
teeth developed.® In some individuals scales first e"’{;
dent at ca. 20.0 mm; ** scales complete at 22.0 #-30 i
mm."* Preanal finfold retained to maximum length
19.0 mm.*® ’

Pigmentation: At 30.75 mm, chromatophores over head
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Fig. 133. Cyprinus carpio, Carp. A. Larva, 7.4 mm TL, choroid fissure distinct. B. Larva, 7.7 mm TL. C.

Larva, 7.8 mm TI. D, Larva, 7.8 mm TL. E. Larva, 80 mm TL. F. Larva, 8.0 mm TL, urostyle flexed, ventzal
caudal fins well-developed. G. Larva, 8.5 mm TL. (A, Nakamurg, M., 1969: pl, 82, B, Bragensky, R. Y., 1960:

fig. 8. C-E, G, Balon, E. K., 1958: figs. 4,7, 9, F, Vasnetsov, V. V_ et al, 1857 fig. 3.)
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Fig. 134. Cyprinus carpio, Carp. A. Larva, 8.5 mm TL. B. Dorsal view of A. C. Larva, 8.7 mm, preanal fin-
fold noticeably elongate, sulage of dorsal fin evident, neuromasts developing. D. Larva, 8.9 mm TL, E. Larva,
9.0 mm TL, anlage of anal fin evident. F. Larva, 9.0 mm TL, showing well-developed external neuromast, G. Lar-
va, 9.0 mm TL, caudal rays well-developed. (A, B, Tober, C. A, 18689: fiz. 6. C-I), F, Balon, E. K., 1958:
figs. 10-11. E, Bragensky, R. Y., 1960: fg. 4. G, Nakamura, M., 1969: pl. 82.)
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dprsa dly reduced. B Larva 9.2 mm
Carp Laryg, 5.9 mm TL, ] Mﬂdgﬁk;djﬁ, g yadind TLE g;s
Fig. 185, Cyprinus carpio, © ;nf&evelopiad in candal ﬁ(zia. SI:I L'a(;“’:}mi, F. Larva, 16.0 i, TL. (4. B, D
TL. €. Larva, 9.5 mm TL, pigm ident, incipient rays in dor a;l'sukaham, 19717 Fg. 6. E. Vasngisen
bladdes dividing:gspe)]‘;;c 11)3 146\"‘;5 C‘:, el TS ™ a1
. K., 1958: fgs. 10, 14, 35. [Hoda, hetso
ftd:ﬁ' 1957, fig. 3. F, Fish, M. P., 1632: fig. 34
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Fig. 186. Cyprinus carpio, Carp. A. Larva, 104 mm TL, B. Larva, 10.5 mm TL. C. Larve, 108 mm TL. D.
Larva, 10.8 mm TL, {but apparently less developed than previous specimen) showing extreme development of
neurpmasts on head, E. Larva, 11.1 mm TL. F. Larva, 11.4 mm TL. (4, Tabker, C. A., 1969: fig. 6. B, D-F,
1958; figs. 15, 17, 35. C, Nakamura, M., 1069: pl. 82.)



Cyprinidae—minnows and carps 231

i . C. Larva, 12,0 mm TL. D.
Fig. 137. Cyprinus carplo, Carp. A. Larva, 11.4 mm TL. B. Larva, 11.5 mm TL
Lagrva, 12.0 ynf;mfrsL. pectoral rays first evident. E. Larva, 122 mm TL. F. Larva,vl2{?5 mmaj'l‘li.g 5{;}, ﬁg, ;"j
Balon, E. K., 1959; figs. 15, 19. B, E, Bragensky, R. Y., 1960: fig. 5. D, Vasnetsov, V. V., et al, - fig. 3.



232 DEVELOPMENT oF FisHES OF THE MID-ATLANTIC BIGHT

7 e SRt . 13.9 mm TL

Fig. 188, Cyprinus carplo, Carp. A. Larva, 13.0 mm TL, pigment developed jn dorsal, caudal, anel, and pec-
toral fins. B. Dorsal view of A. C. Larva, 132 mm TL. D. Larva, 18.3 mm TL. E, Larva, 138 mm TL.
D. Larva, 13.9 mm TL, but algparently less well-developed than some estlier Sgures. (A, B, Tabey, C. A., 1969:
fig. 6. C, E, F, Balon, E. K, 1958; figs. 18, 20, 23. D. Fish, M. P., 1932: fig. 25.)
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15.4 mm TL

i . TL (note poorly develeped pelvic
Fig, . ; jo, Carp. A. Larva, 14.0 mm TL. B. Larva, 145‘mm. 1y '

Iltgl'nmt‘:?)mCg:f;:::u‘:oc;?:\‘;’ou:;%edmen), C. Larva, 14.9 mm, scales forming in shm.lllder re;f;or{} D. ”Lanv a;,! 1".5;0
mm TL P.l.) Larva, 15.4 mm TL, but apparently less developed than previous 599012“19"-1 (D, Basne ok, R Y.,
et al, 1:957-: fig. 3. B, Nakemura, M., 196%: pl. 82. C, E, Belon, E. K., 1057: figs. 21, 31. D, Bragensky, R. Y.,
1560: fig, 7.)
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18.0 mm TL

Larve, 156 mm TL. B. Larva, 16.0 mm TL. C. Larva, 17.0 mm TL. D.

juvenile, 18.0 mm TL, scales much more developed than in similar-sized

Fig. 140. Cyprinus carpio, Carp. A.
1971; fig. 8. E, Vasnet-

Larva, 17.3 mm TL. E. Larva or early
specimens. (A, C, D, Balom, E. K., 1958: fig. 31. B, Hoda, 5. M. §,, and H. Tsukahara,

sov, V. V., et al, 1957: fig. 8.)
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ile, 18.0 mm TL. C. Juvenile, 21.5 mm TL.
Fig. 141. Cyprinus io, Carp. A. Larva, 18.1 mm TL. B. Juvenile, . .
D-gjuvtiﬂe, o mm TL. E. :;Evenile, 22.5 mm TL. (A, C, D, Balon, E. K, 1957; figs. 25-26. B, Nakamura, M.,
1969: pl. 82, E, Bragensky, R. Y., 1960: fg. 8)
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7.
DOTITY

e TIeIeT: o
v, L e

D ' 25.3 mm TL

Fig. 142. Cyprinus carpio, Cazip. A. Juvenile, 28,0 mm TL, scales completely formed. B. Juvemile, 24.0
mm TL, but scales conspicuously less developed than in previous stage, head neuromast still evident. C. Juve-
nile, 24.5 mm TL. D. Juvenile, 25.3 mm TL. (A, Vasnetsov, V. V., et al., 1857: fig. 7. B, D, Balon, E. K., 1958:
fig. 27. C, Taber, C. A, 1969: fig. 6.)
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Fig, 143. Cyprinus carpio, Ca

30.0 mm TL

A. Juvenile, 256 mm TL. B. uveniie, 20.5 mm TL. C. Juvenile, 30.0 mm

TL. {A, B, Balon, E. K., 1958: l;fg 28. G, Bragensky, B. Y., 1960: fig. 8.}

;md dorsum at least to dorsal fin, dense to lateral line,
H?a:cer below. Venter unmarked except for few chro-
toa ophores near vent and in subsurface series from vent
m:a“dal-. Chromatophores on upper lip, snout, and be-
ore, t[e}'re; ms speckied. At lengths over 30.0 mm color
md?t v variable, belly lighter than back, operculum with
2dial streaks, scales Fringed osteriorly with black dots.**
V" generally describe§ as iaving “golden tints.” %

AGE AND sSIZE AT MATURITY

F
.‘,:::s‘r’:l‘::“?lﬂtu!'e at 2 to 5 years; males 1 to 4
S TS0 minimum length at maturity for speci-

mens of unstated sex 180-200 mm; *3 ctherwise mini-
mum size of females 128 mm SL* to 250 mm TI,
males ca. 178 **-220 mm.>*
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Cyprinidae—minnows and carps

Hybognathus nuchalis Agassiz, Silvery minnow

ADULTS

D. 7 =10 ' (usually 8, JJL); A. 728 (usually 8, JJL);
C. 19; P, 15-18; 5 V. 7-5; ¢ lateral line scales 31 "5
predorsal scale rows 13-18;% total vertebrae 36-38;'¢
precaudal vertebrae 20; * pharyngeal teeth 440

Proportions as percent SL: Body depth 20.1-27.2; head
length 23.0-26.3; snout length 7.0-9.0; eve length 5.6-
71.% Proportions as percent TL: Greatest depth 17.3-
20.8; head length 18.3-21.0. Proportions as percent HL:

Eye diameter 25.0-33.3; snout length 30.7-35.7; inter-
orbital width 35.7-44.4.1¢

Body subterete; * head rather sharp, profile evenly curved;
lower jaw included (R)M); mouth small, terminal, some-
what oblique; '* maxillarv not quite reaching eye. Lateral
line complete, slightly decurved” Dorsal fin origin
slightly in advance of pelvic fin origin; anal fin origin
behind posterior margin of depressed dorsal fin.'* Breed-
ing males with tubercles over top and sides of head, on
chin, cheeks, opercles, apical edges of scales of back and
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Adult, 99 mm TL, 80 mm SL. B. Yolk-gse larva, 5.7 mun

Fig. 144. Hybognathus nuchalis, Silvery minnow. A. sac larva, 5.8 mm TL. (A, Treutman, M. B., 1957: ﬁﬁgQE

TL, newly hatched, C. Dorsal view of “B.” D. Yolk-

© Ohio State University Press. Used with permission o

D, Lippson, A. I., and B. L. Moron, 1975; 83

f author ond publishes, B, C, Raney, E. C., 1939:
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sides, and sides of fins; tubercles on females confined to
top of head, and pectoral and pelvic fins.!

Pigmentation: Greenish above, silvery on sides, pale
below; sometimes with a faint, plumbeous, lateral band
posteriorly; fins pale, dorsal and candal somewhat dusky;
peritoneum black.” Breeding males light yellow along
sides from eye to base of tail; midline of belly silvery;
fins faint yellow.’*

Maximum length: Ca. 153 mm but possibly reaching ca.
178 mum or more.’?

DISTRIBUTION AND ECOLOGY

Range: Southwestern Quebec and southeastern Ontario
to Georgia, west to Louisiana, north and west in the
Mississippi and Missouri river systems™ to Alberta.’®
In Lake Ontario only.*

Area distribution: Tidal tributaries of Chesapeake Bay in
Maryland ? and Virginia,*® also recorded from Dela-
ware and New Jersey.®1®

Habitat and movements: Adults—large, quiet rivers
(RJM)}, lakes,’ bavous, and stream pools; usually in slow,
moderate,® or no current; *® over mud, sand, and gravel
bottoms; ® also adaptable to pond culture® Undertakes
spring spawning migrations, concentrating in shallow
water of tributary coves from mid-March to mid-May in
New York.! Maximum salinity 8.3 ppt.*

Yolk-sac larvac—near bottom.!

Larvae—rise to surface following yolk absorption and
concentrate in small schools near shore, usually among
emergent vegetation.'

Juveniles—some leave tributary nursery grounds and
enter lakes by July 15 i New York; ! “small fish” over
bottom having much vegetation and humus."

SPAWNING

Location: Usuall{ in small coves,'? over bottom ooze
near base of newly sprouted grass in 5~-15 cm of water,*
in 'Eonds on silt bottom which may be partly covered
with detritus and decaying vegetation,” or in spillpools
over sand and gravel in water from 15 cm to 0.6 m deep.®

Season: Late April to May or possibly June in New
York; 2¢ April and May in Delaware and New Jersey.”
Mature fish have been taken from April to August in
Kansas.’®

Time: Daylight hours with peak activity between 1200
and 1400 hours.?

Temperature: 9°-20.5 C.!
Fecundity: 2000 '-6600'* in specimens 60-30 mm SL.:

DEVELOPMENT OF Fisaes oF THE MID-ATLanNTic BIGHT

EGGS

Description: Diameter 1.0 mm. Scattered over decay.
ing ? and emergent *7 vegetation, and bottom ooze, some.
times becoming buried to a depth of a few millimetes.
Essentially nonadhesive, although occasionally attached
to bits of bottom debris,® often f{}rming clusters; '* some-
what milky when first deposited.’

EGG DEVELOPMENT

Late embryo with light pigment on dorsum, ventral volk
and tail, eyes pigmented.r”

Incubation: Six to seven days when daytime tempers.
tures vary from 13.3-20.5 C.

YOLK-SAC LARVAE

Mean size at hatching 5.5 mm SL, 6.0 mm TL.

Head not deflected; yolk comparatively small, elongate;
anus posterior to midpoint of body. Finfold conspicu-
ously constricted in area of future caundal peduncle.””

Pigmentation: Eyes pigmented; chromatophores on
cheek, over gas bladder; ' in double series on dorsal
surface terminating antcriorly in scattered group over
head,’ single row along mid-lateral line,’” along gut and
venter,! and mid-ventral line over yolk.”

LARVAE

Specimens described 6.1-14.0 mm TL.

At 6.1 mm, total myomeres 35 (21 4+ 14); finfold reducet‘i
incipient rays in caudal. At 7.85 mm, incipient rays il
dorsal, anal, and pectoral; urostyle directed upward; gut
hi%hly convgluted (NSS). At 14.0 mm, preanal finfold
still present.?

Pigmentation: In largest specimen pigment more diffuse
on dorsum and venter; conspicuous, roughly triangul
blotch on top of head.?

JUVENILES
Specimen described 17.3 mm TL.

Preanal myomeres 23; postanal myomeres 13; prean!
finfold absent; gas bladder constricted (NSS). DUTSa}_ﬁ“
origin anterior to pelvic fin origin, anal fin origin hehin
posterior margin of depressed dorsal.*”

AGE AND SIZE AT MATURITY

Some females apparently at 1 year; males probably at :
years. Minimum size of females 50-55 mm SL.*
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Fig. 145. Hybognathus nuchalis, Sitvery minnow. A, Larva, 6.1 mm TL. Total myomeres 35, preanal myomeres
21, postanal myomeres 14. B. Larva, 7.85 mm TL. Total myomeres 35. C. Larva, 14 mm TL, 12 mm SL.
Scattered pigment over fins. D. Larva, 14 mm TL, dorsal view showing pifment pattern.  E. Juvenile, 17.3
mm TE, Myomeres 28+ 13=36. (A, B, E, Mansueti, A. |, and ] D. Hardy, ]Jr, 1967: figs. 61, 82. C, D,
Raney, E. C., 1939: fig. 3.)
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Notemigonus crysoleucas (Mitchill), Golden shiner

ADULTS

D.7e9 %0 A 819, C. 19;2° P, 18-18; V. 8-9; * lateral
line scales 40 *2-57 *! scale rows in advance of dorsal 23—
25; average total vertebrae (excluding Weberian apparat-
us) 32,.7-35.0, depending on locality; ® gill rakers on first
arch 5+ 16; ¢ pharyngeal teeth 0,5-5,0,* or 0,4-4,0, often
hooked.?®

Proportions as percent TL: Greatest body depth 17.4-
26.4; HL 17,1-20.0. Proportions as percent HL: Eve di-
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ameter 23.9-33.3; snout length 26.3-34.4."° Proportions
as times in SL: Body depth 2.85-4.25. Proportions as
times in HL: Eve diameter ca. 2.6-4.1.

Body deep, strongly compressed; back elevated; ventral
outline decurved; ! prominent belly keel from pelvics to
anal origin® Head small, triangular, somewhat de-
Frcssed above, scaleless; snout short, blunt; mouth strong-
y oblique; ' lower jaw projecting; ** maxillary reaching
only to anterior nostril.®® Scales cycloid, rather deep;
midline of belly naked from pelvics to anus; * lateral line
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Fig. 148. Notemigonus crysoleucas,
hatched. Pigment lacking; distinct pe
M. B, 1957: fig. 59. © Ohio State University P
det, D, E.,, M. B. M. Snyder, and S. C. Douglas,
with: pesmission. of author end publisher. C, Lippson,
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iner. A. Adult, 183 mm TL. B. Yolksac larva, 2.7 mm TL, newly
Goclfuf:lsgrl?gud? not evident. C. Yolk-sac larva, 4.6 mm TL. (A, Treutinan,
ress. Used with permission of author and lisher. B, Sny-
1977: fg. 2A. © Fisheries Research Board of Canada. Used
A. ], ond R. L. Moran, 1974: 85.)
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decurved (ECR). Dorsal fin origin posterior to pelvic
origin; anal origin approximatelv below dorsal insertion;
pectorals never reaching pelvic fin origin.*

Pigmentation: Dorsum golden underlaid with olive-
green; sides more golden with silverv reflections; venter
vellowish or yellow-silver; fins light olive or yellow.?
Breeding males with crimson pelvies and orange, black-
margined anal fin.2

Maximum length: Ca. 305 mm.’*"

DISTRIBUTION AND ECOLOGY

Range: From Nova Scotia and Manitoba ** south to
Florida and mouth of Rio Grande,” west to Dakotas; **

DevELoPMENT oF FISHES oF THE Mip-ArLaxTic BicHT

widely introduced: westward.®

Area distribution: Tidal tributaries of Chesapeake Bay in
Maryland and Virginia; » 4 also Delaware.*

Habitat and movements: Adults—typically in weedy lakes,
ponds, and quict streams,*'*2** also recorded from
ditches,? canals,” swamps, miliponds (RJM), sloughs-
bayous, muddy holes,*® and, rarely, rocky creeks; * able
to live in waters of low oxygen content; recorded over
both muddy * and clear bottom; * rarely in turbid water
or water with litle or no aquatic vegetation.®® Maxi.
mum recorded salinity 14.4 ppt.'! Usually found in mid-
water or near surface waters in small, Joosely aggregated
schools.?* Maximum depth unknown, but recorded from
“deeper waters” of Delaware River.” Migratory during

L 1) Ly e A T I I T I Loy
LR A N B A

Fig. 147 Nateﬂufomw crysoleucas, Golden shiner. A. Yolk-sac larva, 4.8 mm TL. Prominent preansl, mid-

ventral line of me

anophores. B, Dorsal view of “A.” C. Ventral view of “A.” D. Yolk-sac larva, 4.7 mm TL.

E. Larva, 8.9 mm TL. Incipient rays in caudal fin. (A-C, E, Snyder, D. E., M. B. M. Snyder, and 8. C. Doug-

las, 1977: figs. 3, BA. © Fisheries Research Beard of Canada. Use

Lippeon, A. 1., and R. L. Moran, 1974: 85}

with permission of wuthor dnd publisher. D,
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Fig. 148 Notemigonus crysolencas, Colden shiner. A. Larva, 7.9 mm TL. Rays evident in dorsal, anal and
caudal fins. B, Dorsal view of “A." . Venrral view of “A D. Lara, 9.9 mm TL, 9.2 mm SL. Air bladder

two-chambered. Urostyle pigmented along dorsal and ventral surface. E. Dorsal view of “D F. Ventral view
of “D* (A-C, Snyder, 'D. E., M. B. M. Snyder, and §. C. Douglas, 1977: fig. 7. © Fisheries Research Board of
Canadg, Used with permission of author end publisher. D-F, Original drawings by Mary Fuges, courtesy of

Jules Loos.)
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spawning season, with runs beginning in April, in New
York.'®

Larvae—no information.

Juveniles—recorded from brackish water and tidal fresh-
water of upper Chesapeake Bay among aquatic vegeta-
tion over various types of bottom; found near periphery
of ponds or in open water of shallows not far from vegeta-
tion.>*** In lakes with rock shores young remain in
deeper water where vegetation may be found.®

SPAWNING

Location: Ponds, streams,” lakes, sloughs? and shel-
tered bays; * in quict water among plants,’” over beds of
submerged vegetation,” and frequently in nests of
Micropterus salmoides.”

Season: Late March ' to August!® possibly to late
October "' depending on locality; sometimes with 4 or 5
distinct spawning peaks per season.'*

Time: Early morning to noon.™
Temperature: 20-27 C.*
Fecundity: Up to 200,000.%

EGGS

Location: Attached to filamentous algae, less frequently
to rooted aquatic plants 1320328 op stones,’* and rarely
over bare sand hottom.’

Ovarian eggs: Single micropyle.®*

Fertilized eggs: Diameter 1.0%9-14 mm (PW]), ad-
hesive 5% lacking oil globules 3

EGG DEVELOPMENT

Pi%?;nentation of late embryo: Light on dorsum, ventral
yolk and tail.**

Incubation: 2-3 days at 21-24 C; +2 4 days at ca. 24-27 C.1#

YOLK-SAC LARVAE

Minimum size at hatching 2.7 mm TL; average size at
hatching ca. 3.0 mm TL.%? Largest specimen jHustrated
4.7 mm TL.#

Pectoral fin buds indistinct at hatching.** Anus slightly
posterior to midpoint of body.*

Pigmentation: At hatching unpigmented, including eyes
E}Jreserved specimens).** At 4.6 mm TL melanophores in

ouble row along mid-dorsal line, scattered over head,
row along mid-lateral line, row along ventral aspect of

DevELOPMENT OF FisEES oF THE MID-ATLANTIC BIGHT

myomeres continuing over air bladder, mid-ventral e
over yolk.*

LARVAE

Specimens described 6.8-14.8 mm TL.*? Size at end of
stage in some populations ca. 14 mm.**

Tatal myomeres at 6.8-9.5 mm TL 36-35; postand
myomeres at 8.8-9.5 mm TL 15-17; predorsal myomeres
at 8.8-9.5 mm TIL, 1}-13.**

Proportions expressed as percent TL (at 6.8-9.5 mm!
Body depth 11-13; head length 18-20; snout length 2-3;
oye diameter 5-8; snout to vent 57-80; predorsal length
38-43.12

Pigmentation: Early larvae with mid-ventral row of
melanophores on abdomen; sometimes with scattered
melanophores only on breast, never abdomen; ** under-
side of lower lip and ventral surface of gill covers pig-
mented.*? Later larvac with melanophores forming V-
shaped marking around end of urostyle or dark spot on
dorsal upturned urostyle; 4 pigment extending to upper
and lower lips; pigment in mid-dorsal, lateral and ventral
lines; dense concentrations over gas bladder and head*

JUVENILES
Minimum size described 18 mm TL.

