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- ERRATA

Page 1, eighth line from the bottom of the page ;, Sphyrinide should read
Sphyrnide.

Page 47, first line: Carcharpinus should read Carcharhinus.
Page 49, Family VI: Sphyrinide should read Sphyrnide.
Page 169: Figure 87 is wrong side up. .
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INTRODUCTION

The field work that resulted in the present report was hegun in 1912 when Lewis
Radcliffe and the late William W. Welsh undertook a study of the anadromous
clupeoids principally on the Potomac River and at the head of Chesapeake Bay.
These studies were continued more or less intermittently until the winter of 1914-15,
when the Fisheries steamer Fish Hawk was assigned to this work and the scope was
enlarged to include a general biological and physical examination of Chesapeake
Bay. This work, which was then under the supervision of Lewis Radcliffe, was
interrupted by the World War. It was resumed in 1920 under the immediate
supervision of Dr. R. P. Cowles, of Johns Hopkins University. In 1921 the general
survey was supplemented by a special investigation of the fishes of Chesapeake Bay
by the authors of the present report and was continued at intervals until the fall of
1922, when all the field operations pertaining to the Chesapeake Bay investigations
were brought to a close.

Collections of fishes were made during the general survey, and especially many
young fish were taken. The operations of the general survey were almost wholly
in offshore waters and particularly in the ‘““deep holes.” These collections were
supplemented by the special survey, chieﬂy with collections made in the shallow
inshore waters. Much attention was given to the spawning and feeding habits of
fishes, also to migrations, seasonal abundance, etc. Special attention was directed
to the methods employed in the fisheries, manner of handling and marketing the
catches, prices received by the fishermen, wholesale dealers, and retailers, etc.

Scientific descriptions and keys, made as nontechnical as is consistent with
the purpose of the work in hand, have been introduced, all based upon specimens,
so far as available, collected in Chesapeake Bay. For the species of which no
specimens were at hand, the source of the account given is stated. An attempt was
made in the descriptions drawn up directly from specimens always to discuss the
various characters commonly described in the same sequence. It is hoped that this
arrangement will prove to be a convenience to those who may have occasion to use
the descriptions.

Preceding each description, and following the scientific name of the species, are
one or more common names. 'Those that are of more or less local use only are placed
inside quotation marks. Next follow certain references to literature. The first of
these gives the exact name used by the discoverer of the species and a sufficiently
complete reference to the work in which the species was described and also the type
locality for the species. Then follow references to the local fauna and to the general
work by Jordan and Evermann—namely, Bulletin No. 47 of the U. S. National
Museum. For all references except the first one only the date of publication and
the page number or numbers on which the particular species is discussed are given
Complete titles to the works referred to are found in the bibliography (pp. 358-366).

In the matter that follows the descriptions, the subheads mentioned below are
discussed without naming them in the text in the sequence in which they are listed
here.

(@) A brief statement of the number and range in size of the specimens upon which
the description was based.
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(0) A mention of the chief diagnostic characters, naming those, so far as possible,
that are readily noticed in the field.

(¢) Variations among individuals; variations with age; also sexual differences.

(@) Food and feeding habits.

(¢) Spawning, embryology, larval development.

(f) Rate of growth.

(@) Relative and seasonal abundance in Chesapeake Bay; how taken.

(h) Commercial importance.

(2) Size attained.

() Habitat—i. e., general range of distribution.

(k) Previous Chesapeake Bay records.

(?) Specimens in collection; individuals observed in the field; where, when, and
how taken.

It is understood, of course, that for many species nothing is known relative to
some of the subheads, and in others they do not apply. In such cases the subject
or subjects are not mentioned or are passed over with the remark that little or nothing
is known about them. :

The scope of the work was fixed arbitrarily to include all fishes taken in the salt
water of the bay as well as those taken in the mouths of streams, where the water
. was brackish to only slightly brackish. This arbitrary division resulted in bringing
several species of ‘“fresh-water” fishes within the limits of this report. Species not
taken during the present investigation, but previously recorded from the bay or
reliably reported by fishermen, also have been included.

In the arrangement of the orders and families Dr. David Starr Jordan’s recent
work, ‘“ A Classification of Fishes,”” has been followed. Jordan’s ‘“Genera of Fishes,”’
too, has been consulted freely.

The collection of the specimens and data and the preparation of the report have
extended over a long time, and so many persons have helped at one time or
another to further the work that it will be impossible to give a complete list of all
who have made contributions of one kind or another. The authors are particularly
grateful to the former officers of the Bureau of Fisheries—namely, Dr. Hugh M.
Smith, former commissioner, Dr. H. F. Moore, former deputy commissioner, and
Dr. R. E. Coker, formerly in charge of scientific research, as well as to the officers
succeeding them in the same positions. These gentlemen, of course, made the
undertaking possible, have rendered advice and encouragement, and have been
patient with us, as the preparation of the report (the writers claim because of other
duties) appeared to progress very slowly.

The work was undertaken originally by Messrs. Radcliffe and Welsh, as stated
elsewhere. We have had the collections and the notes of these workers, of which
we have made use freely. Mr. Radecliffe had already prepared an indexed card
catalogue of the various species of fishes known from the vicinity of Maryland and
Virginia when the work of preparing the report was assigned to us, and this catalogue
has been of great convenience. During the later stages of the work we also received
specimens and helpful data from Dr. R. P. Cowles, of Johns Hopkins University.

We are especially indebted to the Buchanan brothers—dJohn, Roland, and Rich-
ard—of Norfolk, Va., who allowed us full freedom of their fishery at James Siding,
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as well as their unusually complete records of catches made since 1908. These
records are of great value in indicating the trend of the fishery with respect to species
commonly taken in pound nets. Tables and graphs have been prepared from these
records and they appear elsewhere in this report. Thanks also are due to the Parker-
son brothers, of Ocean View, for permission to take specimens from their 1,800-foot
haul-seine catches and for records of the fish taken at their fishery during the autumn
of 1922. We wish to acknowledge, too, the courtesy of Messrs. E. E. Bennett and
H. W. Bennett, of Bennett’s North Carolina Line, Norfolk, Va., in allowing us the
use of their warehouse for storing equipment. Thanks are due the fishermen of
Chesapeake Bay generally for their interest in this work and for their helpfulness in
giving information and in securing specimens.

We wish to thank Dr. Edward Linton, of Augusta, Ga., for examining the
contents of a large number of stomachs of various species of fishes. Much valuable
asdistance ulso was rendered by Thomas K. Chamberlain, now director of the United
States Fisheries Biological Station at Fairport, Iowa, and by Isaac Ginsburg and
Irving L. Towers, junior aquatic biologists with the Bureau of Fisheries. Mr.
Chamberlain assisted us in arranging the collection and notes in order to make both
readily nccessible. Mr. Ginsburg made many of the preliminary identifications of
spevimens, as well as a large part of the measurements and scale and fin-ray counts,
ete., used in the descriptions. Mr: Towers examined stomach contents, assisted in
the praparation of many of the tables included in the report, and made the final
drafts of nearly all of the graphs and several of the drawings of fishes appearing in
the report. o

LITERATURE ON FISHES OF CHESAPEAKE BAY

The most comprehensive work on the fishes of Chesapeake Bay is the List of
Fish of Maryland, by P. R. Uhler and Otto Lugger, published by the Maryland
Fish Commission in 1876 in the report of the commissioner of fisheries to the governor,
on pages 83 to 208, and dated January 1, 1876. The second edition of the list ap-
peared the same year, in a reprint, with few alterations, of the same report. The list
in the reprint occuts on page 69 to 176. This work, however, is much more than a
“1igt " of fishes of Maryland, for a description (often very inadequate) for every species
is offéred, together with a brief synonomy, common names, and notes on occurrence,
ébundance, habits, etc. Nor do the authors confine themselves merely to the fishes
of Maryland. “A Catalogue of the Fishes of Maryland and Virginia’ would have
bee¢h & much more appropriate title for this work. This catalogue was supplemented
in 1877 by Otto Lugger, through the addition of 29 species, and agein in 1878 with
10 species. '

Shorter lists, with notes on the fishes fromi various sections of Chesapeake Bay,
were prepared by the following authors: Tarlton H. Bean, 1883; Barton A. Bean,
1891; Hugh M. Smith, 1892; and Barton W. Evermann and Samuel F. Hildebrand,
1910. Complete titles and references to the publications by these authors are given
it the bibliography.

~Beveral species of fishes from Chesapeake Bay also are mentioned in various lists
by Henry W. Fowler. References to these lists will be found in the text under the
pstticulat species that this author mentions. Noteés on the species propagated on
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Chesapeake Bay and tributary streams are scattered through the numerous reports
of the United States Fish Commission and those of the fish commissiong of Mary-
land and Virginia. Finally, various fishes from Chesapeake Bay are mentioned in an
array of miscellaneous papers. Some of these are short and deal with a single fish,
others are of a general nature, and one or more Chesapeake fishes are mentioned
more or less incidentally. References to such publications occur in appropriate
places in the text, and the complete titles are included in the bibliography.

GENERAL CHARACTER OF THE FAUNA

The fishes of Chesapeake Bay are not of a peculiar or distinctive type. It will
be seen from the following tabls that of the 202 species described the great majority
range both north and south of Chesapeake Bay. Present information indicates that
the bay is the stopping point for 27 spscies of southern distribution, whereas only
12 species of northern distribution reach their southernmost range in Chesapeake
Bay. One species, recently described, and four new species described in the present
work, so far as known to date, are the only ones peculiar to Chesapeake Bay. We
have included 44 species that do not appear to have been recorded previously from
Chesapeake Bay. Other specias undoubtedly will be taken, probably as stragglers,
from time to time, as not a few coastwise species range both north and south of the
entrance to Chesapeake Bay but have not been observed to date within the hay
by a naturalist. Such species, of course, may stray past the capes and into the hay
at almost any time.

The anadromous species, chief among which are the shad, alewives, and the
striped bass, are especially numerous, and they constitute a very important part
of the products of the fisheries of Chesapeake Bay. They are particularly importané
in that section of the bay lying within the State of Maryland, as many of the more
strictly salt-water species common in the southern sections of the bay do not reach
the Maryland waters in large numbers. ‘
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Drstribution of spectes

{An X in the first column indicates that the species ranges both north and south of Chesapeake Bay; an X in the second column
shows that it i3 found in Chesapeake Bay and southward, only; an X in the third column shows that it is found in Chesapeake
Bay and northward, only; and an X in the last column shows that, to date, it has been taken only in Chesapeake Bay}

3 b L] =3 B
b = 23
Specl Ee E 'é %E 55 8 -é 'g.g
es 83 2] @ Species N aB :
g3 8 |5 |2z 88|58 |8z
z | & |=z|¢cA z | & |z |8F
Branchiostoma virginiee. X. Paralichthys dentatus X
g?tromyzo? mm"lﬂmmtl X 5 ——— %?gm&ldal ferruglnt%:. e % X
ymostoma cirratum udopleuronectes americanus.
Oarc! on carcharias..___......... p. S I --. || Loph tta maculata. X
Mustelus mustelus X ---- || Etropus microstomus X
Garcharhinus milberti P G P—— Etropus croesotus. ... cicoeceecnmeunefoscac! X jecoaoifoacaea
Scoltodon terre-novee. . X fememnefeccenclaacnan Neoetropus macrops gen. et sp. nov. X
Sphyrna zygmna X Achirus fasclatus__ . X
phyrna tiburo.. X Symphurus plagiusa X
ualus X ae- rosteus tus X
Squatina dumeril X -- Apeltes quadracus. X
37 1 R D G ROUN RPN A, Syngnathus fuscus. X
8 AIApNARES. .« o oo e[ eeeeee X joameee Syngnathus floridee X
a eglanteria. X Syngnathus lounigianse__ X
Raja stabuliforis. D G PRSON BRI SO Hippocampus hudsonius.... X
a erinaces. D G PR . SN Fistularia tabacaria. X
Torpedo nobilians. X Menidia menidia_.. X
Dasyatis centrura X . Menidia beryllina._......... X
Dasyatis americana sp. nov. X «-= || Membras vagrans. X
Dasyatissay_... X Mugil cephalus X
Dasyatis sabina. .. X Mugil curema X
Pteroplates micrura.. X Sphyrena guachancho. ... X
Myliobatis freminvillii. . X - Sphyrsena borealis..... X
Adbtobatus narinari. . _ e X Polynemus octc b
Rhinoptera quadriloba.. X Scomber scombrus. X
Manta birostris. X Pneumatophorus colias. X
Acipenser oxyrhynchus X Scomberomorus maculatus. X
Acipenser brevirostrum... X Scomberomorus regalis X
18 0832US. X Sarda sarda. X
Elops saurus X Thunnus thynnus. X
Tarpon atlanticus X Trichiurus lepturus X
Clupes harengus. X Xiphias giadius. X
Pomolobus mediocris. X Peprilus alepidotus X
Pomolobus sestivalis. X Poronotus tri thus X
Pomolobu‘simudoharengus X Selar cmmenﬁ(f)&hthnlmua_ - X
Alosa sapi ms. ... X 8eriola dum X
Opisthonema oglinum X Oligoplites saurus.... X
Brevoortia tyrannus..... X Chloroscombrus chrysurus..........| X-
Dorosoma cepedianum . . . X Caranx hippos. X
Anchoviella mitchilli_ ... X . X
Anchoviella epsetus... X Caranx latns.... X
Anguilla rostrata.. X Alectis ciliaris._.... X
Conger conger X Selene vomer X
Erimyzon sucetta X .- {{ Vomer setipinnis_..._. X
Minytrema mel X Trachinotus falcatus X
Qatostomus commersonii............ X .- || Trachinotus glaucus. X
QOyprinus carpio X Trachinotus carolinus.... X
Notemigonus crysol X Pomatomus saltatrix X
Hybognathus nuchalis_..._.......... X Rachycentron canadus.. X
Notropis hudsonius amarus X Perca flavescens X lea.
Notropis bifrenatus... X B 8 olmstedi. X
Felichthys felis .. _.ueeeenn X Pomoxis annularis X
Ameijurus catus...... X Enneacanthus gloriosus X
Synodus footens. .. X Lepomis gibbosus X
Esox reticulatus. b S VN SN S Micropterus dolomieu. X
Esox americanus. .. X Micropterus salmoides. X
Cyprinodon variegatus...... X Morone americana., X
Lucania parva. oo oeeocccocaaian- X Roccus lineatus.... X leeo.
undulus heteroclitus X Mycteroperca microlep!
fundulus LT S X Centropristes striatus. X
fundulus aris. X Pri thus arenatus X
undulus diaph .au X Pseudopriaqanthus altus, X
Fuandulus lucise X eececalicacea]omaaan tes suri 8iS...... X
Gambusia holbrooki X . || Lutianus griseus. X
'ylosurus marinus. X Orthopristis Dplerus. X
osurus acus. X Heemulon plumieri X
A‘ ennies hians X Bathystoma rnmator. X
Soomberesox saurus. X Stenotomus chrysops. X
Hyporhamphus unifasciatus. X Stenotomus eatus. .. X
Hemiramphus brasiliensis X Lagodon rhomboides. . . X
Exocotus heterurus X Archosargus grobatocephalus X
Pollachius virens X Diplodus holbrookii. X
QGadus callarias X yphosus sectatrix X
Urophycis chuss X Eucinostomus californiensis. - _ b DU SN
Urophyeis regius. .. X Eucinostomus gula_ ....._.......... X
Merltuccius bilinearis X elostomus xanthurus____.. X leaceecloccacctocanan
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Distribution of species—Continued
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Scimnops. oeellatus ................... D S N S P Gobiosoma bosel. .. camauaomamcnn.
Larimus - 4 X Gobiosoms ginsburgi sp. nov. -
Bairdiella chrysura .................. X Mierogobius holmesi________. -
Stellifer lanceolatus. ... ............_l..__.. Miotogobius eulepis. . ool
Miero; nmgon undulatus. X Mougilostoma gobio gen. et sp. nov...
Pogo cromis. ... X Echeneis naucrates
Umbrina coroides._. . _____.__.____.__l.._.. Astrosco] guttatus.
Menticirrhus saxatilis_....... X Chasmodes bosquianus. .
Menticirrhus americanus.__......._. X H soblennius entz....
Menticirrhus littoralis..... Blennius fueorum. . ... ....
Cynoscion nebulosus... ... Rissola marginata. . ... . .. ...._.
Cynoscion nothus...._ Opsanus tal. v oo cceee oo e
Cynoscion regalis. Gobicsox strumosus. . .
Lophol “lua chameleonticeps Balistes carolinensis.. . .
(C)::laatodlpterus faber.._....
h us._
Hemitripterus americanus.
Cyeclopterus lumpus....__.
Prionotusevolans_ __.________..___..
Prionotas carolinus..__.._._
Prionotus affinis sp. nov.
Oephalacanthus volitans..._________

Tautogs onitis
Tautogolabrus adspersus
Scarus ceeruleus. ...

GENERAL STATISTICS®' AND REMARKS ON FISHERIES OF CHESAPEAKE
BAY

Fishing in Chesapeake Bay is confined almost wholly to the period extending
from about March 1 to November 1. Activities begin in the lower sections of the
bay early in March, whereas the fishermen at the head of the bay usually do not set
their nets until early in April. The first catches of the season consist of shad and
herring, which arrive at the entrance about a month earlier than at the head of the
bay. The first catches generally are small but remunerative, because they bring
fancy prices, and therefore the nets are set early enough to intercept the ‘earliest

arrivals.

The biological fact that, exclusive of the rockfish, the whlte perch, the common
eel, and a few other species of little importance, the commercial fishes leave the bay
during the fall of each year and return the following spring is brought out in the
discussions of the various species. This migration leaves the waters of the bay
largely barren of fish during the winter months, and it is for that reason that nearly
all fishing operations are discontinued by about the 1st of November and are resumed
the following March or April, when the fish begin to return. The earliest to arrive,
as already shown, are the shad and herrings, followed rather shortly by the croaker,
kingfish, and several other species.

1 The statistical data given here and elsewhers in this work, unless otherwise stated, are largely taken from the reports of
the United States Commissioner of Fisheries. Since the statistics are given by counties in these reports, it was necessary to esti-
mate the part taken within the bay proper for those counties not wholly on Chesapeake Bay, Howaever, the original working
sheets on which the data were compiled were available in the Bureau of Fisheries for our use for the statistics of 1920. T hese sheets
contained the catches by localities, and for this year we were able to obtain fairly definite figures on the amount taken within the
bay; and for those years where the amounts for certain counties had to be estimated, the relative proportion of 1920 was used in

arrlving at the estimated quantities taken within the bay itself. It is quite certain, however, that the figures are approximately
correct. It will be noticed, also, that in some instances the figures given in the present report have been reduced to round numbers.




14 BULLETIN OF THE BUREAU OF FISHERIES

The quantity and value of each species of food fish taken in Chesapeake Bay
during 1920 and apportioned between the States of Maryland and Virginia are given
in the following table:

Value and weight of food fishes taken in Chesapeake Bay in 1920 !

' : Maryland Virginia
Common name Scientific name ] =
[ ]
8 |8 2 |4 § |9 g
[ VI - - [ [
Pomolobus sestivalis. ._....
o poeoth Jo, o8, 01| 1 16,381,267 1| $253,424 2
Mieropogon undul 2 361,479 3
Alosa sapidissima. ... waeesi 1,816, 2] 344,110 3|1, 138, 184, 1
Cynoscion regalis. ... [ [ 4 3459 4
R Hneat: 4} 193 8| 88,623 5
14 5 42,000 9
gi 6 60,000 6
121 19,888
13] 1 4, 8
17 9 10, 13
7,2 7 14| 12,309 10
26, 748 1. 11
35,337, 1 348 14
2,100{ 1 15
Dorosoma cepedianum..... 20,087 11
Pseudopleuronectes ameri- 40, 11 17
eanus,
Pomatomus saltatrix ....... 14, 989! 15 16
e me = 5 m o] QTR g 2 }8
-8 goon (tncluding Aclpenser omhyn ns_._ T4 2
ca
Black dram._ . jag cromis 700 27
King whiting....... Menticuthus saxatilis, . 2t
?;lllarlcanus, and litto-
Scisnops ocellatus._._._... 4,835/ 16 26
gt tt):mmoms maculatus. 8. 887 21 19
enotomus chrysops an: . 22
aculeatus.
Centropristes striatus ——— 23
Rachyeentron canadus. . 25
Merluccius bilinearis. . o) H
Tauto . 8 32
Trachi otus carolinus. 24
Sarda sarde. : . 28
Caranx crysos and hippos. .- 30
Chstodipterus faber . 31
pletail._. .| Lobotes surinamensis__ [ 33
Sheepshead......... Axl'chosargus probatocepha- .- 20
us.
Total 12,081,262, ..| 846, 635....145, 378, 84| ]2, 413, 338_1---}00, 410, ;qs]...la, 288, 973'.-.

e 2 COml ) g, S B ek ol of e
3 Estimated for 1921,
; lEstlmated for 1922,

The total catch of fish taken in the salt and brackish waters of Chesapeake
Bay in 1920, in round numbers, amounted to 60,000,000 pounds. Of this amount,
12,000,000 pounds, valued at $850,000, were caught in Maryland and 48,000,000
pounds, worth $2,400,000, were taken in Virginia. About 90 per cent of the entire
catch consisted of alewives, croakers, shad, and squeteagues. According to the
apparatus used, the catch may be divided as follows: Pound nets, 8134 per cent;
gill nets, 7 per cent; seines, 6 per cent; fyke nets, 2 per cent; lines, 2 per cent; eel
pots, one-half of 1 per cent; and miscellaneous, 1 per eent. The catch by States,
expressed in per cent, according to apparatus used, may be divided as follows:
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Fia. 2.—Haul-seining for spots and other fish at Ocean View, Va. The power boat towing the seine boat is about
to leave the beach to pay out the 300-fathom seine

Fi16. 3.—A winch, operated by a gasoline engine, is used for hauling in the seine in localities out of reach of electric
power. Within Ocean View proper electric power is used. Note that only one person is required to manipulate
the line as the seine is being drawn in. Later, as the seine approaches shore and man power supplants gasoline,
22,men are required .
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Fi16. 4.~—The bunt of the seine near shore. At this stage of a haul 2 or 3 men are required to foot the lead line and
. hold up the cork line of the bunt to prevent the fish from escaping

5.—The catch landed on the beach. In this instance the catch is small and can be drawn up on the beach in
the seine. Frequently, however, when a large catch is made, the fish are bajled out with dip nets. Sometimes
it requires an hour or more to remove the fish
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|
Apparatus B{I;S’ Virginia . Apparatus ! 1‘]‘3‘;‘3 Virginia
Per cend | Per cent Per cent | Per cend
Pound nets......covceecmccconmemmeaccancn 68.0 86.0 || Lires....... 0.5 2.5
Beines 16.0 3.0 || Eel pots 1 L5 .2
‘Gill nete. 10.0 6.5 190el1ANEOUS. oo o e ren e mm e 1.5 L0
Tyke nets....- . 2.5 1.8 l

The pound net, as shown by the data given in the preceding paragraph, is by

far the most important apparatus employed in the fisheries of Chesapeake Bay. It
is used throughout the bay, as well as in the lower parts of the larger tributary
streams. The majority of the pound nets, particularly in the northern sections of
the bay, are drawn up in midsummer, when fish, for a time, appear to be scaree, but
are again operated during the autumn. Many nets are used only in the spring for
catching striped bass, shad, and herrings. In the lower parts of the bay and in &
few favorable localities elsewhere the nets are operated throughout the entire season—
namely, from March to November. The principal species of fish taken in pound
nets are indicated in tables and graphs that appear elsewhere in this report.
_ Seines rank next to pound nets in importance in the fisheries of Chesapeake
Bay and are used almost everywhere. Seining, like pound-net fishing, is more profit-
able at certain seasons of the year than others. At Qcean View, Va., for example,
where very large nets are used, operations do not begin until sometime in July, and
large catches usuelly are not made until late in September or in October. Fair to
large catches of spots, spotted and gray weeakfish, striped bass, white perch, and
occasionally bluefish and pompanoes, are taken. An unusually large catch of spots
was obtained in an 1,800-foot seine at Ocean View, Va., in October, 1022, when 00,000
fish, weighing approximately 50,000 pounds, were taken in a single haul.

Gill nets appear to be somewhat less important than seines in the fisheries of
the Chesapeake. They are used to & limited extent throughout the bay, however,
and rather extensively in the lower Potomac, Rappahannock, and York Rivers; also
in the vicinity of Love Point, Crisfield, and Cape Charles. The nets are used either
as stationary nets or they are allowed to drift with the tide and current. Frequently
fair to large catches of striped bass, croakers, weakfish, spots, kingfish, and bluefish
are taken.

Fyke nets, too, are used almost everywhere in the bay. These nets are gener-
ally used in small coves and other places too small for pound nets and in places
where pound nets are not permitted. Although the quantity of fish taken with
fyke nets is comparatively small, many nets of this type are used. Nevertheless,
the operation of the fyke net probably is quite remunerative, as the net itself is inex-
pensive and it can be fished by one man. Furthermore, the fyke net often is used
far into the winter, when virtually all other methods of fishing have been abandoned.
The fish caught at such times, of course, bring & faney price. The species caught
are chiefly winter flounders, white perch, yellow perch, croakers, and squeteagues.

Comparatively little hand-line fishing is done in Chesapeake Bay, because it
does not appear to be as profitable as other methods. The only species that are
taken almost exclusively with hand lines are the sea bass and the tautog, and of these
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fish only small quantities are caught. In May and June, particularly at the mouth of
the York River, croakers are caught with hand lines. This happens to be at a time
when few of these fish are taken in pound nets. A limited amount of hand-line fishing
for large squeteagues is done in the lower parts-of the York and Rappahannock Rivers
in October. About the same time many hand-line fishermen in small boats are seen off
Ocean View fishing for spots, which appear to collect there, presumably preparatory
to leaving the bay.

Eel pots are used throughout the Chesapeake region, but chiefly in the vicinity
of the lower Choptank River and at the head of the bay. Virtually nothing except
eels is caught in these traps.

In 1920 about 40,000 persons were engaged in the fisheries of Maryland and
Virginia, and the shore property, boats, and gear employed (exclusive of the men-
haden industry) were valued at about $12,000,000. The property of the menhaden
industry, including factories, boats, and gear, was valued at about $5,000,000, and
about 350,000,000 pounds of menhaden, worth about $2,000,000, were caught in and
near the mouth of Chesapeake Bay.

It may be of interest to make a comparison here of the catches of fish taken from
Chesapeake Bay and Georges Bank, both intensively fished areas, the one protected
by land and fed by numerous streams and the other in the open ocean. Chesapeake
Bay and the brackish parts of its tributaries contain about 2,700 square milgs and
produced about 11 tons of fish per square mile in 1920, whereas Georges Bank, with
an area of about 7,000 square miles, produced about 3 tons of fish to the square mile.

It is apparent from the statistics collected by the United States Bureau of
Fisheries that, as a whole, no serious decline in the quantities of fish caught in Chesa-
peake Bay has taken place during recent years. The catch, however, probably is kept
up to a certain extent through more intensive fishing and by the use of more efficient
gear. It has been shown elsewhere that a much larger part (8114 per cent) of the
total quantity of fish taken in Chesapeake Bay is caught with pound nets than
with all other gear combined. Unfortunately, this apparatus is often very wasteful
of young and undersized fish, especially if the operators are indifferent and careless.
It may be said with great credit to some of the operators (as, for example, the
Buchanan brothers, who run pound nets in Lynnhaven Roads, at James Siding, and
others) that they are very careful to return to the water uninjured small and un-
marketable fish. On the other hand, not a few pound-net operators empty the
entire catch into their boats and later, at their leisure and after the fish are all dead,
sort out the small fish and throw them overboard; it sometimes happens that only
comparatively few fish of marketable size are contained in the catch. In fact, it is
not unusual for some 5,000 young spots, croakers, or butterfish, all just slightly
under marketable size, to be destroyed in one day at a set of two pound nets. Such
a practice can not be condemned too strongly. Fishermen with forethought and
with a sense of duty to the future will not do this, of course, but will cull their catch
at the net (whenever weather conditions are not too unfavorable) and reduce the
waste to a minimum.
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BUCHANAN BROTHERS’ FISHERY
LOCATION AND DESCRIPTION

For over 50 years a fishery has been in existence in Lynnhaven Roads, Va., at a
place now known as James Siding. This place is only about 3 miles west of Cape
Henry. The fishery (herein called the Buchanan Brothers’ fishery, because it is
owned and has been operated during recent years by three brothers of that name),
therefore, is near the entrance of Chesapeake Bay.

Pound nets and seines only have been used in this fishery, and they have always
been operated in the same immediate vicinity and no evident physical changes have
taken place during the period (1908 to 1922) for which statistics are available.

RECORDS OF THE FISHERY AND THE GEAR EMPLOYED

Records of the quantities of fish caught at this fishery have been kept for
many years in the form of duplicate bills of lading. The amounts listed, therefore,
are quite accurate, as the fish are shipped by rail directly from the fishery at James
Siding to Norfolk. In general, if 10 pounds or more of any one species were included
in the shipment, the species was listed separately. The only discrepancy that
occurs is in small catches consisting of only a few pounds, for these were listed as
“mixed”’ fish.

Through the courtesy of the Buchanan brothers we have had free access to the
records, which are complete for most of the species (exclusive of 1911) since 1908.
Subsequent to the close of the field work in 1922, the records of the shad caught in
1923 also were obtained.

Unfortunately for our purpose, the statistics from the fishery, for all the species
taken, are not directly comparable for the entire period covered, as the gear was not
uniformly employed. From 1908 to 1911 a set of two pound nets was operated from
early March until about July 20, and for the remainder of the season, or until about
the 1st of November, an 1,800-foot haul seine alone was used. From 1912 to 1917
a set of two pound nets was operated throughout the season, and in addition an
1,800-foot seine was used after about July 20. Finally, from 1918 to 1922 a set of
two pound nets alone was used throughout the fishing seasons. Since the pound
nets alone were used during the spring—that is, during the shad and herring runs—
throughout the period of years covered by the records, the changes in apparatus do
not apply to these species, and for them the data are directly comparable. Similarly,
the data for the months of March, April, May, and June, for all the species, are
directly comparable.

VALUE OF THE RECORDS

Tables and graphs (in so far as they seemed useful) have been prepared from
the statistics in order to show the yearly fluctuations and the trend of the various
species caught at this fishery. Regardless of the change in the apparatus employed,
it seems probable that the tables serve the purpose not only of showing the trend in
the abundance of the species commonly caught in pound nets in Lynnhaven Roads,
but that, in a measure, they may reflect the general rise and fall in the abundance
of these species over a series of years for the entire bay. We are unable to produce
definite proof for the last-mentioned hypothesis as no statistics (exclusive of those
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of 1909 and 1915 for the shad and herrings) covering the vicinity of the bay are
available for comparison from 1908 to 1920. In comparing the Bureau of Fisheries
" statistics for 1908, 1909, 1915, 1920, and 1921, published in Appendix IX of the report
of the United States Commissioner of Fisheries for 1922 (p. 85), for the shad and
herrings, with those compiled from the records of the Buchsnan brothers’ fishery, it
is seen that (disregarding changes in the gear used or in the number of men and boats.
employed in the fishery for the entire bay) the general downward trend for both
shad and herrings is reflected in each group of statistics. For individual years,
however, the statistics do not always agree; as, for example, the bureau’s records
show a larger catch for 1908 than for 1909, The records of the fishery under considers-
tion, on the other hand, show that the larger catch there was made in 1909. Both
sets of statisties, however, show that & very small catch was taken in 1915 and that
better catches were made in 1920 and 1921. Nevertheless, the banner year (1921)
at the Buchanan brothers’ fishery is not reflected for the rest of the bay, as the
bureau’s report shows a larger catch for 1920 than for 1921, ' :
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Fia. 6.—Graphic representation of the number of pounds of  FIG. 7.—Graphic representation of the number of pounds
herrings (Pomolobus peeudokarengus and P. metivakis) taken of shad (Alosa sapidissima) taken from 1008 to 1923 at
fromn 1968 {01932 at the Buchanan Bros. fishery, arrapged Buchsnap Bros. fishery, seranged by years. The straight,
by years. The straight, heavy line shows the general trend heavy line shows the general trend in the quantities
in the quantities caught . eanght

For the herrings, as for the shad, when individual years are compared the banner
years at the fishery do not always correspond with the better years for the bay
generally; as, for example, the catch at the fishery in 1909 was larger then that far
1908. The bureau’s statistics for those years, nevertheless, show a larger catchlin
1908 than in 1909. A small cateh in 1915 and e still smaller one in 1920 are indicated
by both sets of statistics, and, similarly, both records show a larger catch for}1921
than for the preceding year. A further analysis of the records for the catches of
shad and herrings at the fishery under discussion will be given in a succeeding
paragraph. K '

It has been shown in the preceding paragraph that the general trend in thefabun-
dance of the shad and herrings for Chesapeake Bay appears to be reflectedjby the
catches made at the Buchanan brothers’ fishery, when statistics for a series of years
are compared. No reason is evident to the writers why the same apparent fact
should not hold for the other species, for which .unfortunately insufficient records
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are available to afford similar comparisons, Furthermore, it has been shown on
page 13, as well as in the discussion of the various species, that most commercial
species, including nearly all the fish that commonly are caught in pound nets, leave
the bay upon the approach of cold weather in the fall and that they return the follow-
ing spring. Because of the especially strategic position of the present fishery—
almost within the mouth of the bay—it seems probable that a somewhat equal
percentage of the entire body of migrating fish may be caught from year to year.
The only exception that has been found to this supposition in the study of the records
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is brought about by exceptionally large catches sometimes made within the course of
a day or two, when apparently large schools of fish are intercepted by the nets.

In addition to such value as the tables may have in showing the trend of the
fishery, they also show at what time the various species appeared in Lynnhaven
Roads in commercial abundance from year to year over the period covered by the
records, and also when they again became scarce in that vicinity. These dates, in
each instance, because of the location of the fishery, may be interpreted to show, in
general, the time of arrival in and time of departure from the bay of the species
listed.
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FLUCTUATIONS IN YEARLY CATCHES

It is evident from the table and graphs that comparatively large yearly
fluctuations in the catch of the various species take place. It is shown also that a
species may decline seriously for a year or two and then return to occupy its previous
place of importance. The common shad, for example, although suffering a general
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F1a. 10.—Graphic representation of the number of pounds 40
of starfish (Peprilus alepidotus) taken from 1912 to 1922
at the Buchanan Bros. fishery, arranged by years. The
straight, heavy line shows the general trend in the quan-
tities caught

20
decline over the series of years for which
statistics are available, recovered from a

new low mark (2,225 pounds) in 1917 to 0
. . Nov.

one of the largest catches (12,460 pounds) Moy Jure July Aug: Sept Oct o

: : L F16. 11.—Graphic representation of the number of
made in recent years in 1921. Slmllarly 4 pounds of starfish (Peprilus alepidotus) taken from
the catch of branch and glut herring 1012 to 1922 at the Buchanan Bros. fishery, arranged

: : by months. This species is rarely taken later than

dropped to 3,800 pounds in 1916, but in the last of October

1918 it consisted of 20,020 pounds and it

compared favorably with the catches made during the earlier years for which statistics
are available. The next year a great decline (7,915 pounds) again took place.
Somewhat similar fluctuations have taken place in the catch of nearly all the species
commonly taken in pound nets in Lynnhaven Roads, and they are especially
pronounced for the croaker and the kingfish.
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ANALYSIS OF THE DATA

Attention already has been called to the fact that, due to a change in the
apparatus used, only the statistics for the shad and the herrings are directly
comparable for the entire period covered. The operation of the pound nets was
discontinued about July 20 and an 1,800-foot seine was used for the remainder of
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Fi16. 12.—Graphic representation of the number of pounds

of butterfish (Poronotus triacanthus) taken from 1912 to 120

1922 at the Buchanan Bros. fishery, arranged by years.

Although a seine, in addition to a set of two pound nets,

was used from about July 20 to October, from 1912 to

1917, few fish were caught by this method, and this does

not affect the final results greatly. Note the great abun- 80|

dance of this fish in 1912. This specles was taken in large

quantities throughout May and June of 1012, the largest

single catch consisting of 19,400 pounds and was taken

on June 25. The straight, heavy line shows the general

trend in the quantities caught

the season from 1908 to 1911, because

40

this gear, during that part of the fishing oL K

season, was thought to yield more profit- April May Jure July Aug. Sept Oct Nov

able results. Then followed the period F16. 13.—Graphic representation of the number of pounds of
. butterfish (Poronotus triacanthus) taken from 1912 to 1022

(1912 to 1917) when the pound nets were at the Buchanan Bros, fishery, arranged by menths

operated throughout the fishing season,

and in addition an 1,800-foot seine was used after about July 20 until the close of
the fishing season, and thereafter pound nets only were used. It is probable that a
larger quantity of fish was caught with the seine than would have been taken with
the pound nets during the same number of fishing seasons, and the annual catch
undoubtedly was considerably increased for most of the species from 1912 to 1917
by the operation of both gears. The tables aud graphs for all the species, exclusive
of the shad and herrings, therefore, must not be interpreted too literally, as the
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decline shown for those species for which the eatch has diminished quite certainly
is not as pronounced as indicated. On the other hand, in those species where an
upward trend is shown, regardless of the discontinuance of the use of the seine, the
increase very probably is greater than shown.

In summing up the statistics it may be concluded that an unmistakable and
definite decline has taken place for the shad and herrings for the period covered.
The decline, based on the average yearly catch for the first and second halves of
the period covered by the statistics is 39.4 per cent for the shad and 60.2 per cent
for the herrings. A very pronounced decline in the catch of shad took place in 1914
and 1915. After that time a partial recovery is shown, as averages (arrived at as
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¥16. 14.—~CGraphic representétion of she ngmber of pounds of yesrs. During ‘those years for which no catch 18 lsted, a
bluefish (Pomatomus taitatriz) taken from 1008 to 1922 at few, no doubt, were taken; but the daily catch consisted
the Buchanan Brok: fishery, srtsnged by years. The of less than 10 pounds and no separats record was made.
straight, heavy lina ﬂ;owl the memi mndh the quan- The straight, heavy. line shows the general trend in the
tities caught : ) quanﬁtles daught

before) for 1914 to 1923 show an increase of 12.6 per cent, The first two years,
(1908 and 1909) for which data are available for the herrings appear to have been
banner years aad a large decline took place in 1910. The lowest mark, however,
resulted in 1916. Excluding from consideration the large catches for 1908 and
1909, general averages show a decline of 34.5 per cent for the penod 1910 to 1922,
as compared with 60.2 per cent for the entire penod The ‘species was rathef
stationary from 1915 to 1922, as only a slight increase is shown. It is at least some-
what encouraging that the shad has shown an upward trend and the herrings ho
further downward trend during recent years (that is, since 1915), as shown by the’
records of the fishery under discussion supported by the bureau’s statistics for
Maryland and Virginia for 1915, 1920, and 1921.



FISHES OF CHESAPEAKE BAY 23

A really serious decline during recent years is shown by the records for the
important commercial species known locally as the gray squeteague and the king-
fishes. The squeteague was almost stationary from 1908 to 1918. Then occurred
a sudden decline, which was not overcome during the next four years, or up to the
end of the period for which statistics are available. The decline for the entire
period (1908 to 1922) covered by the
records, as shown by average yearly
catches arrived at as in the preceding
paragraph, was 35 per cent. 360
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Fi16. 16.—Graphic representation of the number of pounds of March April May June July  Aag Sest Oct  Nov.
spots (Leiostomus zanthurus) taken from 1912 to 1922 at the
Buchanan Bros. fishery, arranged by years. The spot is F16. 17.—Graphic representation of the number of
caught in large quantities in scines during the autumn. pounds of spots (Leiostomus zanthurus) taken from
Therefore, the smaller catches since 1918 (the seine was 1013 to 1922 at the Buchanan Bros. fishery, arranged
used in 1917, which evidently was a very poor year) do not by months, The first commercial catches of spots
necessarily indicate & decline in the abundance of the usually are made sometime in April. In 1820, how-
species. The straight, heavy line shows the general trend ever, the fish were caught in relatively large quanti-
in the quantities caught tles in March

Large yearly fluctuations took place in the catch of kingfish from 1908 to 1917,
the trend being upward until the banner year, 1912. Then followed a very greatly
reduced catch in 1913 and another large catch in 1914. Thereafter the trend was
strongly downward, the catch falling so low in 1918 that the species became of
minor commercial importance in the fishery. The following year the catch was still
smaller, and no recovery had taken place by the end of the period covered by the
records (1922).
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Very large catches of spot were made from 1912 to 1916, followed by much
smaller catches, causing a decline of 55.8 per cent from 1912 to 1922, as shown by
general averages. A recovery (amounting to an increase of 30 per cent) took place
after the sharp decline of 1917, or from 1917 to 1922. Should these data be some-
what representative of the catches for the entire bay, some hope for the rehabilitation
of the species remains.
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F1G. 18.—Graphic representation of the number of pounds of
croskers (Micropogon undulatus) taken at the Buchanan 200
Bros. fishery from 1908 to 1922, arranged by years. The
straight, heavy line shows the general trend in the quanti-
ties caught

The decline for the butterfish (as

100

shown by general averages, based on the ol
total catch for each half of the period 1912 Morch April Moy June July Aug Sept Oct. Now.
to 1922 for which data are at hand) is 51 Fia. 19.—Graphic representation of the total number
.« 1. . of pounds of croakers (Micropogon undulatus) taken
percent. Thishighpercentageof decline from 1908 to 1822 at the Buchanan Bros. fishery, ar-
is due ingreatmeasure to the enormously ranged by months. This graph should not be inter-
1 h of As thi h preted to signify that croakers are scarce or absent in
argecatch of 1912. 8 this catch comes the bay during the summer and sutumn, for this
at the very beginning Of the period for does not appear to be true, as they are taken in fair
. ey s » . numbers with hand lines at this time. A seasonal
whichwe have records, it is impossible to change in their habits is suggested

know whether this was a much larger

catch than had been taken during the preceding years and whether it should -be
regarded as an unusually large catch., Omitting the data for 1912 and calculating
the decline for the remainder of the years by means of averages, it amounts to 27
per cent. From 1915 to 1922 an upward trend of 8.6 per cent took place, showing
that during recent years no further decline has occurred in the catch at this fishery.
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The starfish does not appear to have undergone a general decline. Compara-~
tively large fluctuations have taken place, however. The largest yearly catch for
the period 1912 to 1922, for which records are available, occurred in 1912. Here, as
with the butterfish, it is impossible to know whether this is a “normal” catch as
compared with immediately preceding years. The smallest catch for the entire
period was made in 1916, and from the beginning of the period to that time the trend
was decidedly downward, and thereafter it} was definitely upward. A trend based
on the average of the total catch for each half of the entire period shows a decline
of 3.4 per cent. Determining a trend in:the same way (omitting, however, the
catch for 1912), an increase of 12 per cent is evident.

120

tbs.
as,
Q00
500"
40, ’ 100
000 :
37, : \
500 \
335 i !
0007 K ‘ 80
395N o ]
N i
550] \\ I \ “: 60
N RN .
©00 / N ’ \ 2
505 3
3
Saol N £ o
N 1IAN
e RNV
508 ‘: \ 20
000)] \\\
500 ‘\\ 0
5 A\ April M :
oo \ N -~ pril May June July Aug. Seph. Oct Nov
502 _\ F1G, 21.—Graphic representation of the number of
o . ] pounds of kingfish (Menticirrhus americanus, M.
1908 08 "0 M i2 13 14 15 8 )T 18 19 ‘20 ‘21 22 sazatalis, and M, littoralis) taken from 1908 to 1022
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0.—QGraphic representation of the number of pounds This species usually is taken {n commercial quanti-
of kingfish (Menticirrhus americanus, M, sazatalis, and M, ties first sometime during April.
littoralis) taken from 1808 to 1922 at the Buchanan Bros. :
fishery, arranged by years. The quantities of kingfish Very large fluctuations have occurred

caught in seines, when they were operated, was rather .
{nsignificant, and In any event did not affect the catches 1M the catch of croakers. The catches for

made uring the spring, when the largest quantities were 1908, 1009, and 1913 were almost negli-
t{aken. A pronounced decline in the abundance of the .
kingfishes, therefore, is certain and undeniable. The glble- Later followed some very large

straight, heavy lige shows the general trend in the quan-  egatches, the largest being takenin1916. An
Hties caught - upward trend is evident from 1908 to
1916, and thereafter a decline took place. The increase for the entire period (1908
to 1922) for which statistics are at hand is 42.6 per cent, as shown by general averages
of the catch arrived at as before.
The catch of summer flounders was quite stationary from 1912 to1918. In1919
a considerable decline took place. This small catch, however, was followed by large
catches during the next three years. The increase of the catch of the second half
over that of the first half of the period (1912 to 1922) for which records are at hand
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is 92.4 per cent. This large increase, as already indicated, resulted from the catches
of the last three years of the period, and especially from the banner year 1921, when
the catch was more than twice as large as for any other year for which frecords are
available.

Other species taken in the pound nets in Lynnhaven Roads are bluefish, sheeps-
head, pompano, sturgeon, and sand perch. All of these were of minor importance
in the fishery during the period covered by the records under consideration. Occa-
sionally, also, small catches of mullets, pigfish, Spanish mackerel, and bonito are
made. The last-named species are taken in such small quantities, however, that
their value in the fishery does not}justify any discussion. The decline in the bluefish
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F16. 22.—Graphic representation of the mumber of pounds 3
of squeteague (Cynoscion regalis) taken from 1908 to 1922 2
at the Buchanan Bros, fishery, arranged by years. It w~ 80

is problematical whether the species will reeover from

the decline since 1918, The straight, heavy line shows

the general trend in the quantities eaught
in Chesapeake Bay, according to all ac-
counts, is quite general, and the catch un-
mistakably has declined at this fishery for
the entire period (1908 to 1922) under con-
sideration. A sharp drop occurred in 1916, Fi6. %—Graph! tation of the mamber of pounds of
and since that time a partial recovery is ‘s;,ue;m;‘;"(cﬁ,.’:,‘iiﬁffm‘.’;‘ talkon from 1908 to 1072 8¢ the
indicated. The sheepshead, too, is said  Buchanan Bros. fishery, arranged by momths. The species
formerly tohave been much more numerous - s not teken In commerclal mambers during March
in Chesapeake Bay. The table presented herewith shows that at no time during
the years covered by the records was this species of much importance in this fishery,
and during recent years the catch has been negligible. The catch of pompano at
this fishery warrants brief mention only because it is a highly prized food fish and
because the small quantities taken bring a good price. Except for fairly large
catches in 1913 and 1914, the species appears to have been rather stationary and
uniformly scarce. The decline of the sturgeon is so well known that it does not
require discussion. The catch at the Buchanan brothers’ fishery was quite con-
sistently low from 1916 to 1922, except in 1918, when it was more than twice as
large as during any other year covered by the records. The sand perch is often
taken in large numbers, and usually only the very largest individuals are retained

Aprii May June July Aug. Sept Oct. Nov_
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for the market. The number retained, however, depends somewhat upon the
abundance of more desirable species and market conditions.

CONCLUSION

It is evident from the foregoing discussion and the tables presented herewith
that a number of important species in the fishery under discussion have declined
during the period covered by the records at hand; one, at least, appears to have
remained nearly stationary, and for two the catoh has increased. It must be borne
in mind, however, that a change in the gear used took place during the earlier years
for which records of catches are at hand. The extent to which this change affected
the trend, exclusive of the catch of shad and herrings (which was not influenced), is
not known. Moreover, it has been shown that the change in the gear undoubtedly
resulted in a somewhat larger catch, at least from 1912 to 1917. The calculated
trend shown on the graphs, as well as the percentages of increase and decrease given
in the preceding section, therefore, is subject to an error of unknown significance.
Yet, it seems certain that for most of the species considered the decline was less
mpxd or the increase more pronounced than indicated, according to Whether an
increase or a decrease in the catch took place.

It is very interesting, and possibly significant, that the majority of the species
discussed suffered a serious decline during about the middle of the period for which
records are available, and that several species (shad, herrings, butterfish, starfish,
spot, and flounder) during the last several years, when a set of two pound nets only
was operated, showed a tendency to recover. The increase in the catches is regarded
by the writers as a hopeful sign.

It is impossible to estimate the exact significance of these statistics in relation to
the fisheries for the rest of the bay, as few records for the entire bay are available for
comparison. Limited evidence has been produced to show that the records of this
fishery of the catch of shad and herrings does reflect the status of these species for the
entire bay, and the writers know of no reason why the same should not be true of
the other important commercial species of this pound-net fishery. Inasmuch as no
more reliable statisties are available, the present ones are offered for what they may be
worth in this connection. Certainly, they are of interest as a local study and in
showing when the species appear in the mouth of the bay in commercial humbers,
the month or months during which they are the most abundant, and when they again

becoms searce.
Buchanan brothers’ fishery

ACIPENSER OXYRHYNCHUS (STURGEON)

{Amounts given show the number of pounds of sturgeon taken at the Buchanan brothers’ fishery from 1916 to 1922. It is evident
that the sturgeon is of small importance in this pound-net fishery}

1916 1917 1918 1919 1920 1921 1922 Average
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Buchanan. brothers’ fishery—Continued

POMOLOBUS PSEUDOHARBNGUS AND POMOLOBUS ESTIVALIS (HERRINGS)

[These species are not separated for the market and therefore are combined in the records under the name “herring.” The entire
catch (listed by pounds) for the period covered was taken in pound nets. Note that when a small catch was made in April
it generally was followed by a larger catch than usual in May]

1908 | 1000 | 1010 | 1911°| 1912 | 1913 | 1014 | 1015 | 1916 | 1917 | 1918 { 1919 | 1020 | 1921 | 1922 A:;er'

March...| 9,380 12,950 10, 250' 1,575) 2,725 3,500 3,7 850 1,065/ 1,000 3,165 1,1 1,8150 4,750 1,950 3,904
April..__. 26, 850! 36,850 10, 400 . 6,950, 4,110{ 8,100 16,885 5,345 1,885 6,135 13,390 6,525 1,565 2,810| 4,600 10,160

BY.u-i 1,550, 1, 100] 815 8,525 4,190 5,225 1,025( 660 850{ 2,485 3,365 200 1, 450{ 1,600/ 1,808
June. | . 275 825 100} 75 {111] PR FRRIPIN SR | 300

3 N -
Total._| 37,780 5o,9oo[ 21,465 12,050‘ 11,025 17, 100 21.985| 6,955 38,8000 9,695 20,020] 7,915 4,815] s,'o1o‘ T

ALOSA BAPIDISSIMA (SHAD)

[The entire caéc); of shad for the period covered was taken in pound nets and is listed by pounds. A few shad are caught early
in March, as soon as the nets are set, and usually not many are caught after May 15. - The largest single day’s catch for the
period covered was made on March 25, 1910, when 3,900 pounds were taken] ’ ]

1008 | 1909 | 1010 | 1911 | 1012 | 1013 | 1914 | 1915 | 1916 | 1917 | 1018 | 1610 | 1020 | 1921 | 1022 | 1028 Aa‘;:"
2,650 5,000| 10,585 3,800 5,105 2,520! 2,060/ '1,535 4,680 625/ 5 665( 2,230| 2,570 6,580| 1,245| 1,815 8,679
2,710 11,025 2,260| 4,580{ 4,565 5,406 1,670| 1,270 2,210; 900 1,400 1,420/ 330 4,725/ 3,005 2,160 3,101
7050 1,000 200 1,240, 2,215 4,010 490/ 625 420| 700 200| 365 655 1,155 1,075 1,585 1,135

7,410' 17,025[ 13, 135] 9,620 11,975] 11,935' 4,2zo| 3,4so| 7,310‘ 2,225| 7,385 4,015 3,555 12, 460 5,325’ 5, 550[ .......

PARALICHTHYS DENTATUS (SUMMER FLOUNDER)

Amounts are listed in pounds; those marked *‘b* were taken in part in a seine and in part in pound nets; all other amounts were
[ taken in pound netg? The small catches during midsummer should not be interpreted to mean that this fish is scarce in the
bay at that time, for it is taken in considerable numbers with hook and line. A seasonsl change in habits 13 snggested]

1912 1013 1914 1915 1916 19017 1918 {19190 | 1020 0 | 1w -Average

1,275 400 520 840 150 165 216 | 1,730 620 767
2,520 | 1,440 | 1,970 875 | 2,188 790 | 1,865 | 1,790 | 1,085 1, 501
635 725 896 150 820 870 530 230 Qg
238b!  100bf 185D 60b 80 140 135 185 180 X
140b 765D 58b) 60b| 100 &0 100 175 185 94
b ; -~ 45by 100 116 200 435 ‘200 141
500b| 1,275b| 1,025b/ 1,300b| 1,745 200 850 | 4,010 ) Ggg ] 1,581
3,435 | 4,800 | 2,475 | 2,250 | 8,480 | 2,160 | 8,400 | 25,605 | 10, L 982

8,915 8275 | 7,045 | 5,916 | 7,960 | 3,040 | 12,435 | 34,460 | 14,400 | oeoooo.

/ . MUGIL CEPHALUS AND M, OUREMA (MULLETS)
{Mullets are not regularly caught in pound nets. The mblefsvtﬂr:lll) ;ﬁimnts given in pounds, shows that only aceasionslly a school

1916 1917 1918 1919 1920 1921 Average

t. 300 150 78
Smw____ 2,640 550 175 561
October. - 376 50 360 [.coeoaoeo. 50 1,900 454
November..... - -- 100 |oeeaemaes 17

TOtA). oo mavcccccccnecaccncrsansnnemace e mnmen 3,315 50 850 |oceaaes 750 2,225 leeeeeee
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Buchanan Brothers’ fishery—Continued
S8COMBEROMORUS MACULATUS (SPANISH MACKEREL)
Amounts given show the number of pounds of Spanish mackerel taken by a set of two pound nets from 1918 to 1922, Blank
A e oasactty 1odh - this tone Bsted

wnmielndlx, fcate that no fish of specles were taken, for daily catches of less than 10 pounds were not
separatelyl © <

1918 1919 1920 1021 1022 Average

100 20

375 680 106 1,125 205 498
1,400 175 1,005 516

125 1,150 50 : 2656
860 300 100 300 25g

500 3,780 580 2,280 646 |- erennes

SARDA SARDA (BONITO)
[Amounts glvan show the number of pounds of bonito taken from 1916 to 1922 at the Buchanan brothers’ fishery. Blank spaces

do not signify that no bonito were taken, as daily catches amounting to less than 10 pounds were not listed separately]
1916 1017 1918 1919 1920 | 1921 1622 Average

May 15 2
June. 30 25 25 20 140 20 25 40
Jaly 25 20 20 55 55 30 35 26
t 20 85 20 105 25 30 30 45
September. 15 10 15 .15 55 10 25 21
Total 90 140 90 195 275 105 115 |aomcaaee e

PEPRILUS ALEPIDOTUS (8TARFISH)

[Amounts are given in pounds; those marked ‘‘b’* were taken in pert in " seine, but mainly in pound nets; all other amounts were
taken in pound nets. The first.eatches of the season fenerally aremade from about May 10 to 25, the species apparently arriving
about a month later than its relative, the butterfish .

1912 1913 | 1914 1915 1916 1017 1018 1919 1920 1921 1922 | Average

May..--.- mmmmeamccccmeeos 25,226 1 3,985 8,815| 5800 7,635 4,940} 96,670 | 9,645 160 4,085} 7, 7,909
18,200 | 15,285 | 14,885 | 11,765 | 21,030 | 16,490 | 5550 | 0,175 16,880 | 12,270 16, 080

11, 185b! 16, 275b( 20, 000b; 2,475b| 6,856bi 3,465 | 6,490 | 10,260 [ 5990 | 6,380 9, 014

1,380b}  265b| 13,120b| ~645b| 2, 920D 815| 6,900 2,100 | 7,790 | 28 100 6,063

186bf  116b| 745b] 790b| 1,080b( 2,725 | 5,850 | 7,100 | 19,200 5,190 4,066

145b|  125b 115b 85b| 425D 805 | 1,160 210 535 735 401

1,100 100

35,060 | 40,880 | 54,665 | 23,345 | 37,250 | 33,970 | 35,685 | 30,085 | 54,480 | 50, 740 [-cooo-..

PORONOTUS TRIACANTHUS (BUTTERFISH)

[Amounts are given in pounds; those marked ‘b’ were taken in part in 8 seine, but mainly in pound nets; all other amounts
were taken in d nets. The first catches of the season usually are made during the first half of April, or about a month
before its relative, the starfish, is taken]

1912 7| 1013, | 1914 1915 |- 1918 1017 1018 1919 1920 1921 1922 | Average
210 160 | 4, 000 570 70| 290} 6,275 315 605 | 2,400 2, 666

1,805 1 36,260 | 24,215 | 9,080 | 3,920 | 14,600 | 15770 600 | 15,890 | 4,410 20, 678

26,750 | 44,100 | 8,425 | 23,120 | 18,005 | 17,810 | 21,090 | 9,850 | 13,520 | 12,630 29,907

265b| 64, 050b; 12, 405b{ 7, 800b| 19, 935b| 7,000 | 16,860 | 17,000 | 5,830 57 20, 768

2, 240b( 1,070b; 8,670b| 1,115b| 11,205b| 2,645 | 23,480 | 4,200 | 5,200 | 10,010 7,213

430b| 475b| 475b] 215b|  385b 090 | 13,300 | 6,500 | 4,840 | 3,050 2,907

418b|  515b 175b, 126b| 1,690b 2,020 | 1,935 240 1,120 585 848

665 635| 2,020 1,708 ,456 | 2,460 250 850 | 1,448 910 1,138

68, 780 147,355 | 60,385 | 43,730 | 56,845 | 47,815 | 98,860 | 39, 555 | 48,450 | 40,685 { .o .....
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Buchanai Brothers’ fiskery—Continued
TRACHINOTUS CAROLINUS (POMPANO)

Amonnt.sueahon wxﬁ.thonm&tkﬂ ‘g wnruguh thnnm».tked “pr in a seine and

L g ¥ in po mta ther amounts u§ dg:l“! that if any vl panoces were
ken] the dafly es amounted to Jess tban 10 pounds hls species is not taken in oommercial quantities earlier than
June

1908 | 1909 | 1910 | 1912 | 1913 | 1914 | 1915 | 1916 | 1017 | 1918 | 1919 | 1920 | 1021 | 1922 Average

b1, I I S . ) — 20 oeeens 100 80 43
65bf  25b| 123b| 475b| 115b| 300 | 225 55 123
50b  30b| 168b| 150b| 275b...... 125 ... 80 [ 118 108
60b| 630b] 38bl._____{._.___{...___|.....[ 2210 100 |._... o} &
650b) 1, 805b 50 25 [oeaes 35 25 196

50 40 | 1,125 | 2,490 50 | 560 01 510 | 275 fueeecuaee

POMATOMUS SALTATRIX (BLUEFISH)

R T R R T R R

an 10 pounds were taken on any one dsy

1908 | 1909 | 1916 | 1912 | 1013 1014 | 1915 | 1016 | 1917 | 1918 | 1019 | 1920 | 1921 | 1923 A verage

........ 100 1. 1,300 [P < ) TR S SO . | 112
1,150 | 1,450 460 810 | 3,160 30| 745 | 200 50 25| 365 185 [}
1,380 735 | 1,935 | 3,400 316 75 25 35 40 | 2201 268| 25 914

125b] 010b| 2,875b; 2,340b] 518bf 50b| 48b] 25| 130 351 100 200 690
758 310b| 680b] 440Db! 1,638 25b) 40b| 75 60 50 251 150 459

8,250a| 2,430b| 2a85b[  375b| 125b! 20b/ 495b| 130 | 150 | 625 50 | 350 1,103
7,8wa 3,450bi 1,435b 5,540b| 635b | 125b| 400b| 738 [1,160 | 400 | 700 |1,475 1,833
136 560 | 3,935 176 |.....|-..... 100 |...... 850 |...... 376 383

18,800 | 9,520 | 7,830 | '16,890 | 7,900 | 895 F1, Y80 1,325 |1,610 (1,405 |1, 505 |2, 780 |.._._.___

: : a
ORTHOPRISTIS CHRYSOPTERUS (PIGFISH)

Amounts given show the number of pounds of pigfish taken from 1910 to0 1922 at the Buchanan brothers’ fishery. Blank spaces
simply indicate that the daily catehes amounted to less than 10 pounds during thqpaiodu oovered] s

1916 1917 - 1918 1919 1920 1921 1922 Average

42 i el o] e 3
t A | R
Fome. | 100 28
yeion
Beptember. 408 58
kOctober 55 850 50 136
Total... 3, 640 3,635 8,000

ARCHOSARGUS PROBATOCEPHALUS (SHEEPSHEAD) .

lAmmaunreHstedin s; those marked “a’ were taken In a seine; those marked “b* were taken in in part in 8 seine and In

d nets; all other amounts were taken in pound nets. Blank 3] glaces do not nlway: signify that no sheepsheads

were ta&!l catohes of less than 10 pounds were not listed separa the fishermen, the sheepshead
was an nbundant “years zzo” and was taken in large numbers. Its a) must bave diminished prior to 1908}

1908 | 1900 | 1080 | 1012 | 1913 | 1914 | 1915 | 1016 | 1017 | 1018 |1010-22] Average

100 § . ] ki

85 350 850 ¢ 2,860 325 100 25 140 287

25 | 50 5 | 400 25 60 43

1508 220b 26

November. . 25 2

Total...oo oo 90 550 500 | 3,280 350 160 25 25 140
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Buchanan Brothers' fishery—Continued
) ) LEIOS’I‘OMUS XANTHURUS (SPOT) L
{Amounts are given in pounds; those marked **b” were taken in part with a seine and in part with_pound nets; all other catches

‘weré mads with poutid hets]
I 1912 1013 1914 I 1915 1916; 1917 1918 1919 1020 1621 1922 | Average
......... !-.-. PRV PRGSO D . | I SUGAURIORI 118
1,100 310 500 90 980 | 540 300 330 591
12, 050 3, 085 5,605 | 1,050 | 5,360 % 040 | 1,615 980 | 7,580 4,438
8, 820 4,585 | 14,080 | 8,018 | 8,815 850 1 4, 581 1,580 | 3,585 5,718
790 8 8I0b 13,0doh 10,305 30| £310) n748| o % 2085 | 1080
18,178b) 17,1 4,400b] 11,660b! #3710 ! 3,485 | 6, 17,880 3,130 16, 008
25, 918D 78,8780, 57,880b| 1Z400b B 4301 T 58| 4,750 25,088 | 5200 | 34,88
27, 410b1 92, 328D 700b| 7,375b| ‘90,816 | 48,970 | 23,400 | 37,060 | 36,250 33,878
1,735 | 8,165 | 785 | 1,540 | 2,085 [ 18,178 | ', 6185 | 1,045 | %9087
Total . ....... 177,870 | 217,045 | 104, 185 1 213,015 | 127,985 | 51,415 | 54,855 | 61,825 | 51,330 | 100, 0'!{5 80, 085 i .........