Preanal myomeres 20-21; postanal myomeres 17; verte;
brae 21 +19 at 18 mm TL. Greatest body depth ca. 45
times in SI. at 14.5 mm SL.°

At 18-24 mm TL body slender, elongate, somewhat com-
pressed, especially in caudal region,® at ca. 59 mm Tb
body less deep than in adult® At 18-24 mm head shott;
snout pointed; mouth small, terminal, oblique, not quit®
reaching front of eye; nostril single at 18 mm,* double
by ca. 20 mm. Fully scaled at 24 mm TL. Dorsal _ﬁ“
higher than long, situated at mid-body; ® origin posterior
to pelvic origin; ©° anal longer than dorsal.®

Pigmentation: At 18 mm TL, melanophores on jaws, tof
of head, fins, dorsum, upper sides of body, and in a brﬁ?d
lateral band from head to caudal; in double ventral sents
from anus to caudal base: internally in abdominal region
Some specimens with brilliant golden tinge throughout.
all with golden tinge about head, fins, and caudal
peduncle.® At larger sizes fins silvery, body silvery rathei
than golden; * lateral band extends from eye * or snout
to caudal base,’ disappearing at ca. 120 mm.*

AGE AND SIZE AT MATURITY

7 to 8 months -3 years,’* mostly in 2nd year; "' 30-70
mnl.lﬁ
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Fig. 148, Nofemigonus crysoleucss, Golden shiner. A. Larva, 115 mm TL. FPelvic fins forming. B, Larva,
14.8 mm TL. Lateral band of pigment becoming breader. C. Dorsal view of “B.” D. Ventral view of “B.”
E, Juvenile, 18.0 mm TL, 14.5 mm SL. Preanal myomeres 20 (21); postanal myomeres 17. (A-D, Snyder, D. E,,
M. B. M. Snyder, and S. C. Douglas, 1977: figs. f0A, 11. © Fisheries Research Board of Canade. Used twith per-

mission of author and publisher. E, Fish, M. P., 1932 fig. 52.
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Fig. 150. Notemigonus crysoleucas, Golden shiner. A. Juvenile, 20.7 mm TL. B. Juvenile, ca. 20 mm TL. C.
Juvenile, ca. 59 mm TL. (A, Snyder, D. E., M. B. M. Snyder, and 5. C. Douglas, 1977: fig. 144. © Fisheries
Research Board of Canada. Used with permission of author and publisher. B, Fowler, H. W., 1045: fig. 84.
C, Fowler, H. W., 1306: 136.)
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DevELOPMENT OF Fisurs oF THE MID-ATLANTIC BIGHT

Notropis amoenus (Abbott), Comely shiner

ADULTS

D. 7-9 (usually 8);° A. 10-12¢ (modally 11); P. 26-36
{both fins); V. 7-9 (usually 8); lateral line scales 35-47
(usually 37-41), predorsal scales 17-38, body circum-
ferential scales 24-36 {usually 26-31), scales above lateral
line 13-19 (usually 14-17, modally 17 in the upper Po-
tomac), below 8-15 (usually 10-13), caudal peduncle
scales 12-19 (usually 13-17), above lateral line usually
6-8, below usually 4-6," scales below lateral line to anal
arigin 3-4, to pelvic origin 24;7 gill rakers on lower
limb of first arch 5-9 (usually 6-8}; vertebrae 37-42
(usually 38-40);* pharyngeal teeth usually 2,4-4,2.°

Proportions as percent SL: HL 22.3 *-27.9; * snout length
8.3 *—8.6; * predorsal length 54.0-58.1; body depth 16.4-
25.1; caudal peduncle depth 8.0-10.5; " dorsal origin to
base of tail 44.2-48.6. Body width into body depth
1.8-1.7.°

Body long, compressed, lower 2/3 of sides almost ver-
tical,” widest at point close behind head, deepest at or

slightly anterior to pelvic origin. Snout pointed, length
usually equal or slightly exceeding length of fleshy orbit.
Mouth terminal, large, oblique extending back .to below
anterior margin of orbit, rising anteriorly to the level of
the upper half of the eye. Lateral line incomplete on
head, on body complete, strongly decurved, reaching
lowest point slightly in advance of pelvic fin origin. Fins
moderate in size, angulate, dorsal insertion well behind
pelvic insertion; anterior rays of dorsal exceed posterior
rays of depressed fin, posterior edge of aunal fin falcate
caudal lobes equal in size. Breeding males with tubercles
persent on ray 1 of pectoral fin, small tubercles on rays
2 to about 10 (several tubercles per ray segment); large
gravid females with minute tubercle-like structures
present.?

Pigmentation: Pale, translucent green above, sides silvery:
mid-dorsal stripe variable in width and intensity, slighty
less developed posterior to dorsal fin; a plumbeous Jateral
band, originating over hypural, well-developed on caudal
peduncle forward to near anal fin origin,® diffuse, poorly

35.6 mm TL

Fig. 151. Notropis amoenus, Comely shiner. A. Probable juvenile, 85.6 mm T1.. Anal fin of adult more falcate.
B. Egg, late stage embryo, diagmeter 5.2 mm. {4, Fowler, H. W., 1806: 148. B, Original drawing by Mary

Fuges, courtesy of Jules Loos.}
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Fig. 152. Notropis amoenus, Comely shiner. A. Yolk-sac larva, 4.8 mm TL, 4.8 mm SL. Preanal myomeres 23;
postanal myomeres 18, B, Larva, 8.2 mm TL. Incipient rays in caudel fin. €. Dorsal view of “B.” D. Ven-
tral view “B.” (A-D, Original drawings by Mary Fuges, courtesy of Jules Loos.)

developed or lacking on anterior half of body; +>® broad
silvery lateral band from caudal base to cleithrum.? Top
°f head with rather evenly distributed melanophores; *
“pper Hp heavily pigmented on anterior half, posterior
Portion usually with scattered melanophores; pigment at
mandibular symphysis expanded into Y- or V-shaped
posterior extension, remainder of undersurface immacu-
3e; pigment normally on upper half of opercle and pre-
gpercle. Fin membranes immaculate, melanophores bor-
¢r dorsal and caudal rays, rays 1-6 on pectorals, 1-3 on
g, pelvie rays usually unbordered; opercle, preopercle

and frig silvery. Males do not develop chromatic breeding
olors,

Maximupmg length: Ca. 102 mm."*

DISTRIBUTION AND ECOLOGY

Range: Al major and many minor Atlantic coast drain-

ages from Hudson River, New York to Cape Fear, North
Carolina; also Seneca Lake, New York.t

Area distribution: AIl major rivers of western Chesa-
peake Bay; also Choptank River; ¥ rare or restricted in
Delaware.’®

Habitat and movements: Adults—midwater species usual-
Iy found in moderate to large streams, creeks, or rivers
in water 0.8 m or deeper; in northern areas entering
small streams of relatively low gradient; ® pools or back-
waters ? in areas of considerable current, channels in
slow moving water; ne apparent ;j)reference of bottom
type, in water clear to turbid, colorless to dark stained; ®
once recerded from a “brackish” creek ** but not normally
in saline waters.”’

Larvae—no information.

Juveniles—no information.
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SPAWNING

Location: Sometimes in abandoned nests of Nocomis
micropogon; other sites are probable (J]L}.

Season: Breeding males and ripe or nearly ripe females
from April to late August throughout range.*

Time: A closely related species Notropis atherinoides®
spawns at night.*?

EGGS

Fertilized eggs: Perfectly spherical, colorless, nonadhe-
stve; membrane thin, fragile; perivitelline space ca. 2/3

egg radius (JJL}.

EGG DEVELOPMENT

Similar to eggs of N. stherinoides but hatch later, after
pectorals and eyes form and head and body pigmen-
tation develops (JJL}.

YOLK-SAC LARVAE

Hatching length ca. 4.9-5.2 mm TL. Size range described
4.9-52 mm TL (4.8-5.0 mm SL).

At 49 mm TL preanal myomeres 23; postanal myomeres
13 (J]L).

At 4.9 mm TL greatest depth 0.6 mm, eye diameter 0.3
mm, length to vent 3.0 mm (JJL.

Head little deflected initially; pectorals evident; cement
glands absent. Yolk small, elongate, conical (JJL).

Pigmentation: Eyes black at hatching; melanophores
scattered on top of head; dorsal body with a few or no
melanophores; single mid-ventral row of abdominal
melanophores; a few melanophores along horizontal
myoseptumn appearing dash-like externally. Sometimes
with melanophores evident along ventral urostyle (JJL).

LARVAE
Size range described 5.2-11.8 mm TL {4.7-10 mm SL).

At 586 mm TL (54 mm SL) preanal myomeres 23-24,
postanal myomeres 13-14; at 86 mm TL (7.7 mm SL)
preanal myomeres 25, postanal myomeres 13 (JfL).

At 58 TL (5.4 mm SL) greatest body depth 0.65 mm;
diameter of eve 0.31 mm; len to vent 3.4 mm. At 8.8
mm TL (7.7 mm SL) greatest body depth 1.3 mm; diam-
eter of eye 0.66 mm; length to vent 5.2 mm (JJL).

At 8.1 mm TL incipient caudal rays present; at 8.6 mm

DEVELOPMENT OF FisHes oF THE Mip-Arvantic BicHT

TL incipient dorsal and anal rays present; at 11§
mm TL pectoral and incipient pelvic rays present. A
5.2 mm TL urostyle straight, at 61 mm TL obligue.
At 5.2 mm TL gas bladder one-chambered, at 86 mm
TL two-chambered (JJL).

Pigmentation: Melanophores scattered on top of head;
sparse dorsal body melanophores initially in a single row
posterior to head, later in a double or triple row and a
double row along dorsal caudal peduncle. A single row
of mid-ventral body melanophores (some melanophores
may be present on lower sides), row of lateral body
melanophores that extended internally on horizontal myo-
septum. Internal melanophores in patch over gas blad-
der, in band over gut, scattered along body cavity. At
6.1 mm TL melanophores on ventral urcstyle, At 8.6 mm
TL melanophores on snout and lips, a diffuse caudal
spot present, ventral urostylar pigmentation still evident.
At 11.8 mm TL caudal spot ne longer evident. (Uro-
stylar pigment along ventral surface, rather than hoth
dorsal and ventral surface, or dorsal surface alone as in
Notemigonus crysoleucas, J]1.)

JUVENILES

Pigmentation: Size range unknown. Upper and lower
lips clearly cutlined (JJL). Deep lying pigment in a
narrow band along anal fin base® Addition of many
scattered melanophores broadening the lateral body stripe
anteriorly oceurs by 14 mm TL; these additions com-
pleted posteriorly by 18 mm TL (JJL). Individuals he:
low 25 mm with two heavy lines of melanophores along
under surface of caudal peduncle® Specimen 35.6 mm
TL essentially adult-like.'*

AGE AND SIZE AT MATURITY

No information.
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Notropis anglostanus (Girard), Satinfin shinex

ADULTS Body depth 22-30% SL (usually 24-27%),; length of orbit
6-8% SL.*

D& A 710 (usually 9); P. 11-17; scales in Jateral line

2-38 (psually 35-37, mode 38); predorsal circumferen- Head triangular;

soout rather sharp; mouth terminal or
tial seales above lateral line 10-35; teeth 1 4417

subterminal; end of jaw to about anterior level of orbit.

B

ropis L. B. Egg. 2-vell stage, 1 1/4
Fig. 158. : . Satinfin shiner, A. Adult, 70 mam TL, 55 o §

13;3_[52‘11,'51\’ iixd aﬁwf'cgi?\:?:; eg;s developed 2t ca. 20 C. C. Egg, maruls, 4 ﬁ‘hours. D. Fgg, {e:rl}s’;mbry;;,
23 bours. E. Egg, tail-free ambeyo, 44 bours. F. Embrys, 116 hows. Eyes vy pipmented, (A, Mansuefi,
A I, and §, D. Yandy, Jr, 1967: fig. 65. B-F, Stone, U.'B, 1940 pis, 5,6,
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Fig. 154. Notropis analostanus, Satinfin shiner. A, Yolk-sac larva, 5.0 mm TL, 475 mm NL, newly hatched. Pre-

anal myomeres 20; postanal myomeres 12+. B. Larva, 6

drawn by Elizabeth Ray Peters. B, Mansueti, A. I., and ].

Body usually deep. Lateral line slightly decurved from
posterior margin of opercle to below middle of dorsal.
Breeding males with scattered medium-sized tubercles
on top of head, snout, between eye and snout, and on
rays of all fins. Scales large, appearing diamond-shaped.®

Pigmentation: Silvery blue above;*' lateral band dark
on posterior half of body, light anteriorly; a dark mid-
dorsal stripe; belly immaculate; top of head and side
of snout plumbeous; both lips pigmented;® dorsal at
least moderately pigmented on all interradial mem-
branes, elongate blotches on last three membranes,**
pelvics immaculate. Breeding males with iridescent
bluish sheen, fins milky, dark pigment near anal base.®

Maximum length: Ca. 102 mm.®

DISTRIBUTION AND ECOLOGY

Range: Atlantic coastal drainages from Mohawk-Hudson
to Santee River, South Carolina; isolated populations in
Great Lakes drainage.®

Area distribution: Tidal tributaries of Chesapeake Bay
in Maryland (RJM) and Virginia;? coastal plain of
Delaware,

Habitat and movements: Adults—small to large streams;
tidal portions of some large rivers; mountain and upper
piedmont streams in the Carolinas;® also reservoirs.
Undertake spawning migrations to shallows.®* Maximum
salinity 2.0 ppt (RJM).

Larvae—yolk-sac larvae mostly at bottom except for
sporadic upward movements.®

Juveniles—no information,

.7 mm TL, 5.8 mm SL. (A, Stone, U. B., 1940: pl. 8, re-

D. Hawdy, Jr., 1967: fig. 66B, after Stone, U. B., 1940.)

SPAWNING

Location: Usually in slow moving water ca. 5.0 em to 461
cm deep in shallow lakes and streams with submerged
logs, sticks, or roots. Adults in spawning condition ob-
served on riffles, but apparently not spawning there*

Season: May to late August in Maryland.*’

Time: (600~1730 hours, most vigorous in direct sunlight”
Temperature: 18.3 5-30.0 C.*

Fecundity: 409-864.°

EGGS

Location: May be deposited singly but usually in clus{ers
of a few to several hundred in crevices or on underside
of submerged branches, logs, sticks, stumps, or posts f
between rocks and debris on bottom.*®1°

Unfertilized eg¥s: Ca. 1.0 mm in diameter when “neatly
ripe.” Micropyle prominent, funnel-shaped.?

Fertilized eggs: Mean diameter 1.5 mm when alive, 14
mm when preserved. Spherical; pale yellow. Egg caf
sule very adhesive during water-hardening, minutetf
papillose under magnification. Yolk somewhat opagUé:
granular; *? tiny oil globules dispersed throughout yolk
which gives yolk a granular appearance (JJL} e
vitelline space ca. 1/3 egg radius.!?

EGG DEVELOPMENT

At mean temperatures of 19.5 C-204 C:*
One hour blastodisc prominent.
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1 hour, 15 minutes 2~ceﬂ stage. Preanal myomeres 20; postanal myomeres 12+ .2
2 hours, 45 minutes B-cell stage,
4 hours, 15 minutes  morula. & At 50 mm TL, length to veat 3.03 mm; eye diameter
19 hours, 15 minutes  germ ring. 0.36 mm; body depth 8.7 times in SL.*
23 hours carly e.mbryO; brain visible. Body quite slender; mouth inferior; eyes large, oval;
116 hours eyes pigmented. pectorals evident.®

igc;_bzz:)u;% f—»g days at 20.5 C; 11 or more days at ca. Pigmentation: Lacking cxoept in eyes.®

RV
YOLK-SAC LARVAE LARVAE

Speci i 6.7 TL.
Size “just after hatching” 5.0 mm TL; duration of stage pecimen described mm TL

1-1 1/2 days.® Length to vent 4.0 mm; eve diameter 0.57 mm. Gas

QS!:MMﬁﬁﬁ?

3

tropls analostanus, Satinfin i £ “A.” C. Larva,

Sati hiner. A. Larva, 6.7 mm TL. B. Larva, dorsa! view of “A
Ei‘;l-l:tilsstr‘ieiaof ‘AT D ]uveniie 820.1 m:n TL, 160 mm SL. Scales present. (A-C, Original drewings by Mary
Fuges, courtesy of Jules Lovs. D, Stone, U. B., 1940: pl. 8, redrawn by Elizabeth Ray Peters.)



256

bladder 2~chambered. In some specimens incipient rays
in dorsal and anal; pelvics scarcely evident.®

Pigmentation: A double row of melanophores on dorsum,
uniting anteriorly behind head and posteriorly just before
caudal; a double row ventrally, uniting anteriorly near
gills and posteriorly at anal fin; a single row from anal
to caudal; a mid-lateral row of elongate melanophores
from gas bladder to base of caudal; melanophores on
top of head scattered * or in prominent V-shaped pat-
tern (in stage prior to formation of second chamber of
air bladder); ** sometimes with elongate melanophores
on breast; '* scattered melanophores on opercle and
base of caudal® Urostyle not darkly outlined with
melanophores (JJL}.

JUVENILES
Specimens described 12.6-20.1 mm TL.

Preanal myomeres 20; postanal myomeres 14. At 12.6
mm, length to vent 7.1 mm; at 20.1 mm, 10.3 mm. Scales
present at 20.1 mm® At ca. 24 mmn (identity question-
able, JDH) body proportionately less deep; eye larger
than in adult.®

Pigmentation: At 12.6 mm, pigment similar to previous
stage but with three irregular mid-dorsal rows of melano-
phores from head to dorsal origin and with melanophores
developed on snout, cheek, and dorsal half of opercle. At
20.1 mm, pigment increased throughout; mid-dorsal band
continued to caudal fin; chromatophores of anterior part

DeEvELOPMENT OF FisHES oF THE MIp-ATLANTIC BIGHT

of lateral stripes stellate, posterior ones round; ventrs)
rows of chromatophores subsurface anterior to anus; 3
ring of small elongate melanophores around orbit; »
dense, triangular blotch of round melanophores on top of
head behind eyes; dorsal and caudal with melanophores
along rays; first 3 interradial membranes of dorsal witl
melanophores {diagnostic for species).®

AGE AND SIZE AT MATURITY

Mature by 2nd summer; males ca. 53 mm TL, females
ca. 47 mm TL.#
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Notropis bifrenatus (Cope), Bridle shiner

ADULTS

D. 7-8* (usually 8, JJL); A. 68" (usually 7, JJL); P.
11-13; V. 7-8 % scales in lateral line 327%-3G;1" pre-
dorsal scales 12-13;*%% body circumferential scales
29-27; caudal peduncle circumferential scales 11-13; %7
vertebrae 34-36; ** pharyngeal teeth in main row 4-4.°

Proportions as times in SL: Body depth 4.0-4.9; HIL, 3.7-
425 Proportions expressed as percent TL: Body depth
15-22; head length 20-23. Proportions expressed as per-
cent HL: Eye diameter 31.2-38.8; snout length 26.6-33.3;
interorbital width 33.3-44.4*

Body rather slender, compressed; " dorsal and ventral
outlines about equally curved: dorsal contour of nape
slightly concave or nearly straight; snout very bluntly
pointed, scarcely or not at all projecting beyond upper
lip; ** mouth small,’® rather strongly oblique,’ extending
back almost to anterior margin of eye,’* rising anteriorly
to above level from Jower margin of pupil.'® Lateral line
somewhat decurved,'* typically incomplete with excep-
tion of James River and lower Delaware drainage popu-
lations, Dorsal fin origin over pelvic fin base, usually
uver anterior portion. Nuptial tubercles sometimes on
bead and nape of both sexes,’” but numerous fine
tubercles form shagreen on pectoral rays of males only

UIL).

Figmentation: Greenish brown ** to silvery above, silvery
. white below; 1* moderate to intense lateral band,"” much
wider than pupil; a conspicuous, black caudal spot con-
* joined with lateral band; mid-dorsal streak weak;
- “bridle” from orbits over lachrymal bones, usvally con-
hped to center of upper jaw; '’ fins transparent; *® apper
lip blackish on exposed and concealed parts, except near
eFlge of gape; entire region around anus conspicuously
bigmented; ¢ peritoneum  silvery;** breeding males
brassy yellow below black lateral band.®?®

| ::i't::]iinmn length: Ca. 62 mm TL; ® possibly to ca. 75

- DISTRIBUTION AND ECOLOGY

Baﬂge: Maine to Neuse River drainage of North Ca.t:o-
ling; " also drainages of Lake Champlain, Lake Ontario,
ind &, Lawrence River.™*

 Areq distribution: Tidal and brackish tributaries of
hesapeake Bay north to Havre de Grace, Maryland; ***
“astal plain of Delaware.!?

: Habitay and movements: Adults—shallow portions of
Ponds, Jakes, streams and rivers in still or slowly flowing
_ Water over mud, silt or detritus in areas of moderate to

abundant vegetation; ** also along beaches in open, tidal
rivers {RJM). Maximum recorded salinity 11.8 ppt.?

Yolk-sac larvae—lie on sides at bottomn.?

Larvae—initially associated with beds of Myriophyllum,
ability of larvae to hang from piants 7 indicates presence
of cement glands (JJL); later also found in small schools
in shallow, open water over barren bottom.”

Juveniles—no information.

SPAWNING

Location: Typically among aquatic vegetation in still,
frequently turbid, water about 0.6 m deep and ca. 3-10
m from shore; over relatively barren areas by end of
spawning season.™™?

Scason: May to early August, depending on locality; 47-°
experimentally induced preseasonally by lengthened
Pl‘lllt(lperiod.ln‘l.';.u gt

Time: (430 to 1600 hours, with strongest activity between
0700 and 1400 hours.’

Temperature: 14.4-26.7 C.’

Fecundity: 1062-2110 in specimens 34.0-44.0 mm lon%
with number increasing with size; possibly not all devel-
oping to maturity during one season.*

EGGS

Location: Demersal,? possibly falling to bottom through
aquatic vegetation.’

Unfertilized eggs: Adhesive; perfectly spherical; micro-
pyle single; egg proper white, future perivitelline space
pearly gray.’

Fertilized eggs: Become nonadhesive;’ pale golden;
translucent; diameter 1.5 mm; perivitelline space ca. 1/3
egg radius; oil globules Jacking.®

EGG DEVELOPMENT
At mean temperature of 239 C:

17 minutes putline somewhat asymmetrical;
germinal disc ]prominent; pale yel-
low; moderately opaque.

1 hour, first cleavage.

10 minutes '
1 hour, second cleavage.
14 minutes
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Fig. 156. Notropis bifrenatus, Bridle shiner. A, Adult, 55 mm TL, 43.5 mm SL. B. Egg, 16-cell stage, 2 bours
and 18 minutes. This and all following eggs 1.5 mm, developing at ca. 24 C. C. Egg, morula, 3 hours and 85 min-
utes. D Egg, late gastrula, 9 hours end 40 minutes. E. Egg, embryonic axis established, 15 hours and 40
minutes. ¥. Egg, early embryn, 23 hours and 10 minutes, Optic vesicles, Kupffer's vesicle, and some somites
developed. G. Fgg, near hatching, 56 hours and 25 minutes. Vascular network over surface of yolk. (A, Man-
sueti, A. I, and ]. D. Hardy, Jr, 1967: fig. 67A. B-G, Harrington, B. W., Ir., 1947a: fig. 1.)
1 hour, third cleavage. 15 hours, embryo evident; keel of cpible!
42 minutes 40 minutes  and shallow medullary groove pr&&
2 hours, fourth cleavage. ent. _
13 minutes 23 hours, optic invaginations, Kupffers Vﬁ
8 hours, blastoderm extends to equator of 10 minutes  icle, notochord, somites for™
20 minutes  yolk. or forming,
12 hours, yolk completely invested with blas- 28 hours, tail free; yolk mass reduced; ot£d> :
10 minutes  toderm. 15 minutes  liths present; heartbesat established
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Fig. 157. Notropis bifrengtus, Bridle shiner. A. Yolk-sac larva, 4.1 mm TL, newly hatched. B. Juvenile, 56.5 mm
TL, 28 mm SI.. Total myomeres 32; preanal myomeres 17; postanal myomeres 15, {A, Harrington, R. W, Jr,
1947: fig. 1. B, Mansueti, A. I., and ]. D. Hardy, Jv., 1967: fig. 67D.)
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32 hours, eyes partially pigmented; lens
20 minutes  formed; tail extended heyond audi-
tory vesicles.®

Incubation: 57-71 hours.?

YOLK-SAC LARVAE

Hatching length 4.1 mm TL. Duration of stage appar-
ently ea. 2-3 days.*

Body elongate; head not sharply deflected over yolk;
volk mass elongate, proportionately small at hatching,
meonspicucus by second day. Gills apparently devel-
oped by second day. A single, anterior, oval-shaped gas
bladder by third day. Finfold initially broad, originating
€. 1/3 TL from anterior end. Pectoral buds minute or
ab_SPHt at batching; pectorals forming at 8 hours, con-
Spicunus at two days. Notochord straight; reticulate.’?

Pigmentation: At hatching, eye pigmented; body trans-

Parent; melanophores along sides, over lower part of yolk

‘3¢ und ventrally from anus to tail; at eigEt hours, a

slight golden tinge; at 3 days, small chromatophores on
ad and dorsum.* '

LARVAE

Size range described 7.0-13.0 mm TL (6.4-100 mm SL);
3¢ 9-28 days.

2};.0&' 7.0 mm, gas bladder 2-chambered; urostyle
'que; incipient rays in candal; pelvic fin buds evident

at ca. 105 mm3

Pigmentation: Initially, black slender lateral band pres-
ent. At ca. 10.5 mm, lateral band broad; caudal spot
proportionately larger than in juveniles and adults.?

JUVENILES
Minimum size described 10.2 mm TL; age 43 days.®

At 365 mm, myomeres still visible; preanal myomeres
17, postanal myomeres 15 (AJL).

Caudal peduncle longer, more slender in “young”; *¢ dor-
sal and ventral outlines less curved; head and cve larger
than in adult; lateral line not evident (AJL).

Pigmentation: Caudal spot larger than in adult; dorsal
pigmentation light, extending halfway to lateral band
(AJL). “Young’ pale straw above.’

AGE AND SIZE AT MATURITY

Majority of males during 2nd summer, some females dur-
ing 3rd summer; * specimens of unstated sex within 8
months of hatching.”® Minimum size of males ca. 25.0
mm SL, females ca. 31.0 mm SL* (a 25 mm specimen
contained 270 small eggs having some yolk, but was
considered to be immature*).

LITERATURE CITED
1. Hubbs, C. L, and K. F. Lagler, 1958:76, 85.
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Notropis chalybaeus (Cope), Ironcolor shiner

ADULTS

D. 7-81* (usually 82); A. 7-9 7 {usually 8 **}; lateral line
scales 32 *-42 ' {usually 33-34, posterior one to ten lat-
eral line scales often unpored **), scales above lateral line
7-9, below 4-5, latera) line scales before dorsal 11-16; *
vertebrac 33-37, mode 35; * pharyngeal tecth 2,442

Proportions as percent SL at 40-50 mm SL: Greatest

-

depth 21-23; length te vent ca. 60.0-67 4, greatest diam-
eter of eye 8.3-8.7.

Mouth moderately oblique; lower jaw included; snout
rather blunt* Lateral line usually incomplete,” de-
curved,' and with more than 10 unpored scales. Breed-
ing males with nuptial tubercles well-developed only on
lower jaw and upper surface of pectorals,” where they

J'_J.“Q " .

AR
A‘*‘. ?“’.

AT
YRR
&

B
a N

Fig. 158. Notropis chalybaeus, Ironcolor shiner.
mm $L, newly hatched. C. Yolk-sac larva, 3.2 mm
C, Marshall, N., 1047: fig. 3.)

58 mm TL. B. Yolk-sac larva, 2.3 mm TL, 2.25
Aﬁtdgl.t{ i SL. one day. (A, Fouler, H. W., 1906: 147. B,
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Fig. 159. Notropis chalybsets, Ironcolor shiner. A. Larva, 4.8 mm TL, 4.1 mm SL, 5 days. B, Larva, 5.7 mm
TL, 5.4 mm SL, 19 days. C. Larva, 7.0 mm TL. Pigment spot on lower portion of caudal fin. D. Dorsal view of
“C” E. Ventral view of “C.” (A, B, Marshall, N., 1947: figs. 3, 4. C-E, Original drawings by Mary Fuges,

courtesy of Mules Loos.}

form a dense shagreen of fine tubercles consisting of 2 to
5 close-set longitudinal rows on upper surface of rays.’

Pigmentation: Dark above, pale yellow below; a broad,
lustrous black, lateral band from snout to caudal base; **
basicaudal spot searcely or not at all wider and not
darker than stripe on peduncle. Oral valves, floor and
roof of mouth heavily pigmented.” Breeding males
orange in dark water, rosy in clear water,’ chromatic
colors of breeding females much more subdued.

Maximum size: 51 mm SL: ¥ seldom exceeds 45 mm 2

DISTRIBUTION AND ECOLOGY

Range: Atlantic coastal plain from Delaware River to
central Florida and Texas, up Mississippi Valley it
Illinois, Indiana, and Michigan.*®

Area distribution: Reported from tidal fresh and siightiﬁ
brackish water in Potomac River drainage, Marylan
(FJS); also coastal plains of southern Maryland 0
Delaware.’? .

Habitat and movements: Adults—lakes®*' and sio%



weedy streams in marshy or swampy areas of coastal
plain; * along edges of swift, deep rivers;' associated
with sphagnum banks; * usually found over sandy bot-
tom ** in areas of abundant aquatic vegetation® Maxi-
mum _salinity apparently between 0.04 and 0.7 ppt in
Florida.”

Larvae—gregarious, frequently at surface in spawning
area.’

Juveniles—no information.

SPAWNING

Area: Sand-bottomed pools.’

Season: Early or mid-April to late September in Florida;
probably somewhat shorter in northemn localities.?

Time: Throughout daylight hours at times of low, quiet
water.!

Fecundity: Ca. 50 eggs recorded from a single stripping.’

EGGS

Location: Broadeast at random; demersal; adhesive
shortly after deposition, becoming attached to sand
grains and similar materials.*

Fig. 1680. Notropis chalybgeus, lroncolor shiner. A. Larva,
'i'-rlt%; reanal Enfopl‘; retaymed B. Juvenile, ca. 16.0 mm T1.

1945; fig. 96.)
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Freshly stripped eggs: Diameter 0.8-0.9 mm; originally
vellow, becoming pale cream.

EGG DEVELOPMENT

At air tempcratures varying from 7.8 to 25.0 C (mean ca.
168.7 C):

Few minutes blastodisc contracted and
after fertilization forming white dome above
yolk,
Ca. 1 hour, 4-cell stage.
30 minutes
Ca. 2 hours, early morula; blastoderm a
30 minutes gray cap on top of lighter

colored yolk.?

Incubation: 52-56 hours at mean temperature of ca. 16.7
C.l

YOLK-SAC LARVAE

Hatching length ca. 2.3 mm TL; length at end of stage
ca. 49 mm.

Proportions as percent SL: Greatest depth 360 at 2.3
mm to £5.0 at 3.7 mm; length to vent 81.0 at 2.3 mm to
62.0 at 3.7 mm; eye diameter 5.0-8.0 throughout stage.’

16.0 mm TL

9.2 mm TL, 7.4 mm 51, 47 days. Pelvic buds pres-
(A, Marshall, N., 1947; fig. 4. B, Fowler, H. W,
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Myomeres indistinct; few, if any, added after hatching.
Dorsal outline arcuate at hatching. Head sharply de-
flected initially, less so at 3.2 mm. Yolk large, spherical
at hatching; more than 1/2 reduced at 1 day; further re-
duced and cylindrical at 3 days (3.9 mm). Eyes poorly
developed at hatching, and remaining so at 3.2 mm.
Pectoral buds evident at 3.9 mmn,’

Pigmentation: At 3.9 mm, melanophores present in mid-
dorsal and posterior ventral regions; eye very slightly
pigmented.!

LARVAE

Specimens described 4.3-9.2 mm TL. Duration of stage
ca. 42 days.

Proportions as percent SL: Greatest depth 10.0-20.0;
length to vent 60.0-68.0; eye diameter ca. 6.0-11.0; HL
ca. 18.0-25.0.1

Body noticeably more elongate at 4.6 mm; mouth func-
tional, gills and gas bladder visible at 4.3 mm. Caudal
rays first evident at 5.7 mm, fin bifurcate at 92 mm.
Dorsal and anal forming at 7.0 mm and with rays at 9.2
mm; pelvic buds visible at 9.2 mm. Finfold very slightly
constricted in caudal region at 4.3 mm. Urostyle turned
obliquely upward at 5.7 mm, concealed at 8.2 mm.!

Pigmentation: At 4.3 mm, melanophores along almost
entire dorsal and ventral surfaces of body; at 5.7 mm,
additional! large blotch of melanophores over dorsal sur-
face of head; at 6.2 mm, caudal spot developing® and
solid bands of dorsal and ventral body melanophores not
divided into rows (JJL); at 9.2 mm, a line of melano-

DEvELOPMENT OF FisHES oF THE MID-ATLANTIC BIGHT

phores on mid-lateral surface from head to caudal spot.!

JUVENILES

Specimens described 14.8 '-16.0 mm TL.*

Proportions expressed as percent SL: Greatest depth
19.09; length to vent 83.0; diameter of eve 11.0.3

Pigmentation: At 14.8 mm, pigmentation essentially same
as at 9.2 mmy; ! at ca. 16.0 mm, lateral stripe extended t
caudal fin; a dense patch of chromatophores along dor-
sum and venter, concentrated from origin of anaf to
caudal base and along dorsal margin of caudal fin.®

AGE AND SI1ZE AT MATURITY

No information.
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Notropis hudsonius (Clinton ), Spottail shiner

ADULTS

D. 7-9% (usually 8%} A. 7-8 (usually §)* P. 12-17
fusually 13-13); % V. 7-10%" {usually 8:); lateral line
scales 33 42 = predorsal scales 11 #°-23,'s scales around
hody above lateral line 11-14, below 11-17; caudal pe-
duncle scales around body above lateral line 5-7, below
5-8; vertebrae 3540 (including urostylar vertebra) (usu-
aly 37-38), precaudal vertebrae 16-20 (usually 18-19),

caudal vertebrae 17-21 {usually 18-20); gill rakers on
* upper arm 1-3, lower 4-8;* pharyngeal teeth 2442
or combinations to 0,4-4,0; * branchiostegals 3 + 3.

- Proportions as times in SL: Body depth 36-58;° head
length 3.7 *-4.8" Proportions expressed as percent TL:
Greatest depth 13.6-23.2; HL 17.4-21.4. Propottions ex-
pressed as percent HL: Eye diameter 25-40; snout Jength
- 5-35. Proportions expressed as percent of standard
length: Predorsal length 38.5-39.4; preanal length 61.5-
3.3 prepelvic length 44.0-52.6; body depth 18.3-29.8;
. head length 20.5-28.7; eye diameter 5.8-9.1; dorsal base
11.3-17.0; anal base 8.1-13.2.%

Body rather slender.® to stout* compressed; ® head
bluntly triangular; snout rounded, overhanging mouth; *
mouth small,* slightly to moderately oblique; '*** front
of upper lip on level with bottom of pupil.’® Lateral line
complete,” straight posteriorly, decurved anteriorly.*
Dorsal fin origin over or slightly anterior to pelvic ori-
gin; ** pectoral fins not reaching pelvic insertion, pelvics
not reaching anal origin. Tiny breeding tubercles present
on bath sexes, widely distributed over entire body.*®

Pigmentation: Qverall coloration silvery and pale ** with
vellow or golden overtones in some areas.”* Greenish
above, sides silvery, venter pale; *'* silvery lateral band
about as wide as a single scale, overlving dark pigment
which if visible is best developed posteriorly; black
caudal spot variable in size and intensity,®® normally
obscured by silvery scale pigmentation in live specimens
from study area (JJL), usually separated from lateral
band. Dark mid-dorsal stripe from nape to caudal pe-
duncle; pigment on first two scale rows below lateral
line. Top of head fully pigmented, ventral surface
occasionally with pigment on fower jaw; upper jaw pig-

Fig, 161. Notropis hudsonius, Spottail shiner. A. Adult, length unknown. B. E
mr%:'. {4, Tmiﬂ,p;{ V., B. A Bec?t:i and H. W. Fowler, 1929: 40. B, Original dra

of Julez Lovs.)

. tail-free embryo, diameter 1.3
wing by Mary Fuges, courtesy



266

mented; iris silvery, pupil black*® Fins pale, translu-
cent; *'* black pigment on rays of all fins except pelvic; **
white ventral edge on caudal fin; ** pigment frequently
at anal base; peritoneum silvery with some black flecks.”

Maximum size: Ca. 147 mm,* but possibly reaching ca.
152 mm."®

DISTRIBUTION AND ECOLOGY

Range: Quebec south along Atlantic coast to Georgia,
west across northern United States and southern Canada
to the Mackenzie River system in the Northwest
Territories.**

Area distribution: Tidal tributaries of Chesapeake Bay; ®
Delaware River Estuary; * and New Jersey.?

Habitat and movements: Adults—usually large rivers,
lakes and reservoirs, in clear, sandy or rocky shallows; **
attaining greatest abundance in dear water; at southern
portion of range in cooler upland waters; ** found in
areas of moderate to large amounts of submergent vege-
tation; * essentially bottom fish but sometimes taken in
midwater trawls at night; *' inhabiting deeper waters in
daytime, moving inshore at night;  maximum salinity
10.7 ppt; * maximum depth 46 m.*

Larvae—no information.

Juveniles—“young” frequently in schools in shallow
water with abundant vegetation.?

SPAWNING

Location: Gravel riffles ** that may be near mouths of
brooks,*# and sandy shoals,'” along shores of large lakes,!
at water depths from near shore to 9 m; in patches of
Cladophora® Recorded as spawning in schools #* and
possibly in small groups.?e.27

Season: April "* (ECR) to late August or early Septem-
ber,”* possibly delayed in years of high water level
during late spring.*

Time: Observed at dusk.?

Temperature: Ripe specimens observed in probable
spawning areas at 11.5 C #"-ca, 18.3 C; * definitely identi-
fied eggs (reared} found at 20 C (JJL).

Fecundity: 100 ™-8898.

EGGS

Location: Demersal, scattered over clean sand or gravel
in lakes and rivers,***'" also reported as occurring in
clusters on bottom, and in algal masses.?s

Ripe ovarian eggs: Average diameter 0.76 mm.”

DevELoPMENT oF Fisaes oF THE Mi-ATeantic Bicar

Fertilized eggs: Diameter ca. 1.0 mm to ca. 1.4 mm (J]L|.

EGG DEVELOPMENT

Late embryo with light pigment on dorsum, ventral yolk
and tail, eye unpigmented.”®

YOLK-SAC LARVAE

Note: Putative early description by Fish ' based on
incorrect identification (JJL).

Specimens described: 4.7-5.3 mm TL.
Preanal myomeres 24; postanal myomeres 14 (JJL).

Yolk mass elongate, without large oil globule. Head rela-
tively blunt, not deflected; mouth moderate, inferior,
lower jaw included. Eye large; interorbital space wide;
notachord straight; pectorals are evident; cement glands
are absent (JJL).

Pigmentation: In newly hatched, eye pigmentation pale
or absent; ** but it darkens quickly after hatching. Single
band of ventral body melanophores; on the yolk this
band is comprised of numerous scattered melanophores

(JJL).

LARVAE
Specimens described 8-9 mm ** and 14.25 mm TL.!

At 1425 mm TL, D. 8; A. 9; preanal myomeres 23-24
postanal myomeres 14.!

At 14.25 mm TL body moderately elongate; head conical
snout blunt; mouth small, nearly horizontal; lower ja%
slightly shorter than upper. Gas bladder two-chambered
Pelvics beneath dorsal origin; caudal fin forked. Urostyle
oblique.t

Pigmentation: By 8-9 mm double row of melanophores
along mid-dorsal line forming patch over head; one 0%
along horizontal myoseptum; in series along ventral body
myomeres concentrated over air bladder, extending ©
caudal region; scattered pigmentation along mid-venfra
surface between isthmus and vent.?® At 14.25 mm .?hra-
matophores on opercle, beneath lower jaw * (but tip 0
lower jaw lacks pigment, JJL), internally over gas blad:
der, in 3 rows along dorsum, in surface and sub.'sul'faf«"3
series along future lateral line, in double series poster®
to anus, and on dorsal and caudal fins. A promioent
black spot on caudal base.!

JUVENILES

Minimum size described 18.0 mm TL.”
At 190 mm, preanal myomeres 22; postanal myomer



181 At ca. 27-30 mum, eye large; lateral line incomplete
(AJL). Scales developing at 18-20 mm;*'* not fully
formed in some specimens at ca. 24 mm; ** fully formed
in specimens 27.5 mm (AJL). In “young” origin of anal
fin equidistant from caudal base to pectoral base, less
than eye diameter behind end of dorsal base; pelvics
reaching to or a little beyond anal origin.*

Pigmentation: At 19.0 mm, head sparsely pigmented; 3
rows of chromatophores along dorsum to caudal; subsur-
face_chromatophores along entire lateral line ending at
caudal spot; small irregular chromatophores in dorso-
lateral region with few below lateral line.! At ca. 24.0-
3.0 mm, lateral band and caudal spot well-developed;
dorsal scales with pigmented edges; pigment ventrally
from anal origin to caudal base '* (AJL).

AGE AND SIZE AT MATURITY

Some females by 1 year; * minimum size ca. 59 mm.2t
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Fig. 162. i jus, Spottail shiner. A. Yolk-sac
paf 1 Notropis hudsonius go; o myomeres 14. B

e; preanal myomeres 24,
vmmﬁ view of “B.” (A-C, Original drawing by Mary

. Yolk-

5.3 mm TL

larva, 4.7 mm TL, newly hatched, eye pigmentation
a:::: larva, 5.8 mm TL; eye darkly pigmented. C.
Fuges. courtesy of Jules Loos.)
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postanal myomeres 16. B. Juvenile, 27.5 mm TL, 22.0 mm SL. (A, Fish, M. P., 1932: fig. 40. B, Mansuets, A. ],
and J. D. Hardy, Jr., 1967: fig. 70.}

Ross, R. D., 1938:8. 25. McPhail, J. D., and C. C. Lindsey, 1970:283-4.
Forbes, S. A., and R. E. Richardson, 1908:141—43. 26. Lippson, A. ]., and R. L. Moran, 1974:75, 89-90.
Peer, D, L., 1966:456, 27. Smith, B, A., 1971:37.

Waells, L., and R. House, 1974:3, 8--10,

Wells, L., 1968:8. ADDITIONAL REFERENCE

Seaman, W, Jr., 1968:1, 5, 25-27, 32, tables 1-14.
Scatt, W. B, and E. ]. Crossman, 1973:459-60. Shapiro, §. M., 1975.



Cyprinidee—minnows and carps

Semotilus corporalis (Mitchill), Fallfish

ADULTS

D. 8; 7% A, 7-9 (usually 8); P. 16-18; V. 8-9 (usually 8}
lateral line scales 43 '"-B50; ' predorsal scales 1822-23; *7
vertebrae 42—44; pharyngeal teeth usually 2,5-4,2.1

Proportions expressed as perceat TL: Greatest depth
17.0-21.1; head length 20.1-23.7. Proportions expressed
as percent HL: Eye diameter 17.3-20.4; snout length
28.5-40.5; interorbital width 32.0-41,1.¢

Body oblong, robust, weakly compressed; head large,
convex; snout bluntly conic,® projecting beyond upper
lipt¢ Mouth large* slightly subterminal, lower lip in-

Ens BTN
J‘}é‘v X
¢.33N

cluded; ** small barbel near corner of mouth® usually
apparent on large adults; ¢ maxillary barely reaching
front of orbit® Dorsal fin origin directly, or nearly so
over pelvic origin.’® Breeding males with tuberculated
scales on caudal peduncle forward to anal fin.?