BAIRDIELLA CHRYSURA (SAND PERCH)

{Amounts given show number of pounds of sand perch marketed. - This species is taken in large numbers, particularly in the spring
and summer, but the individuals generally are too small to market]

1918 1919 1020 1921 1922 | Averags
175 870 88 175 205 242
5656 110 210 750 260 379
215 110 180 1685 110 156
i10 0 85 85 120 00
130 50 150 475 50 171
278 150 N07 . 745 - 27 338

2,485 3,855 650 3,540 3,785 2,807

1,065 300 1,860 1,085 1 85 971

4,900 5,016 | 3060 7,000 5,705 |oeeeect

MICROPOGON UNDULATUS (CROAKER)

{Amomm giv.en in pounds; those marked “‘a’’ wers caught with » seine; those marked “b” probably were caught partly with

8 - GI with pound nets; snjouarts gy were taught in d mets, The first ; of droRiel ws is

made sometime dyuring tmrmlf ofai\-;{:reh, wher the fish &ive in ldrge schools, the vary first catohes sometimes consisting
of several thousand pounds]

1908 1909& 1910 lQl? ) 1913 1914 1915 1016 IS_)U_ 1918 1919 1920 | 1821 1922 {Average
f{“’-?"""‘“é’%‘-‘* 140 z?' ;’% 15%’/;333' ‘ls;g 116,810 |00 2(?3 288, 285 (56, 100 i%'f‘ 22:2?2’5, §§"§¥§ ‘?&gﬁ?g ?5;‘.3';5" %’%ﬁ
19} SRR 9 p L L d Xy o 3

e A AR R AR
| 300B] 98, 460b zz{?gg& "918Y 4, 180b; -1,’% 4 oBlEMEs. tH | 210 ‘&saemim “Tase k11,800
5i08 mgﬂa 5108 870bj - 260by 2?)9, 1, 080b| 485hi 5, 665h 430 xgg 1,850 | 1,820 356 1,261
570a0  900n] 18,480b  420bf ATOWY bl 210b] 2Wb] © 140 | oSS 3,85 R
'30a]  80a| _ 20b| 210b| 270b| 1,440b 180b| 220b] 380 | 150| 200| 82 0 7
IR e 1,180B  588B{ 200b] 175b] 48857 310} 3} 1N 5
Total. 7, 553 Iz,ss’s 172, 725 {208, 505 {18, 645 (140,960 {180, 870 |347, 000 ‘m,m 233,030 {67,ﬁ) 52, 300 185,490 |190, 780 |i.i._..l

49826—28——3
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Buchanan Brothers' fishery—Continued

MENTICIRRHUS AMERICANUS, M SAXATALIS, AND M. LITTORALIS (KINGFISH)

{The three species of kingfish that occur in Chesapeake Bay are not separated in the market and therefore all were listed as king-
fish in the records from which this table was compiled. “However, americanus is the predominating species, and the quantities.
listed are chiefly of it. Amounts are given in pounds; those marked ““a’ were taken with a seine; those marked ‘‘b” were
taken partly with a seine and partly with pound nets; all other amounts were taken in pound nets]

1008 | 1909 | 1010 | 1012 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1020 | 1921 | 1022 Average

12,575 | 1,500 | 2,700 775 425 | 1,025 115 50 80 260 125 2,403

800 122,075 | 2,200 (21,275 | 6,375 | 7,240 | 5,975 | 3,600 560 430 240 460 7,213

2,715 | 1,060°| 1,850 575 1 1,790 | 2,745 950 640 466 215 115 1,620

5,075b| 1,650b) 5,575b| 980b| 780b| 6,235bf 210 140 60 120 150 2,010

1,100b; 1,325b| 1,200b| 1,275b{  300b| 1,380b] 150 200 250 70 100 728

320b| 475b| 400b 150b| 50b| 105b) 70 40 50 50 152

October..._...| 450ai 1,700al  200a| 1,405b| 1,250b] 1, 875b| 4, 350b] 1, 250b| 1,000b 345 170 100 115 410 1,044
November..... 3258  100a, 378 225 | 1,800 | 1,875 70 90 135 260 400 80 240 4

Total..._[20,480 17,850 (29,265 45,640 | 9,675 36,375 |16,325 11,905 (18, 555 5,575 | 2,060 | 1,835 (1,140 { 1,650 |..._..___.

CYNOSCION REGALIS (SQUETEAGUE)

[Amounts are given in pounds; those marked “a’’ were taken in a seine; those marked ‘‘b’’ were taken partly in seines and partly
in Pmim(}& neilﬁ; all other amounts were taken in pound nets. The first catches in commercial quantities usually are made
early in Apr

1008 | 1009 { 1010 | 1912 | 1013 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1020 | 1921 | 1922 Average

2358, 200a; 7, 485b] 4, 400b] 5, 125]

800 ( 11,785 | 3,440 { 8,450 | 1,175 | 5,250 7! 3 2245 175 120 | 1,650 | 1,125 3,216

300 ( 23, 060 (18, 140 | 7,800 |10, 765 (17, 350 14, 605 |19, 515 {12,420 | 7,475 | 3,660 | 6, 630 8, 535 13,

650 | 45,700 |12, 310 (13,825 | 5, 100 (27, 135 130, 055 80 | 6,400 | 4,160 | 2,955 | 2, 100 15,112

925b| 17,550b128,550b127,215b 20,025b(17,950b| 8, 175b|25,215b{13, 340 | 1, 580 | 3, 370 2,520 | 1,195 12, 861

365a 2, 365a{10,960Db] 4, 400b| 5, b|12,305b}| 4, 910 | 1,510 | 1,000 { 1,556 870

9359 185a/ 5, 9200/ 2, 975b/ 1, 950bi 3, 725b| 5, 170b| 1, 355b| 5,130 | 1, % 1,545 1 1,235 2,
000

1
2664 3,500 | 1,925 |10,725 | 6,975 | 1,795 925 | 4,075 | 6,575 | 6,
Total...|74, 175 |25, 495 (100, 845 |90, 105 (85, 475 |68, 930 167, 575 |75, 510 |89, 200 {75, 490 25, 345 22, 510 126, 520 (23,075 |...o.....

SYSTEMATIC CATALOGUE OF THE FISHES OF CHESAPEAKE BAY
INTERPRETATION OF DESCRIPTIONS

Abbreviations used by many writers of ichthyological descriptions have been
adopted. For example, the expression “head 3 to 3.5 signifies that the lerfzth of
the head, measured from the tip of the upper jaw to the bony margin of the opercle
(unless otherwise stated), is contained 3 to 3.5 times in the “standard length ’—
that is, in the distance from the end of the snout to the base of the caudal fin. Sim-
ilarly, the expression “depth 2.5 to 3” signifies that the greatest depth of the body
is contained 2.5 to 3 times in the standard length. Roman numerals are used for
indicating spines and Arabic numerals for soft rays in giving fin-ray formuls.
For example, “D. VII-I, 15; A. III, 12" signifies that the dorsal fins are two in
number, and that the first one consists of 7 spines and the second of 1 spine and 15
soft rays, and that the anal fin consists of 3 spines and 12 soft rays. If the dorsal
fin had been single and had contained the same number of rays, the formula would
have been written thus: D. VIII, 15. The number of scales given (unless otherwise
stated) is the number of oblique rows that occur just above the lateral line from
the upper angle of the gill opening to the base of the caudal. The terms used in the
descriptions and keys in describing the external structure of a fish are largely indi-
cated in the accompanying outline of the croaker.
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USE OF KEYS

The keys have not been made with the view of showing natural relationships,
but they are intended purely for the purpose of ready identification, and in preparing
them only the characters applicable to the fishes of Chesapeake Bay -have been taken
into consideration. In using the keys, first determine to which of the major groups

. TOTAL LENGTH

w
STANDARD LENGTH
PECTORAL FiIN

FIANDIBULARY

BARDBELS
’ VENTRAL FIN

LINING ¢ GILL CAVITY
‘ ) .

GILL RAKERS “GILLS

F16. 24.—Diagram of a selenid, explaining terms used fn keys and deseriptions

the specimen in hand belongs; then take up the regular order of letters under that
group. If the characters of the specimen do not agree with those under the smgle
letters, look under the double letters (occasmna.lly triple letters are used), ignoring
all intervening matter. By means of indentations, the order of subordination of the
minor groups to the major groups is shown.

KEY TO THE FAMILIES

I. LEPTOCARDII: AmpHIoxI (the lancelets).—Skeleton a cartilaginous rod; brain and. skull
wanting; body elongate, compressed, translucent; mouth a longitudinal slit, surrounded by
cirri; eyes and fins rudimentary. ... .o ______ .. .. Branchiostomidz (larcelets), p. 42

II. MARSIPOBRANCHII: HyreEroArRTIA (the lampreys) .—Skeleton cartilaginous, brain and

skull present; body eel-shaped; head not differentiated from the body; mouth ecircular,
suctorial; seven small, round gill openings on each side__.... Petromyzonide (lampreys), p. 43
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II1. ELASMOBRANCHII (Sharks, skates, and rays).~~Skeleton cartilaginous; skull imperfectly
developed; brain present; gill openings slitlike, five to seven on each side; skin with small,
rough scales, spines, or tubercles, or naked; air bladder absent; jaws separable from the skull.

1. Body clongate, usually more or less rounded, not greatly depressed and not forming a disk;
. gill openings all or partly lateral; peotoral fins not attached $o the head.
UsELACHIL (the typical sharks). K
a. Body typically fishlike; one or two dorsal fins present; anal fin present. *
b. Head normally shaped, not broad and expanded across the eyes.
¢. Nictitating membrane absent; each nostril with a cirrus or barbel; two or three gill
slits over base of pectoral . __._____.______________ Orectolobidz (nurse sharks), p. 44
cc. Nictitating membrane absent; nostrils without a cirrus or barbel; gill slits all in
advance of pectorals; mouth broad, mainly transverse
__________________________________________ Lamnidz (man-eater sharks), p. 45
ccc. Nictitating membrane present, nostrils without a cirrus or barbel; last gill slit above
base of pectoral; mouth narrow, crescent-shaped.______ Galeidz (gray sharks), p. 46
bb. Head greatly expanded across the orbital region, more or less hammer-shaped
____________________________________ --- Sphyrinidz (hammerhead sharks), p. 49
TecrosponpYLI (the dogfishes and angel sharks). ) ;

[ @a. Body more or less depressed; two dorsal fins present; anal fin absent.

d. Head and body not greatly depressed; each dorsal fin preceded by a spine; pectoral

fins not greatly expanded._ ... .. ____________________ Squalide (dogfishes), p. 51
dd. Head and body notably depressed and expanded; dorsal fins without spines; pec-
toral fins large, greatly expanded._ . ____________ Squatinidz (angel sharks), p. 54

| 2. Head and body much depressed; gill openings all inferior; pectoral fins greatly expanded,
attached to the head; anal fin absent.
Baroiper (skates and rays).
a. Tail comparatively thick, bearing two dorsal fins and no caudal spine.
b. Body elongate, depressed, but not forming a disk; snout produced into a long, thin, saw-
like process, armed on each side with a series of large, strong teeth
e e e e e i i e Pristidz (sawfishes), p. 55
bb. Body broad, forming with the pectorals a rhomboidal or subcircular disk; snout more or
less produced, not sawlike, and never armed with teeth.
¢. Disk rhomboidal; skin usually rough, bearing spines, prickles, or tubercles; no electric

organs present_ ... _______.._.__ et deaee— e m———— Rajidz (skates), p. 56
cc. Disk subcircular; skin smooth, unarmed; an electric organ on each side of median line
on head_ . ___ o meee- Torpedinidz (electric rays), p. 61

aa. Tail usually very slender; bearing one or no dorsal fins and usually one or more strong,
serrated spines.
d. Disk subgircular or rhomboidal; pectoral fins uninterrupted confluent around the snout
............................................... Dasyatide (sting rays), p. 63
dd. Disk broad and angular; pectoral fins not confluent around the snout; head bearing
‘ one or & pair of rostral processes or cephalic fins.
e. Head bearing one or 4 pair of rostral processes; teeth large, flat, largely hexagonal.
/. Bnout with a pair of rostral fins, joined together and forming a single rostral
PrOCOBY i it w--Myliobatide (eagle rays), p. 68
ff. Snout with two separate lobes, making the anterior margin of the snout concave
___________________________________ Rhinopteridze (cow-nosed rays), p. 70
ee. Head with a pair of cephalic fins, developed as two hornlike appendages; teeth
. small, numerous, in pavement...._....__.___..___Mobulide (sea devils), p. 71
IV. PISCES (The true fishés).—Skeleton usually bony, sometimes cartilaginous; gkull with a well-
developed system of bones; a single gill opening on each side; skin commenly with normally
) developed scales, sometimes with variously shaped bony plates and oceasionally naked.
1. Ganoiper (ganold fishes): Tail strongly heterocercal; arterial bulb muscular, with numerous
valves. ' . ' o '
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‘GLANosTOMI (the sturgeons).
- a.  Skeleton cartilaginous; snout produced, thh four ﬂexlble b&rbels, month nnderneath teeth
wanting; skin imperfectly covered with bony plabes,---.,Acmmmdz (sturgeons), p. 72
HovrosTrI (the gar pikes).
aa. Skeleton hony; both jaws greatly produced tumed with sharp teeth no barbels; skin com-
pletely covered with.rhombic plates. -« - ovyimomanenn Lepisosteidz (gar pikes), p. 77
2. TeELEo8TEI (nonganoid fishes): Tail homoeercal or ;socercal (not heterocercal); arterial bulb
- thin, with a pair of opposite valves. :
A, Ventral fins present, abdominal,
a. Dorsal fin single; adipose fin present or wantmg
b. Adipose fin wanting.
“c. Pectoral fins ingerted low on side, below axis of body; lateral line, when present, nor-
mally placed; lower pharyngeal bones separate.
d. Gill openings reatrioted, the membranes attached to the isthmus; jaws without teeth.
EveENTOGNATHI (suckers, carps, and carplike minnows).
¢. Macxillaries forming sides of margin of upper jaw; lower pharyngeal bones armed
with a single row of comblike teeth__________. Catostomidz (suckers), p. 117
¢e. Premaxillaries alone forming margin of upper jaw; lower pharyngeal bones
supporting one to three series of {eeth, the teeth few in number
__________________________________ Cyprinidz (carps and minnows), p. 120
: dd Gill openings not restricted, the membranes free from the isthmus; tegth in jaws
present or absent.
J. Head naked; dorsal fin more or less over the mlddle of the body, upper jaw
not protractile; color silvery.
IsosponpYLI (the clupeoid and salmonoid fishes).
g. An external bony plate present between the arms of the lower jaw; lateral
line present.
h. Seales comparatively sma.ll, pseudobranchie present, large; the last

ray of dorsal not produced.. . ... ... Elopidz (10-pounders), p. 78
hh. Scales very large, pseudobranchie absent; last ray of dorsal greatly
produced, filamentous_ ___________.___._ Megalopidz (tarpons), p. 79

gg9. No bony plate between the arms of the lower jaw; lateral line absent.
7. Body oblong or elongate; mouth small to moderate, terminal or slightly
superior, oblique; stomach not gizzardlike_Clupeidz (herrings), p. 81
#i.. Body rather short and deep; mouth small, inferior, terminal; stomach
gizzardlike . . _ .. _ .. _.__._..__.__ Dorosomide (gizzard shad), p. 106
17i. Body elongate; mouth large; snout pointed, usually projecting far
beyond mandible; stomach not gizzardlike
________________________________ Engrauhdae (anchovies), p. 108
Jf. Head sealy; dorsal fin commonly posterior in position; upper jaw protractile
or not; color not sllvery
HAPLOMI (the pikelike fishes).
. J. Body very elongate; snout considerably produced, depressed; mouth
large; maxillaries forming sides of upper jaw; size moderate to
large. . .o __. Esocidz (pikes and pickerels), p. 132
CreriNoDoNTES (the killifishes and top minnows).
Ji. Body oblong or moderately elongate; snout not produced; mouth
small; premaxillaries forming entire margin of upper jaw; size

small.
k. Anal fin similar to the dorsal and not modified in the male; species
OVIPAXOUS - . o oo Cyprinodontidae (killifishes), p. 134

kk. Anal fin-in the male modified, some of the rays produced, others
short and more or less coalesced, the fin serving as an intromit-
tent organ; species viviparous. . Peciliidz (top minnows) p. 145
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SYNENTOGNATHI (the gars, halfbeaks, and flying fishes).

" cc. Pectoral fins inserted rather high on sides, on or near the axis of the body; lateral
line usually placed abnormally low on the sides, frequently along the edge of the

abdomen; body very elongate; vertebrse numerous (45 to 70).

' - I. Snout net in the shape of a tube; body covered with scales.
mm. Both jaws produced, forming a beak, each jaw with a band
of sharply pointed teeth; pectoral fins normal.

n. Dorsal and anal fins single, not followed by detached

finlets . _ _ .. .. Belonidz, p. 147
nn. Dorsal and anal fins followed by a series of four to six
detached finlets._.._.__._______ Scomberesocidz, p. 151

mm. Upper jaw short, the lower much produced (in Cheaspeake
specimens); pectoral fins normal__ Hemiramphidz, p. 152
mmm. Jaws normal, neither produced (in adult); pectoral fins
greatly enlarged, used as organs of flight

e e e deic————a e mmm———— Ezocetidz, p. 154
Il. 8nout greatly produced, forming a long tube, terminating in a
small mouth; scales wanting; bony plates on various parts of
the body; caudal fin forked, the middle ray produced into a
long filament. ___________ Fistulariidze (cornet fishes), p. 186

bb. Adipose fin present.
NEMATOGNATHII (the catfishes).
) ‘ o. Body without true scales (naked in Chesapeake speci-
mens) ; anterior part of head with one or more pairs
of whiskers; dorsal and pectoral fins each with a strong

spine.
p. Nostrils close together, neither with a barbel; ventral
fins with 6 rays_____. Ariidz (sea catfishes), p. 127

pp. Nostrils far apart, the posterior one with a barbel;
ventral fins with eight or nine rays
............. -Ameiuride (horned pouts), p. 129
Intomr (the lantern fishes). i
’ 00. Body with cycloid scales; head without whiskers; head
and snout depressed; mouth very large; premaxillaries
alone forming margin of upper jaw; fins without
; spines; caudal forked. Synodontidz (lizard fishes), p. 130
aa. Two dorsal fins, the anterior with spines only, the posterior chiefly of soft rays; no
adipose. .
¢. Pectoral fins entire, no free rays.
r. Head not pikelike; the jaws not produced; teeth
small or wanting; lateral line obsolete.
s. First dorsal with three to nine flexible spines;
anal fin with a single weak spine

mmmmem-uis--. Atherinide (silversides), p. 187
ss. First dorsal with four stiff spines; anal fin with

three stiff spines (two in very young)
................ Mugilide (mullets), p. 192
rr. Head pikelike; the jaws produced; teeth strong;

lateral line present

N Sphyrenide (barracudas), p. 197
¢9- The lowermost rays of pectorals free and feelerlike
or barbellike ____ Polynemidz (threadfins), p. 199
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AA. Ventral fins present, attached to the thorax or throat, under, anterior to, or slightly
behind base of pectorals.

a. Gill openings moderate or large, situated a.ntenor to pectoral fins; carpal bones normally

developed; the pectoral fins without a ‘“wrist.”

b. Ventral fins always with I, 5 rays.
¢. Ventral fins separate and distinct, never united and never forming a part of a sucking
disk.
d. Suborbital without a bony stay; cheeks not mailed; pectoral fins entire, without
detached rays.

e. Anterior dorsal fin converted into a suckmg apparatus, forming a disk at nape,
consisting of several crosswise partitions and a single lengthwise septum
.......................................... Echeneididz (remoras), p. 328

ee. Anterior dorsal fin normal, not converted into a sucking disk.

f. Dorsal and anal fins followed by a series of detached finlets; anal fin not
preceded by free spines; caudal fin broadly forked
........................................ Scombridz (mackerels), p. 200

ff. Dorsal and anal fins not followed by several detached finlets.

g. Body elongate, spindle-shaped; head strongly depressed; snout broad; first
dorsal with eight or nine free spines._Rachycentride (crab eaters), p. 234
gg. Body not spindle-shaped; head never greatly depressed; snout not expanded.
h. Anal fin preceded by two free spines (sometimes obsolete in very old,
joined by membrane in very young); ventral fins present at all ages;
cesophagus without teeth.
i. Preopercle entire; caudal peduncle slender, frequently with lateral bony
scutes; teeth, if present, small to moderate
.................... Carangida (crevallies, pompanos, etc.), p. 216
#i. Preopercle serrate; caudal peduncle rather stout, never with bony
scutes; teeth unequal, some of them enlarged
................................ Pomatomidz (bluefishes), p. 231
hh.. Anal fin not preceded by free spines.
7. Oesophagus provided with lateral sacs containing teeth; anal fin long,
similar to dorsal; ventral fins normal in young, sometimes reduced
or wanting in adults____._______ Stromateidz (butterfishes), p. 210
j3- Oesophagus not provided with teeth.
k. Lateral line extending to end of caudal fin; anal fin with one or

two spines.
1. Backbone typically with 104-14 vertebra
.................... Sciznide (croakers and drums), p. 271
il. Backbone typically with 14410 vertebre
.......................... Otolithide (weakfishes), p. 296

. kk. Lateral line ending at base of caudal.
. m. Nape with a fleshy flap resembling an adipose fin; similar but
smaller fleshy flaps on sides of lower jaw near angle of mouth;
dorsal fin continuous. _._Branchiostegid (tilefishes), p. 305

mm. No fleshy flap at nape or on lower ]ﬁ

n. Gills 4, a slit behind the fourth.
o. Premaxillaries excessively protractile, their basal proc-
esses very long, entering a groove at top of cranium
just underneath the skin; scales large; fin spines strong;

color silvery._ ... _..____ Gerride (mojarras), p. 369
oo. Premaxillaries only moderately protractile, or not pro-
tractile.

p. Anal fin with one or two spines; dorsal fins separate,
with about 8 to 16 spines; form elongate; fresh-water
fishes.
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g. Branchiostegals 7; preopercle serrate; alr bladder
present; fishes of moderate sige )
PR S N N Percidz (perches), p. 236

qq. Branchiostegals ‘6; preopercle entire; air bladder

obsolete or nearly so; fishes of small size, the
majority of the species not exceeding a length of

3 or 4 inches__._. Etheostomidz (darters), p. 237

pp. Anal fin with three to eight spines; dorsal fins sepa-
rate or continuous; form various.

r. Teeth more or less bristlelike, or at least slender
and close-set, movable; gill membranes attached
to the isthmus; soft part of vertical fins com-
pletely eovered with small scales; form short and

8. Dorua.l fins nearly or qmte separate; teeth
slender but scarcely bristlelike

..... ... --Ephippide (spade fishes), p. 306

ss. Dorsdl fin' eontihuous; teeth numerous, very
slender, - bristlelike; color usually brilliant

~--_ --Chsztodontide (butterfly fishes), p. 308

“rr. Teeth not bristlelike, usually firmly attached to
the jaws, not movable; gill membranes free

" from the isthmus; form usually elongate,

t. Pseudobranchie very small; anal fin with
three to eight spines; dorsal fin continuous
or notched, with 6 to 13 spines; form moder-
ately short and deep to elongate, com-
pressed; fresh-water fishes__ .. Centrarchide
(fresh-water basses and sunfishes), p. 238

tt. Pseudobranchie well developed; anal fin
definitely with three spines; form elongate,
generally more or less compressed; marine
fighes.

u. Teeth on anterior part of jaws broad,
incisorlike; form oblong or elongate,
always notably compressed.

. Teeth on sides of jaws molarlike; no
teeth on vomer or palatines; vertical

‘fins not densely covered with scales;

, mtestmal canal of moderate length

............ Sparide (porgies), p. 261

vv. Jaws without molar teeth; teeth present
on vomer and palatines; vertical fins
densely scaled; intestinal canal very
long; species herbivorous
..... Kyphoside (rudderfishes), p. 269

wu. Teeth in jaws all pointed, not broad and

) incisorlike.

+ w. Vomer and palatines without teeth.

z. Body deep, strongly compressed;
the back strongly elevated; pre-
opercle with large serrations at
angle; caudal fin round
..... Lobotidz (triple-tails), p. 255

oy



FISHES OF CHRSAPEAKE BAY 39

zz. Body elongate, only moderately
compressed; the back not greatly
elevated; preopercle entire or
with fine serrations; caudal fin
forked. Pomadasidz (grunts),p.257

ww. Vomer and palatines with teeth.

y. Head and body much compressed;
mouth very oblique to nearly
vertical; eye very large; post-
orbital part of head short;
scales small, very rough
-.Priacanthide (catalufas),p. 253

yy. Head and body only moderately

compressed ; mouth moderately
oblique to nearly horizontal;
eye small to moderate; post-
orbital part of head not short-
ened; scales not excessively
rough.

z. Maxillary for the most part
slipping under preorbital;
opercle without a spine; teeth
in the jaws rather strong,
unequal, some of them usually
enlarged
-.Lutianidz (snappers), p. 256

zz. Maxillary not, or only partly,

concealed by the preorbital;
opercle ending in a spine.
(a) Body elongate, compressed; maxillary without a supplemental bone; teeth pointed,

fixed; two dorsal fins; scales of moderate size._........ Moronide (white basses), p. 244

(aa) Body oblong, somewhat compressed; maxillary with a supplemental bone; dorsal fin
continuous; scales quitesmall __.____________________Epinephelide (groupers), p. 250
nn. Gills 314, the slit behind the last small or wanting.
(aae) Body rather robust; maxillary without a supplemental bone; teeth pointed, fixed;
dorsal fin continuous; scales moderate or large..._.___ Serranide (sea basses), p. 251
(b) Head and body more or less compressed; eyes lateral, moderately large; scales large;
mouth horizontal to more or less oblique.

(¢) Teeth in the jaws large, separate.....________________Labride (lipped fishes), p. 317
(cc) Teeth in the jaws coalesced, forming a continuous cutting edge
_____________________________________________ Scaride (parrot fishes), p. 821

(bb) Head broader than deep, partly covered with bony plates; eyes very small, on top of
head; mouth vertical, surrounded by fleshy fringes
___________________________________________ Uranoscopidz (star-gazers), p. 329

dd. Suborbltal Wlth a bony stay; head inolosed in bony plates, bearing spines; pectoral
fing long, winglike, with the three lowermost rays detached and free from each
other, developed asfeelers. .. .. oo _._.__ Triglide (sea robins), p. 312

¢c. Ventral fins close together forming a sucking disk, or separate, with a sucking disk
between them of which they form a part.

(d) Body short and thick, more or less friangular in cross section; skin with bony
tuberoles; suborbital stay present; opercles normally developed; gills 314;
ventral fins forming the bony center of a sucking disk :
________________________________________ Cyclopteride (lumpfishes), p. 311

(dd) Body oblong or elongate, roundish or more or less compressed; body with or

without scales; no suborbital stay; opercle normally developed; gills 4; ven-
tral fins close together, forming a sucking disk._.__. Gobiide (gobies), p. 322
49826—28——4
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(ddd) Body oblong, broad, and depressed anteriorly; skin naked; no suborbital stay ;

opercle reduced to a concealed spinelike projection; gills 214 or 3; ventral

* fins far apart with a sucking disk between them, of which they form a part

_______________________________________ Gobiesocidz (clingfishes), p. 339

aa. Gill openings reduced to small foramen, situated near the axils of pectorals; carpal bones
gréatly elongated, forming a *“wrist.”

(¢) Mouth large, superior, very oblique to vertical; gill openings in or near lower
axil of pectoral; oblique to vertical; two dorsal fins, the first dorsal with one
to three detached tentacle-like spines on the head, the first spine expanded
at tip, forming a lure or bait.

“(f) Head and body very broad, depressed anteriorly; pseudobranchise present;

" mouth excessively large and broad; skin naked; head and sides with dermal

flaps; size large._ - - .o .. Lophiide (anglers), p. 351
(f) Head and body compressed; pseudobranchie absent; mouth moderately
large, not excessively broad; skin naked or with minute tubercles and
dermal tentacles; size rather small__._Antennariidz (frogfishes), p. 353

(ee) Mouth small, inferior; gill opening above and somewhat behind axil of pectoral;

& single short dorsal fin, consisting of soft rays only; a rostral process present;

skin covered with bony tubercles and spines__Ogcocephalids (batfisLes), p. 354

bb. Ventral fins not definitely with I, 5 rays.
(9) Form unsymmetrical, the eyes and color on one side, leaving the other
side blind and colorless.

() Eyes large, usually separated; mouth moderate or large; teeth generally
well developed; margin of preopercle not concealed by skin and scales
_________________________________ Pleuronectide (flounders), p. 164

(hk) Eyes small, very close together; mouth small, twisted; teeth small or

wanting; margin of preopercle concealed by skin and scales.

(¥) Body oblong or ovate; eyes and color on the right side; caudal fin
free from the dorsal and anal; right ventral on ridge of abdomen
and continuous with the anal fin_____ Achiride (broad-soles), p. 175

(¢1) Body elongate; eyes and color on the left side; caudal fin joined to
the dorsal and anal; ventral fing, if present, free from the anal

............................. Cynoglossidz (tonguefishes), p. 177

(g9) Form symmetrical, the eyes and color not confined to one side.
(7} Tailisocercal, the vertebral column pointed behind, the last vertebrse
’ very small; the fins all without spines.

(k) Ventral fins inserted almost on the chin, in advance of eyes,
each developed as a long forked barbel; caudal fin confluent
with the dorsal and anal; body more or less eel-shaped
.............................. Ophidiidz (eusk eels), p. 335

(kk) Ventral fins inserted posterior to the eyes, large or small; caudal

fin separate and distinct from ‘the dorsal and anal.

(I) Head elongate, shaped as in the pikes, its upper surface with
an excavated area; no barbels; ventral fins normally shaped,
well developed; dorsal fins 2, the first one short, the second
onelong_._.__________.___.____. Merluccitda (hakes), p. 162

(ll) Head not especially elongate and not shaped as in the pikes;
chin with a barbel; ventral fins various, with two to seven rays;
dorsal ﬁns 1,2,0r 3 extending over most of the back

.............................. Gadidz (codfishes), p. 155
(77) Tail not isocercal, truncate at base of caudal; at least some of the
fins with spines.
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(m) Head rough, bony, with spines, shields, and ridges.
(n) Head rather high, compressed; interorbital space deeply
‘concave; numerous fleshy cirri on head; pectoral fins mod-
erately large, not especially produced and not divided
into two sectlons--Hemunptendz (sea ravens), p. 309
(nn) Head low, blunt, depressed, quadrangular, or nearly
entirely covered with bony shields; interorbital not
deeply concave; no fleshy cirri; pectoral fins divided into
two sections, the inner one greatly produced, used as an
organ of flight_ . Cephalacanthidz (Aying gurnards), p. 316
(mm) Head not especially bony, with or without a few spines,

no bony shields. -

(o) Body robust, depressed anteriorly, compressed poster-
iorly; mouth large, broad; teeth short but very strong;
scales wanting (in Chesapeake specimens); dorsal fins 2,
the first with two or three low spines; ventral fins

well developed, jugular, without a true spine
__________________ Batrachoididz (toadfishes), p. 337
(00) Body moderately or greatly elongate, more or less
compressed; mouth usually small; teeth various;
skin naked or with small scales; dorsal fin single, the
anterior part and sometimes the whole fin with spines;
ventral fins small, jugular, composed of I, 1 to 3 rays
______________________ Blenniide (blennies), p. 332
(000) Body elongate, somewhat compressed, tapering both
anteriorly and posteriorly, the caudal peduncle being
very long and slender; mouth moderate, oblique;
skin naked or with vertically oblong plates on sides;
middle or sides of abdomen shielded by the produced
innominate bones; dorsal fin preceded by two or more
free spines; ventral fins thoracic to subthoracie, with
one strong spme and one or two rudimentary soft
721 4 N Gasterosteidz (stlcklebacks), p.178

AAA. Ventral fing absent.

a. Body very elongate, rounded, snakelike; prema.xxllanes rudu.nenta.ry or wanting,

b. Body covered with rudunentary, elongate, imbedded scales, placed at right angles to
each other; lower jaw projecting; origin of dorsal far behind pectorals

............................................ Angudlide (common eel), p. 111
bb. Body scaleless; upper jaw proj ectmg, origin of dorsal over or somewhat behind middle
of pectorals..___.___.___ _-_,_----,__-______f-___Congnd.fe, (conger eels), p. 116

aa. Body not snakelike; premaxillary bones present.
¢. Gill membranes not joined to the isthmus. ‘
d. Body rather deep to very deep and strongly compressed; mouth small; caudal fin
deeply forked; size rather small....._._..._. Stromateidz (butterfishes), p. 210
dd. Body very elongate, compressed, ba.nd—shap.ed, tapering posteriorly; head sharply
pointed; mouth large, nearly terminal; teeth very large; scales wanting; dor-
sal fin beginning on head and extending over entire body; caudal fin wanting
....................................... Trichiuride (cutlass fishes), p. 208
ddd. Body moderately elongate, not compressed; upper jaw greatly produced, forming
a sword; caudal fin large and forked; size very large .
e o mc e e mecammmmemmnmn Xiphiide (swordﬁshes), p. 209
cc. Gill membranes broadly joined to the isthmus. ]
e. Body inclosed in a bony armor composed of rings or polygonal plates.
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f. Snout tubular, bearing a small mouth at the tip; tail long, sometimes pre-
hensfle; boty tovered with bony rings
.......................... Syngnathide (pipefishes and seahorses), p. 181
#J. Bnout not tubular; mouth small, terminal; tail of moderate length; body
covered with buxiike shell, composed of polygonal plates
_________________________________________ Ostraciidze (trunkfishes), p. 345
ee Body not inclosed in a bony armor; the skin naked, with scales, or beset with
ptickles and spines of varying sizes.

" 9. Teoth fused, forming a continuous cutting edge; body not compressed,
somewhat globular in form and capable of considerable inflation; dorsal
fin single.

k. Teeth in each jaw anteriorly divided by a median suture; skin smooth or

more or less prickly. . ___ .. .. _._._ Tetraodontide (puffers), p. 346

hh. Teeth in the jaws undivided, having no median suture; body covered

with strong bony spines___.___ Diodontidz (porcupine fishes), p. 349

gg- Teeth separate, not fused and not forming & continuous cutting edge; body

rather deep, compressed; two dorsal fins.

1. First dorsal with three spines; scales rather large, bony, bearing spines

or bony tubercles. . ... ... .__. Balistidz (trigger fishes), p. 340

1i. First dorsal consisting of a single spine; scales small, bearing slender
spines, making the surface of the body rough, velvety

_______________________________ Monacanthide (filefishes), p. 342

Class LEPTOCARDII
Order AMPHIOXI .
Family .—BRANCHIOSTOMIDA. The lancelets

Body elongate, compressed, tapering gradually to both extremities; mouth a longitudinal slit
surrounded by a fringe of cirti; eyes and fins rudimentary; color pale, translucent. A single genus
is represented in United Btates waters. '

1. Genus BRANCHIOSTOMA Costa. Lancelets

Reproductive organs present on both sides of the median line; anal fin present, with traces of
rays; vertebral column not preduced backward into a caudal process.

1. Branchiostoma virginize Hubbs. Amphioxus; Lancelet.
Amphiozus lanceolatus Rice, 1878a, p. 503; Andrews, 1893, p. 238.
Branchlostoma lanceolztum Jordan and Evermann, 1896-1900, p. 3, PI. I, fig. 1.
Bremchivstoma virgini Hubbs, Ooe. Papers, Mus. Zool., Univ. Mich., No. 185, 1922, p. 8; Sewell’s Point, Va.

‘“The lancelet of Chesapeake Bay appears to differ from the other American species of the genus
in the increased number of myotomes. In this respect it resembles the European B. lanceolatum,
from which, in turn, it is distinguished by the more posterior position of the anus in reference to
the lower lobe of the caudal, the relatively shorter distance between this fin lobe and the atriopore,
and the more numerous dorsal-ray chambers. It is more closely related to floridz than to lanceo-
lathm. All of the lancelets from the east coast of the United Btates, variously referred to lanceolatum
or carsbzum, are perhaps conspecific with the Chesapeake form. It seems not improbable that
virginiz and floridz will be found to intergrade.

" “Dorsal-ray chambers, 259 to 309 (average of five, 279); anal-ray chambers, 36 to 40 (average
of six, 38). Dorsal-ray chambers about two or three times as high as long; dorsal fin about one-
eighth as high as body. Anus near middle of lower caudal lobe; origin of this lobe about midway
bétween tip of tail and atriopore. Postanal length, 8.5 to 11.5 in total. Preatrioporal length, 2.4
to 2.7 times postatrioporal length. Myotome formula: 36 to 40414 to 1649 to 12=60 to 64
(in type material); 36 to 38+ 13 or 14411 to 15=61 to 64 (according to Andrews, 1893). Maximum
length, 5.3 cm. (Andrews, 1893.)” (Hubbs, 1922.)
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This curious little animal is not represented in our eollection. It was first recorded from
Chesapeake Bay by Rice (1880, p. 1), who followed European authors in considering the American
and European species identical. Andrews (1893, pp. 238 to 240), after examining specimens frem
several loealities, concluded that the specimens from Chesapeake Bay belonged to the Eurapean
form, B. lanceolatum, rather than to the more southern American form, B. carsbaum. Hubbs
(1922, p. 8) found the Chesapepke Bay specimens to represent a new species—B. sirginia—which
differs from other American spécies in the more numerous myotomes.

These little animals were first made known to science in 1774 fram specimens found upon the
-const of Cornwall, England, and described by Pallas, who eonsidered them s species of smeil and
gave them the name Limaz lanceolatus.

The lancelets live principally in the sand. The young are often taken in plankton nets, but
the adults that have been captured are reported either to have been dug out of sand along the
shore or taken in dredges. Rice (1880, p. 8) states that live animals kept in glasge containers swam
mueh like tadpoles but different, in that the bead, or anterior part of the body, moved from gide
to side as far and as vigorously as the tail. They swam about either on the side or on the abdemen
and sometimes on the back but never backward.

The young did not “burrow,” but the adults remained bhidden in the sand (which was pro-
vided on the bottom of the containers) during the day, but at night they eame near to the surface
or emerged wholly or in part, indicating that the day is their rest period and that they feed at night.

Habitat.—Chesapeake Bay.

Chesapeake localities.—(a) Previous record: Fort Wool, Fortrese Monroe, Willoughby Sandspit,
and Sewell’s Point. (b) Specimens in collection: None.

Class MARSIPOBRANCHII
Order HYPEROARTIA
Family Il.—PETROMYZONIDZE. The lampreys

Body eel-shaped, more or less cylindrical anteriorly, compressed posteriorly; head not
differentiated from the body; mouth nearly or quite circular, suctorial, usually armed with teeth;
eyes developed, at least in the adult; gill openings small, rounded, seven on each side, arranged in
& row along the chest; dorsal fin notched or divided, its posterior part commonly continuous with
the caudal and anal fins around the tail; intestine with & spiral valve,

2. Genus PETROMYZON Linneus. Lampréys

Teeth present in mouth, arranged in concentric lines, pointed and rather close togetker, the
teeth immediately anterior to mouth two or three in number; the lateral teeth bicuspid; dersal
fins 2, well separated. Of this genus, a single species is known, which lives in the sea but, ascends
rivers to spawn. ’

2. Petromyzon marinus Linnseus. Lamprey; Lamprey eel.

Petromyzon marinus Linnmus, Syst. Nat., ed. X, 1758, 230; European seas. Uhler and Lugger, 1876, ed. I,p.194,ed. IT, p. 164,
Bean, 1883, p. 367; Jordan and Evermann, 1896-1900, p. 10, PL. I, fig. 3; Smith and Bean, 1899, p. 180; Fowler, 1912, p. 51.

Body eel-shaped, somewhat depressed anteriorly, compressed posteriorly; head depressed,
its length to first gill opening greater than the distance from the first to the last gill opening, 6.6
in total length; eye of moderate size, 6 in head; interorbital space broad, 3 in head; mouth, or buccal
disk, large, its diameter about 2 in head; teeth on each side of mouth bicuspid, a series posterior to
the mouth coalesced, the other teeth simple; the origin of the first dorsal distinctly behind the middle
of the body, the distance from tip of snout to origin of dorsal 1.9 in total length; the second dorsal
well separated from the first, continuous with the rounded caudal, with a depression posterlorly,
anal fin represented by a mere fold.

Color in aleohol plain bluish-gray above, pale below. The color in life has been descnbod as
mottled brown or black above, occasionally plain bluish, with lower parts whitish or gray.

A single specimen, 158 mm. (64 inches) in length, is at hand and it forms the basis for the fore-
going description. This lamprey is readily recognized by the bicuspid teeth on the sides of the
mouth and by the divided and well separated dorsal fins.



44 BULLETIN OF THE BUREAU OF FISHERIES

The lampreys attach themselves to larger fish by means of the suctorial mouth, sucking their
"blood and making uleerous sores, often producing death. Surface (1898, p. 212), in an account
of the variety P. marinus unicolor, records that this lamprey destroyed large numbers of catfish,
‘suckers, carp, etc., in Cayuga Lake, New York. Shad are sometimes taken with lampreys 6 to 14
‘inches in length hanging on their sides. Kendall (field notes, 1894) reports a 10-inch lamprey
clinging to a menhaden only 6 inches in length. Bigelow and Welsh (1925, p. 20) report lampreys
preying upon cod, haddock, and mackerel in Massachusetts Bay. At one time lampreys were said
‘to be common in the Chesapeake during the early spring and to have destroyed many shad caught
with gill nets. Within recent years, however, it has not been sufficiently abundant in Chesapeake
Bay to be considered destructive of other fishes.

. This lamprey is anadromus and ascends fresh-water streams in the spring to spawn, coming with
the shad and branch herring. The number of eggs produced is large, as many as 236,000 having
been found in one individual. The young differ considerably in appearance from the adults. They
are blind and toothless and their mouths and fins are different in shape. They live in this state in
fresh water for about three or four years and then undergo a transformation, after which they
descend to the sea. When mature they return to fresh water to spawn but once and then die.

The young have been found to subsist on minute organisms. - The stomachs of adults, while
“usually containing only blood, have been reported by Goode (1884, p. 677) to occasionally contain
large numbers of fish eggs. :

Fi1G. 25.—Petromyzon marinus

This species attains a length of 3 feet, although seldom exceeding 214 feet. In the past, when
it was more plentiful, it was used for food in parts of New England, while in Europe it has been
considered a delicacy for many years. In Chesapeake Bay the lamprey is of no commercial value.

Habitat.—North Atlantic coasts of Europe and North America; on the American coast from .
Labrador south to Florida. ’

Chesapeake localities.—(a) Previous records: Potomac River and many points in the upper
parts of thebay. (b) Specimens were taken during the present investigation (during, April and .
May) at Havre de Grace, Md., and Lynnhaven Roads, Va.; also observed in the lower Patuxent

_ River, Md., and Kendall reports (field notes, 1894) several from Hampton, Va.

Class ELASMOBRANCHII
" Subclass SELACHII. The sharks, skates, and rays
Order EUSELACHII

Family IIL.—ORECTOLOBIDZE. The nurse sharks

Body short and subeylindrical to moderately short and depressed; nostrils with a nasoral
:groove and with a cirrus or barbel; mouth transverse, with labial folds around angles ; teeth com-
pressed, with or without lateral cusps on each side of the median one; eyes very small, without
. nictitating membrane; spiracle minute and behind eye to large and more or less below it; gill slits
small to medium, the posterior two or three above base of pectoral; caudal fin narrow, usually
without exerted lower lobe; other fins short and broad, no fin spines; no caudal pits.



FISHES OF CHESAPEAKE BAY 45

3. Genus GINGLYMOSTOMA Miiller and Henle. Nurse sharks

Body moderately elongate, compressed posteriorly, depressed anteriorly; head broad; snout
very blunt; nostrils near tip of snout, remote from each other, connected with the mouth by a groove,
each anteriorly with a cylindrical barbel; mouth broad, little arched; teeth small, compressed, with
a strong central cusp and one or more smaller lateral ones; several series functioning; spiracle
minute and behind eye; gill slits moderate, the last two close together and above base of pectoral;
dorsal fins rather close together, the first over the ventrals, the second somewhat in advance of
anal, ’

3. Ginglymostoma cirratum (Bonnaterre). Nurse shark.

Squalus cirratus Bonnaterre, Tableau Enocyolop., Method Nat. Ichthyol., 1788, p. 7; American seas.

Ginglymostoma cirratum Lugger, 1877, p. 0. Jordan and Evermann, 1896-1900, p. 26, Pl. IV, fig. 13; Qarman, 1913, p. 54,
pl. 7, figs. 4 to 6. .

Body posteriorly compressed, head and anterior part of body broad, depressed; snout short,
broadly rounded; mouth much in advance of eyes, broad; teeth small, with sharp median cusp
and a shorter one at each side; nostrils nearly at margin of snout and connected with mouth by a
~ groove, each with a barbel; eye very small, the greatest diameter a little shorter than the longest
gill slit in young, proportionately much shorter in adult; spiracle situated just behind eye, very
small; denticles on skin below base of dorsal irregular in size, triangular, slightly imbricate, one or
three keeled; origin of first dorsal over ventrals; second dorsal a little smaller; caudal long, angles
rounded, lower lobe not produced; anal smaller than second dorsal, its origin under middle of second
dorsal; pectoral fins nearly as broad as long. Color grayish or yellowish brown above, somewhat
paler below. The upper parts either with or without round black spots.

No specimens of this shark are at hand. The above description was compiled from published
accounts.

Gudger (1921, p. 58), after examining specimens of this shark taken in southern Florida, with
reference to stomach contents, says: ‘Itsfood, in keeping with its tooth structure, is mainly confined
to invertebrates, squid, shrimp, the so-called crawfish (Palinurus), short-spined sea-urchins, small
fish, and probably the more thick-bodied, succulent alge. In short, the fish is more or less
omnivorous.” - . :

The nurse shark, according to Gudger (1921, p. 59), is “ovoviviparous.” The eggs are large,
about 75 millimeters in- diameter when they break through the walls of the ovary, and brownish,
horny shells with blunted ends, bearing tendrils (as in some of the egg-laying sharks and rays) are
later provided. These egg cases measure from 120 to 140 millimeters in length and 170 to 190
millimeters in circumference. The eggs then remain in the posterior part of the oviduct, where a
““saddle-bag shaped” section is provided for them, until the young are hatched.

Habitat.—Tropical Atlantic and eastern Pacific; apparently not recorded from the Atlantic
coast of America north of Chesapeake Bay. ' )

Chesapeake localities.~—(a) Previous records: ‘“Southern part of Chesapeake Bay’ (Lugger,
1877). (b) Specimens in collection: None; not seen during the present investigation.

Family IV.—.LAMNIDZ. The mackerel sharks; the man-eater sharks

Body robust; head conical; tail slender, the peduncle depressed, with lateral folds and caudal
pits; nostrils oblique, near the mouth but not confluent with it; eyes without nictitating membrane;
mouth broad; teeth large; spiracles small or wanting; gill slits wide, all in front of pectorals ; first
dorsal large; second dorsal and anal small; caudal lunate; pectorals large, falcate.

4. Genus CARCHARODON Miiller and Henle. Man-eater shukw

Body very robust anteriorly; head conical; caudal peduncle strong, depressed; teeth large,
compressed, serrate, triangular, the upper teeth broadest; first dorsal large, nearly midway between
pectorals and ventrals; second dorsal and anal very small; pectorals large. .
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4. Carcharodon carcharias (Linnsus). Man-eater; Great white shark.-

Squalus carcharias Linnsus, Syst. Nat., ed. X, 1758, p. 235; Eurape.
Lamnide atwoodi Uhler and Lugger, 1876, ed. I, p. 191; ed. II, p. 161.
Careharodon carcharias Jordan and Evermann, 1896-1900, p. 80; Garman, 1913, p. 32, pl. 5, figs. 5 to 9.

Body robust; head a little more than 4 in total length; depth about 5.5; snout conical, blunted
at tip; eye above the front of the mouth; pupil vertical; nastrils small, far apart, nearer to the mouth
than to tip of snout; spiracles minute, behind eye; mouth large, with labial folds; teeth large, trian-
gular, serrated, in about 24 to 26 rows in each jaw; first dorsal moderate, its origin behind bases of
pectorals, a littie longer than high; second dorsal very small, its base entirely in advance of anal;
caudal fin broad, the lower lobe produced, slightly shorter than upper; anal fin gmall, similar to second
dorsal, its origin behind vertical from the base of that fin; ventral fing small, below middle of the
interdorsal space; pectoral fins faleiform, the front margin nearly twice the length of the inner
margin; a well developed keel on each side of caudal peduncle; deep pit at base of caudal above and
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F16., 26— Carcharodon carcharias

Color grayish, shading to white belaw; tips and edges of pectorals black.

This iz one of the most feracious of all sharks,

Uhler and Lugger (1876) writing in 1876, stated that this shark was common in Cheaapeake
Bay ag far ag the outer harbor of Baltimore. It is uncoramon anywhere, however, even in the
Tropics, and seldom strays on our Atlantic coast. None were seen during the preaent investiga-
tion, and we know of no record for the Chesapeake sinee 1876, It is believed, therefore, that the
shark referred to by Uhler and Lugger was another species.

The man-eater grows to a length of 40 feet. The jaws of a specimen 36 feet lapg are in the
British Museum. :

Habitat.—Seas of the Temperate and Torrid zones; in the western Atlantic, rarely as far north
as Nova Scotia, : ,

Chesapeake localities—(a) Previous records: Reported entering Chesapeake Bay by Uhler
and Lugger (1876). (b) Specimens observed on present investigation: None,

Family ¥.—GALEIDZ. The gray sharks

Body elongate; head and snout depressed; eyes lateral, with a more or less perfectly developed
nictitating membrane; nostrils below the snout; spiracles present or absent; mouth erescent-shaped,
inferior; teeth various; last gill slit above base of pectoral; dorsal fins 2, without spines, the first in
advance of ventrals; anal fin present.

EKEY TO THE GENERA
a. Teeth small, numerous, in pavement; spiracles present, small..______.________ Mustelus, p. 47

aa. Teeth not in pavement, compressed, more or less triangular, with a large cusp and usually with
a broad base; spiracles wanting,
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" ¢. Labial folds wanting; teeth more or less serrate___ .. _______ e Carcharpinus, p. 48
cc. Labial folds well developed, present on both jaws; teeth not serrate___._._ Scoliodon, p. 49

5. Genugs MUSTELUS Linck

Body and tail of ahout equal length, rather slender; head short, broad, depressed; snout long
and flat; spiracles small, behind eyes; eyes with a nictitating membrane; mouth small, crescent-
shaped; teeth small, many rowed, pavementlike; dorsal fins similar in shape, the first above the
abdomen, the second above the anal; caudal fin not deep, the lower lobe feebly developed; pectoral
fins large.

5. Mustelus mustelus (Linnmus). Smoeoth dogfish.

Sgualus mustelus Linnseus, Syst. Nat., ed, X, 1758, p. 235.

Mustelus canis Jordan and Evermann, 1896-1900, p. 29,

Galeorkinus lzvis Garman, 1913, p. 176.

Body long, slender; head narrow, depressed, flattened beneath, about 4 in length; snout
moderate, tapering, its length greater than the width of mouth; nostrils large, placed about half as
far from the mouth as from the tip of the snout; eye rather small, its length about equal to the pre-
narial length of snout, the pupil elongate horizontally, a nictitating membrane present; mouth
about twice as wide as long; teeth small, numerous, pavementlike, in about 10 rows, the upper ones
with a short and blunt cusplike projection on the posterior margin, lower teeth sirpilar, with less
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P16, 37.— Mystelus musicdys

prominent cusps, no cusps en teeth near angles of mouth; the skin roughened by rather large, sharply
pointed denticles, bearing two or four low keels; origin of first dorsal a little in advance of the
posterior margins of the peotorals; second dorsal inserted in advance of the anal, about half as large
a8 the first; caudal fin about 4.5 in total length, the lower lobe scarcely produced; anal fin netably
smaller than the second dorsal and inserted under the middle of the base of the second dorsal; ventral
fins rather small, inserted nearer the origin of the anal than the base of the anterior rays of the
pectoral; pectoral fins of moderate size, about two-thirds as broad as long, the hinder margins only
slightly concave.

Color usually uniform grayish, sometimes yellowish or olivaceous and with pale spots; pale
underneath.

The smooth dogfish previously has not been recorded from Chesapeake Bay. The present
record is offered on the authority of the following field note made by Lewis Radcliffe, at Gwynns
Ishnd; Vs», Mﬂy 6, 1915: .‘Among the fish brought in from pound nets in this Ioca,lity and landed
on the wharf was one smooth dogfish.” The same investigator also reports having seen a specimen
at Buckroe Beach, Va. The foregoing description is based upon published accounts of the species.

The foad of the smooth dogfish consists mainly of the larger crustaceans. Field (1907, pp.
11-13) examined the stomachs of 388 fish caught around Woods Hole, Mass., and found the principal
foods to be lobsters, rock crabs, lady crabs, spider crabs, hermit crabs, menhaden, squid, razor
clams, and Nereis. Besides menhaden, various species of axall fish are eaten indiscriminately.

“The eggs of this dogfish are fertilized internally, and the young are about 1 foot long when
born. From 4 to 12 fish are produced at one time.” (Smith, 1907, p. 33.) A female examined by
Linton at Woods Hole, Mass., contained eight young, each 124 inches long and ready to be born.
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The smooth dogfish is particularly abundant along the coasts of New Jersey and Long Island,
extending to Woods Hole, Mass.

The average length of this shark is 2 to 3 feet, but fish as long as 5 feet have been reported.

Habitat.—Cape Cod to Cuba, rarely straying to the Bay of Fundy; southern Europe.

Chesapeake localities.—(a) Previous records: None. (b) Specimens in present collection:
None. This record is based upon a specimen observed at Gwynns Island, Va., May 6, 1915, and
another at Buckroe Beach, Va., early in May, 1915, by Lewis Radcliffe.

6. Genus CARCHARHINUS Blainville

Body rather robust; head broad, depressed; snout produced; nostrils and mouth inferior; teeth
compressed, more or less triangular, with large cusp and usually a broad base; eyes small, with a well
developed nictitating membrane; spiracles wanting; first dorsal large, placed not far behind the pec-
torals; second dorsal small, wholly or partly above the anal; distinct pits at base of each caudal lobe.
The embryos are attached to the uterus by a placenta.

6. Carcharhinus milberti (Miiller and Henle). Milbert’s shark.?

Carcharias (Prionodon) milberti Miiller and Henle, Plagiostomen, 1838, p. 38, P1. XIX, ﬂg._ 3 (teeth); New York.

Carcharhinus milberii Jordan and Evermann, 1896-1900, p. 87; Smith and Bean{ 1899, p. 180.

Body stout; head broad, strongly depressed; snout rather broadly rounded, its preoral part
about 1.1 in its length to eye; mouth wide, its width equal to preoral length of snout; eye lateral,
small, 4.1 to 5.1 in snout; nictitating membrane evident; interorbital space somewhat greater than
length of snout; teeth in upper jaw triangular, the edges serrate, about 29 in outer series, teeth in
lower jaw narrow, erect, with finely serrate edges, about 26 in outer series; longest gill slit 3.1 to
3.3 in snout; dermal denticles not overlapping, with three distinet keels; first dorsal with concave
outer margin, inserted behind origin of pectorals, its base 2 to 2.15 in distance between dorsals;
second dorsal small, its base 5.1 to 5.6 in distance between dorsals; upper lobe of caudal long, 4 to
4.15 in total length; anal opposite the second dorsal and only slightly larger, its outer margin deeply
concave; ventral fins inserted at vertical from a point equidistant from the end of the base of the
first dorsal and the origin of the second dorsal; pectoral fins longer than broad, 5.9 to 6.4 in total
length.

Color in life, taken from two specimens—a male, 635 millimeters (25 inches), and a female,
620 millimeters (243§ inches)—bluish gray above, white below; highest part of both dorsals and
upper extremity of caudal slightly dusky; tip of pectoral of one fish slightly dusky underneath.

This shark is represented in the collection by six specimens—five females and one male—ranging
from 450 to 648 millimeters (1734 to 2534 inches) in length. Although rather rare in Chesapeake
Bay, it is perhaps more common than any other shark except the spiny dogfish. The only fish
taken during the collecting of 1921 were caught off Janes Island, Crisfield, Md., where, on September
16, the catch was two, fishing one and one-half hours; on September 18 the catch was five, fishing
six hours with hook and line at depths of 50 to 90 feet. During 1922 five sharks of this species
were caught at Ocean View, Va., with seines, on October 6, 10, 17, and 18.

Like most sharks, this species feeds chiefly on fish. The stomachs of two specimens examined
contained fragments of fish bones, and another had eaten one pinfish (Lagodon rhomboides).

The young on the coast of Long Island are born during June and July, from 8 to 14 at one time,
and about equally, males and females (Nichols and Murphy, 1916, p. 16).

This is one of the medium-sized sharks, attaining a maximum length of about 8 feet. A fish
18 inches in length weighed 114 pounds; 2434 inches, 334 pounds; 25 inches, 334 pounds.

Habitat.—Middle Atlantic and middle eastern Pacific (Garman, 1913, p. 133); northward on
the Atlantic coast of America to Woods Hole, Mass.

Chesapeake localities.—(a) Previous records: Fort Washington and Glymont, Md. (b) Spec-
imens in collection or observed in the field: Crisfield, Md., September, 1921; Ocean View, Va.,
October, 1922, ’ ) ’

* This shark is also known as the blue shark, but we disdard this name in order to'avoid confusion with Galeus glaucus, a shark
of wide distribution and which for many years has been known to fishermen and whalers as the “blue shark.”
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7. Genus SCOLIODON Miiller and Henle

This genus differs from Carcharhinus in the presence of labial folds, which extend some
distance along the jaws from the angles of the mouth, and the teeth, which are never serrate.

7. Scoliodon terr-novee (Richardson). Sharp-nosed shark.

Sgualus terrs-novz Richardson, Fauna Bor. Amer. III, 1836, p. 289; “Newfoundland,” where the species does not occur.

Scoliodon terrz-novz Bean, 1891, p. 94; Jordan and Evermann, 1896-1900, p. 43; Garman, 1613, p. 115, pl. 2, figs. 1 to 4.

Body moderately robust; head rather broad; snout rather short, broadly rounded, preoral
portion 1 to 1.05 in length to eye, its width at nostrils 1.05 in preoral length and 1.1 in length to
eye; eye rather small, its diameter somewhat greater than width of nostril; interorbital area convex,
1.05 to 1.15 in snout; nostrils obliquely placed, the outer angles being notably in advance of the
inner ones, the inner angles about two-thirds as far from the mouth as from tip of snout, narial
valve with a sharply pointed lobe; distance from nostril to eye 3.1 to 3.2 in snout; internarial space
two times diameter of eye; mouth rather strongly arched, its width at angles 1.2 to 1.25 in preoral
part of snout; labial folds short, the upper one notably less than one-third the length of the jaw,
- about two-thirds the length of eye, 3.8 to 4.15 in preoral part of snout and 2.3 to 2.8 in internarial,
the lower fold shorter, 6.35 to 6.75 in preoral part of snout; teeth not serrate, with broad bases and
rather narrow cusps, the anterior ones erect, those of the sides directed inward and backward;
gill slits rather narrow, the longest about 2.5 in internarial, 1.1 to 1.15 in distance from eye to outer
angle of nostril; first dorsal rather large, its outer margin concave, the lower lobe pointed, its origin
about two times diameter of eye behind vertical from axil of pectoral, its base 2.4 in distance between
dorsal fins; second dorsal moderate, its origin over or a little behind middle of base of anal, its base
6.05 to 7.4 in distance between the dorsal fins; upper lobe of caudal very long, pointed, 3.85 in total
length, the lower lobe broad, 6.4 to 6.75 in the upper lobe; anal fin with concave margin, its base
1.85 to 1.95 in distance from anal to base of caudal; ventral fins small, inserted equidistant from
axil of pectoral and posterior margin of bage of anal, the claspers about two-thirds the length of the
fins in specimens 360 millimeters in length; pectoral fins moderate, the posterior margin little
concave, reaching about opposite middle of base of dorsal.

Color bluish gray above; pale below. .

This shark was not seen during the present investigation. It may be distinguished from the
other sharks of this family known from Chesapeake Bay by the presence of folds in the lips, which
extend forward from the angles of mouth, and by the smooth teeth.

The food of this shark is rather varied, consisting, however, largely of fish and crustaceans.
The young, according to Smith (1907, p. 34), are born during the summer. The usual length
attained is about 3 feet. ‘This small shark, which is common on the South Atlaritic coast, probably
rarely enters Chesapeake Bay. ‘

Range.—Cape Cod, Mass., to Brazil.

Chesapeake localities—(a) Previous record: Cape Charles, Va. (b) Specimens in the collec-
tion: None.

Family VL.—SPHYRINIDZE. The hammerhead sharks

This family resembles the species of the genus Carcharhinus, differing in the peculiar modifi-
cation of the head, which is greatly depressed and broadly expanded, hammer-shaped. The eyes
are far apart, being situated on the lateral margins of the expanded head; nictitating membrane
present; no spiracles; nostrils remote from each other and distinet from the mouth; labial folds
rudimentary; teeth compressed; first dorsal fin large, in advance of ventrals; second dorsal an
the anal amall, opposite; lower lobe of caudal prominent. A single genus is known. .

8. Genus SPHYRNA Rafinesque

Body elongate, compressed; head much depressed, with a broad expansion on each side,
more or less hammer-shaped; eyes far apart, placed on lateral edges of the broadly expanded
head; nictitating membrane present; no spiracles; mouth inferior, strongly arched; labial folds
rudimentary; teeth compressed, more or less triangular, with broadly expanded bases and a notch
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on posterior edge; first dorsal behind the origin of the pectosals and in advance of the ventrals;
second dorsal over the anal; caudal pits present; lower lobe of caudal produced, upper lobe long.

KEY TO THE SPECIES

a. Head very broad, its greatest width about 3 in total length; anterior outline of head irregular,

a deep concavity overeach nestril .. ... ___.. zygaRa, p. 50
aa. Head less broadly expanded, its width about 5 in the total length; anterior outline of head
regularly convex, no concavity overnostrils - _ . __ . ____ .. . __ . .___. tiburo, p. 51

8. Sphyrns zygeaa (Linnmus). Hammerhead shark.

Sgusius zypens Lioneas, Sys. Nat., ed. X, 1758, p. 23¢; America.

Sphyrna eygena Lugger, 1877, p. 88; Jordan and Evermann, 1806-1000, p. 45.

Cestracion zygens Garman, 1913, p. 157, pl. 1, figs. 1 to 3.

Body elongate, compressed; head very broad, hammer-shaped, the front margin broadly
and irregularly coavex, with a deep concavily at each nostril; width of head at eyes fram 3 to
3.25 in total length; nosiril close to eye, with a long groove on margin of snout; mouth moderate,
its width & little shorter than preoral length of snout; teeth similar in both jaws, oblique, cusps
triangular, the lateral ones with a notch at base poateriorly; firet. dorsal high, its height greater
than the length of its base, the outer margin concave, its origin a litile behind axil of pectoral;
second dorsal small, its posterior angle noishly produeed; upper lobe of caudal long, the lower
lobe also produced, its length abaut 2.75 in the upper lobe; anal fin a litile longer than the second
dorsal, the outer margin deeply concave, its origin & little in advanee of the second dorsal; ventral
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F16, 28.—Sphyrna zygena

- fins small, inserted slightly more than half as far from origin of anal as from base of pectoral; pectoral
fins moderate, scarcely reaching to base of first dorsal, the lower angle not. produced and the pos-
terior margin of fin slightly concave.

Color of fresh specimen lead gray above, lower parts grayish white; tips of pectorals black;
the tips of the other fins dark. :

No specimens of this shark were preserved. The deseription herewith was compiled from
published accounts. . B

Lugger (1877, p. 89) states that the hammerbead shark was 80 very common in the mouth of
Miles River, Md., during the summer of 1876 that the fishermen were forced to abandon that
ground. The species is not reported by other observers. During the present investigation only
three individuals were seen. A hammerhead was taken on July 15 and another one on July 17,
1916, in pound nets in Lynnhaven Roads, and in the same locality a 2-foot specimen was caught
swith hook and line on June 26, 1921.