Pigmentation: Olive brown to black, becoming silvery on
sides and white ventrally; dark crescent-shaped or tri-
angular bars at base of each scale along sides; ** dorsal
and caudal fns dusky, other fins plain;® peritoneum

silvery; ° breeding males with belly and lower fins rosy
or crimson.®

Maximum length: Ca. 508 mm.*®

Fig. 164. Semotilus corporalis, Fallish. A. Adult, ca. 178 mm TL. B. Yolk-sac larva, 6.8
Phores scattered on dorsal surface of head, otherwise pigm

eV T T e

10.C mm TL

TL. Chromato-

mm
ent lacking. C. Larva, 10.0 mm TL. Mouth slightly

in_fen’or' (A, Gwde, . B” et aL, 1884.' pI- 228. B, C, ngd. R J-, I9 1: ﬁgﬂ'- 2A1 B-)
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18.0 mm TL

Fig. 165. Semotilus corporaliz, Fallfish. A. Juvenile, 18.0 mm TL. Mouth terminal, somewhat oblique. B. Juve-

nile, ca. 93 mm TL. (A, Reed, R. J., 1971:

DISTRIBUTION AND ECOLOGY

Range: James Bay region, northern St. Lawrence tribu-
taries, Lake Ontario! and Lake Superior drainages;®
south, east of the Appalachians, to Virginia,*

Area distribution: Tidal tributaries of lower Chesapeake
Bay; 2 coastal plains of southern Maryland and Dela-
ware (rare or restricted in latter).*®

Habhitat and movements: Adults—clear streams and
lakes, often near waterfalls or rapids, but also abundant
in standing water.'* Frequently in deep water, but also
in small schools near shoreline.®

Larvae—"fry” apparently remain near nest for short
period after hatching.®

Juveniles—specimens ca. 25 mm long from pools in small
streams and along swampy shores; 50 mm individuals
over sand and scattered stone in open spaces among bul-
rushes, also in small streams; large specimens in 0.8-15
m of water.!

SPAWNING

Location: In pebble nest built by male 7 in faitly quiet
water of poals, riffles ** or shallow margins of ponds and
lakes.’* Nest sometimes ca. 2 m in diameter and up to
ca. 1 m high; ** if directly influenced by current, char-
acterized by keel-like crest which may lie crosswise or
with flow,*!* if outside current, perfectly dome-shaped.®

. 2C. B, Fowler, H. W, 1945: fig. §2.)

Seasom: As early as May in Maine; * April to June in
New York;* females in spawning condition in early
April in Patuxent River, Maryland {R}M}.

Temperature: Spawning activity ceases at less than 144
Cls

Fecundity: 1000 1*-12,321+-1387.°

EGGS

Description: Deposited in a “pocket” within nest at Tevel
of original stream substrate.®

Unfertilized eggs: Nonadhesive; mean diameter 2.16+.09
mm.*?

Fertilized eggs: Adhesive; mean diameter 2,70=+.07 mn

EGG DEVELOPMENT

At 17.0 C=-0.5:

2 hours, two-cell stage.
45 minutes

3 hours, four-cell stage.
30 minutes

4 hours eight-cell stage.

5 hours sixteen-cell stage.

10 hours early blastula.

19 hours late blastula.

% hours early gastrula.



31 hours late gastrula.

42 hours yolk plug.

45 hours nennila.

50 hours optic vesicle.

63 hours body pigmentation.
70-75 hours motility.

105-111 hours  retinal pigment.
138-144 hours  hatching.®

Incubation: 7-9 days at average temperature of 15.5 C,*
5 days, 18 hours to 6 days at 17.0 C*

YOLK-SAC LARVAE

Mean length at hatching 6.82+0.32 mm TL. Duration of
stage 5 days at 17 C.

In newly hatched larvae caudal fin undefined; pectoral
buds absent; * pectoral fin buds form prior to yolk
absorption (JJL).

Pigmentation: Light scattering of chromatophores on
head.

LARVAE
Size range described 9.0-18.0 mm TL.

At 8.0-10.0 mm mouth functional, somewhat inferior, at
18 mm terminal, oblique. Dorsal fin forming at 9.0-10.0

Cyprinidee—minnows and carps 271
mm; anal fin forming at 12 mm; anal fin with rays at 14
mm; caudal fin rays present at 9.0-10.0 mm, caudal be-
gins to notch at 12 mm; pectoral fin rays present at 9.9-
10.0 mm; pelvie fin buds appear at 14.0. By 18 mm all
fins fully developed; scale formation evident, At 9.0-10.0
mm anus functional; two-chambered air bladder present.®

Pigmentation: At 9.0-10.0 mm double row of chromato-
phores along dorsal and ventral surfaces; single lateral
row from opercle to caudal; top of head well pigmented.
At 12.0 mm general increase of chromatophores; pig-
mentation more dense between eyes and top of head;
lateral row darkened; distinct caudal spot present. At
14.0 mm lateral stripe very dark; candal spot enlarged;
pigment on ventral surface concentrated from origin of
anal fin to base of caudal® At ca. 16.5 mm pigment on
dorsal surface from upper lip to caudal, more dense on
top of head; scattered pigment on operculum, lower lip;
row of pigment below eye; fins immaculate.'* At 18 mm
pigmentation of caudal spot, ventral stripe, and dorsal
surface continues.?

JUVENILES
Stze range described ca. 18 *~ca. 93 mm TL.*®

At 33.0 mm, scale formaton complete.® At ca. 93 mm
TL eye proportionately larger than in aduls.™

Pigmentation: Caudal spot fades at 65-75 mm TL.®

32 mm TL

Fig. 166. Semotil ralis, Fallfish. A-F. Pattern of scale development. A. Juvenile, 18 mm TL. Scale plate-

lets appear as narrow band on caudal peduncle. B. Juvenile, 20 mm TL. C

uvenile, 24 mm TL. D. Juvenile,

28 mm TL. E. Juvenile, 30 mm TL. F. Juvenile, 32 mm TL. (A-F, Reed, R. I, 1971: fig. 3.)
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AGE AND SIZE AT MATURITY

Males matore by 11+, females IV +.* Fowler reports
females 75 mm long with fully developed eggs,’ while
Kendall and Goldsborough found that in small brooks
fallfish reach maturity when “only a few inches” long.”
Reed states that the latter may be in error® Fowler
found no tuberculated males under ca. 305 mm,'* Reed
found the tuberculated conditivn more noticeable in
males over 300 mm TL.!
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FAMILY CATOSTOMIDAF,

The suckers, of which there are 12 genera and 38 species, are freshwater
fishes found in China, northeast Siberia and North America. These fishes are
small to moderately large with subeylindrical to laterally compressed bodies,
short heads, ventral protrusible mouths with somewhat fleshy sucking lips, one
row of 16 or more pharyngeal teeth and no stout barbed dorsal or anal spines,

Catostomid fishes are bottom dwellers in lakes, ponds and slow-movin
streams. Most undertake spawning migrations in the spring, ascending smaller
streams where their eggs are buried under gravel. Eggs of the described species
from the Mid-Atlantic region are about 2.0-3.0 mm in diameter, lack oil globules
and are nonadhesive after water-hardening. Regional yolk-sac larvae range from
about 48 mm TL at hatching (Erimyzon oblongus) to as much as 12 mm TL
(Catostomus commersoni),

In some species, the yolk-sac larvae may remain buried in gravel for one to
two weeks after hatching. At hatching the yolk is a spherical anteriorly and
elongate posteriorly. The anus is at or near the beginning of the posterior third of
the body, the head is deflected over the yolk and the mouth is incomplete. The
yolk sac is later reduccd to a slender tube and the mouth develops in a high
terminal position. During the larval stage the mouth migrates to a completely
inferior position.

Described catostomid and cyprinid larvae from the Mid-Atlantic region are
similar in many ways but may be separable on the basis of preanal myomere
counts. The reported range for suckers (27-33) is higher than that for cyprinids
(18-25).

278
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Carpiodes cyprinus (Lesueur), Quillback

ADULTS

D. 221-31;%* A, 7'-9 {usually 7) C. ca. 18; P. usually
15; V. 8-10 ' {usually 101°); lateral line scales 3342,
scales above lateral line 7-9; % vertebrae 37 1*—40; gill
rakers 25-29; branchiostegal rays 3.1

Proportions as times in SL: Depth 2.2-3.4; * head length
2.8-3.9; dorsal fin height 1.9-3.3."* Proportions as times
in TL: Head length 3.7—4.0," Proportions as times in
HIL: Eve diameter 40-8.5. Proportions as percent TL:
Greatest depth 22.2-289; caudal peduncle depth 9.0-

A Adult

B 5.5 mm TL

11.9; dorsal base 25.5-30.4. Proportions as percent HL:
Interorbital width 31.2—40.9; snout length ca. 26-36.%

Body oblong, robust,’® laterally compressed; back highlv
arched.”” Head naked,’* deep, short, narrow; snout shost,
ending in rounded point; eyes forward of midpoint of
head; ' jaws toothless; sucker mouth small, inferior, hori-
zontal,**'* lacking barbels; ** maxillary reaching antcrior
edge of orbit; pharyngeal teeth present. Scales cycloid
Latera] line complete, almost straight.’* Anterior dorsl
rays greatly elevated,’” as much as 5§ to 6 times longer
than posterior ravs; dorsal origin slightly anterior to mid-

ca. 250 mm TL

Fig. 187, Carpiodes cyprinus, Quillbeck, A. Adult, ca. 250 mm TL. B. Yolk-sac larva, 3.5 mm TL, newly
hatched, (A, Goode, G. B, et al., 1884: pl. 925. B, Gerdach, J. M., 1973: fig. 3A, delincated by Marthe Anne

Cole. Used with permission of author.)
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16~17 mm TL

ca.

Fig. 168. Carpiodes cyprinus, Quillback. A. Yolk-sac larva, 6.6 mm TL. B. Larva, 7.3 mm TL. C. Larva, 10.0
mm TL, mouth still terminal, superior. D. Larva, 3.8 mm TL, mouth inferior; notochord flexed. E. Larva, ca.

16-17 mm TL (length
Howarth, J. N., 1961: fig. 15.)

Puint of hody 1 Breeding males with tubercles on sides
ot head ventrally from level of top of eye, from mouth to
"inchiostegals, on dorsal ray 1, pectoral rays 1 to 8~9 or
e PelViC rays 1-2, and up to lateral line scale row
2 Tubercles apparently absent on females in Iowa,™
Present in western Nebraska.1s

Plgmentation: Bronze-olive ahove,' sides silver * with
0 reflections; venter milk or yellowish white; tip of
of dUt and lips often milk white; anterior and distal. edge
i hersa} fin black; * fins transparent to dusky; gelwc fins
8ter than dorsal fin; 1* paired fins edged with white."

fxinam length: Possibly to ca. 660 mm.

based on Gerlach, 1973). (A-D), Lippson, A. J, and R. L. Moran, 1§74: 92-93. E,

DISTRIBUTION AND ECOLOGY

Range: Central Alberta,’® southern Manitoba and Great
Lakes * to Kansas ' and western Florida; * known on At-
lantic coast in St. Lawrence,® Delaware, Susquehanna,
Potomac, James, and Roancke systems, and from Peedee
system, North Carolina, southward (REJ).

Area distribution: Known only in Susri(uehanna, Potomac
and James River systems of Chesapeake drainage (RE]);
Delaware River.*

Habitat and movements: Adults—generally lakes, crecks,
and large rivers; >® in the Mid-Atlantic region from large
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rivers and reservoirs only (RE]). In Lake Erie over bot-
toms of sand, sandy gravel, silt, or clay; * in Yowa found
in shallow areas along shore in flooded, weedy places, on
riffles in August.* Migratory during spawning season.®

Larvae—no information.

Juveniles—no information.

SPAWNING

Laocation: Over sand, silt, or mud in streams or overflow
bayous.“-“

Season: Late April through May in Iowa.*
Fecundity: 15,235-63,779."%

EGGS

Location: Deposited at random.”

EGG DEVELOPMENT

No information.

DEVELOPMENT OF FisSHES OF THE MID-ATLANTIC BIGHT

YOLK-SAC LARVAE

Minimum size at hatching 5.4 mm TL, maximum size at
end of stage 7.9 mm TL.

Preanal myomeres 27-29, postanal myomeres 5-9."*

Proportions as percent TL: Snout to vent 69. Proportious
as percent HL: Snout length 10; eye diameter ca. 39

At hatching body long, slender, slightly curved; yolk sac
66-80% of body depth, slightly indented near middi,
protrudes ventrally; preanal length more than twice post-
anal; mouth a small oral pit located ventrally. At 5.6 mm
lower jaw forming in some specimens, at 6.1 mm begins
to take shape; at 6.6 mm mouth in high terminal position,
partially open, horseshoe-shaped. At 5.8 mm auditory
vesicle evident as bulge between eye and pectoral fin;
four internal gill arches evident; at 6.1 mm gills exposed,
preopercle discernible, nares appear as single oval de
pressions. At hatching pectoral fin bud present, at 66
mm rudiments of rays evident. At hatching continuous
finfold from near eighteenth preanal myomere, bifurcated
at anus, extending about 4/5 length of yolk sac. By 66
mm gut straight, heart visible. At 61 mm gas bladder
evident.*?

R Ry
AAA LAY

Fig. 189. Carpiodes cypri

% ‘_?;{if ﬁ%
lgﬁ” s
--

, Quillback. A. Juvenile, 21 mm TL, B. Juvenile, 355 mm TL; scalation com fete.

{A, Fish, M. P, 1932: fig. 18. B, Gerlach, J. M., 1973: fig. 8C, delineated by Murthe Anne Cole. Used with per-

mission of puthor.)
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Fig. 170. Carpiodes ci;pﬂ'ﬂus, Quillback. Gut development. A. 15 mm TL, ventral view. B. Variant of "A." C.

17 mm TL, first comp

ete loop. D. 21 mm TL, second loop developing, E. 25 mm TL, further development of

second loop. F. 28 mm TL, two loops complete. (A-F, Gerlach, }.'M., 1973: fig. 9. Used with permission of

author,)

Pigmentation: At hatching, dark pigment scattered over
ventral surface of yolk sac; in short series along ventral
postanal region; scattered melanophores sometimes in
tecipital area; eve heavily pigmented. At 6.1 mm ex-
panded melanophores along dorsal surface of gas blad-
der. At 6.6 mm two rows of expanded melanophores
thng dorsal surface, narrowing to one row near caudal
‘ﬁﬂff’id; smaller melanophores in occipital region resemble
I: scattered pigment in interorbital region; along lateral
%lﬂe_and gill arches; series of ventrolateral melanophores
begining along gut line; typical larval pigmentation
battern present, ™

LARVAE

Specimens described 7.0-16 mm TL.

D.al 12.0-12.9 mm, % 1.4; A. at 13.0-13.9 mm, & 0.3; C.
190-99 mm, ¥ 6.2: V. at 15.0-159 mm, x 0.5. Preanal
MYomeres 27-30; postanal myomeres 5-10.'

Body gradually becoming more robust; at ca. 120 mm
2101_1t area increasing, plicae appearing; at 15.0 mm snout
P1u vertical line with lower lip. At 7.0 mm to 89 mm
:;Outh assumes more horizontal position, at ca. 13 mm

"ost inferior, upper lip about level with lower rim of
7 at 16 mm complete y inferior, forward edge of up-
.ger lip below eye, lower lip posterior to upper- At 138
n;?be}'e about 1/4 head length. At 12 mm otic vesicles
?Mmgmg_ At 13.8 mm, operculum just covers gills. At

%99 dorsal fin lobe differentiating from finfold, rays

evident at 124 mm becoming falcate at 15 mm; by 15
mm, anal fin with countable rays; at 8.0 mm caudal rays
visible, tail usually emarginate at 13.8, usually forked at
15 mm; pelvic fin bud with basal elements at 15 mm. By
16.0 mm median ventral finfold still evident. At 9.0 mm
urostyle beginning to turn upward, by 15 mm completely
oblique. Gut ‘$8" shaped at .3 mm, by 17 mm one loop
complete. At ca. 120 mm gas bladder two-chambered.*

Pigmentation: By 9.0 mm, melanophores distinct along
gill arches; secattered in opercular and branchial regions,
around heart, below urostyle; dorsal pigment increased
in region of upper lip, nares, interorbital and occipit. At
12.4 mm pigment spreading dorsolaterally and increasing
in head area; internal ring of melanophores encircles
heart when viewed ventrally. At 15.0 mm, heart-shaped
cluster of melanophores in occipital area; melanophores
forming border around nares and orbital rim."”* Chro-
matophores developed in dorsal and caudal fins.®

JUVENILES
Minimum size described 18 mm TL.

At 18.0-28.9 mm TL preanal myomeres 25 '-29; '* post-
anal myomeres 6 1"~12+; 7 extremes of variation ascribed
to possible differences in counting methods.*?

Proportions as percent TL: Snout to vent ca, 56; head
Jength ca. 24. Proportions as percent HL: Eye diameter
ca. 24-25; snout length ca. 20-22."%
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By 18 mm body and head quite bread; head sloping
down from nape, snout most anterior projection; NAares
U-shaped in appearance, by 25 mm divided into two in
most specimens. By 18 mm quill length over half that of
dorsal base; dorsal and caudal strongly marginated. At
21 mm, principal rays bifurcate; ossification of fin rays
complete; median ventral finfold absent; scales visible
around caudal peduncle, scalation complete by 35 mm.
Gut with two complete coils by 26 mm.?

Pigmentation: At 18 mm, pigment heavily distributed
over dorsolateral surface; sparse below lateral line;
increasing around snout, upper lip and cheek; some mel-
anophores along lower jaw, operculum and branchial
region; increased pigment on anal and pectoral fins.»* At
21 mm, chromatophores on upper jaws, sides and top of
head, on dorsolateral aspects of body, in a double row
along anal fin and beneath caudal peduncle, in a single
mid-dorsal row to caudal, and on at least the dorsal and
caudal fins.” By 35 mm white margination of paired and
anal fins,1”

AGE AND SIZE AT MATURITY

No information.

=
-

12,
13.
14.
15.
18.
17.
18
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Catostomus commersoni (Lacépede), White sucker

ADULTS

D. 1122-15% (10-11 in subspecies wtawana); * A, 6-8;
C. usually 18; P. 16-18 %" (15-17 in ufawana); 2* V, § 1=
11; = scales in lateral series 53 2*-83; *! predorsal scales
25-35 (30-35 in utawana); ** total vertebrae 44-48; ** pre-
caudal vertebrae 25-28; % gill rakers 20-27; pharyngeal
teeth 40--42 + 39-43; branchiostegal rays 3 +3.%

Proportions as times in SL: Body depth 4.45-4.82; head

length 4.08-4.35* Proportions as percent TL: Greatest
body depth 14.1-20.0; caudal pedpuncle depth 6.5-8.6;
head length ca. 20; dorsal fin base 10.7-15.0. Proportions
as percent HL: Interorbital width 35.2-49.5; snout len
35.7-50.0. Propertions as percent snout length: Eye
diameter 4]1.3-66.6.%*

Body elongate,” round to oval in cross-section forward;
greatest depth at origin of dorsal fin. YHead naked,
bluntly pointed, rounded on top: ** snout blunt,*® mouth

Fig. 171. Catostomus commersoni, White sucker. A. Adult, ca. 380 mm

TL. B. Egg, blastodise, 4 hours. This

le removed. C. Egg, four-cell stage,
2 st cge i o nen s o 103 & 288 S L LT GO

6 hours.
e B., et al., 1

B days.
Egg morula 21 1/2 hours. E. Egg, late embryo,
gg‘fmp?l. 295, B.E, Stowan, N. H., 1926: figs. 2, 8,6, 12}

] reaches aglmost to
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inferior, suctorial,® lips papillose, lower broader than
upper; * gill rakers symewhat knobbed on both surfaces
of arch. Scales moderately small, larger on peduncle.
Dorsal fin almost at midpoint of body, origin anterior to
pelvics.?® Breeding males with moderate to large nuptial
tubercles on anal and caudal fins,® small to minute tu-
bercles on other fins, head, and body; tubercles reduced
in size or absent in females.?*

Pigmentation: Uniformly dark dorsally,*® bluish green,®
olive,’' brown ? or black;* scale margins gencrally
darker; 1! sides greenish yellow* to silvery white,
venter white. Dorsal and caudal fins light slate,’* dusky *
or clear; ' lower fins immaculate,” dusky ** or white,*
often tinged with yellow ** or orange.* Breeding males
black to olive above with lavender sheen; 1* black (sub-
species commersoni) to reddish (utawana) lateral band
continued around snout and, above this, a band of
whitish yellow overcast with pink; lower fins light to
faint yellow; '8 in Saskatchewan, black to reddish band
replaced by cream-colored band,?® with no band evident
west or north of Rocky Mountains.*

Maximum length: 635 mm TL,* but possibly reaching ca.
760 mm.*

DISTRIBUTION AND ECOLOGY

Range: Labrador and Nova Scotia,® south to Georgia,
Arkansas and northeastern Oklahoma,’* north through
Alberta and British Columbia to Mackenzie River; *
introduced widely, especially in Southwest."

Area distribution: Tidal tributaries of lower Chesapeake
Bay ** and slightly brackish water of upper bay near
Havre de Grace, Maryland.?

Habitat and movements: Adults—ubiquitous; winter in
deeper water; ****¢*® sometimes taken under moderately
low oxygen conditions (RJM). Undertake spawning mi-
grations with majority moving upstream between noon
and midnight, usually at night ®1%:31:32 when water tem-
perature reaches ca. 45 C or higher; **** in central
British Columbia migration apparently ceases at tem-
peratures lower than 10 C.*

Maximum salinity ca. 2.0 ppt (RJM). Maximum depth
below 46 m.*®

Larvae—yolk-sac larvae probably remain in sand or
gravel one to two weeks before emerging.®! Specimens
10-12 mm long in large schools over sand and pebble
bottom in water ca. 20 cm deep.®® At 12 to 14 mm down-
stream movement occurs, between dusk and dawn, in
greater numbers on foggy or overcast nights.*** Speci-
mens 12-17 mm near surface, usually in moderate
current and frequently associated with Elodec.® “Young-
est” seem to prefer shallow water over muddy bottom
with little vegetation.*

DeveLoPMmENT OF Fisyrs oF THE Mm-Atoaxtic Bicunt

Juveniles—bottom feeders at ca. 16-18 mm.? At 17-58
mm, in bayous with abundant pond weed, rushes and
other aquatic plants, and over sandy river bottoms
among Potamogeton.®® “Fry” and “immature” in shallow
muddy sloughs among weeds and along shores of lakes
and ponds.*

SPAWNING

Location: In streams of all sizes,’ usually in moderatelv
swift water of riffles,®* sometimes in rapids > or gver
sand or gravel bottoms; ¢1%17-2¢ usually in water less than
30.0 em deep,”™ occasionally at a depth of only 51
em; 20344 also in still pools® lakes and impound-
ments.” " The subspecies ufawana spawns in swift,
cold mountain streams ** and shows an affinity for shady,
sheltered areas.-24

Season: March ® to early July, depending on locality.*"

Time: Usually at night, but also during daylight
hou_rs_i‘ﬁ,ls.m,zq

Temperature: Ca. 6.0-23 C.2

Fecundity: Varies according to length and subspecies;
775 at ca. 121 mm (in wawana) to 111,000 at ca. 483-508
mm; ** maximum ca. 140,000.°

EGGS

Description: Demersal; deposited singly or in small
groups.'®

Unfertilized eggs—diameter 2.07-2.82 mm. Round,
white? or pale yellow,® lacking oil globules; finely
granular and slightly adhesive. Micropyle single.