The food of this shark, according to stomach examinations made by investigators at Beaufort,
N. C., consists of fish and crustaceans. Gudger (1907, pp. 1005-1006) took an almost perfect
skeleton and many fragments of skeletons of the sting ray (Dasybatus say) from the stomach of a.
specimen of this shark, and be found imbedded in various parts of the shark numerous spines of

“the sting ray. In ali, 50 spines were extracted, mainly from the mouth parts, and, accarding to
this author, alt $hat were presont guite certainly were not recovered. This particular shark was
harpooned while it was in pursuit of a sting ray and the evidence would suggest that this sting ray
may form a considerable part of the food of this species of shark.
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The hammerhead is viviparous, as many as 37 embryos having been taken from as 11-foot
fish. Along the Atlantic coast fish 2 to 6 fest long are not uncommon, while larger examples are
reported occasionally. The largest hammerhead of whieh we find record was 17 feet long, har-
pooned off Miami, Fla., on March 21, 1919,

Habitat.—~Tropical and temperate seas; on both coasts of America from Cape Cod, Mass.,,
and Califoraie southward.

Chesapeste localities—(a) Previous record: Miles River, Md. (b) Specimens observed on
present investigation: Lynnhaven Roads, Va., July, 1916, and June, 1921. -

9. Sphyrna tiburo (Linnsus). Shovel-nose shark; Bonnet-nose shark.

Squalus tiburo Linnsmus, Syst. Nat., ed. X, 1758, 234; America.
Sphyrna tiburo Jordan and Evermann, 1896-1900, p. 44, P1, V, fig. 19,

Body moderately slender, compressed; head much d?apressed, expanded, the anterior margin
semicircular, the posterior margins short, free, slightly concave, its greatest width quite equal to
its length to first gill opening; eye small, lateral, 4 in preoral length of snout, nictitating membrane
present; mouth moderate, its width 1.05 in preoral part of snout; teeth in jaws similar, with broad
basal shoulders and a sharp, smooth cusp, the lateral teeth with a notch behind the cusp, upper
jaw with about 30 teeth in a series, the lower with about 27; longest gill slit 2.1 in preoral part of snout;
dermal denticles slightly imbricate, 3 and 5 keeled, the median keels projecting as sharp lobes;
first dorsal rather short and high, elevated anteriorly, its origin slightly behind base of pectorals,
the base 2.96 in distance between dorsals; second dorsal small, its posterior lobe elongate, pointed,
the base 5.5 in distance between dorsals; upper lobe of caudal long, pointed, 35 in total length;
anal fin notably longer than second dorsal and beginning farther forward, its base 1.05 in distance
from anal to base of lower lobe of caudal; ventral fins moderate, inserted about equidistant from the
origin of the first and second dorsals; pectoral fins rather small, 7.1 in total length.

Color grayish above, pale below.

This shark is represented in our collection by one small male specimen, 662 millimeters (26
inches) in length.

The food, as determined from specimens taken at Beaufort, N. C., consists of fish, crabs,
shrimp, and other crustaceans.

This shark is viviparous, and as many as eight or nine young have been found at one time.
(Smith, 1907, p. 35; Radecliffe, 1916, p. 266.)

This fish is comparatively rare in Chesapeake Bay, where only one specimen was observed.
Tn the lower bay, between Ocean View and Cape Henry, however, fishermen said that it was occa-
sionally taken in pound nets and they knew it well enough to give it the name ‘‘shovel-nose shark.”

The maximum length attained is given as about 5 feet.

Habitat.—Tropical and temperate seas (Garman, 1913, p. 161); northward on the Atlantic coast
of America to Long Island.

Chesapeake localities.—(a) Previous records: None. (b) Specimen in colleetion: Lynnhaven
Roads, Va., pound net, June 9, 1921,

Order TECTOSPONDYLI
Family VIL.—-SQUALIDZE. The dogfishes

Body elongate; head depressed; eyes lateral, no nictitating membrane; nostrils inferior, separate,
remote from the mouth; mouth rather large, inferior, with labial folds and a deep groove at each
angle; spiracles present; gill slits 5, all in front of pectoral; dorsal fins 2, each preceded by a spine;
no anal fin,

9. Genus SQUALUS Linnaus

Body rather slender; head flattened below; snout produced, tapering; nostrils transverse,
inferior, remote from mouth; spiracles behind eyes; mouth wide, little arched, with a deep groove
and with labial folds at each angle; teeth compressed, alike in both jaws, with oblique eusps; dorsal
spines not grooved on sides; first dorsal near the pectorals; second dorsal behind ventrals; caudal
pits present; lower lobe of caudal produced.
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10. Squalus acanthias. Linngus.- Spiny dogfish; Spiked dogfish; Grayﬁsh

Squalus-acanihias Linnesus, Syst. Nat., ed. X, 1788, 233; coast of Europe.

- Squalus emericanus Uhler and Lugger, 1876, ed. I, p. 104; ed. LI, p. 163, -

Squalus acanthias Jordan and Evermann, 1896-1900, p. 54, Pl. VII, figs. 24 and 24a.

Body moderately slender, somewhat depressed anteriorly; caudal peduncle laterally with &
low dermal fold; head low; snout pointed, 2.5 to 2.8 in head to first gill slit; its preoral part 1.75 to
2.1 in head; mouth moderate, its width at angies 2.55 to 3 in head; eye lateral, elongate, 2.15 to
2.25 in gnout; interorbital space 2.3 to 2.8 in snout; teeth similar in each jaw, the -cutting edges
transverse, each tooth with a sharply pointed cusp, outer series in upper jaw with about 27 teeth,
the lower jaw with approximately 22; longest gill slit 3.2 to 3.6 in snout; spiracles behind eyes,
prominent; dermal denticles not imbricate, situated in more or less definite rows, each with a
quadrangular base and & high median keel ending in a triangular apex; first dorsal rather small,
preceded by a spine, the outer margin very slightly concave, its base 3.4 to 4.35 in space between
dorsal fins; second dorsal smaller, with a larger spine, its base 4.4 to 5.6 in space between dorsat
fins; upper lobe of eaudal produced, no notch in lower margin, 4.6 to 5.85 in total length; ventrals
inserted about equidistant from axil of pectoral and base of lower lobe of cauda.l pectoral fins
moderate, the posterior margin notably concave, 6.2 to 7 in total length:

Color grayish above (occasionally brown), pale below, sides with small, roundish, pale spots

in one or several rows, most prominent in young up to 14 inches, almost disappearing in largest
fish.

F1G. 29.— Squalus acanthias. (After Garman)

This shark is represented in our collection by six specimens—three males and three females—
ranging in length from 560 to 800 millimeters (22 to 3114 inches).

The spiny dogfish is a very voracious feeder. The stomach of one contained a partly digested
squeteague, probably Cynoscion regalis, approximately 7 inches in length, and that of another
contained a mass of partly digested fish, from which eight menhaden, ranging from 3 to 5 inches in
length, were recognizable. The other specimens, having been taken in pound nets, were not
examined. One of several fish examined in the field by us had eaten crabs and a small croaker
(Micropogon). Bigelow and Welsh (1925, p. 49) give the food of the spiny dogfish as all fish
smaller than themselves, squid, worms, shrimps, prawns, crabs, and at times even ctenophores.

This shark is ovoviviparous. The large eggs, abundantly supplied with yolk, are at first in
a horny capsule in the oviduct. Later the embryos break free, remaining in the oviduet or “uterus,”
with which they have no placental attachment. The period of gestation has been variously esti-
mated, but it appears that 10 to 11 months, based upon the studies of Ford (1921, pp. 468-505),
is correct? Ordinarily, a female gives birth to three or four young at one time, but the number
may be only one or as many as eight to eleven, Gudger (1912, p. 143) records a specimen at Beau-
fort from which three young were obtained. This fish was taken on May 23, but the size of the
embryos was not given. Nichols and Murphy (1916, .p. 32) state that spiny dogfish taken along
the continental shelf off New York in late November contained well-developed young, the common
number observed being three. They record a female taken near Gardiner’s Island, N. Y., June 12,
1911, which gave birth to several young on the deck of the boat.  We examined 12 specimens taken
at Lynnhaven Roads, Va., April 4 to 8, 1922. Although selected at random, eleven were females
and one was a male. The smallest fish (26 inches long) was the male. The length of the females
and the number of embryos they contained are as follows:

? For an account of the embryology see Bigelow and Welsh, 1925, pp. 49-50.
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Length, inches B .E'm'bryos' oreggs ’ Length, inches Embryos or eggs

Immature eggs. 4 enibryos.

2 emegyos 1lar © Ogg.
.| 4 embryos.

1 embryo. . Do.

2 embryos. 5 embryos.

4 ebryos.

This table agrees with the examinations of other investigators in that the number. of young
produced at one time usually is not more than four. It also suggests that larger fish produce more
young than smaller fish, a fact noted also by Ford (1921, p. 473). The size of most of these embryos
was 6 to 7 inches. At the time of birth dogfish are from 9 to 12 inches in length. Young appear
to be born in the spring and autumn. If the period of gestation is 10 to 11 months, as probably
is the case, a female can not give birth to young both in the spring and in the fall.

The spiny dogfish is generally common in the lower part of Chesapeake Bay, below the Potomac
River, during the late fall and early spring. Nothing is known of its presence there in the winter, as
fishing in the lower bay ceases entirely during this period. It is probable, however, that, due to the
depleted food supply and the low water temperatures, it is scarce if not entirely absent during the
winter. During the summer, at least from late May to October, it is entirely absent. Dogfish
travel in schools, often appearing suddenly and irregularly. - A set of two pound nets in Lynnhaven
Roads, Va., caught spiny dogfish beginning with the first day’s fishing—March 6, 1922. A few
(perhaps less than 10) were taken nearly every day throughout the month. On April 4, when we
began field operations in this lo¢ality, 25 were caught, followed by 8 on April 6 and 6 on April 8, all
214 to 3 feet in length. It was of interest to note that all of these were taken by the pound net set
in 32 feet of water, whereas the other net, placed in 12 feet of water and leading inshore directly
from the deep-water net, caught none. On May 25, when these nets were again visited, no spiny
dogfish were caught, nor had any been taken since early in May. At Cape Charles, Va., the fisher-
men ‘reported this shark common in March and April. In the fall the spiny dog appears in
apparently smaller numbers than in the spring. Our earliest record is November 15, 1922, when a
2814-inch fish was caught off Willoughby Spit, Va. Only stragglers are taken in pound nets late
in November, or at the time when fishing ceases for the winter. Inquiries among the fishermen
along the lower Potomac revealed that the spiny dogfish is not taken there, hence we can state
with assurance that it is restricted to the lower parts of the bay, being most abundant near the capes.

Spiny dogfish are exceedingly abundant off the New England coast, at least from Nantucket
Shoals to Cape Sable, Nova Scotia. They are present in this region from May until 1ate October, or
during the time when they are absent from Chesapeake Bay and points farther south. = Along the
New Jersey coast and western Long Island they appear suddenly in great numbers early in
November, and are then regarded by fishermen as the forerunners of the cod. They soon disappear,
however, and are not seen again until late April and early May, when they are present only a few
weeks. Little appears to be known concerning the winter home of this dogfish. Their appearance
south of New England directly after they leave and before they return would indicate a coastwise
movement. Although they may occur as far south as the Carolinas, and to & more limited extent
farther south, evidence produced by Bigelow and Welsh (1925, p. 47) mdlcates that the predominat-
ing migration is on and off shore rather than alongshore,

Spiny dogfish are usually from 2 to 3 feet long and attain a length of at least 314 and possibly
4 feet. Females average somewhat heavier than males.

This shark is of no commercial importance in Chesapeake Bay and does not occur there in
sufficient numbers to be regarded as a serious pest by the fishermen. Wherever abundant, it is
destructive to other fish and fishing gear; because of this and its strong dorsal spines, with whi¢h
it can inflict painful wounds, it is considered obnoxious by all fishermen.

Habitat.—On both coasts of the Atlantic; on the American Continents from Labrador to
Uruguay, occasionally straying northward to Greenland.

Chesapeake localities—(a) Previous record: Mouth of Chesapeake Bay. (b) Specimens in
collection: Old Point Comfort, Va., beam trawl, depth 73 to 84 feet, December 2, 1915, April 2, 1921;
Lynnhaven Roads, pound net, April 6, 1922, November 28, 1921; Willoughby Spit, Va., November
15, 1922; also seen at several other points in the southern sections of the bay.
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Family VIII.—SQUATINIDA. The angel sharks

Body, head, and tail depressed and flat; snout obtuse; gill openings wide, partly inferior and
partly hidden by the base of the pectorals; spiracles wide, crescent-shaped, behind the eyes; nostrils
on the front margin of the snout, with skinny flaps; mouth terminal or nearly so; teeth rather small,
far apart, erect; dorsal fins 2, small, subequal, situated on tail behind ventrals; anal fin wanting;
pectoral fins very large, expanded in the plane of the body, but not attached to the side of the head,
deeply notched at the base; ventral fins very large; caudal fin small.

This family of peculiar sharks is intermediate in both structure and general appearance between
the sharks and rays.

10. Genus SQUATINA Duméril. Angel fishes

The characters of the genus are included in the family description. A single species is indige-
nous to the Atlantic coast of Amerioa.

11. Squatina dumeril Le Sueur. Nurse fish; Angelfish; Monkfish; Sand devil.

Squatina dumeril Le Sueur, Journ., Ac. Nat, Sci., Phil,, I, 1818, p. 225, P1. X; probably Florida.

Squatina squating Jordan and Evermann (in part), 1896-1900, p. 58.

Body depressed throughout; head low, flat, its length to first gill slit 4.9 in total length; snout
short and broad, the anterior outline slightly concave, 5.65 in head; eye small, 11.7 in head; spiracles
crescent-shaped, at least as long as eye, situated behind eyes at a distance not quite equal to length
of snout; interorbital very broad, concave, 2.4 in head; nostrils on anterior margin of snout, with
skinny flaps, the interspace 3.5 in head; mouth only slightly behind anterior margin of snout, very
broad, its width 1.5 in head; teeth, 18 in a series in each jaw, rather small, far apart, erect, with
broad basal shoulders and a sharp median cusp; skin rough, with enlarged tubercles on head and
snout and with sharp spines on outer margin of the pectoral fins; dermal dentacles in irregular
rows rather far apart, of unequal size, each consisting of a low, strong, angled spine with a very broad
base and a rather sharp point; gill slits 5, wide, all posterior to anterior angle of pectoral; pectorals
broad, expanded, the anterior angle free from the body and not confluent with the head, the length
of the outer anterior margin of fin 3.4 in total length, the outer posterior angle a right angle, the inner
lobe of fin round; dorsal fins of about equal size, situated on the tail, far behind ventrals, the base
of first dorsal 1.45 in distance between dorsals, the base of the second 1.55; caudal fin posteriorly
truncate, both lobes pointed, the lower slightly the longer, 1.55 in head; ventral fins inserted opposite
posterior margin of pectorals, very broad (the claspers in the male specimen at hand—that is, 4214
inches long—are 734 inches in length). )

Color grayish above, pale below. The abdomen, throat, and ventral fins with reddish spots
in life.

A single male specimen, 1,080 millimeters (4214 inches) in length, occurs in the Chesapeake
Bay collection. This peculiar fish, which has the combined characters of a shark and a ray, is a
conspicuous form. Years ago it was said to be rather common on the Atlantic coast of Maryland.
Within Chesapeake Bay, certainly, it is very rare, and none at all were seen or reported during the
intensive collecting of 1921 and 1922. Lugger (1878, p. 122) says of this animal: “The not very
inviting looks of this fish are not the only reasons why fishermen dislike it. It has, to some extent,
the unpleasant habits of the snapping turtle, since it can open its mouth very suddenly, to an
alarming extent, and not to play, either. In consequence of this biting propensity, it is called by the
fishermen the ‘sand devil,” and also the ‘fair maid’; the first name not without any reason and the
latter certainly not out of politeness.” )

Habitat.—Both sides of the Atlantic and on our Pacific shores, occurring sparingly northward
on our Atlantic coast to Cape Cod, Mass.

Chesapeake localities.—(a) Previous records: None. (b) Specimen in collection from Lynn-
haven Roads, Va., pound net, July 15, 1916.
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Fi16. 30.—Sguatina dumeril. From a specimen 42.5 inches long
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Order BATOIDEL The skates and rays
Family IX.—PRISTIDZE. ' The sawfishes

Body elongate, depressed; snout produced into & long, thin, flat process, armed laterally with
a series of large, strong teeth; teeth in the jaws numerous, small, in pavement; gill slits moderate,
inferior; spiracles wide, placed behind the eye; eyes without nictitating membrane; dorsal fins 2,
1arge, the first nearly opposite ventrals; caudal fin well developed, bent upward; a fold along each
side of ’tail pectoral fing moderate, their ftont margms not extending to the head. A single genus

is known. ' Viviparous.
1t. Genus PRISTIS Linck Sawflshes

The characters of the genus are-included in the family description. A single species is known
from the waters of the Atlantic coast of the United States. The sawfishes are bottom-dwelling
animals, The large, sawlike rostrum probably is not used extensively as an offensive weapon,
but it forms an effective defensive weapon, as the fish can strike from side to sxde with great force.

12, Pristis pectinatus Latham. Sawfish.

Pristis pectinatus Latham, Trans., Linn. Soc., London, II, 1794, p. 278, P1. XX VI, fig. 2; “in the ocean.” Jordan and Ever-
mann, 1896-1900, p. 60, P1, VIIL, fig. 27; Garman, 1018, p. 262. ,

Pristis antiguorum Uhler and Lugger, 1876, ed. I, p. 190; ed. II, p. 160.

Body depressed, its depth between the dorsals about equal to its width at the same point;
caudal peduncle depressed, provided with a lateral keel on each side; rostrum (or *saw’’) of moderate
width, tapering, provided with 24 to 32 strong teeth on each edge, varying with age and among
individuals; teeth on the jaws in pavement, in many rows; origin of first dorsal opposite or a little
posterior fo the origin of the ventrals; second dorsal scarcely smaller than the first; the lower lobe
of caudal not produced; pectoral fins broad, the outer angles blunt, posterior margins nearly
straight.

" Color, dark gray or brownish above, pale yellow or white below.

The sawfish was not seen during the present investigation, but t was reliably reported by
pound-net fishermen operating in the lower parts of Chesapeake Bay. The foregoing description
was compiled from published accounts.

The prolongation of the snout, with its armature of teeth, at once identifies the sawfish from
all other Atlantic fishes. Six species are known to exist. The only other species (P. microdon)
found on this side of the Atlantic, chiefly in the Tropics, has 17 to 23 teeth along its snout, whereas
the present species hag 24 to 32 teeth. The number of teeth on each side of the snout may or may
not be the same. A 14-foot fish taken by us at Key West had 28 teeth on the left and 27 teeth on
the right side. Three 30-inch fish taken by us at Marco, Fla., had the following counts of rostral
teeth: 24-24, 24-25, 26-25. The last-mentioned young fish were taken in the same locality on the
same day. They were found swimming slowly along, parallel to and within 3 or 4 feet of the shore.
Each was thrown ashore with a dip net. Ag they were exactly the same length (30 inches), it is
quite certain that they were of the same age, and it is likely that they were recently born. This
species gives birth to live young, as many as 20 being produced at one time. It is said to deliver its
young in the summer, but as the three newly born fish mentioned above were found early in January,
it is probable that young are born over an extended period, the period of reproduction varying in
different sections with the climate.

The sawfish is only an occasional visitor in the lower Chesapeake.

Pound-net fishermen at Ocean View and Lynnhaven Roads report that it is rarely taken—
sometimes one or two fish a year and sometimes. none. The capture of a sawfish is long remem-
bered by the fishermen, for it is very destructive of nets, from which it is removed with great difficulty.

This sawfish is said to attain a length of 20 feet. Examples 10 to 16 feet in length are not
rare. . v

Habitat.—Caribbean Sea, Gulf of Mexico, and the east coast of the United States as far north
as New Jersey.
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Chesapeake localities.—(a) Previous record: *Oceasionally enters Chesapeake Bay.” (Uhler
and Lugger, 1876.) (b) Specimens in collection: None. The species was not seen during the
present investigation, but it was reliably reported by fishermen operating pound nets in the southern

parts of the bay.
: ‘ Family X.—RAJIDE, The skates

Body and head much depressed, umted with the pectorals and formmg a rhomboid dlsk tail
distinet, stout, rather long, with lateral folds; dorsal fins 2, small, both on the posterior half of the
tail; eyes and spiracles superior; mouth inferior, small; teeth small, numerous, in pavement; skin
usually more or less rough, with small spines and larger tubercles. The species are oviparous, the
eggs being laid in large, leathery, four-angled cases, with two tubular ‘“horns” at each end.

12. Genus RAJA Linnsus. Skates

Disk subquadra.ngula.r or subeircular; snout more or less produced, pointed, supported by a
‘‘rostral cartilage”; spiracles present, close to eyes; teeth small, varying from flat to sharp and
pointed; pectoral fins not confluent around the snout; ventral fins deeply notched; dorsal fins 2;

tail with a membranous fold on each side.

KEY TO THE SPECIES

a. Snout very blunt, only the tip projecting beyond the general outline of the disk; median line

of back and tail without a row of enlarged spines; tail with three lateral rows of spines on

each side; teeth in about 74 series in each jaw. ... __ . _ o _______.__ diaphanes, p. 56

aa.  Snout acute; median line of back and tail with a series of enlarged spines; tail with a single
lateral row of enlarged spines on each side; teeth in fewer than 50 series in each jaw.

b. Dorsal surface mostly beset with bony prickles; snout only moderately acute; teeth in about

48 series in each jaw; dark markings on dorsal surface mostly elongate.. eglanteria, p. 58

bb. Dorsal surface largely smooth; snout very acute; teeth in 82 to 36 series in each jaw; dark

markings on dorsal surface roundish .- - o oo e oo cme ;e mam el stabuliforis, p. 59

aaa. Snout moderate, more pointed than in diaphanes but less so than i in eglanteria and stabuliforis;

median line of back nearly or quite without tubercles; tail vnth two to four lateral rows of

enlarged spines; teeth in about 50 series in each JaW. e oo oo .. erinacea, p. 60

13. Raja diaphanes Mitchill. Common skate; Spotted skate.

Rafa diaphanes Mitchill, Trans., Lit. and Philo. Soc., N. Y., I, 1814, p. 478; New York Garman, 1913, p. 339, pl. 22, fig. 1.

Raja ocellata Jordan snd Evermann, 1896-1900, p. 68, Pl. X, fig. 30.

Disk broader than long, the anterolateral margin double concave, a slight concavity opposite
snout and a very broad one opposite eyes and spiracles, the posterolateral margin broadly and evenly
convez, length of disk 1.15 to 1.25 in its width, the width of disk 1.45 to 1.6 in total length; head to
first gill slit 2.95 in width of disk; distance from snout to vent, 1.25; tip of snout projecting beyond
the general outline of the disk, the length of snout 4.5 to 5.35 in width of disk; preoral length of
snout 1.75 in head; interorbital (bone) 1.8 to 2.4 in snout; eye 5.55; spiracles immediately back of
eyes, the longest diameter somewhat greater than the length of eye; nasoral groove extending to
mouth; teeth in about 74 series in each jaw, each tooth with a roundish base, surmounted by a
very low, blunt cusp, at least in the posterior, or newer, series; skin in the female on upper surface
largely beset with prickles and spines; median part of head naked, also the snout, except the tip,
which bears enlarged spines; the anterolateral margin of disk with a band of enlarged spines continued
as intramarginal spines posteriorly; no definite spines or tubercles on median line of back or tail;
three lateral rows of spines on each side, beginning on middle of back and extending backward on
the tail, becoming larger posteriorly; the upper surface in the male somewhat less pnckly, but with
the spines on the margins of the disk larger; tail moderate, depressed, with dermal keel along lower
ventral edges, 2.1 in total length; dorsal fins 2, close together; caudal fin represented by a dermal
fold; ventral fins long, inserted somewhat in advance of posterior margin of disk, greatly thickened
at the base, the fins rather deeply notched.
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Color of upper parts brown, light brown, or grayish-brown, everywhere covered with irregular
dark spots, variable in intensity; a white ocellated spot on pectoral somewhat in advance of its inner
posterior angle. (This spot, according to Garman (1913, p. 339), may be present or absent.)
White underneath. '

This species is readily distinguished from the *clear-nose skate,” Raja eglanteria, its nearest
relative of the genus in Chesapeake Bay, by the shorter and less strongly pointed enout, the more
numerous and larger prickles, and especially by the absence in the present species of an enlarged
series of spines on the median line of the back and tail. The color, too, presents noticeable differ-
ences, the pair of white ocellated spots on the pectorals of R. diaphanes, when present, being very
evident.

This skate feeds chiefly on rock crabs and squid. (Bigelow and Welsh, 1925, p. 61.) They
take, also, small crustaceans, razor clams, and such fish as they can capture.
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FiG. 31.—Raja diaphanes, male. (After Garman)

The breeding habits of this skate are unknown, except that, like all members of this family,
the eggs are laid in leathery pouches.

A single specimen was preserved, but many were examined in the field, upon which notes and
measurements were based, and these have been used in the foregoing description. . The specimens
examined ranged in length from 29 to 36 inches and the width of the disk varied from 19 to 25
inches, This skate was seen only in the southern parts of the bay, where it enters pound nets.
Twelve to twenty-two individuals were taken each day in two pound nets located in Lynnhaven
Roads, Va., from April 4 to 8, 1922, when the daily catches were observed; and one specimen was
tiken by the Fish Hawk near Cape Henry on January 16, 1914. This skate was not seen- else-
where in the bay, nor was it seen in the southern part of the bay on other dates than those pre-
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viously mentioned, although observations of commercial catehes and collections were made at
nearly all seasons. of the year. -This species is recognised by the fishermen as distinct from the
“‘clear-nose skate,” but they do not appear to have a distinetive name for it, referring to it only
as ‘‘skate.”” According to the local fishermen, this skate is taken only in the spring, when pound-
net fishing is firet resumed for the season, and at this time it is taken in considerable numbers.

The maximum length is about 6 feet. :

-Habitat.~Atlantic coast, from Virginia northward to Gulf of St. Lawrence.

Chesapeake localities.—(a) Previous records: None. (b) Speeimen in present ecollection:
Lynnhaven Roads, Va., pound net, April 4, 1922. Many others were observed during April at
Lynnhaven Roads and also were taken near Cape Henry during January.
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F16. 32.—Raja eglanteria, male, (After Garman)

14. Raja eglanteria Lacépdde. Clear-nose ray; Brier ray.

Rais eglanteria Laokpdde, Hist. Nat. Poiss., II, 1800, p. 109, P1. IV, fig. 2; Charleston, 8. C. Garman, 1918, p. 341, pl. 23.
Rajg eplanteria Ubler and Lugser, 1876, ed, 1, p. 188, ed. 2, p. 159; Jordan and Evermann, 1896-1900, p. 71.
? Raie lzvis Bean, 1891, p. M.

Disk broader than long, anterolateral margins double coneave, a slight concavity opposite
spout and a much larger and broader one behind eyes, the margins meeting anteriorly in an angle
a little greater than 90°, the outer angles rounded, the posterolateral margins broadly and evenly
convex, length of disk 1.2 to 1.3 in the width; head to first gill slit 2.7 to 3.5 in width of disk; dis-
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tance from snout to vent 1.15 to 1.37; snout projecting, apparently longer in females than in males,
supported by a rather narrow cartilage with a large translucent area on each side, its length 1.45 to
1.57 in head; preoral length of snout 1.4 to 1.8; width of mouth 2.5 to 2.8; interorbital (bone) 4.8
to 5.25; eye 4.7 to 5.2 in snout; spiracles immediately behind eyes, slightly crescent-shaped, about
as long as eyes; nasoral groove extending to mouth; teeth in about 48 rows in each jaw, each tooth
with a large round or oval base, surmounted by a small pointed cusp on the posterior or newer
teeth, the anterior or older teeth smooth, without pointed cusps; skin above largely beset with
small bony prickles, these somewhat enlarged on tip of snout; a row of short, heavy apines on inner
margins of eyes and spiracles; a few enlarged tubercles opposite median line of back on shoulders;
a row of short, sharp spines on median line of back, extending from behind head to origin of first
dorsal fin; tail with a row of enlarged spines on each side and with other prickles larger than those
on the body; the male somewhat smoother than the female, with a patch of small recurved spines
on disk opposite eyes and another intramarginal pateh at widest part of disk; tail moderate, the
base depressed, its length 1.9 to 2.25 in total length; dorsal fins 2, placed near the extremity of the
tail, less than eye’s diameter apart in four specimens examined, an eye’s diameter in one specimen,
and confluent in another; caudal fin represented by a dermal fold extending around the end of the
tail; ventral fins long, beginning only a little in advance of the margin of the disk, greatly thickened
at the base anteriorly, the fin deeply notohed; the claspers in the male rather broad not projecting
far beyond posterior margins of the ventrals in adults.

Color varying from brownish to grayish above, with roundish and elongate dark markings on
disk posterior to snout; lower surface white.

The foregoing description is based upon six preserved specimens—two males and four females—
ranging in length from 457 to 672 millimeters (18 to 2614 inches); others were examined in the
field. This ray is called ‘““clear-nose” in allusion to the translucent snout and ‘“brier ray” because
of the numerous spines and prickles that beset the upper surface of the body and tail. This
species, the sting ray (Daybatus say), and the sand skate (Pteroplalea macrura) are about equally
common in the southern part of Chesapeake Bay. Early in April, in a set of two pound nets in
Lynnhaven Roads, 7 to 15 brier rays were caught daily; and on May 25, when we again visited
these nets, the catch was 25, all 114 to 214 feet in length.

This ray was found to feed chiefly on crustaceans and fish. Two stomachs examined in April
contained crabs, shrimp, and fish; two examined in May contained shrimp and fish, and three in
October the following: One had eaten a blue crab (Callinectes) 1 inch long; another a lizard fish
(Synodus) 8 inches long; and the stomach of the third contained several blue crabs, 1 to 134 inches
long. The structure of the teeth suggests that mollusks and crustaceans probably form the principal
foods.

" Habitat.—Cage Cod to Florida; rarely to Cape Ann, Mass,

Chesapeake localities.—(a) Previous records: * Around the mouth of Chesapeake Bay’ (Uhler
and Lugger, 1876); Cape Charles City, Va. (b) Specimens in collection: Lynnhaven Roads, Va.,
pound nets, June 9, 1916, May 20 and September 27, 1921, and May 25, 1922. Numerous indi-
viduals also were seen and examined at Ocean View, Va., during the fall of 1922. It also was taken
at 11 Pish Hawk stations, all made in southern sections of the bay during 1915 and 1918,

15. Raja stabuliforis Garman. Barn-door skate; Smooth skate. .
Raja lzvis Mitchill, Amer. Monthly Mag., II, 1818, p. 327; New York, not of Gronow. Jordan and Evermann, 1896-1900,
p. 71; Uhler and Lugger, 1876, ed. I, p. 189; ed. II, p. 160. .

Raia stabuliforis Garman, 1913, p. 341, pl. 22, fig. 2; pl 44, figs, 4to06.

Disk broader than long, its width 1.5 in total length of fish, the length of disk 1.25 in its width;
anterolateral margins slightly double concave; posterolateral margin broadly rounded; snout
strongly projecting, acute; eyes small; spiracles as large as eyes; mouth large, the width more than
half the length of the snout; teeth quite blunt in the female, sharper in males, in about 32 te 36
series in each jaw; upper surface comparatively smooth; tip of snout with small tubercles, and a
narrow band of similar tubercles along anterolateral margin; small tubercles over the eyes and
spiracle; a median row of compressed spines beginning on back and extending on tail; a similar row
on each side of tail. The male, in addition to the armature already described, ha.s & triangular
patch of large sharp spines on disk opposite eyes, a large area of similar spines situated opposite
the outer angle of the disk at about the beginning of the outer third of the disk.
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Color of a fresh male specimen, 49 inches long; brownish above, with many scattered small dark
spots of unequal size, the largest equal to the size of the eye; a pair of large, irregular, prominent,
ocellated spots on the disk opposite the outer angles of pectorals; ventral surface nearly plain. The
ocellated spots on the disk in the specimen described are sometimes wanting, and the lower surface
is frequently marked, particularly in large individuals, with dusky or gray. The color of a female
46 inches long, taken with the above male, differed in having fewer spots and in the smaller. size
of the ocellated spots.

This species is readily recognized by the long, acute snout, by the smoothness of the skin on
the upper surface, the prickles being much fewer than in related species, and, usually, by its large

size. .
The specimens of this species were too large to preserve conveniently. The above description

is based upon several large specimens examined in the field and also upon published accounts.

The barn-door skate, like most other skates, feeds mainly on the bottom. Its food (Bigelow
and Welsh, 1925, p. 67) consists of mollusks, crustaceans, fish and worms. It is regarded as more
destructive of fish than any of the other skates.

The breeding habits of the barn-door skate are unknown.

The barn-door skate is frequently taken in early spring with pound nets in the southern part.
of Chesapeake Bay. The wings or ‘‘saddles,” as they are called by the fishermen, are sometimes
removed from the fish and shipped to New York, where there is a fair demand for them. In parts
of Europe skate saddles are considered a delicacy, and it is the foreign population of New York
. and vicinity that furnishes most of the demand for them.

The barn-door skate reaches a length of 6 feet, and examples 4 to 5 feet long are not at all rare.
The three largest seen by us in the Chesapeake were 46 to 49 inches in length.

Habitat.—Nova Scotia to Florida.

Chesapeake localitics.—(a) Previous records: “ Not uncommon in the ocean off Worcester
County, but said to be scarce in Chesapeake Bay.” (Uhler and Lugger, 1876, pp. 160 and 189.)
(b) Specimens in present collection: None. A number of individuals, all large, were observed
during the present investigation. They were taken in the spring with pound nets located at Ocean
View and in Lynnhaven Roads, Va.

16. Raja erinacea Mitchill. Common skate; Little skate; Summer skate.

Raja erinaceus Mitchill, Amer. Journ. Sei. Arts, IX, 1825, p. 200; New York.

Raja erinacea Jordan and Evermann, 1896-1000 p. 68; Pl. IX, fig. 20; Garman, 1913, p. 337, pl. 20; pl. 55, fig. 5; pl. 68, fig. 1.

« Anterior margins of disk waved, convex opposite the eyes, concave opposite spiracles, outer
and hinder angles and margins rounded. Snout short, longer than that of R. diaphanes, about one
and one-half times the interspiracular width. Mouth strongly waved; teeth in about 50 rows.
Back rough with strong, hooked spines over almost the entire surface on females, especially rough near
and on head, on the snout, about the shoulders, on the hinder portions of the pectorals, and on the
tail. A triangular patch of strong spines appears in front of the shoulder girdle; others are seen
on each shoulder and in one to several rows at each side of the median line of the back. The ventral
line is quite or nearly without tubercles; the tail has two to four rows on each side. Males have
not so many tubercles as the females; their spines are more scattered, and smooth spaces exist on
the middle of the back, over the gills, and above the abdomen; they have the band of erectile tenacula
pear the outer angle of the pectoral. * * * -

“Back light grayish brown to very dark, clouded to uniform, usually spotted with small spots
of darker, margins sometimes light. Color darker northward.” (Garman, 1913.)

This species was not seen during the present investigation and it is not recorded from Chesa-
peake Bay. The species is included here on the authority of certain field notes by Dr. W. C.
Kendall, made during an investigation in 1894, which he has kindly placed at our disposal. In
these notes we find it stated that R. erinacea was taken in pound nets near Hampton, Va., on March
13 and 24 (one specimen on each date), and again near Cape Charles, Va., on March 21. Of the
latter he says: ‘A few R. erinacea were brought in from the pounds.” .

«Little skates are omnivorous. Hermit and other crabs, shrimps, worms, amphipods, ascidians
(‘sea squirts’), bivalve mollusks, squid, small fishes, and even such tiny objects as copepods have
been found in their stomachs.” (Bigelow and Welsh, 1925, p. 59.) :
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Off the coast of southern New England, where the species is' abundant, the eggs are taken from
March to September, being most numerous during July and August. The egg, together with its
case, is about 2 inches broad and 234 inches long. The empty. cases of these eggs frequently are
seen washed upon the beach.

This is a common skate on our coast from Virginia northward. Its usual length ranges from 1
to 2 feet.

Range.—‘‘ Halifax to the Carolinas, abundant off New England and New York ”

(Garmap,
1913.) ’
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F1a, 33.—Raja erinaceq, male, (After Garman)

Chesapeake localities.—(a) Previous records: None. (b) Specimens in the: collection: None.
The present record is based upon field notés by Dr. W. C. Kendall made dunng March, 1894,
in which the capture of this species in pound nets near Hampton and Cape Charles, Va. , is reported.

Family XL—TORPEDINIDZ. ' The electric rays

Head, trunk, electric organs and pectorals forming a depressed subcircular disk; tail short,
rather stout, with or without a lateral membranous fold; spiracles present; gill slits small, between
the electric organs and the head; electric organs composed of vertical cells, situated between the
pectoral fins and the head; nasal valves confluent, forming a quadrangular lobe; skin smooth,
unarmed; dorsal fins 2, 1, or none; caudal fin not lobed.
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13. Genus TORPEDO Duméril. Electric rays

Disk broader than long, subeircular; snout short, broad; tail short, distinet, with a large
caudal fin and a low dermal keel on each side; spiracles moderate, placed at a short distance back
of the eye, without fringes on the margins; mouth crescent-shaped, with a longitudinal fold on
each side; dorsal fins 2; ventral fins separate and distinet. A single species is known from the
Atlantic coast of the United States.

17. Torpedo nobiliana Bonaparte. Torpedo; Electric ray; Crampfish

Torpedo nobiliana Bonaparte, Fauna Ital., 1832, fasc. 12; Ttaly.

Torpedo occidentalis Uhler and Lugger, 1876, ed. I, p. 188; ed. II, p. 150,

Tetronarce occidentelis Jordan and Evermann, 1896-1900, p. 77, Pl. XI, fig. 83.

Narcacion nobilianus Garman, 1913, p. 310, pl. 25, fig. 2; pl. 61, figs. 4 and 5.

Disk broader than long, the sides broadly rounded, the anterior margin slightly concave;
tail short, thick, depressed, tapering abruptly, with a dermal fold on each side; spiracles close behind
the eyes, their edges not fringed; mouth large, crescent-shaped, with a groove at each angle; teeth
small, broad-based, with acute crowns on inner edges; skin smooth and unarmed; first dorsal about
twice as large as the second, its origin in advance of the posterior edges of ventrals; caudal fin large,
its posterior margin slightly rounded to slightly coneave posteriorly.

F16. 34.—Torpedo nobiliana

Color above, uniform dark brown; mostly white underneath; the edges of the disk and the
ventrals underneath purplish; caudal peduncle with irregular dark markings along ventral edges.
Day (1880-1884, p. 331) records the color of European specimens as dull reddish gray or dull ash
above, dashed with purple, and white below, sometimes with ill-defined blotches on the dorsal
surface.

A single large (female) specimen, weighing about 100 pounds, was taken during the present
investigation, upon which the following measurements are based:

Length to base of first dorsal_._._....

Distance between dorsal fins. ..o e aeee 2.1
Interorbital (bone)...coecceeeeaoo L6 .
Space between spiracles. ........-.-

Length of base 0f first QOrSal - oo 3.1
Length of base of second dorsal. 1.7
Height 0f frSt AOTSal. o omeme o ooe oo e e oo oo oo 3.9
Height 0f 800N dOTSAL . o e oo e oo e e e e e oon oo 2.6

Greatest width of candal fin . e 10.5
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The species is rare in Chesapeake Bay, where it is occasionally caught in the most southern
parts. The fishermen do not seem to have a distinctive name for the animal, as those who saw the
specimen merely called it a “ray.” The species is readily reécognized by its smooth, soft skin,
dark brown color, broad disk, which is straight or slightly concave in front of eyes, and by the large
caudal fin. :

The torpedo is said to reach a weight of 200 pounds, and a specimen a8 heavy as 170 pounds
has been recorded from Massachusetts Bay (Bigelow and Welsh, 1925, p. 69). A specimen has
been recorded from Cape Lookout, N. C., which was 6034 inches in length and weighed 125 pounds.

It has long been known that the torpedo is capable of emitting strong electric shocks from
large electric organs situated on each side just back of the head, a shock from a large fish being
sufficient to knock a man down.

Little is known of the feeding habits of this ray along our coast, but Day (1880-1884, p. 331),
working with European specimens, records from the stomsch of one fish a 2-pound eel and & 1-pound
flounder and from another a 4 or 5 pound salmon, all of which, he believes, may have been killed
by the electric organs of the fish. :

The species is viviparous, but little is known of its breeding habits.

Habitat.—Tropical and temperate parts of the Atlantic Ocean, from Maine to Cuba on the
American coast and from the coasts of Great Britain to Madeira, including the Mediterranean
Sea, on the European coast.

Chesapeake localities.—(a) Previous records: ‘“Said to occur very rarely in the region near the
entrance of Chesapeake Bay.” (Ubler and Lugger, 1876). . (b) Specimens seen or preserved
during the present -investigation: One large female, about 4 feet long, taken in a pound net
in Lynnhaven Roads, Va., on May 25, 1922.

Family XII—DASYATIDE. The sting rays

Body, head, and pectorals depressed, together forming a broad disk; the pectorals very broad
and united around the snout; no supporting cartilage in snout; tail distinct from the disk, either
long or short, and usually bearing one or more strong, serrated spines; spiracles large and near the
eyes; skin smooth, or rough and with spines or tubercles, or both. The species are viviparous or
ovoviviparous. The family contains numerous genera and species. Only two genera are repre-
sented in the Chesapeake Bay fauna.

KEY TO THE GENERA

a. Tail long and slender, whiplike, bearing one or more strong, serrated spines; disk more or less
quadrangular to circular, not much broader than long. . oo —coceeooo--- Dasyatis, p. 63
aa. Tail short, the spine present or absent; disk much broader than long. ... Pteroplatea, p. 67

14. Genus DASYATIS Rafinesque. Sting rays

Disk more or less quadrangular to circular, very strongly depressed; snout more or less promi-
nent; tail long, whiplike, with one or more strong, serrated spines, with or without dermal fin
folds or keels on the median line above, below, and behind the caudal spines; without lateral folds
on the base; skin usually more or less spiny in adults; teeth small, paved.

KEY TO THE SPECIES

a. Tail without a dermal fin fold above, a rather broad fold below, its length more than twice the

length of the disk; disk broader than long, its length about 1.25 in its width_ . __cenirura, p. 64

aa. Tail with a dermal keel or fin fold above and below, its length less than twice the length of
the disk.

b. Tail with a low dermal keel above and a rather broad fold below; the color of the folds black;

the disk quadrangular, its length about 1.2 in its width; middle of forehead with a small;

round, light-colored 8POb- - - am e e nmmmmcc oo americana, p. 64

49826—28——5
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bb. Tail with a dermal fold above and below, both of about equal size, color of folds black; the
disk rather narrower than in americana, little broader than long, its length about 1.1 in its
width, the outline of the disk meeting at snout at an angle of about 120°; no light-colored
spot on middle of forehead......____ e e say, p. 66
bbb. Tail with a dermal fold above and below, the lower one the larger, the color of the folds
brownish to yellowish, the lower one always of light color; disk still narrower, the length
about equal to the width; snout more pointed than in related species, the outline of the disk
meeting anteriorly at an angle of about 90°; no light-colored spot in the middle of the
forehead_-_-__-_-___-n_-_-----_--___,__________w_--______-__-u___'____sabina, p. 67

18. Dasyatis centrura (Mitchill). Sting ray; Stingaree.

Raja centrura Mitchill, Trans., Lit. Philo. Soc., N. Y., I, 1815, p. 479; New York.

Trygon centrura Uhler and Lugger, 1876, ed. I, p. 187; ed. II, p. 158.

Dasyatis centrura Jordan and Evermann, 1896-1900, p. 83.

Dasybatus marinus Garman, 1913, p. 382, pl. 83, figs. 1 and 2.

Disk quadrangular, notably broader than long, its length about 1.25 in its width, antero-
lateral margins concave opposite the eyes, convex toward the slightly protruding snout, the outer
angles rounded, the postero-lateral margins little convex; mouth arched forward, with five papille
at base of lower jaw; teeth blunt, arranged in pavement; tail more than twice the length of the
disk, bearing one or more strong, serrated spines, with a broad winglike expansion below but none
above; young smooth, adults with conically pointed, broad-based tubercles on the middle and
hinder parts of the back and on the top and sides of the tail, very old examples with still more
numerous spines and tubercles on the back. Color dark brown above, pale underneath.

This ray was not taken in Chesapeake Bay during the present investigation and no specimens
are at hand. The above deseription was compiled from published accounts. This species may
be distinguished from all the others of the Chesapeake region by the entire absence of a fin fold
on the dorsal surface of the tail, posterior to the large, serrated spine or spines, and by the prominent
expansion of the fold below the tail.. The tail appears to be longer than in related species, equaling
more than twice the length of the disk. ‘

The food of this ray no doubt is similar to that of related species, as it has the same type of
teeth, which are suitable for crushing hard objects, such as the shellfishes. This ray appears to

. reach a larger size than the related rays, a length of about 12 feet from snout to tip of tail having
been reported.

This ray probably is rare in Chesapeake Bay. It is included here on the strength of the
following statement by Uhler and Lugger (1876, p. 187): “Common on the coast of Worcester
County and around the entrance to Chesapeake Bay.” '

Habitat.—Atlantic Ocean and Mediterranean Sea (Garman, 1913). On the American coast
from Cape Cod to Cape Hatteras. i

Chesapeake localities.—(a) Previous records: Around the mouth of Chesapeake Bay (Uhler
and Lugger, 1876). (b) Specimens in the present collection: None.

'19. Dasyatis americana sp. nov. Sting ray; Stingaree,

Dasibatis hastata Garman, in Jordan and Gilbert, Bull. U. S.Nat. Mus., XV, 1882 (1883), p. 70. Not of De Kay, which herein
is understood to be equivalent to D. centrurae (Mitchill), and which, in turn, as understood by Garman (1913, p. 382), is identical
with D. marinus Klein.

Dasyatis hastata Jordan and Evermann, 1896-1900, p. 83. Not of De Kay.

Dasybatus hastatus Garman, 1913; p. 391, 'Not of De Kay

Type No. 88378, U. 8. National Museum; length of disk 15 inches; type locality, Crisfleld, Md.

This ray is very similar to say, from which it may be distinguished, however, by the absence
of a broad, winglike expansion on the upper side of the tail, which is replaced by a low, black keel;
the cutaneous folds below the tail are identical in the two species; the disk appears to be slightly
shorter in proportion to its width, and the ventral fins apparently projeet a little farther beyond
the disk. This species bears a small, round, light-colored spot on the middie of the forehead, which
is wanting in say. The following proportions were obtained from a male specimen having a disk
15 inches in length; length of disk in its width 1.2; distance from snout to vent 1.35 in width of
disk; head to first gill slit 3.7; snout 1.6 in head; preoral length of snout 1.48; interorbital (bone)
3.43; width of mouth 3.1; eye 3 in snout; tail 1.63 in total length.



Burw. U. 8. B. F.,, 1927, Pt. I. (Doc. 1024.)

F1G. 35.—Dasyalis americana sp. nov, From a female 62 inches long, and newly born young
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Fia. 36.—Dasyatis centrure.
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A single (male) specimen with a disk 15 inches in length is present in the Chesapeake Bay
collection. Nothing distinctive concerning food and reproduction can be said of this species.

Habitat.—Crisfield, Md., to Brazil.

Chesapeake localities.—(a) Previous record: None. (b) Specimen in collection: Crisfield, Md.,
hook and line, September 15, 1921. i

20. Dasyatis say (Le Sueur). Sting ray; Stingaree.

Ruaia say Lo Sueur, Journ., Ac. Nat. Sci. Phila., I, 1817, p. 42, with plate; New Jersey.

Dasyatis say, Jordan and Evermann, 1896-1900, p. 86.

Dasybatus say, Garman, 1813, p. 396. ’

Disk a little broader than long, the anterolateral margins nearly straight, meeting anteriorly
in an obtuse angle of about 120°, the posterolateral margins broadly convez, the posterior angles
rounded, length of disk 1.06 to 1.13 in its width; head to first gill slit 3.4 to 3.65 in width of disk;
distance from snout to vent 1.27 to 1.32; snout 1.4 to 1.77 in head; preoral length of snout 1.6 to 1.75;
width of mouth 3.2 to 3.75; interorbital (bone) 2.75 to 3.35; eye, 2.9 to 3.85 in snout; spiracles
immediately behind eyes, elliptical, as long as eye; nasorial groove extending to mouth; teeth arranged .
in pavement, those of the male with an acuminate tip, those of the female smooth; 3 large papille
at base of lower jaw, behind the teeth and & smaller one on each side back of the outer angle of the
teeth; skin perfectly smooth in the young, large individuals with a row of short, blunt spines on
median line of back, and sometimes one or two on each shoulder, the tail with spinules; tail long,
slender, depressed anteriorly, round and whiplike posteriorly, bearing one or two long, sharply
serrated spines, with a short cutaneous fold behind the spine above and a larger one below; tail
1.65 to 1.8 in total length; ventral fins broadly rounded posteriorly, not reaching far beyond end of
disk.

Color grayish to brownish above, white below; the distal part of tail and the cutaneous folds
on it black. . .

Right male specimens with disks ranging in width from 230 to 290 millimeters (9 to 11.5
inches) are at hand and form the basis for the foregoing description.

The stomachs examined were void of recognizable foods. The teeth evidently are constructed
for crushing hard objects, and Smith (1907, p. 45) says of this species, ‘It feeds largely on shell-
fish.” Fish probably form a very small part of its diet. It is worthy of mention in this connection
that although the individuals at hand were taken from a pound net, in which fish were easily avail-
able, they had not recently fed on them. No determination has been made as to whether or not a
difference in the foods sought by the male and female (as suggested by the difference in the structure
of the teeth) exists.

The sting ray appears to be common in the southern parts of Chesapeake Bay and at times
even sbundant. ‘Numerous and troublesome.”” (Moseley, 1877, p. 9.) In 1921 this ray was
taken in large numbers in pound nets in Lynnhaven Roads, Va., during the latter part of September
and early in October, as many as 40 individuals having been seen in one net at one time. The
rays at this time probably were on their southward migration from the feeding grounds in the upper
stretches of the bay. A southward migration of this species has been noted by observers elsewhere
on the Atlantic coast.

The tail is used as a whip, and with the serrated spine the ray sometimes inflicts very painful
wounds in the hands and feet of fishermen, who are generally of the opinion that a venom is injected
with the spine. The difficulty experienced in healing such a wound, however, undoubtedly is due to
septic infection. .

Hagbitat.—New York to Brazil.

Chesapeake localities.—(a) Previous records: None. (b) Specimens in collections: Lynn-
haven Roads, Va., pound nets, June 9, 1916, and September 26, 1921.  Also seined at Cape Charles,
Va., May 21, 1922, and observed numerous times in pound nets situated between Ocean View and
Cape Henry.
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21, Dasyatis sabina (Le Sueur). Sting ray.

Trygon sabina Le Sueur, Journ:, Ae. Nat. Sci., Phila., IV, 1824, p. 109, P1. IV,

Dasyatis sabina Jordan and Evermann, 1896-1900, p. 84, P1. XIV, figs. 36 and 36a.

Dasybatus sabinus QGarman, 1913, . 397.

Disk little, if any, broader than long, the anterolateral margins distinctly concave in front
of eye, meeting at an angle of about 80°, the posterolateral margins broadly and evenly convex, the
outer angles of disk very broadly-convex, the posterior angle much more sharply rounded, the length
of disk 1 to 1.05 in its width; head to first gill slit 2.65 to 2.75 in width of disk; distance from tip of
snout to vent 1.15 to 1.2; snout rather pointed, its length 1.4 to 1.5 in head; preoral length of snout
1.5 t0 1.6; width of mouth 3.45 to 3.95; interorbital (bone) 3.8 to 4.3; eye 4 to 4.35 in snout; spiracles
immediately behind the eyes elliptical, the longest diameter equal to length of eye; nasoral groove
extending to mouth; teeth arranged in pavement, similar in both jaws and in the sexes; three large
papille at base of lower jaw and two small ones at each side; skin almost perfectly smooth in our
youngest examples with only a few spines on median line of back, the largest individual with a row
of prominent, compressed spines on median line of back, extending from the oceiput nearly to base
of caudal spine, and two similar spines on each shoulder; the tail long and slender, depressed anteri-
orly, round and whiplike posteriorly, bearing one or two long, sharply-serrated spines; rather short
cutaneous folds behind the spine, both above and below the tail, the lower fold a little broader than
the upper; tail 1.6 to 1.65 in total length; ventral fins extending well beyond the disk, their posterior
margins rounded, the outer angles sharper than the inner ones.

Color brownish on back, the winglike expansions paler; white underneath. The upper fin
fold on the tail yellowish brown, the lower buff,

This ray is represented by four specimens—three males, respectively, 190, 215, and 275 milli~
meters (714, 834, and 1034 inches) broad, and one female 185 millimeters (73{ inches) broad. We
also have the tail and the teeth of another specimen which measured 16 inches in width, evidently
belonging to this species. This ray is rather closely related to D. say, from which it may be dis-
tinguished by the more pointed snout, the deeper concavity opposite the eyes, in the outline of the
disk, and by the paler color of the fin folds on the tail.

The stomachs of the specimens at hand all contained fragments of crustaceans.

This sting ray apparently reaches a moderate size. - The specimens previously mentioned,
measuring 16 inches in width, appears to be among the largest taken to date. The species, although
previously not recorded from Chesapeake Bay, probably is not rare there. It was not recognized
in the field as distinct from D. say, and the fishermen do not distinguish it. The specimens were
seclected at random from various catches, with the result that 5 of this species and 8 of D. say
were preserved.

Habitat.—Previously recorded from North Carolina to Brazil. The range is now extended
to Chesapeake Bay. The species enters fresh water,

Chesapeake localities.—(a) Previous records: None. (b) Specimens in present collection:
Lower York River, Va., collecting seines, July 8 and October 6, 1921, and Ocean View, Va., com-
mercial and collecting seines, October 2, 6, and 16, 1922,

15. Genus PTEROPLATEA Miiller and Henle

Disk much broader than long, very strongly depressed, the anterior angle obtuse, the lateral
angles acute; tail slender, shorter than body, with or without a serrated spine and without a fin.
This skate reaches a rather large size. A single species inhabits the Atlantic coast.

22. Pteroplatea micrura (Schneider). Sand skate; Butterfly ray.

Raia micrura Schneider in Bloch, Syst. Ichth., 1801, p. 360; “Surinamo.”
Pteroplatea maclura Bean, 1891, p. 84; Jordan and Evermann, 1896-1900, p. 86.
Pteroplatea micrura Garman, 1913, p. 414, pl. 23, figs. 3 and 4.

Disk much broader than long, anterolateral margins convex opposite the head, the median
portion of the margins broadly concave, the outer angles rounded, the posterolateral margins
broadly convex, length of disk 1.65 to 1.85 in the width; head to first gill slit 5.6 to 6.8 in width of
disk; distance from snout to vent 1.95 to 2.1; snout at its tip projecting very slightly beyond the
outline of the disk, its length 1.5 to 1.8 in head; preoral length of snout 1.37 to 1.62; width of

i
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mouth 1.67 t0 2.05; interorbital (bone) 2.1 to 2.45; eye 3.6 to 5 in snout; spiracle in a quadrangular
pit immediately back of eye, no tentacle on its posterior margin, the slit equal to diameter of eye;
teeth in numerous rows, about 75 to 100 in each jaw, arranged in definite series like bricks in a
pavement, the teeth slightly spear-shaped, each tooth with a broad base and an elongate, sharp
cusp; skin entirely smooth in specimens at hand, large individuals are reported to bear caudal
spines; tail very short, pointed, with & keel above and below, its length 4.07 to 4.95 in total length;
ventral fins rather narrow, inserted notably in advance of the posterior margin of the disk, the pos-
terior margins rounded; claspers of the male long and narrow, reaching half their length beyond
posterior margin of ventrals in specimens 1414 inches broad.

Color variable, gray, brown, light green, or purple above, with vermiculations and punc-
tulations of lighter and darker colors; the tail lighter than body, with three or four dark bars; the
anterolateral margins of disk frequently with roundish spots; lower parts plain white, outer
margin of wings sometimes grayish, dusky, or salmon.

The foregoing description is based on six specimens—four males and two females—ranging
in length from 175 to 270 millimeters (7 to 1034 inches) and in width from 265 to 375 millimeters
(1033 to 1434 inches), and the jaws with the teeth of a female, which, according to field measure-
ments, was approximately 595 millimeters (2334 inches) long and 860 millimeters (34 inches)
broad. This skate is characterized by the very broad body, the short tail, and by the absence
of a tentacle behind the spiracle, or breathing hole, situated just behind the eye.

This skate is taken in Chesapeake Bay from May until November. In September and early
in October of 1921 numerous specimens were taken in pound nets in Lynnhaven Roads, where the
latest catch was made on November 28. As many as 40 individuals were frequently caught by
one net during a 24-hour period. It is probable that this skate migrates southward at this season
of the year, returning from the more northerly feeding grounds in the bay. Most of the individuals
taken in pound nets were of small size, specimens ranging from 10 to 13 inches in width predomi-
nating. At Ocean View, Va., however, only three small specimens, 1014 to 1034 inches in width,
were taken in commercial and collecting seines from September 25 to October 27, 1922. This
skate and the sting ray (Dasyatis say) appear to be about equally common.

Little is known of the food of this species, but it is known to feed on crabs (Sumner, Osborne,
and Cole, 1913, p. 739) and no doubt also on other crustaceans. The teeth appear to be too weak
to crush oysters and clams. The stomachs examined, taken from specimens caught in a pound
net, were empty. ‘

The species is viviparous and the normal number of young produced appears to be two, the
greatest width of the young at birth being 6 inches (Smith, 1907, p. 45). The frequent presence
of this species on sandy shores has caused it to be named ‘‘sand skate,” and it is called ‘‘butterfly
ray’ in allusion to the very broad, winglike expansion of the pectoral fins. “ The “wings’ of this
species are utilized to a limited extent as crab bait in the crab industry on Chesapeake Bay.

This species is reported to reach a length of 4 feet (Smith, 1907, p. 45), also 15 to 18 feet
(Uhler and Lugger, 1876). The largest individual mentioned in the field notes of the collectors
of the present collection is the specimen previously mentioned measuring 23%4 inches in length. .

Habitat.—Cape Cod to Brazil. ‘

Chesapeake localitics.—(a) Previous records: Cape Charles; ‘‘vicinity of Norfolk, Va.”
(Moseley, 1877, p. 9.) (b) Specimens in collection or observed in the field were taken at Back
River, Ocean View, Lynnhaven Roads, and Cape Charles, Va., during May, June, September,
October, and November.

Family XIIL.—-MYLIOBATIDZE. The eagle rays

Disk broad; pectoral fins not continued to the end of the snout, but ceasing at side of head;
a pair of rostral fins joined in front of head, supported by fin rays; tail long and slender, bearing a
dorsal fin and usually a strong serrated spine on its basal portion; eyes large, lateral; spiracles
large, behind eyes; teeth broad, flat, tessellated, the median ones usually broader than the others.
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FiGg. 37.— Pteroplatea micrura. An adult female, 504 millimeters long

Fr16. 38.— Aéfobatus naringri, Showing coloration of young
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KEY TO THE GENERA

a. Teeth in the jaws in several series; sides of head not entirely free from the pectorals; the

rostral process and the pectoral fins narrowly eonfluent.. . ________._._. Mpyliobatis, p. 69
b. Teeth in one row in each jaw; pectoral fins not extending along the sides of the head; the
rostral fins entirety distinet from the pectorals . . ________ ________.______ Aétobatus, p. 69

16. Genus MYLIOBATIS Cuvier. Eagle rays

Disk broad, the outer angles acute; rostral process narrowly confluent with the pectorals along
the sides of the head; teeth in the jaws in 7 to 10 rows, tessellated, the median ones broader than
the lateral ones; tail long, slender, bearing on its basal portion a dorsal fin and one or more serrated
spines; skin smooth or nearly so.

23. Myliobatis freminvillii Le Sueur. Eagle ray; Bull-nosed ray; Sharp-nosed ray; Bull ray.

Myliobatis freminvillii Le Sueur, Jour., Ac. Nat. Sci., Phila.,, IV, 1824, p. 111; Rhode Island. Uhler and Lugger, 1876, ed I,
p. 185; ed. II, p. 157.

Myliobatis freminvillei Jordan and Evermann, 18¢6-1900, p. 89,

Disk broader than long, the outer angles rather sharp, anterolateral margin slightly convex,
the posterolateral margin broadly concave, length of disk 1.5 in its width; pectoral fins narrowly
confluent below eyes with the rostral process, the latter broadly rounded with a slightly protruding
median tip; head to first gill slit 4.85 to 5.1 in width of disk; distance from snout to vent 1.8 to 1.95;
snout 2.1 to 2.35 in head; preoral length of snout 1.85; width of mouth 2.5 to 2.65; interorbital
space 1.9; eye lateral, 1.95 in snout; spiracles quite as large as eyes and situated immediately
behind them; nasorial groove extending to mouth; teeth in pavement about 9 transverse rows in
upper jaw, 4 functioning, 10 transverse rows in lower jaw, 6 functioning; skin smooth; a prominent,
serrated spine present behind dorsal; tail long, whiplike, 1.45 to 1.55 in total length; dorsal fin
situated on tail, its origin at vertical from tips of ventrals; ventral fins rather broad, posteriorly
conveg, its base 1.75 in snout.

Color grayish above, white underneath, the outer tips of the disk becoming dusky. Some-
times reddish or reddish brown above, according to published accounts.

Two specimens—a male and female—355 and 368 millimeters (14 and 1414 inches) wide from
tip to tip of disks, are at hand. The broad, pavementlike teeth obviously are constructed for
crushing hard objects. The stomachs examined were empty, but, as suggested by the structure of
the teeth, we learn from literature that the animal feeds on mollusks and various hard-shelled
crustaceans (Sumner, Osborne, and Cole, 1913, p. 739).

This ray is not common. It is little known by the fishermen, who report that it is taken only
occasionally in pound nets in the southern parts of Chesapeake Bay. In September and October,
1922, during five weeks collecting at Ocean Viéw, Va., where numergus hauls were made with
collecting seines and where 32 hauls of an 1,800-foot commercial seine were observed, only eight
individuals were seen. The maximum width of the largest specimen observed was 34 inches and
the total length was 5 feet. This appears to be about the maximum size attained by the species.

Habitat.—Cape Cod to Brazil. :

Chesapeake localities.—(a) Previous record: “Chesapeake Bay’ (Uhler and Lugger). (b)
Specimens in collection: Lynnhaven Roads, Va., pound net, July 17, 1916, and June 25, 1921; also
observed at Ocean View, Va., in the fall of 1922.

17. Genus AETOBATUS Blainville. Spotted eagle rays

Disk broad, the outer angles acute; head prominent; snout narrower than head, produced;
rostral fins separate from the pectorals and at a lower level on the sides of the head; teeth in a single
row in each jaw, fused, the lower plate long; anterior nasal valves confluent; a median notch in the
preoral flap; tail long, slender, bearing a dorsal fin and one or more serrated spines on its basal
portion; skin smooth.
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24. Adtobatus narinari (Euphrasen). ‘‘Bishop ray’’; Spotted eagle ray.

Raia narinari Euphrasen, Handl., K. Vetensk, Akad., XI, 1790, p. 217, P1, X; Brazil.

tobatis narinari Ubler and Lugger, 1876, ed. I, p. 184; ed. II, p. 156.

Aétobatus narinari Jordan and Evermann, 1896-1900, p. 88, Pls. XV and XVI, figs. 37 and 38; Garman, 1913, p. 441, pl. 49,
figs. 1 to 3 (teeth); pl. 54, fig. 4 (pelvis); pl. 85, fig. 9 (vertebrsm); pl. 57, fig. 4 (heart); pl. 73, fig. 4 (skeleton).

“Width of the disk nearly twice the length; anterior borders convex, posterior concave.
Pectorals somewhat falciform, acute on the outer angle. Rostral fins distinct from the pectorals,
joined in a single, produced, depressed, and pointed lobe. .Cranium large, narrower toward the
mouth, convex across the crown. Teeth in a single row on each jaw, broad and short, fused, .
upper wider; lower pavement flatter and more produced. Each tooth is curved or angled forward
more or less in the middle, the amount varying in the individuals. Eyes prominent. Spiracles
large, lateral, behind the eyes, partly visible from above. Ventrals narrow, elongate, nearly half
extended behind the ends of the pectorals, rounded posteriorly. Dorsal small, rounded above,
with a short, free margin and an angle behind the base, origin above the ends of the bases of the
ventrals. Tail whiplike, very slender, more than four times the length of the body. In a speci-
men at hand the measurements are from snout to vent 13, from vent to end of tail 59, and across
the pectorals 25 inches.” (Garman, 1913.)

Color dark brown or black above, white underneath. The dorsal surface with white spots,
which are somewhat variable in number, size, and shape, and usually are smaller anteriorly than
posteriorly. Anteriorly the spots are round, but posteriorly they sometimes become elongate,
ring-shaped, or they appear as incomplete rings, and occasionally two spots become more or less
connected by a narrow isthmus, Tail plain black,

This ray was not taken in Chesapeake Bay during the present investigation, The color
description offered herewith is largely from notes made by us from specimens examined at Beau-
fort, N. C. The species is readily recognized by the shovel-shaped snout, the broad disk, which
is covered above with numerous white spots, and by the very broad, flat; platelike teeth,

The spotted eagle ray, acecording to several recent writers, subsists almost wholly upon clams,
which it probably digs up with its shovellike snout. The large, flat, platelike teeth and strong
muscular jaws are well adapted to crushing hard-shelled molusks.

This ray has the habit of jumping high above the water and, according to Coles (1910, p. 340)
and Gudger (1914, p. 801), it is during this leaping that the young are born. According to Coles,
 about four young are delivered at one time. The young, when born, are from 6 to 8 inches broad,
and they are delivered rolled up lengthwise. The spotted eagle ray reaches a length of about 12
feet and a width of about 714 feet.

This ray, if it oceurs at all in Chesapeake Bay, is very rare, as it was not seen during the pre-
gent investigation and no information concerning its occurrence could be obtained from the fisher-
men. It is here included because of the record by Uhler and Lugger (1876).

Habitat.—* Tropical parts of the Atlantic and Eastern Pacific” (Garman); ranging northward
on our Atlantic coast to Virginia. ) .

Chesapeake localities—(a) Previous record: ‘‘Enters Chesapeake Bay from the ocean and is
caught in seines near Norfolk, Va.” (Uhler and Lugger, 1876.) (b) Specimens in collection: None,

Family XIV.—RHINOPTERIDA. The cow-nosed rays

Body, head, and pectorals united to form a broad disk; a pair of rostral fins present, not joined
in front of the skull and not continuous at the sides with the pectoral fing; eyes prominent, lateral;
spiracles large, behind the eyes, opening laterally; one dorsal fin present, situated on the base of
the slender tail and just in front of one or more strongly serrated spines.

18. Genus RHINOPTERA Cuvier. Cow-nosed rays

Disk broader than long, but not as broad as in related genera; tail long, slender; head promi-
nent; rostral fing detached from the pectorals, forming a free and detached lobe in front of each
orbit but not produced in front of the middle of the head; dorsal fin present, followed immediately
by one or more serrated spines. A single species is known from the Atlantic coast of the United
States.
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25. Rhinoptera quadriloba (Le Sueur). Cow-nosed ray; Whipparee.

Raia quadriloba Le Sueur, Journ., Ac. Nat. 8ci., Phila., I, 1817, p. 44, with plate; New Jersey.

Rhinoptera quadrilobe Uhler and Lugger, 1876, ed. I, p. 184; ed. II, p. 156; Bean, 1891, p. 94; Qarman, 1913, p. 444, pl. 37
figs. 1to 5.

Rhinopiere bonasus Jordan and Evermann, 1896-1900, p. 90.

Disk about one-third broader than long; the tail very slender, less than twice as long as the
disk; head short, as broad as long; snout deeply indented anteriorly between the rostral fins;
teeth in pavement, mostly hexagonal, in seven to nine rows, the median row in each jaw the widest,
the functioning teeth deeply pitted; skin smooth; one or two serrated spines immediately behind
the dorsal fin; origin of dorsal a little behind the end of the ventral bases, the fin small, its lower
angle sharp; caudal fin wanting; ventral fins more than half as wide as long, the posterior margins
convex; pectoral fins longer than broad, the outer angles acute, the anterior margins nearly straight,
the posterior margins broadly convex.

Color brownish above, pale underneath, with more or less brownish toward the outer angles of
pectoral.

This ray was not seen during the present investigations, and although previously recorded from
Chesapeake Bay it is evidently very rare. The foregoing description is based upon pubiished
accounts of the species. This ray is readily recognized by the broad, emarginate snout, the lateral
eyes, and whiplike tail.

The following information concerning the species is submitted by Smith (1907, p. 47): “The
species reaches a large size, some examples observed in Florida being 7 feet wide. It feeds largely
on mollusks, which it crushes with its powerful paired jaws; the razor clam and the oyster are favorite
foods. The young, numbering two or three, are born in spring and summer and are very active
from birth. The stout, barbed spine is usually covered with mucus, and the wounds which it inflicts
are painful and often dangerous.”

Habitat.—Nantucket, Mass., to Florida.

Chesapeake localities.—(a) Previous records: ‘‘Near the mouth of Chesapeake Bay’ (Uhler
and Lugger, 1876) and Cape Charles City, Va. (b) Specimens in the present collection: None,

Family XV.—MOBULIDZ. The sea devils

Head, body, and pectorals forming a subrhomboid disk, broader than long; head broad and
flat, bearing cephalic fins or processes, developed as two long hornlike appendages, separate from
the pectorals; mouth large, transverse, terminal or inferior; teeth small, numerous, in pavement;
tail long, whiplike, with a single dorsal fin at its base and with or without a serrated spine; eyes
lateral; skin more or less rough; ventrals small, between the pectorals.

Some of the members of this family reach an enormous size. It is said that individuals have
been taken which were 20 feet wide and weighed more than 4 tons,

19. Genus MANTA Bancroft. The devilfish

Disk broader than long, its exterior angles acute, the posterior margins concave; head broad,
flat, truncate; cephalic processes long, turned forward and inward; mouth very wide, terminal;
teeth on lower jaw only, very small, in numerous rows; skin rough, with small tubercles; tail
long, whiplike; a small dorsal fin over the ventrals.

26. Manta birostris (Walbaum). Devilfish.

Raie birostris, Walbaum, Artedi Piscium, 1792, p. 535.

Ceratoptera vampyrus Uhler and Lugger, 1876, ed. I, p. 185; ed. II, p. 157.

Manta birostris Jordan and Evermann, 1896-1900, p. 92, P1. XVIII, fig. 39; Garman, 1913, p. 453.

“Disk nearly twice as wide as long; tail as long as the body, including the rostral fins. Pec-
torals falciform, acute angles, anterior margin convex, posterior concave. Teeth minute, rasplike,
on the lower jaw only, occupying the entire width of the jaw, in about 100 rows separated by inter-
spaces (in the young). Base of the dorsal extending forward a little in front of the ends of the
bases of the pectorals and backward to about the middle of the free inner margin of the same fins.
Ventrals small, hind margins rounded, not reaching to the ends of the pectorals. Body and tail
rough. * * * Back brown, darkening with age; white underneath.” (Garman, 1913.)

49826—28——6
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The devilfish was not taken during the present investigation. This species and a related
species (Mobula hypostomus), not as yet recorded from Chesapeake Bay, may be recognized at once
by two hornlike appendages in front of the head, known as the cephalic or rostral fins, The
present species differs from its relative in the entire absence of teeth on the upper jaw.

The devilfish, according to Gill (1910, p. 1675, feeds chiefly on small erustaceans and young or
small fish. This species, like the spotted eagle ray, also has the habit of leaping above the surface
of the water, but it is not definitely known whether this habit is correlated ‘with the delivery of the
young, as reported by Coles (1910, p. 340) and Gudger (1914, p. 301) in the case of the spotted
eagle ray. The devilfish has only one young at a time, according to Gill (1910, p. 172) and others.

No information concerning the occurrence of this species in Chesapeake Bay was obtained -
during the present investigation. It was unknown to the fishermen who were questioned. The
species is included in this work because of the statement by Uhler and Lugger (1876)—namely,
that it is occasionally seen near the entrance to Chesapeake Bay.

Habitat.—Warm waters of both coasts of America. On the eastern coast its range extends
northward to Block Island, R. I.

Chesapeake localities.—(a) Previous record: ‘“* * -* near the entrance to Chesapeake
Bay’”’ (Uhler and Lugger, 1876). - (b) Specimens in the present collections: None.

Class PISCES. True fishes
Superorder GANOIDEI
Order GLANIOSTOMI
Family XVL.-ACIPENSERIDZE. The sturgeons

Body elongate, cylindrical; skeleton cartilaginous; body imperfectly covered with bony plates
or shields; head with similar large plates; snout produced with four flexible barbles hanging from
its lower surface; mouth underneath head, small, protractile, suckerlike; teeth wanting; eyes small;
tail heterocercal; air bladder large. A single genus of these large fishes is known from Chesapeake
Bay

20. Genus ACIPENSER Linnaus. The sturgeons

Bony plates not confluent, one series on back'a,nd,a. lateral and abdominal series on each side;
ventral plates often deciduous; snout more or less conical, depressed; spiracles over eye; gill rakers
small, pointed.

KEY TO THE SPECIES

a. Space between dorsal and lateral shields with stellate plates of rather large size, in 5 to 10 series;
top of head with a smooth area in young and deeply concave; snout long, acute, rather narrow

at base; D.30t044; A. 234030 . .. eeo_ oxyrhynchus, p. 72

aa. Space between dorsal and lateral shields with minute spinules, in very many series; top of head
without a smooth area in young and less deeply concave; snout short, proportionately broader

at base; D. 33; A. 19to 22____________________ SRR brevirostrum, p. 76

27. Acipenser oxyrhynchus Mitchill. ¢ Sturgeon’’; Sharp-nosed sturgeon.

Acipenser ozyrhynchus Mitehill, Trans., Lit, and Philo. Soc., N. Y., I, 1815, p. 462; New York. Uhler and Lugger, 1876, ed.
I, p. 183, ed. II, p. 155; Bean, 1883, p. 367.

Acipenser sturio Jordan and Evermann, 1896-1900, p. 105, P1. XX, fig. 45; Smith and Bean, 1899, p. 181; Fowler, 1912, p. 51.

The sturgeon is a fish of variable characters. The following description has been compiied

from published accounts, both of American and of European fish, and from an examination of speci-
mens made by us. '

Head 3.7 to 5; depth 7 to 10; D. 30 to 44; A. 23 to 30. Most authors give the dorsal rays
between 30 and 40, but Ryder (1890, p. 235), who made an extensive study of the sturgeons of the
Delaware River, counted 40 to 44 on the fish examined by him. - The number of anal rays given by
most authors is 23 to 27, but Ryder (loc. ¢it.) found 26 to 30. The body is elongate, somewhat
hexagonal, tapering gradually to base of caudal; head flattened above; snout 2 to 3 in head, vari-
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able, pointed in young up to 3 or 4 feet but becoming blunt with age. Smitt (1892, p. 1058) states
. that the shortening of the snout in relation to length of fish during its growth is accomplished at
the expense of its anterior part (the rostral cartilage), the distance from the anterior nostril to the
tip of the snout being reduced with age from 47 to 28 per cent of the length of head. Ryder (1890,
p. 235), too, is of the opinion that the snout of the common sturgeon undergoes actual shortening
and loss of substance during growth. Eye small, elongate, about 5 to 7 in snout; interorbital
about 2.7 to 3.2, somewhat concave; mouth underneath head small, protractile, suckerlike; pre-
magxillaries passing around front of mouth; maxillaries small, lateral, articulated with premaxillaries
and with palatines; two pairs of short, slender barbels placed in transverse line about midway
between end of snout and anterior edge of mouth, never touching mouth when deflected ; nostrils
double, close together, in front of eye, the posterior pair larger than anterior; teeth wanting, except
in young; gill rakers small, sparse; skin smooth, grandular, or covered with small osseous points;
dorsal shields 10 to 16 (usually 10 or 11); lateral shields 25 to 36 (usually 26 to 29); ventral shields
8 to 14 (usually 9 to 11); preanal shields present; dorsal far back; caudal heterocercal, the upper
lobe longest; anal beginning under posterior half of dorsal; ventrals inserted on a perpendiculaf
beginning a little in front of dorsal; pectorals inserted low, near level of lower edge of gill cover.

Color olive green, bluish gray, or brownish above; pale below.

Two specimens, 7 and 9 feet long, were examined in the Museum of Comparative Zoology,
Cambridge, Mass., which gave the following shield counts: Dorsal 10 and 11, lateral 25, ventral
9 and 11. American sturgeons are said to have fewer lateral plates (25 to 29) than the European
fish, which usually have from 29 to 36.

Fia. 39.— Acipenser oxyrhynchus

The sturgeon feeds on the bottom, its food consisting of a large variety of animals and plants,
perhaps chiefly mollusks, worms, and small fish. When ascending rivers to spawn the sturgeon
feeds little or not at all.

Adult sturgeons, according to Smith (1907, p. 56), do not appear in the sounds and rivers of
North Carolina until the latter part of April, when the main run of shad is over. Ryder (1890,
p. 266) says: ‘‘ As the season advances the spawning schools move upward from the salt waters of
Delaware Bay and in the neighborhood of Fort Delaware and Delaware City, 45 miles south of
Philadelphia, where they pass into brackish or nearly fresh water. From this point, southward
20 miles and northward as many more, it is probable that a large part of the spawning oceurs.”
Records of catches of pound nets set in Lynnhaven Roads indicate that the sturgeon usually enters
Chesapeake Bay during April. - It later enters the rivers where the spawn is deposited. The eggs,
when laid, are about 2.6 millimeters in diameter. They are demersal and adhesive, becoming
attached to brush, weeds, stones, etc. The eggs hatch in about 1 week in water having a tempera-
ture of 64° F. The mature ovaries of the female, according to Smith (1907, p. 56), may constitute
one-fourth of the total weight of the fish, and a total of 1,000,000 to 2,500,000 eggs may be produced
by one female. The young fish, according to Ryder (1890, p. 267), are sometimes taken from under
ice in the Delaware River in midwinter, indicating that they remain in fresh water the whole year.

The newly hatched fry is about 11 millimeters (24 inch) in length (Ryder, 1890, p. 268), and in a
few days, when the yolk sac is absorbed, it reaches 34 inch. The later growth has not been followed,
but in Europe this sturgeon is said to reach a length of 4 to 514 inches in two months. Sexual
maturity is believed to ocecur when a length of about 4 feet has been attained.

Small, unmarketable sturgeon, less than 4 feet in length, are even yet taken in sufficient numbers
in the Chesapeake to give promise that the present-day small chtch of adults will at least hold its
own, providing ‘the fishermen in every instance return the immature fish to the water uninjured.
From early March until April 8, 1922, in a set of three pound nets off Ocean View, Va., from 3 to
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10 small sturgeons were taken each week; while in a set of two nets in Lynnhaven Roads during the
same period the weekly catch was 3 to 6, the usual size being from 30 to 40 inches in length. Even
in Lower New York Bay, where the adult sturgeon is almost extinct, we have reagon to believe that
young fish are present in small to fair numbers at the present time. We observed a sturgeon 575
millimeters in length (about 2214 inches) caught on December 21, 1923, off South Beach, New York,
by being snagged in the side with a fish hook. A year later the same angler reported another small
sturgeon caught in the same manner.

During 1920 the Chesapeake Bay .catch of sturgeon amounted to 22,888 pounds, worth $5,353.
n addition there was obtained 2,654 pounds of caviar, worth $7,618. The total value of the catch,
therefore, was $12,971. In Maryland the sturgeon ranked nineteenth in quantity and sixteenth
in value. The catch consisted of 714 pounds of fish, worth $172, and 20 pounds of caviar, worth $87.
In Virginia it ranked eighteenth in quantity and tenth in value. The catch consisted of 22,183
pounds of fish, worth $5,181, and 2,625 pounds of caviar, worth $7,531. Of this amount, 90 per cent
was caught in pound nets and 10 per cent in gill nets. According to the value of the fish and caviar,
the leading counties were Norfolk, $3,518; Elizabeth City, $2,850; Mathews, $1,351; James City,
$1,271; and Gloucester, $1,068.

At one time the sturgeon was caught in large numbers throughout Chesapeake Bay, but it
has become scarce, and now it is seldom taken north of the mouth of the Potomae River. Fishing
is done 80 intensively that very few are able to reach the headwaters of the bay.

A great decrease in the sturgeon eatch occurred after the year 1897, followed by a further
decline after 1904 (sece table), since when it has never been taken in anything like its former
asbundance. In May, 1915, at Buck Roe Beach, Va., Radcliffe (field notes) stated: “Very few
adults have been taken and few young observed. I saw fish caught on Buck Roe Beach 9 feet long,
estimated weight 275 pounds, estimated weight of roe (prepared for shipment) 90 pounds. The owner
had difficulty in marketing the fish. Roe worth 50 to 60 cents & pound.” Inquiries around the
bay during 1921 and 1922 elicited the fact that sturgeons were scarce everywhere and had been for
many years. During April and May, 1921, there appeared to be a slight increase in the lower bay
pound-net catch as compared with the previous few years. During April, in a set of five pound
nets off Buck Roe Beach, six sturgeons of marketable size were caught. On May 16 a 225-pound
fish was taken in Lynnhaven Roads. The roe of this fish, after being rubbed and salted, weighed
" 41 pounds and sold for $3.50 a pound. Other scattering fish were caught, of which we obtained
no record. During 1922, in a set of three pound nets at Ocean View that fished from early March
to April 8, one large female and two males (the latter weighing 90 and 100 pounds, respectively)
were caught. The aggregate catch of these nets up to May 26 was 20 sturgeons over 4 feet in length,
13 of them males and 7 females. The largest amount of spawn from one of the females weighed
59 pounds. In a set of two pound nets operated in Lynnhaven Roads during the same period no
adults were caught. The first marketable sturgeon taken in the iast-mentioned nets in 1922 was
a 40-pound male caught on May 25. At Buck Roe Beach only three sturgeons were reported in
1922 up to April 11. At Lewisetta, Va., on April 22, 1922, the fishermen reported that: “The
sturgeon have been scarce this year but are occasionally taken.”” At Solomons, Md., on April 26,
it was said: “A few sturgeon have been taken in this vicinity this spring; one large one was caught
April 24.” At Love Point, Md., no sturgeons were reported caught during the year 1921. At
Havre de Grace, on May 9, the report was: ‘“ None caught this year nor for the past three years.
At the end of May a few are sometimes taken.”

Most of the sturgeons caught in the lower Chesapeake are taken during April and May. Dur-
ing this period large fish are taken, many of them containing eggs suitable for making caviar.
Sturgeons are caught during the summer and fall, but usually these fish are rather small (less than
100 pounds) and contain immature roe. Records were obtained from a set of two pound nets
located at Lynnhaven Roads, Va., giving the number of sturgegns caught from 1916 to 1922, both
inclusive. The aggregate catch, by months, for this period is as follows: April, 9 fish; May, 15
fish; June, 9 fish; July, 4 fish; August, 2 fish; September, 1 fish; October, 9 fish; November,
1 fish.

In comparison with the present-day scarcity of sturgeons, the catches made in the following
rivers during 1880 show that at one time this fish was abundant in the Chesapeake drainage:
James River, 108,900 pounds; York River and tributaries, 51,661 pounds; Rappahannock River,
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17,700 pounds; Potomac River, 288,000 pounds. The following table shows the tremendous
decline in the catch and the corresponding increase in value of sturgeons caught in Chesapeake
Bay.

The catch of sturgeons taken in Chesapeake Bay during certain years from 1887 to 1920

Average price per

Maryland Virginia ound recelved
. y fishermen
Year
Sturgeon Caviar Sturgeon ) Caviar Sturgeon| Caviar
Value | Pounds Value | Pounds Value | Pounds Value
$206 (? ? (44 $0. 038 [¢¢]
312 (49 J P ? ? . 04 ?;
3,313 §? .......... 814,400 | $24, 466 2 N PSP .08 ?
2,343 (9 N TR 720, 381 21,304 (9 T T .03 7
788 1,504 $644 | 584,967 14,475 59,600 { $17,717 . 028 $0, 30
618 748 444 | 171,943 11, 260 17, 858 9, 932 . 065 .55
552 913 621 | 153,865 13, 429 19, 904 13,977 . 086 .70
172 29 87 22,183 5, 181 2, 625 7,531 .23 2,87

It is a matter of common knowledge that at one time sturgeons were considered worthless.
and large numbers were destroyed annually by fishermen, who regarded them as a pest. Their
value gradually became apparent, however, and a special fishery was inaugurated. Being a large,
sluggish fish, it was easily captured in great numbers, with the result that each year the aggregate
catch became smaller and smaller. The retail price of fresh sturgeon has advanced steadily from
about 10 cents a pound during 1900 to 50 cents during 1921 and 1922. Smoked, it is considered
a delicacy and is among the highest-priced fishes.

Even more phenomenal was the tremendous increase in the value of sturgeon eggs, from which
caviar 4 is prepared. The wholesale price advanced from 30 cents per pound in 1897 to $2.87 in
1920 and $3.50 in 1922,

The sturgeon is mentioned in early American history. The first market for American stur-
geon was established when (in 1628) the fish were cured near Brunswick, Me., and shipped to
Europe, where they were much esteemed. Large quantities taken in the vicinity of Ipswich, Mass.,
about 1635, were likewise shipped to Europe. The Rhode Island Indians captured sturgeons with
harpoons and prized them highly for food.

The vesgels worked their way up the coast until Delaware Bay was reached about April 1,
and operations were continued here until early in May. The fish caught in the south were sent
to Savannah, where they were skinned, packed in ice, and forwarded to New York. The Delaware
Bay and Chesapeake Bay fish were likewise shipped to New York, which seemed to be the only
large market for sturgeon. At this time the fishermen received about 6 or 8 cents per pound. Dur-
ing 1880 about 3,000,000 pounds of sturgeon were smoked in New York City and were consumed
mainly by the German population.

Preparing caviar from the eggs of the Atlantic sturgeon was attempted as far back as 1849 by
a Boston firm operating at Woolwich, Me. Because of an alleged scarcity of fish, operations were
discontinued in 1851 and were not revived until 1872. By 1880 /sturgeon eggs were utilized at
many places along the Atlantic coast, but at that time the fishermen received only about 7 cents
per pound. At Cape Fear River, N. C., the eggs were discarded as being valueless.

The present-day method of preparing sturgeon for market is essentially the same as that used
during 1880. The fish is bled by cutting off the tail, and later the head, viscera, and skin are
removed. The carcass is then iced in a box or a barrel and is ready for shipment. The average
weight of an adult sturgeon is about 150 pounds, and when a fish of this size is dressed the carcass
weighs about 65 pounds.

At the present time most of the Chesapeake Bay sturgeons are caught incidentally in pound
nets, but a few are taken in gill nets. After the fish are dressed they are shipped to Norfolk, Balti-

4 The process of making caviar is explained in “‘Caviar: What it is and bow to prepare it.”” U. 8. Bureau of Fisheries
Economic Circular No. 20, issued Apr. 19, 1916; revised edition, issued Oct. 28, 1925,
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more, Philadelphia, or New York. The caviar, which is usually prepared by the fisherman him-
gelf, is shipped to New York exclusively.

The rapid decline in the abundance of the sturgeon has caused the enactment of laws for its
protection. The Virginia law states that no sturgeon less than 4 feet long may be removed from
the waters of the State. The Maryland law states that no sturgeon weighing less than 20 pounds
may be caught or offered for sale, and that no sturgeons whatsoever might be taken during the
10-year period from 1914 to 1923.

When a survey of the fishery industries of the United States was made in 1880 it was found
that the Atlantic coast sturgeon industry was of relatively large importance. The industry centered
at Delaware Bay and Savannah, Ga. Schooners sailed from Delaware during January and com-
menced operations early in February on St. Mary’s River, Ga.

This sturgeon attains a large size, a maximum length of 18 feet having been recorded from
Europe and, many years ago, from New England. At the present day the maximum for American
fish is more nearly 12 feet, with fish 7 to 9 feet long not at all uncommon. The males average con-
siderably smaller than the females, rarely exceeding a length of 7 feet.

Habitat.—On the Atlantic coast of America from the St. Lawrence River to the Gulf of Mexico.
Also, once recorded from Hudson Bay, on the northwestern coast of Europe, if the American and
European sturgeons are considered identical. ' ) :

Chesapeake localities.—(a) Previous records: Chesapeake Bay and virtuaslly all tributary
streams. (b) Specimens in collection: None. The species, however, was observed at Lewisetta,
lower York River, Buckroe Beach, Ocean View, and Lynnhaven Roads, Va., during 1921-and 1922.

28. Acipenser brevirostrum LeSueur. Short-nosed sturgeon.

Acipenser brevirostrum LeSueur, Trans., Amer. Philo. Soc., I, new series, 1817, p. 380; Delaware River. Uhler and Lugger
1876, ed. II, p. 165; Jordan and Evermann, 1896-1900, p. 106, Pl. X X1, fig. 47.
Acipenser brevirosiris Smith and Bean, 1899, p. 181.

~ Head 5 to 6; depth about 8; D. 33; A. 19 to 22. Body much like that of A. oxyrhynchus;
snout, as compared with A. oxyrhynchus of about the same size, shorter, more blunt, and propor-
tionately wider at base; eye small, somewhat elongate; interorbital 2.2 to 2.8 in head, somewhat
concave; mouth one-sixth wider than in specimens of A. oxyrhynchus of same size; two pairs of
barbels placed in transverse line about midway between end of snout and anterior edge of mouth;
never touching mouth when deflected; nostrils double, close together, in front of eye, the posterior
pair the larger; skin rather smooth, compared with A. oxyrhynchus, but with small osseous points
on unarmed portion; dorsal shields 9 to 12; lateral shields 23 to 29; ventral shields usually 7 or 8,
but occasionally fewer; with or without preanal shields; fins situated as in A. oxyrhynchus.

Color blackish, tinged with olive, or reddish brown above; sides reddish mixed with violet,
sometimes with oblique black bands; white underneath.

The above description was compiled from published accounts and the examination by us of a
specimen taken off Provincetown, Mass., and now in the Museum of Comparative Zoology, Cam-
bridge, Mass. This latter specimen had the following fin and shield counts: D. 33; A. 19; dorsal
shields 10; lateral shields 26; ventral shields 7; preanal shields 2; length of fish about 30 inches.

This comparatively rare species resembles rather closely A. oxyrhynchus, and it had frequently
been thought that it was a variable form of the latter. However, the descriptions given by LeSueur
(1817) and by Ryder (1890) of short-nose sturgeons taken in the Delaware River leave little doubt
as to the validity of the species. Ryder (1890, p. 238) states that ‘‘The characteristic dark brown
or brown color of the animal, its small size, width of mouth, comparatively smooth skin, and early
maturity render it impossible to question the identification which is thus established. The color
alone is diagnostic; none of the young of the common species are dark colored, while the character-
istic dirty olive green or brownish, with a shade of green in it, is always markedly characteristic of
the common species at all stages of its growth.” )

Five specimens came under Ryder’s observation, the smallest 18 inches and the largest not
exceeding LeSueur’s 33-inch specimen. The sexual orgahs of four of these (roes and milts) were
far more developed than specimens of A. oxyrhynchus of corresponding sizes; in fact, the sexes of
the latter species of these lengths cculd not be determined with certainty.
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This fish was not seen during the present investigation and if it really occurs in the Chesapeake
region (concerning which there seems to be some doubt notwithstanding that it has been recorded
from there by at least two authors) it is not recognized by the fishermen.

The maximum length attained by this sturgeon is-about 3 feet.

Habitat.—The only definite locality records belonging to this species, rather than the young of
A. oxyrhynchus, are Provineetown, Mass. (described herein); New York, Bean (1903, p. 68); Dela-
ware Bay, LeSueur (1817, p. 390) and Ryder (1890, p. 236); and Chesapeake Bay, Smith and Bean,
(1899, p. 181). » .

Chesapeake localities.—(a) Previous record: Potomac River. (b) Specimens in the present
collection: None. - : -

Order HOLOSTEI
Family XVIL—LEPISOSTEIDZE. The gar pikes

Body very elongate, more or less cylindrical; jaws produced, more or less beaklike, both
armed with sharp teeth of various sizes; external bones of skull very hard and rugose; eyes small;
nostrils near the end of upper jaw; gills 4, a slit behind the fourth; an accessory gill on the inner
side of opercle; branchiostegals 3; air bladder cellular, lunglike, somewhat functional; spiral valve
of the intestine rudimentary; seales consisting of rhombic plates, more or less imbricated and

. placed in oblique series running downward and backward; tail heterocercal, produced as a filament
extending beyond the caudal fin in young; dorsal and anal fins placed far back and nearly opposxte
each other; ventral fins abdommal

21, Genus LEPISOSTEUS Lacépdde. ' Gar pikes

The characters of the genus are included in the family description. A single species is reported
from Chesapeake waters. ;

29. Lepisosteus osseus (Linnegeus). Garfish; Gar pike.

Esoz osseus Linngeus, Syst. Nat., ed, X, 1758, p. 313; * Virginia.”

Lepisosteus o03seus Uhler and Lugger, 1876, ed. I, p. 182; ed. IT, p. 154; Jordan and Evermann, 1896-1900, p. 108; Smith and Bean,
1899, p. 181 .

Head 3.22; depth about 8.5; D. 8; A..9; snout produced, 1.55 in head, its least width about
12.5 in its length; eye 13.1 in head; interorbitals 6; mouth very large; teeth numerous, both jaws
with an outer series of small teeth, followed by a series of large, sharp. canines projecting into pits
in the opposite jaw when the mouth is closed, smaller rasplike teeth following the large teeth and
occupying the jaws, vomer, and palatines; tongue well developed, emarginate or with a shallow
slit in the free tip; external bones of the head hard, rough; scales bony, rhombiec, platelike, with
sharp posterior cutting edges; dorsal fin placed on posterior part of body, its origin over middle
of base of anal; caudal fin rounded, unsymmetrical, the upper median rays longest, the lowest ray
shortest; anal somewhat larger than the dorsal; ventral fins placed on the median part of the abdo-
men, a little nearer the base of the pectorals than origin of the anal; pectoral fins rather narrow,
elongate, 3.35 in head. Color dark grayish above, silvery underneath; the vertical fins with large
black spots; the paired fins plain olivaceous.

A single specimen (a partial skin 30 inches in length) forms the basis for the above description.
The gar is generally common in the fresh waters of the central and eastern States and at times it
ventures into salt water. It is not common in Chesapeake Bay, however. TFishermen operating
at the mouth of the York River did not know the fish. Those operating pound nets in Lynnhaven
Roads stated that the ‘“garfish’’ was seldom caught in that vicinity.

The garfish is very variable, the local variations having given rise to about 28 specific names.
It is readily recognized, however, by its produced, beaklike snout, rough, bony head and by the
quadrate bony plates that cover the body. The posterior edges of these plates are somewhat free
and very sharp. Large individuals are capable of cutting the fishermen’s hands severely while
bending the body from side to side in their struggle to escape.

This gar pike reaches a length of about 6 feet, and with its long beaklike mouth, provided with
sharply pointed teeth, it is popularly believed to be a terror among other fish; but stomach examina-
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tions made by various investigators have not fully borne out the reputation it has as a destroyer of
other fish. It is essentially carnivorous, however, and no doubt feeds largely upon other fish.
According to Smith (1907, p. 59), it spawns in the spring in shallow water. The species is nowhere
valued as food, but in some localities, at least, the negroes smoke the meat to a limited extent for
winter use.

Habitat.—From Vermont and the Great Lakes southward to the Rio Grande and -west to
Kansas and Nebraska.

Chesapeake localities.—(a) Previoug records: Common in the brackish water of the Potomac
and Patapsco (Uhler and Lugger, 1876); common in the Potomac River and tributaries (Smith
and Bean, 1899); Havre de Grace, Md. (Bean, 1883); Elk River and Northeast River (Fowler, 1912);
“vicinity of Norfolk, Va.” (Moseley). (b) Specimens seen or captured during the present investi-
gations: Bohemia River, Md., April, 1912, fyke net, length of specimen 3334 inches; lower York
River, Va., July 8, 1921, pound net, salinity 1.0145, length of specimen 22 inches; Lynnhaven
Roads, Va., May 19, 1921, pound net, salinity 1.015, length of specimen 30 inches.

Superorder TELEOSTEL  The bony fishes
Order ISOSPONDYLI
Family XVIII.—ELOPIDZE. The ten-pounders

Body elongate, more or less compressed; mouth broad, the lower jaw projecting; maxillary
extending beyond eye; premaxillaries protractile; an elongate bony plate between the branches of
the lower jaw; villiform teeth on jaws, vomer, palatines, pterygoids, tongue, and base of skuil;
eye large, with an adipose eyelid; opercular bones with membranous border; gill membranes separate,
free from the isthmus; branchiostegals numerous, 29 to 35; pseudobranchise present, large; lateral
line present; scales small, wanting on head; dorsal fin inserted over or slightly behind ventrals,
the last ray not produced, depressible in a scaly sheath; no adipose fin; caudal fin forked; axil of
pectorals and ventrals each with a long accessory scale.

22, Genus ELOPS Linnaus. Big-eyed herrings; Ten-pounders

Body elongate; opercular bones thin, with membranous borders; pseudobranchi= present,
large; lateral line straight, with simple tubes; scales thin, forming a very high sheath on dorsal and
anal; axil of pectoral and ventral each with an excessively long accessory scale; dorsal fin anteriorly
elevated, the last rays short; anal fin similar but somewhat smaller. The species of this genus are
rather large fishes of wide distribution. The young are flat, ribbon-shaped, and they pass through a
metamorphosis like the eels.

30. Elops saurus Linn®us. Big-eyed herring; ‘Ladyfish”’; *Jackmariddle”’, Ten-pounder.

Elops saurus Linngeus, Syst. Nat., ed. XII, 1766, p. 518; Carolina. Uhler and Lugger, 1876, ed. I, p. 154, ed. II, p. 131; Bean,
1891, p. 93; Jordan and Evermann, 1896-1900, p. 410, P1. LXVII, fig. 178.

Head 4.15 to 4.35; depth 5.34 to 5.7; D. 22 to 24; A. 15 or 16; scales 114 to 116. Body quite
elongate, compressed; the back not elevated; head low and long; snout moderate, a little depressed,
its length 3.75 to 3.95 in head; eye in adult with well developed adipose lid, its diameter 5.2 to 5.76
in head; interorbital space 5; mouth large; terminal; maxillary reaching far beyond the eye in the
adult, 1.3 to 1.8 in head; teeth all small, present on jaws, vomer, palatines, and tongue; gill rakers
slender, 14 on the lower limb of first arch; scales rather small, with membranous borders, wanting
on head, extending on base of caudal fin, and forming a broad sheath on base of dorsal and anal,
an excessively large scale in the axils of the pectorals and ventrals; dorsal fin moderately elevated,
its posterior margin deeply concave, its origin a little nearer base of caudal than tip of snout;
caudal fin broadly and deeply forked; anal fin somewhat similar to the dorsal, but smaller, situated
far behind end of dorsal, its origin a little nearer base of caudal than base of ventrals; ventrals
rather small, inserted under origin of dorsal; pectorals rather small, similar to the ventrals, 1.8
to 2.2 in head. Color silvery, bluish on back, slightly yellowish below; dorsal and caudal dusky
a_,_n.q_yﬁl_l_g_wish; ventrals and pectorals yellowish with dusky punctulations.
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A single specimen 565 millimeters (2234 inches) in length was taken during the present investi-
gations. This fish and a smaller one from the St. Johns River, Fla., form the basis for the above
description. The big-eyed herring, like the common fresh-water eel (and other eels), passes through
a metamorphosis. The young, or larve, are similar to the leptocephalus of the eels, being greatly
compressed, more or less ribbon-shaped, and transparent.

The big-eyed herring is readily recognized by the elongate form, low head, large mouth, and
the broadly forked tail. This fish, like the tarpon, has a gular plate. The Atlantic and Pacific
coast forms of this genus were long regarded as identical, but comparatively recent investigations
have shown that the Atlantic representatives constantly have fewer gill rakers on the lower limb
of the first arch. The range for the Atlantic species in this respect is 11 to 14, while that for the
Pacific form is 18 to 20.

The food and feeding habits of this fish have not been studied thoroughly. It undoubtedly
is carnivorous. Smith (1907, p. 116) says: ““A specimen examined at Beaufort in August, 1901,
had in its stomach six large shrimp (Peneus).”

The spawning habits of this fish, too, are imperfectly known, but it is probable that spawning
takes place out at sea and that the eggs are pelagic. The larva, like the leptocephalus of the eel,
are pelagic. These more oceanie allies of the herrings do not migrate to fresh water to spawn, as
already stated, but individuals are not infrequently taken in brackish water.

The maximum size attained by the big-eyed herring is 3 feet (Jordan and Evermann, 1896-1900,
p. 410), but the average size probably does not exceed 20 inches. This fish is evidently rather
rare in Chesapeake Bay, since only a single specimen was taken during the present investigation

Fi16. 40.—Elops saurus

and as fishermen report it as rare. * The species has no food value, the flesh being dry and bony.”
(Smith, 1907, p. 116.) Aside from the qualities of its flesh, it obviously is too rare in Chesapeake
Bay to be of commercial importance in that vicinity.

Habitat.—The Atlantic coast, from Massachusetts to Brazil.

Chesapeake localities.—(a) Previous records: ‘ Enters our large rivers from the salt waters of
Chesapeake Bay, but seems to be quite common.” (Uhler and Lugger, 1876); Cape Charles, Va.
(Bean, 1891). (b) Specimen in collection: Lynnhaven Roads, September 17, 1921, taken in a
pound net. :

Family XIX.—MEGALOPIDZE. The tarpons; The grande-ecailles

This family, as here understood, differs from the Elopide in the large scales, absence of pseudo-
branchiz, and in the greatly produced (filamentous) last ray of the dorsal fin.

23. Genus TARPON Jordan and Evermann. The tarpon

Body oblong, rather strongly compressed; mouth large, very oblique, the lower jaw strongly
projecting; maxillary broad, extending beyond eye; pseudobranchie wanting; lateral line decurved;
scales very large, not forming a sheath on dorsal or anal; axil of pectoral and anal with a moderately
large accessory scale; dorsal fin anteriorly elevated, the last rays of fin produced, filamentous;
anal fin similar but larger, the last ray not notably produced; ventrals inserted well in advance of

dorsal.
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31. Tarpon atlanticus (Cuvier and Valenciennes). Tarpon; Silverfish; Jewfish. -

Megalops atlanticus Cuvier and Valenciennes, Hist. Nat. Poiss., XIX, 1846, 398; Guadeloupe, San Domingo, Muartinique,
Porto Rico. : .

Megalops thrissoides Lugger, 1878, p. 121. :

Tarpon atlanticus Jordan and Evermann, 1896-1900, p. 409; 1900, P1. LXVII, fig. 177.

Head 4.1 to 4.3; depth 3.4 to 3.85; D. 12 to 15; A. 20 to 23; scales 42 to 47. Body elongate,
rather strongly compressed; the ventral outline much more strongly curved than the dorsal; dorsal
profile slightly concave over head; head moderate, notably .compressed; snout short, broad, 4.8
to 5.1 in head; eye 3.9 to 4.65; mouth large, oblique, the jaws strongly curved; the lower jaw much
in advance of the upper; maxillary reaching far beyond eye, 1.5 to 1.7 in head; teeth all small, in
villiform bands; gill rakers slender, 32 to 36 on lower limb of first arch; lateral line decurved; scales
very large, cycloid, wanting on head, present on base of anal but wanting on dorsal, the accessory
scale in the axil of pectoral and ventrals less than half the length of fin; dorsal fin short, anteriorly
notably elevated, the last ray filamentous, nearly equal to depth of body; caudal fin broadly forked,
the lobes equal; anal fin deeply falcate, similar to the dorsal but longer, the posterior rays somewhat
produced but not filamentous; ventral fins moderate, inserted well in advance of origin of dorsal;
pectorals inserted low, under posterior margin of operele, 1,1 t0 1.16 in head. Color uniform bluish-
silvery above; sides and lower parts bright silvery; pectoral and ventral fins pale, the other fins more
or less dusky. L

F1G, 41— Tarpon atlanticus

The tarpon was not seen in Chesapeake Bay during the present investigation, but it was reliably
reported by fishermen. The species is readily recognized by the large silvery scales, decurved
lateral line, and the small dorsal fin, which is smaller than the anal and which has the last ray pro-
duced into a long filament.

The tarpon feeds largely on small fish and at times it ascends fresh-water streams, presumably
in pursuit of its prey. It is a powerful and active swimmer and it has the habit of leaping entirely
above water. The purpose of these leaps remains unexvlained, but it is generally supposed that
this is a form of play. The spawning habits of this species are little known. The eggs and young
of the American tarpon have never been found and the spawning grounds are unknown. The
young of the oriental tarpon pass through a stage of metamorphosis similar to Elops. The smallest
specimens of tarpon of which a record has come to the notice of the present writers are reported by
Evermann and Marsh (1902, p. 80). These specimens were collected at Fajardo, Porto Rico, and
they ranged in length from 234 to 34 inches. All the specimens reported from our coast were
comparatively large individuals. The tarpon reaches a maximum length of about 8 feet. It is a
game fish of considerable importance and is much sought by anglers. Its flesh, however, is coarse
and of little value. The large, silvery scales are frequently sold as curiosities or as souvenirs, and
at times they are used in ornamental work and in the manufacture of artificial flowers.

The species is too rare in Chesapeake Bay to be of economic importance, as it is taken only
occasionally.

Habitat.—Massachusetts to Brazil; rarely as far north as Nova Scotia.

Chesapeake localities.—(a) Previous records: * Vicinity of Norfolk, Va.” (Moseley, 1877, p. 9);
Crisfield (Lugger, 1878, p. 121). (b) Specimens in the present collection: None. However, the
species was reliably reported by fishermen operating in the southern parts of Chesapeake Bay.
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Family XX.—CLUPEIDZ. The herrings

Body oblong or elongate, more or less compressed; belly rounded or compressed, usually armed
with bony serratures when compressed; mouth rather large, terminal, or more or less superior,
with the lower jaw projecting; premaxillaries not protractile; teeth usually small, often feeble or
wanting, variously arranged; adipose eyelid present or absent; gill rakers long and slender; gills 4,
a slit behind the fourth; branchiostegals 6 to 15; pseudobranchi®e present; lateral line wanting;
scales cycloid or pectinate; dorsal fin usually about median, rarely wanting; no adipose fin; ventral
fins, if present, moderate or small; anal fin usually rather long; caudal forked, vertebre 40 to 56.

KEY TO THE GENERA

a. Scales with their posterior edges round and smooth, or nearly so, never pectinate; cheeks and
opercles not exceedingly broad; intestine of moderate length.
b. Last ray of dorsal normal, not produced into a long filament; vertebrse 46 to 56.
¢. Vomer with a patch of permanent teeth; abdomen not strongly compressed; ventral scutes

rather weak L Cceeo_. Clupea, p. 81
¢c. Vomer without teeth; abdomen rather strongly compressed; ventral scutes prominent.

e. Cheeks as long as or longer than deep; jaws with minute teeth_________ Pomolobus, p. 82

ee. Cheeks deeper than long; jaws in the adult without teeth. .. .. _.____ Alosa, p. 93

bb. Last ray of dorsal produced into a long filament; vertebrz about 40 to 44__Opisthonema, p. 101
aa. Scales with the posterior edges nearly vertical and strongly pectinate; cheeks and opercles very
deep; intestine very long___ ________ . _______ L __ ... Brevoortia, p. 102

24, Genus CLUPEA Linneeus. Herrings

Body long, compressed, with median line of abdomen armed with hard, bony scutes; maxillary
with a broad supplemental bone; vomer with a permanent patch of teeth; vertebrse 46 to 56. A
single species is known from the Atlantic coast, and it occurs in Chesapeake Bay only as a rare
straggler. '

32. Clupea harengus Linnzus. Sea herring.

Clupea harengus Linnwews, Syst. Nat., ed. X, 1758, p. 317; European seas. Lugger, 1877, p. 87; Jordan and Evermann, 1896-
1900, p. 421, Pl. LXX, fig, 185.

‘“‘Head 4.5; depth 4.5; eye 4; D. 18; A. 17; lateral line 57; ventral scutes 28413; vertebrze 56.
Body elongate, compressed. Scales loose. Cheeks longer than high, the junction of the mandible
and preopercle under middle of eye. Maxillary extending to middle of eye; upper jaw not emar-
ginate, lower jaw much projecting. Vomer with an ovate patch of small permanent teeth; palatine
teeth minute, if present; tongue with small teeth; jaws with or without minute teeth. Gill rakers
very long, fine, and slender, about 40 on the lower part of the arch. Eye longer than snout. Dorsal
inserted rather behind middle of body, in front of ventrals. Pectorals and ventrals short, anal
low. Abdomen serrated in front of ventrals as well as behind, the serratures weak. Bluish;
silvery below, with bright reflections. Peritoneum dusky.” (Jordan and Evermann, 1896-1900.)

This species was not seen during the present investigation, and apparently it is not recorded
from Chesapeake Bay in a published work. The species is included here on the authority of certain
field notes by Dr. W. C. Kendall, which he has kindly placed at our disposal and which were made
during an investigation in Chesapeake Bay in 1894. Doctor Kendall reports having taken one
specimen, 12 inches long, on March 13 in a pound net near Hampton, Va., and he also states that
according to the fishermen this herring is caught occasionally.

The sea herring may be recognized by the rather slender body, thin, deciduous scales, weak
scutes on the ventral edge, and by the presence of a patch of teeth on the roof of the mouth.

The food of the sea herring consists of small organisms, chiefly copepods, and the larve of
worms, mollusks, and other planktonic forms. It is stated in Bigelow and Welsh (1925, p. 103)
that ‘“‘the larvee (European) feed on larval gastropods, diatoms, peridinians, and crustacean larve,

but they soon begin taking copepods, and after they are 12 millimeters long depend on them
exclusively for a time. * * * Ag they grow older they feed more and more on larger prey, turn-
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ing to the larger copepods and amphipods, pelagic shrimps, and decapod crustacean iarve.’”
Moore (1898, p. 402) examined a large number of adult herring taken near Eastport and found
them feeding solely on copepods and pelagic shrimps, while the young less than 4 inches long fed
only on the former.

Along the western North Atlantic coast the herring spawns during the spring, summer, and
fall, the spring and the fall being the chief seasons. The fish spawns all along the coast from Nova.
Scotia to Block Island within 25 miles of land and at depths usually not exceeding 75 fathoms.
The eggs are adhesive and demersal and they adhere to seaweeds and other objects on the bottom..
They are 1 to 1.4 millimeters in diameter, and an individual fish, according to size, deposits from:
20,000 to 40,000. The period of incubation ranges from 11 days at 50° F. to 40 days at 38.3° F.
According to Bigelow and Welsh (1925, p. 94), 10 to 15 days might be stated as an average for the
Gulf of Maine. The larva are about 5 to 6 millimeters long at the time of hatching, and when a
length of 40 millimeters is attained adult characters are nearly developed

The sea herring is perhaps the most important food fish in the world. Occurring in countless
numbers on both sides of the Atlantic, it is preyed upon by many species of fish, as well as whales.
One of the chief enemies of young herring is the squid. This fact is known by many investigators,.
but we had occasion to watch the wholesale destruction of 2 to 4 inch herring during June, 1925,
on the flats about Provincetown, Mass. Schools of 10 to perhaps 50 squids circled around a schook
of herring until they had bunched their prey into a compact mass. Individual squids then darted.
in and seized one, sometimes two, herring, ate only a small portion, and then darted back for more.
Along the beach there remained a silvery streak of dead herring.

During 1919 the catch of herring in the Gulf of Maine amounted to about 110,000,000 pounds.
(Bigelow and Welsh, 1925, p. 105), of which about 80 per cent were sardines (young of about 3 to.
5 inches) while the remainder were adults utilized as food and bait for cod and other banks fish.

The sea herring is principally a North Atlantic species and is very abundant on both coasts
of the Atlantic Ocean. It is said to be the most important as well as the most abundant food fish
intheworld. This herringis not only an important article of food for man but it is of great importance
as food for the larger fish of the North Atlantic, such as the cod, haddock, halibut, bluefish, and
many others. The herring is used in the fresh, salted, smoked, and canned state, and it is also
used as bait in the line fisheries for cod, haddock, etc. The maximum length attained by the
species is given as 18 inches.

Habitat.—North Atlantic Ocean, on the coasts of Europe and America. Recorded as far south.
on the American coast as Cape Hatteras, and northward to northern Labrador.

Chesapeake localities.—(a) Previous records: None. (b) Specimens in present collection: None.
The present record is based upon a field note by Dr. W. C. Kendall, made on March 14, 1894, in.
which he reports having taken a specimen 12 inches long from a pound net near Hampton, Va.

25. Genus POMOLOBUS Rafinesque. Alewives; River herrings

Body oblong, compressed; belly strongly compressed, serrate; mouth moderate, terminal, or
the lower jaw projecting; teeth weak, no patch on vomer; cheeks usually longer than deep; an
adipose eyelid present; dorsal fin short, nearly median; scales cycloid or with an emarginate mem-~
branous border, deciduous. Three of the four American species are found in the Chesapeake-
waters.

KEY TO THE SPECIES

a. Gill rakers rather few, 19 to 21 on the lower limb of the first arch ; mandible strongly projecting
entering into the general dorsal outline of the head, no pronounced angle on the upper margin
near the median point of its length; tip of snout and lower jaw conspicuously dusky; peritoneum
DAl e e mediocris, p. 83

aa. Gill rakers numerous, about 25 in very young, 40 to 50 in adults; mandible not strongly pro~

jecting, never entering into the general dorsal outline of the head, a very prominent angle-
on the upper margin near the median point of its length, posteriorly very deep; the tip of
snout and lower jaw not conspicuously dusky.
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. Eye of moderate size, the diameter about equal to length of snout; color of baeck bluish green;

peritoneum black. _ .. o oo stivalis, p. 85
bb. Eye large, its diameter greater than length of snout at all ages; color of back grayish green;
peritoneum pale. . . o e pseudoharengus, p. 89

33. Pomolobus mediocris (Mitchill). Hickory shad; Hick; Hickory jack; Bone jack; Fresh-
water tailor.

Clupea mediocris Mitchill, Trans., Lit. and Philo. Soc., N. Y., I, 1814, p, 450; New York.

Pomolobus mediocris Uhler and Lugger, 1876, ed. I, p. 159; ed. II, . 136; Goode, in McDonald, 1879, p. 14,

Clupea mediocris Bean, 1883, p. 366.

Pomolobus mediocris Jordan and Evermann, 1896-1900, p. 425, P1. LXXI, fig. 188; Smith and Bean, 1899, p. 183; Fowler,
1012, p. 51.

Head 3.5 to 3.9; depth 3.1 to 3.7; D. 15 to 18; A. 20 or 21; scales 45 to 50. Body rather slender,
compressed, dorsal profile straight over the head, gently convex from nape to dorsal fin; ventral
outline more strongly rounded than the dorsal, without a prominent angle at the base of mandible;
the margin of the abdomen compressed and provided with bony scutes; head long, not very deep;
snout moderate, 3.75 to 4.2 in head; eye 4.2 to 5; interorbital 5.46 to 7; mouth rather large, superior;
maxillary broad, reaching a little beyond middle of eye, 2.05 to 2.42 in head; cheek about as deep
as long; mandible projecting very prominently, the tip not included in the upper jaw and entering

F10. 42.—Pomolobus mediocris. Note strongly projecting man-  Fia. 43.—Pomolobus mediocris. Note that outline of upper
dible which enters into dorsal profile margin of mandible bears no pronounced angle

into the dorsal profile, its upper margin without a prominent angle near the middle of its length
(similar in outline to that of Alosa sapidissima); teeth very small, present on jaws, palatines, and
tongue; gill rakers rather long and slender, 19 to 21 on the lower limb of the first arch; scales of
moderate size, with emarginate membranous border, more or less deciduous; ventral scutes 20 or
21 in advance of ventrals and 14 to 18 behind ventrals; dorsal fin small, the outer margin straight
or slightly concave, its origin equidistant from tip of snout and vertical from base of last anal ray;
caudal fin forked, the lobes symmetrical and of equal length; anal fin longer than the dorsal but
much lower, its origin a little nearer the base of ventrals than base of caudal; ventral fins rather
small, inserted about equidistant from base of pectorals and origin of anal; pectoral fins of moderate
size, similar to the ventrals but larger, 1.25 to 1.7 in head.

Color grayish green above, silvery on sides and below, more or legs iridescent. A dark shoulder
spot, followed by several obscure dark spots; faint dark spots at base of scales on upper part of
sides, forming longitudinal dark lines. Nape green, opercle brassv, tip of snout dusky. Dorsal
and caudal dusky; anal and ventrals plain translucent; pectorals slightly dusky. The dark lateral
stripes are most conspicuous on specimens that have lost their scales, the black being on the skin
underneath the scales and showing faintly through the somewhat transparent secales. The dark
lines along the rows of scales are not evident in the small specimens (155 to 190 millimeters)
examined. Peritoneum pale.
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Fourteen specimens of this species, ranging from 155 to 328 millimeters (61§ to 13 inches) in
length, form the basis for the above description, This species is recognized by the strongly pro-
jecting lower jaw, which distinctly enters into the dorsal profile, and by the small number of gill
rakers on the lower limb of the first arch, It agrees with Alosa sapidissima in the general shape
of the mandible, and it differs from the other species of Pomolobus in the absence of a prominent
angle near the median point of its length.

Doctor Linton examined seven stomachs from specimens taken on five different dates and at
three localities in Chesapeake Bay. Four stomachs were virtually empty, but the small fragments
found in washings indicated a fish diet. The other three stomachs contained the remains of fish
exclusively. Two stomachs examined by us, taken from fish caught in April; were entirely empty.
Bean (1903, p. 198) states that specimens taken near New York City and examined by him had
fed on sand launces, each stomach containing from 15 to 20 of these animals, ranging from 314 to 5
inches in length. Many stomachs of fish caught at Woods Hole, Mass., and examined by Vinal N.
Edwards, contained, besides various species of small fish, squids, fish eggs, small crabs, and various
pelagic crustaceans.

The habits of the hickory shad are even less perfectly understood than are those of the branch
herring and the glut herring. Jordan and Evermann (1896-1900, p. 425) and Fowler (1906, p. 95),state
that this fish does not ascend fresh-water streams to spawn. MecDonald (1884, p. 609) says that
no observations have been made on the breeding habits but that it is almost certain that the species
spawns in the spring, and he thinks that it is “more than probable’ that it spawns in fresh water
under the same conditions as the shad but at a little earlier period. Smith (1907, p. 121) says:
“The species is common in the coast waters and rivers of North Carolina, coming in from the ocean
in the late winter or early spring and ascending streams to spawn, going to the headwaters in com-~
pany with the branch herring.”” Not a single fish less than 155 millimeters (614 inches) in length
occurs in the present Chesapeake collection, and young previously reported from Chesapeake
waters (so far as we have been able to secure the specimens for examination) were wrongly identified.
Extensive collections of Clupeids were made in the Potomac River, in the fresh waters in the vicinity
of Havre de Grace and at many points in the bay. The collections in the Potomac were made
chiefly during the summer and fall, those at Havre de Grace in the spring, late summer, and fall,
and those in the bay were made at all seasons of the year in both shallow and deep water. The
fact that not a single young hickory shad (of less than 155 millimeters in length) was taken through-
out these investigations shows rather conclusively that the hickory shad does not ascend the fresh
waters of the Chesapeake region to spawn. Five adults examined, taken during April and May
(four females and one male), all had the roe somewhat developed but not ripe. The information
gathered during the investigation leads to the belief that the hickory shad leaves Chesapeake Bay
to spawn. -

A definite spring run and a somewhat less definite fall run of hickory shad takes place in Chesa-
peake Bay. During the summer only stragglers are taken. Hickory shad are taken with the
opening of pound-net fishing in the lower bay early in March. Like the shad and the alewives,
the first fish appear sometime later in the upper reaches of the bay. In the lower Potomac the
bulk of the catch is taken late in March and early in April, agreeing in this respect with the
Lynnhaven Roads region; but in the vicinity of Havre de Grace the run does not oceur until late
in April and early in May. Most of these fish range in length from 14 to 18 inches.

This fish is taken during summer in all parts of the bay, at least as far north as Baltimore.
The individuals are smaller fish than those of the spring and fall runs, measuring from 8 to 12
inches in length. The number of fish taken in a set of pound nets during the summer (if, indeed,
any at all are caught) usually ranges from one to six per day.

In the fall a definite but somewhat smaller run than that in the spring occurs. The fall fish
are taken mostly in the lower parts of the bay, from Solomons, Md., southward. In a set of two
pound nets in Lynnhaven Roads, fishing from November 1 to 16, 1921, from none at all to 100
pounds a day were caught; while in two nets fishing from November 16 to December 5 at Ocean
View daily catehes of 100 to 400 pounds were taken, the catch for the last day being 150 pounds.
Virtually all fishing ceases by December 1, consequently we do not know at what date this fall run
of fish ends, but in view of the catch made on December 5 it appears probable that a few fish, at
least, remain after the nets are lifted. The fall fish are of about the same size as those of the spring
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run. In the lower bay the hickory shad is often the principal species caught at the very end of
the fishing season.

The maximum length attained by the hickory shad, according to published accounts, is about
2 feet. Uhler and Lugger (1876, p. 159) state that it attains a length almost equal to that of the
shad. Observations made during the present investigations indicate that the maximum length
now attained by this fish in Chesapeake Bay is about 18 inches, with a weight of 2 pounds. The
average length of market fish, however, is only about 15 inches and the weight 1 pound.

The hickory shad has some commercial value, especially in the southern parts of the bay,
where it is one of the first in the spring and one of the last fish in the fall to be caught in considerable
quantities. During 1920 it ranked fourteenth among the fishes of Chesapeake Bay in quantity and
fifteenth in value, the catch amounting to 218,620 pounds, worth $8,245. The bulk of the catch
is taken in pound nets in March, after which a decline occurs and only stragglers are caught after
April 15 in all sections of the bay except in the extreme northern stretches, where the spring run
occurs later, as shown elsewhere. A smaller catch of fish is made in the late fall, and sometimes
at the very end of the fishing season the hickory shad is the principal species caught. The follow-
ing catches made by a set of two pound nets in Lynnhaven Roads, Va., in 1914 is somewhat typical
of the hickory-shad catch made in the southern parts of the bay: March 10 to 31, 25 to 6800 pounds
per day; April 1 to 15, 10 to 100 pounds per day; April 16 to 30, less than 10 pounds per day;
November 1 to 16 (end of season); none to 100 pounds per day. '

Fi16G. 44— Pomolobus astivelis. Male, 10.6 inches long

The fishermen separate the hickory shad from the alewives and shad, as the prices of each of
these species differ widely. In April, 1922, run-boat buyers were paying 5 cents each for hickory
shad, regardless of size. When the fish are packed in boxes and shipped direct to market they are
sold by weight. The retail price in 1922 ranged from 10 to 15 cents per pound.

Habitat.—Maine to Florida, entering streams, except in New England. .

‘Chesapeake localities.—(a) From virtually all streams tributary to Chesapeake Bay and from
many localities within the bay. (b) The immature specimens in the collection, ranging from 155
to 255 millimeters (614 to 10 inches) in length, are from Annapolis, Md., to Smith Point, Va., taken
with the beam trawl at depths ranging from 16 to 27 fathoms from January 19 to March 18, 1914;
Lynnhaven Roads, Va., June 9; Buckroe Beach, Va., June 22, 1921, taken in pound nets.

34. Pomolobus estivalis (Mitchill). Herring; Glut herring; Blue herring; Greenback herring;

Alewife. '

Clupea astivalis Mitchill, Trans., Lit. and Phil. Soc., N. Y., I, 1814, 456; New York. Bean, 1883, p. 366.

Pomolobus pseudoharengus Ubler and Lugger, 1876, ed. I, p. 158; ed. II, p. 135 (in part).

Pomolobus zstivalis Goode, in McDonald, 1879, p. 14; Jordan and Evermann, 1896-1900, p. 426, Pl. LXXI, fig. 190; Smith and
Bean, 1899, p. 183; Evermann and Hildebrand, 1910, p. 158.

Head 3.33 to 4.5; depth 3.35 to 4.25 (average for 22 specimens, 3.6); D.16 to 19; A. 18 to 21;
scales 47 to 52. Body moderately elongate, compressed, slightly deeper in the adult than in the
young; dorsal profile from snout to dorsal evenly and very gently convex; ventral outline more
strongly convex than the dorsal, with a very slight angle at base of mandible; the margin of abdomen
compressed, with sharp bony scutes; head moderate; snout rather long; 3.7 to 5 in head; eve small,
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about equal to length of snout, except in very young, 3 to 4.4 (average for 22 specimens 3.53) in
bead; interorbital 2.95 to 5.8; mouth moderate, oblique, slightly superior, but not entering into the
dorsal profile; maxillary broad, reaching about opposite middle of eye, 2.2 to 2.6 in head; cheek
broad, its width greater than its depth; mandible slightly projecting, the tip not included in the
upper jaw, but not entering into the general dorsal outline, its outline as in P. pseudoharengus;
teeth as in P. pseudoharengus; gill rakers long and slender, increasing in number with age, young of
40 to 50 millimeters in length, with 28 to 34 gill rakers on the
lower limb of the first arch, adult specimens with 42 to 50 gill
rakers; scales moderate, more or less deciduous: ventral scutes
19 to 22 in advance of ventrals and 13 to 16 behind ventrals,
total number of scutes 33 to 36; dorsal fin rather small, its outer
margin econcave, the origin at least an eye’s diameter nearer tip
of snout than base of caudal; caudal fin forked, the lobes about
equal; anal fin a little longer than the dorsal, but lower, its
origin about equally distant from base of ventrals and base of
caudal; ventral fins small, inserted equidistant from the base of
pectorals and the origin of the anal; pectoral fins similar to the
ventrals, but larger, 1.3 to 1.85 in head.

Color bluish above, sides silvery; upper rows of scales with
more or less distinet dark lines in the adult; a dark spot at

F16. 45.—Egg with large embryo shoulder (this is rarely present in specimens less than 100 milli-

meters (4 inches) in length). Fins all plain, sometimes slightly
yellowish or greenish”in life. Peritoneum black.

Numerous specimens, ranging from 20 to 295 millimeters (%% to 1134 inches) in length, have
been examined. This species is similar to the branch herring (P. pseudoharengus), the most out-
standing difference being the color of the peritoneum, which is black in the present species and pale
or silvery in the branch herring. Externally, the glut herring differs from the branch herring in
being a more slender and elongate fish. It has a somewhat smaller eye, and the color of the back

Fia. 46.—Newly hatched larvs, 3.5 millimeters long

is bluish rather than grayish green, as in the branch herring. This difference in color is recognized
by the fishermen and gives rise to the local names “blue herring’’ and ‘“‘gray herring.” All of the
external differences mentioned, however, appear to vary, and occasionally intermediate specimens
are found, which are difficult to separate without examining the peritoneum. The difference
between the young and the adults of this species are not especially pronounced and are not unusual.
The sexes are so similar that they are not readily distinguished externally.