Fertilized eggs—diameter ca. 20 (in ufawana) ** to 30
mm. Nonadhesive after water-hardening. Lacking large
oil globules, but with numerous, clear droplets of minute
size in yolk, and along edge of blastodisc.?

EGG DEVELOPMENT

At 5 C:
15 hours first cleavage starts.
20-24 hours 4-cell stage.
25-30 hours 18- or 32-cell stage.
4045 hours  large-celled morula, 50-100 cells
first outward movement of periblast
material. .
72 hours small-celled morula, blastodisc
nearly hemispherical; celluler €%
velope pebbled in appearance.
96-120 howrs  morula flatténed but not spresding
At 10 C:
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Fig, 172, Catostomus commersoni, White sucker. A. Egg, freshly deposited. B. Egg, one minute after fertili-
zation. C. Egg, six minutes after fertilization, micropyle evident, D. Egg, twelve minutes after fertilization, E.

Egg. fertilized but uncleaved. This and subsequent eggs with e
Egg, four-cell stage. H. Egg,

1978: figs. A-1)

§ hours first cleavage starts,

3-10 hours 4-cell stage.

10-12 hours 8-cell stage.

13-15 hours  16- or 32-cell stage.

18-24 hours large-celled morula, 50-100 cells;
first outward movement of periblast
material.

24-28 hours small-celled morula, blastodise

nearly hemispherical; cellular en-

30-40 hours

42-48 hours
54-96 hours

84-96 hours

capsule removed. F. Egg, two-cell stage. C.
eight-cell stage. L. Egg, sixteen-cell stage. (A-l, Long, W. L. and W. W. Hgllasd,

velope pebbled in appearance.
small-celled morula; cellular en-
velope smooth,

morula flattened but not spreading,
blastodisc actively thinning and
spreading, rim 1/2 to 2/3 distance
to equator of yolk sphere.

axial quadrant of blastodise swol-
len; vague germ ring.
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Fig. 178. Catostomus commersoni, White sucker. A, Egg, large-celled morula, This and subsequent ei;g: with

capsule removed. B. Egg, small-celfed morula. C. E
distance below equator. Star marks animal cFo e.
1am

vim 1/3

rior end. F. Egg, yolk plug diameter less than 1/4
W. L., and W. W. Ballard, 1978: figs. 1]-L, 4A-D.)

84--108 hours

96-112 hours

108-128 hours

144 hours

blastodisc rim reaches to equator;
complete narrow germ ring; axial
quadrant thicker, slight terminal
node visible externally.

blastodisc 1/3 distance below equa-
tor toward vrﬁetal pole; germ ring
visible externally.

yolk plug diameter less than 1/4
diameter of egg, axial strand vis-
ible; convergence in embryonic
shield indicates brain area.
periblast material gathered at yolk

, morula flattening, but not spreading. D. Egg, b:
E. Egg. axial strand and yolk mass as seen from ante-
eter of whole egg. G, Domal view of “F.” {A-G, Long,

156-168 hours

todisc

glug; embryonic shield with super
cial groove along midline, wide
flat neural plates on each side, ore®
cent of head mesoderm around this
neural area anteriorly, continuo®
with lateral mesoderm, ends in ¥ide
areola of germ ring ﬂ.'les"fierm
around yolk plug; first somites for

ng. . hrain
yolk plug usually closed over: F Ny
area shows three vague swesilﬂgté
4-10 pairs of somites; at §-s0™
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Fig. 174, Catostomus commersoni, White sucker. A. Egg, periblast material in wrinkles within yolk plug. This
and subsequent eggs with capsule removed. B. Posterior view of “A” C. Egg, 4-10 pairs of somites. Brain area
shows three vague swellings. D. Egg, yolk plug usually closed over. E. Egg, trunk mound raised but not under-
cut, F. Egg, optic vesicles free of brain except stalks. G. Egy, 15-20 pairs of somites. H. Egg, yolk-sac cavity
evident. (A-H, Long, W. L., and W. W. Ballard, 1976: figs. 4E, F, §)

168192 hours

240 hours
284 hours

stage optic vesicles begin to segre-
gate posteriorly from brain mass.
trunk-tail mound raised; optic ves-
icles attached to brain by stalks
only; 15-20 pairs of somites, primi-
tive kidney ducts and ear placodes
appear. _
20-25 pairs somites, eyes with
lenses.

movement at trunk; cerebellum dis-
tinguishable; yolk sac begins to

288 hours

312-360 hours

3368408 hours

narrow under posterior body; heart
sometimes visible.

trunk-tail bud with ca. 5 pairs som-
ites; first indication of median fin-
fold, heart pulsating but no blood
flow.

ca. 10-15 pairs of somites posterior
to yolk sac, continuous dorsal-
ventral finfold, blood visible.
15-20 pairs somites posterior to yolk
sac; mandibular and hyoid sepa-
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Fig,.

ites. This and subsequent e
ites. C. Egg, trunk-tail bu

and W, W. Ballard, 1976: fig. 6.}

408456 hours

rately present; olfactory placodes
and otoliths visible.

ridges evident at site of future pec-
toral fins; trunk and tail straight;
somites present to end of tail, faint
pigmentation in eyes, hatching be-
ginslﬂs

At mean temperature of 10.3 C:

2 hours,

30 minutes
68 hours
8 hours
10 hows,

30 minutes
21 hours,

30 minutes
Ca. 44 hours
54 hours
92 hours

143 hours

174 hours
198 hours

224 hours

blastodisc fully differentiated.

4-cell stage.
“eighteen-celled stage.”
36-cell stage.

morula.

blastoderm flattened on top.
blastoderm nearly to equator of egg.
yolk entirely invested by blasto-
derm.

body of embryo visible as a straight
white ridge, narrow and rat
high, nearly encircling egg and
terminating at anterior end as a flat
rounded expansion.

brain and optic evaginations visible.
lateral boundaries of head and bedy
visible; tail almost around to ante-
rior limit of head.

yolk no lenger spherical, but di-
vided into a posterior cylindrical
region and a spherical anterior re-
gion; notochord visible.

175. Catostomus commersoni, White sucker. A. Egg, free part of tail smaller than eye, 20-25 pairs of som-
s with capsule removed, B.Egg, trunk capable of slight movement, 35 pairs of som-
with ea. 5 pairs of somifes. First indication of median finfold. (A-C, Long, W. L.,

246 hours length of embryo greater thas
circumference of yolk; eyes pig
mented.?

At 18 C:
2 hours, first cleavage starts.
30 minutes
45 hours 4-cell stage.

¥
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Fiﬁ. 176. Catostomus commersoni, White sucker. A. Ege. truak-
tail bud posterior to yolk sac with ca. 10-13 pairs somit®: ctory
and subsequent eggs with capsule removed. B. Egg %" C-
placodes and omﬁg visible, ca. 15-20 pairs of somites lw.s:e ths
to yolk sac. C. Egg, hatching begins in some specimens :dd by
stage. Faint pigmentation in eye, ral fins represeutec o
ridges. (A-C, Long, W. Lami$6 . Ballard, 1976: fig. 7
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Fig. 17T7. Catostomus commersoni, White sucker. A. Yolk-sac larva, anterior Jportion, newly hatched, ca. 12 mm

TL. Pectoral fins appear as discs, eye dark gray, B. Posterior portion of “A,

melanophores on trunk. C. Yolk-

sac larva, anterior portion. Pectoral fins circular, jews functiongl. D. Posterier portion of “C." E. Yolk-sac larva,
anterior portion, 15 mm TL. F. Ventral view of “E.” G. Posterior portion of "E.” (A-C, Long, W. L., and W. W

Ballard, 1976: figs. 8-9.)

5~7 hours 18- or 32-cell stage.
%~12 hours large-celled morula, 50-100 cells;
frst outward movement of periblast

_ material.
1§ hours small-celled morula, blastodisc
nearly hemispherical; cellular en-

velope pebbled in appearance.®

heubation; 4 days at 21.1 C; 7 days at 15.6 C; * 12 days
#avnrage of 11.7 C; 7 8 days at average of 11 C;  17-19
%ys (hatching begins) at 10 C;* 12 to 91 days at
Werage of 10,3 C.2

YOLK-SAC LARVAE

Size at hatching highly variable; 80°8.0 mm TL? for
some specimens, ca. 12 mm TL for others.® Maximum
size at end of stage rcported as ca. 120 mm TL,* how-
ever, some specimens with yalk reach at least 15 mm
TL.** Length vs. age highly variable, its embryological
significance doubtful (WLL).

Specimens described 6.0 -15 mm TL.>*
Body depth 1/6 TL at hatching. Body slender; head de-



DeEvELOPMENT ofF Fismrs oF THE Mip-ATLANTIC BIGHT

B
C
/_’,m’/ o7 R e e Z
D
E

13.8 mm TL

Fig. 178. Catostomus commersoni, White sucker. A. Yolk-sac larva, 8.0 mm TL, newly hatched. B. Yolk-sac
larva, 8.0 mm TL, newly hatched. C. Larva, 9.0 mm TL, gill exposed. D. Larva, 12 mm TL, gas bladder one-

chambered. E. Larva, 13.8 mm TL, dorsal finfold retained, (A, Crawford, D). R., 1923: fg. 3. B-D, Stowari,
N. W., 1926: figs. 20-22. E, Fish, M. P, 1932: fig. 19.)
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Fig. 179. Catostomus commersoni, White sucker. A. Larva, 142 mm TL. Gas bladder two-chambered; ventral
buds formed. B, Larva, 15.5 mm TL. Mouth becoming inferior. C. Juvenile, 18 mm TL. Mouth inferior, en-
tirely below eye. D. Juvenile, 25 mm TL. Scalation complete. (A, Fish, M. P, 1832 fig. 20. B-D, Stewar,

N. H., 1926: figs. 23, 95, 26.)

turved; olfactory placodes evident as circular thicken-
ings of epidermis; mouth incomplete at hatching, open
4 9.0 mm in some specimens,? functional by 15 mm in
farvae hatching at ca. 12 mm TL.* Eye large, slightly
elliptical, auditory vesicles simple ovoid sacs at hatching.
Branchial apparatus complete by 9.0 mm.> Operculum
Partially covers first hranchial arches at 15 mm in speci-
mens hatching at ca. 12 mm TL*® Yolk sac initiafly
%lindrical throughout® or spherical anteriorly.® Heart
St pericardial cavity a dome-shaped bulge at
anterior edge of yolk sac.? Gas bladder visible at 15 mm
™ specimens hatching at ca. 12 mm TL.* At hatching
Pectoral buds present; ? appear as discs larger than lens,
Smaller than eye; by 15 mm TL circular, larger than eye
It specimens hatching at ca. 12 mm TL.** At hatching
taudal with or without incipient rays; finfold originating

near midpeint of dorsum and terminating at vent.?

Pigmentation of specimens hatching at ca. 12 mm TL: At
hatching eye dark gray, first melanophores appear on
trunk. Seven to 10 days after hatching melanophores on
head, row along mid-dorsal region, series along mid-
lateral line, melanophores posterior to anus along ventral
body ridge. By 15 mm TL row of pigment above intes-
tine and gas bladder, row below yolk ard pericardium;
iris unpigmented.®®

LARVAE
Specimens described ca. 9.0 *~ca. 18.0 mm TL.°

At 14.2 mm, preanal myomeres 33; postanal myomeres
10+
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Eyes very large, 3 times in HL. at 9.0 mm. Mouth ini-
tially horseshoe-shaped, nearly vertical; at 14.0 mm
mouth upening on Jevel with Jower rim of eyes; at 16.0
mm opening entirely below eyes. First loop of intestine
formed at 16-17 mm; length of digestive tract equal to
length of fish. Gas bladder first visible at 11.0 mm, con-
nected to gut up to 140 mm,? and 2-chambered in a
specimen 14.2 mm.' Liver first visible at 11.0 mm, In-
cipient dorsal and anal at 9.0 mm; caudal rounded at
109 mm? 2-lohed at 120 mm; * pelvics developing at
14" to 15 mm; dorsal finfold lost by 9.0 mm ® or retained
to ca. 14.2 mm; * preanal finfold long, wide at 14.0 mm;
urostyle oblique at 14.0 mm.*

Pigmentation: At 9.0 mm, a double row of large chro-
matophores along mid-dorsal region and ca. 30 smaller
ones on top of head; a row of small chromatophores

DEVELOPMENT OF FisHeEs oF THE Mip-ArLantic BicHT

along mid-lateral line and a double row along venter. At
12.0 mm, chromatophores along caudal rays.® At 1373
mm, eyes silvery, edged with black; 3 rows of chromaty.
phores along dorsurn and in a single mid-lateral series; a
predominately subsurface series starting behind bead,
concentrated over dorsal surface of gas bladder and con.
tinuing in massed line to vent; ca. 57-60 large, rounded
stellate chromatophores along ventral ridge trom behind
head to vent and continuing as massed line to end of
body; small pepper-like chromatophores near caundal
base.* At 14.0 mm, chromatophores along dorsal rays®
At 14.2 mm specimen has pigmentation essentially as in
carlier stages, but with series of subsurface chromate-
phores above and below vertebral column connected lat-
erally at myoseptums, along ventral aspect of notochord,
and along margins of gill arches At 16.0 mm, large
vellow and black chromatophores scattered over body’

Fig. 180. Catostomus commersoni, White sucker. A. Juvenile, 3¢ mm TL. B. Juvenile, 50 mm TL. Eye high

gzpillae on lips. C. Juvenile, 89 mm TL. Sides and back characteristically mo

5. 27, 28. C, Fowler, H. W, 1906: 156.)

(A-B, Stewsrt, N. H., 1926:



JUVENILES

Minimum size described 18.0 mm TL.2
HL 3.5-4.25 times in body length in “young.” **

At 18.0 mm, nostril apparently divided; preanal finfold
retained. Scale formation first evident at ca. 22.0 mm,
complete by 25.0 mm. Papillae present vn lips at 43.0
mm. Gut nearly twice length of fish at 24.0 mm.

Pigmentation: At 18.0 mm, scattered chromatophores on
dorsolateral surfaces and operculum. At 20.0 mm, all
fins pigmented; scattered chromatophores over entire
body. At 25.0 mm, scale margins becoming outlined
with pigment; several spots or blotches of dark pigment
on sides; sides with distinct golden iridescence. “Young”
mottled and blotched with black, the hlotches sometimes
more or less confluent.®

AGE AND SIZE AT MATURITY

Three ** to possibly 8 2% years depending on subspecies
and locality; usually 3 to 4 years in Ontario.*

Minimum size ca. 78 mm.*
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Erimyzon oblongus (Mitchill), Creek chubsucker

ADULTS Proportions as times in SL: Body depth 2.75-4.2; head

length 3.45-4.2."%
D. 93-14;* A. 7-8; V. 8-10; scale rows to end of hypural engt :
39—45; ** scales in transverse series 13-14; * gill rakers on  Body oblong, compressed; head short. Scales large,
lower limb of first arch 7-10.23 closely overlapping.® Lateral line lacking on body.

Fig. 18l. Erimyzon oblongus, Creek chubsucker. A. Adult, 119 mm TL, 98 mm SL. B. Egg, four-cell stage, 2
hours. Development of this and following embryos at 20 C. C. Egg, morula, 3 hours, D, Egg, tail-free embryo,
50 hours. E. Egg, embryo, 74 hours. (A, Trautman, M. B., 1957: fig. 58, © Ohio State University Press. Used
with permission of author and publisher. B-E, Carnes, W. C., Jr., 1958: pls. 2, 8, 4; figs. 8, 5.)



Breeding males usually with three large tubercles on
each side of snout; ? pearl organs along dorsal, anal, and
caudal rays.’*

Pigmentation: Brownish olive with coppery luster above,
pale beneath; fins more or less dusky, sometimes reddish.?

Maximum size: Ca, 457 mm.'®

DISTRIBUTION AND ECOLOGY

Range: Minnesota east to Atlantic coast; reported from
New Brunswick and Nova Scotia,* but records are pos-
sibly erroneous; ' south on Atlantic coastal plain to
Waccamaw River drainage in North Carolina,'**® in
Mississippi drainage south to Texas and Florida?

Area distribution: Tidal tributaries of Chesapeake Bay ta
Havre de Grace, Maryland; *** Delaware; #"** Virginia; *'
New Jersey.'?

Habitat and movements: Adulis—a bottom species *2°
inhabiting clear, rapid to slow moving streams, fre-
quently in areas of thick vegetation; also lakes ***** and
millponds (RJM). Undertake spawning migrations to
headwaters of streams in spring '*** and move down-
stream to larger creeks following spawning.! Maximum
salinity 2.17 ppt.’®

Larvae—no information.

Juveniles—in small schools over vegetation along lake
shores; ** also in quiet pools of small streams.”

SPAWNING

Location: Presumably headwaters of small creeks over
sand and gravel,'* also in ponds over muck bottoms.*”

Season: March and April in North Carolina, with move-
ments chiefly during evening hours.™

Minimum temperature; Ca. 11.0 C.**
F'.‘:Cundity: 7300 -83,013.%+

EGGS

Description: Demersal; adhesive, attached to objects on
ttom and to each other.!4

Ripe eggs—1.84 mm in diameter; spherical; light to deep
gollen yellow; perivitelline space very narrow; oil giob-
©s lacking,'*

EGG DEVELOPMENT

At ca. 20 C (fluctnating from 17-23 C):

One hour blastodisc formed; first cleavage
evident.
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2 hours 4-cell stage.
2 hours, 8-cell stage.
35 minutes
3 hours morula.

24 howrs some eggs with incipient neural
crest,

50 hours embryo completely  surrounds
volk; tail tip free; eyes barely dis-
tinguishable.

74 hours tail completely free; yolk mass

oval anteriorly, tubular behind;
movement established.

Incubation: 96 hours at ca. 20 C (Huctuating from 17-23
C)_lq

YOLK-SAC LARVAE

Hatching at 48 mm TL; maximum size described 6.0
mimn.

Head initially deflected over yolk, free at 6.0 mm; mouth
poorly developed at 5.9 mm. Auditory vesicles small,
elongate at hatching, no longer visible at end of stage.
Yolk sac spherical anteriorly and elongate posteriorly at
hatching, reduced to slender tube at 5.9 mm. Pectoral
buds present at hatching; preanal finfold extended for-
ward toward head as yolk is absorbed.™

Pigmentation: At 6.0 mm (ca. 2 days old), chromato-

hores apparently formed in finfold; at 5.9 mm {ca. 4
Says cld}, chromatophores on head above and below eye,
along anterior half of dorsal surface and anteroventral
surface of yolk.

LARVAE

Specimens described 7.7-7.9 mm TL.
Mouth clearly visible and gas bladder formed at 7.7 mm;

I arches forming at 7.9 mm. At 7.7 mm, pectorals well-
g:eveloped; incipient rays in caudal.’*

Pigmentation: At 7.7 mm, chromatophores throughout
body with single row along vertebral column. At 7.9 mm,
pigmentation more proncunced, with distinct, broken,
dark line laterally."

JUVENILES
Minimum size described 34 mm TL.

Eve larger than in adult. Scalation incomplete at 34 mm
(AJL), apparently complete at ca, 45 mm.'?

Pigmentatiom: A distinct dark lateral band® of widely
spaced chromatophores evident at 34 mm (AJL), later
broken into blotches forming transverse bands; #'* caudal
fin amber 5
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7.9 mm TL

Fig. 182, Erimyzon oblongus, Creek chubsucker, A. Yolk-sac larva, 4.8 mm TL, just hatched. Yolk sac, 8.05
mm long; pectoral buds present but not shown. B, Yolk-sac larva, 6.0 mm TL, ca. 2.2 days. C. Yolk-sac larva,
5.9 mm TL, ca. 3.9 days, D. Larva, 7.7 mm TL, ca. 7.4 days. E. Larva, 7.9 mm TL, ca. 20.4 days. (A-E, Cames,

W. G., Ir., 1958: pls. 5-9.)
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Fig. 188. Erimyzon oblongus, Creek chuhsucker. A. Juvenile, 34 mm TL, 28 mm SL. B. Juvenile, ca. 45 mm
TL. (A, Mansueti, A. ]., and J. D. Hardy, Jr., 1967: fig. 77C. B, Fowler, H. W ., 1906: 160.)

AGE AND SIZE AT MATURITY 11. Massmann, W. H,, 1958:4.
12. Fowler, H. W,, 1906:161-62.
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Moxostoma macrolepidotum (Lesueur), Shorthead redhorse

ADULTS

D. 10-15 (usually 12-13); ** A, 6 **-8 (usually 7); C, 17-
19 (usually 18); P. 14-19 (usually 16-18); % V. §-10
(usually 9%); lateral line scales 392*—487% (usually 42-
44), circumferential scales 28-37, predorsal scales 12-19,
caudal peduncle scales 11-16 {usually 12}; post-Weberian
vertebrae 3740; gill rakers 22-30; ** branchiostegals 3.7

Proportions as percent TL: Greatest body depth 18.0-
22.9; caudal peduncle depth 7.2-9.3; HL 17.0-16.0.*
Proportions as percent SL: Body depth 22.0-31.3; HL
(over 150 mm SL) 18.2-24.5; orbit (over 200 mm SL) 3.6—
5.4; caudal peduncle depth 9.2-12.1; snout length 8.2-
1152 Proportions as percent HL: Snmout 37.5-47.5;
interorbital width 36.348.0. Proportions as percent snout
length: Eye 50.0-83.3 in “smaller” specimens, as low as
36.9 in larger.** Proportions as times in SL: Body depth
3.21°43;2 HL 42'%-54.> Body moderate (RE]), lat-
erally compressed, back with moderate arch.”*> Head
small,* naked short, slightly humped hehind eye, snout
somewhat bulbous, overhanging mouth. Mouth rather
small, inferior, gape barely reaches nostril; #* lips small
to moderate, posterior margin straight or forming very
obtuse angle, surfaces in most forms deeply plicate, lat-
eral or nearly entire portions of lower lip transversely
and deeply cut into large papillae, M, m. pisolabrum
with upper lip thickened medially, bulbous. Dorsal fin
margin moderately to quite falcate (straight only in some
large adults), 4th pectoral ray usually longest, in adult
males anal fin quite pointed and elongate. Intestine well
coiled,** swim bladder with 3 chambers.??> Males with
breeding tubercles on caudal and anal rays, minute tuo-
bercles scattered on dorsal and paired fins, head and all
scales; females with minute tubercles on dorsal and
paired fins, and head.?*
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Pigmentation: Body dark olive to tan-olive dorsally, olive.
yellow laterally with copper to bronze overcast,* ventral
surface milk white or yellowish.? Dorsal fin bright to
pale red,** or with red leading tip, dark edge and dusky
to orange in main area; * caudal fin bright red or car
mine over most of fin, except in certain Atlantic slope
populations where red color is less developed to absent,
anal fin red to orange; paired fins generally salmon, red-
dish orange, or yellowish orange, except Atlantic slope
populations where color varies from salmon, pale yellow
to basically white,?*

Maximum length: Ca. 620 mm.?