F16. 47.—Larva 4 days old, 5.2 millimeters long

The habits of this fish are similar to those of the branch herring, and the remarks regarding the
latter in general also apply to this fish. The glut herring, however, enters fresh water several
weeks later than the branch herring. In the lower bay a few are caught with pound nets in March,
the catch increasing toward the end of the month. In the first week of April, 1922, the pound
nets at Lynnhaven Roadsand Ocean View were catching the two speciesin the following ratio:
Branch herring 60, glut herring 40. The peak of the catch of glut herring is usually taken between
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April 1 and 20 in the lower bay. . The numbers decrease throughout May, until after June 1 only
stragglers are caught. At Havre de Grace notes made by the late William W. Welsh in 1912
record the first cateh of glut herring on April 11 and the height of the run on about April 27. Of
course, it is well known that the time of arrival and the height of the run vary somewhat from year
to year, but in general the glut herring is expected in the lower Chesapeake region the first half
of April and in the upper reaches of the bay during the last half of April. This species does not

F16. 48.—~Young, 30 millimeters long

ascend fresh~water streams as far as the branch herring, and spawning takes place at a shorter
distance from the sea. The greater part of the young, as in the branch herring, appear to pass
through Chesapeake Bay and out to sea upon the approach of cold weather, but a few stop in the
deeper waters of the bay during their first winter and very few apparently remain there for the
second winter. : '

The rate of growth ¢ in the young of this species appears to be somewhat more rapid than in
the branch herring. The size attained at a given age is quite uniform, as no difficulty was expe-

F1a, 49.—Pomolobus wstivalis. Note deep mandibld and F1g. 50.—Pomolobus zstivalis, Note that mandible scarcely
sharp angle on its upper margin projects and that it does not enter dorsal profile

rienced in separating young fish into year groups. Specimens taken in March, for example, clearly
fall into two separate lots, one group consisting of individuals that are in their first year and the
other group comprising those in their second year. The uniformity in size of the young of a certain
age suggests a short spawning period. The young of the branch herring, on the other hand, vary
greatly in size, and much difficulty was experienced in separating into year groups catches taken

§ The eggs, embryology, and larval development of the glut herring are described by Kuntz and Radcliffe (1918, pp. 123 to 126,
figs. 87 to 100).
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in the bay on various dates. This large variation in size of young taken on the same date suggests
a rather protracted spawning period.

A large number of young glut herring taken in fresh water, principally in 1912, had attained
an average length of 28 millimeters (134 inches) on July 1, 46 millimeters (11} inches) on September
1, and 64 millimeters (214 inches) on December 1. A decided upward jump takes place in the growth
eurve between the last lots taken in fresh water and those taken in the salt water of the bay. The
reasons for this sudden upward curve are not definitely known and the subject needs further inves-
tigation. The two possible reasons that have occurred to us are (1) that growth is greatly exhil-
arated when the fish enters salt water; this explanation is rendered somewhat unlikely because of
the cold winter weather; (2) it seems probable that the smaller individuals of the season’s brood
remain in fresh water later than the larger ones, and therefore the lots taken late in the fall in fresh
water consist of fish that are either ‘‘runts’’ or hatched late in the season, whereas the catches in
January and February from the bay consist of fish of more average growth. It seems altogether
unlikely that the fish from the bay belong to a different year class. - A limited number of specimens
taken in the deeper waters of the bay had reached an average length of 82 millimeters (314 inches)
by February 1 and 90 millimeters (814 inches) by April 1. A few individuals taken in Chesapeake
Bay, which probably were in their second year, had attained an average length of 174 millimeters
(87% inches) on February 1. ,

The maximum length attained by the glut herring is about 380 millimeters (15 inehes) and the
weight 13 ounces. The average length of market fish, however, is only about 280 millimeters
(11 inches) and the weight 7 ounces.

Length frequencies of 2,035 glut herring, Pomolobus zstivalis

[Measurements in millimeters, grouped in S-millimeter intervals}

Total June July | Aug. Sept. | Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Ienﬁltih'
miili- | B
meters) }i~15/16-30{1~15/16-31(1-15(16~31 1-15 16-301~15/16-31|1~15/16~30| 1-15/16-31{1-15|16-311-15(16~28| 1-15|16-31{ 1-15{16~30{1-15{16-31

175-179...0..
180~184. ..
185-189.
190-194...
195-190_ .| ... | ...
205-209.

1
. 1
Total__|....f 27| .| 31|...| 93|51 50|70 | 1820106 76{....) .. ----| 286 | 57 | 238 [346 | 435 |....|..._. 8
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The glut herring and the branch herring are not separated for the market, and the data and
remarks concerning the commercial importance of the branch herring, therefore, also include the
present species.

Habitat.—Nova Scotia to St. Johns River, Fla.

Chesapeake localities.—(a) Previous records: Many parts of the bay and virtually all streams
tributary to the bay. (b) The numerous young in the present collection, ranging in length from
20 to 119 millimeters (44 to 424 inches), are from the following localities: Beam-trawl catches in
many parts of the bay from Annapolis, Md., to Old Point Comfort, Va., including the Potomac
River below Mathias Point, at depths ranging from 5 to 28 fathoms, January 15 to March 24, 1914,
January 16 to March 12, 1916, January 22 to 26, 1921, February 14 to 19, 1922. Taken with seines
in the Potomac River from Bryans Point, Md., to Lewisetta, Va., October 14 to November 11,
1911, June 17 to December 3, 1912, October 29, 1914, August 8, 1921; in the bay at Havre de
Grace, Md., May 10, 1922, August 26, 27, 1921; Baltimore, May 4, 1922; Annapolis, Md., May 3,
1922; Love Point, Md., September 5, 1921; Buckroe Beach, Va., April 10, 1922.

Fia, 51.— Pomolobus pseudoharengus. From a specimen 11.5 inches long

35. Pomolobus pseudoharengus (Wilson). Alewife; ‘‘Branch herring’’; Big-eyed herring; ¢ Her-
ring’’; ‘“ Gray herring”’’; “ White herring”’.

Clupea pseudoharengus Wilson, Rees’s Cyclopedia, IX, no pagination and no date, about 1811; Philadelphia.

Pomolobus pseudoharengus Uhler and Lugger, 1876, ed. I, p. 158; ed. II, p. 135 (in part).

Pomolobus vernalis Goode, in MeDonald, 1879, p. 14.

Clupea vernalis Bean 1883, p. 366.

Pomolobus pseudoharengus Jordan and Evermann, 1896-1900, p. 426, P1. LXXI, fig. 189; Smith and Bean, 1869, p. 183; Ever-
mann and Hildebrand, 1910, p. 158; Fowler, 1912, p. 51.

Pomolobus mediocris Evermann and Hildebrand, 1910, p. 158 (not of Mitehill).

Head 2.9 to 4.3; depth 2.8 to 4.15 (average for 22 specimens 3.23); D. 15 to 19 (usually 16 or
17); A. 17 to 21; scales 46 to 49. Body rather deep, compressed, slightly deeper in the adult than
in young; dorsal profile from snout to dorsal fin gently and nearly evenly rounded; ventral outline
more strongly convex than the dorsal, with a slight angle at base of mandible; the margin of the abdo-
men compressed and provided with strong, bony scutes; head rather short and deep; snout rather
blunt, 3.5 to 5 in head; eye large, longer than snout, 2.6 to 4.15 (average for 22 specimens 3.12) in
head; interorbital 4 to 6.45; mouth moderate, slightly superior; maxillary broad, reaching about
opposite middle of eye, 2 to 2.65 in head; cheek broad, its width greater than its depth; mandible
slightly projecting, the tip not included in the upper jaw but not entering into the general dorsal
outline, its upper margin strongly elevated, with a prominent angle near the middle of its length;
teeth very weak, present on premaxillaries and tip of lower jaw in the young, sometimes persisting
in the adult; gill rakers rather slender, of moderate length, increasing in number with age, young
30 to 58 millimeters in length with 22 to 29 gill rakers on the lower limb of the first arch, specimens
ranging from 158 to 284 millimeters with 33 to 40 gill rakers; scales of moderate size, cycloid, more
or less deciduous; ventral scutes 19 to 22 in advance of ventrals and 11 to 15 behind ventrals, total
number of scutes 30 to 35; dorsal fin rather small, its outer margin very slightly concave, the origin
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usually slightly nearer tip of snout than vertical from end of base of anal; caudal fin forked, the
lobes nearly symmetrical; anal fin a little longer than the dorsal, but lower, the anterior rays only
slightly longer than the posterior ones, its origin nearly equally distant from base of ventrals and
bage of caudal; ventral fins rather small, pointed, inserted about midway between the base of the
pectorals and the origin of the anal; pectoral fins moderate, similar to the ventrals but larger,
1.2 to 2 in head.

Color grayish-green with metallic luster above, sides silvery; a dark spot at shoulder (rarely
developed in the young of less than 100 millimeters (4 inches) in length). Rows of scales with
indistinct dark lines, which are present only in the adult, appearing somewhat later in life than the
dark shoulder spot. Fins all plain, slightly greenish or yellowish in life; the dorsal and caudal with
dusky punctulations; peritoneum pale.

Numerous specimens, ranging from 30 to 284 millimeters in length, have been examined.
This species is recognized by the large eye (which is longer than the snout at all ages), by the deep
body and by the pale peritoneum. The young of this species do not differ greatly from the adults,
except that the body is scarcely as deep, the eye is proportionately larger, and the gill rakers are
fewer in number. The sexes are very similar, but the dorsal fin in the male appears to be a little
higher. The difference in size of the sexes, as shown by a limited number of weights and measure-
ments, is not pronounced. The female, however,
appears to reach a slightly greater length and weight.

In 12 stomachs examined, taken from fish rang-
ing in length from 83 to 178 millimeters (3Y{ to 7
inches) examined by Linton, the principal food of
the smallest specimens consisted of copepods; in the
medium-gized and in the largest ones it consisted of
Mysis. In 7 large fish, 2 stomachs were empty, 2
had fed wholly on Mysis, and 3 wholly on fish.
The authors examined 6 stomachs of specimens
taken in fresh water during the summer, ranging in
length 50 to 70 millimeters, and found 2 stomachs
empty, 2 fish had fed wholly on copepods, one con-
tained a worm, and the smallest had fed on ostra-
: cods. Stomachs of five larger specimens, taken in
T s e v noui g o Sl water n the bay during Mazch, ranging from

upper margin 90 to 178 millimeters in length, contained Mysis

only, and these had been eaten in great numbers.

In this species, as in the common shad, the cceca, connected with the intestine near the stomach,
are very small or wanting in the young and become greatly developed with age.

This fish enters streams in the spring to spawn, and when this purpose is accomplished the
adult again returns to the ocean, where most of its life is spent. The young remain in fresh water
throughout the first summer of their lives, but with the approach of cool weather they gradually
migrate to salt water, but they do not all leave the fresh or brackish water (of the Potomac River)
until late in the fall, as specimens have been taken as late as November 11 at Bryans Point, Md.,
and at Riverside, Md., as late as December 8. The majority of the young evidently pass through
Chesapeake Bay without stopping and migrate directly to the ocean, but we have specimens taken
in the deeper waters of the bay throughout the winter months, indicating that at least some of
them do not enter the ocean until they are a year or more old. Measurements of specimens indi-
date that a few fish may stay in the bay until they are 2 years old. The movements and the life
history of the branch herring during the period or periods spent in the ocean are very imperfectly
understood. ¢ During the summer months enormous schools of full grown but sexually imma-
ture alewives migrate along the coast.’”” (Bean, 1903, p. 201.) Further information concerning
the fish after it enters the sea is wanting.

" The branch herring generally reach fresh-water streams in the spring three or four weeks
earlier than the glut herring and they also precede the first run of shad. In the Chesapeake
drainage they usually arrive some time in March. This fish runs far upstream to spawn, fre-
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guently entering small brooks only a few feet wide and a few inches deep. ‘‘The alewives are
very prolific. In the Potomac River, 644 female branch herring yielded 66,206,000 eggs, an
average of 102,800 per fish; and probably 100,000 eggs may be taken as a fair average for the
species. The eggs are 0.05 inches in diameter, and are very glutinous when first laid, adhering
to brush, ropes, stones, piling, and other objects.- The hatching period is six days in a mean
water temperature of 60° F.” (Smith, 1907, p. 123.) .

The young grow rapidly, reaching an average length of a.bout 55 millimeters (214 mches) by
July 1, 65 millimeters (234 inches) by September 1, and 70 millimeters (234 inches) by December
1. The individuals that stop in Chesapeake Bay during the first winter of their lives appear to
grow very rapidly (possibly the explanations given on p. 88 for P. astivalis apply to this species
also) after entering the salt water, as specimens taken in the bay had attained an average length
of about 105 millimeters (414 inches) by Pebruary 1 and 120 millimeters (434 inches) by May 1. Fish
taken in Chesapeake Bay, which apparently were in their second year, had reached a length of
about 140 millimeters (514 inches) by October 1 and 165 millimeters (614 inches) by March 1.
It would appear that if this rate of growth is maintained the branch herring may reach its average
maximum length of 11 inches in about four years.

Length frequencies of 1,967 branch herring, *“ Pomolobus pseudoharengus’

[Measurements in millimeters, grouped in §-millimeter intervals]

Total June July |, Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

meters |1-15(16-30]1-15(16-31|1~15{16-31/1-1516-30{1~15/16-31|1-15/16-30[1-15 16-31/1~15(16-31|1~15/16-28/1~15/16-31|1-15,16-30/1-15[16-31

§|-n-
©
&
w
o

The maximum length attained by the branch herring is about 380 millimeters (15 inches) and
the weight about 14 ounces. The average length of market examples, however, is only about 11
inches and the average weight is about 8 ounces.

The branch and glut herrings are both very abundant species in the Chesapeake region, probably
occurring in about equal numbers. Since the branch herring arrive earlier than the glut herring,
the earliest catches consist wholly of the former species, which is gradually replaced by the latter as
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‘the season advances. The species are not separated for the market and are sold either as river
‘herring or alewives; therefore, the available statistics include both species, and their relative abund-
‘ance is judged only from the observations made of various catches. Observations made at Lynn-
haven Roads, Va., from April 4 to 8, 1922, showed that the cateh taken in pound nets consisted of
27 per cent branch herring and 43 per cent glut herring. - At Lewisetta, Va., from April 24 to 28,
1922, the catch taken with pound nets consisted of 29 per .cent branch herring and 61 per cent glut
herring. The largest catches of herrings are made in the southern sections of the bay between
March 20 and April 20, whereas in the vicinity of Havre de Grace, Md., at the head of the bay, the
principal fishing season usually extends from April 10 to May 10.

Throughout Chesapeake Bay, during 1920, the alewives ranked ﬁrst in quantity and second in
value, the catch being 22,986,158 pounds, worth $416,968.

In Maryland the alewives ranked first in quantity and third in value, the catch being 6,604,891
pounds, worth $163,544. Of this amount, 87 per cent was caught in pound nets, 9 per cent in haul
seines, 3 per cent in gill nets, and 1 per cent with other apparatus. The five leading counties, with
respect to the pounds of alewives caught, were Talbot, 1,506,865; Cecil, 1,170,780; Dorchester,
595,482; St. Marys, 534,888; and Harford, 453,840.

In Virginia they ranked first in quantity and fourth in value, the catch being 16,381,267 pounds,
worth $253,424. Of this amount, 90 per cent was caught in pound nets and 10 per cent with seines,
gill nets, fyke nets, and slat traps. The five leading counties, with respect to the pounds of alewives
caught, were Northumberland, 5,726,586; Mathews, 3,057,900; Lancaster, 2,060,353; Elizabeth
City, 1,120,000; and Gloucester, 1,068,800. 7

Somewhat over half of the herring catch is salted. In 1920, 1,456,300 pounds of salt herring
were marketed by fishermen, and an additional 7,696,420 pounds were put up by wholesale and
canning firms, making a total production of 9,152,720 pounds, valued at $201,948. Salting fish and
canning roe is engaged in only during the height of the run. As a rule, vegetable canneries are
utilized, as very little added equipment is necessary to handle the fish. The greater part of the salt-
ing and canning is done at Havre de Grace and Oxford, Md., and Lewisetta and Gwinns Island, Va.
One cannery at Havre de Grace during most of April, 1922, utilized about 125,000 herrings per day.

The prices that the fishermen receive fluctuate considerably from year to year and during the
same season. During the 1920 season the average price was slightly less than 2 cents per pound,
or about $8 for 1,000 fish. During 1922 the prices were lower and the salting houses paid $5 per
thousand fish during the earlier part of the season, but this price had dropped to $1.50 by the middle
of April. All the salting establishments employed run boats for collecting the fish from the fisher-
men, and many fishermen preferred to dispose of their catches in this way, as it obviated packing
and shipping to market. The market prices always were higher than the price paid by run-boat
operators. The difference in the prices, however, was somewhat offset by the cost of packing and
shipping.

Comparison of lengths and weights

ADULT FISH

: : Average
Locality Date Sex Length, inches weight, .
ounces
Havre de Grace, Md..ccaeoooo.o Apr. 30,1912 Females .................... ll/ﬁ to 124 (5fish) o oo maes 9.6
0 1134 (7 fish).__ 8.0
May 09,1922 0 13 ( 4fish) e el 7.5
Lewisetts, Vaeeoomooooooernna- Apr. 24,1022 ;}‘ Qfishy ..o 9.6
YOUNG FISH
Solomons, Md_.______....._._._. Oct. 28,1921 | Undetermined._ . ___......._. 418 60434 (2fish) oo 0.565
; 5to 53¢ (2fish) I Cllllll il .8

Habitat—Nova Scotia to North Carolina. Landlocked in Lakes Cayuga and Seneca, N. Y.,
and also present in Lake Ontario. ‘“In Lake Ontario, since the introduction there of the shad,
the alewife has become so plentiful as to cause great difficulty to fishermen, and its periodical
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mortality is a serious menace to the health of people living in the vicinity. The belief is that the
fish were unintentionally introduced with the shad.” (Bean, 1903, p. 200.) . It is supposed to
have reached Cayuga and Seneca Lakes in a natural way.

Chesapeake localities.—(a) Previous records: From virtually all streama tributary to Chesa--
peake Bay. (b) The numerous young in the present collection, ranging in length from 30 to 165
millimeters, are from the following localities: Beam-trawl catches in many parts of the bay, from
Annapolis, Md., to Old Point, Va., including the Potomac River below Cedar Point, at depths
ranging from 5 to 28 fathoms, January 15 to April 28, 1914, January 16 to April 25, 1916, January
22 to January 27, 1921, and February 17 and April 20, 1922. Taken with seines in Potomac River
from Washington, D. C., to Lewisetta, Va., September 21, 1911, June 7 to December 3, 1912, and
October 24 and 25, 1921; and in the bay from Havre de Grace, Md., to Lynnhaven Roads, Va.,
June 22 to November 21, 1921, and April 8 to October 27, 1922,

Comparative statistics of the alewife product of Maryland and Virginia for various years from 1880
to 1921

Years Pounds Value E Years Pounds Value

1880 . .. 16,129,372 | $215,967 [ 27,660,601 | $206, 732
R 118, 858 29, 088, 836 228, 715
) 66, 690, 000 328, 000
235, 467 51, 425, 300 283,874
225,150 28, 621, 710 , 729

189, 074 23, 788 )y
194, 204 25, 339, 009 390, 529

Note.—The catch of alewives in these States, outside of the Chesapeake Bay, is included for some years but is practically
negligible.

26. Genus ALOSA Linck. The shad

The genus Alosa is described as differing from Pomolobus in having the cheeks deeper than
long, the upper jaw deeply indented anteriorly, and the toothless jaws of the adult. These
differences separate the genus very satisfactorily from P. zstivalis and P. pseudoharengus, but in
P. mediocris, with the exception of the toothless jaw of the adult Alosa, these differences become
very slight or disappear; for in P. mediocris the cheeks are at least as deep as long and an indentation
in the upper jaw is distinctly present. It is the opinion of the present authors, therefore, that the
genus Alosa is scarcely tenable.

36. Alosa sapidissima (Wilson). Shad.

Clupea sapidissima Wilson, in Rees’s New Cyclopedia, IX, no paginatlon and no date (about 1811); Philadelphia. Bean,
1883, p. 366.

pAloaa sapidissime Uhler and Lugger, 1876, ed. I, p. 157; ed. II, p. 133; Jordan and Evermann, 1896—1900, p. 427, Pl. LXXII,
fig. 191; Smith and Bean, 1899, p. 184; Fowler, 1912, p. 51.

Head 3.2 to 4.3; depth 2.7 to 3.9; D. 17 to 19; A. 19 to 23 (usual number 21 or 22); scales
about 52 to 64. Body elongate, compressed, deeper in adult than in young, average depth in
length to base of caudal of young of 35 to 100 millimeters, 3.5, adult females about 2.75; dorsal
profile nearly straight on head, gently convex from nape to dorsal, ventral outline gently and evenly
rounded, the abdomen compressed, with sharp ventral edge, provided with scutes; head rather
small, low, and comparatively long; snout slightly tapering, 3.2 to 4.7 in head; eye 3 to 5.95;
interorbital 3.95 to 5.85; mouth rather large, terminal; maxillary broad, reaching middle of eye
in young (50 millimeters long), to or a little beyond posterior margin of eye in adults, 1.85 to 2.7
in head; cheek deeper than long, narrower below than above; mandible not projecting, included in
upper jaw and not entering into the dorsal profile, its upper margin rather gently elevated, without
a prominent angle near the middle of its length; teeth in the adult wholly wanting, the young
with small, weak teeth on the anterior part of the jaws; gill rakers rather numerous, long and
slender, increasing greatly in number with age, specimens 35 to 70 millimeters in length with 26
to 31 gill rakers on the lower limb of the first arch, specimens 110 to 180 millimeters long with 34
to 41, adults 413 to 580 millimeters in length with 62 to 76 gill rakers; scales of moderate size,
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deciduous in young and to a lesser extent in the adult; ventralscutes, 20 to 24 in advance of ventrals
(usual number 21 or 22) and 12 to 16 behind ventrals (usual number 14 or 15), total number of
ventral scutes 32 to 39 (usual number 35 to 37); dorsal fin rather small, its outer margin slightly
concave, the origin considerably nearer tip of snout than base of caudal; caudal fin deeply forked,
both lobes pointed; anal fin somewhat longer than the dorsal, the anterior rays only slightly longer
than the posterior ones, its origin at least twice the diameter of the eye behind vertical from the
end of the dorsal; ventral fins rather small, pointed, inserted a little in advance of the vertical
from middle of base of dorsal; pectoral fins much larger than the ventrals but similar in shape,
1.4 to 1.7 in head.

Color greenish, with metallic luster above, sides silvery; a dark spot at shoulder, occasionally
followed by smaller ones, rarely with a second parallel row somewhat above the median line of
side. Fins all pale to slightly greenish, the dorsal and caudal somewhat dusky in the larger speci-
mens, darkest at tips. Peritoneum pale.

Leim (1924, p. 224), who made an exhaustive study of the shad in the Bay of Fundy, gives
the following counts for rays, scutes, and vertebrs (the predominating numbers are placed in
parentheses): Dorsal rays 15 to 19 (17 or 18), 676 fish; anal rays 18 to 24 (20 to 22), 317 fish;
pectoral rays 14 to 18 (15 to 17), 287 fish; pelvic (ventral) rays 8 to 10 (9), 277 fish ; anterior ventral
scutes 19 to 23 (20 to 22), 315 fish; posterior ventral scutes 12 to 19 (16 or 17), 653 fish; vertebrs
51 to 59 (56 or 57), 170 fish. These counts vary somewhat from those taken of Chesapeake Bay

F1G. 53.— Alosa sapidissima

shad. This, however, is only to be expected, as Leim, who examined a large number of fish, found
a slight variation even among the several localities of the Bay of Fundy where his specimens were
obtained.

Numerous small specimens, 21 to 115 millimeters (% to 414 inches) in length, taken in.fresh
water, are at hand. We also have 26 specimens contained in various small lots, of different local-
ities and dates, taken in salt or brackish water during the fall and winter, ranging from 97 to 243
millimeters (37§ to 94 inches) in length, and three adult females. The young shad is not readily
distinguished from the young of the genus Pomolobus. It is particularly close to the hickory shad,
(P. mediocris), from which the young are difficult to separate. In the common shad the lower
jaw, however, is included in the upper; it does not protrude and it does not enter into the dorsal
profile. In the hickory shad the lower jaw projects strongly and the tip of it enters into the
dorsal profile. Another and more pronounced difference is evident in the number of gill irakers
supported by the lower imb of the first arch. The number of gill rakers increases greatly with
age in at least some of the Clupeide, but in our series there is no overlapping, the common shad
always having more gill rakers than the hickory shad. The range in the number of gill rakers on
the lower imb of the first arch for the common shad in specimens ranging from 134 to 23 inches
in length is 26 to 71. In the hickory shad in specimens 614 to 12 inches long it is from 18 to 22.
The difference is more evident when specimens of the same size are compared. A common shad
160 millimeters long, for example, has about 40 gill rakers on the lower limb of the first arch, whereas
a hickory shad of the same length has only about 18. From the other species of Pomolobus the
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young shad may be separated by the much narrower and proportionately deeper cheek and by
the much lower and broader angle near the middle of the sides of the uppet margin of the mandible.
The young shad does not differ greatly from the adult, except that the body is more slender, the
gill rakers much fewer, and the dark spot at the shoulder is undeveloped. The sexes are very
similar, except that the female reaches a larger size than the male.

The young shad, according to published accounts, feed on small crustaceans, insects, and
insect larve, as well as on small fish, This statement was verified through the examination of
14 stomachs. Stomachs of specimens ranging from 134 to 234 inches in length, taken in fresh
water, had fed mainly on adult insects but also on ostracods. Specimens somewhat larger, ranging
from 4 to 6 inches in length, taken in salf or brackish water, had fed almost wholly on small crus-
taceans (Mysis), but one stomach contained a small amount of plant tissue and another contained
fragments of a small fish.

Little or no food has been found in the shad while they were migrating up rivers. Various inves-
tigators, however, have examined the stomachs of adult fish caught in the sea or at the mouths
of estuaries and have found food. An adult female taken in the southern part of Chesapeake Bay
early in December, 1921, and examined by us, had the stomach gorged with parts of plants, con-
sisting not only of the softer parts but also of hard stems. Fragments of a molluscan shell also
were present. Perley (1851, p. 139) found that the shad in the Bay of Fundy fed on shrimp and
‘““shad worm.” Mordecai (1860, p. 278) examined shad stoma.chs from the vicinity of Savannah,
Ga., and as a result states that ‘‘shad feed and
fatten on marine fuei and microscopic organisms
that are parasitically attached.” Leidy (1862, p.
2) obtained a shad in a market and upon opening
it found in its stomach nine small fish, which were
identified as follows: Three Hydrargyra swampina;
five Pecilia latipinnis, and one Cyprinodon ovinus.
As these species inhabit fresh or slightly brackish
water, and as the shad was probably received in
Philadelphia, it is likely that it was caught in Del-
aware Bay. Leidy (1868, p. 228) examined a shad
caught in the fall, probably off the coast of New
Jersey or in Delaware _Bay, and found.in its stom- F1a. 54.— Alosa sapidissima. Note narrow, deep cheek bone
ach 30 sand launce§ (Ammodyies americanus), 2 to and rather long, slender mandible without a pronounced
4 inches long. Baird (1874, p. LVIII) says that  angle on its upper margin
in the sea the food of the shad consists ‘of worms,
small fishes; and most largely of minute crustaceans, especially of the genus Mysis.”” Huyler
(1876, p. 233) examined the stomachs of 15 shad caught in the North River near Fort Lee, N. J.,
on May 5, 1874, and found them containing many young shrimp about half an inch long. One
of these stomachs contained several hundred shrimp. Prime (1876, p. 138) reports the capture
of several shad (at least one with full roe) with artificial fiies in the Connecticut River, thus indi-
cating that at times the shad will feed just prior to spawning. It is of interest to note thatthese
fish were caught on July 1, at the very end of the spawning season for that region. Smith (1896,
P- 405) quotes Seth Green as saying that sand fleas [Gammarus?] are the principal food of the old
shad in the Atlantic. Bean (1903, p. 207) says that the shad coming in to spawn will sometimes
take the artificial fly and live minnows. Willey (1923, p. 313) examined many shad from the
Nova Scotian coast of the Bay of Fundy and found the stomachs to contain chiefly copepods (Acartia,
Temora, and other genera), mysid shrimp, and the larval stages of barnacles. Leim (1924) exam-
ined the stomachs of about 350 shad caught in Scotsman Bay, Bay of Fundy, during 1920 and 1922,
consisting of mature and immature fish. Copepods formed the chief food for the smaller shad,
but were of lesser importance in the diet of fish longer than 40 centimeters (16 inches). Mysids,
however, while eaten sparingly by the younger fish, formed the chief constituent of the food of the
adult shad. Copepods and mysids together formed about 90 per cent of the food of the shad of
all sizes. Among the foods of lesser importance were ostracods, amphipods, isopods, decapod larvz,
insects, mollusks, alge, fish eggs, and fish. Bigelow and Welsh (1925, p. 117) found adult shad
taken in the Gulf of Maine in summer packed full of copepods (chiefly Calanus).

. 40826—28——7
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The fish examined by Bigelow and Welsh were taken far enough out in the Gulf of Maine to
be removed from the influence of bay or river, and it is probable that their stomach contents show
more truly than any of the other records given in the foregoing list the sort of food eaten by the
shad at sea. These stomach examinations, therefore, justify Bigelow and Welsh’s statement that
the shad is primarily a plankton feeder.

The fact that adult shad in the sea are known to feed partly on mysid shrimps (bottom dwellers),
on bottom-dwelling amphipods, ete., and on alge is of considerable importance, as it suggests
that part of a shad’s life, perhaps a considerable part, is spent near the bottom of the sea. This
may explain why so few shad are caught in the open sea south of Cape Cod. In the Gulf of Maine,
however, large catches of shad are often made near the surface with purse seines, and it may be
that in this region an abundant supply of food in the upper stratum of water lures the fish within
reach of the nets. A change in the diet of the shad with age is suggested by the presence of numerous
long cceca connected with the intestine near the stomach, which are very small or wanting in the
young.

The life history of the shad is not well understood. It enters bays and rivers of the Atlantic
coast of the United States in the spring, reaching the southern streams much earlier than the northern
ones, and it ascends to fresh water for the purpose of spawning. The shad may spawn anywhere,
but it appears to prefer shallow flats in rivers near the mouths of creeks. The fish are paired,
swimming side by side, while spawning. The eggs are cast loose in the water, quickly sinking to
the bottom, where many doubtlessly find unfavorable ground and fail to hatch.

The shad enters Chesapeake Bay in March, the date of arrival varying from year to year,
and, with the exception of a few stragglers, they are gone again by the 1st of June." In 1921 a
few shad were taken in pound nets in Chesapeake Bay throughout June and July and again during
the latter part of November and early in December. These small and rather unusual fall runs,
which occur only ocecasionally, naturally excite considerable interest. Whether such shad have
remained in the inshore waters since spring, or whether they represent a new run from the sea is
not definitely known; but inasmuch as extensive collecting in the inshore waters during the summer
months has never brought an adult shad to light, it appears more reasonable to believe that they
come from the sea. A female 1714 inches long, taken on December 5, 1921, was preserved and
critically examined in the laboratory and found to agree in all respects with the individuals of the
spring run, except that it was smaller than the average size of the spring run of roe shad. This
particular shad was full of eggs, which evidently were nearly mature. Whether or not the shad
that constitute the fall runs usually are gravid is not known to the authors, but if this were the case
the reason for their migration toward fresh water evidently would be the same as for the spring
run—viz, for the purpose of reproduction. When the shad first arrive the males, or “buck shad,”
are greatly in the majority, but later in the season the females, or ““roe shad,’’ are the more numerous.

Spawning takes place soon after the fish reach fresh water. The eggs are relatively large after
impregnation, measuring about 3 millimeters (34 inch) in diameter. The average number of eggs
produced by a female, according to Smith (1907, p. 127), is from 25,000 to 30,000, but there are
records of over 100,000 and in one case of 156,000 eggs having been taken from one fish. The
period of incubation varies from six days and four hours in an average water temperature of 57.2° F.
to a little less than three days in an average temperature of 74° F. (Ryder, 1884, p. 796). It is
not considered an advantage, however, either to retard or to hasten hatching unduly, as a very long
period of incubation may result in a proportionately smaller hatch and a very short incubation
period yields weak fry. The average hatching period at temperatures that prevail during normal
shad seasons varies from about six to ten days.

Although shad usually deposit their spawn in fresh water, recent studies by Leim (1924, p. 264)
in the Bay of Fundy have shown that “the optimum conditions for the development of the eggs
and larve up to the end of the period of yolk-sac absorption were a temperature of about 17° C.,
a salinity of about 7.5 per mille, and darkness.” This is a most important finding, as virtually all
shad hatching heretofore has been done in fresh water and largely in comparatively bright light.

Leach (1925, p. 485) reared shad successfully in a fresh-water pond at Washington, D. C., and
in October, at the age of 5 months, transferred them to brackish-water aquaria (increasing the
density of the water gradually from 1.005 to 1.018), in which they continued to thrive. Others
of the same lot, transferred to fresh-water aquaria, died within three days.
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The young when hatched are scarcely 10 millimeters (24 inch) in length, but they grow rap-
idly, reacﬂing an average length of about 47 millimeters (174 inches) during the first half of July
(computation based on 74 specimens taken from the Potomac River at Bryans Point, Md., on
July 2 and 9, 1912); 66.5 millimeters (284 inches) by the last half of August (computation based on
& specimens taken at Havre de Grace, Md., August 19, 1921, and also 30 specimens taken at Bryans
Point, Md., August 23 and 30, 1912); and 70 millimeters (234 inches) by the last half of October
(computation based on 138 specimens taken in the Potomac River at Bryans Point, Md., on the
following dates: October 20, 1909, October 21, 1910, October 21, 22, and 28, 1911, and October 19
and 23, 1912).

The migration of the young shad to salt water begins with the approach of cool weather, but
it is not until near the end of November or the beginning of December that all the young shad
have left the fresh waters. The foregoing statement is based on investigations made on the Potomac
River by Lewis Radcliffe and the late William W. Welsh. It is evident from the collections at
hand that some of the young shad may remain in the salt water of the bay until they are a year
or more of age, as specimens were taken on the following dates: January 15, 17, and 19, 1916,
February 18 and 21, 1916, and March 6 and 21, 1916. Eight shad, taken in January, 1916, had
an average length of 108 millimeters (43{ inches); 3 taken in February, 1914, average 114 milli-
meters (414 inches); 10 specimens taken in March, 1916, average 142 millimeters (554 inches); and
2 specimens taken in May, 1922, average 152 millimeters (6 inches). Two specimens taken in
November (one in 1912 and the other in 1921), having lengths of 149 millimeters (634 inches) and
243 millimeters (934 inches), may be in their second year, as they are very much larger than other
specimens taken during the same month, although we are unable to observe anything in the struc-
ture of the scales that suggests a ‘“winterring.”® We are aware that there are published accounts
of shad having attained, under especially favorable circumstances, a length of 6 or 7 inches, or in
one instance of 9 inches (Smith, 1907, p. 127), at the age of 7 months. At Washington shad placed
in ponds with an abundant supply of young carp for food attained a length of 6 inches by early
November, but shad kept in an aquarium at the Bureau of Fisheries in Washington attained a
length of less than 4 inches at the age of 1 year. Bean (1903, p. 208) states that ‘‘ Nets set offshore
in Gravesend Bay in the fall frequently inclose large quantities of young shad, sometimes a ton
and a half at one time, during the migration seaward * * *, The fish are usually about 6 to 8
inches long.” Bean, no doubt, assumed that these fish were the young of the last spawning season.
However, in view of the fact that Chesapeake fish are only about 3 inches long in late fall, it is our opin-
ion that these 6 to 8 inch shad probably were in theirsecond year. . Asthere are no “connecting links”’
between our two individuals (6% and 934 inches) already mentioned and 140 other individuals at
hand, taken during November, the largest of which is only 117 millimeters (414 inches) long, the
question naturally rises as to whether or not these specimens belong to an older class. The growth
of the shad apparently is not noticeably retarded by the approach of cold weather, and it appears
to continue throughout the winter. The limited number of specimens taken during the winter
probably are too few to permit of definite conclusions, but if the rate of growth should be even
slightly more rapid during the winter than during the gummer, as indicated by the specimens at
hand, an explanation for the apparent absence of definite ‘“winter rings’’ on the scales of adult
shad becomes evident. (The suggestions on p. 88, relative to the sudden upward bend in the
growth curve of P. zstivalis, may apply to the shad also.) No specimens of young shad, except
fry, were taken during the present investigations from April to October, both inclusive. The exten-
sive collecting that was done shows quite conclusively that a few of the young shad spend the
first winter of their lives in the salt water of the bay, and furthermore, that if any at all remain
until they are more than a year old it is only a rare straggler. )

¢ For recent works on the age determination of the shad see ‘‘ Age of shad (Alosa sapidissima Wilson) as determined by the
scales,” by N. Borodin. "Transactions, American Fisheries Society, fity-fourth annual meeting, Quebec, Canads, Sept., 1924
(1024), pp. 178-184, 6 figs. Hartford. Also,* A confirmation of Borodin’s scale method of age determination of Connecticut River
shad,” by R. L. Barpey. Ibid., pp. 168 to 177, 4 figs. ’
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Length frequencies of 807 shad, ¢ Alosa sapidissima’’
[Measurements in millimeters, grouped in 5-millimeter intervals \

Total | June July Aug. Sept. Oct. | Nov. Dec. Jan, Feb. ‘ Mar, | Apr. May

|
16-31 1—15’16—28‘1—15 16-311-15|16-30/1-15/16-31

meters |1-15/16-30 1-15/16-31;1-15{16-31 1—15' 16-30!1—15 16-31 1—15’16-30 1-1516-31{1-15

Pt et G et et QO O ST EO D b bt
3

106 61{32] .35 53' 31 ‘ 88 { 137 lxos

It is still & mystery, at least south of the New England coast, in what part of the sea the
shad spends its life after it leaves the rivers and bays and until it again returns to spawn. To our
knowledge no shad ever have been captured in the open sea off Chesapeake Bay, although' men-
haden purse seines are used in this region throughout the summer and fall." In the Gulf of Maine,
however, adult shad not only are present (at times in abundance) from October until into December,
but, according to Bigelow and Welsh (1925, p. 116), schools of immature shad from 1 foot long
and one-half pound in weight up to 2 or 214 pounds are reported every year at Provincetown for
a short period in June. Thésé authors report the capture of numbers of shad about 14 incheés in
Jength in the traps at Magnolia and Beverly from June 20 to July 6, 1921.

Atkins (1887, p. 684) reports large numbers of immature shad feeding about the bays and
mouths of rivers along the coast of Maine during the summer after the main body of spawning fish
had ascended the rivers. These immature so-called sea shad belonged to the group ranging from
about one-half to 214 pounds in weight. Up to the present day these immature shad are caught
every year along the New England coast, although the quantities takeén now, in keeping with the
reduced numbers of adult fish, are much smaller than they once were. Our only knowledge of
the shad from the time (Iate in the fall of the year) the young leave the rivers and bays in which
they were hatched until they return as mature spawning fish is obtained from the immature fish,
probably 2 to 3 years old, that are found during the summer, as already stated, in fairly large numbers
"along the shores of the Gulf of Maine and in smaller numbers south of Cape Cod.

Shad make their first appearance on the Atlantic coast in the St. Johns River, Fla., where they

_are first seen late in' November and remain until March. It is extremely improbable that adult
shad present in the Gulf of Maine in November and December could migrate to Florida and arrive
‘there within the short period that would be necessary if they were to form part of the early winter
catch of the St. Johns River. Stevenson (1899, p. 106), who made a study of the shad fisheries of
‘the Atlantic coast, believed that the shad have a bathic migration rather than one toward and away
from the Equator. The theory that shad migrate north and south along the Atlantic coast appears
not to be as tenable as that they probably move off into deeper water of suitable temperature as
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winter approaches and remain somewhere near the general vicinity of the rivers in which they were .
hatched and which they will ascend to spawn. ) i

The shad received attention early by fish culturists, but it was not until 1867 that a hatching
apparatus that proved successful was perfected.  The United States Fish Commission first began
hatching shad on the Connecticut River at South Hadley Falls, Mass., in 1872. In the following
year this commission hatched 95,000 young shad on the Potomac River at Washington, D. C,
This was the beginning of shad-hatching operations in the Chesapeake drainage. In 1875 the"
fish commission of Maryland also undertook the hatching of shad. Similar action was taken by
Virginia a few years later, and the hatching of shad has been continued from year to year by the
Federal Government and more or less intermittently by Maryland and Virginia. .

Many millions of young shad have been hatched and liberated in the streams flowing into
Chesapeake Bay, but this fish has not been reestablished in its former abundance. In fact, it is
evident from statistics that a more or less fluctuating decline is taking place. (See table of compara- -
tive statistics.) In interpreting the statistics it is necessary to remember that larger and more
effective fishing apparatus has been used from year to year and that, therefore, the reduction in -
the abundance of shad very probably is greater than the figures given would indicate. - This decline .
in the abundance of shad while millions of young were being liberated no doubt is attributable
mainly to overfishing and to pollution in the streams. Many of the gravid shad are taken in the
bay before they reach fresh water, and those that are successful in entering streams must follow a -
maze to escape the numerous nets set in the rivers and in order to reach their spawning grounds.
A boat trip on the lower part of Chesapeake Bay during the shad season will convince the most
skeptical that it is astonishing that any shad at all reach their spawning grounds. - In some of the
rivers, at least, there is great danger that pollution is so great that the eggs produced will fail to -
hatch, or, if they do hatch, that the fry may not be able to survive. Further restrictions concerning
the use of nets, the placement of obstructions in rivers, and the discharge of refuse and wastes into
streams are undoubtedly necessary if the shad is to be maintained as an important commercial
species.

Many experiments in transplanting the shad to waters in which it was not native were made
by the United States Fish Commission when hatching operations were first undertaken.

Fry were liberated in various streams in the Mississippi Valley, also in several lakes, including
the Great Lakes, in Bear and Jordan Rivers (both tributary to Great Salt Lake, Utah), and in the
Sacramento River, Calif., from whence they descended to the Pacific Ocean. Only the last-mentioned
introduction has proved successful, and large numbers of shad annually ascend the streams of the
Pacific slope of the United States. However, on the Pacific coast this fish is not as highly regarded
for food as it is on the Atlantic, and it is being shipped to eastern markets (including Baltimore),
where it finds a ready sale. '

The shad is the most valuable food fish caught in Chesapeake Bay, its value in 1920 being
$1,482,294, or more than the combined value of the four next most important species—namely,
alewives, croakers, squeateagues, and striped bass. It ranked third in number of pounds caught
(9,074,333), being exceeded only by the alewives and the croaker.

In Maryland it ranked second in quantity and first in value, the catch being 593,573 shad,
weighing 1,816,346 pounds, worth $344,110. Of this amount 53 per cent was taken in pound nets,
43 per cent in gill nets, 814 per cent with seines, and one-half of 1 per cent with other apparatus.
The three counties having the largest catches were Dorchester, with 348,883; Talbot, with 328,543;
and Kent, with 307,300 pounds.

In Virginia it ranked third in quantity and first in value, the catch being 2,199,390 shad,
weighing 7,257,987 pounds, worth $1,138,184. Of this amount, 76 per cent was taken in pound
nets, 23 per cent in gill nets, and 1 per cent in seines and fyke nets. The three counties credited
with the largest catches were Mathews, with 2,295,730; Northumberland, with 1,291,488; and
Lancaster, with 526,129 pounds. :

In the Southern parts of the bay pound-net fishing is begun about March 1, and by March 15
virtually all the nets are set for the expected run of shad. Small quantities are taken early in
March. The heaviest catches, however, are made between March 20 and April 20. The catch
then declines, and after May 10 only small numbers are taken. However, it is not unusual to
cateh a few stragglers until late in June. 1In the vicinity of Havre de Grace, Md., the heaviest run
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oceurs during April. At this place pound nets are set only for shad and herring, the runs of these
fish being over by the end of May, when fishing usually ceases for the year. Two of the best catches
made by a set of nets in 1922 occurred on April 10, one at Ragged Point, Va., lower Potomac River,
where 3,650 shad were taken in 2 nets, and the other at Cheapeake Beach, Md., where 4,600shad
were taken in 3 nets.

Shad are always packed and shipped in the fresh state, and facilities are available for bringing
the fish to the market and the consumer in a remarkably short period of time. Fishing is done early
in the day, usually at slack tide, and the fish at once are brought ashore to be packed in boxes and
shipped on the first outgoing boat or train. Some fishermen dispose of their catch to “run boats,”’
which anchor in convenient localities and which are fully equipped for this kind of trade. The
fish are paid for in spot cash after being counted or weighed, and are packed loosely in the hold
according to sex, the roe shad and buck shad being separated. Unless the cateh is very small a
run boat seldom waits for a second day’s fishing but makes a rapid run to its home port, where the
fish are properly packed and forwarded to the various markets. Many fishermen prefer to trade
with the run-boat buyers as this relieves them of the trouble of packing and shipping their catches
and brings prompt payments.

* The maximum weight attained by shad on the Atlantic coast is about 12 pounds, but on the
Pacific the shad is said to average 1 pound heavier, and a maximum weight of 14 pounds has been
reported. A series of 21 female (roe) and 35 male (buck) shad from the Chesapeake region was
measured and weighed. The female averaged 576 millimeters (2234 inches) in length and 6 pounds 5
ounces in weight, while the males averaged 500 millimeters (1934 inches) and 3 pounds 11 ounces,
showing that the females of this lot averaged 2 pounds 10 ounces heavier than the males. The
general run of female shad in the Chesapeake region weigh from 4 to 534 pounds and the males
from 234 to 4 pounds.

Weight of various-sized fish, according to sex

Number of specimens measured | Length 1 Weight? - Number of specimens measured | Lengtht Weight?

Inches | Pounds | Ounces FEMALE Inches | Pounds | Ounces
14 2 4 18 3 11
15 2 4 20 4 9
16 2 3 21 4 12
17 2 5 22 5 8
18 C 2 14 23 [] 4
19 3 ] 24 [ 9
20 3 9 25 7 14
23 5

! The fish measured have been grouped by inches for convenience; that is, if the specimen was nearer 14 inches in length than 15
inches, it was considered a 14-inch specimen,
1The weights given are the average of all fish of any one length group.

Habitat.—Gulf of 8t. Lawrence to Florida. (The shad occurring in the Gulf drainage is here
considered as a separate and distinct species.)

Chesapeake localities.—(a) Previous records: From virtually all streams tributary to Chesa-
peake Bay. (b) The numerous young in the present collection, ranging in length from 21 to 243
millimeters (%/s to 934 inches), are from the following localities: Beam-trawl catches, Sandy Point,
Md., November 18, 1912; Barren Island, Md., to Smith Point, Va., January 19 to March 22, 1914;
Oxford, Md., November 16, 1921; Hampton Roads, Va., January 15 and March 6, 19186, at depths
ranging from 9 to 27 fathoms. Taken with seines: Havre de Grace, Md., August 19, 1921; Sassa-
fras River, May 10, 1922; Potomac River, Bryans Point, Md., to Riverside, October 19 and 20,
1909; September 13 to November 11, 1911; June 7 to December 3, 1912. Two fish were caught
with hook and line, using dough for bait, at Bryans Point, Md., October 21, 1910. :
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Comparative statistics of the shad product of Maryland and Virginia for various years from
1880 to 1921

17,329, 037

gllgﬁ;txm .—The catch of shad in these States, outside of the Chesapeake Bay, is included for some years but is practically
negli

27. Genus OPISTHONEMA Gill. Thread herring

Body elongate, compressed; the abdomen strongly compressed, armed with about 33 prominent
scutes; lower jaw projecting; upper jaw somewhat emarginate; dorsal inserted in advance of ventrals
the last ray greatly produced, filamentous; vertebra about 42. A single species of this genus is
known from the Atlantic coast of America. :

37. Opisthonema oglinum (LeSueur). ‘‘Hairy-back’; Thread herring; “Shad herring.”

Megalops oglina LeSueur, Journ., Ac. Nat. Sci., Phila., I, 1817, p. 359; Newport, R. I.

Opisthonema thrissa Uhler and Lugger, 1876, ed. I, p. 158; ed. II, p. 134.

Opisthonema oglinum Bean, 1801, p. 93; Jordan and Evermann, 1806-1900, p. 432.

Head 3 to 4.3; depth 2.6 to 2.9; D. 18 or 19; A. 22 to 24; scales 70-to 77. -Body moderately
deep, compressed; abdomen compressed, with sharp scutes on ventral edge; head rather small;
snout moderate, 3.7 to 4.2 in head; eye with adipose eyelid, 3.6 to 4.2; interorbital 3.8 to 4.2; mouth
nearly terminal; the lower jaw projecting a little; maxillary reaching anterior margin of pup11 2.4
to 2.6 in head; teeth wanting in the jaws, small ones present on median line of tongue; gill rakers
long and slender, numerous, 70 to 77 on the lower limb of the first arch; scales rather large, cycloid,
loosely adherent; ventral scutes 17 or 18+15 or 16; lateral line wanting; dorsal fin rather small,
somewhat elevated anteriorly, the last ray greatly produced in the adult, reaching nearly or quite
to base of caudal, origin of dorsal in advance of ventrals and much nearer tip of snout than base of
caudal; caudal fin forked, the lower lobe slightly the longer; anal fin long and very low, its origin
nearer base of caudal than base of ventrals; ventral fin small, inserted under middle of base of dorsal-
pectoral fins moderate, inserted a little in advance of margin of opercle, 1.2 to 1.3 in head.

Color in alcohol, bluish gray with a metallic luster above; lower part of sides silvery; tip of snout
black; a more or less distinct dark shoulder spot; indefinite dark lines along the rows of scales on
the back; fins chiefly plain translucent, the dorsal and caudal with black tips.

No small individuals were taken. Eight specimens of adult fish, ranging from 198 to 230
millimeters (734 to 9 inches) in length, were preserved. This species is readily recognized (except
the very young) by the greatly produced posterior ray of the dorsal fin, which reaches nearly or
quite to the base of the caudal fin. It is from this long, threadlike ray that the fish has received the
name ‘‘hairy-back” and ‘“thread herring.”

The food of this fish appears to consist largely, if not wholly, of small organisms, which it
strains from the water by means of its long gill rakers. Doctor Linton examined the contents of
three stomachs and found copepods exclusively.

The hairy-back is essentially a tropical fish and as a rule it is not abundant in Chesapeake Bay.
Its spawning habits are almost wholly unknown. This herring reaches a size of about 12 inches,
but its flesh is bony and of little value as food. Its commercial importance among the fishes of
Chesapeake Bay is slight, as it is rarely used for food. However, it is utilized along with the men-
haden in the manufacture of fertilizer and oil when taken in sufficient quantities. The fish usually
makes its appearance about the middle of May, and it leaves the bay during October. It is taken
in comparatively small quantities in pound nets throughout the summer in the southern parts of
the bay, the catch rarely exceeding 100 pounds a day for one set of nets. The hairy-back appears
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to visit mainly that section of the bay that lies southward from the mouth of the Rappahannock
River. The fish taken in the spring, among the specimens at hand, are very thin and poor, but
those collected during the fall are fat and have broad, round backs.

Habitat.—Middle Atluntlc States, southward to Brazil, and occasionally straying northward
to Massachusetts.

Chesapeake localities—(a) Previous records: Tributaries of Chesapeake Bay in the salt water
(Uhler and. Lugger, 1876); Cape Charles City (Bean). (b) Specimens seen or taken during the
present investigation: York River, Va., July 8, 1921; Buckroe Beach, June 22, 1921; Lynnhaven
Roads, May 25, 1922, and September 26, 1921.

28. Genus BREVOORTIA Gill. Menhadens

Body elongate, compressed, tapering posteriorly; head large; cheeks notably deeper than
long; abdomen compressed and provided with bony scutes; mouth large; lower jaw included;
teeth wanting; gill rakers long, thin, and numerous; scales deeper than long, closely imbricated,
strongly pectinate; alimentary canal long; peritoneum black; vertebre 46 to 49; fins small. A
single species is known from Chesapeake Bay.

38. Brevoortia tyrannus (Latrobe). - Menhaden; Skipjack; Bunker; Moss .bunker; Alewife;

Fatback; Bugfish. :

Clupea tyrannus Latrobe, Trans., Amer. Phil. Soc., Phila., V, 1802, p. 77, P1. I, Chesapeake Bay.

Brevoortia menhaden Uhler and Lugger, 1876, ed. I, p. 156; ed. IL, p. 133.

Brevoortia tyrannus Bean, 1883, p. 366; Bean, 1891, p. 93; Smith, 1892, p. 64; Jordan and Evermann, 1896-1900, p. 433.
Pl, LXXIII, fig. 195; Smith and Bean, 1869, p. 184; Evermann and Hildebrand, 1910, p. 158; Fowler, 1912, p. 52.

Head 2.9 to 3.4; depth 2.4 to 3.8; D. 18 to 20; A. 20 to 22; scales in oblique series along
median line of side 48 to 56. Body elongate, compressed, the ventral outline much more strongly
curved than the dorsal; abdomen compressed, with sharp scutes on the ventral edge; head large,

FiG. 55.— Brevoortia tyrannus. From a specimen 12 inches long

compressed; snout rather blunt, 3.8 to 5.5 in head; eye 4 to 5.9; interorbital 3.9 to 5.8; cheeks and
opercles very deep, the upper part of opercle in adult with strong radiations, less prominent ones on
the lower part of the preopercle; mouth moderate, terminal, the lower jaw largely included in the
upper, the latter with a deep notch anteriorly; maxillary broad, rounded posteriorly, reaching past
eye, in the adult, to middle of eye in young about 50 millimeters long; teeth in the jaws in the very
young weak, disappearing entirely early in life; gill rakers extremely long, slender, close-set and
exceedingly numerous; scales very closely imbricate, strongly pectinate, irregularly placed on upper
part of sides, but in more definite series below median line of sides, the posterior margins nearly
vertical instead of rounded, as in the herrings; lateral line wanting; dorsal fin rather small, some-
what elevated anteriorly, with a sheath of scales at base, except in the very young, origin of fin about
equidistant from tip of snout and base of caudal; caudal fin rather deeply forked, the lower lobe
somewhat the longer; anal fin rather long and low, slightly elevated anteriorly, its origin under
tips of last rays of dorsal; ventral fins small, inserted slightly behind vertical from origin of dorsal;
pectoral fin moderate, inserted slightly in advance of posterior margin of opercle, 1.7 to 2.1 in head.
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Color of back dark -green: to-bluish; sides brassy; a round, black, humeral spot present (except
in the young of less than about 70 millimeters in length) and with or without a variable number of
smaller dark spota on sides behind it; fins mostly pale yellow, some of them often more or less punctu-
late with dusky. ' ; » .

Many specimens of this species, ranging from larvae 20 millimeters to adults 370 millimeters in
length, were examined, and a large series was measured for the purpose of determining the range of
variation within the species. The menhaden is so well known to those who live on the seashore
within the range of the species that it is recognized at sight by old and young. The chief recognition
marks of the species are the rather deep body, the compressed abdomen, deep cheeks, broad opercles,
deeply emarginate upper jaw, strongly pectinate scales with posterior margins nearly vertical, and
the greenish and brassy coloration. A pronounced variation in the depth of the body takes place
within the species, which appears to be correlated, to a large degree, with the state of nourishment of
the individual fish, the well-nourished fish being deeper than the poorer specimens. Similarly, a
great variation in the width of the back also exists. When the fish is in a well-nourished state the
back is very broad and layers of fat lie underneath the skin. The common name ‘“‘fatback® is very
appropriately applied to fish in this condition. A large crustacean parasite (Cymothoa pragustator)
is commonly found inside the mouth of menhaden, giving rise to the name “bugfish.”

The sexes are not distinguishable externally, so far as known to the writers, and the size attained
appears to be nearly equal. }

The menhaden feeds on small organisms, which it strains from the water by means of its long,
slender, and very numerous gill rakers. The feeding and movements of schools of fish, as observed
in the Patuxent River from aboard the Fish Hawk by the junior author, are described as follows
in his field notes:

The fish swam swiftly in circles, like the dust driven by a whirlwind; then suddenly formed in a straight line, continually
rising and falling at various depths. Each time they rose their mouths were wide open, but it was not possible to see whether or
not their mouths were open when they swam downward. The fish near the shore seldom ‘‘broke water,” but those observed in
the openswam in compact schools, causing ripples at the surface; at times hundreds of them swiftly darted a few inches out of the
water, causing a nofse that could be heard easily at a distance of 300 feet. One large school was seen to divide into two parts. Some
schools swam against the tide and then suddenly turned back with the tide. No general direction seemed to be maintained.

Doctor Linton examined the contents of the alimentary canal of 44 specimens taken in Chesa-
peake Bay and found that in most cases they consisted of sandy mud, vegetable débris (mostly
alge), and some diatoms, and in a few cases they consisted principally of copepods. He gives
(from his notes as follows) the contents of the alimentary canal of a specimen taken in the lower
part of the Patapsco River, November 7, 1921, as typical of the lot examined:

Gizzard full of yellowish mud, which, under high magnification, is resolved, as in previous cases, into vegetable silt with a little
very fine sand. The vegetable material is reduced to a pulp, but vegetable cells can be distinguished, evidently of algal origin,
material which makes up the vast majority of the food. Diatoms were present in considerable numbers, but do not constitute a
large percentage of the food; very small, in fact, much less than 1 per cent. * * * Intestine filled with the same material.

Peck (1894, p. 113) gives the food of the menhaden as unicellular organisms, both vegetal
and animal, together with the smaller Crustacea and other free-swimming forms.

Concerning the spawning habits of the menhaden, Kuntz and Radeliffe (1918, p. 119) state:

Observations on the movements of the schools and examination of the reproductive organs lead to the belief that in New
England spawning takes place in late spring or early summer and that from Chesapeake Bay southward the season is late fall or
early winter. Some reasons have been advanced for believing that in the Chesapeake region, at least, there are two spawning
8easons.

The present writers have secured no information that suggests two spawning periods in Chesa-
peake Bay during one year. The evidence at hand, however, indicates that spawning takes place
during the fall, as fish with well-developed (although not ripe) roe were taken only during that
season of the year. The size and development of the young taken during the winter and spring
furthermore suggest that they were hatched during the fall. Fourteen larva caught during January
had attained an average length of 27.7 millimeters; 6 taken during February averaged 33.5 milli-
meters; 5 taken during March averaged 27.3 millimeters; 4 taken during April averaged 33 milli-
meters; and 137 taken during May averaged 46 millimeters. The number of larve caught from
January to April, of course, is too small to show the rate of growth during the winter months, but
at any rate the indications are that it is very slow. These fish all bear large chromatophores, the
majority of them still possess indications of fin folds, and none of them have developed scales, all
of which shows that the fish are very young. No larval menhaden were taken during any other

49826—28——8
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season of the year. - Further evidence that the breeding season may vary in different latitudes is
produced by Bigelow and Welsh (1925, p. 122), for these authors state that in the vicinity of Woods
Hole, Mass., spawning takes place chiefly in June, and that it continues well into October, and
they add that the menhaden is equally a summer spawner in the Gulf of Maine, where spent fish
and others approaching maturity have been reported during July and August.

The eggs of the menhaden (Kuntz and Radcliffe, 1918, p. 119) are
highly transparent, spherical in form, and they have a diameter of 1.4 to
1,6 millimeters. The period of incubation is given as “not over 48
hours,” and the newly hatched larvse have a length of approximately 4.5
millimeters. When the young fish reaches a length of about 33 milli-
meters all of the fins are well formed and seales are beginning to appear,
but the body remains very slender. - Large, black chromatophores are
present on the head and nape, along the base of the anal, on the base of
the caudal, and on the caudal peduncle posterior to the  dorsal fin.
Young fish 45 millimeters in. length are fully scaled, and they have

i assumed the adult characters to such a degree that anyone familiar with
Fic. 56-_1‘3!3311;‘3 i’_’d“nc"d the adult fish would recognize the young of this size. At one year of

stago of cell division age the menhaden has reached a length of about 130 millimeters (514
inches), and at two years of age it is 215 millimeters (814 inches) long. Sexual maturity probably
is reached during the third or fourth year.

The menhaden, as already indicated, is present in Chesapeake Bay throughout the year,
although much less common during the winter than during the summer. The specimens caught
during the winter were taken with & beam trawl in thg deeper waters of the bay. During March,
however, the fish again is common in the shallow waters and is taken in pound nets and haul seines.
Very large schools of the migrating fish do
not appear, as a rule, to enter Chesapeake e,

Bay, and the abundance of menhaden does
not seem to be affected by spring, summer,
and fall “runs,” as is the case along the
outer shores of the middle Atlantic States.

The menhaden industry 7 in the Chesa~ e
peake is of considerable importance. The FIG. §7.~Newly hatched larva, 4.5 millimeters long
amount of fish utilized in 1920 was 366,~
379,425 pounds, valued at $2,158,518. It is not known how much of this amount was taken within
the bay, but a large percentage was caught outside the capes by purse-seine boats and brought in
to the various factoriesin Virginia. Pound nets are credited with 6,233,920 pounds, worth $22,114,
almost the entire catch being confined to Virginia.

The menhaden is utilized almost entirely for fertilizer (fish scrap) and fish oil.” In 1920, 18
factories were in operation, employing about 900 persons. These factories were supplied by 42

F16. 58.~Larva 23 millimeters long

steam vessels, on which over 1,500 persons found employment. The industry is confined to Vir-
ginia, the chief centers being Northumberland and Lancaster Counties.

In many parts of the bay this fish is not utilized by the pound-net fishermen, but is separated
from the catch of more valuable species and thrown away. In some localities it is sold to farmers
at a small price and is used to enrich the soil. Within the vicinity of the factories, the pound-net
fishermen sometimes dispose of a catch (when sufficiently large) by bringing the menhaden directly

! For a detailed account of the menhaden industry see “ The Menhaden Industry of the Atlantic Coast” by Rob Leon Greer.
Report, U. 8. Commissioner of Fisheries, 1914 (1015), Appendix III, 27 pp., Pls. I-VII. Bureau of Fisheries, Doctiment No. 811.
‘Washington, 1915,
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to the factory. During much of the fishing season the daily catch for.B.peund net is about 1 bushel
of menhaden, an amount too small to market. Fishermen generally do not record the eatch of
menhaden, and for this reason the amount taken by pound nets probably is larger than that given
in the statistics.

This species is taken durmg the major part of the ﬁshmg season——from March until late Novem-
ber. It ranges from the capes to the head of the bay and is very common as far north as Baltimore.

F1G. 59.—Young fish 33 millimeters long

Habitat.—* Nova Scotia to Brazil.” (Jordam and Evermann, 1896-1900.)

Chesapeake localities.—(a) Previous records: Many parts of the bay, in salt and brackish
waters. (b) Specimens in collection: From nearly all sections of the bay. Taken in shallow
water during the summer and in deep water during the winter.

Comparison of weights and measurements of menhaden

Number of fish weighed and measured | Length %‘;g}ff Number of fish weighed and measured | Length | AVerage

welght

Inches Qunces R Inches Ounces
e ttm i camaeee 4 035 ... I 8.5 4,10
- 4.5 9... 9 4. 65
5 74 4... . 9.6 6.05
- 6.8 1.05 8... 10 7.18
6 1.34 4 3... 10.5 8.00
6.5 L6014 1. 1.5 8. 50
7 213 || 1..- 13 16,60
7.5 2.52 | 2..... 14 17.10

8 - 3.59

For convenience the fish were divided into groups varying one-half inch in length. For
example, the 4.5-inch group is composed of fish ranging in length from 4.25 to 4.74 inghes, and the
5-inch ‘group is composed of individuals ranging from 4.75 to 5.24 inches in length, etc. The
weights given constitute the average weight for all fish weighed and measured falling within a group.

The weight of menhaden, with respect to size, varies according to season, the fat fish being
heavier in the fall than corresponding sizes of spring-caught fish. Apparently weights of fish taken
in the same season may vary from year to year, depending upon the amount and kind of food
available. The following table illustrates the difference in weight of menhaden from lower Chesa~
peake Bay caught during October, 1921 and 1922. These fish were weighed by the same metric scale.

Number of fish weighed and measured Length | Weight Number of fish weighed and measured Length | Weight
1621 1922 -

Inches | Ounces Inches | Ounces
Tacenaee 5.1 0.78 || 2 51 Lo7
5... 5.5 101 | 4 55 L15
2. 5.9 1.19 || 8..-- 5.9 1.86
4 oo - 6.3 1.44 || 7. 6.8 1.55
1... 6.7 167 || 7-.-- 6.7 .93
2... 7.1 1.95 || B.__. 7.1 2,21
[ 7.9 3.59 |i 8. 7.9 3.27
3.. 8.3 3.521 7 8.3 4.26
R, 8.7 8.77 }1 9 8.7 4,64
D P 0.1 4221 2._. 9.1 5.17
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Family XXI..-DOROSOMIDZA. The gizzard shads

Body rather short and deep, strongly compressed; head small, short; mouth small, inferior;
gill rakers numerous, slender; no lateral line; seales thin, cycloid, deciduous; anal fin long and low;
the stomach rounded and very muscular, developed into a “gizzard.” Mud-eating fishes.

29, Genus DOROSOMA Rafinesque

This genus is readily recognized by the prolongation of the last ray of the dorsal fin. A single
species is recognized from the United States.

39. Dorosoma cepedianum (LeSueur). Gizzard shad; “Toothed herring’”; ‘Oldwife”; “Mud
shad.”
Megalops cepedina LeSueur, Journ., Ac. Nat. Sci., Phila., vol. 1, 1818, p. 361; Delaware and Chesapeake Bays.
Dorosoma cepedianum Uhler and Lugger, 1876, ed. I, p. 160; ed. IT, p. 136; Bean, 1883, p. 367; Jordan and Evermann, 1896~1900,
p. 416, Pl. LXIX, fig. 183,
Head 3.3 to 4.6; depth 2.25 to 2.8; dorsal 14 or 15; anal 30 to 34; scales 56 to 64; ventral scutes
29 to 31. Body rather deep (with depth quite variable), compressed, the abdomen compressed,

FI1G. 60.—Dorosoma cepedianum. From a specimen 1284 inches long

with sharp scutes on ventral edge; head rather small (variable); snout blunt, projecting beyond
mouth, 4.5 to 5.1 in head; eye with adipose eyelids, 3.45 to 5.25; interorbital 3.3 to 4.3; mouth infer-
_ior, rather small; maxillary reaching about opposite anterior margin of pupil, 3.1 to 3.75 in head;
teeth wanting in the adult; gill rakers long and slender, numerous, about 135 on lower limb of first
arch; scales rather large, reduced scales extending on base of caudal fin; lateral line wanting; dorsal
fin rather small, somewhat elevated anteriorly, the last ray produced, sometimes nearly as long as
‘head, origin of the fin somewhat nearer tip of snout than base of caudal; caudal fin rather deeply
forked; anal fin very long, longer than head, 2.35 to 3.6 in length of body, its origin well behind the
end of base of dorsal; ventral fins small, inserted about equidistant from base of pectorals and origin
of anal, 1.65 to 2.3 in head; pectoral fins larger than ventrals, 1.15 to 1.3 in head.
Color of adult plain metalic blue above, silvery on sides; fins all more or less dusky. The color
of immature fish, 107 to 127 millimeters in length, sea-green above, silvery below, frequently with a
small black spot at shoulder; fins plain, dorsal and anal sometimes slightly dusky.
The Chesapeake collection contains 31 specimens ranging from 334 to 13 inches in length.
No very young individuals were seen in brackish water. ‘‘The young are extremely different from
"the adult, slender and minnowlike in shape, and with a row of fine teeth on upper jaw, although
the mouth of the adult is entirely toothless and smooth. The internal structure of the young also
- differs remarkably from that of the full-grown fish, especially in the much greater simplicity of the
digestive apparatus, the intestine in specimens not more than an inch long passing almost directly
back from the stomach to the vent.” (Forbes and Richardson, 1908, p. 47.) The young also
differ from the adult in having a large dark spot on the shoulder.
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This species is readily recognized by the inferior mouth, the produced posterior ray of the
dorsal, and by the very long anal fin. The adults also are characterized by the numerous, slender,
close-set gill rakers, by the greatly thickened walls of the stomach, from which it derives the name
“‘gizzard shad,” and by the long convoluted intestine and numerous cceca. L

The size of the head and the depth of the body vary greatly among specimens, as shown in the
description. The dark shoulder spot, always present in the young, appears to persist much longer
in some specimens than in others, and occasionally it probably never is lost. These variations form
the basis for the descriptions of several nominal species. Only one species, however, is now recog- .
nized, and variations occur even among individuals taken in the same school.

The food consists almost exclusively of small organisms derived from mud, upon which it feeds.
For the purpose of extracting these organisms from the mud, the fish is provided with a very effec-
tive straining apparatus in its gillrakers, which have already been described. Linton examined 10
stomachs taken from Chesapeake Bay specimens and found about 20 per cent of the “gizzard”’
content to consist of sand and mud and about 80 per cent of vegetable débris. One copepod was.
recognized and two Foraminifera. The intestine in this lot contained the same material, but with a
rather larger proportion of sand. One Foraminifera, one Diffulgia, and one diatom were recognized.

Spawning occurs during the early summer. The species is very prolific. The gizzard shad is
more fresh-water in habit than are the true shad and herrings, as it is found in fresh water at all
seasons; in some instances it has become landlocked, under which conditions it is thriving. It has,
in fact, become so fresh-water in its habits that it frequents only fresh and brackish water and is
rarely seen in strictly salt water. Nevertheless, it appears to make certain migrations, at least in
Chesapeake Bay, as there is a fall “run” in September and October; but we have no evidence that
there is a corresponding spring “run”’, as one would expect and as reported for North Carolina by
Smith (1907, p. 119).

We know comparatively little of the rate of growth of the gizzard shad in Chesapeake Bay,.
but the following total catches, and therefore unselected fish, show that a length of about 4 to 5 inches’
is attained by October. These fish all were collected at Ocean View, Va., except one specimen,
which was taken from the Patuxent River on November 8.

Number A
Date of fish Range in size verage
taken Jengt.

Millimeters| Inches Inches .
4-5

Sept. 25, 1922__ 5 101-125 4.3
Oct. 20, 1922 1 109 4.3 4.3
Oct. 18, 1922 14 107-126 | 4.2-5 ' 4.5
Oct. 25, 1922... 20 100-160 | 4.3-6.3 5.3
Nov. 8, 192 eI 1 4 4

101

The gizzard shad is a bony fish of rather poor quality and it commands a low price in the. mar-;
ket. In the Chesapeake region it sells fairly well to a class of trade that demands a cheap fish.
The retail price in the Baltimore market in 1921 was about 5 cents a pound. This fish is not taken,
in large quantities in Chesapeake Bay and it does not command a separate fishery, but at times:
when “fishing is bad” catches are made that are very helpful to the fishermen. During 1920,
among the various Chesapeake Bay fishes, it ranked fifteenth in quantity and twentieth in value,
the catch being 72,852 pounds, worth $2,013. v .

The importance of this fish among the commercial species, however, must not be judged from
the quantity that is marketed and the price received. The food that the gizzard shad furnished
for other fish, without itself eating foods utilized by most species, is no doubt of great economie
importance. This point is well stated by Forbes and Richardson (1908, p. 46) in speaking of its
importance among the fishes of Illinois: o

This immensely abundant species, although little esteemed as a food fish, is one of the most useful in our waters because of
the almost exhaustless food supply which it offers to all the game fishes of our larger streams and lowland lakes. Living itself
mainly upon food derived from the muddy bottoms of our very muddy rivers and lakes, it serves as a means of converting this mere
waste of nature into the flesh of our most highly valued fishes.
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The maximum length attained by the gizzard shad is given as 15 inches by Jordan and Ever-
mann (1896-1900, p. 416), and the average weight is given as 134 to 2 pounds by Smith and Bean
(1899, p. 183) and others. - This weight is quite certainly the maximum instead of the average
weight. The average length of the adult of Chesapeake Bay, at least, appears to be between 11
and 12 inches, and fish of this length, as shown by the accompanying table, weigh less than 1 pound.

The gizzard shad, as already indicated, appears to be common in Chesapeake Bay only -during
the fall months, when it is taken principally in brackish water near the mouths of fresh-water
streams. In the rivers of the Chesapeake region it is common or even abundant throughout the
year.

Habitat.—Fresh and brackish waters of the Atlantic coast, from Massachusetts to Mexico,
and the Mississippi Valley and Great Lakes. Alsolandlocked in many ponds and lakes.

Chesapeake localities.—(a) Previous records: Chesapeake Bay (Le Sueur, 1817); Baltimore
docks, Potomac, Patapsco, and other rivers (Uhler and Lugger, 1876); head of Chesapeake Bay
(Bean, 1883); Potomac River (Smith and Bean, 1899). (b) Specimens seen or taken in brackish
or salt water during the present investigation: Hawkins Point, Baltimore; mouth of Severn River;
Chesapeake Beach; Blackistone Island, Md.; Lewisetta; Ocean View and Lynnhaven Roads, Va.
Greatest salinity, 22.63 per mille.

The fish upon which the following weights are based with few exceptions were caught off
Ocean View, Va., from September 25 to October 25, 1922.

Number of fish weighed Length | Weight Number of fish weighed Length | Weight
Inches | Ounces Inches | Ounces
4.00 0.36 6.00 1.18
4,12 .40 6.25 1.42
4.25 .88 7.00 2.00
4.37 .43 18.00 4.50
4,50 .46 9.33 5.60
4.62 .54 29.63 4. 67
4,75 .56 10.00 7.68
5.00 .59 111.78 7.42
5.26 .78 112,76 15.00
5.87 .82 113.00 12.00
5.75 .96

1 Caught off Chesapeake Beach, Md., in October, 1921.

s Canght October, 1921, on Blackistone Island, Potomac River, in a pond nearly landlocked. Note that the three fish from
¢thislocality are all below normal weight, due, perhaps, to the fact that they lived in a pond where the food supply was not abundant.
All the remaining fish were taken in the open bay.

Family XXI.—_ENGRAULIDZE. The anchovies

Body elongate, more or less compressed; abdomen frequently compressed, foxming a slight
keel; snout pointed, usually projecting far beyond mandible; mouth large; maxillary usually reach-
ing far past eye; premaxillaries not protractile; teeth usually small but sometimes uneven and
caninelike; gill membranes separate or joined, free from the isthmus; gill rakers long and slender;
pseudobranchis present; lateral line wanting; scales thin and eycloid, usually deciduous; dorsal
usually about median in position; no adipose fin; caudal fin forked. A single genus of the family
oceurs in Chesapeake Bay. )

30. Genus ANCHOVIELLA Fowler. Anchovies

Body elongate, compressed; abdomen usually compressed; snout conical, projecting promi-
nently beyond the mandible; mouth large; the maxillary usually reaching far beyond eye; teeth
very small, pointed; gill membranes separate and free from the narrow isthmus; gill rakers long and
slender; scales rather large, thin, and usually deciduous.
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KEY TO THE SPECIES

a. Anal fin with 24 fo 27 rays, the origin of the fin under middle of dorsal base; silvery lateral band

more or less diffuse; length about 8 inches. .. .. ___. mitchilli, p. 109
aa. Anal fin with 20 or 21 rays, the origin of the fin under the last rays of the dorsal; silvery lateral
band very bright and well defined; length about 414 inches_. .. _________. epsetus, p. 110

40. Anchoviella mitchilli (Cuvier and Valenciennes). Anchovy.

Engraulis mitchilli Cuvier and Valenciennes, Hist. Nat. Polss.,, XXI, 1848, p. 50, New York; Carolina and Lake Pon-
chartrain, La. .

Engroulis vittatus Ubler and Lugger, 1876, ed. I, p. 161; ed. II, p. 137. .

Stolephorus mitchilli Bean, 1891, p. 93; Jordan and Evermann, 1896-1900, p. 446; Smith and Bean, 1899, p. 184; Evermann
and Hildebrand, 1910, p. 159, .

Anchovia mitchilli Fowler, 1912, p. 52.

Anchoviella mitchilli Jordan and Seale, 1926, p. 405.

Head 3.9 to 4.45; depth 4.1 to 5.1; D. 13 to 15; A. 24 to 27; scales 37.to 40. Body strongly
compressed; ventral outline much more strongly convex than the dorsal; the margin of abdomen
compressed, forming a rather sharp edge; head moderate; snout conical, projecting notably in
advance of lower jaw, 4.6 to 7 in head; eye 2.6 to 4.2; interorbital 4.1 to 5.9; mouth large, slightly
oblique; maxillary long and sharply pointed posteriorly, reaching nearly or quite to margin of
opercle, 1.1 to 1.38 in head; teeth pointed, present on both jaws; gill membranes largely separate

. F1a. 61— Anchovlella mitchillt, adult

and free from the isthmus; gill rakers rather long and slender, about 25 on the lower limb of first
arch; scales thin, cyeloid, deciduous, extending on the base of the fins; dorsal fin small, its origin
notably nearer base of caudal than tip of snout, distance from tip of snout to dorsal 1.6 to 1.77 in
body; caudal fin well forked; anal fin long and low, its origin near vertical from middle of base of
dorsal; ventral fins small, inserted nearer origin of anal than base of pectorals; pectoral fins inserted
low, 1.7 to 3.2 in head. '

Color largely translucent, silvery; sides with a silvery lateral band, narrower than eye; back
along base of anal and lower margin of caudal peduncle with dusky punctulations; cheeks and
opercles silvery; fins pale or yellowish and usually with dark dots. ‘ )

Many specimens of various sizes were preserved. The anchovies are readily recognized by
their generally soft, delicate, more or less translucent appearance, large mouth, the prominently
projecting, conical snout and the usually brilliant, silvery, lateral band. The present species
differs from A. epsetus (the only other anchovy known from Chesapeake Bay) in the smaller size,
narrower aud less brilliant silvery lateral band, slightly longer anal, and in the relative position of
the dorsal and anal fins. In A. mitchilli the origin of the anal is about under the middle of the base
of the dorsal, whereas in A. epsetus the origin of the anal is only a little in advance of the base of
the last ray of the dorsal.

A considerable variation in the depth of the body occurs among individuals of the same size,
and a similar variation is especially great among individuals of various ages. In general the body -
becomes deeper with age. The larvae are extremely slender, as the depth of specimens of about 16
millimeters in length is contained about 12 times in the body, 9 times in specimens 20 millimeters
long, and 5.5 times in specimens 25 millimeters Jong. The range of variation in vhe depth of adult
fish is shown in the foregoing description. The young, furthermore, differ from the adults in having
& terminal mouth, a short rounded maxillary (which does not reach the margin of the opercle),
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and in the absence of a definite silvery lateral band. The fish does not acquire all the characters
of the adult until a length of about 60 millimeters is reached.

The food of this anchovy (according to an examination made of 44 stomachs taken from speci-
mens. collected during the months of January, February, April, May, July, August, October, and
November) consisted almost wholly of Mysis and copepods. The former appeared to be the prin-
cipal food of the adult and the latter the sole food of the young. Other foods consisted of two small
anchovies (indicating cannibalism), three small gastropods, and one isopod. - No changes in the
foods taken at different seasons of the year are apparent.

The spawning season, as shown by field observations, egg collections, laboratory dissections,
and by the widely separated dates upon which very young specimens were taken is a prolonged
one, extending through the months of May, June, July, and August. The eggs, according to Kuntz
(1914, p. 14), are slightly elongate, the major axis being 0.65 to 0.75 millimeter and the minor axis
is from 0.1 to 0.3 millimeter shorter. The eggs are pelagic and almost perfectly transparent. The
period of incubation at summer temperatures is about 24 hours. The larve, when hatched, are
only 1.8 to 2 millimeters in length. The rate of growth of the young fish is extremely difficult to
follow as it is impossible to separate collections into age groups by lengths. This almost perfect
gradation of size among the young no doubt largely results from the protracted spawning season.

The maximum size attained by this anchovy, as shown by measurements made of Chesapeake
collections, is a little less than 4 inches, for the largest fish obtained were 97 millimeters long (weight,
one-third ounce). The average length of this fish for Ches-
apeake Bay is about 3 inches. This anchovy oceurs in schools,
and it is the most abundant species of fish, with the probable
exception of the silverside (Menidia menidia), that inhabits the
bay. It is present at all seasons of the year. During cold
weather it appears to frequent chiefly deep water, but during
the summer it is generally common along the shores and even
in muddy coves, and it also ascends fresh-water streams. It
is sometimes taken in the Potomac River in fresh water near
Bryans Point, about 12 miles below Washington.

In geveral Old World countries the anchovies are preserved

2 like sardines and in various other ways. In America, however,

Fia. 62.—Egg with large embryo they are much more important as food for other fish than as

food for man. This species is not at all utilized by man in

the Chesapeake region, yet it undoubtedly is of very great indirect commercial importance, as

it appears to enter into the food of the larger predatory species more frequently than any other
one species.

Habitat.—Atlantic and Gulf coasts, from Massachusetts to Texas; rarely northward to Maine.

. Chesapeake localities.—(a) Previous records: Tolchester Beach, Riverside, Somerset Beach, .
lower Potomac, St. Jeromes, Md., and Cape Charles, Va. (b) Specimens seen or taken during
the present investigation: From virtually all parts of the bay, from Havre de Grace, Md., to Lynn-
haven Roads, Va. —

41. Anchoviella epsetus (Bonnaterre). Anchovy.

Esoz epsetus Bonnaterre, Ichthy., 1788, p. 175,

Stolephorus brownii Bean, 1801, p. 93; Jordan and Evermann, 1896-1900, p. 443.

Anchoviella epsetus Jordan and Seale, 1926, p. 396. . )

Head 3.6 to 4; depth 4.5 to 5.2; D. 14 to 16; A. 20 or 21; scales 38 to 40. Body moderately
compressed; the ventral and dorsal outlines about evenly curved; the margin of abdomen little
compressed; head moderate; snout conical, strongly projecting, 4.3 to 5.6 in head; eye 3.6 to 4.4;
interorbital 3.8 to 5; mouth large, slightly oblique; maxillary long and sharply pointed, reaching
nearly or quite to margin of opercle, 1.2 to 1.58 in head; teeth in the jaws small, sharply pointed;
gill rakers rather long, about 20 on the lower limb of the first arch; scales thin, deciduous, extend-
ing on the base of the fins; dorsal fin small, its origin a little nearer base of caudal than tip of snout;
caudal fin forked; anal fin of moderate length, its origin under the last rays of dorsal; ventral fins
small, inserted equidistant from base of pectorals and the origin of the anal; pectoral fins moderate,
1.65 to 1.95 in head.




FISHES OF CHESAPEAKE BAY 111

Color of fresh specimens pale gray and somewhat iridescent; the scales on back with dusky
punctulations; sides with a broad, bright silvery band, a little narrower than eye; upper surface
of head green and yellow; cheeks and opercles iridescent, silvery; fins mostly plain, the dorsal
and caudal with more or less dusky.

Many specimens ranging in length from 46 to 150 millimeters were preserved and have been
made use of in writing the foregoing description. The marks of distinction between this anchovy
and A. mitchilli, the only other anchovy known from Chesapeake Bay, are indicated in the discussion
following the description of the last-mentioned species.

The very young of this species, as in A. mitchilli, are much more slender than the adults. The
great variation in the depth of the body among adults, noticed in A. mitchilli, however, is not
apparent in the present species. The larvz of both species are much alike, but those of A. brownii
have the vent located correspondingly farther posteriorly, and as soon as the dorsal and anal fins
‘have become differentiated the young of the present species may be recognized by the more pos-
terior origin of the anal fin, which is under the base of the last rays of the dorsal, whereas in A.
mitchilli it is under the middle of the dorsal base.

Nothing distinctive concerning the food of this anchovy can be said, as the examination of 16
stomachs shows that it is identical with that of A. mitchilli, consisting almost wholly of small
crustaceans.

The spawning season of the present species appears to be identical with that of A. mitchills.
The eggs and embryology for A. brownii have not been described, and therefore such differences
as may exist between the two species can not be given. The statements concerning the rate of

¥1G6. 63.—Larva 10 millimeters long

growth of the young fish, given in the discussion of 4. mitchilli, appear to apply equally as' well
to A. browndt.

The maximum size attained by this anchovy, as shown by measurements made of Chesapeake
collections, is 6 inches (weight, 1 ounce), and the average length is about 414 inches (weight, one-
half ounce). This anchovy, like A. mitchilli, occurs in schools. However, it is much less abun-
dant in thebay as a whole than is A. mitchilli. A.browniiis common and at times very-abundant in
the southern parts of the bay. North of the mouth of the Rappahannock River it is comparatively
rare. No specimens were taken during winter months, indicating that the species withdraws from
the bay during cold weather. ’ )

The species has no direct commercial value in the region of the Chesapeake, but indirectly it
must be of considerable importance because of the large numbers of these fish that are found in the
food of the larger predaceous fishes.

Habitat.—Massachusetts to Uruguay.

Chesapeake localities.—(a) Previous record: Cape Charles, Va. (b) Specimens seen or taken
during the present investigation: Annapolis, August 17, 1921, and Crisfield, Md., September 14,
1921; Lewisetta, August 4-8, 1921; lower Rappahannock River, July 25, 1921; Cape Charles,
September 20-22, 1921; Buckroe Beach, October 5-10, 1921; Lynnhaven Roads, July 16, 1916,
and September 27-30, 1921, and Ocean View, Va., September and .October, 1922. All caught

with collecting seines.

Order APODES. The eels
Family XXIIL.—ANGUILLIDZA. The common eels

Body very elongate, compressed posteriorly; head conical; opercles and branchial apparatus
well developed; tongue distinct; teeth small, in cardiform bands on jaws and vomer; gill openings
vertical; lateral line present; scales rudimentary, imbedded and placed at right angles to each other;
dorsal and anal fins confluent around the tail; pectoral fins well developed.
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31. Genus ANGUILLA Shaw. Common eels

Mouth large, the lower jaw projecting; nostrils well separated, the anterior one tubular; dorsal
and anal fing long, the origin of the dorsal not.near the head. A single species is known from Ameri-
can waters.

42. Anguilla rostrata (LeSueur). Common eel; Fresh-water eel.
Murzna rostrate LeSueur, Jour., Ae. Nat, Sci., Phila., V, 1817, p. 81; Lakes Cayuga and Geneva, N, Y.
Anguilla bostoniensis Uhler and Lugger, 1876, ed. I, p. 181; ed. II, p. 153.
Anguilla rostrata Bean, 1883, p. 367; Bean, 1801, p. 94.
Anguilla anguills Smith, 1892, p. 69.
Anguille chrysypa Jordan and Evermann, 1896-1900, p. 348, P1. LV, fig. 143; Smith and Bean, 1899, p. 183; Fowler, 1912, p. 62.
Head 7.4 to 8.5 in total length; depth variable 1.65 to 2.65 in head. Body elongate, round
anteriorly, compressed posteriorly; head of moderate length; snout rather pointed, 4 to 5.5 in head ;
eye 9.5 to 12; interorbital 6.5 to 8; mouth large, slightly oblique, reaching opposite middle of eyes;
lower jaw projecting; anterior nostril situated on upper lip, provided with a tube; lateral line well
developed, complete; scales small, imbedded, linear, arranged in groups, mostly at right angles to
each other; origin of dorsal from 1.5 to nearly 2 times the length of head behind the gill slit; pre-
dorsal length of body 2.8 to 3.2 in total length; the dorsal and anal fins low, continuous with the
caudal fin, which is round; pectoral fins moderate, proportionately longer in the adult than in the
young; posterior margin round, the median rays longest, 2.65 (in adults) to 6 (in young) in head.
Color uniform greenish brown to yellowish brown above; white below.

Fia. 84.—Anguilla rostrala

Numerous specimens, all of the adult form, ranging from the glass stage, 48 millimeters long
to adults of 740 millimeters (12§ to 2914 inches), are represented in the Chesapeake collection.
The young or larval form, known as the leptocephalus, has not yet been taken in Chesapeake Bay
nor within the immediate vicinity of the shore anywhere along the American coast.

The eel is an omnivorous feeder. It is reported to be very destructive of other fish and even
of one another and of the spawn of shad, herring, etc. Stomachs of 31 Chesapeake Bay specimens,
ranging from 14}4 to 294 inches in length, examined by Linton, had fed on crustaceans, annelids,

_ fish, echinoderms, mollusks, and eel grass, named in the order of the abundance in which they were
found in the stomachs examined, beginning with fhe most common one. Thirteen stomachs of
small examples, 2 to 8 inches in length, from various sections of the bay, examined by us, had fed
mainly on amphipods and isopods. Three stomachs also contained fragments of a segmented worm
bearing bristles; one contained the siphon of a mollusk, another a portion of a tunicate, and three
specimens contained plant leaves or stems or both.

The life history of the eel is very complicated but extremely interesting. Although the female
fresh-water eel spends most of its adult life in fresh water, it runs far out to sea to spawn.

Exactly where its spawning grounds are probably is not yet definitely known, although, with
reference to the European and American eels, Dr. Johannes Schmidt is quoted 8 as saying:

¥ Fisheries Service Bulletin, Aug. 2, 1920, No. 63, p. 3 (United States Bureau of Fisherles). For an extensive account of the
life history of fresh-water eels see Johs, Schmidt, IV.—The Breeding Places of the Eel. Philosophical Transactions, Royal Society
of Loudon, series B, vol. 211, 1922 (1923), pp. 179 to 208, pls. 17~18,



FISHES OF CHESAPEAKE BAY 113

1 think I am now able, after so many years’ work, to chart out the spawning places of the European ecl. The great center
seams to be about 27° N. and 60° W. [southwest of Bermuda), a most surprising result, in my opinion. The American eel seems to
have its spawning places in a zone west and south of the European, but overlapping. The larvs of both species appear to pass
:(I:ii; :f:ftt youth together, but when they have reached a length of about 3 centimeters the one species turns to the right, the other

Neither is it definitely known, as far as the writers are aware, whether the eggs are pelagic or
at what depth they are laid. The larvee of such sizes as have been taken live at the surface, and it
is now supposed that the eggs are pelagic.

F16. 65.—Leptocephalus stage, 49 millimeters long

The larva, or leptocephalus, is nearly as different in form from the adult as the caterpillar is
from the butterfly. It was not until about 1895, or approximately 40 years after the leptocephalus

was first described, that it was definitely determined that the leptocephalus was a young eel. The
\\\\\\\\\TX\\\“\\\\%
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FiG. 66.—Leptocephalus stage, 55 millimeters long

larve are flat, ribbon shaped, tapering toward both ends. They are transparent, being entirely
devoid of pigment, except in the eyes, and are readily overlooked in the collecting net. They have
a well-developed mouth with very.large teeth. In the process of metamorphosis the creature loses
in length and depth but gains in width until the adult stage is attained.

Fia. 67.—Leptocephalus stage, 58 millimeters long

The growth of the larve and metamorphosis take place while the young migrate from mid-
ocean toward the shores. The smallest larvee are taken nearest the spawning ground in mid-ocean
and larger ones nearer the shores. By the time the eel reaches fresh water a complete metamor-
phosis has taken place. The length of fully developed larve, according to Schmidt (1912, p. 8),

R R R
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F1q. 68.—Transition stage, 61 millimeters long

ranges from 60 to 85 millimeters, the length being reduced from 82 to 53 millimeters in the process
of metamorphosis. The large larval teeth are lost, but they are replaced immediately by perma~
nent ones. The dorsal and anal fins are produced farther forward; the pigment, however, is still
largely wanting, as is indicated by the name ““glass eel,” and it forms very gradually. The follow-
ing “ glass eels” were collected at the surface in Chesapeake Bay by the Fish Hawk and the Albatross.
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Date Number Bize Date Number Size
Milli- Milli-
meters meters
Jan. 24,1921 _______ .. ... _____.. 1 67 | Jan, 17,1016, .. .. .. .. . ... ... 14
Jan. 26,1921 . ____ ... ... . _.. 1 52| Jan. 18,1916 ___ ... ___. 2 48-50
Mar. 27,1921 . ___ .. ... ... 3 52-59 || Feb. 18, 1922 2 54-57
Mar. 28,1921 __ _._______ ... ... ... 1 57

Little is known of the rate of growth of the American eel or the approximate age at which it
reaches sexual maturity and returns to salt water. Some attempts have been made by European
investigators to determine the rate of growth and age of the European eel by an examination of
the otoliths, the centra of the vertebra, and the scales. Information derived from these studies
indicate that the life of the eggs and larve may be two years (the American eel, however, is said to
require only one year to pass through the metamorphosis), and that they probably have an aver-
age length of 714 inches when 6 years old, and that at the age of 9 years the average length of the
male is 14 inches and that of the female 1514 inches. Some evidence has also been obtained which
indicates that maturity is reached at from 714 to 934 years of age. What becomes of the eel after
it has spawned in mid-ocean also is not known, but it is generally supposed that it dies.

It is impossible to segregate eels into age groups based upon size, for all sizes are well repre-
sented in the catch of collecting seines. Commercial seines and nets have a mesh of such size that
the smaller eels escape, so that data from this source are worthless as a means for determining rate
of growth. However, our finest-meshed seines have caught enough very small eels so that some
idea of the early growth may be had. It has already been pointed out that the “glass eel” that
reaches our coast during the winter (January to March off the Chesapeake; as late as April in the
Gulf of Maine) has a length of from 48 to 60 millimeters and is about 1 year old. The following
catches of young eels that have passed the glass stage and possess the pigment of the adult have
been made in Chesapeake Bay:

Number Number
Date measured| 10ches Date mensured| 1nches
ADr. 26, e iae 2 1 3
AU, B 3 1 2.9
Sept. 1._.. .. 1 4| 4.6-5.5
Sept. 10 ol 3 6| 4.46.5
3 6.9

Assuming that the fish have been grouped correctly in the foregoing table, the increase from
one April to the next is from about 214 to 5 inches, the greater length being attained when the eel
is g little more than 2 years old. ‘

The fresh-water eel is very common in the Chesapeake region, and in many places it is abundant
in brackish water at the mouths of rivers and creeks.

The eel was considered so destructive of other fish that the legislature of Maryland, in 1888,
passed an act and appropriated funds providing for the destruction of this fish. In 1892 and 1893
one-fourth of the funds appropriated for the use of the State fish ecommission, was set aside for the
destruction of the eel (Sudler and Browning, 1893, p. 27). The oak-split eel pot, baited with “fresh
offal of any kind,” was utilized in the capture of the eels. According to the report of the com-
missioners of fisheries of Maryland for 1892 and 1893 (p. 27), $3,413.25 were expended during these
two years for destroying eels. A total of $80.77 was realized from the sale of the eels thus taken.
No information concerning the number of eels destroyed or marketed is given. The work was
discontinued in the following year. The effects upon the abundance of the eel and other fish, if
any, which were brought about through the attempted destruction of eels, is not stated.

The following incident, which appears to be worthy of note on account of the difficulty with
which an eel, because of its ‘“slipperiness,” is captured and retained after capture, was made by
the junior author, whose field notes we quote:
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‘WxENMS, RAPPAHANNOCK RIVER, VA., July 25, 1921,

An interesting incident was observed when a fish hawk caught an eel fully 20 inches long in several feet of water. ' The bird
«dropped the fish twice, recovering it each time, and several times it almost lost it, The hawk circled about several times with the
el beforelflying away, The fish could be seen plainly, squirming frantically to get away.

The eel reaches a large size in the Chesapeake region. Individuals 3 and 4 feet in length are
seen occasionally in the markets. These large individuals are females, for the male probably does
not exceed a length of 2 feet (Smith, 1907, p. 109). The flesh of the eel is firm and well flavored,
but, owing to its resemblance to a snake, many people will not eat eels. In Europe this prejudice,
if ever it existed, has been much more generally overcome, and the eel fisheries are of much greater
importance than in America.

The eel is one of the important food fishes taken in the Chesapeake and its tributaries. Dur-
ing}1920 it ranked eleventh in quantity and tenth in value, the catch being 318,008 pounds, worth
$33,704. Among the Maryland fishes it ranked seventh both in quantity and value, the catch
being 197,293 pounds, worth $21,395. Of this amount, 77 per cent was taken in eel pots, 10
per cent in fyke nets, 7 per eent in pound nets, 4 per cent with spears, and 2 per cent with seines.
In Virginia it ranked fourteenth in quantity and twelfth in value, the catch being 120,715 pounds,
worth $12,309. Of this amount, 63 per cent was caught in eel pots, 21 per cent in fyke nets, and 16
per cent in pound nets.

This fish is taken principally in the vicinity of Rock Hall, Love Point, Oxford, and Crisfield,
Md., and all western-shore rivers. A special fishery is conducted by means of eel pots in many of
the tributaries of the bay. The majority of the pots are cylindrical in form with a conical entrance
and are constructed of fine-meshed chicken wire. Sometimes many eel pots are attached to one
cable, which may be from 500 to 2,000 feet long, similar to the gear used by lobster fishermen. The
traps also are attached to the stakes of pound nets, for in such localities eels are attracted by the
presence of dead fish.

Habitat.—Atlantic slope of North America from the Gulf of St. Lawrence to Panama, and in
the West Indies, ascending fresh-water streams east of the Rocky Mountains.

Chesapeake localities—(a) Previous records: Virtually all tributary streams. (b) Many
specimens were taken during the present investigation from all parts of the bay and its tributaries.

Comparison of lengths and weights of Anguilla rostrata
fActual lengths and weights of individual fish are given]

Inches Ounces Inches Ounces Inches Ounces

. e

B btk et e e et
PEPEPO=or
D O =t 0O i

-
14
-

o»—-cm—mow-b:ﬂw-ggg

PRNGE g,

It will be noted that eels of the same length vary considerably in weight, due to the fatness of
the individual. Thus, two fish, each 24.3 inches in length, differ in weight 534 ounces, and two 30-
inch fish differ by over 10 ounces. The 44}4-ounce fish was abnormally fat. The sex of these
eels was not determined, but it is not believed that a marked difference in weight due to sexual
difference would occur between fish of the same length. As the male eel is said to reach a length of
only 2 feet, the two largest fish of about the same length in the above table apparently were females
and at the same time varied considerably in weight.
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Family XXIV.—~CONGRIDA. The conger eels

Body elongate; tongue largely free anteriorly; posterior nostril remote from the upper lip and
placed near the eye; lateral line present; scales wanting; dorsal and anal fins confluent around the
tail; pectoral fins well developed. A single genus of this family is represented in the fauna of
Chesapeake Bay.

32. Genus CONGER Houttuyn. - Conger eels

Mouth large, the upper jaw projecting; nostrils remote from each other, the anterior near tip
of snout and tubular, the posterior near the eye; origin of the dorsal over or behind middle of the
pectorals. A single species occurs in Chesapeake Bay.

43. Conger conger (Linnezeus). Conger eel; Sea eel; Silver eel.

Murazna conger Linnsus, Syst. Nat., ed. X, 1758, 245; Mediterranean.

Conger oceanica Uhler and Lugger, 1878, ed. I, p. 180; ed. 11, p. 153,

Leptocephalus canger Jordan and Evermann, 1896-1900, p. 354, P1. LVII, fig. 148,

Head 6.35 to 7.3 in total length; depth 2.3 to 2.85 in head. - Body elongate, anguilliform, round
anteriorly, compressed posteriorly; head moderate; snout long, somewhat compressed, projecting
beyond the mouth, 3.9 in head; eye 7.2 to 9; interorbital space 5.35 to 6.65; mouth inferior, slightly
oblique; the gape reaching opposite posterior margin of pupil; anterior nostril situated on upper
lip, provided with a short tube; lateral line complete, well developed; scales wanting; origin of dorsal
over tips of pectorals, 0.4 to 0.7 length of head behind gill slit; predorsal length of body 4.6 to 5.15
in total length; dorsal and anal fins rather low, continuous with the caudal fin, which is narrowly
rounded; pectoral fins moderate, round, 2.9 to 3.07 in head.

Color bluish gray, white beneath, dorsal fin with outer edge black, center light blue, dusky at
base; anal pale with outer edge black; pectorals blue gray.

This eel is represented in the present collection by two specimens, 320 and 685 millimeters
(1234 and 27 inches) in length. The conger eel is very similar in shape to the common fresh-water
eel, from which it may be separated, however, by the projecting snout, the absence of scales, and
by the very long dorsal fin, which has its origin about 0.4 to 0.7 the length of head behind the gill
slit or over the tips of the pectoral fins, whereas in the fresh-water eel the origin of the dorsal is 134
to 2 times the length of the head behind the gill slit and far behind the tips of the pectorals.

The conger eel feeds chiefly on fish, but it also takes other animal foods. (Smith, 1907, p.
112.) We have observed congers caught on the New Jersey coast on hooks baited with crab
(Cancer) and clams (Macra, Mya). Cut fish is given as another bait.

The conger eel deposits its eggs at sea but evidently not as far from the shores as the fresh-
water eel, for what were presumably conger eggs were collected by the Grampus 30 miles south of
Nantucket Lightship, off the southern Massachusetts coast. These eggs were pelagic and about
one-tenth inch (2.4 to 2.75 millimeters) in diameter when fertilized. (Eigenmann, 1902, p. 40.)
‘““The number produced by a single eel is enormous, exceeding 7,000,000 in certain large European
specimens. A conger in the Berlin aquarium, weighing 22.5 pounds, had ovaries weighing 8 pounds,
which contained over 3,000,000 eggs (estimated).” (Smith, 1907, p. 111.)

The young, like the common eel, pass through a ribbonlike or leptocephalus stage. At
this period the larve are recognized by the number of vertebre and muscle segments, having 153
to 1569 or more, whereas the American fresh-water eel has about 107 and the European fresh-water
eel 114. The conger leptocephalus reaches a length of about 6 inches, while the American fresh-
water eel reaches a length of only about 214 inches and the European fresh-water eel only about 3
inches.

- The conger eel seldom is caught in nets and nearly the entire catch is taken with hook and line.
This eel is caught along our entire coast at least as far north as Woods Hole, where fish weighing up
to 12 pounds are sometimes fairly common. The conger eel is a regular visitor along the Long
Island and New Jersey coasts where from early summer to fall fish from 3 to 7 feet long and weighing
up to 18 pounds are not uncommon. The usual length in the last-mentioned locality is 314 to 6
feet, with a weight of 5 to 12 pounds. A Chesapeake specimen 27 inches in length weighed 1 pound
714 ounces.
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Uhler and Lugger (1876, p. 181) say of this fish for the Chesapeake region: ‘ Common in the
Jower Potomac and in the parts of rivers within the reach of tide. Brought to our markets in
large numbers and find a ready sale.”” At the present time, however, the conger is only a straggler
in the bay, for many of the fishermen did not know the fish and we observed and collected only
two specimens during 1921 and 1922. Because of its rarity, the conger obviously is of no com-
mercial importance in the Chesapeake. Smith (1907, p. 112) remarks: ‘“Although an excellent
food fish, extensively sought and eaten in Europe and Asia, the conger supports no fishery in the
United States and is sparingly utilized.”

The conger eel attains a very large size in Europe, from whence a specimen of 128 pounds is
recorded, and fish up to 60 pounds are not unusual.. On our coast about 20 pounds appears to be the
maximum. Only the female grows large and the male is thought to reach only 234 feet in length
and only several pounds in weight.

Habitat.—All warm seas except the eastern Pacific, inhabiting the Atlantic coast of Ameriea
from Massachusetts to Uruguay.

Chesapeake localities.—(a) Previous records Lower Potomac and within parts of rivers within
the reach of tide (Uhler and Lugger, 1876). (b) Specimens in collection: Cape Henry, Va., Feb-
ruary 19, 1922, beam trawl, depth 48 feet; Ocean View, October 11, 1922, 1,800-foot haul seine.

Order EVENTOGNATHI
Family XXV.—CATOSTOMIDA. The suckers

Body oblong or elongate, usually more or less compressed; head somewhat conical; nostril
double; no barbels; mouth variable in size, usually protractile and with fleshy lips, jaws toothless;
" lower pharyngeal bones falciform, armed with & single row of numerous comblike teeth ; branchi-
ostegals 3; gill membranes somewhat connected with the isthmus, restricting the gill openings to the
sides; gills 4, a slit behind the fourth; scales cycloid, wanting on the head; the fins without true
spines; adipose fin wanting; ventral fins abdominal. The suckers comprise a large family of fregh-
water fishes. Only a few of the species venture into brackish water and none of them enter sAlt
water. :

KEY TO THE GENERA

a. Lateral line interrupted or wanting; scales large, 35 to 50 in a lateral geries.
b. Lateral line entirely wanting; species small______________________ ... Erimyzon, p. 117
bb. Lateral line present, at least in adults, more or less interrupted; species larger
............................................................... Minytrema, p. 118
aa. Lateral line complete and continuous; scales small, 55 or more in a lateral series.
........................ mmrmmmmmemmeccemeccae e meee o= no~_..Catostomus, p. 119

33. Genus ERIMYZON Jordan. Chub suckers

Body oblong, compressed; mouth subinferior; upper lip protractile; lower lip large, plicate,
V-shaped; gill rakers long; pharyngeal bones weak, with small slender teeth; lateral line wanting;
scales rather large, somewhat crowded anteriorly; dorsal fin short, with about 11 rays; the anal
fin still shorter; caudal fin scarcely forked, but usually more or less concave. A single species of
wide- distribution in fresh and slightly brackish water is known. .

44. Erimyzon sucetta (Lacépdde). Chub sucker; “Mullet’’; “Horned sucker.”
Cyprinus sucetta Lacpdde, Hist. Nat. Poiss., V, 1803, p. 606§ South Carolina.
Mozostoma oblongum Uhler and Lugger, 1876, ed. I, p. 165; ed. II, p. 141,
Erimyzon sucetta Jordan and Everman, 1896-1900, p. 185, Pl, XXX VI, fig. 89; Smith and Bean, 1899, p. 181,
Erimyzon sucetta oblongus Fowler, 1912, . 53.

Head 3.5 to 4.1; depth 3.1 to 3.9; D. 9 to 12; A. 7 or 8; scales 36 to 45. Body oblong, com-
pressed, back elevated; head rather short; snout short, 2.5 to 3.2 in head; eye 3.8 to 5.8; interor-
bital space 2.2 to 2.6; scales large, closely overlapping, at least anteriorly, 13 to 15 in a transverse
geries; dorsal fin a little higher than long, situated over the ventrals; caudal fin' with a more or
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less concave posterior margin; anal fin very small, higher than long, its origin slightly nearer the
base of caudal than the base of ventrals; ventral and pectoral fins moderate and of about equal
gize.

Color variable with age and environment; adults nearly uniform brownish olive above, inter-
mixed with pinkish anteriorly, and everywhere with a coppery luster; pale underneath; fins all
more or less dusky, sometimes reddish. - The young with a black lateral band, later becoming
broken into blotches, forming transverse bands and disappearing entirely with age.

This fish was not taken in brackish water during the present investigation, but it is reported
from brackish water from the vicinity of Baltimore by Uhler and: Lugger and for that reason the
species is included in the present work. The chub sucker is readily recognized by the small dorsal
and anal fins, the absence of the lateral line, and the thick lower lip, which contains many folds
and the halves of which meet anteriorly in a V-shaped angle. The young, in general appearance,
are very similar to some of the cyprinoid minnows. The males of this species, like many of the
cyprinoid minnows, develop tubercles on the snout during the breeding season.

The chub sucker is a bottom feeder and largely herbivorous, yet it bites readily at a small
hook baited with a piece of meat or earthworm. Spawning takes place in the spring. The species
reaches a length of only about 10 inches; its flesh is bony and not of good flavor. It is common,
although not abundant, in the fresh waters of the Chesapeake region. During cold weather, accord-
ing to Smith and Bean (1899, p. 181), it ascends streams to the head waters, where it is taken and
considered a good winter fish for the table, '

Habitat.—Great Lakes, the Mississippi Valley, and seaboard streams from Maine to Texas.

Chesapeake localities.—(a) Previous records: Many fresh-water streams and in brackish water
of the Patapsco River. (b) Specimens in the present collection: None. We have records of speci-
mens taken near Havre de Grace, Md., in April, May, October, and December. The headwaters
of Chesapeake Bay are slightly brackish from late fall until late winter.

34. Genus MINYTREMA Jordan. Spotted suckers

¢« Body elongate, compressed; mouth inferior; upper lip freely protractile; lower lip plicate,
the halves forming an acute angle anteriorly; air bladder in two parts; lateral line interrupted in
adults, wanting in young; scales rather large, about 43 to 47 in a longitudinal series; dorsal fin high
and short, with about 12 rays; caudal fin moderately forked.

45, Minytrema melanops (Rafinesque). Spotted sucker; Striped sucker.

Catostomus melanops Rafinesque, Ichthyologia Ohiensis, 1820, p. 57; Ohio River.

Minytrema melanops Jordan and Evermann, 1896-1800, p. 187, pl. XXXVI, fig. 90.

Head 4.4 to 4.9; depth 3.7; D. 15 or 16; A. 9 or 10; scales 43 to 46. Body elongate, com-
pressed; upper anterior profile evenly and gently convex; head rather small; snout conical, 1.2 to
2.6 in head; eye 5.8; interorbital space 2.1 to 2.5; mouth inferior; the lips with strong folds, the
lower lip much broader than the upper; scales large, eycloid, 12 longitudinal rows between the origin
of dorsal and base of ventrals; lateral line present, complete; dorsal fin a little higher than long, its
origin about equidistant from tip of snout and end of base of anal, its outer margin gently concave;
caudal fin forked, the lobes pointed; anal fin much higher than long, its origin slightly nearer base
of caudal than base of ventrals, the fourth or fifth ray the longest, the posterior rays decreasing
rapidly in length; ventral fins moderate, inserted under the end of anterior third of base of dorsal;
pectoral fins inserted less than an eye’s diameter behind margin of operele, 1.1 to 1.2 in head. Color
of preserved specimens bluish-gray above, pale below; scales on sides with dark areas at base,
which are deeper than long in large individuals, roundish in medium-sized individuals, and
indistinct in young; dorsal and caudal slightly grayish, with darker margins; other fins plain,
colorless.

A specimen 420 millimeters (1634 inches) long, weighing, when fresh, 134 pounds, taken in
brackish water, and four small specimens, all of equal size, 85 millimeters (33§ inches) long, taken
in fresh water, occur in the Chesapeake collection. We have compared these fish with specimens
from Indiana and Texas. It was noticed that the body becomes much more compressed and deeper
with age and size, the folds on the lips become more pronounced, and the dark spots on the scales
on the sides of large specimens are much less distinct than they are in specimens 6 to 10 inches in
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length.. On the large example at hand the dark spots are much deeper than long; in the smaller
specimens they are roundish. In specimens 5 inches and less in length these spots are indistinet
or absent. The lateral line is not always complete and at times it is wanting. This character,
however, does not appear to be correlated with age, as has been supposed. The spotted sucker
usually is readily distinguished from all other suckers by the presence of dark spots on the scales,
forming dark longitudinal lines. It also differs from related suckers in having the outer margin
of the dorsal fin concave, and in the reduced number of longitudinal rows of scales on sides between
the dorsal and ventral fins. This fish is known to reach a length of 18 inches.

The striped sucker evidently is rare in the Chesapeake Bay vicinity, as we are unable to find
a record of its previous capture and the specimens in hand are the only ones seen in the field by the
collectors. The species appears to be mainly a creek and small-river fish. However, the large
specimen at hand was caught in brackish water in the narrows off Spesutie Island. ‘‘From the
little that is known of its food we may surmise that it lives largely on mollusks and insect larve.”
(Forbes and Richardson, 1908, p. 83.) We are unable to find anything in the literature on the
spawning and breeding habits of this sucker, and it is probable that nothing distinctive is known
about it. '

Habitat—“ Great Lakes region to North Carolina (Cape Fear River) and west to Texas;
rather common westward.” (Jordan and Evermann, 1896-19G0.)

Chesapeake localities—(a) Previous records: Nomne. (b) Specimens in collection: From
Spesutie Island near Havre de Grace, Md., 300-foot seine, Nov. 12, 1921, salinity, 1.53 per mille;
Susquehanna River, Havre de Grace, Md., 30-foot seine, Aug. 27, 1921, water fresh.

35. Genus CATOSTOMUS LeSueur. Fine-scaled suckers

Head somewhat elongate; mouth inferior, the upper lip thick, protractile, papillose, lower
lip greatly developed, incised behind, forming two lobes; scales small, 50 to 115 in a lateral series;
lateral line well developed, air bladder with two chambers; dorsal fin with 14 to 19 rays.

46. Caltﬂols%omus commersonii (Lacépéde). Common sucker; White sucker; Mud sucker; Black
mullet.

Cyprinus commersonii Lacépdde, Hist, Nat. Polss., V, 1803, p. 602; locality unknown,
Catostomus communis Uhler and Lugger, 1876, ed. I, p. 162; ed. II, p. 138.

Catostomus teres Bean, 1883, p. 367,

Catostomus commersonii Jordan and Evermann, 1896-1900, p. 178, P1. XXXIV, fig. 83.

Head 4.08 to 4.35; depth 4.45 to 4.82; D. 14 or 15; A. 8; scales 63 to 67. Body elongate, little
compressed; head quadrate, a little deeper than broad; snout conical, 1.9 to 2.15 in head; eye 4.4
to 6; interorbital 2.4 to 2.55; mouth inferior; lips papillose, the lower one broader than the upper;
scales rather small, reduced in size anteriorly, about 20 longitudinal rows on sides between the
dorsal and ventral fins; lateral line complete; dorsal fin about as long as high, the outer margin
nearly straight, its origin a little nearer tip of snout than base of caudal; caudal fin moderately
forked; anal fin much shorter, but higher than the dorsal, its origin about equidistant from base of
ventrals and base of caudal; ventral fins short, inserted under middle of base of dorsal; pectoral low,
1.4 in head.

Color bluish-green above, pale below; dorsal and caudal fins more or less dusky, the other fins
more or less orange. Spring males with a more or less distinet rosy lateral band.  Young darker
gray, mottled with black; the blotches sometimes more or less confluent and occasionally forming a
lateral band.

The Chesapeake collection contains three specimens, respectively, 215, 222, and 235 millimeters
(814, 834, and 93{ inches) in length, which were taken in slightly brackish water. These three
and some smaller specimens from fresh water form the basis for the above description. This sucker
is distinguished from all other suckers of the vicinity by the small scalés, of which there are from
63 to 67 in a lateral series and about 20 longitudinal rows on the side between the dorsal and ventral
fins. The scales are reduced in size anteriorly and appear crowded. '

The alimentary canal is long and somewhat convoluted, without a sharp differentiation between
the stomach and intestine. A specimen 814 inches in length had an alimentary canal 1714 inches
long. The food of this sucker, according to Smith (1907, p. 78), consists of insects, mollusks,
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worms, and ‘“‘other animals.”” Forbes and Richardson (1908, p. 85) point out that the thick pharyn-
geal jaws with a relatively small number of pharyngeal teeth, the lower ones of which are much
thickened and expanded at the crowns, constitute a crushing and grinding apparatus strongly sug-
gesting that a molluscan diet prevails. The specimens at hand had fed abundantly on plankton,
consisting mainly of Cladocera, copepods, and Ostracoda. No insects or insect larvse were noticed.
The earthworm is the commonly used bait for hook and line fishing for this sucker.

Referring to the spawning habits of this sucker, Uhler and Lugger (1876, ed. I, p. 162, and ed.
II, p. 138) say: “In early summer these fish build their nests of piles of sand and stones, and shortly
afterwards their dead bodies may sometimes be found in dozens along the shores of streams such as
Gwynns Falls, Md.” The death of adult fish after spawning is not reported by other observers.
Smith (1907, p. 73) states that in North Carolina spawning occurs in spring in the headwaters of
small streams. According to Forbes and Richardson this sucker prefers riffles or swiftly flowing
water for depositing the spawn. The writers have seen this sucker ascend small creeks in the spring
in schools, when the splashing of watér on the shallow riffles could be heard from a distance. It is
then frequently possible to approach quietly with a torch, and when the light once is over the fish
they become quiet and may be gigged easily.

This fish, although quite bony, is generally considered a fairly good food fish. Uhler and
Lugger (1876, ed. I p. 162, and ed. II, p. 138), however, say: “The rank taste of the flesh renders
it distasteful to many persons, but in the interior sections of the western shore (Maryland) it is
generally eaten by the people.”

The sucker is found in the fresh waters of the Chesapeake Bay region throughout the year,
and according to Smith and Bean (1899, p. 181) it is taken in the Potomac and its tributaries, chiefly
in winter, with seines and fyke nets. This species reaches a length of about 2 feet and a weight of
about 5 pounds.

Habitat.—* Streams and ponds from Quebec and the Great Lakes to Montana, Colorado, and
southward to Missouri and Georgia. * * * Excessively abundant from Massachusetts west
to Kansas.” (Jordan and Evermann, 1896-1900.)

Chesapeake localities.—(a) Previous records: Apparently all from strictly fresh water. (b)
Specimens in collection: From Susquehanna River, Havre de Grace, Md., 300-foot seine, Novem-
ber 9, 1921, salinity 1.53 per mille.

Family XXVI.—CYPRINIDZE. The minnows and carps

Body more or less elongate, compressed or rounded; margin of upper jaw formed only by the
premaxillaries; lower pharyngeal bones supporting one to three series of teeth, the teeth few in
number and sometimes differing in number on the two sides; snout sometimes with two to four
small barbels; gill membranes joined to the isthmus; pseudobranchiz present; branchiostegals 3;
body scaly; head naked; dorsal fin short; ventral fins abdominal. During the breeding season the
males often develop tubercles on the snout, and in some of the species they become brightly colored.

KEY TO THE GENERA

a. Mouth with four barbels; dorsal and anal each with three spines, the third in each fin enlarged

and serrated behind . ___ . _____ .. __. Cyprinus, p. 121

aa. Mouth without barbels; dorsal and anal fins without spines. .

b. Body in adult much compressed; belly behind ventrals compressed to a keel; lateral line

strongly decurved; anal fin long, with about 14 to 16 rays; origin of dorsal behind ven-

Al L e Notemigonus, p. 123

bb. Body not greatly compressed; belly rounded; lateral line only slightly decurved; anal fin
short, with about 8"to 10 rays.

c. Peritoneum black; alimentary canal long, more than three times the length of body

M e demedcmcmciccaciecececieeeeo - .. .Hybognathus, p. 124

cc. Peritoneum pale; alimentary canal short, less than twice the length of body. . Notropis, p. 125
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36. Genus CYPRINUS Linneus. Carps

Body robust, compressed; mouth moderate, inferior, with four barbels; snout blunt; scales
large (wanting in the leather carp); lateral line complete; dorsal fin long, with three spines; anal fin
short, also with three spines; the third spine of dorsal and of anal serrated behind.

47. Cyprinus carpio Linnzus. The carp.
Cyprinus carplo Linnwus, Syst. Nat., ed. X, 1758, p. 320; Jordan and Evermann, 1896, p. 201; Fowler, 1912, p. 53.

This fish has been domesticated and as a consequence it is subject to much variation; numerous
varieties have resulted, which vary greatly in the depth of the body, the relative length of the
head, the length of the fins, and especially in the number and arrangement of the scales. One
variety has only a few scales on the back or is wholly naked and possesses a thick, soft skin. This
variety is known as the “leather carp.” Another variety has enlarged scales on the sides, often
in only a few rows. Such fish are known as ‘‘mirror carp.” A third variety is fully and normally
scaled. This variety is the “scale carp’ and probably is most like the original ‘‘wild” species.

Owing to these great and numerous variations, no attempt is made to offer a technical descrip-
tion. In general, the body is elongate and compressed, the back being elevated. The head is
rather low and small. The dorsal fin is long, consisting of three spines and usually from 20 to 23
soft rays. The anal fin, too, has three spines, and it has only about six soft rays. The third spine
in both fins is enlarged and has a rough posterior edge. The upper jaw has two barbels on each
side, which readily distinguish the carp from all American forms.

The carp is a native of the temperate parts of Asia, especially of China, from whence it was
introduced into Europe, Java, and also into America. Exactly when the first carp were brought
to America has been a subject for discussion. It is claimed that they were introduced into the
Hudson River many years before they were brought in by the United States Fish Commission in
1877, but this report apparently never was definitely verified. A few specimens of scale carp were
brought from Germany by a Mr. Poppe, of Sonoma, Calif., some years before they were introduced
by the United States Fish Commission. In the Chesapeake vicinity, however, the carp was first
introduced in 1877, when 227 leather and mirror carp and 118 scale carp were brought directly
from Germany by a representative of the United States Fish Commission and placed in ponds-
especially prepared for their reception in Druid Hill Park, Baltimore, Md. About a year later
several carp ponds were constructed in Washington, and a part of the brood stock originally placed
in Druid Hill Park was transferred to Washington. Other small lots were imported in 1879 and
1882 and placed in the aforementioned ponds. Young fish were shipped from these sources to
various applicants, resulting in the general distribution of the carp to all suitable waters of the
United States.

The expectations from the introduction of the carp were great. Prof. 8. F. Baird, Commissioner
of Fisheries, stated at the time of introduction (1879, pp. 41 and 42):

1 have for a long time attached much importance to the introduetion of earp into the United States of America as supplying
an often-expressed want of a fish for the South, representing the more northern trout and capable of being kept in ponds. Inthe
carp this desideratum is amply met, with the additional advantage that the same water will furnish a much larger amount of fish
food in the aquatic plants, roots, seeds, etc., to be found, while feeding may be accomplished by means of leaves, seeds, pleces of
cabbage and lettuce, by crumbs of bread, or by boiled corn and potatoes dr other cheap substances. * * * There is no ditch,
or pond, or milldam, or any muddy, boggy spot capable of being converted into a pond of more or less size that will not answer for
this fish. Except for unforeseen casualties, I fully believe that within 10 years to come this fish will become, through the agency of
the United States Fish Commission, widely known throughout t}le country and esteemed in proportion.

Prof. Baird’s expectations concerning the multiplication and distribution of this fish have been
fully met, but the fish is not esteemed in the same proportion. In the markets of the Chesapeake
Bay region, as elsewhere, it is considered an inferior food fish. During recent years, however, it has
gained in favor, and the demands for it are increasing. Throughout the Mississippi Valley it is
commercially one of the most important food fishes.

It has attained a small commercial importance in the lower Potomae, where the pound-net
fishermen catch them in April and May. Fishermen of Lewisetta, Va., brought in six on one April
25, the largest weighing 25 pounds. At Love Point, Md., haul seiners consider it one of their most
profitable fish during May. It is also taken, although sparingly, in the lower Patuxent and Choptank
Rivers.
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The carp is omnivorous, but its principal food probably consists of plants. Hessel (1878, p. 865}
says: ‘“The carp lives upon vegetable food as well as upon worms and larva of aquatic insects, which
it turns up from the mud with the head; it is very easily satisfied and will not refuse the offal of the
kitchen, slaughterhouse, and breweries, or even the excrement of cattle and pigs.”” Three stomachs:
examined by Linton from specimens taken at Havre de Grace, Md., contained only vegetable matter,
mostly the fruit of eelgrass.

In this country the carp has not infrequently been accused of destroying our native fishes.
In some localities this has become & popular belief, but investigators have been unable to find much
incriminating evidence. It is a well-known fact that since the introduction of the carp our native
fishes have become fewer in many streams, and that the carp is becoming abundant. A very
natural and logical conclusion, with such evidence alone at hand, is that the carp is responsible for
the decrease of the native species. It must be remembered, however, that a similar decrease has
taken place in many of our marine fishes. For such decrease other causes must be sought, as no
introduction of foreign species of strictly marine fish has taken place. It is not argued that the
carp does not at times, through the uprooting of vegetation, destroy nests of other fish, nor that it at
_ times eats the spawn of other fish, or that it destroys some of the young fish of other species; on the

other hand it must be remembered that our native species, too, prey upon each other and upon the
carp, very probably to a much greater extent than the carp preys upon them. - The carp, being
largely herbivorous, gains much of its sustenance from plants; whereas many of our -native fishes
are strictly carnivorous, requiring animal foods, and where the young carp is present it not infre-
quently furnishes a considerable portion of the food of the carnivorous fishes. From this standpoint
the presence of carp appears to be a distinct advantage. It seems necessary, in the light of our pres-
ent knowledge, to seek the reason for the decline in our fresh-water food fishes elsewhere. = For a
complete and admirable account of the earp and the various accusations that have been made against
it in America see the report of the Bureau of Fisheries for 1904, pages 523 to 641, under the title
‘The German carp in the United States,”” by Leon J, Cole. Overfishing, fishing during the spawning
season, the construction of obstructions in streams. (prohibiting the free passage of fish to and from
their natural spawning and feeding grounds), and, most important of all, the pollution of streams are
undoubtedly the important factors in bringing about the diminution of our native food fishes.

The carp prefers rather quiet waters that support an abundance of vegetation, but it is not
limited thereto, as it is not infrequently taken in rather swiftly flowing streams. Although the
carp is essentially a fresh-water fish, it does enter brackish water, and in the Old World, according
to Hessel (1878, p. 869), it even frequents salt water. In the Chesapeake the carp is found abun-
dantly in fresh water, sparingly in brackish water, but not at all in the salter parts of the bay.

Spawning takes place in the spring and may extend over a considerable period of time. The
eggs are deposited among vegetation; they are adhesive and usually adhere to vegetation in lumps.
Field notes made by Lewis Radcliffe state that the ovaries of 4 to 5 pound carp contain from
400,000 to 500,000 eggs and that a 1614-pound fish contained ovaries weighing 5 pounds with
over 2,000,000 eggs. .During warm weather the eggs hatch in from 12 to 16 days. Under favor-
able conditions the young grow rapidly. Hessel (1878, p. 873), in speaking of carp culture in
Europe, says: “The normal weight which a carp may attain to in three years, whether it be scale
carp, mirror carp, or leather carp, is an average of from 8 to 314 pounds; that is, a fish which has
lived two summers, consequently is 18 months old, will weigh 234 to 334 pounds the year following.”
The carp is said to attain a great age—100 to 150 years—and a weight of 80 to 90 pounds, but such
statements generally are based upon insufficient evidence. Hessel (1878, p. 874) says: “Itis a
well-known fact that two large carps, weighing from 42 to 55 pounds, were taken several years ago
on one of the Grand Duke of Oldenburg’s domains in northern Germany.” Smith (1907, p. 106)
makes the following statement: ‘“The carp attains a relatively large size, examples weighing up-
ward of 60 pounds being known in Europe and fully 40 pounds in the United States, although full
sexual maturity is attained by the second or third year, when the fish weigh only 3 or 4 pounds.”’

The following weights were secured: Length, 1734 inches, 2 pounds 12 ounces; 20 inches,
4 pounds 8 ounces; 2214 inches, 6 pounds 5 ounces; 26 inches, 9 pounds 3 ounces.

Habitat.—Temperate Asia; introduced into Europe, Java, England, United States, Canada,
Mexico, Costa Rica, Ecuador, the Hawaiian Islands, ete. .
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Chesapeake localities.—(a) Previous record: Apparently none from salt or brackish water.
(b) Specimens in present collection: From brackish water, Spesutie Island, Havre de Grace; Love
Point; and Blackistone Island, Md. Highest recorded salinity, 15.66 per mille.