DISTRIBUTION AND ECOLOGY

Range: M. m. macrolepidotum occurs from the Santee to
Delaware drainage; St. Lawrence-Great Lakes basin;
southwestern Hudson Bay basin; and upper Mississippi
and Missouri basin. Replaced by M. m. pisolabrum in
western lower Mississippi and lower Missouri basins and
by M. m. breviceps in the Ohio basin.*

Area distribution: In western Chesapeake drainage from
Susquehanna to James systems, except unknown between
Patuxent and Susquehanna rivers (RE]). Apparently not
now occwrring in New Jersey * and Delaware.’*

Habitat and movements: Adults—primarily in Jarger
clear streams,!? rivers ' and lakes?* over bottoms of
sand, gravel ar bedrock; ? also reported over mtud

silt bottom, in sluggish current or stagnant water.®> In-
troduced in millponds and reservoirs (RJM). Migratory,
ascend streams to spawn.*®® Maximum salinity,

ppt (RJM), maximum temperature 37.2 C.** M. m. mat-
rolepidotum usually found in fast moving water over

'3?9?";!3# 'i’i‘i
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422 mm TL

Fig. 184, Moxostoma macrolepidotum, Shorthead redhorse. A. Adult female, 422 mm TL. (Mansueti, A. J., and
1. D. Hardy, Jr., 1967: fig. 784, after Greeley, J. H., 1930.}



rock, gravel, or rubble bottom, less frequently in turbid
water over heavily silted bottom.* M. m. pisclabrum
most commonly at uppermost end of riffles with swift
flow at depths of ca. 61 em.2™ M. m. breviceps inhabits
areas of moderate current in shallaw, open pools or at
the foot of riffles almost always over clean gravel
Lottom, 2

Larvae—no information.

Juveniles—fast water * in streams © and rivers {RE]).

SPAWNING

Location: RifHles or gravel rapids in streams 9.1-12.2 m
wide; »*1! over sand hottoms {RJM}; in clear water near
edges of sandbars in water 15-21 cm deep; in troughs ca.
% cm long and 50 cm wide and circular “nests” ca. 40—
3 cm in diameter.*

Season: April to June in Maryland (RJM).

Time: Night; ¢ also 1000 to 1600 hours {ECR).
Temperature: 11.1 -21.7 C.2

Fecundity: 13,500 *-29,732.2

EGGS

Location: Scattered in small lots,” buried in the bottom
by vigorous spawning (ECR).

EGG DEVELOPMENT

No information,
YOLK-SAC LARVAE

No information.

LARVAE

No information,

Catostomidae—suckers 297

JUVENILES
Minimum size unknown.

Head 3.5-4.0 times in SL in “young” less than ca. 75
mm.* Head 4.0 or more in SL in young-of-year.2s

AGE AND SiZE AT MATURITY
Mature by age group I3
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FAMILY ARIIDAE

While there are many families and species of catfishes, there are only two
trutlp}‘; marine families, the Ariidae and the Plotosidae. In the Atlantic, any marine
catfish will be an ariid. This family is not confined to marine waters. Though in-
capable of completing their life cvele in freshwater, they commonly enter the
lower reaches of rivers. Numerous species and genera and reported for this family
with the majority of them being tropical or subtropical.

Adults are characterized by being scaleless, having an adipose fin, and a
forked caundal fin, three pairs of barbels, some beny plates on the head and near
the dorsal fin origin and strong dorsal and pectoral spines. The only fish in this
region with which thev could be confused are the freshwater ictalurid catfishes.
They are separated from these most easily by the lack of a pair of nasal barbels.

Both of the specics included here arc buccal incubators with the male carry-
ing the large, yolky eggs. The volk-sac larvae are quite advanced in development
at hatching and complete transformation into juveniles by the time of yolk
absorption.

30L
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Arius felis (Linnaeus), Sea catfish

ADULTS pairs on lower jaw (WRT); maxillary barbels nearly a
long as head.” Posterior margin of anal fin not deeply

D. II, T (I, T ); A 18 27—20; W, 192047 +8419- indented.® ' ’

20=53-55; 27 P. I, 6-10 (WRT); V., 8;*® total vertebrae

50-52, precaudal 92, caudal 28-30.2" Pigmentation: Steel blue above, sides and belly silvery;

1 ar fins plain.??
Body rather elongate, tapering to slender tail. Head ower T pam

depressed, flattened above; three pairs of barbels, 2 Maximum length: Ca. 610 mm.”

ca, 40 mm TL

Fig. 185. Arlus felis, Ses catfish. A, Adult, ca. 278 mm TL. B. Egg, chorion removed; embryo, with most myo-
meres formed. C. Egg, chorion removed; late embryo; barbels and Ens present. Domal pigmentation and well-
developed hypural plate not illustrated. D. Yolk-sac larva, ca. 40 mm TL. (4, Goode, G. B,, et al,, 1884: pl. 236.
B-D, Mansueti, A. J., and ]. D. Hardy, Jr., 1967: fig. 80B-D, after Merviman, D., 1940.)



DISTRIBUTION AND ECOLOGY

Range: Cape Cod to Yucatan, Mexico ** (records from
Panama ° are apparently in error, WRT).

Area distribution: Lower Chesapeake Bay.’

Habitat and movements: Adults—shallow, coastal water
over sand or mud bottom during summer; * sometimes in
schools.'® Recorded from freshwater: *® common in
salinities up to 45 ppt; maximum salinity 80 ppt; ** most
abundant at 25 C and higher.** Maximum depth 27.4 m.!
In Texas found in bays in spring, departing to Gulf of
Mexico in fall; ** abundant in Alabama from April to
September, some overwintering cccurs in deep chaunnels
in upper Mobile Bay and delta areas; ** in Louisiana
abundant from May through October? and January;
seasonal migration does not occur in southem Florida.*

Yolk-sac larvae—carried in mouth of male parent;**
sometimes in mouth of female parent.®

Juveniles—apparently more numerous than adults in
waters of low salinity; 1** recorded from freshwater.®s

SPAWNING

Location: In Gulf of Mexico area, back bays in water
as shallow as ca. 0.68-1.2 m; probable salinity 13-30 ppt?

Season: Males observed with young in mouths from first
of May to first week in August.+¢1>? “Young” 48 and
38 mm taken in December off Alabama.®* Female in-
?u}bating eggs taken from Charlotte Harbor, Florida in
I y.zs

Fecundity: Ca. 20-64 mature ova produced each season.®

EGGS

Location: Carried in mouth of male® and sometimes
female parent.”s It has been suggested that (1) eggs are
depusited initially in sandy depressions from which they
2re picked up by male parent,® and (2) females use flap-

¢ modifications on pelvic fins to assist in placing eggs
directly in mouth of male! Demersal when dropped by
parent,s

Ri.Pe ovarian eggs: Diameter 12-19 mm;° greenish; *
icropyle single, stellate; ca. 0.5 mm in diameter.®

Fertilized + Maximum diameter 14-18 mm;* some-
what oval or elliptical, rarely round;® egg capsule with

thin, colorless adhesive film; adhesiveness lost as develop-
Ment proceeds,?

EGS DEVELOPMENT
AY 295305 C; «

Artidee—sea catfishes

4 hours 2-cell stage.
7 hours 4.cell stage.
9 hours Bcell stage.
11 hours 16-cell stage.
20 hours blastula.
29 hours gastrula,

Development of embryos of unknown age: *

57 mm  body straight; brain divisions, optic
vesicles, and olfactory placodes visi-
ble; blood circulation established;
movement in tail.

embryo embedded in yolk; pectoral
fins leaf-like; pelvic buds formed, 3
gill buds present; vitelline vessels over
1/2 yolk; pigment lacking except in
retina.

pigment in pectoral region.

6 barbels, olfactory bulbs, cerebral
hemispheres, optic lobes, and 4 bran-
chial arteries differentiated; light pig-
mentation developed.

opercular cartilage and membrane
formed; all external features devel-
oped; dorsal region of head, body,
and tail pigmented.*

9-15 mm

18-24 mm
23-25 mm

38-45 mm

Just prior to hatching, membrane covering head becomes

_increasingly transparent.'®

Incubation: FPossibly ca. 30 days to hatching with larvae
retained in parent’s mouth an additional 24 weeks.®

YOLK-SAC LARVAE

Hatching size apparently ca. 29745 mm.¢ Size range
described 29'—ca. 532 mm.”** Duration of stage, up to
ca. 55 days under laboratory conditions.®

Yolk sac large, round; rays developed or developing in all
fins except pectorals; eyes large.®

LARVAE

Since fin ray complement is complete before yolk absorp-
tion, this stage does not exist for this species.

JUVENILES
Size described 6888 mm.
D. I, 8 > (questioned, PW]).

Proportions expressed as times in SL: Head 3.5-4.4; depth
4.7-5.5; predorsal distance 2.8-3.0. Eye 4.3-5.5 in head.**

Body elongate, slightly compressed toward tail; head
subéonical,g maxillary barbels almost reaching end of



304 DEVELOPMENT OF FISHES OF THE MID-ATLANTIC BIGHT
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Bagre marinus (Mitchill), Gafttopsail catfish

ADULTS

D.Is(ID 7; A 2228 41 C, 22.93 + 7T+ 8+21=58
5577 P. I, 11-14; V. 6,41 total vertebrac 53-54. pre-
caudal 22, caudal 31-32.%7

Body robust; head depressed. Teeth villiform in bands
on jaws and palate. Two pairs of barbels, one pair on
lower jaw; maxillary barbels long, flattened, sometimes
reaching nearly to base of pelvics. Dorsal and pectoral
spines with extended filaments;® anal fin with a promi-
rent V.shaped indentation on posterior margin?

Pigmentation: Dorsum stec] blue, sides silvery, venter
white; dorsal and anal fins white or bluish; caudal fin

dusky or gray.®
Maximurn length: Ca. 571 mm®

DISTRIBUTION AND ECOLOGY

Range: Cape Cod to northern South America,®™*?

Area distribution: Chesapeake drainage north to Rock
Point, Potomac River, Maryland.®

Habitat and movements: Adults-—a bottom species of
coastal waters and estuaries; ! recorded from fresh water,”
but most abundant between 5 and 30 ppt; * leave estuaries
in fall, return in spring.**

Yolk-sac larvae—retained in mouth of male parent; if
removed, demersal, but sometimes floating at surface.!

Javeniles-—leave estuaries in fall, return in spring; tem-
perature range 10.0-349 C, preference 250 C and
higher,”

SPAWNING

Location: Probably mud flats.

Season: May ? to August™ off Florida, with spawning
rarely lasting over 10 days.*® Females with well-devel-
opedd eggs taken off Alabama, March 31 to April 15.%

Fecundity: Ca. 20 2-68.°

EGGs

Location: Carried in mouth of male, sometimes in spaces
tween branchial arches; number of eggs per male 2-55.

Bipe ovarian eggs: Longest diameter 15.0 1-2L.5 mm.”

Fertilized eggs: Golden yellow; * oval or elliptical, rarely
Tound; 25 longest diameter 15326 mm; average longest
diameter of 327 eggs, 19.5 mm.?

EGG DEVELOPMENT

At unspecified temperature. When embrvo is 17 mm
long, eye pigmented; tail free. At 20-25 mm, embryo
sunken into egg; head twisted to side with only one eye
visible; yolk vascular system well developed; caudal fin
rays formed; pigment along dorsum.’ Prior to hatching,
2 barbels or lower jaw differentiated; filaments of pec-
toral and dorsal fins formed.2

YOLK-SAC LARVAE

Length at hatching ca. 45 mm TL.* Length at end of
stage 78 -100 mm.*

Apparently larvae are retained in mouth of male parent
until yolk is absorbed. Timc period in mouth, beginnin
with fertilization, 42 *~70 days. At 57 mm TL, choroi
fissure faintly visible; dorsal spine ca. 1/4 TL.

Pigmentation: Black stippling on head, along dorsum,
and in distinct lines along myomeres.’

LARVAE

Since the fin ray complement is complete prior to yolk
absorption, this stage does not cocur in this species.

JUVENILES
Minimum size ca. 80100 mm TL.#

Proportions expressed as times in SL (at 87-119 mm):
Head 3.7-4.1; depth 4.4-5.1; predorsal distance 3.1-34.
Eve 44-5.2 in head.”

At 87-119 mm SL, snout very short, blunt; maxillary bar-
bels almost reaching anal fin base. Dorsal fin filament
reaching base of adipose fin; caudal deeply forked, upper
Jobe much longer; pectoral spine longer than dorsal
spine, its filament almost reaching anal fin base.’”” At time
of volk absorption, all adult characteristics visible.?

AGE AND SIZE AT MATURITY

Females, 265 mm.?

LITERATURE CITED

Gudger, E. W., 1916:131-56.
Merriman, D., 1940:222, 23841,
Briggs, ]. C., 1956:18.

Gunter, G., 1945:36-7.
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Fig. 186. Bagre marinus, Gafftopsail catfish. A. Adult, ca. 345 mm TL. B. Egg, 18.5 mm in diameter; just be-
fore hatching, C, Yolksac larva, ca. 45 mm TL; vecently hatched. D. Yolk-sac larva, 58 mm TL. (A, Goode,
G. B, et al,, 1884: pl. 235. B-D, Mansueti, A. I, and J. D. Hordy, Ir., 1967: fig. 76B-D, after Gudger, E. W,

1918.)
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Ictaluridee—freshwater catfishes

Fig. 187. Bagre marinus, Gafltopsail catfish, A. Yolk-sac larva, 98 mm TL. (Mansueti, A. |, and J. D. Hardy,
Ir, 1967: fig. 79E, after Gudger, E. W., 1918.)

Gudger, E, W, 1918:25- 32, 11. Guuter, G., 1942:314,
Hildebrand, S. F., and W. C. Schroeder, 1928:127, 12. Schultz, L. P., 1944:183.
128, 13. Boschung, H. T., 1957:132-3.
Fowler, H W., 1953:51. 14. Swingle, H. A., 1971:20-21.
Gudger, E. W, 1919:122. 13. Perret, W.S,, et al., 1971:44,
Gunter, G., 1938b:339. 16. Breder, C. M,, Jr., and D. E. Rosen, 1866:245-8,

Jordan, D. S, and B. W. Evermann, 1896-1900:118.  17. Miller, G. L., and §. C. Jorgenson, 1973:303.
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Ictalurus catus
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Ictalurus nebulosus
Ictalurus punctatus
Noturus gyrinus
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freshwater catfishes
Ictaluridae



Blank page retained for pagination




FAMILY ICTALURIDAE

Catfishes are primarily inhabitants of freshwater lakes and rivers in tem-
perate and subtropical regjons of North and Central America. A few species are
known to enter tidal waters of low salinity. Most active at night, ictalurids
generally hide or remain in deeper waters during davlight.

These fishes have a laterally compressed body behind the dorsal fin, a large
flattened head with four pairs of barbels, smooth, scaleless skin, an adipose dorsal
fin and stout spine on the dorsal and each pectoral fin.

This family is composed of about five genera and 40 species. Two genera
and six species are known from the Mid-Atlantic region. These six species
spawn in excavated nests, man-made objects or natural cavities in fresh or slightly
brackish waters.

Described eggs from this region are large (3-6 mm in diameter), occurri:g
in masses that are guarded and aerated by one or both parents. Newly hatch
yolk-sac larvae have well formed mouths, maxillary and mandibular barbels and
large oval yolks,

The adult complement of fin rays is evident at yolk absorption, thus develop-
ment proceeds directly from yolk-sac larvae to juvenile,

311
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Ictalurus catus {Linnaeus), White catfish

ADULTS Body rather robust, somewhat compressed; ** bony supra-
occipital does not reach dorsal spine.** Head depressed,
D.I,5%7,"*A 21-26, 2 P. I 89V, & broad; mouth very broad; lower jaw slightly included;

teeth villiform, in bands on jaws; four pairs of barbels,
Body depth 3.5-4.75 times in TL; eye 6.9-7.84 times in  Pectoral spine stout, not as long as longest soft ray;
HL; pectoral spine 2.22-2.41 times in HL.*# caudal fin moderately forked.*?

Fig. 188, Ictalurus catus, White catfish, A. Adult, 310 mm TL, 253 mm SL. B. Embryo removed from egg, 2
days. Development of this and following embryos at an unspecified temperature. C. Embryo removed from egg,
3 days. Operculum, pectoral buds, and myomeres formed. D Head of 3-day-old embryo. Maxillary barbels at
corners of open mouth; heart developed, E. Embryo removed from egg, 4 days. Mandibular barbels forming. F.
Head region of embryo, 5 days. (A, Treuiman, M. B., 1957: fig. 105. © Ohio State University Press. Used with
permission of author and pubiishers, B-F, Ryder, |. A., 1887; figs. 155, 156, 150, 161, 162.)
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i ; ; r . Yolk-sac larva, 10.} mm
Fig. 189. Ictalurus catus, White catfish. A, Yolk-sac larva, .8 mm TL, just hatched. B s
TIE 1 day. cNasnl barbel forming just anterior to posterior nare. C. Yolk-sac larva, 9.0 mm TL, 2 days. D. Yobk-
sac larva, 9.4 mm TL, 8 days. Pelvic buds developed. (A-D, Ryder, J. A., 1887: figs. 163-166.)

Eigmentatjom Grayish above and on sides, white below; DISTRIBUTION AND ECOLOGY
ead olive ay; anal whitish, edged with gray;** no (4
isH ’ ; -SRI ; Range: Coastal streams from Pennsylvenia ¢ and New
et darETSPOtS on body. Breeding individuals bluish Ycarkg,7 south to Lake Okeechobee, Florida,® and west

ek to dusky blue above, whitish blue below. along the Gulf coast to Escambia drainage system 2
Maximum length: Ca. 610 mm.=* (records from Texas '** are apparently in error, WRT);
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introduced on Pacific coast,?! in Nevada,” and Lake Erie.”

Area distribution: Tidal tributaries of Chesapeake Bay
north at least to Patapsco River; #'** larger tidal crecks
of Delaware River Estuary; *»** New Jersey ocoastal
areas.’t

Habitat and movements: Adults—river channels? and
streams in sluggish current;* also lakes,® ponds and
bayous, frequently over heavily silted bottom,* avoiding
areas of dense vegetation; ** capable of extensive move-
ment away from tagging sites, but with no apparent
seasonal migratory tendencies; '® movement to remain
within a certain isohaline regime may occur.” Maximum
salinity 14.5 ppt,® lethal salinity tolerance (L.C 5., 60 hr.)
14 ppt; upper lethal temperature (LC ., 12 hr.) at 20 C
acclimation, 20.2-31.0 C.** Preferred depth: Ca, 3.0-9.1 m
from April through June, ca. 9.1-152 m in July and
August, surface to ca. 27.4 m in September and October,
below ca. 15.2 m after fall turnover.*®* Occur regularly in
small numbers near surface over depths of ca. 30.5-
76.2 m.»

DeveELorMENT oF FiSHES oF THE Mm-AtLanTIiC BicHT

Larvae—no information.

Juveniles—initially guarded by parents; remain in schools
until end of first summer.?® Capable of growth at 11 ppt
or less @

SPAWNING

Location: Stll or running water * in nests usually built
near sand or gravel banks; nest large, up to 914 cm
across and 45.7 cm deep.?

Season: Late May to early June in Pennsylvania, lasting |
about 1 week; '* probably in carly July in California;" -
mid-July in captivity.!

Time: Eggs deposited sometime prior to 1000 hours in
reported one case.!® '

Temperature: Ca. 21 C.°
Fecundity: 1000 *-3500.°

14.0 mm TL

Fig. 190, Ictaluris cotus, White catfih. A. Yolk-sao larva, 10.0 mm TL, 4 days. B, Yolk-sac larva, 13.8 mm TL.
5 days. Nasal barbels elongating. C. Juvenile, 14.0 mm TL, 9 days. (A-C, Ryder, I. A, 1887: figs. 167-169.)
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14.4 mm TL

Fig. 191. Ictalurus catus, White catish, A. Juvenile, 14.4 mm TL, 14 days. Gas bladder evident. B. Juvenile,
19.5 mm TL, 82 days. C. Dorsal view of “B.” {4-C, Ryder, 1. A., 1887 figs. ITO-172.}

EGGS

Note: Ryder® may be describing 1. nebulosus or 1
Punctatus rather than 1. catus {WRT).

Location: Demersal,’ sometimes covered with 127-152
Mm of gravel; 2 deposited in masses, one of which
Measured 203 mm long, 102 mm wide, 12.7 to 19.5 mm
thick, and contained ca. 2000 eggs. Egg masses guarded
nd aerated chiefly by male parent.”*?

Bipe: eggs: Diameter 4.0-4.5 mm.®

Fertilized eggs: Diameter ca. 42 mm;'® spherical;’

yellowish white; 12 adhesive; yolk granular,® ca. 3.2 mm

n diameter; 18 egg capsu]e double,! with adhesive, non-

Belatinous and highly elastic outer envelope.*'® Ryder"

;ﬁnﬁﬂns minute “corpuscles” within the perivitelline
ace,

EGG DEVELOPMENT

Note: Observe same caution as with above concerning
data from Ryder’ (WRT).

At unspecified temperature:

tail-free stage; rudimentary branchial
arches and clefts, nasal pits, maxillary
barbels and finfold developing; mouth
not open.
tail with movement; vascular system,
ctoral buds, and anlage of opercu-
um present; finfold complete; mouth
open; maxila barbels developing as
flat lobes at angle of mouth.
barbels of lower jaw forming,
incipient anterior dorsal fin and caudal
rays evident.'®

Second day

Third day

Fourth day
Fifth day
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Incubation: 2-6 days at unspecified temperature; 1% 6-7
days at ca. 23.9-29.4 C.*

YOLK-SAC LARVAE

Hatching length 9.0~9.75 mm TL. Specimens 1—4 days
old vary randomly from 9.0-10.0 mm in length, while a
specimen 5 days old is 13.6 mm in length.