37. Genus NOTEMIGONUS Rafinesque. Roaches

Body strongly compressed; back and belly curved; belly behind ventrals forming a keel;
head small, conic; mouth small, oblique; barbels wanting; pharyngeal teeth 5—5; alimentary
canal short, not much longer than the body; scales moderate; lateral line complete, decurved;
dorsal origin behind ventrals; anal fin rather long, with 13 or more rays.

48. Notemigonus crysoleucas (Mitchill). Golden shiner; Shiner; ““Dace’’; Chub; Bream.

Cyprinus crysoleucas Mitchill, Rept., Fish., N. Y., 1914, p. 23; New York.

Stilbe americane Uhler and Lugger, 1876, ed. I, p. 171; ed. II, p. 145.

Notemigonus crysoleucas Bean, 1883, p. 367; Smith and Bean, 1899, p. 182,

Abramis crysoleucas Jordan and Evermann, 1896-1900, p. 250, P1. XLV, fig. 111; Fowler, 1012, p. 52.

Head 4 to 4.75; depth 2.85 to 4.25; D. 9 or 10; A. 14 to 16; scales 46 to 52. Body in adult
deep, rather strongly compressed, the back elevated and the ventral outline strongly decurved,
more elongate and not as strongly depressed in young; head small, somewhat depressed above;
snout short, blunt, its length 3.55 to 4.6 in head; eye 2.55 to 4.1; interorbital 2.25 to 2.9; mouth
very oblique, the lower jaw slightly in advance of the upper; maxillary failing to reach anterior
margin of eye; pharyngeal teeth in one row, usually with five teeth, occasionally with only four,
each tooth with a prominent, nearly right-angled hook at the tip; scales moderate, rather deep in
adult, 23 to 25 rows in advance of dorsal; lateral line complete, decurved; dorsal fin rather small,
the anterior rays longest, reaching past the posterior rays when deflexed, the origin of fin a little
nearer upper anterior angle of gill opening than base of caudal; caudal fin forked, both lobes pointed;
anal fin rather long, the outer margin concave, its base 1.2 to 1.55 in head; ventral fin inserted
nearly an eye’s diameter in advance of dorsal, reaching origin of the anal in the young, proportion-
ately shorter in the adult; pectoral fins pointed, the upper rays longest, 1.05 to 1.3 in head.

Color in adult bluish-green above, with metallic luster, gradually merging into bright silvery
on lower part of sides; upper surface of head brownish; fins plain or sometimes yellowish and
occasionally dusky. A gravid male, 6 inches long, had a pale yellow dorsal and caudal and bright
yellow anal, ventral, and pectoral fins. Smith (1907, p. 89) describes a fish 734 inches long as having,
in addition to the yellow color, crimson ventrals and the anal dull orange with a black margin.
The young have less of the metallic luster and they have a distinct black lateral band, extending
from the eye to the base of the caudal.

Many specimens of this species were preserved, ranging from 33 to 215 millimeters (154 to
814 inches) in length. This minnow is locally very abundant, occurring in the tide waters princi-
pally in the upper parts of Chesapeake Bay, whether fresh or brackish, and on various kinds of
bottom, but more usually where vegetation is present. The adult of this minnow is readily recog-
nized by the very oblique mouth, deep, compressed body, the long anal fin, the strongly decurved
lateral line, and by the bright golden and silvery colors. The young, however, are not so readily
distinguished, for they are not much deeper than other minnows of related genera, and they have a
black lateral band like many of the species of this family. The strongly oblique mouth and the
long anal fin serve as the most reliable characters in separating the young from related minnows.
The scales in advance of the dorsal fin are somewhat reduced, from 22 to 25 rows crossing the back
in front of the origin of the dorsal. In most of the related minnows the scales are larger, and fewer
rows cross the back in advance of the dorsal in. The peritoneum in this species is silvery with
dusky punctulations. The air bladder is large and has a constriction a little in advance of the
middle of its length, from _Which arises a very small tube, which extends forward to the throat.
The ahmentary canal is ¢ about ag long as the total length of the fish, ——

“““"T'he food in six speclmens examined consisted of alge, fragments of higher plants, and débris,
Many gra.ms of sand, probably taken by accident, also were present in some of the stomachs
examined.  Linton examined five stomachs and found amphipods, molusks, and débris.

Spawning takes place during the spring. Gravid fish were taken at Havre de Grace, Md.,
on May 8 to 10, 1922,
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This species reaches a larger size than the other minnows of this family occurring in the
Chesapeake vicinity. The maximum length given in various publications is 1 foot, but the largest
individual taken in the Chesapeake was 814 inches long. This minnow is considered excellent bait
in the South for black bass and pike or pickerel. = The large individuals are used for home consump-
tion and are said to make good pan fish. When confined in cisterns or shallow wells the golden
shiner feeds on mosquito larvse and successfully prevents mosquito production. The weights of
Chesapeake Bay fish were as follows:

Weight, in Weight, in
Length, in inches ounces Length, in inches ounces

0.7 168 ccaeeeeenn 2.0

817 - - 2.3

e T et ———— 2.7
1.3 1 7% 3.1
1.4 18 ... ——— 3.7
1.6 i 814 —— 4.8

Habitat.—Nova Scotia, west to the Dakotas and south to Florida and Texas on both sides of the
Alleghanies, frequenting weedy ponds and sluggish streams.

Chesapeake localities.—(a) Previous records: ‘ Maryland” (Uhler and Lugger, 1876), Havre de
Grace, Md. (Bean, 1883), Little Bohemia Creek, Bohemia Mills, Bohemia Bridge, Elk Neck, North
East, Stony Run, Conewingo, Susquehanna River, and Broad Creek (Fowler, 1912). (b) Specimens
in collection: From Havre de Grace, Baltimore, Annapolis, Love Point, Solomons Island, Md.,
and Lewisetta, Va., taken with 30 and 300 foot collecting seines and in one instance with a pound
net from April to November. Highest salinity 14.4 per mille.

38, Genus HYBOGNATHUS Agassiz. Shiners; Gudgeons

Body elongate, somewhat ¢ompressed; mouth horizontal; the jaws normal, the lower one with a
slight protuberance in front, the upper one protractile; no barbels; pharyngeal teeth 4—4; alimentary
canal elongate, three to ten times the length of body; peritoneum black; scales large; lateral line
complete; dorsal fin inserted in advance of ventrals; 9‘nal short.

49. Hybognathus nuchalis Agassiz. ‘‘Gudgeon’’; Silvery minnow.

Hybognathus nuchalls Agassiz, American Jour. Sci. and Art., 1855, p. 224; Qunicy, 1,

Hybognathus regius Uhler and Lugger, 1876, ed. I, p. 177; ed. IT, p. 150,

Hybognathus nuchalis Jordan and Evermann, 1886-1900, p. 213; Smith and Bean, 1899, p. 182; Fowler, 1912, p. 52.

Head 4.1 to 5; depth 3.56 to 4.95; D. 9 or 10; A. 9 or 10; scales 37 to 40. Body rather slender,
compressed; caudal peduncle moderate, its depth 1.5 to 2.6 in head; head rather long and low;
snout conical, 3 t0 3.5 in head; eye 3.05 to 3.35; interorbital space 2.35 to 3.35; mouth small, a little
oblique, slightly inferior; maxillary not quite reaching eye; pharyngeal teeth in one row, consisting
of four teeth; scales moderate, 13 or 14 rows crossing the back in advance of dorsal fin; lateral line
complete, slightly decurved; origin of dorsal a little nearer tip of snout than base of caudal, the
anterior rays of fin longest, reaching past the posterior ones when deflexed; caudal fin moderately
forked, the lobes of about equal length; anal fin similar to the dorsal, its origin about 1.5 times
diameter of eye behind the end of base of dorsal; ventral fins moderate, inserted a little behind
vertical from origin of dorsal; pectoral fins pointed, the upper rays longest, 1.05 to 1.35 in head.

Color greenish above, sides silvery, lower parts pale. Some specimens have a slight indication
of a plumbeous lateral band, at least posteriorly. The fins pale, the dorsal and caudal slightly
dusky.

Nine specimens of this species, ranging from 70 to 157 millimeters (234 to 614 inches) inlength,
were taken in brackish water in the upper part of Chesapeake Bay. The adults of this species are
very similar to Notropis hudsontus amarus, from which, however, they may be distinguished by the
black peritoneum and the long convoluted intestine. N. hudsonius amarus, furthermore, usually
has an indication of a black spot at base of caudal, which is never present in H. nuchalis.
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The food of this species consists of plants. Only fragments were present in stomachs examined.
This fish spawns early in the spring. Large specimens taken in November already have the ovaries
somewhat distended with eggs easily visible to the unaided eye.

This minnow reaches a somewhat larger size than N. hudsonius amarus, the largest specimen
at hand being 614 inches in length, which is probably the maximum size attained. This minnowis
used to a limited extent for food and also for bass bait. The food it provides for the larger preda-
tory fishes, however, constitutes its chief economic importance. It is said to be abundant in the
fresh-water streams of the Chesapeake region and is taken in company with Notropis hudsonius
amarus.

Habitat.—New Jersey and southward to Texas and in the Mississippi Valley northward to
the Dakotas.

Chesapeake records.—(a) Previous records: None definitely from brackish water. (b) Speci-
mens in collection from the vicinity of Havre de Grace, Md. (Northeast River, Susquehanna River,
and Spesutie Island), 30-foot seine, August 27 to 31 and November 10 to 12, 1921; highest salinity
2.23 per mille.

39, Genus NOTROPIS Rafinesque. Shiners

Body elongate, subeylindrical or compressed; abdomen rounded; mouth terminal or slightly
inferior; no barbels; pharyngeal teeth in one or two rows, the main row with four teeth on each
side; lateral line present and usually complete; scales rather large; vertical fins short; the dorsal
situated over or posterior to the ventrals. The shiners comprise a large genus of fresh-water fishes,
only a few of which venture into brackish water and none of which enter salt water. '

KEY TO THE SPECIES

a. Lateral line complete; scales 37 to 41; no dark lateral band, except in very young; base of caudal

usually with a dark spot_____ __ .. .. hudsonius amarus, p. 125

aa. Lateral line incomplete, usually extending only to end of base of dorsal fin; scales 33 to 36;
a prominent dark lateral band extending around tip of snout to base of caudal

................................................................. bifrenatus, p. 126

50. Notropis hudsonius amarus (Girard). Spawn-eater; Silver-fin; Shiner; ‘ Gudgeon.”

Hudsonius amarus Girard, Proc., Ac. Nat, Scl., Phila., 1856, p. 210; Chesapeaks Bay.
_ Hybopsis hudsonius Uhler and Lugger, 1876, ed. I, p. 175; ed. II, p. 149.

Notropis hudsonius emarus Jordan and Evermann, 1896-1900, p. 270; Smith and Bean, 1809, p. 182; Fowler, 1912, p. 52.

Head 3.8 to 4.8; depth 3.6 to 5.8; D. 9 or 10; A. 9 or 10; scales 37 to 41. Body rather slender,
compressed; caudal peduncle quite long and slender, its depth 2 to 2.8 in head; head rather long;
snout conical, 3.05 to 4.2 in head; eye 2.5 to 3.4; interorbital space 2.4 to 3.5; mouth somewhat
oblique, terminal or nearly so in young, slightly inferior in adults, lower jaw included; maxillary
not quite reaching anterior margin of eye; pharyngeal teeth usually in two rows, the second row
sometimes wanting, with one or two teeth when present, the main row usually with four, rarely
with only three teeth, the teeth in the main row rather large and prominently curved near the
tips; scales moderate, 14 to 16 rows crossing the median line of back in advance of the dorsal fin;
lateral line complete, somewhat decurved; origin of dorsal slightly nearer tip of snout than base
of caudal, the third and fourth rays longest, reaching past the succeeding rays when the fin is de-
flexed, about equal to length of head; caudal fin forked, the lobes of about equal length; anal fin
similar to the dorsal; but the rays not quite as long, its origin more than an eye’s diameter behind
the end of base of dorsal in large examples, less than an eye’s diameter behind end of dorsal base in
young, somewhat nearer base of caudal than tips of pectorals in adults, equidistant from base of
caudal and base of pectorals in very young; ventral fins inserted a little behind vertical from origin
of dorsal, reaching to or a little past origin of anal in very young, not nearly reaching anal in large
individuals; pectoral fin rather pointed, the upper rays longest, 1.05 to 1,4 in head.

Color greenish above, sides silvery, lower parts pale. Young with a dark, plumbeous lateral
band extending forward through eye and across snout and ending in a dark caudal spot. The
lateral band and finally the caudal spot, also, almost wholly disappear with age. The fins are all
plain translucent.
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Numerous specimens ranging from 26 to 125 millimeters (1 to 5 inches) in length were pre-
served. Most of the specimens were taken in fresh water, but some of them were found where the
water was slightly brackish. The young are very similar in color to the young of Notropis bifrenatus,
both species having the black lateral band, but in the present species, in specimens of 2 inches and
upward in length, the lateral band is not nearly as black, having become more plumbeous. This
fish is said to differ from the typical hudsonius in having a longer and more obtuse head and in the
faint or absent caudal spot. (The latter is a character that applies only to adult fish.) This
minnow may be distinguished from other species of this genus of the Chesapeake by the rather small
seales in advance of the dorsal, 14 to 16 rows crossing the median line of back, the slightly inferior
mouth, and by the anterior rays of the dorsal and anal, which are long, projecting beyond the
posterior rays when the fin is deflexed. )

The peritoneum is silvery, but sometimes with few and at other times with numerous dark
punctulations. The air bladder is large and it has a constriction a little in advance of the middle
of its length, from which arises a small tube that extends forward to the throat. The alimentary
canal is a little longer than the total length of the body.

The food in 13 stomachs examined consisted mainly of insects, a few small mollusks, and
various forms of plants.

Spawning evidently ocours very early in the spring, as specimens taken in November have the
ovaries somewhat distended with eggs, which are- plainly visible to the unaided eye. This shiner,
although locally abundant, is of little commercial value because of its small size. It is considered
good bait for black bass, however, and the food it furnishes for larger fish is probably of considerable
importance. The largest individual in the Chesapeake collection measures 5 inches in length,
which is probably the maximum length attained, as it is an inch longer than the greatest length
given in current works. All specimens at hand except one were taken in rather quiet, shallow
water, and usually on grassy bottom. One, however, was taken off the mouth of the Sassafras
River, one-half mile from shore, with a beam trawl hauled at depths of 36 to 54 feet. It is not
known whether this fish was caught on the bottom or at the surface as the trawl was being hauled up,
but the capture is unusual because this species is typically an inhabitant of brooks and rivers and
rarely strays from the immediate vicinity of the shore.

Habitat.— Delaware and Potomac Rivers.” (Jordan and Evermann, 1896-1900.)

Chesapeake records.—(a) Previous records: ‘ Chesapeake Bay’” (Girard); Patapsco River;
Potomac River; East River and Octoraro Creek, Md. (b) Specimens in collection: From the
vieinity of Havre de Grace, Md. (Susquehanna River to Spesutie Island), 30-foot seine, August 26
to September 1 and November 9 to 12, 1921; Howell Point, mouth of Sassafras River, beam trawl,
depth 36 to 54 feet, May 11, 1922; Baltimore, Hawkins Point and Bear Creek, 30-foot seine, May 4,
1922; highest salinity 6.54 per mille.

51. Notropis bifrenatus (Cope). - Bridled minnow; “ Minnie.”

Hybopsis bifrenatus Cope, Trans., Amer. Philo. Soc., X111, 1869, p. 384; Schuylkill River, Conshohocken, Pa.

Notropis bifrenatus Jordan and Evermann, 1896-1900, p. 258; Fowler, 1912, p. 52.

Head 3.7 to 4.25; depth 4 to 4.9; D. 9 or 10; A. 8; scales 33 to 36. Body rather slender, com-
pressed; caudal peduncle long and slender in young, less so in larger individuals, its depth varying
from 2.2 to 3.7 in head; head of moderate size; snout blunt, its length 3.35 to 4.6 in head; eye 2.8 to
3.25; interorbital space 2.5 to 3.3; mouth very oblique, upper anterior margin of gape slightly below
median line of eye; maxillary reaching about to anterior margin of eye; pharyngeal teeth 0, 2—2,
0 to 1, 4—4, 1, the larger teeth prominently curved at the tips; scales rather large, 12 or 13 rows
crossing the median line of back in advance of dorsal; lateral line incomplete, curved somewhat
downward, extending nearly to or somewhat beyond vertical from origin of dorsal; origin of dorsal a
little nearer tip of snout than base of caudal; caudal fin forked, the lower lobe slightly the longer;
anal fin with slightly concave outer margin, its origin slightly behind vertical from end of base
of dorsal, about equidistant from insertion of pectorals and base of caudal; ventral fins inserted
under or a little in advance of the dorsal, reaching beyond origin of anal; pectoral fins inserted on
ventral edge, 1.35 to 1.6 in head. g
' Color greenish brown above, pale silvery below; the seales in upper part of body with brownish
punctulations, densest on the margins, making brownish edges; sides with a prominent black band,
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extending around. the tip of snout but not involving the lower lip, through the median part of the
eye, to base of caudal, where it ends in a dark spot; a somewhat darkened vertebral atripe, at least
in advance of the dorsal; fins pale, the dorsal and caudal a little darker, the first rays of the dorsal
and pectorals and the outer rays of the caudal more or less dusky. .

Numerous specimens of this species ranging from 25 to 60 millimeters (1 to 234 inches) in length
are at hand, all taken in slightly brackish water. This species is very close to Notropis procne
(Cope), from which it differs, however, according to Fowler (1906, p. 140), in having a shorter
caudal peduncle and tail, larger dark edges on the dorsal scales, and a more plumbeous latera] .
band. According to the same author, there is much variation in N. bifrenatus in the development
of the lateral line, which, he says, barely extends to the origin of the dorsal in some specimens and
is nearly complete in others. In 48 specimens examined by us in regard to the development of the
lateral line, we find comparatively little variation, as only one specimen has a few scattered pores
posterior to the end of the base of the dorsal fin, and in only a few specimens the lateral line fails to
reach opposite the origin of the dorsal. _

This fish is known only from coastwise streams, but we find no previous mention made of its
occurrence in brackish water. The alimentary canal is short, not as long as the body. The food
in six stomachs examined consisted wholly of vegetable matter, ranging from the lowest forms of
alge to the higher plants. Except that it furnishes food for larger fish, the species is of no commerecial
importance. S

Nothing appears to be known concerning the spawning habits of this fish. According to
Fowler (1906, p. 140), this minnow prefers the smaller creeks with deep water having a gentle
current. The specimens at hand were taken in tidal currents, on a grassy bottom, and in shal-
low water.

Habitat.—In coastwise streams from Massachusetts to Maryland.

Chesapeake localities.—(a) Previous record: “Tributaries of the Big Bohemia Creek,” Md.
(Fowler). (b) Specimens in collection: Havre de Grace, Md., May 10, 1922; Baltimore, Hawkins
Point, and Bear Creek, May 4, 1922, and August 24, 1921; Annapolis, lower Severn River, May 2
and 3, 1922, and August 19, 1921; Love Point, May 12, 1922; highest salinity 11.80 per mille.

Order NEMATOGNATHII
Family XXVII.—ARIIDZE. The sea catfishes

Body naked; gill membranes united, forming a fold aecross the isthmus; mouth terminal;
nostrils usually close together, without barbel; maxillary and one or two pairs of mandibular
barbels present; dorsal fin anterioi', with a spine; adipose fin present; anal short or of moderate
length; ventral fins with six rays. : :

40. Genus FELICHTHYS Swainson. Gaff-topsail catfishes

Body elongate, little if at all compressed; head depressed; snout very broad, projecting;
mouth large; teeth all villiform, in more or less distinct bands on jaws, vomer, and palatines; a
large fontanel; barbels 4, maxillary barbel long, broad, bandlike; pectoral spines and usually the
dorsal spine with a long bandlike filament; caudal fin deeply forked; anal fin more or less emarginate.

A single species is known from the Atlantic coast of the United States.

52, Felichthys felis (Linnwmus). Gaff-topsail catfish; Sea catfish,

Silurus felis Linngus, Syst. Nat., ed. XII, 1766, p. 503; Charleston, 8. C.
Zlurichthys marinus Uhler and Lugger, 1876, ed. I, p. 177; ed. I, D, 150.
Felichthys marinus Jordan and Evermann, 1886-1900, p. 118, Pl. XXIII, fig. 52.

Head 3.66 to 4.2; depth 4.35 to 5.4; D. L. 7; A. 22 to 24. Body robust, depressed anteriorly,
compressed posteriorly; head low and broad; snout very broad, 2.4 to 3.5 in head; eye 5.35 to 7.2;
interorbital space, 1.42 to 1.64; mouth very broad, the cleft extending nearly or quite to eye; maxillary
2.32 to 2.38 in head; teeth small, in villiform bands on the jaws, vomer, and palatines ; two pairs of
barbels present, the maxillary barbel flattened, ribbon-shaped, reaching from vertical below middle

of base of dorsal nearly to base of ventrals; mandibular barbels small, reaching nearly or quite to
49826-—27 9
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the gill covers; dorsal spine bearing a filament, varying in length, frequently reaching to or past
adipose fin; adipose fin rather small, inserted over or a little behind the middle of the base of the anal,
its base 6.1 to 7.75 in head; caudal fin deeply forked, the upper lobe slightly the longer; anal fin
moderate, its outer margin rather deeply concave, its base 1.43 to 1.6 in head; ventral fin inserted
about equidistant from the tip of the snout and the base of caudal; pectoral spine bearing a com-
pressed filament, reaching nearly or quite opposite the origin of the anal, the spine 1.15 to 1.48 in head.

‘Color, top of head and back uniform steel blue, blending into bronze; sides silvery; under-
neath white; dorsal fin white or bluish, adipose blue, caudal dusky or gray, anal white or pale blue,
ventrals plain white or slightly dusky, pectorals more or less dusky.

The Chesapeake Bay collection contains five female specimens, ranging in length from
325 to 565 millimeters (1234 to 2214 inches). The gaff-topsail catfish is characterized by the reduced
number of barbels or whiskers, only two pairs—the maxiliary and mandibular barbels—being
present. Other characters that readily distinguish this fish from- all others of the Atlantic coast of
America are the long, fiat, ribbon-shaped filaments borne by the dorsal and pectoral spines. The
filament on the dorsal often projects far above the surface of the water as the fish swims, and it is
from this character and habit that the fish has received the name ‘ gaff-topsail catfish.”

The stomachs of the specimens at hand were not examined for food content, as the fish were
taken from a pound net where the usual foods may not have been available and where other foods
probably were taken. According to Gudger (1918, p. 39), the principal food of the gaff-topsail

F1G. 60.— Felichthys felis

catfish at Beaufort, N. C., consists of crabs, supplemented by an occasional shrimp or fish or both.
According to the same author, while carrying eggs and young in the mouth the male fish does not
feed at all. . .

The sexual organs of our specimens taken on May 17, 1921, at Lynnhaven Roads, Va., are
completely collapsed, as if the fish had spawned shortly before being captured. The ovaries of two
fish caught in the same locality on May 25, 1922, contained eggs in various stages of development, as
follows: A fish 557 millimeters in total length contained 5 eggs about 20 millimeters in diameter, 51
eggs 10 to 12 millimeters, 16 eggs 8 to 9.5 millimeters, 30 eggs 5.5 to 7.5 millimeters, and 50 eggs
3 to 5 millimeters, all opaque. In addition many undeveloped; translucent eggs, from less than 8 to 6
millimeters in diameter also were present. A fish 537 millimeters long contained 25 eggs 10 to 12
millimeters in diameter, 9 eggs 7.5 to 9 millimeters, 17 eggs 5 to 7 millimeters, and 21 eggs 3 to 4
millimeters, all of which were opaque. In addition about 22 translucent eggs, 2 to 4 millimeters in
diameter, were present. A fish 476 millimeters in total length, taken on June 25, 1924, in the lower
Potomae, contained numerous immature translucent eggs 2 to 4 millimeters in diameter.

The breeding season at Beaufort, N. C., according to Gudger (1918, p. 30-32), occurs during
the last half of May and to a lesser extent in June. The eggs of the catfish are very large; Gudger
(1918, p. 35) gives the size as varying from 15 to 25 millimeters (three-fifths to 1 inch) in diameter.
After they are laid and fertilized the eggs are transferred in some mysterious manner to the mouth of
the male, where they are held until hatched and where the young are retained for some time after
hatching. The largest number of eggs found in the mouth of one fish by Gudger (1918, p. 36) was
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55, which were taken from a mal® 22 inches long. The size of the young soon after hatching is prob-
ably about 134 inches, and according to Gudger (1918, p. 37) they are 4 inches in length before they
are released from the shelter of the paternal mouth.

This catfish usually is not used as food in the United States, but on September 23, 1921, about
10 individuals were observed in a lot of ‘““mixed’’ fish inthe Baltimore wholesale fish ma.rket which
were said to have been taken in Chesapeake Bay. In Panama marine catfishes are seen in-the
markets daily and form an important food. In southern Florida this fish, together with a related
species, Galeichthys milberti, is very abundant, causing consxderable damage. to. the nets of mullet
fishermen.

This catfish is known to reach a length of at least 2214 inches. It is not abundant in Chesa-
peake Bay, but a few individuals are taken from time to time during the spring and summer from the
lower Potomac River to the mouth of the bay. ‘It is said to have become less common than
formerly.” (Uhler and Lugger, 1876, p. 177.) -

Habitat.—Cape Cod to the Isthmus of Panama.

Chesapeake localities.—(a) Previous records: ‘Chesapeake Bay’ (Uhler and Lugger, 1876);
‘‘vicinity of Norfolk, Va.” (Moseley). (b) Specimens in collection: Lynnhaven Roads, Va., pound
net, May 17, 1921, and May 25, 1922; Rock Point, Md. (Potomac River), June 25, 1924,

Family XXVIII.—AMEIURIDA. The horned pouts

Body naked; gill membranes separate or notched, free or at least forming a free fold across the
isthmus; nostrils far apart, the posterior with a barbel dorsal fin anterior, with a spine; adipose ﬁn
present; anal fin short or of moderate length; ventral ﬁns with 8 or 9 rays.

41. Genus AMEIURUS Raﬂnesque. Horned pouts

Body moderately elongate, robust anteriorly; caudal peduncle compressed; head large, wide,
supra-occipital extending backward, terminating in a more or less acute point, entirely separate from
the second interspinal buckler, making the bony bridge from snout to dorsal incomplete; mouth
large; teeth in broad bands on the jaws; those of the upper jaw without backward extensions at
angle of mouth; adipose fin short, inserted over the posterior half of the anal; anal fin varying in
length, with 15 to 35 rays.

83. Ameiurys catus (Linnzus). White cat; ‘“Channel cat.”

Silurus cetus Linngus, 8yst. Nat., X, 1758; p. 305; “northern part of America.”

Pimelodus lynz Girard, 1859 (1860), D. 160,

Amiurus catus Uhler and Lugger, 1876, ed. I, p. 179; ed. II, p. 162; Bean, 1883, p. 367; Jordgnand Evermmm, 1896-1900, p. 138,
Smith and Bean, 1899, p. 181; Fowler, 1912, p. 53,

Amiurus lynz Uhler and Lugger, 1876, ed. I, p. 180; ed. II, p. 152,

Amelurus albidus Bean, 1883, p. 367. -

Head 3.38 t0 3.9; depth 3.75 to 4.5; D, I,6; A. 22 or 23. Body rather robust, somewhat com-
pressed; head depressed and broad; snout very broad, 2.06 to 2.57 in head; eye 6. 9 to 7.84 (young
4.25 to 4.8); interorbital space 1.46 to 1.67 (young 1.89 to 1.92); mouth very broad, the cleft short,
not extending to eye; maxillary 2.19 to 2.66 in head (young 2.87 to 3); teeth small, in villiform
bands on jaws; four pairs of barbels present, two on chin, the longest about equal to or shorter than
snout, one at angle of mouth, slightly greater than interorbital space, and one at posterior nostril
equal to about twice diameter of eye; the barbels of young fish are generally longer; margin of dorsal
rounded, longest ray 1.67 to 1.82 in head (young 1.2 to 1.36); adipose moderate, inserted about over
middle of base of anal; caudal fin moderately forked; the lobes about equal, rounded; anal fin mod-
erate, its outer margin gently rounded, its base 1.35 to 1.5 in head (young 1.05 to 1. 1); ventrals
inserted a little nearer base of caudal than tip of snout in adult, in the young this proportion is re-~
versed; pectoral spine stout, not as long as longest soft rays, 2.22 to 2.41 in head (young 1.53 to 1.8);
humeral process very rough

Color of fresh specimen, grayish on back and sides, head olive gray; underneath white; dorsal,
adipose, and caudal grayish; anal whitish, edged with gray; ventrals and pectorals plain, with
trace of gray.

The above description is based on eight specimens taken in Chesapeake Bay, ranging in length
from 35 to 330 millimeters (134 to 13 inches).
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This catfish is seldom taken in the Chesapeake proper, except at the head of the bay, where
the water is usually fresh. It is a common species in the deeper rivers, particularly the Potomac,
where it occasionally strays into brackish water. = The species is included in the present report upon
receipt of an adult specimen taken from a pound net at Rock Point, Md., on June 25, 1924.  The
water in this part of the Potomac is decidedly brackish, and salt-water species such as weakfish,
croakers, efe., are commonly caught there throughout the summer. The channel catfish, as its
pame implies, is frequently found in river channels and deep holes. The channel cat of the Mis-
sissippi is a different species (Ictalurus puncialus).

This catfish spawns in the summer. The parent fish are said to build a nest of gravel and to
guard the eggs and the young until some time after hatching.

The channel catfish is considered a good food fish, being superior to several other species of cats.
At Washington and Baltimore it is an important market species. It is known to reach a length of
about 2 feet and a weight of 5 pounds. ‘ )

This catfish is caught chiefly with hook and line and in pound nets and fyke nets, Large
numbers are caught in the Potomae, in Back River near Baltimore, and in the Havre de Grace
region of the bay.

Habitat.—Coastwise streams from New York to Texas, ~

Chesapeake localities.—(a) Previous records: Havre de Grace, Baltimore, Patapsco, and
Potomac Rivers. (b) Specimens in collection: Rock Point, Md., pound pet, June 25, 1924; Spe-
sutie Island, Md., August 26, 1921; Elk River, Md., May 8, 1922; Northeast River, Md., August
29, 1921, coliecting seines. Definite density readings are ‘not available; however, it is known
certainly to entér brackish water. : ‘ :

Order INIOMI
Family XXIX.—SYNODONTIDA. The lizard fishes

Body elongate, more or less cylindrical; mouth large; premaxillaries very long, forming entire
margin of the upper jaw; maxillaries long and slender, closely adhering to the premaxillaries;
teeth sharp, present on jaws, palatines, and tongue; gill membranes separate and free from the
isthmus; branchiostegals usually numerous; pseudobranchiz present; gill rakers small or obsolete;
lateral line presen$; scales cycloid, rarely absent; adipose fin present; dorsal fin single, consisting
of soft rays only; caudal fin forked; anal fin moderate or long; pectoral and ventral fins present;
air bladder small or wanting; intestinal canal short. A single genus of this family is represented
in the fauna of Chesapeake Bay. .

42. Genus SYNODUS (Gronow) Scopoli. Lizard fishes

Body elongate; cylindrical; head depressed; snout pointed; mouth very large; premaxil-
laries long, not protractile; teeth rather large, present on jaws, palatines, and tongue; teeth in
the jaws compressed, very sharp; branchiostegals 12 to 16; gill rakers small, spinous; scales
. cycloid, present on body, cheeks, and opercles; . upper surface of head naked; dorsal fin short,
placed well forward; adipose fin small, situated over the anal; caudal fin forked; ventral fins
moderately large, the inner rays longest; pectorals rather small. A single species is known from

Chesapeake Bay.

$4. Synodus feetens (Linn®us). Lizard fish; “Providence whiting"’; “Searpen fish.”

Salmo fetens Linnmus, Syst. Nat., ed. XIT, 1766, p. 513; South Carolina. ‘

Synodus feetens Uhler and Lugger, 1876, ed. I, p. 152, ed. II, p. 129; Lugger, 1877, p. 85; Bean, 1891, p. 93; J ordan and Ever-
mann, 1806-1000,p. 538, Pl LXXXVIII, fig. 236; Evermann and Hildebrand, 1910, p. 159.

Head 3.8 to 4.4; depth 5.8 to 7.3; D. 10 to 12; A. 12; scales 6-60 to 65-7. Body elongate,
more or less eylindrical, about as broad as deep; head depressed, broader than deep; snout pointed,
projecting beyond tip of mandible, 3.4 to 3.7 in head; eye 8.5 to 9.6; interorbital broad, concave,
5.3 to 5.9; mouth very large, the gape extending far beyond eyes; maxillary long and narrow, 1.6
40 1.7 in head; teeth present on jaws, palatines, and tongue, those in the upper jaw sharp and com-
pressed, in two geries, the inner and larger geries depressible, the teeth in the lower somewhat
smaller and in a narrower band, the teeth on the tongue and palatines rather prominent in bands;
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scales moderate, rather thin, cycloid, seven rows on cheeks; dorsal fin rather high, the anterior
rays not reaching tips of the posterior ones when deflexed, origin of fin a little behind base of ventrals
and about equidistant from the adipose fin and middle of eye; adipose fin small, its base about as
long as pupil of eye, situated over anterior half of anal base; caudal fin forked, the lobes of about
equal length; anal fin rather long and low, the median rays shortest, its origin about equidistant from
end of base of dorsal and base of caudal; ventral fins long, the inner rays about 1.5 times as long as
the longest rays of the pectoral, inserted about equidistant from tip of snout and vent; pectoral
fing rather small, 2 to 2.1 in head. : i

Color of two specimens 934 and 13 inches in length, brownish or olivaceous above, lower sides
and below silvery white; operculum yellowish above; chin white; dorsal plain or pale yellow; adi-
pose pale with dusky spot posteriorly; caudal dusky or yellowish, lower lobe darkest; anal white;
ventrals white, pale yellow at base; pectorals plain, yellowish or light green. The young usually
have more or less distinet dark crossbars on the back.

Six large specimens of this species, ranging from 234 to 330:millimeters (934 to 13 inches) in length,
form the basis for the foregoing description. The young of this fish was not seen during the investi-
gation. This species is the only one of the genus known from Chesapeake Bay and therefore is
easily distinguished by its elongate form, depressed head, low, pointed snout, very large mouth,
and the presence of an adipose fin.

In regard to the food of this fish, Smith (1907, p. 139) says:

*‘The lizard fish bas a formidable mouth and it is a voracious feeder; small fish constitute its prineipal food, but crabs, shrimp,
worms, and other animals are also eaten.”

F16. 70.—Synodus fetens (lizard fish)

The contents of five stomachs of specimens taken in Chesapeake Bay consisted exclusively
of small fish, as many as three being contained in one stomach. Three of these small fish, taken
from three different stomachs, could be recognized as young weakfish (Cynoscion regalis). The
others were too fragmentary to be identified. :

The lizard fish is found on sandy shores and it is a bottom species. In some localities,
because of this habit of living on the sand, together with the general shape of the body, this fish
is known as the “sand pike.”

Its spawning habits appear to be unknown. :

This species is not commeon in Chesapeake Bay. During an entire season (April to November,
1921) of shore collecting not a single specimen was taken. From September 23 to October 27,
1922, at Ocean View, Va., 18 fish were caught in 11 of a total of 32 hauls of 1,800-foot seines on 10

- different dates, the highest catch in one haul being 5. Nearly all these fish had gilled themselves
far out on the wings of the seine and very few were taken in the bunt. These specimens were
11 to 13}4 inches in length. The only other lizard fish taken during the present investigation
(a fish 9}4 inches long) was caught with hook and line on September 1, 1922, far up the bay at
Chesapeake Beach, Md. Fish of the following lengths and weights were secured: Eleven inches,
514 ounces; 12 inches, 724 ounces; 1214 inches, 814 ounces; 13 inches, 10 ounces. The lizard fish
is reported to reach a length of 2 feet. As a food fish it has no value.

Habitat.—Massachusetts to Brazil. .

" Chesapeake localities—(a) Previous records: Tide waters of the Potomac and along the shore
of the southern end of the eastern peninsula, St. Charles Island, 8t. Jeromes, and Cape Charles
City, Va. (b} Specimens in collection: Chesapeake Beach, Md., September 1, 1922, hook and
line; Ocean View, Va., September and October, 1922, 1,800-foot seine.
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_ _ Order HAPLOMI
Family XXX.—ESOCIDZ. The pikes, pickerel, and muskallunges

Body very elongate, not elevated, and not much compressed; head long; snout long and broad,
depressed; mouth very large; mandible projecting; margins of upper jaws formed by maxillaries,
provided with & supplemental bone; teeth present on jaws, vomer, palatines, and fongue; gill
slits wide; gill membranes not united and free from the isthmus; gill rakers small, tuberclelike or
toothed; branchiostegals nimerous; lateral line weak, obsolete in young; scales small, wanting on
upper surface of head and snout, cheeks and opercles partly or completely scaled; dorsal placed
far back, similar 6 and opposite the anal; caudal fin forked; no adipose fin; air bladder simple.
This family consists of a single genus. :

... 43, Genus. ESOX Linneus. Pikeé; Pickerels; Muskallunges
The charactérs of thé g.éﬁuif are included in the family description.
KEY TO THE SPECIES

a. Dorsal rays 13 or 14 (counting branched rays only); anal 12 or 13; branchiostegals 14 to 16;
" seales 122 to' 126; adults with numerous lines, forming reticulations on the sides_. .. ...
_________________________________________________________ e __.reticulatus, p. 132

aa. Dorsal rays 11 or 12; anal 11 or 12; branchiostegals 11 to 13; scales about 105; sides usually
with black vertical bars; no reticulations. _ ..o cmom ol americanus, p. 134

$5. Esox reticulatus LeSueur. Eastern pickerel; ¢ Chain pickerel”’; ‘ Pike.”

Esoz reticulatus LeSueur, Journ., Ac. Nat. 8ci., Phila,, I, 1818, p. 414; Connecticut River, Adams, Mass.; Philadelphia.
Uhler and Lugger, 1876, ed. I, p. 145; ed. II, p. 124; Bean, 1883, p. 366; Evermann and Hildebrand, 1910, p. 159; Fowler, 1912, p. 54.

Lucius reticulatus Jordan and Evermann, 1896-1900, p. 627; Smith and Bean, 1809, p. 184.

Head 2.7 to 3.3; depth 5.3 to 6.6; D. 13 or 14 (counting divided rays only; 18 or 19 including
rudiments); A. 12 or 13 (counting divided rays only; 16 or 17 including rudiments); scales 122 to
126. Body rather slender, somewhat compressed, deepest near the middle; head large, depressed
above, the profile a little concave over snout; snout long and broad, equal to or a little longer than
postorbital part of head, 2.1 to 2.8 in head; eye 5 to 10; interorbital 5.5 to 12; mouth large, nearly
horizontal; the lower jaw projecting; maxillary scarcely reaching eye in very young, to or slightly
past anterior margin of pupil in large specimens, 2 to 2.8 in head; teeth present on jaws, vomer,
palatines, and tongue; the lateral teeth on lower jaw and those on vomer enlarged; branchiostegals
14 to 16; scales small; covering entire cheek and opercle; dorsal fin mostly opposite the anal, its
origin about an eye’s diameter in advance of origin of anal; caudal fin forked, the lower lobe the
larger; ansl fin similar to the dorsal; ventral fins rather small, inserted a little nearer the origin of the
anal than base of pectorals; pectoral fins similar to the ventrals, 2.5 to 6.6 in head.

- Color greenish above; pale underneath; scales above with golden luster; sides in adult reticu-
lated with dark lines and streaks. These reticulations are most evident in the largest specimens and
entirely wanting in the very young. A dark vertical bar under the eye and the young also with a
dark longitudinal bar extending from the tip of the snout, through the eye, to margin of opercle.
Fins plain, the dorsal and caudal darker than the others. .

Many specimens of this pickerel, ranging from 28 to 490 millimeters (134 to 1914 inches) inlength,
were preserved, and these fish form the basis for the foregoing description. The chief diagnostie
differences between this species and the banded pickerel are shown in the key to the species. The
principal change that takes place with age is in color. The reticulations that are characteristic of the
species, according to specimens at hand, are not well defined until the fish reaches a length of about
12 inches. The very young (1 to 2 inches long) are grayish in color in spirits, and the upper parts
everywhere bear dusky punctulations. A black bar extends from the tip of the snout, through
the eye, to the margin of the opercle. - When the fish exceeds a length of 234 inches dark areas
appear on the sides, which for some time become more prominent with age. As the fish increases
in length, narrow, pale, vertical bars appear along the upper parts of the sides. These pale bars



‘ FISHES OF CHESAPEAKE BAY 133

form the first suggestions of the reticulations that are to appear later. In specimens upwards of
10 inches in length the pale bars still persnst and along the lower part of the sides are numerous,
elongate, pale blotches. - It is these psle blotches that are destined soon to be inclosed by darker
lines, forming the reticulations. In the adults, 12 inches or more in length, the reticulations usually
are well formed; the pale vertical bars along the upper parts of the sides are very indefinite or
entirely wanting. The dark bar, which in the young passes from the snout through the eye and over
the opercle, has entirely disappeared, but instead a dark bar extending downward from the eye has
developed. . It will be seen from the deseription of the pronounced changes in color that take place
with age that a general description of the color markings can not be relied upon in classifying speci-
mens of this fish of varying sizes. ‘The most reliable diagnostic characters are the number of rays
in the dorsal and anal fins and the number of bra.nchlostegals (the riblike rays under the lower edge
of the gill cover), as shown in the descrlptlon and in the key to the species.

The eastern pickerel, according to Kendall (1917, p. 27), feeds principally upon other ﬁsh
although it includes many other animals in its diet, such as frogs and other batrachians, and in
fact any living thing moving in the water within reach and which it can capture and manage. Of
6 stomachs from specimens taken in the tide waters of Chesapeake Bay, which we examined, 1 was
empty, 4 contained fish only, and 1 contained fish and shrimp. The fishes (which could be recog-
nized among the food) consisted of silversides, sticklebacks, and killifishes.

The usual haunts of the pickerel are weedy streams and bays or coves of lakes. It is character-
istically found among weeds, with the head slightly projecting. It often remains very quiet in this
position for a long time, and upon the approach of small fish or other small animals it “shoots”
forth from its hiding place with great rapidity in an effort to capture its prey.

Spawning takes place early in the spring. Specimens taken in Severn River early in Novem-
ber already had the sexual organs somewhat developed. Welsh (field notes) took a ripe female at
Havre de Grace, Md., on April 11, 1914. Kendall (1917, p. 28) writes that the eggs are laid in
glutinous strings of a yellow1sh-whxte color, which often form large masses and have been seen cling-
ing to submerged bushes in great mats or long strings. Strings of eggs averaging from 2 to 9 feet
in length have been reported. The eggs of the pickerel are said to hatch in about a week to 10
days. The larve are reported to be very samall when hatched, but under favorable conditions
and with a sufficient food supply growth proceeds fairly rapidly. Nearly all the young collected
during the investigation were taken in a brackish, marshy pond near Solomons, Md., on April 28,
1922, These specimens, 90 in number, ranged from 28 to 90 mxlhmeters (1Y% to 314 inches)
in length.

As afood fish it is variously esteemed, being regarded by some as an excellent fish and by others
as decidedly inferior. (Kendall, 1917, p. 29.) In the Chesapeake drainage it is regarded with
much favor. , '

This species is comparatively common in the tide waters of the Chesapeake, particularly at the
head of the bay and in the lower Chester and Severn Rivers, where it is common in brackish water.

The pickerel is one of the important food fishes of the Chesapeake drainage, where, during 1920,
76,818 pounds, worth $16,591, were caught. The greater part of the catch was taken in fresh
or slightly brackish water in the numerous tributaries of the Chesapeake. In Maryland, 62,208
pounds were caught, and in Virginia 14,610 pounds. The largest part of the catch was taken in
seines and fyke nets, followed by pound nets, gill nets, and trammel nets.

The greater part of the catch is taken from October to April. During November it is one of
the principal species found in the large fish markets of Baltimore and Norfolk. It commands a
good price and sells well.

It is reported (Kendall, 1917, p. 29) that in Massachusetts this species has reached a weight
of 4 or 5 pounds in three years when kept in a large, warm pond, covered with lily pads and well
stocked with young alewives. The largest pickerel of which we have a record weighed 9 pounds
and was caught during 1909 in a New York lake. Fish weighing more than 5 pounds are rare. In
Chesapeake Bay and its tributaries the average size of the pickerel, as caught by anglers and
‘fishermen, is from 1 to 2 pounds. The followmg weights were secured: 1014 inches, 3.7 ounces;
11 inches, 4.3 ounces; 1134 inches, 5.1 ounces; 12 inches, 5.8 ounces; 1614 inches, 12.6 ounces;
1914 inches, 1 pound 8.4 ounces.
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Habitat.—*It is believed originally to have been restricted to the fresh waters of the Atlantic

seaboard, being commonly found anywhere east of the Allegheny Mountains, from southwestern
" Maine to Florida. Aided by man, its range has been extended throughout the southern half of

Maine and even farther north, into the lower Waters of the St. John Rlver, into New Brunswick,
and elsewhere.” (Kendall, 1917, p. 24.)

Chesapeake localities.—(a) Previous records: Many places from the tide waters and streams
tributary to Chesapeake Bay. (b) Specimens in collection or observed in the field: Havre de
Grace, Md., April, 1912; May 8-19, 1922; Aug. 26-31, 1921; November 9-12, 1921; December 20,
1911, Baltimore, Md., fish market, November 4-8, 1921, Annapolis, Md., May 1-3, 1922;
August 17-19, 1921; November 1-3, 1921. Solomons, Md., April 26-28, 1922. Love Point, Md.,
May 11, 1922. Norfolk, Va., fish market, November, 1921 and November, 1922, The greatest
salinity in which the species was ta.ken was 12.61 per mxlle

56. Esox americanus Gmelin. Banded pickerel; * Pike.”

Esox luciug americanus Gmelin, 8yst. Nat., 1788, p. 1390; Long Island, N. Y.

Esor umbrosus Uhler and Lugger, 1876, ed. I, p. 144; ed. II, p. 123,

Esozx niger Uhler and Lugger, 1876, ed. I, p. 146; ed. I1, p. 124,

Lucius americanus Jordan and Evermann, 1896-1900, p. 626; Smith and Bean, 1899, p. 184.
Esoz americanus Fowler, 1912, p. 54

This species is much less common than E. retzculatus in the tlde waters of Chesapeake Bay.
A single small specimen oceurs in the collection. This little species may be distinguished from the
chain pickerel (the only other species of the genus known from Chesapeake waters) by the some-
what shorter dorsal and anal fins, fewer branchiostegals, and by the color. These differences are
shown in the key to the species.

The food of this fish, according to Bean (1903, p. 294) and Smith (1907, p. 143), consists princi-
pally of minnows. Its breeding habits have not been specifically described, but Xendall (1917, p.
37) wrote that they probably were very similar to the eastern pickerel.

This p1ckere1 is of small size; according to Smith (1907, p. 143) and other authom it rarely
exceeds a foot in length and is of less importance than the eastern pickerel as a food fish.

This species is reported from brackish and salt water from New York and New Jersey (see
Kendall, 1917, p. 86), but it appears to be rare in the brackish waters of Chesapeake Bay, and it is
of no commercial value.‘

Habitat.—East of the Allegheny Mountains, from Vermont to Alabama.

Chesapeake localities.—(a) Previous records: Streams in the vicinity of Havre de Grace, Md.;
Rappahannock River; Potomac River. (b) Specimen in collection: Havre de Grace, Md., Septem-
ber 1, 1921. This fish is known to enter brackish water, but it was not taken under these conditions
in Chesapeake Bay during the present investigation.

Order CYPRINODONTES
~ Family XXXI.—CYPRINODONTIDA. The killifishes

Body elongate, compressed (at least posteriorly); mouth small, ususally terminal; premaxillaries
protractile; teeth pointed in Funduline, incisorlike in Cyprinodontin®; gill membranes united, free
from the isthmus; gill rakers short and thick; scales large, cycloid; no lateral line; dorsal fin single,
composed of goft rays only; caudal fin posteriorly square or rounded, not forked; anal fin somewhat
similar to the dorsal, not modified in the male; ventral fins abdominal; species oviparous.

KEY TO THE GENERA

a. Body short and deep, compressed; head not notably depressed; teeth in a single series, incisorlike,
tricuspid. o e v ———— Cyprinodon, p. 135
aa. Body elongate and less strongly compressed; head more or less depressed; teeth in a single series
or in bands, pointed. o ‘
b. Teeth in a single series, all pointed; head scarcely depressed...__.__._.__._ ... Lucania, p. 136 -
bb. Teeth in bands, all pointed; head depressed, flattened above_____.._____ Fundulus, p. 137
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44, Genus CYPRINODON Lacépdde. Short minnows:

Body short and deep; back elevated; mouth small; teeth in a single series, incisoﬂikg, tricuspid;
opercle superiorly fused with the shoulder girdle; scales large; males larger than females; oviparous.
A single species of the genus occurs in the brackish waters of Chesapeake Bay.

57. Cyprinodon variegatus Lecépdde. Variegated minnow; Sheepshead minnow.’

Cyprinodon variegatus Lacépéde, Hist. Nat., Poiss., V, 1803, p. 486; South Carolina. Lugger, 1877, p. 84; Smith, 1892, p. 64
Pi. XVII; Jordan and Evermann, 1896-1900, p. 671, Pls. CXI and CXII, figs. 206 and 206a; Evermann and Hildebrand, 1910,
P. 159; Fowler, 1912, p. 54. :

Head 2.65 to 3.3; depth 2 to 2.65; D. 11 or 12; A. 10 or 11; scales 24 to 27. Body com-
pressed, short and deep, becoming deeper with age, especially in the male; back elevated; upper
profile gently and evenly elevated in the young and in females, with a concavity at oceiput in adult
males; head short; snout blunt, its length 3.3 to 4.7 in head; eye 2.5 to 4; interorbital 2.8 to 3.8;
mouth rather small, terminal; premaxillaries strongly protractile; teeth in the jaws in a single

F16. T1.— Cyprionodon variegatus, adult male

series, rather large, tricuspid, the median cusp the longest and broadest; scales large, the one placed
just above the base of pectoral excessively enlarged, 4 or 5 oblique rows between the upper angle of
gill opening and origin of dorsal; fins moderate, the dorsal particularly proportionately much larger
in adult males than in females, inserted much in advance of the anal in both sexes; caudal fin with
almost straight margin; anal fin smaller than the dorsal, particularly in adult males; ventral fins
rather small, inserted equidistant from tip of snout and base of caudal or slightly nearer the latter;
pectoral fins moderate, rounded, proportionately longer in adult males than in females, 1 to 1.5
in head.

Color of female brassy on the back and sides, with dusky blotches, usually forming bars on the
lower part of the sides; yellowish or white below; dorsal olive or dusky, with a black blotch on
the middle of the posterior rays; caudal greenish to dusky, with a dark bar at base; anal and ventrals
pale yellowish with white margins; pectorals dusky to orange. Males darker, with bluish reflec-
tions on upper parts in advance of dorsal, sometimes brilliant blue along entire back; abdomen, at
least during the breeding season, deep orange; dorsal bluish to dusky anteriorly, edged with pink
or orange; caudal olive, with a very narrow dusky bar at base and a black margin; anal, ventrals,
and pectorals orange, with bluish black margins. v

Many specimens of this species were preserved. The above description is based on specimens
ranging in length from 20 to 65 millimeters (4§ to 214 inches). The species is readily recognized
by the short, deep body and the variegated color.

49826—28——10
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The food probably consists largely of vegetable matter. - In 20 stomachs examined, only sand,
mud, débris, and filamentous algaa were found. The intestine is convoluted and more than twice
a8 long as the body, which is a further indieation that the specles is chiefly herbaceous. In the
aquanum this fish readily feeds on fish and other meats. It is very ferocious in confinement,
waging constant fights with other fishes. Whether they are of its own kind or of another species
does not appear to make a particle of difference. It frequently kills fishes larger than itself by
making repeated attacks and inflicting wounds here and there with its sharp tricuspid teeth until
the victim suecumbs from exhaustion or from the attack of disease. It then proceeds to devour
its prey by tearing off piece after piece at any convenient place.

Spawning takes place throughout the spring and summer (Hildebrand, 1917, p. 13), one female
laying eggs several times during one season.  The eggs are spherical and about 1.2 to 1.4 milli-
meters in diameter (Kuntz, 1916, pp. 410-414), They ave slightly heavier than sea water and
adherent, being held together by minute adhesive threads. The period of incubation at ordinary
summer temperatures in the laboratory extended over five to six days. The newly hatched larva
is quite plump and about 4 millimeters in length. At a length of 9 millimeters the young fish
already has many of the characters of the adult, and at a length of 12 millimeters virtually all of the
diagnostic characters of the full-grown fish are developed.

The males of this species, contrary to the more usual rule among fishes, especially in related
genera, are notably larger than the females, the average difference in length being about 12 miili-
meters. The sexual differentiation in color takes place when the fish are about 30 millimeters long.
The young of 8 millimeters and less in length are almost entirely unmarked, but when the fish
becomes a little larger, spots and bars appear and all the young (males and females) assume the
color of the female.

This minnow is very common in all brackish waters of Chesapeake Bay, from Cape Henry to
Love Point and Annapolis, but none at all were found from Baltimore to Havre de Grace, and none
were taken in strictly fresh water. It is especially abundant in coves, bays, ponds, and creeks,
and less common along the open beaches. In one instance, while collecting near Buckroe Beach,
one haul with a 30-foot bag seine yielded about 1 bushel of variegated minnows. This minnow
generally travels in schools, and on a rising tide swims about near the shore’s edge in water 1 or 2
inches deep. At high tide the fish work their way up among the grass on overflowed banks, returning
to open water with the receding tide.

The largest specimen taken during the investigation was 76 millimeters (3 inches) long, and it
represents the maximum size attained by this species. It is too small to be of commercial impor-
tance, but on account of its abundance and w1de dlstnbutlon no. doubt it is an important food for
larger fishes.

Habitat.—Coastwise in brackish water from Cape Cod, Mass., to Mexico.

C’h,esapeake localities.—(a) Previously recorded from “Chesapea.ke Bay,” “Lower Potomac,”
St. George Island, Tolchester, and Chestertown. (b) Specimens in collection: From many parts of
the bay, from Love Point, Md., to Lynnhaven Roads, Va.

45. Genus LUCANIA Girard. Rain-water fishes

Body rather short, compressed; head small; mouth small, nearly terminal; teeth in the jaws
pointed, in a single irregular series; scales rather large; dorsal and anal fins rather small, the dorsal
above or in advance of the anal; the anal fin not modified; oviparous. A single species occurs in
the waters of the Chesapeake. .

88. Lucania parva (Baird and Girard). Rain-water fish.

Cyprfnodon parous Baird and Girard, Ninth Smithsonian Report, 1854 (1855), p. 345; Greenport, L. L.

ZLucanie paroa Smlth 1892, p. 68; Jordan and Evermann, 1896-1900, p. 665, Pl. CIX, fig. 202; Evermann and Hildebrand,
1010, p. 159.

" Head 3.4 to 3.7; depth 3 to 3.8; D. 11 or 12; A. 10 or 11; scales 25 or 26. Body rather short,
compressed caudal peduncle rather strongly compressed its depth 1.6 to 2.4 in head; head small,
about as deep as broad at eyes; snout blunt, its length 3.5 to 6 in head; eye 3 to 4; interorbital 1.3
to 1.8: mouth nearly terminal, the lower jaw projecting slightly; premaxiliaries protractile; teeth
small, pointed, in a single irregular series in each jaw; scales rather large, 6 or 7 obhque series between’
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the upper angle of gill opening and origin of dorsal ; dorsal fin moderate, higher in adult males than
in females, inserted nearly an eye’s diameter in advance of origin of anal; caudal fin straight or
slightly rounded posteriorly; anal fin similar to dorsal, the rays proportionately longer in adult
males than in females; ventral fins rather small, inserted about an eye’s diameter nearer the tip of
snout than base of caudal; pectoral fins moderate, 1.3 to 1.8 in head. v : o

Color of female dark olive above, pale underneath; scales on sides with dusky punctulations
and dark edged, those on anterior part of sides with bluish and silvery reflections; a dark vertebral
streak present in advance of dorsal; dorsal, caudal, and pectorals more or less greenish or olivaceous;
other fins colorless. General color of male similar to female but somewhat brighter, at least during
the breeding season; the anterior rays of the dorsal black or sometimes with only .a black spot at
base, the black occasionally extending on the outer margin of the fin; anal fin also sometimes with
a dark margin; anal and ventrals with more or less red during the breeding season. The color of
the young is similar to that of the adult female, the markings differentiating the sexes appearing
when the fish has reached a length of about 25 millimeters. :

Many specimens of this species were taken, ranging in length from 24 to 58 millimeters (1 to
2¢% inches). This fish is recognized by its small size and plain greenish coloration, no bars or
stripes being present.

The only food present in 28 stomachs examined consisted of small crustaceans. However,
the species no doubt also feeds on other small animal life. -In the aquarium it readily takes finely
chopped fish and beef.

Ripe or nearly ripe fish were taken from early in April until near the end of July. It seems
probable that the fish spawn more than once suring a season, as the gravid females taken during
the early part of the saeason, in addition to the ripe eggs, contained another size of eggs easily
visible with the unaided eye. This may also account for the long spawning season. The eggs,
when mature, are about 1 millimeter in diameter, and the largest number found in one fish was 104.
Sexual maturity appears to be attained very soon after the color differentiation between the sexes
takes place, or when the fish are about 25 millimeters in length.. The largest inidividual taken
during the present investigation was 58 millimeters (24 inches) long, and it appears to represent
the maximum size attained by the species. The females reach s somewhat larger size than the
males, the average difference in the length being about one-fourth inch.

This fish is very abundant in all brackish waters of Chesapeake Bay, but was not taken in
strictly fresh water. It is especially plentiful in coves, bays, ponds, creeks, and open flats, where
vegetation is present. Its abundance is indicated by the following catches made with a 30-foot
collecting seine: Love Point, Md., May 12, 1922, brackish creek, bottom mud and vegetation,
7 hauls, 18,300 Lucania parva; Annapolis, Md., May 2, 1922, brackish pond, bottom mud, dense
vegetation, 20 hauls, 14,600 Lucania parva. The fish travel in schools and are often found in
association with Gambusia and Fundulus. . .

Several investigators have mentioned this species as being of value for mosquito control, but
this appears to have been based upon the nature of its habitat rather than upon direct investigations,
and no definite information is available.

This fish is too small to be of commercial importance, but, because of its abundance and wide
distribution, it no doubt is an important food for larger fishes. :

Habitat.~—As given by Smith (1907, p. 151) and others, Cape Cod to Key West. :

Chesapeake localities.—(a) Previous records: “Lower Potomac,” St. George Island, and Cape
Charles City. (b) Specimens in collection: From shore waters of all parts of the bay from Love
Point, Md., to Lynnhaven Roads, Va. -

46. Genus FUNDULUS Lecépéde. Killiﬂéhes; Mummichogs

Body elongate, posteriorly compressed, back little or not elevated; head rather broad, usually
depressed; mouth terminal or the lower jaw slightly projecting; teeth usually villiform and in nar-
row bands; dorsal and anal fins usually higher in males than in females; caudal fin with straight or
rounded margin; the anal fin not modified; oviparous, the sexes differing in color and size, the
females being the larger. Several species of this genus frequent salt and brackish water and others,
not considered in this report, are confined to strictly fresh water. : : s ’



188 BULLETIN OF THE BUREAU OF FISHERIES

KEY TO THE SPECIES

@, Dorsal fin inserted over or in advance of origin of anal, with 10 to 15 ra.ys, its base equal to or
longer than that of the anal.
b. Scales rather large, 33 to 38 in a lateral series.
¢. Body robust, average depth in length about 3.2; 11 to 13 oblique series of scales between
upper angle of gill opening and origin of dorsal; ventral fins usually inserted equidistant
from tip of snout and base of caudal; size rather large, maximum length about 125
millimeters_ _ _ . . .. i heteroclitus, p. 138
cc. Body less robust, average depth in length about 4; 18 or 19 oblique series of scales between
" upper angle of gill opening and origin of dorsal; ventral fins usually inserted about an
eye’s diameter nearer base of caudal than tip of snout.

e. Snout rather long, 2.6 to 3.5 in head; dorsal fin with 13 to 15 rays; young of both sexes
with vertical black bars along sides; adult males with vertiocal side bars and a black
ocellus on posterior rays of the dorsal; adult females with longitudinal black stripes
and with variable oblique and vertical bars; size large, maximum length about 200
millimeters. . . mm——m—————— majalis, p. 140

ee. Snout shorter, 3.7 to 5.5 in head; dorsal fin with 10 or 11 rays; both sexes usually

with a black ocellus on the posterior rays of the dorsal; size rather small, maximum

length about 65 millimeters.... ... oo ocellaris, p. 141

- bb. Scales rather small, 41 to 46 in a lateral series, 14 to 18 oblique rows between upper angle of
gill opening and origin of dorsal; ventral fins inserted about an eye’s diameter nearer tip of

snout than base of caudal; size medium, maximum length about 111 millimeters..______
_________________________________________________________________ diaphanus p. 143

aa. Dorsal fin inserted over or a little behind origin of anal, about equidistant from the tip of the tail
and anterior half of eye, very small, with only 8 rays its base shorter than that of the anal;

snout short, 4 to 4.8 in head; size small, maximum length about 50 millimeters._ ... _luctz, p. 144

59. Fundulus heteroclitus (Linnzus). Mummichog; Mud minnow; Killifish; Common killifish;

““Pike minnow”’; * Mud dabbler”’; *“ Gudgeon.”-

Cobitss heteroclita Linnsus, Syst. Nat., ed. XII, 1766, p. 500; South Carolina.

Fundulus viridescens Uhler and Lugger, 1876, ed. I, p. 147; ed. II, p. 126.

Fundulus heteroclitus Uhler and Lugger, 1876, ed. I, p. 149, ed. II, p. 127; Bean, 1891, p. 92; Smith, 1892, p. 66, P1. XIX; Jordan
and Evermann, 1896-1900, p. 640, Pl. CII, fig. 273; Smith and Bean, 1899, p. 184; Evermann and Hildebrand, 1910, p. 159.

PFundulus pisculentus Uhler and Lugger, 1876, ed. I, p. 149; ed. II, p. 127.

Fundulus heteroclitus macrolepidotus Fowler, 1912, p. 54.

Head 3.2 to 3.7; depth 2.8 to 3.7; D. 11 or 12; A. 10 to 12; scales 35 to 38. Body rather
robust, compressed; caudal peduncle strongly compressed, its depth 1.85 to 2.1 in head; head
depressed; snout short, broad, its length, 2.7 to 4.7 in head; eye 4 to 5.8; interorbital 2.1 to 2.3;
mouth terminal, mostly transverse; premaxillaries protractile; teeth all pointed, in villiform bands,
the outer ones somewhat enlarged; scales moderate, 11 to 13 oblique series between upper angle of
opercle and origin of the dorsal; dorsal fin rather long, higher in adult males than in females, its
origin slightly in advance of origin of anal, inserted nearer end of caudal than tip of snout in adult:
females, about equidistant from tip of snout and end of caudal in adult males; caudal fin broadly
rounded; anal fin with a slightly shorter base than the dorsal but with longer rays, the oviduct
attached to the first ray; ventral fins rather small, inserted about equidistant from tip of snout and
base of caudal; pectoral fins rather broad, 1.3 to 1.6 in head.