Yolk oval at hatching, Nostril divided by Lst day.
Choroid fissure no longer visible by 2nd day. Urostyle
oblique at hatching. Four barbels evident on 1st day;
nasal barbels first evident on 4th day. Heart prolonged
downward over anterior pole of yolk at hatching; gas
bladder evident by 4th day. Incipient rays in caudal at
hatching, in dorsal and anal by 1st dav, and in pectorals
by 2nd day; rays fully formed except in pelvies by 13.6
mm (5th day). Pelvic buds cvident on 2nd day. Finfold
somewhat widened in region of incipient adipose by 2nd
day, and with definite notch at posterior margin of
developing adipose by 3rd day.'

Pigmentation: Became progressively darker after hatch-
ing, at 4 days dark brown except on belly.>*

LARVAE

Adult fin ray complement evident before yolk absorption,
therefore, as defined in this volume, the Jarval stage
does not oceur.

JUVENILES

Minimum size described ca. 14.0 mm TL.!

Proportions as percent of SL in specimens 24.9-57.0 mm
SL: Body depth 24.5-26.1; head length 26.8-28.1; anal
length 24.86-26.4; predorsal length 32.9-35.6; pectoral
spine 15.9-20.5; dorsal spine 17.5-20.5.'°

Eye 4.25-4.8 times in SL in “young.” ? Body tadpole-like;
postscapular process evident at 19.5 mm. At ca. 14.0 mm,
teeth present. Posterior end of gas bladder with indica-
tion oF 2 lobes at 14.4 mm, evident externally as rounded
prominence behind shoulder girdle at I9.5 mm. At ca.
14.0 mm, lower lobe of caudal shorter than upper. At
144 mm, lower lobe of caudal longer than upper;

DEevELopavENT oF Fisaes oF tTHE Min-Atrantic Bicar

pectoral spine nearly horizontal; adipose free.! Pelvig
inserted a little nearer tip of snout than base of caudal
in young® Lateral line incomplete anteriorly at ca
80 mm,*7

Pigmentation: Adult-like at 19.4 mm.!

AGE AND SIZE AT MATURITY

1-2 years; ** ca. 152 *-211 mm FL.*
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Ictalurus natalis (Lesueur), Yellow bulthead

ADULTS

D. I, 6-7 (WRT); A. 23-28,2'% possibly to 31. 9 P.
I, 7-8;® V. 8;'2 vertebrae usually 38+ Weberian ossi-
cles; gill rakers 14-16 (usually 10 + 4); branchiostegal rays
usually 8-9.1%

Proportions as percent TL: Greatest body depth 19.2-
25.1; head length 22.1-27.1; interorhital width 38.2-549;
snout to dorsal origin 29.1-34.4; dorsal fin hasc 6.8-8.7;
anal fin base 20.2-27.4. Pr?ortions as percent head
length: Eye diameter 9.4-20.5; intcrorbital width 38.2-
54.9; snout length 36.2-43.4."™

Body laterally compressed behind anal fin, scaleless.’”
Head broad® wide, paired nostrils widely separated,
posterior pair opening through base of long snout harbcls;
undersurface of head flat, two pairs of barbels, inner pair
shorter; mouth terminal, moderately long, wide, gapc
reaching almost to eye, upper jaw somewhat longer
than Jower, maxillary barbels reaching or surpassing
operculum. Dorsal

fin anterior to midpoint of body,

spine ca. 3/4 fin height, straight, barbs on posterior edge
very weak; adipose fin long, fleshy,'* free posteriorly; *
pectoral spine more than 1/2 fin length,' posterior edge
with sharp serrations; candal square 7 or raunded.’®

Pigmentation: Yellow-olive, brown, brownish black or
slate black above; sides vellowish, sometimes,” or never 4
mottled; bright yellow, yellow-white or milk white be-
low, ™ upper barbels light to dark brown, chin barbels
vellow, buff to pale pink, barbels lacking black pigment
or spots;'* fin membranes weakly pigmented,’" bases
darker,™ anal fin usually with dark horizontal median
band and dusky or black margin; 7 peritoneam gray, not
heavily speckled.'®

Maximum length: 465 mm.*

DISTRIBUTION AND ECOLOGY

Range: North Dakota to Great Lakes and St. Lawrence
drainage, south to Gulf coast, and southwest to eastern

190 mm TL

ca, 21 mm TL

Juvenile, ca, 21 mm TL. {A, Trautman,

Fig. 192. Ictalurus natalis, Yellow bullhead. A. Adult, 150 mm TL. B. o author and publisher. B, Fowler,

M. B., 1957: fig. 106. © Ohio State University Press.
H.W., 1935: fig. 34.)

Used with permiss
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Oklahoma and northeastern Mexico; 7 introduced in
Pacific states * and elsewhere.?

Area distribution: Tidal tributaries of Chesapeake Bay in
Virginia *1* and Maryland; also recorded from coastal
plain of Delaware; ** New Jersey.*

Habitat and movements: Adults—moderate to very heavy
areas of aquatic vegefation in shallow portions of large
bays, lakes, ponds, streams and brooks in clear water of
base or low gradient.”

Yolk-sac larvae and juveniles—guarded by parent fish®
(probably by male only **) until late July or August¢ or
until young are ca. 50 mm long,'*

SPAWNING

Location: Depths of 45.7 to 121.9 em*® with eggs de-
posited in shallow, saucer-shaped nest ®'* which is some-
what larger than fish itself  and usually located beside or
beneath a bank, log, or tree root;® also in inclined
burrows as much as 61.0 cm deep.’® In aquaria, nests
occur in both open and sheltered areas.*

Season: Mid-May to early June,'?* and lasting ca. 2
weeks.?

Fecundity: 1850 *-7000.514

EGGS

Location: Adhesive, sometimes attached to roots in nest;
number of cggs per nest ca. 300-700; * deposited in
clusters which are attended by male only.#

Fertilized eggs: Golden,* to yellowish white; * diameter
2.5-3.0 mm.>

EGG DEVELOPMENT
Incubation: 5-10 days at unspecified temperature.”

YOLK-SAC LARVAE

No information,

LARVAE

Adult fin ray complement evident before yolk absorption,
therefore, as defined in this volume, the larval stage does
not occur.

DEVELOPMENT OF FisaHes oF THE Mip-AtLantic Bicur

JUVENILES

Specimens described 17 '-21 mm TL.**

Preanal vertebrae 15; postanal vertebrae 27. Maxillary
barbel equal to HL at 17 mm. Dorsal and pectoral
spines well-developed and caudal fin rounded at 17 mm.

Pigmentation: At 17 mm, smail, round, closely set chro-
mataphores on head, body, and fins; underside of head
and body from lower jaw to vent colorless; chin barbels
white.! Specimens less than ca. 50 mm long often entirely
black above.”

AGE AND SIZE AT MATURITY

During 3rd year," minimum ca. 127 mm.**
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Ictalurus nebulosus {Lesueur), Brown bullhead

ADULTS

D. I, 6% (rarely I, 7); ** A. 19-26,>* C. 17 principal rays
(WRT) P. I, 79 (WRT); V. 8" vertebrae 34-39+
Weberian ossicles; gill rakers, usually 9 on upper limb,
4-5 on lower; branchiostegal rays usually 9, 9.3

Proportions as percent TL.: Greatest body depth 17.7-
26.3; caudal peduncle depth 8.1-9.9; HL. 22.6-26.3; snout
to dorsal origin 30.4-34.3; dorsal fin base 6.6-9.3; anal
fin base 17.5-20.7. Proportions as percent HL: Inter-
orbital width 45.2-53.2; eye diameter 10.0-18.7; snout
length 35.6-44.2.2+

Body rounded and heavy forward, laterally compressed
behind dorsal fin, scaleless.*® Head somewhat narrow,
depressed,?” slightly rounded te concave on top, under-
surface broad, Hat; four pairs of barbels, longest pair of
maxillary barbels extend to end of operculum or base of
pectoral fin, moderately long flattencd snout barbels
located at posterior nostrils, undersurface of head with
two pairs of heavy flattened barbels, inner pair shorter;
snout moderately long, broad, shallowly rounded; mouth
terminal, horizontal, wide, upper jaw slightly longer than
lower, maxillary extending to posterior nostril. Dorsal
spine somewhat more than 1/2 fin height, barbs on
posterior surface weak or absent; caudal fin truncate *
to emarginate; ¢ posterior end of adipose fin free from
caudal; # pectoral spine almost as long as fin, barbs large
and recurved.®*

Pigmentation: Olive gray to almost blue-black above,*
with or without an overlaid mottling of darker coloring;
lighter on sides; 2° pale yellow,** white-gray or pinkish
below; #* all barbels dark brown to nearly black (except
base of chin barbels, which may be pale yellow to white);
coloration of fins same as body, some dark pigment on fin
Ty membranes; peritoneum silver to gray.*

Maximum length: Ca. 508 mm.*

DISTRIBUTION AND ECOLOGY

Range: Southern Canada through easten United States
to Guif states and southemn Florida; 22 widely intro-
dused on Pacific coast of North America, in Furope,
parts of US.S.R.* and Canada™

Area distribution: Tidal tributaries of Chesapeakel Bay
I Virginia? and Maryland (RJM); coastal plain of
D(']aware‘s&u

Hubitat and movements: Adulis—a schooling, bottom
Sprcies,® usually restricted to deeper canals,’ sometimes
forming dense aggregations.’* Found over mud or among
4Quatic vegetation in ponds and sluggish rivers; **** also

reservoirs, swamps, ponds, and stagnant water; occa-
sionally in clear, clean water (RJM}); largely nocturnal
in habits,** known to burrow inte soft bottom sediments,’®
Maximum salinity 10 ppt* (observed dying at 14.0
ppt ). Upper lethal temperature at 6 C and 368 C
acclimation: 28.9 C and 37.5 C. Lower lethal temperature
at 210 C and 36 C acclimation: -1.0 C and 7.0 C.s3
Minimum dissolved oxygen level ca. 0.2 ppm at low
temperatures.”” Taken at depths of 12.2 m.*

Yolk-sac larvac—in tight mass at bottom,?* on sides * for
54416 days.®

Juveniles—early juveniles herded about in schools for
some weeks *1%#%253% by gne or both parents; ™ sometimes
in schools throughout first summer among vegetation or
near other suitable cover over more or less muddy
bottoms,*? often in shallow ditches,*”

SPAWNING

Location: Sluggish, weedy, muddy streams and lakes *
usually at depths of several inches to several feet? In
nests consisting of open excavations in sand, gravel, or
rarely, mud, and often in shelter of logs, rocks or
vegetation; ***7%* in burrows up to 1 m long excavated
under roots of aquatic plants; ** occasionally in cavities of
old stumps, stovepipes, old pails,’® and terra cotta pots.’®
In aquaria, nests are excavated by females only and
always constructed under shelters.*

Season: Late spring in Marvland (R]JM); early April to
August or later throughout range'”** and possibly
occurring twice yearly.”

Time: Early morning ** to 1400 hours.’”
Temperature: Ca, 21-23 C.*
Fecundity: Ca. 2000-13,800.%

EGGS

Location: Adhesive; @ 50°-10,000 or more per nest;
deposited in clusters (similar to masses of frog eggs) ** as
much as 10 cm long and 8.4 cm wide’” One or both
arents usually attend clusters, often with oral agita-
tion.212% Eggs exposed to direct sunlight produce poor
hatches.”®
Unfertilized eggs: Single micropyle.®’
Fertilized eggs: Pale cream,® pale yellow,”” or light
orange; * nearly transparcnt. Diameter ca. 3.0 mm.* but
varying in size from nest to nest often with a size differ-
ence of 1.0 mm? Egg capsule transparent, thin;
perivitelline space ca. 1/3 egg diameter.*
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Fig. 194, Ictalurus nebulosus, Brown bullhead. A. Yolk-sac larva, ca. 18-14 days from fertilization. B, Yolk-sac

larva, dorsal view of “A.” (4, B, Ammstrong, P. B, 1962: fig. 51. © Syracuse University Press.

mission of author and publishers.)

EGG DEVELOPMENT

At 20-21 C:
1 hour, blastodisc evident.
12 minutes
1 hour, first cleavage.
38 minutes

3 hours 3rd cleavage.

6 hours morula; blastoderm conspicuously
high and dome-shaped.

1 day embryonic shield evident.

2 days ca. 14 somites, tail bud well definred;
blastopore closed; brain division dis-
cernible but ventricles not evident;
some movement established; anlagen
of otoliths sometimes present.

5 days pigment developing in eve; pectoral
buds and barbels developing.

6 days dorsal finfold elevated in region of

future dorsal fin.*’

Incubation: 5 days at 25 C;* 8 days at 20-21 C* (a
Tepert of “less than 20 hours” at ca. 25.0 C* is probably
I error, PWD-

Used with per-

YOLK-SAC LARVAE

Hatching length 4.0 °*-8.0 mm.*®

Caudal with incipient rays at hatching.?* Barbels and
spines developed by 3rd day. On ca. 10th day, anterior
edge of maxillary barbel serrated; incipient rays in dorsal,
anal, and pectoral.’®

Pigmentation: Transparent and yellowish'® or cream
white at hatching,” with few chromatophores on head,
yolk mass, and body; * by 2nd day, dorsal surface
darkened; by 4th day, upper parts uniform bluish black,
under parts whitish.’®

LARVAE

Adult fin ray complement evident before yolk absorption,
therefore, as defined in this volume, the larval stage
does not occur.

JUVENILES
Specimens described 22 mm TL.

————

23- 193. Iotalurus nebulosus, Brown bullhead. A. Adult, 172 mm TL. B. Egg, 2 days, diameter ca. 3.0 mm,

7 somi i iew of “B.” D. Embryo, 7 days. Egg ca
T head e agg ot B orehview o "D (dr Trsman, M. B. 1953 s 17 6 Oy e

permissio uthor and publisher. B-E, Ammstrong, P. B., : fgs. 26, 40,

e iorten of author and publisher.)

dorsumm of head when e,
tersity Press. Used i
‘e University Press. Used with permission of @

le removed; tail bent over
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At 22 mm, vertebrae 14-+26; length to vent 99 mm;
greatest depth 4.5 mm; maxillary barbel about as long as
head.®* “Young” with 6-10 well-developed teeth on
posterior edge of pectoral spine.?

Pigmentation: At 22 mm, top and sides of head, dorsal
aspects of body, fins, and barbels covered with small,
close-set chromatophores; belly light® “Young” jet
black.r217

AGE AND SIZE AT MATURITY

3 years,” minimum ca. 178 mm.*
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Ictalurus punctatus (Rafinesque), Channel catfish

ADULTS

D. 1, 6% A. 23%-30;* C. 15 branched or 17 principal
rays (WRT); P. I, 8#-10;% V., 8§ %" vertebrae usually
42-44 + Weberian ossicles: gill rakers 14-18 (usually 9-12
on lower limbs, 36 on upper); branchiostegals 7,7 to
8, 8.3

Proportions as percent TL: Greatest body depth 14.2-
22.7; head length 19.6-24.6; least caudal peduncle depth
7.0-8.5; snout to dorsal origin 28.0-31.1; dorsal base
6.4-8.3; anal base 19.6-24.9, Proportions as percent HL:
Interorbital width 39.1-52.3; eye diameter 10.8-19.3;
snout length 33.6-49.2.3%

Body elongate,”” laterally compressed behind pelvie fins;
skin scaleless; ** bone ridge from head to caudal spine
continuous {in smaller specimens).*® Head rclatively
narrow, rather wide in breeding adults (WRT), sub-
conic; ¢ with four pairs of barbels,? longest pair originates
at angle of mouth, extends past head length; snout long,
broad, flat to shallowly rounded on top; paired nostrils
separated, posterior one of each pair opening through
base of short barbel; ** eyes located in middle ** to dorsal
half of head;* undersurface of head flat, broad; mouth
inferior,” wupper jaw longer than lower.® Teeth on
dentary, premaxillary and pharyngobranchial bones.
Dorsal spine less than 2/3 fin height, almost straight, no
barbs on posterior surface; pectoral spine 3/4 fin length,*
strongly barbed {WRT); eﬁreic fin origin behind insertion
of dorsal fin; ** caudal En deeply forked,* upper lobe
longer than lower.'* Head of males swollen above and
behind eyes during breeding season.*® Urinary and
genital ducts with separate external openings in females,
tommeoen opening in males.*®

Pigmentation: Silver-blue, dark steel blue,® to gray above;
lower sides lighter; ** yellowish, milk white * to silver-
white ventrally; barbels darkly colored, without spots,
base of inner chin barbels often colorless; ** frequently
with scattered dark spots on body, except in larger indi-
viduals; * edges of dorsal, caudal and anal fins dusky; **
peritoneum speckled with black.* Breeding males gener-
ally black or blue-black with black lips; breeding females
wually with lighter lips and body, larger females (9.1-
136 kg) generally black, blue-black or dull gray with
motiled to black lips.*®

Maximum length: Ca, 1202 mm.*®

DISTRIBUTION AND ECOLOGY

Range: Hudson Bay region,” south to Florida * and
torthern Mexico,?® north through New Mexico,* Colo-
fado® and Montana to southern Manitoba;® widely

introduced in Atlantic and Pacific coasts drainages.’

Arca distribution: All major tributaries of Chesapeake
Bay; * coastal plain of Delaware.?#5?

Habitat and movements: Adults—chiefly in channels of
large rivers (RJM), in sluggish to swiftly lowing current s
and lakes; ** also ponds, bayous,® stagnant pools; ** in
water clear * to muddy, over sand, gravel or rubble
bottoms which may not be mixed with mud; * abundant
downstream from sandbars in relatively decp quiet
waters; '* sometimes near waterfalls,* or in pools below
dams; ** seldom in dense vegetation. Some populations
apparently undertake spawning migrations in small
streams; © spawning migrations variable, habitat-depen-
dent; * individuals may make excursions of up to 290 km
in Mississippi River.”® Peak activity at sunrise and sun-
set.”t Maximum salinity 19.0 to 21.0 ppt,* usually at less
than 1.7 ppt; ¥ prefer temperatures above 21.1 C,* in
one study with greatest concentrations above 33.8 C.#
Commonly captured at all depths above 21.3 m.*

Yolk-sac larvae—apparently guarded by male; *'¢ first 2
to 5 days after hatching ** in mass on bottom.* Upper
salinity tolerance ca. 8 ppt® Abnormal development
evident at 35.5 C and higher.®

Juveniles—early in stage undertake excursions to surface
to feed; *® travel in schools for several davs or weeks.
After dispersal, feed singly in quiet, shallow water over
sandbars, around drift piles, and among rocks;® in
streans, “ynunﬁ” inhabit shallow riffles and turbulent
areas near sandbars; ' some winter under boulders in
rather swiftly flowing water.> Strong schooling and
hiding tendencies evident at 4 to 10 months. At 90-180
mm in close aggregations during davlight, forming tight
school when disturbed, prefer hiding to open areas; at
night, school dispersed, scattering occurs when disturbed,
never in shelters at night at warm temperatures.” Grow
at salinities of 11 ppt or less,® at 5 to & months and older
tolerate 11-12 ppt.** Upper lethal temperatures: Ca. 36.8,
37.3 and 37.8 C at acclimation temperatures of 26.0, 30.0
and 340 C;* passive below 4.0 C, remaining in tight
clusters both day and night.® Lethal dissolved oxygen
levels {gradual acclimation): 0.76, 0.89 and 0.96 ppm at
25 C, 30 C and 35 C respectively.*

SPAWNING

Location: In semidark nests constructed by male * in
weedy places near lake shores,” under rock ledges.® in
tunnels in submerged turf,® in man-made containers,'**
or other protected sites; *° also small streams,* sometimes
in very swilt water.®*
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Fig. 195. Ictalures , Channel catfish. A. Immature, 262 mm TL, 188 mm SL. B. Egg, blastedisc,
30 minutes, This and all following eng ca. 3.5 mm; incubated at 24.7-26.8 C. C. Egg, morula, 5 hours. D. Egg,
early embryo just before blastopore closure, 27 hours. E. Egg, tail-free embryo, 34 hours, pectoral buds present;
ca. 24 somites formed. (A, Trautman, M. B, 1957: fig. 104, © 1957, Ohio State Unlversity Press, used with per-
mission of author and publisher. B-E, From Soksena, V. P., K. Yamamoto, and C. D. Riggs, 1961: figs. I, 6, 11,

15, 19; delincated by joan Ellis.)



Season: March ** through July.*# possibly to September,
sometimes with two spawning peaks per season.®*

Time: 00300730 hours and 15301730 hours; 2050 hours
under laboratory conditions.*?

Temperature: Ca. 21-29 C, optimum ca. 27 C.12
Salinity: Ca. 2 ppt and less.**
Fecundity: 1052 *-70,000.%

EGGS

Description: Demersal; adhesive; deposited in large
gelatinous masses *® of 2500-20,000.>° Initially light ** or
golden yellow '* becoming brownish yellow with age.®

Unfertilized eggs: Prior to spawning, 3.5-4.0 mm %
Fertilized eggs: Diameter, 3.53 mm; ** average diameter
with capsule removed, 3.2 mm; ** egg capsule tough.!
EGG DEVELOPMENT

At 24.7-26.8 C; ¥

50 minutes blastodise rounded, well de-
fined, raised moderately from
yolk surface.
2 hours, 30 minutes 2-cell stage.
to 3 hours, 15
minutes

3 hours to 4 hours, 8-cell stage.
30 minutes

5-7 hours morula.

10 hours early gastrula.

11-16 hours germ ring formed; embryonic
shield barely evident.

21 hours blastoderm over 2/5 yolk; em-
byronic shield forward from
dorsal lip region.

23 hours embryonic shield elongate; in-
cipient neural tube and noto-
chord evident.

25 hours blastoderm over 3/4 volk;
large yolk plug formed; em-
bryonic keel, neural groove,
and anlage of forebrain evi-
dent.

26 hours anlage of optic vesicles, 35
somites.

ca. 27 hours blastopore small; 10-11 som-
jtes, brain region evident,
optic vesicles and auditory

lacodes visible.

ca. 30 hours Elastopore closed, 15-16 som-

ites, opticcup, and lens formed,
heart a straight tube; anlage
of pectoral fin evident; Kup-
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ffer’s vesicle formed.

34 hours ca. 24 somites, heart 2-cham-
bered; auditory vesicles large;
Kupfter's vesicle nearly ob-
literated.*®
ca. 48 hours movement established; eves
(temperature “fairly well-formed.” 28~
unrecorded)

Incubation; 5-10 days at 15.6-27.8 C.® ca. 7-10 days at
ca. 24-26 C; 6-9 days at ca. 27-28 G124

Salinity limits: At 1 to 2 days, upper tolerance ca. 10
ppt; 7 3 days and older 18 ppt.'”

YOLK-SAC LARVAE

Minimum hatching size ca. 6.4 mm.** Duration of stage
3-6 days.!' Specimens described 12.2-15.0 mm TL.?

Body slender at hatching.’® Yolk mass conspicucusly
elongate, bluntly pointed posteriorly at ca. 13 mm,
shorter and less pointed at 14.5 mm. Mouth well formed
and with barbels at ca. 13 mm.* Spines developed,’ but
not necessarily visible at or shortly after batching, At
ca. 13 mm, incipient ravs in dorsal; pectoral fin short,
squarely truncate; pelvies present as short rounded lobes;
anlagen of anal and adipose fin evident. Pelvics elongate
at ca. 145 mm.?

Pigmentation: At hatching, body golden* trans-

arent; ®' volk sac pink ™ or light amber.’® At ca. 13 mm,
Eody bright golden; chromatophores in triangular patch
on head, in an ill defined line on either side of mid-dorsal
line to caudal base, and sometimes in a broken line along
trunk and anal base. At ca. 145 mm, pigment present
over most of snout and sides of head, in a line from head
to caudal base, at all fin bases, and to some extent on
fins.?

LARVAE

Adult fin ray complement evident before yolk absorption,
therefore, as defined in this volume, the larval stage does
not occur.

JUVENILES

Minimum size described 32.6 mm TL. Maximum size
attained at least 257 mm TL.®

At 32.6 mm, 16 preanal vertebrae; 28 postanal vertebrae.
Body slender; head slightly convex above; maxillary
barbels longer than head. Pectoral spine ca. 2/3 HL;
caudal fin forked; posterior margin of adipose fin free.”

Pigmentation: Apparently blue immediately after yolk
absorption.? Body nearly white with sparsely distributed
melanophores; subsurface spots pronounced over stomach;
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chromatophores on all fins.> Young with or without spots
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Fig. 198, Ictalurus punctamius, Channel catfish. A. Yolk-sac larva, 14.5 mm TL. B. Juvenile, 16.2 mm TL. C.
Juvenile, ca. 42 mm TL. (A Greeley, J. R., and 8. C. Bishop, 1982: fig. 3. B, Lippson, A. [., and R. L.. Moran,
1974, after Taber, 1969. C, Fowler, H. W I1945: fig. 144}

at ca. 50-75 mm.®

AGE AND SIZE AT MATURITY

18 months ** to 9th year; * minimum size for males ca.

165 mm.*°

Lo
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Noturus gyrinus (Mitchill), Tadpole madtom
ADULTS

D. 1, 47" (mean 5.7 %%); A. 12-18"! (mean 152 %), C.
50-86 {total count),™ upper half 27-36 (mean 31.5), lower
half 22-32 (mean 26.5); P. I, 5-10 (mean 6.9'%); V. 5-
101 (mean 8.2 '%); total vertebrae (except fused anterior
vertebrae) 32~37 '* (mean 34.3); caudal vertebrae 25-28,
precaudal vertebrae 7-9, vertebraec anterior to anal fin
origin 10-11; ** gill rakers on first arch 5-10; branchios-
tegals 8-10; " ribs 5-7; hypurals 6 (3+3) to 7 {(3+4)
internasal pores 1-3; preoperculomandibular pores 8-12
{mean 1(.2}°

Proportions as percent TL: Greatest depth 16.8-22.9;
caudal peduncle depth 10.2-12.9; head length 22.5-26.5;
tip of snout to dorsal origin 27.8-31.6; dorsal base 9.5—
12.6; adipose length 14.5-17.0; anal bhase 16.8-19.4.
Proportions expressed as times in distance from origin of
dorsal fin to adipose notch: Tip of caudal fin to adipose
notch ratio 0.8-1.5; predorsal rength ratio L1-1.5; head
length ratio 1.4-1.9. Proportions expressed as times in
SL: Head length 3.0-3.8. Propartions expressed as times
predorsal length: Caudal peduncle depth 2.1-3.1; pec-
toral spine length 1.8-3.7; dorsal spine length 2.0-4.5.'5
Proportions expressed as percent HL: Interorbital width
38.4-49.4; eye diameter 9.3-16.2; snout length 35.1-42.0,"

Body variable, usually short and chubby, sometimes
elongate; *''* deepest at or in front of dorsal fin; 1 lateral-
ly compressed behind origin of anal fin; steep angle from
tip of snout to dorsal fin origin’® Head short, deep,
broad; * band of teeth on premaxillary with rounded
edges, lateral dimension 3 to 4 times anterior-posterior
measurement; humeral process distinct; '* four pairs of
barbels; 1 lower jaw subterminal,? or terminal.** Adipose

fin high, shallow notch between adipose and caudal often
inconspicuous; * caudal fin wsually ending in an obtuse
point; pectoral spine deeply grooved, nonserrate, smooth
bumps frequently an posterior edge near base; anterior
ends of infraorbital and supraorhital canals separate.

Pigmentation: Light yellow to chocolate brown or olive-
gray above, sides lighter, venter yellow-white or white; 2!
sides uwsually with a narrow, dark, lateral streak; vertical
fins not dark-edged; * barbels and fins may be darker or
lighter than gencral body color?® Peritoncum not
pigmented.'*

Maximum length: Ca. 127 mm.*

DISTRIBUTION AND ECOLOGY

Range: Manitoba to Texas in the West, east to Atlantic
coast and north to New York and St. Lawrence River;
isolated populations may occur in the Appalachians;®
introduced in New Hampshire, Massachusetts, Idaho,
Oregon,™'! and parts of Europe.'®

Area distribution: Tidal portions of Maryland,' and
Virginia rivers; ** also Delaware river.'

Habitat and movements: Adults-—on Atlantic coast chicfly
below the Fall Line, in waters varying from strongly acid
to alkaline; ** usually clear water in base- or low-gradient
streams, springs, marshes, potholes, and lakes with soft
bottom and abundant aquatic vegetation; *"' sometimes
under sticks and stones.® Maximum salinity: 0.98 ppt.”
Maximum depth: 25 m."

Yolk-sac larvae—no information.

Juveniles—mo information.

Fig. 197, Noturus gyrinus, Tadpole madtom. A. Adult, 43 mm SL. (Troutman, M. B., I848: pl. 1, fig. 3.)



SPAWNING

Location: Low- or base-gradient portions of streams,
oxbows, glacial pothole lakes or artificial 1mpoundments
over bottoms of muck, mud, or organic debris; * recorded
in water 0.9 m deep.®

Season: May to July in northern localities s

Fecundity: Ca. 50-93; ¢ maximum eggs per nest 117.:

EGGS

Location: Deposited in clusters heneath boards or logs,
in crawfish burrows, holes in mud, under roots,® and in
old tin cans.?®

Fertilized eggs: Average diameter ca. 3.5 mm; ** adhesive;
in discrete clusters surrounded by a gelatinous matrix;
yolk light yellow {WRT).

YOLK-SAC LARVAE

No information.

LARVAE

Adult fin ray complement evident prior to yolk absorp-
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tion, therefore the larval stage, as defined in this volume,
does not exist,

JUVENILES
Essentially adult-like at ea. 25 mm TL (WRT).

AGE AND SIZE AT MATURITY

No information,
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Noturus insignis (Richardson), Margined madtom

ADULTS

D. I, 5-7 (usually 8); A. 15-21 (usually 17-19}; C. 54-67
(total count), upper half 27-35, lower half 26-33; P. I,
7~10 (usually 9); V. 8-10 (usually 9); precaudal vertebrae
8-11; caudal vertebrae 28-31; vertebrae anterior to anal
fin origin 12-14; total vertebrae (except fused anterior
vertebrae) 37-42 {(usually 38-40); gill rakers on first arch
6-10; branchiostegal rays 9-12; ribs 6-8; hypurals 6
(3+3)-7 (3+4); preoperculymandibular pores 9-12
(typically 11); 2 internasal pores.®'®

Proportions expressed as times in distance from origin of
dorsal fin to adipose notch: Tip of candal fin to adipose
notch ratio 1.4-1.9; predorsal length ratio 1.3-1.8; head
length ratio 1.7-2.3. Proportions expressed as times in
predursal length: Caudal peduncle depth 2.3-3.2; pectoral
spine length 2.1-3.8; dorsal spine length 3.1-4.8. Propor-
tions expressed as times in SL: Head length 3.4-4.0.
Proportions expressed as times in snout: Eye diameter
1.9-2.880

Body elongate. Head depressed, lower jaw included,
premaxillary tooth band wusually obtusely angulate at
corners, four pairs of barbels. Caudal peduncle deeper
than head depth. Dorsal spine moderate in length, stiff;
pectoral spine long, slightly curved, up to 9 distinct
posterior serrae (may become irregularly fused in old
specimens), anterior serrae lacking, Adipose fin broadly
united to rounded or truncate caudal fin. Humeral
process about equal in length to diameter of pectoral
spine_ﬁ,lﬂ

Pigmentation: Yellowish to slate gray, lighter on ventral
surfaces; top and sides of body and head uniformly
darkly pigmented; barbels usually with some chromato-
phores, those above dark, those below light; chin in
front of mental barbels pigmented; narrow bridge of
pigment crosses abdomen in front of pelvics, otherwise
abdomen and lower surface of head, except lower lip,
usually immaculate (may be lightly pigmented in very
large specimens). Fins lightly pigmented, especially near
bases; pelvic fins relatively clear; margins of pectoral,
anal, dorsal, and caudal fins frequently with dark band
or concentration of pigment that is usually darker than
basal areas, extreme edges clear; adipose fin dusky near
base, clear distally.**°

Maximum length: Ca. 178 mm.*

DISTRIBUTION AND ECOLOGY

Range: Lake Ontario drainage,® north to Lake Lapeche,
Quebec; ¥ Atlantic coastal streams from New York to
Georgia; and upper New or Kanawha River system; ap-
parently intraduced in New Hampshire and Tennessee
River basin.®1¢

Area distribution: Tidal tributaries of Chesapeake Bay in
Maryland and Virginia, also reported from Delaware and
New Jersey.'t

Habitat and movements: Adults—high gradient streams
usually at or above the Fall Line" usually on riffles
{WRT) of clear, rocky streams in water 15 to 46 em or
more deep. Beneath stones 2 and planks,! occasionally in
quiet water (WRT) and in muddy areas and deep holcs,
or among aquatic vegetation.>® Apparently gregarious
during winter.!

Yelk-sac larvae—no information.

Juveniles—among masses of Potamogeton and Elodea.*

SPAWNING

Location; Shallow excavations under stones, usually in
quiet water above and below riffles.’
Season: Probably late June to early July in New York’

Fecundity: 53-223.°

EGGS
Description: Adbesive; deposited in compact masses 40-
60 mm across, each containing 54 -200 eggs.t '

Ovarian eggs: Orange, ca. 4.0 mm in diameter; > micro- -
pyle single.! '

Fertilized eggs: Diameter ca. 3.0 8.0 mm;* very Pal‘;’ '
cream to yellowish white ¢ or yellow with orange tngeé” .

EGG DEVELOPMENT

At 19.8-25.7 C.

At first caudal movement, egg capsule grayish, yolk whit- _
ish yellow, body pigment la.%%ng. One day later, embryd
8.0 mm, pectoral fins developing, eye pigmented-’

i

e
Fig. 198. Noturus insignis, Margined madtom, A. Adult. B. Early embryo, no pigmentation, C. Embryo. o
day older than “B.” eves pigmented, pectoral buds fonmed, yolk diameter 4 mm, embryo 5.0 mm. D. Y"lk's;c

larva hatching, tail-free from choron. E. Yolk-sac larva, 10 mm TL, newly hatched. (A, Trui

e, BV, B 5

Bean, and H. W. Fowler, 1999: fig. 6. B, C, Mansueti, A. I.. and J. D. Hardy, Jr., 1967: fig. 89B, after Bow™ -

1986. D, E, Botwman, H. B., 1936; pl. 12.)
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Fig, 189. Noturus insignis, Margined madtom. A, Yolk-sac larva, 13 mm TL, 2 da
larva, 18.25 mm TL, 4 days after hatching. C. Yolk-sac larva, 17 mm TL, 8 days

DEvELOPMENT OF FISHES OF THE MID-ATLANTIC BIicHT

after hatching. B. Yolk-sac
er hatching. D. Juvenile, 21

mm TL, 18 days after hatching. (A-D, Bowman, H. B., 1836: pls, 13-16.)

YOLK-SAC LARVAE

Hatching length 10 mm TL. Largest specimen described
17 mm.

Total myomeres at hatching 38; 9 myomeres to posterior
base of dorsal; 29 myomeres behind dorsal:

Head rounded, mouth sub-terminal, all barbels devel-
oped at hatching. Yolk mass initially more or less round,

becoming smaller and pear-shaped by 13 mm. Branchi
ostegals and operculum well-developed at 17 mm. Ut
style oblique; origin of dorsal finfold over Ist myomer®
at hatching; finfold notched posterior to incipient dors
at 13 mm.?

Pigmentation: Stellate chromatophores on dorsal ’surfa::
of head and at base of maxillary barbel at hatching: 0
13 mm, pigment developed on snout and continuous



anterior margin of incipiet dorsal. At 1328 mm,
melanophores spread to origin of finfold and upper sur-
face of yolk sac. At 17 mm, body entirely pigmented
with exception of lower parts of head, ventral aspect of
volk sac, and 3 lowest pairs of barbels. By time of yolk
absorption, juvenile characteristics essentially developed.®

LARVAE

Adult fin ray complement evident prior to yolk absorption
therefore the larval stage, as defined in this volume, does
not oeeur.

JUVENILES

Size range described 21 *-30 mm TL.”

Pigmentation: At 21 mm dorsal surface pigmented. All
upper barbels and proximal 1/4 of lower pairs pigmented.
Unpigmented circular areas around eyes and above gill
covers.!

Ictaluridae—freshwater catfishes 333

By ca. 30 mm, body adult-like, but head somewhat
deeper.’

AGE AND SIZE AT MATURITY

Females 24 months; males possibly 12 months.®
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Acipenser Catostormus commersoni .. 281 natalts ... ..., 817
brevirastem ... ... ... 18 catus, letalurus ... ... 312 nebulosus o .. 819
oxyrhynchus ... .. ... .. ... 18 cepedianum, Dorosoma ... ... 122 punctatus ... ... .. ..., ... 323

Acipenseridae ... .. .. ... .. .. 15 chain pickerel . .. .. ... 18D inshore lizardfish .. .. . .. 13

aestivalis, Alfosa .. . ... .. .. 7 chalybaeus, Notropis . ... ... 261 insignis, Noturus .. .. ... . ... 330

Albula vulpes .. ... ... ... 66 channel catish ... ... .. .. .. 323 ironcolor shiner .. ... .. .. .. 261

Albulidae ... .. ... .. .. .. ... B85 chubsucker, creek ... ... .. .. 202

alewife ... ... . ... . .. .. ... B9 Clupea harengus ... ... .. ... 112 ladyfish . ... ...... . ..... . .. 46

Alosa Clupeidae ....... ........... T8 Lepisosteidae ... ... . ... .. 25
gestivadis ... ... ... T7 comely shiner .. ... .. ... . ... 250 Lepisostens osseus ... ... . .. 28
medioeris ... ... ... .. ... 84 commersoni, Catostemws ... 281 lizardfish, inshore ... .. .. .. .. 191
pseudoharengus . ... 89 corporalis, Semotilus . . ... 260 longnose gar ... .. .. oo ... 28
sapidissima ... ... ... ... a8 creek chubsucker ... .. ... ... 292

American shad ... ... .. ... 5B crysolencas, Notemigonus . . 243 macrolepidotum, Moxostoma ... 296

americanus, Esox ... .. . . 176 Cyprinidae ... ... ... ... ... 201 madtom

Amig cefog ... .. ... ... 48 Cyprinus carpio ... .. A -1 & 4 margined ... ... .. ... 830

Amijidae .. ... 835 cyprinus, Carpiodes .. ... 276 tadpole ... ... ... .. 8328

amoenus, Notropis ... ... ... 250 margined madtom . ... 880

analostanus, Notropie .. ... .. 253 Dorosoma marinus, Bagre . . ... ... 305

Anchoa cepedignum .. .. ... 122 mediocris, Alosg .. .. ... . .. B4
hepsetus ... 154 petenense .. .. ... S, 128 Megalops atlantica .. .. ... 53
mifchilli 159 menhaden, Atlantic 105

anchavy eastern mudminnow | .. . 170 minnow, silvery . ... .. ..., 239
bay ... 159 Elopidae R 43 mitchilli, Anchoa . . .. .. .. 159
silver ... ... ... ... 164 Elops saurus . .., .. ... 48 Maozxastomg macrolepidotum ... 208
striped ... ... ... o ... 154 Engraulidas . ... . ... . .. ... 153 mudminnow, eastern . . ... 170

Artidae ..., 80 Engraulis eurystole . .. .. 184 myops, Trachinocephalus . . 194

Arius felis ... ... ... o 302 Erimyzon oblongus ... .. .. 2082

Atlantic herring ... S 112 Esocidae - 178 notalis, letalurus Sl 817

Atlantic menhaden . ... .. .. ... 105 Esox nebulosus, Ictalurus ... 319

Atlaptic stwegean ... .. ... .. 18 americanus ... co...... 178 niger, Esox ... ... . ...... ... 180

Atlantic thread herring .. ... .. 188 niger ... ... ... o . 180 Naotemigonus crysoleucas . . . . 243

atlantica, Megalops = . . .. ... 53 Etrumeus feres . ... . ... 132 Notropis

auratus, Cargssius ... .. .. ... .. 202 eurystole, Engraulis ... 184 amoens . ... ... 8BO

aurity, Sardinells . ... . 145 analostanus ... .. . e 253

fallBsh .. .. ... ... . . ... 289 bifrenatus .. ... . ... ... 87

Bagre marinus .. ... ... 805 felis, Avius .. ... .. . ... 802 chalybaens . ... ... ... 281

bay anchovy .. ... ..... ... ... 159 foetens, Synodus .. ... .. .. . 181 hudsonius .. ... ... ... ... .. 265

bifrenatus, Notropis ... ... .. 257 Noturus

blueback herring A 77 gafftopsail catfish ... .. .. ... 305 gyrnus ... L. 328

bonefish .................. .. ed gar, longnose ... .. ... ... ... 28 ingignis . ... ... ... .. .. B30

bowfin ... ... .. .. ... ... BB mizzard shad ... ... 122 nuchalis, Hybognathus ... .. .. 238

brepiygﬁmm, AGiPB‘I’lSE’T R 1 : golden shiner .. ... ... L., 248

Brevoortia tyrannus .. ... ... 105 goldfish . o 202 oblongus, Erimyzon .. .. ... .. 202

bridie shiner .. ......... .. ... 257 grags pickerel ... ... ... .. .. 178 oglinum, Cpisthonema ... .. 139

brown bulthead ..... .. .. ... .. 319 gyrinus, Noturus ... ... .. ... 328 Opisthonema oglinum .. . ... 139

bullhead osseus, Lepisosteus .. ... . ... 28
brown .... .. 318 harengus, Clupea .. .. .. .. 1R oxyrhynchus, Acipenser ... .. .. 18
vellow ... ......... . ... 317 hepsetus, Anchos . oL 154

herring petenense, Dorosoma ... ... 128
calog, Amia . ... ... .. .. .. 36 Atlantic ... ... ....... ... 112 pickerel

Carassius auratus ee.... 202 Atlantic thread . ... . ... 139 chain .. ... ... ... ... 180

CATD ..o N1 N bleeback .. ............. ... ™™ BUESS . ... 178

carpio, Cyprings ...... ....... 217 round ..ol 182 vedfin ... ..... ... ... 178

Carpiodes cyprinus ... .. .. ... 278 hickory shad ................ B4 psendoharengus, Alosa ... ... 89

catfish hudsonius, Notropis . .. . ... 285 punctatus, Ictalurws 323
charmel . .. 333 Hybognathus nuchalis .. ..., 239 pygmaes, Umbrg . . . ... 170

afftopsail ... ... . 805
,5.,; _____________________ 302 Ictaluridae .. ............. .. 8H quillback ... 276
white . ... ... .. ... ... ... 312 lctalurus

Catostomidae .. ... ......... 275 valtss .o 812 redfin pickerel .. ... ... ... ... 178
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redhorse, shorthead .. ... .. .. ..

round herring .. ... ... ... L.

sapidissima, Alosa .. ... .. ...
sardine, Spanish ... .. ... ..
Sardinells aurita .= .. ... ...
satinfin shiner .. .. .. . ... . ..
saurus, Elops .. .. . ... .. ...
sea catfish . .
Semotilus corporalis
shad
American .. ... .. ..., ...
gizzard
hickory ... ..
threadfin . .
shiner
badle ... ... .. ...,
comely S

a8
122

287
250

golden ... ... ... ..., 243

ironcolor .. ... ... ... .. 281

satinfin ... ... ... 253

spottail ... 285
shorthead redhorse . ... 994
shortnose sturgeon . ... ... ... .. 16
silver anchovy ... ... ... .. 14
silvery minnow .. ... .. ... . 238
snakefish .. .. . . ... .. ... .. .. 184
Spanish sardine ... ... ... .. .. 145
spottail shiner . ... . ... ... 285
striped anchovy ... . ... ..., 154
sturgrean

Atlantic .. ... ... .. ... .. 18

shortnose ... ... ... ... 18
sucker, white .. ... . .. 281
Synodontidae . ... ... .. 189

Synodus foetens .

tadpole madtom ... ... . . ...
tarpon . ... ... L .

teres, Etrumeus ... ... ... ...
threadfin shad ... ..., L
Trachinocephalus myops .. .. ..
tyrannus, Brevoortie ... .

Umbra pygmaea ... . ... .. ..
Umbridae ..

vidpes, Afbule .~ .. .. ...

white catsh .. ... . .. ... .. ..
white secker .. ... ..

vellow bullhead .. ... ... . ..
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