Color of large female in life plain brownish green above, paler underneath. Small females
usually with 13 to 15 dark cross bars, narrower than the interspaces. No dark vertebral line; a
small dark area at origin of dorsal; fins all unmarked, the vertical ones often with a greenish tinge.
Color of a 3-inch breeding male dark green or olive above, blending into silvery on lower part of sides;
yellow underneath; sides with about 15 narrow silvery vertical bars and numerous irregular white
or-yellowish spots, pale spots extending on lower half of vertical fins; head brownish between the
eyes; silvery-blue punctulations below eyes; operculum dusky above, golden below, with punctula-
tions; chin olive; caudal peduncle the color of back; dorsal and caudal dusky with yellow margins,
a dark spot on posterior 4 or 5 rays of dorsal (this spot may not always be present); anal and ven-
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trals golden; pectorals dusky yellow. When not in breeding condition the colors of the male fade
.somewhat. . The young are mostly grayish and bear dark cross bars, which vary greatly in number.
The color markings differentiating the sexes usually become evident when the fish have attained
a length of 134 to 134 inches. A large variation in the intensity of color exists among specimeéns,
depending upon the environment. in which they are taken, color adaptation being developed to a
considerable degree. V ) .

. Numerous specimens of this species taken in many localities, ranging in length from 20 to 123
millimeters (4§ to 474 inches), were preserved. This species is recognized by its chubby form, short
and broad snout, and by the coloration. = The smaller, brightly colored males are sometimes difficult
to separate from the adult males of F. luciz. When the color can not be relied upon for identifica~
tion, the length and position of the dorsal fin must be taken into consideration. The dorsal fin in
the present species consists of 11 or 12 rays and is inserted over or a little in advance of the origin
of the anal. In F. luciz the dorsal fin has eight rays and is inserted a little posterior to the origin
of the anal. o < ‘

This fish feeds on a large variety of foods. Among the contents of 48 stomachs examined, the
following foods were found: Small crustaceans, small mollusks, annelid worms, insects, small fish,
and vegetable matter, such as blades of grass, bits of roots, alge, and seeds. A considerable amount
of sand also was present in some of the specimens examined, ‘but this may have been taken inci-
dently in the capture of foods. o ' o

 F10. 72— Fundulus heteroclitus, adult female

Spawning takes place from April to August, and it seems probable that one female may produce
several broods of eggs during one summer. The ovary is single and the number of eggs produced
varies greatly among specimens. The largest number of ova of one size found among several dozen
specimens examined was taken from a female 98 millimeters in length, which contained 460. The
eggs of one brood are of uniform size, rather large, and spherical when mature, measuring about
2 millimeters in diameter. Sexual maturity is attained by the female when it has reached a length
of approximately 1}4 inches, and the male may be sexually mature when 13{ inches long. The
largest fish taken during the present investigation was a female 474 inches long, which represents
the maximum size attained by the species, and the largest male was 4 inches long. The females
reach a somewhat larger size than the males, the difference in the average length between the sexes
among the adult fish being about one-half inch. ]

This fish is very common in the shallow, brackish-water coves and inlets of Chesapeake Bay,
agcending streams to fresh water. It was rarely taken in strictly salt water, the species being
more fresh than brackish water in its habits than F. majalis, athough the habitats of the two overlap.
F. heteroclitus is found on many kinds of bottom, but it prefers mud, one of its common names
being ‘“mud dabbler,” in allusion to its mud-frequenting habit. Chidester (1920, pp. 551-557),
who made a special study of the habits of F. heteroclitus on the. Bonhamptown Marshes, N. J., and
at Woods Hole, Mass., states that a spring migration from the mouth of the Raritan River to the
brackish and fresh waters takes place, and that when cold weather comes they again retire to the
deeper waters. Those caught in pools burrowed in the mud upon the approach of cold weather.
During the winter fish were found burrowed in the mud at a depth of 6 to 8 inches.
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v This killifish has been found to be of considerable value as an eradicator of mosquito larve
on the brackish-water marshes of New Jersey and elsewhere. In addition to its value asa mosquito
destroyer, it is of importance, no doubt, as food for larger predacious fishes. In some localities,
notably New York and New Jersey, large quantities are sold as bait.

Habitat.—Coastwise, in brackish and fresh water, from Anticosti Island, Labrador, to Tampico,
Mexico.

Chesapeake localities.—(a) Previously recorded from many sections of the bay and from
tributary streams from Baltimore to Cape Charles. (b) Specimens in the collection: From all
parts of the bay; taken almost daily during shore collecting, from April to November, in coves,
inlets, and streams from Havre de Grace, Md., to Lynnhaven Roads, Va.

60. Fundulus majalis (Walbaum). Killifish; Striped killifish; “Gudgeon’’; * Bull minnow."”

Cobitis majalis Walbsum, Artedi Genera Piscium, III, 1792, p. 12; Long Island.
Hydrargyra majalis Uhler and Lugger, 1876, ed. I, p. 150; ed. II, p. 128.
Fundulus fasciatus Uhler and Lugger, 1876, ed. I, p. 148; ed. II, p. 126.
* Fundulus majalis, Bean, 1891, p. 92; Smith, 1892, p. 64; Jordan and Evermann, 1896-1900, p. 639, P1. CI, figs. 271, 271a, 271b;
Evermann and Hildebrand, 1910, p. 169; Fowler, 1912, p. 54.

. Head 3 to 3.6; depth 3.3 to 4.7; D. 13 to 15; A. 11 or 12; scales 33 to 36. Body rather slender,
compressed posteriorly; caudal peduncle moderate, its depth 2 to 2.8 in head; head rather long,
depressed; snout long, blunt, its length 2.6 to 3.5 in head; eye 6 to 8.6 in adults, 4 to 5.6 in young;
interorbital 2.7 to 3.1; mouth horizontal, terminal, small; premaxillaries protractile; lower jaw

Fia. 73— Fundulus majalis, adult male

slightly in advance of the upper; teeth all pointed, in villiform bands; scales moderate, 18 or 19
“rows in advance of dorsal; dorsal fin rather long, notably higher in adult males than in the females.
The rays of about equal length, its origin a little nearer upper anterior angle of gill opening than
the base of caudal in the male, about equidistant from these two points in the female; caudal truncate
or slightly rounded; anal rather short, much higher in adult males than in the females, the fourth
or fifth rays longest, the origin of fin below anterior third of dorsal; ventrals inserted about equi-
distant from anterior margin of eye and base of caudal, usually reaching origin of anal in adult,
shorter in young; pectoral rounded, the upper rays longest, 1.4 to 1.9 in head.

Color of adult male, back olive, sides salmon yellow, with 15 to 20 vertical black stripes;
belly salmon yellow; cheeks and opercles diffused with black; dorsal dusky, a black ocellated spot
on last rays; caudal somewhat dusky; anal, ventrals, and pectorals lemon. Female olivaceous
above, white below, black markings on side, with considerable variation in adults of same size.
The most common markings are two or three longitudinal stripes with several vertical crossbars
near base of tail. Some fish marked with mixture of longitudinal, oblique, vertical, and complete
or broken lines. The young of both sexes are marked with about 7 to 12 vertical bands along the
sides. The markings differentiating the sexes usually occur when the fish are 1}4 or 2 inches in
length.

gtMany specimens of this species were preserved, ranging from 20 to 170 millimeters (4§ to
634 inches) in length. This species is readily recognized by the large size that it attains, by the
long head and snout, and by the distinct dark bars and stripes. The sexes, as shown by the color
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description, are readily recognized by the difference in the markings, the males having dark cross-
bars only and a prominent dark spot on the last rays of the dorsal fin, while the females have two
or three longitudinal dark lines along the sides and no black spot on the dorsal fin.

The food of this fish consists of small mollusks, small erustaceans, small fish, and insects and
insect larvee. Many of the stomachs examined contained a considerable amount of sand and
some vegetable débris. In the field it was noticed that this killifish fed greedily on pieces of meat,
bread, and on shrimp eggs.

Spawning: occurs from April to September, one female probably. producing several broods of
eggs during a single season. The eggs are rather large and spherical, measuring about 2 millimeters
(12 to 14 to an inch) in diameter. Those of one brood are of uniform size. The ovary is single,
and the largest number of eggs of uniform size contained therein in specimens examined was 540.
In general the large fish produce more eggs at one time than the smaller ones. Sexual maturity
is attained by the female when it has reached a length of approximately 3 inches, and the male may
be sexually mature when 234 inches long. The largest fish caught during the present investigation
was a female 8 inches long, which represents the maximum size of the species. The females reach
a somewhat larger size than the males, the difference in the average length between the sexes amang
the adult fish being about one-half inch.

This fish is very common in the vicinity of Chesapeake Bay and is found in bays, coves, creeks,
tide pools, and along the outer shores. It is most abundant in small protected bodies of water,
preferring especially to hover near the entrances to such places. It travels in schools of a few
individuals to several hundred or more. On an ebbing tide it may be found on shallow flats, where
the water it but a few inches in depth; but on a flood tide it adheres to the very shore’s edge, where
it often is cast on:the beach by the waves, from which it easily returns to the water. If placed on
the beach some distance from the water the fish has the ability to reach its habitat by a series of
jumps. Experiments of this kind were made by the authors. Fish were placed at various distances
(5 to 20 feet) from the water’s edge. In almost every instance they jumped unerringly toward the
water, progressing from several inches to several feet at a time. A special article on this apparent
“homing instinet’’ in this species, written by Prof. S. O. Mast, appears in the Journa,l of Animal
Behavior, vol. 5, No. §, September—QOctober, 1915, pp. 341 to.350.

- This fish is of no commercial value, but because of its general distribution and.great abundance
in Chesapeake Bay it is of importance as food for other species.

Habitat.—Massachusetts to Florida in coastwise protected waters, brackish ponds, creeks,
mouths of rivers, tide pools, ete.

Chesapeake localities.—(a) Previous records: Patapsco, Patuxent, and Potomac Rivers, Hamp-
ton Creek, Cape Charles, and other localities. (b) Specimens in collection: From all parts of
Chesapeake Bay, along the shores from Baltimore, Md., to Lynnhaven Roads, Va., taken almost
daily during the entire period of shore collection from April until November, 1921.

61. Fundulus ocellaris (Jordan and Gilbert). Killifish; Ocellated killifish.

Fundulus ocellaris Jordan and Gilbert, Proc., U. 8. Nat. Mus., 1882, p. 255; Pensacols, Fla. Jordan and Evermann; 1896~
1900, p. 642, P1. CII, fig. 274,

Head B.1 to 3.6; depth 3.7 to 4.3; D. 10 or 11; A. 9 or 10; scales 34 to 36, Body rather
slender, compressed; caudal peduncle strongly compressed, its depth 1.8 to 2.3 in head; head
depressed; snout moderate, 3.7 to 5.5 in head; eye 3.6 to 4.6; interorbital 2.2 to 2.7; mouth slightly
superior, largely transverse; premaxillaries protractile; teeth all small, in a villiform band in each jaw;
scales moderate, 18 or 19 oblique rows between upper angle of gill opening and origin of dorsal;
dorsal fin moderate, much higher in the male than in the female, inserted over or slightly in advance
of the anal, about equidistant from tip of tail and anterior margin of eye; caudal fin convex, some-
what more so than in F. heferoclitus; anal fin of about the same size as the dorsal, notably higher
in the male than in the female; the oviduct ending at base of first anal ray; ventral fins rather
small, inserted about equidistant from anterior margin of eye and base of caudal; pectoral fins
moderate, 1.65 to 2 in head.

Color of female in life, brownish olive above, pale or slightly greenish below; lower part of sides
from eye to anal yellowish; head, back, and sides of body irregularly spnnkled with black dots;
gides with about 13 blackish cross bars; dorsal and caudal dusky golden, the base of these fins with
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small black dots similar to those on the body; a large black ocellus on posterior rays of the dorsal
(elongate on some specimens and not completely surrounded by white) ; anal fins wine color; ventral
fins plain translucent; pectoral fins dusky golden. Color of male in life dark green above, pale
below, sides with pearly spots, these most numerous on posterior half of body, frequently forming
indistinct vertical bars; dorsal mostly dusky, with pearly spots at base, a black ocellus near base
of last ray usually present; caudal and anal fins slightly dusky, each with pearly spots on base; the
margin of the anal pale or slightly pinkish; other fins plain translucent. In young individuals of
30 millimeters and less in length the'color is uniformly that of the adult female. The color of the

F16. 74.— Fundulus ocellaris, adult male

‘gpecies appears to be rather variable. As no notes were taken on the life ¢olors of the males taken
-in Chesapeake Ba.y, the color description of that sex offered:herewith is based on speclmens from
“Beaufort, N. C.~

. This species is represented by 25 specimens in the present collectmn, ranging from 30 to 60 milli-
meters (134 to 234 inches) in length.

The females of this species may be recogmzed by - the brownish olive color, the upper parts
being sprinkled with black dots and the sides having short, black, vertical bars. The males may be
recognized by the same general greenish color of the female, but instead of being gprinkled with
‘black dots this sex is sprinkled with pearly dots, which sometimes form indistinet vertical bars on

F16. 75 —Pundulus ocellaris, adult fermale

the sides. Both sexes usually have a large ocellus on the posterior rays of the dorsal fin in allusion
_to which the species received its specific name, ocellaris.

The food of this fish, as shown by the contents of 15 stomachs, consists of insects, insect larvs,
-small crustaceans, and small mollusks. A small amount of vegetable matter, too, was, removed
from three of the stomachs examined.

Gravid specimens were taken only during April and Ma.y At Beaufort, N. C however,
where the senior author made special observations of this and related species, spawning fish were
found from April to October. Sexual maturity appears to be attained when the fish are about 40
millimeters long. . The largest female taken during the present investigation measured 60 milli-
meters (234 inches) in length.. The largest specimen taken at Beaufort during extensive collecting
was 65 millimeters (254 inches) long. The size of the male averages somewhat smaller.



FISHES OF CHESAPEAKE BAY ‘ 143

This fish was taker-only on ‘the muddy marshes of Lynnhaven Bay. ' OQur imperfect knowl-
edge of the life history of this fish would indicate that the species is limited in its habitat to shallow,
muddy, brackish-water swamps, where it is taken in company with F.. heteroclitus. ‘

This fish is said to be rather common on the Guif coast. On the Atlantic coast it has been
recorded only from Beaufort, N. C. ' (Hildebrand, -1916, p. 306). The range 'is now extended
northward to Lynnhaven Bay, Va. S

Habitat.—Coastwise from Chesapeake Bay to Lou1s1ana :

Chesapeake localities.——(a) Previous records: None. (b) Specimens in collectlon Lynnha.ven
Marshes, May 9 to 16, June 10 to 17, September 26, 1921, and April 6, 1922.

62. Fundulus diaphanus (LeSueur). Killifish; Fresh-water killy.

Hydrargyra diasphanus LeSueur, Journ., Ac. Nat. Sci., Phila., 1817, p. 130; Saratoga Lake.

Fundulus multifasciatus Uhler and Lugger, 1876, ed. I p. 150; ed. II, p. 127.

Fundulus diaphanus Beau, 1883, p. 366; Smith, 1802, p. 65, Pl. XIX; Jordan and Evermann, 1896—1900 D 645 Pl. CIII, figs.
275 and 275a; Smith and Bean, 1899, p. 184; Evermann and Hlldebrand 1010, p. 159; Fowler, 1912, p. 54.

Head 3.3 to 4; depth 4.1 to 5.7; D. 13 or 14; A. 10 to 12; scales 41 to 46. Body rather elongate,
compressed ; depth of caudal peduncle 2.2 to 3.3 in head; head depressed; snout broad and rather
long, 2.8 to 4 in head; eye 2.8 to 4; interorbital 2.4 to 3.4; mouth mostly transverse, slightly superior;
teeth in villiform bands, rather fewer and stronger than in related species; scales rather small, 14
to 18 oblique rows between upper angle of gill opening and origin of dorsal; dorsal fin rather long,
scarcely higher in males than in females inserted nearly an eye’s diameter in advance of origin of
anal in both sexes; inserted about equidistant from tip of snout and tip of caudal in females; fully
an eye’s diameter farther forward in adult males; caudal fin straight or slightly concave; anal fin
shorter than the dorsal; the oviduct extending slightly above the base of the first anal ray; ventral
fins of moderate size, inserted about an eye’s diamefer nearer tip of snout than base-of caudal;
pectoral fins rounded, 1.3 to 1.7 in head.

Color in life, female, olive a.bove, silvery white on lower part of side, abdomen white; sides with
about 16 to 20 narrow greenish bars, becoming dark in spirits; dorsal, caudal, and pectorals yellow;
anal and ventrals plain translucent. Male, greenish olivaceous above, abdomen white; caudal
peduncle bluish white underneath; sides with about 20 to 22 silvery iridescent vertical bars; dorsal
more or less dusky, sometimes with small dark dots on the base; caudal dusky; anal and pectorals
more or less yellowish; ventrals mostly bluish’ wj;_;te, tinged with yellow. The young, as usual in
this group of fishes, are similar in calor to the &dult female, the differentiation in color between
the sexes taking place when the fish reach a length of approzimately 50 millimeters.

Numerous specimens, rangmg from 32 to 111 millimeters (114 to 434 inches) in length were
preserved. This fish is distinguished from related species by the elongate body, long depressed
snout, small scales, and by the many narrow vertical bars on the sides, the latter being darker than
the ground color in the female and silvery in the male.

The food of this species, as indicated by the contents of 15 stomachs examined, consists of
small crustaceans, insects, mollusks, annelid worms, and of mxscellaneous unidentified vegetable
matter.

Gravid fish were taken from April until September. The eggs, when fully, deVeloped, are
spherical and about. 2 millimeters in diameter.. The ovary is single, and it usually contains eggs
of more than one size. . The largest number of eggs of one size found in one ovary in a limited num-
.ber of specimens examined was 252, The males in this fish, as well as in the other species of the
genus, are somewhat smaller than the female, the average difference in size being about one-half
inch. Sexual maturity appears to be attained when the fish is about 21{ inches in length. The
largest individual of this species taken during the present investigation was a female 111 milli-
meters (434 inches) in length, which appears to represent the maximum size attained by the species.

This minnow is more fresh-water in its habits than are the other members of the genus discussed
in the present report. It is common in bays, rivers, and coves where the water is only slightly
.brackish, and it runs up the streams tributary to. Chesapeake Bay into fresh water.

This killifish no doubt is of some value as an eradicator of mosquito larves. It is said to be an
excellent bait for the larger predatory fishes, and it also is valuable as a natural food for these larger
fishes. . .
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Habitat.——From Quebec to North Carolina, represented by the variety menona in the region of
the Great Lakes and in the northern part of the Mississippi Valley. :

Chesapeake localities.—(a) Previously recorded from many sections of the fresher arms of the
bay and from the streams tributary to the bay. (b) Specimens in the collection from the lower
Rappahannock River, Va., to Havre de Grace, Md., on the western shore of the bay and as far
south as Cape Charles City, Va., on the eastern shore. Not taken in the lower York River, Buckroe
.Beach, and Lynnhaven Bay.

63. Fundulus luciee (Baird). Killifish; Baird’s killifish.

Hydrargyra luciz Baird, Ninth Smithsonian Report, 1854 (1855), p. 334; Beasley’s Point, N. J.

Zygonectes luciz Smith, 1892, p. 68, P1. XVIII, fig. 3.

Fundulus luciz Jordan and Evermann, 1806-1900, p. 654, P1. CVII, fig. 288; Crawford, 1920, p. 75.

Head 3.1 to 3.6; depth 3 to 4.4; D. 8; A. 10; scales 34 to 36. Body rather elongate, compressed;
caudal peduncle strongly compressed, its depth 2 to 2.4 in head; head depressed, snout short, 4 to
4.8 in head; eye 4 to 4.8; interorbital 2.1 to 2.6;
mouth slightly superior, largely transverse; pre-
maxillaries protractile; teeth pointed, in villiform
bands in each jaw, with the outer teeth in each
jaw considerably enlarged; scales moderate, 15 or
16 oblique rows between upper anterior angle of
gill opening and origin of dorsal, dorsal fin short,
its origin in both sexes over or slightly behind
J origin of anal and inserted about equidistant from
the tip of the tail and the anterior half of the eye;
caudal fin convex; anal fin with a somewhat longer
base than the dorsal; ventral fins very small, inserted a little nearer base of caudal than tip of
snout; pectoral fins moderate, 1.4 to 1.7 in head. .

Color of female plain grayish green, pale below; eye dark, with narrow golden band; opercle
with brownish peppery spots, forming a )
blotch; a dark vertebral line present;
the fins all plain yellowish brown. Male
olive-green above, lower sides golden,
orange-white underneath; sides with 11
to 14 crossbars slightly darker in color
than the back; the fins orange, pinkish,
or light brown, the dorsal and anal usu-
ally bright orange to reddish; the dorsal
with a black ocellus on the posterior R
rays. The young of about 26 milli- i]f
meters and less in length all bear the Fro. 77.— Pundulus luciz, adult female
modest color of the female, and the
sexes are not distinguishable.

This species is represented by about 75 specimens in the present collection, ranging in length
from 22 to 40 millimeters (74 to 1y inches). The females are readily recognized by the plain
grayish green color, but the males resemble very closely the smaller brightly colored males of F.
heteroclitus. For example, at Love Point, Md., both species were taken and placed in the same jar.
Later it was found impossible in some instances to separate the males by the color. Usually the
species may be distinguished by the slightly more posteriorly placed dorsal fin in F. luciz, but the
most reliable character, for purposes of identification, is the length of the dorsal fin, which in the
present species constantly has two or three fewer rays, the usual number being eight.

The food of this species, as shown by the contents of nine stomachs, appears to be similar to
that of F. heteroclitus, consisting largely of small crustaceans, small mollusks, and annelid worms.

Gravid specimens were taken only during April and May, but at Beaufort, N. C., the senior
author found that in that vicinity, at least, the species spawns throughout the spring and summer,
or from April until October. The eggs are rather large and spherical, measuring about 2 millimeters
in diameter when mature. Since the fish reaches a much smaller size than F. heteroclitus, sexual

F16. 76.— Fundulus luciz, adult male
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maturity is attained when the fish is much smaller. The exact size at which the sexual organs begin
to develop has not been determined, but fish 114 inches long are plainly adult fish.

This minnow is not generally common, It was taken at only five localities in Chesapeake Bay,
and it was only fairly common in one of these places, namely, Love Point, Md. It frequents very
shallow, brackish water, and is taken in company with F. heferoclitus. This species has rarely
appeared in collections. It was first taken and described by Baird (1855, p. 334) from Beasely
Point, N. J. Then it appears not to have been taken again until Smith (1892, p. 68) secured two
specimens from the lower Potomac. Fowler records the species from Pecks Bay, N. J. (1912, p. 36),
and from Cedar and Parramores Islands, Lotusville Branch, and Virginia Beach, Va. (1912, p. §7).
The senior author found the species common in restricted areas near Beaufort, N. C. (1916, p. 306),
and Crawford took some specimens at Lewisetta, Va. (1920, p. 75). The color of the female appears
not to have been described previously.

The species reaches a small size. The largest specimen taken in Chesapeake Bay during the
present investigation was a female measuring 40 millimeters (15% inches) in length. This fish,
because of its small size and general scarcity, is of little or no commercial importance, either directly
or indirectly.

Habitat.—Coastwise in brackish water from New Jersey to North Carolina.

Chesapeake localities.~(a) Previously recorded: Only from the lower Potomac. (b) Speci-
mens in collection: Love Point, Md., May 11 and 12, 1922; Annapolis, Md., September 9, 1921,
and May 1 to 3, 1922; Solomons, Md., April 27, 1922; Crisfield, Md., November 21, 1921; brackish
swamp opposite Lynnhaven Roads, Va., June 10 to 17, 1921.

Family XXXII.—PECILIIDZE. The top minnows'

Body elongate; compressed posteriorly; head depressed; mouth terminal, or nearly so; teeth
pointed; no lateral line; dorsal fin small, composed of soft rays only; caudal fin usually round,
never forked; anal fin in the male modified, some of the rays produced, others short and more or
less coalesced, the fin forming an intromittent organ. Species viviparous.

47. Genus GAMBUSIA Poey. Top minnows

Body moderately robust; head rather short, depressed; mouth moderate, the lower jaw pro-
jecting; teeth all fixed, pointed, in bands in each jaw; scales rather large; fins small, the anal fin
in the male modified, the third, fourth, and fifth rays much produced, forming an intromittent
organ; color plain; intestinal canal short; species viviparous.

64. Gambusia holbrooki Girard. Top minnow.

Gambusia holbrooki Girard, Proc., Ac. Nat, 8ci., Phila. 1859, p. 61; Palatka, Fla.

Gambusia affinis Smith, 1892, p. 69, Pl. XX (temale), Jordan and Evermann, 1806-1900, p. 680, Pl. CXIII, figs. 200 and 209a;
Evermann and Hildebrand, 1910, p. 160.

Head 3.5 to 4.4; depth 3.5 to 4.7; D. 7 or 8; A. 9 to 11; scales 26 to‘30. Body rather robust
moderately compressed, usually deeper in the female than in the male; caudal peduncle strongly
compressed, its depth 1.75 to 2.3 in head; head depressed; snout short and broad, it length 2.85 to
4.65 in head; eye 2.5 to 3.5; interorbital 1.8 to 2.5; mouth slightly superior, the lower jaw projecting;
premaxillaries protractile; teeth small, pointed, in a band in each jaw; scales moderate, 12 to 14
oblique series between the upper angle of gill opening and origin of dorsal; dorsal fin small, placed
behind origin of anal; caudal fin rounded; anal fin similar to dorsal in female, modified into an intro-
mittent organ in the male, the third, fourth, and fifth rays being much produced, placed propor-
tionately farther forward in adult males than in females; ventral fins small, inserted much nearer
tip of snout than base of caudal; pectoral fins moderate, 1.1 to 1.4 in head.

Color of male and female similar but with considerable variation according to the environment
because of the development of color adaptation; usually olivaceous above, grayish on sides, and
pale underneath; scales on upper parts with dusky punctulations, these often concentrated on the
margins of certain scales, forming irregular dark dots; a dark vertebral streak present in front of
dorsal; a dusky area usually present under the eye and at occiput; dorsal and caudal usually slightly
greenish and with dark dots (in light colored specimens the dots are frequently wanting); other
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fins plain translucent, - The female with a black blotch on each side of abdomen just above and in
front of vent when gravid, increasing in size with the development of embryos and becoming very
prominent before parturition takes place.

Many specimens were collected from various restncted areas, ranglng in length from 19 to 42
-millimeters (34 to 15§ inches), and these form the basis for the above description, The species is
recognized by its small size (although not unlike Lucania parva in size), the plain greenish or grayish
coloration, and the depressed head. The males are readily distinguished by the peculiar prong-
.shaped development of the anal fin, which occurs in no other minnow in the vicinity of the Chesa-
peake. Geiser recently (1923, pp. 175 to 188) has shown that Gambusia of the eastern part of the
United States differ from those of the Mississippi
drainage in the detailed structure of the modified
anal fin (intromittent organ; also called gonopod by
Geiser). The eastern form has a larger number (11
to 14) of antrorse teeth on the distal ossicles of the
third ray; and the larger ossicles, situated toward the
base of the fin from the distal ones, are posteriorly
1cm -denticulate, whereas in the Mississippi fish these
segments are entire. .The posterior branch of the
B fourth ray usually has seven ossicles, with teeth on
the posterior margin in the eastern fish, while the Mississippi Valley fish has only about five ossicles
with teeth. These differences, together with other minute differences, appear to be constant and
therefore of specific value. Consequently the eastern Gambusia must be regarded as distinet from
the central western one; and, as pointed out by Geiser; the Atlantic slope one, in accordance with
rules of nomenclature, becomes G. holbroolm. Girard and the Mississippi Valley fish should stand as
G. afinis (Baird and Girard).

This fish feeds on a large variety of foods, which, however, are taken principally at the sur-
face, the habit of surface swimming and feeding being more strongly developed in Gambusia than
in any of the other so-called *‘top minnows’’ inhabiting the waters of the: United States. In 15
stomachs examined from specimens in the present collection the principal food consisted of insects
and insect larve, although a few small crustaceans and a few egg masses, too, were present.

The young of this species are born alive and well developed, being 8 to 10 millimeters long.
The first young appear
in May, and spawning
continues until about
September. One female
may deliver several
broods of young during
a single season. The
number of young pro-
duced at one time may
vary from a few to a
hundred or more. The

Fi6. 78: —Gambusia holbrooki, adult male

largest brood on record lem
(Hildebrand, 1921, p. 12) ~ :
consisted of 211 young. F16. 79.~Gambusia holbrooki, gravid female

As a rule a small female °
has fewer young than a large one, although there are many exceptions to this rule. . The average

number of young in a brood probably does not exceed 25. A female kept in the aquarium (Hilde-
brand, 1917, p. 6) once produced six broods of young during one summer. The young grow rapidly,
and usually when about 20 millimeters long the sexual differentiation in the anal fin takes place,
and the fish are sexually mature very soon thereafter. Young born in May and reared in the
aquarium have been known to produce young by September of the same year,

The largest specimen taken during the present investigation was only 134 inches in length.
This would indicate that the fish run rather small in the vicinity of the Chesapeake, for the maxi-
mum size attained by the species is about 23§ inches. The males, however, are much smaller,

rarely reaching a length of 132 inches.
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This fish is common only in restricted areas in the brackish and fresh-water arms and discon-
nected pools and marshes of Chesapeake Bay, where, as a rule, the water is quiet and more or less
stagnant. Although a few specimens of this fish have been reported as far north as New Jersey,
the species may be said to reach the northern limits of it distribution in the Chesapeake region,
where it is much more particular in the selection of its habitat than in more southern localities.
However, it is usually quite common within the restricted places where it is found.

This top minnow and closely related varieties or species are now widely employed in the
Bouth for the destruction of the aquatic stages of the mosquito. Gambusia are so effective for
this purpose that it is doubtful if a more valuable fish swims in American waters. For accounts
of the importance of this fish for the control of mosquito breeding see Hildebrand (1919, 1921,
and 1925) and Howard (1920).

Habitat.~As here understood, the range of G. holbrooki extends from New Jersey to Florida.
The top minnows of this genus that occur in the United States have been considered identical and
as belonging to a single species by some writers while by others they are considered three distinct
species. Geiser, from studies based upon the microscopic anatomy of the anal fin of the male,
as already stated, has recently determined (1923, pp. 175 to 188) that the structure of the distal -
part of this fin (““gonopod’’) is different in the eastern Gambusia from those of the South Central
States, and he also found slight differences in this structure between specimens from the Central
and Southwestern States; but he regards this last difference as of varietal importance only, while
the more pronounced difference between the eastern and central specimens he regards as of spe-
cific value. He also found the Mexican species, G. senilis, extending into Texas. According to
Geiser, the species of Gambusia should now stand as follows: Eastern form, G. holbrooks; central
form, G. affinis; southwestern form, G. affinis var. (unnamed, presumably pairuelis Baird and
Girard) ; and the Mexican form, G. sentlis, from southern Texas. On the basis of these new divisions,
the exact limits of distribution of the species and varieties remain to be established. (A further
revision of the species of Gambusia and their distribution has appeared since the foregoing was
written, in “Studies of the Fishes of the Order Cyprinodontes, VI,”” by Carl L. Hubbs, in Miscel-
laneous Publications No. 16, Museum of Zoology, University of Michigan, 1926, pp. 26-40, to which
the reader is referred.)

Chesapeake localities.—(a) Previous records: ‘Lower Potomac” and St. Georges Island. (b)
Specimens in collection: Annapolis, Love Point, Solomons, Oxford, and Crisfield, Md.; also from
the marshes of Lynnhaven Bay, Va.

Order SYNENTOGNATHI
Family XXXIII.—BELONIDZE. The needlefishes

Body very elongate, slender, compressed or not; both jaws produced, forming a beak, the
lower one & little the longer; maxillary united with the premaxillaries; each jaw with a band of
short, pointed teeth and a series of enlarged ones; lateral line low, running along the edge of belly;
scales small; dorsal fin opposite the anal; no finlets; air bladder present.

KEY TO THE GENERA

a. Body only moderately or not compressed, the depth not greatly exceeding the width
__________________________________________________________________ Tylosurus, p. 147
aa. Body rather strongly compressed, the width less than half the depth____._ Ablennes, p. 150

48. Genus TYLOSURUS Cocco. The needlefishes; the garfishes

Body very elongate, little or not compressed; gill rakers obsolete; lateral line on sides of
abdomen, becoming median on the eaudal peduncle; dorsal and anal elevated anteriorly, falcate.
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KEY TO THE SPECIES

a. Origin of dorsal behind origin of anal, about equidistant from base of ventral and base of
caudal, with 13 t0 17 rays; caudal fin scarcely forked, the margin merely concave; a dark,
lateral band present on sides and a median band on back._____.________ ... marinus, p. 148

aa. Origin of dorsal over the origin of the anal, much nearer the base of the ventral than base of

caudal, with 23 rays; caudal fin well forked; no dark bands on sides or back___ acus, p. 149

65. Tylosurus marinus (Walbaum). Garfish; Houndfish; Billfish; Needlefish.

Esoz marinus Walbaum, Artedi Piscium, IIT, 1792, D. 88; Long Island,

Belone longirostris Uhler and Lugger, 1876, od. I, p. 142; ed. II, p. 121, '

Tylosurus marinus Bean, 1883, p. 366; Bean, 1891, p. 92; Smith, 1892, p. 69; Jordan and Evermann, 1896-1900, p. 714; Smith
and Bean, 1899, p. 185; Evermann and Hildebrand, 1910, p. 160; Fowler, 1012, p. 54. .

- Head 2.45 to 3.25; depth 14.3 to 24; D. 13 to 17; A. 17 to 21; scales about 325. Body slender,
not compressed, very slender in young; caudal peduncle depressed, broader than deep, with a
slight keel on the sides, its depth 15 to 20 in head; head long, flat above and with a broad groove;
* cheeks and opereles straight and nearly vertical ; snout produced into a long slender beak, its length:
1.47 to 1.87 in head; eye 9.5 to 13; interorbital 9.5 to 13 ; mouth large, horizontal; lower jaw the
longer; upper jaw scarcely arched; teeth in bands in each jaw, very sharply pointed, the inner
ones enlarged, caninelike; lateral line complete, on lower edge of sides, curved upward on posterior
part of caudal peduncle; scales small, eycloid, present on the preopercle but not on the opercle;
dorsal fin inserted behind origin of anal, about equidistant from base of ventrals and base of caudal,
the anterior 6 or 7 rays much longer than the posterior ones; caudal fin with coneave margin;
anal fin similar to the dorsal but with a somewhat longer base; ventral fins rather small, inserted
about an eye’s diameter nearer margin of opercle than base of caudal; pectoral fins moderate, the
upper ravs the longest, 3.4 to 4.7 in head. .

Color greenish above, silvery on sides, white below; a dark greenish stripe on median line of
back and a narrower bluish silvery stripe along sides, becoming broader and less distinet posteriorly
and frequently disappearing on caudal peduncle in large specimens; snout dark green; ¢heeks and
opercles silvery; a blackish blotch, deeper than long, on upper part of preopercle; dorsal plain
translucent or somewhat dusky, the longest rays yellowish at tips; caudal bluish at base, the lobes
yellowish; anal plain, the longest rays dusky in some specimens, yellowish in others; ventrals and
pectorals plain. : .

Many specimens of this common species were preserved. The above deseription is based upon
specimens ranging from 47 to 619 millimeters (174 to 2434 inches) in length. This fish is disting-
uished from Trelated species by the short dorsal and anal fing, which, however, show considerable
variation among individuals in the number of rays present. In 130 specimens, 3 had 13 rays in the
dorsal, 11 had 14, 35 had 15, 66 had 16, and 15 had 17, In the same number of fish, 7 had 17 rays
in the anal fin, 40 had 18, 65 had 19, 17 had 20, and 1 had 21. The body is cylindrical at all ages,
but it is much more slender in the young than in larger fish, which accounts for the great variation
in the depth of the body shown in the description. )

The food of this gar, according to the literature consulted, consists almost wholly of fish. We
are able to substantiate this statement by the fact that of 18 stomachs examined, the contents,
with a single exception, consisted of small fish, including the silver mullet (Mugil curema), the
killifish (Fundulus diaphanus), and one or more species of silverside. One specimen had fed on
shrimp. It is said to take small fish crosswise in its jaws, afterwards turning its prey around for the
purpose of swallowing it.

Little is known of the spawning habits of this fish, but it is said that the eggs are deposited
during the summer in bays and estuaries (Smith, 1907, p. 157). The ovary is single and a very
large number of eggs are produced at one time. A specimen taken on May 21, 1921, has the ovary
greatly distended with eggs that slightly exceed 1 millimeter in diameter.

The habit of surface swimming, which is correlated with surface feeding, makes this gar one
of the most conspicuous fishes, and it is therefore well known to those living on the sea shores within
the range of the species. Its movements are very swift and it is extremely difficult to catch with
a dip net. It readily becomes entangled in the meshes of a seine or drag net, however, because of
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its large mouth and long teeth, sometimes doing a considerable amount of damage to the nets.
At times it is a nuisance to anglers on account of its bait-stealing habits.

This garfish is said to attain a length of 4 feet (Smith, 1907, p. 157), but the largest: ﬂsh observed
in Chesapeake Bay did not exceed 214 feet. Little is known concerning the rate of growth. Young
fish taken during the late spring and summer were of the following sizes: June 10, 1921, Lynnhaven
Roads, 47 to 50 millimeters (174 to 2 inches); June 25~30, Buckroe Beach, 50 to 106 millimeters
(2 to 414 inches); July 10, lower York River, 54 to 70 millimeters (214 to 24§ inches); July 25-30,
lower Rappahannock River, 62 to 129 millimeters (224 to 55 inches). Larger fish are difficult to
group. Thus, while using a small haul seine at Ocean View, Va., on October 3, 15 fish were taken,
measuring from 11 to 18 inches, the intervening sizes being well represented.

. Several specimens were weighed in the field, giving the following results: Length 13.3 inches,
weight 1.4 ounces; length 13.4 inches, weight 1.6 ounces; length 21.1 inches, weight 9.4 ounces;
length 23 inches, weight 9.6 ounces; length 23.2 inches, weight 10 ounces.

This species is comparatively common in the Chesapeake region and is found in all parts of the
bay from Havre de Grace, Md., to Cape Henry, Va. It ascends the various tributaries and has been
recorded from fresh water (Smith and Bean, 1899, p. 185). - Bean (1901, p. 405) states that ‘it
ascends rivers far above the limits of the tide, feeding upon minnows and other small fishes.” It
is generally found in small schools of from a few to several dozen fish, and oceasionally an individual
is taken alone.

Although the flesh of the gar is palatable, the ﬁsh has no commerelal importance in Chesapeake
Bay. It was never observed in any of the fish markets, and it was noted that fishermen always
culled this species from the other food fishes.

F1a. 80.— Tylosurus acus. From a specimen 43 inches long

Habitat.—Massachusetts to Texas, sometimes straying northward to Maine.

Chesapeake localities.—(a) Previous records: Nearly all brackish waters of Chesapeake Bay
and its vicinity; Bryans Point and Aqueduct Bridge, Potomac River. (b) Specimens in collection:
All parts of the bay from Havre de Grace, Md., to Lynnhaven Roads, Va.

66. Tylosurus acus (Lacépéde). Houndfish; Garfish; Needlefish.

Sphyrzna acus Lacépéde, Hist., Nat, Poiss., V, 1803, p. 6, PL I, fig. 2; Martinique.

Tylosurus acus Jordan and Evermann, 1896-1900, p. 716, Pl. CX VI, fig. 309.

Head 2.6; depth 18.5; D. 23; A, 22; scales about 400. Body very elongate, not quite as broad
as deep; caudal peduncle depressed, broader than deep, with a keel on the sides, its depth 24 in
head; head long, flat above, and with a broad, shallow groove; cheeks and opercles straight and
nearly vertical; snout very long and slender, its length 1.85 in head; eye 13.5; interorbital 11;
mouth large, horizontal, the lower jaw slightly pro;ectmg, the upper jaw weakly arched, the
mouth not quite capable of bemg closed; teeth in bands in each jaw, the inner ones enlarged, /
long and pointed, not compressed; lateral line complete, curved upward on caudal peduncle; scales
quite small, eycloid, present on the preopercle but not on the opercle; dorsal fin inserted over the
origin of the anal, much nearer the base of the ventral than base of caudal, the anterior rays elevated,
much longer than the posterior ones; caudal fin forked, the lower lobe much the larger; anal fin
similar to the dorsal, but with a shorter base; ventral fins moderate, inserted about equidistant
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from posterior margin of eye and base of caudal; pectoral fins moderate, the upper rays longest,
5.25 in head. i

Color of preserved specimen brownish above; sides silvery; pale underneath; ventral surface
of head white; no bands on back or sides; dorsal largely black, the anterior part yellowish at base;-
caudal, anal, and ventrals mostly plain translucent, with more or less dusky, at least on the outer
or anterior rays; pectoral fins largely black, only the base and the lower rays yellowish. The general
oolor of the back is greenish in life.

A single specimen, 830 millimeters (3234 inches) in length, occurs in the collection. - In addi-
tion, a fish 32 inches in length, in a poor state of preservation, and which was thrown away by fisher-
men, was found on the shores at Buckroe Beach. This fish was colored blue along the back. The
species of this genus are not all well known and the identification is more or less tentative. This dis-
position of the species is based mainly upon the long snout, the round, sharply pointed teeth, the
small scales, the length of the dorsal fin, and the position of the ventral fins. This species is readily
separated from the common garfish of Chesapeake Bay by the longer dorsal ﬁn, the more deeply
forked tail, and the absence of dark lateral and vertebral bands.

This gar appears to be a West Indian species that occasionally strays northward. In Chesa-
peake Bay it occurs only as a straggler and has no commercial importance. It reaches a length of
414 feet.

Habitat.—Massachusetts to the West Indies; also said to occur in the Mediterranean.

Chesapeake localities.—(a) Previous records: None. (b) Specimens in collection or observed
in the field: Lynnhaven Roads, June 8, 1916, pound net; Buckroe Beach, Va., June 21, 1921,
found on beach.

49. Genus ABLENNES Jordan and Fordice. The garfishes

This genus differs from Tylosurus chiefly in the compressed body.

67. Ablennes hians (Cuvier and Valenciennes). Garfish; Needlefish; “Silver gar'’; ‘Silver’
fish.”

Belone hians Cuvier and Valenciennes, Hist. Nat. Poiss., XVIII, 1846, p. 432; Havana, Bahia.
Athlennes hians Jordan and Evermann, 18961900, p. 718,

Head 3.1 to 3.8; depth 15.9 to 16.5; D. 24; A. 25 or 26. Body very elongate, strongly com-
pressed, head compressed, more or less quadrate, flat above, and with a broad groove, much narrower
underneath, the sides nearly straight; snout very long and slender, 1.4 to 1.5 in head; eye 9.65 to 11.6;
interorbital 9.7 to 11.3; mouth large; teeth in narrow bands, sharply pointed, the inner ones enlarged;
lateral line following the lower edge of the body throughout; scales minute, too small to enumerate
accurately; dorsal fin inserted behind origin of anal, about an eye’s diameter nearer the base of
ventral than base of caudal, the anterior rays elevated; caudal fin broadly forked; anal fin similar
to the dorsal; ventral fins rather small, inserted considerably nearer eye than base of caudal; pectoral
fing moderate, the upper rays the longest 3.5 to0 3.9 in head.

Color greenish with bright bluish-green reflections above; lower part of sides and abdomen bright
silvery; snout bright red at tip; dorsal fin mostly greenish, the tip of the produced rays as well as the
posterior rays black; caudal greenish, with more or less dusky and a pale margin; other fins mostly
pale green, the pectorals with dusky tips.

Only two specimens of this gar, 400 and 445 millimeters (1534 and 1734 inches) in length, were
secured. The species is readily recognized by the compressed body and the straight and nearly
vertical sides. ]

A considerable variation in color exists among specimens, as shown by a series of fresh speci-
mens examined at Beaufort, N. C. Some specimens have dark blotches on the sides, others have
distinct black crossbars, and in still others, as in the Chesapeake Bay specimens at hand, the sides
are plain silvery. Much variation with age in the depth of the body, too, was noticed in the Beau-
fort specimens. In nine specimens, ranging in length from 454 to 26 inches, the depth in the length
to base of caudal varied from 11 in the larger fish to 24 in the smaller ones.

This fish is carnivorous. The alimentary canal is a straight tube, without a definite differenti-
ation between the stomach and intestine. The air bladder is very long and narrow and it has very
thin walls. The peritoneum is silvery and it bears dusky punctulations. The bones are greenish,
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Spawning apparently takes place in the spring. During May, 1915, we took several large
fish, with ripe roe, at Beaufort, N. C. The ovary in this species, as in the other members of gar-
fishes, is single, and when fully distended with eggs it is fully one-third the total length of the body
The ripe ova are large, measuring about 3 millimeters in diameter.

* This gar attains a length of atleast 3 feet. It is not common in Chesapeake Bay,butis occasion-
ally seen in pound nets (in the meshes of which if becoines entangled by means of its long snout,
large mouth, and sharp teeth) in the southern sections of the bay. This ﬁsh is of no commercial
importance.

Habitat—Massachusetts to Brazil.

Chesapeake localities.—(a) Previous records: None. (b) Specimens in collection or observed
in field: Buckroe Beach, June 21, 1921; Cape Charles, September 23, 1921.

Family XXXIV.—SCOMBERESOCIDZ. The sauries

Body long, slender, compressed; both jaws prolonged in the adult, forming a slender beak;
maxillary and premaxillary united; teeth feeble; gill rakers numerous, long, and slender; scales
gmall, thin, deciduous; dorsal and anal low, similar, each with 4 to 6 detached finlets, as in the
mackerels. A single genus and species comes within the scope of the present work.

50. Genus SCOMBERESOX Lacépéde. - Sauries; Skippers

Both jaws produced, forming a slender beak, the lower jaw the longer, the jaws short in the
young; air bladder large; lateral line near ventral edge of body, scales small, partly covering the
‘operele.

68, Scomberesox saurus (Walbaum). Skipper; *Northern billfish’”’; Saury.

Esor saurus Walbaum, Artedi Geners Piscium, III, 1792, p. 93; Cornwall.

Scomberesor scutellatus Uhler and Lugger, 1776, ed. I, p. 144; ed. II, p. 123.

Scomberesoz saurus Jordan and Evermann, 1896-1900, p. 725, Pl. CXVII, fig. 314.

Head 3.5; depth 9 to 13; D. 10 or 11-V; A. 12 or 13-VI; scales about 115. Body elon-
gate, compressed; head broad above, narrow below, tapering gradually to the very slender beak;
snout longer than rest of head, proportionately shorter in young; lower jaw longer; eye about 3
in postorbital part of head; air bladder large; scales small, about eight rows on upper part of
opercle; dorsal and anal fins simifar, small, and mainly opposite each other, each followed by
five or six detached finlets; caudal fin forked; ventral fins small, inserted about equidistant from
eye and bage of caudal; pectoral fins shorter than postorbital part of eye. .

Color greenish brown above, sides and belly silvery; sides with a silvery lateral band about
width of eye, bounding the darker eolor of the back. .

This species does not occur in the present collection. It is included in the present work on
the basis of a record by Uhler and Lugger (1876, ed. I, p. 144, and ed. II, p. 123), who state that
this fish is found very rarely near the entrance to Chesapeake Bay. The foregoing description is
compiled from published accounts.

The skipper is primarily a fish of the open gea, where it travels in large schools and is preyed
upon by mackerel, pollock, tunny, and other fish. It is a warm-water fish, and in the western
Atlantic it probably lives largely between the latitudes of 11° and 40° N., in which region the
young are very numerous. (Bigelow and Welsh, 1925, p. 166.) Its appearance along our imme-
diate shores during the summer is very erratic, and in places where large catches may be made
one year none at all will be taken the succeeding year. Although the skipper evidently occurs
in the subtropical part of the open Atlantie it has not been reported south of Beaufort, N. C. Its
center of abundance along our coast appears to be around Provincetown, Cape Cod, north and
south of which it is uncommon. It is strictly pelagic, living exclusively at the surface.

The skipper feeds on small pelagic Crustacea. Doctor Linton listed annelids, fragments of
fish, vegetable débris, copepods, and crustacean larve as the food of one specimen examined at
Woods Hole.

Spawning occurs in the open sea, probably at the surface. ““The most interesting phase in
the development of the skipper is that the jaws do not commence to elongate until the fry have
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attained a length of about 40 millimeters, and that the lower outstrips the upper at first, so that
fry of 100 to 150 millimeters look more like halfbeaks (Hemiramphus stage) than like their own
parents (Bigelow and Welsh, 1925, p. 166.)

The skipper attains a length of 18 inches, the usual size bemg 12 to 16 inches.

Habitat.—Temperate parts of the Atlantic Ocean, on both the European and American coasts;
Mediterranean Sea; New Zealand. On the western Atlantic coast, ranging from Nova Scotia to
Beaufort, N. C.; rare south of Cape Cod.

Chesapeake localities.—(a) Previous records: Entrance of Chesapeake Bay (Uhler and Lugger,-
1876). (b) Specimens in collection: None.

Family XXXV.—~HEMIRAMPHIDA. The balaos (halfbeaks)

Body elongate, more or less compressed; upper jaw short; lower jaw various (much produced
in the specimens included in the present work, the “beak’ projecting beyond the upper jaw, being
nearly or quite equal to the length of the rest of the head); lateral line placed low on side; scales in
regular rows, cycloid; dorsal and anal fins small, placed posteriorly; caudal fin rounded or forked, if
forked the lower lobe is the larger. ‘This is a family of rather small, surface-swimming, warm-water
shore fishes. A single species is common in Chesapeake Bay, where it has no commercial value.

KEY TO THE GENERA

a. Air bladder simple, not divided into compartments; sides of body not quite vertical, more or less
convex; dorsal and anal fins opposite each other, the last ray of dorsal not produced; ventral

fins placed about equidistant from gill opening and base of caudal . ______ Hyporhamphus, p. 152

aa. Air bladder divided into compartments, cellular; sides of body vertical; dorsal fin beginning in
advance of anal, its last ray somewhat produced; ventral fins placed much nearer base of
caudal than gill opening. __ o i emeemaaa Hemiramphus, p. 1563

51. Genus HYPORHAMPHUS Gill. Halfbeaks

Body long and slender; sides not quite vertical and usually more or less convex; lower jaw
much produced, the produced portion never much shorter than the rest of head; air bladder simple,
not divided into compartments; dorsal and anal fins similar and opposite each other, the last ray of
dorsal not produced; ventral fins inserted about equidistant from gill opening and base of caudal.

69. Hyporhamphus unifasciatus (Ranzani). Halfbeak; ‘“Skipjack.”

Hemirkamphus unifasciatus Ranzani, Novi. Comment. Ac. Sci. Bonon, V, 1840, 326; Brazil. Lugger, 1877, p. 83.
Hemirhamphus roberti Uhler and Lugger, 1876, ed. I, p. 143; ed. IT, p. 122; Bean, 1891, p. 02.
Hyporhamphus roberti Jordan and Evermann, 1896-1900, p. 721, Pl. CXV1I, fig. 312,

Head® 4.1 to 4.8; depth 6 to 10; D. 13 to 15; A. 15 to 17. Body long, compressed, becoming
deeper with age; head low, somewhat depressed above, the sides nearly straight; mandible much
produced, except in very young (10 millimeters), developed in somewhat older specimens (25 milli-
meters), proportionately shorter in large examples than in smaller ones, its length from tip of upper
jaw equal to rest of head in specimens about 150 millimeters in length; snout 2.5 to 4 in head; eye
3.2 to 4.8; interorbital space 4 to 4.5; teeth in the jaws in villiform bands; gill rakers rather short
and blunt, 23 to 26 on the lower limb of the anterior arch; scales rather firm, cycloid; dorsal and
anal similar, placed opposite each other, each scaled at base; caudal forked, the lower lobe much
the longer; ventral fing small, inserted nearer base of caudal than eye; pectoral fins rather short,
1.25 to 2 in head. ‘

Color largely silvery, with more or less greenish above; sides with a plumbeous band; middle
of back with three dark lines; upper surface of head and mandible dark, the latter with a red tip
in life; fins mostly plain translucent.

This species is represented by numerous ‘specimens ranging from very small (larvae) to 290
millimeters (1134 inches, without mandible) in length. This halfbeak is common in Chesapeake
Bay but it is of no commercial importance.

¢ Head and body are measured from tip of upper jaw.-
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The alimentary canal is almost a straight tube, without a definite differentiation between the
stomach and intestine. The food of the adult, according to the contents of eight stomachs, con-
sists of small crustaceans, mollusks, and vegetable matter.

The ovary is single. - Spawning takes place during summer, and the mature egg, when it is
first laid, is approximately 2 millimeters in diameter, almost transparent, and semibuoyant. The
very young have no “beak,” but in specimens 15 millimeters in length its development has defi-
nitely begun. Specimens 100 to 200 millimeters in length have a proportionately longer beak than
larger ones. )

The youngest specimen (3 millimeters long), taken with a bottom net (July 8), had recently
been hatched. Specimens taken with townets (June 1011 and July 8-9) were 15 to 19 millimeters
in length, measured from upperjaw. By the end of July many fish 24 to 49 millimeters long were
taken with collecting seines. :

The halfbeaks are commonly seen swimming near the surface. Their movements are often
sudden and quick, making them rather difficult to capture, and because of their slenderness they
pass through all except the smallest meshed nets. The greatest length attained is little in excess
of 1 foot.

Habitat.—Cape Cod to Brasil, rarely straying to Maine; most common from Chesapeake Bay
southward; on the Pacific coast from the Gulf of California to the Galapagos Islands. *

F16. 81.~Hyporhamphus unifasciatus

Chesapeake localities.—(a) Previous records: St. Marys County, ‘“‘southern part of Chesa-
peake Bay,” and Cape Charles city. (b) Specimens in collection: From many points from Balti-
more, Md., south to Cape Charles and Ocean View, Va., generally common; also taken in brackish
water in the lower courses of streams.

52. Genus HEMIRAMPHUS ‘Cuvier. Halfbeaks

Body more robust than in Hyporhamphus; sides nearly vertical and parallel; lower jaw much
produced, usually longer than rest of head; air bladder divided into many compartments, cellular;
dorsal fin a little longer than the anal and its origin a little farther forward, its last ray slightly
produced; ventral fins inserted far backward, much nearer base of caudal than gill opening.

70. Hemiramphus brasiliensis (Linnaus).

Esoz brasiliensis Linnmus, Syst. Nat., ed. X, 1758, 314; Jamaica.
Hemirhamphus pleei Bean, 1891, p. 92.
Hemiramphus brasiliensis Jordan and Evermann, 1896-1900, p. 722, P1. CXVII, fig. 313; Fowler, 1912, p. 54.

Head 4.3 to 4.6; depth 5.4 to 6.3; D. 13 or 14; A. 11 to 13; scales 53 to 57. Body elongate,
compressed, the sides vertical; head rather low; mandible much produced, its length from tip
of upper jaw 8.3 to 3.9 in length of body; snout 2.8 to 3.5 in head; eye 3.6 to 4.1; teeth in jaws
short, mostly in three series; gill rakers very short, 21 to 24 on lower limb of first arch; dorsal fin
placed posteriorly, the last ray slightly produced; caudal fin forked, the lower lobe much the larger;
anal fin small, beginning under middle of base of dorsal; ventral fins small, inserted about half
as far from base of ¢audal as tip of upper jaw; pectorals 5.9 to 6.8 in body.

Color dusky brown above; sides and below bright silvery; median part of back with an indis-
tinet dark streak, with a black line on each side; an inconspicuous dark streak extending from
upper angle of gill opening to base of caudal; dorsal, caudal, and pectoral with more or less dusky;
other fins pale. (The caudal fin is said to be orange in life.)

This fish does not occur in the present collection. It was reported from Cape Charles city
by Bean (1891, p. 92), under the name H. plee:, as more common than H. unifasciatus. Jordan
and Evermann (1896-1900, p. 722) record a specimen from Hungers Wharf, Va., and Fowler



154 BULLETIN OF THE BUREAU OF FISHERIES

(1912, p. 54) purchased one in the Baltimore fish market, “said to have been taken in Chesapeake
Bay.”” It is probable that this fish occasionally enters Chesapeake Bay in some numbers, but
it quite certainly is not a regular resident there, or it would have been secured during the extensive
collecting done in connection with the present investigation. The foregoing description was
compiled from published accounts. - ‘

Virtually ‘nothing seems to be known of its life hxstory and habits. The greatest length
attained is about 15 inches.

Habitat—Chesapeake Bay to Bahia, Brazil; also recorded from Angola, West Africa.

Chesapeake localities—(a) Previous records: “Chesapeake Bay,” Hungers Wharf, Va.,
and Cape Charles city, Va. " (b) Specimeéns in collection: None.

Family XXXVI.—EXOCETIDZE. The flying fishes

Body elongate; head with more or less vertical sides; mouth terminal, or the lower jaw pro-
jecting, the latter not produced in the adult; premaxillaries not protractile; maxillary short, slipping
under preorbital; nostrils double, near the eye; teeth various, small or weak; lateral line running
low, along edge of belly; scales eycloid, more or less deciduous, extending forward on head; dorsal
fin without spines, placed on posterior part of body; caudal fin forked, the lower lobe the longer;
anal fin opposite the dorsal and more or less similar to it; ventral fins abdominal, sometimes more
or less enlarged; pectoral fins inserted high, usually greatly enlarged, serving as organs of flight,

53. Genus EXOCETUS Linneus. Flying fishes

Body elongate; sides flattened; head rather short; snout blunt; eyes large; mouth small; jaws
very short, about equal; scales large, deciduous; eaudal fin broadly forked, the lower lobe the
longer; pectoral fins very long and large, reaching nearly or sometimes quite to the base of the
caudal. The species of this genus are inhabitants of the warm seas, many of them being largely
cosmopolitan in their distribution, and they may at times work their way into Chesapeake Bay.
A single species of flying fish, however, so far has been recorded from this body of water.

71. Exoccetus heterurus Rafinesque. Flying fish.

Ezoceetus heterurus Rafinesque, Caratteri di Alauni Nouvi Generi, etc., 1810, p. 58; Palermo. Jordanand Evermann, 1896~
1900, p. 735.

x;ﬁ.'ar:ocwtua mesogaster Uhler and Lugger, 1876, ed. I, p. 143; ed. II, p. 122

Head 4.66; depth 5.33; D. 14; A. 9; scales 58. Body moderately robust; snout 3.75; eye 3.2;
scales moderate, 33 before dorsal, 26 before ventrals, 7 rows between dorsal and lateral line; anal
fin short, its origin behind that of the dorsal, base of anal 1.66 in base of dorsal; ventral fins inserted
about equidistant from pupil and base of caudal, their length about 2.75 in body; pectorals about
1.45 in body, reaching last ray of dorsal. Dorsal and anal plain; ventrals white, their axils scarcely
dusky; pectorals with an oblique white band across lower half of fin.

This species does not occur in the present collection and it is not certain that it definitely
belongs to the Chesapeake Bay fauna. Uhler and Lugger (1876), however, record a species of
flying fish under the name Exocetlus mesogaster, which may have been Parexocatus mesogaster.
The description is very inadequate, but it seems to suit E. heterurus rather better than P. mesogaster.
The species is said to reach a length of about 15 inches.

Habitat.—Atlantic Ocean, common southward on both the Europea.n and American coasts,
straying northward to Newfoundiand and England.

Chesapeake localities.—(a) Previous records: Mouth of Potomac River and southern part of
Chesapeake Bay (Uhler and Lugger, 1876). (b) Specimens in collection: None.
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Order ANACANTHINI
Family XXXVII.—GADIDZE. The codfishes

Body more or less elongate; the caudal region moderately long; 'mouth large, usually terminal;
chin with a barbel more or less developed; gill openings very wide; gill membranes separate or
somewhat united, usually free from the isthmus; gills 4, a slit behind the fourth; fins without spines;
dorsal fins, 1, 2, or 3, extending almost over the length of the back; caudal fin separate or confluent
with the dorsal and anal; anal fin long, single or divided; ventrsl fins jugular, with one to eight
rays. Three genera of this rather large family come within the scope of the present work.

KEY TO THE GENERA

a. Dorsal fin divided into three separate parts; anal fin divided into two parts; ventral fins expanded,
with about seven short rays.

b. Lower jaw projecting; caudal fin forked; vent under first dorsal__.___._____. Pollachius, p. 155
bb. Upper jaw projecting; caudal fin nearly square; vent under second dorsal_ ___._._ Gadus, p. 156
aa. Dorsal fin divided into two separate parts; anal fin long, undivided; ventral fing with two
or three fillamentous TaY8. .. oo . Urophycis, p. 158

54. Genus POLLACHIUS Nilsson. Pollocks

v

Body rather elongate; mouth moderate or large; lower jaw projecting; teeth in the jaws equal
or the outer ones slightly enlarged; pointed teeth on vomer; none on palatines; gill membranes
more or less united; barbel at chin small or obsolete; scales numerous; dorsal fins three; anal fins
two; caudal fin lunate or forked; vent under first dorsal.

72. Pollachius virens (Linnzus). Pollock.

Gadus virens Linnmus, Syst. Nat., ed. X, 1758, p. 253; seas of Europe.

Pollachius virens Jordan and Evermann, 1896-1900, p. 2534, P, CCCLIX, fig..886.

Head 3.68 to 3.88; depth 4.53; D. 13 or 14-21-19 or 20; A. 24 to 28-20 or 21; scales 154 to 156;
body rather elongate, somewhat compressed, tapering posteriorly; head conical; snout 2.84 to 3
in head; eye 5.73 to 6.35; interorbital convex 3.28 to 3.80; mouth oblique; lower jaw pi-ojecting_;
maxillary scarcely reaching anterior margin of eye, 2.90 to 3.19 in head; teeth small, pointed, cardi-
form, present on jaws and vomer, none of them notably enlarged; gill rakers rather long, slender,
equal to diameter of pupil, 28 to 30 on lower limb of first arch; scales very small, cyecloid; dorsal
fins separate, first and second of about equal height, outer margin of first convex, margins of second
and third nearly straight, the fins tapering posteriorly; caudal moderately forked; anal fins separate,
outer margins gently rounded; ventrals small, inserted below posterior margin of gill cover, slightly
in advance of pectorals, 3 to 3.37 in head; pectorals moderate, 2 to 2.31 in head. .

Color dark green above, silvery to silvery gray below; lateral line pale; dorsals and caudal dark
green, anals bluish white; pectorals pale, ventrals white.

This species was not observed by us in the field. The above description is based on three
specimens, 450 to 460 millimeters (about 18 inches) in length, caught off Gay Head, Mass.  Small
pollock, below 15 inches in length are usually brownish green, while large pollock are dark green,
with some dusky on the fins, particularly the caudal. Published accounts give the following range
in the fin counts: First dorsal, 12 to 14; second dorsal 19 to 24; third dorsal 19 to 22; first anal 23
to 27; second anal 20 to 23. ’

This species was not secured during the present investigation. It is included here through the
courtesy of Dr. William C. Kendall, who kindly permitted us to use his unpublished notes bearing
upon certain investigations made in the vicinity of Hampton, Va., in 1894. We find a note, dated
March 26, reporting the capture of a pollock 12 inches in length in a pound net. This fish is recog-
nized by its projecting lower jaw, small ventrals, and forked caudal. It is also distinguished
from all other species known from the Chesapeake (except the cod) by its three separate dorsal fins.

The food of the pollock is reported to consist chiefly of small fish and of pelagic crustaceans.
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Spawning takes place late in the fall and early in the winter along the New England coast. The
eggs are reported (Bigelow and Welsh, 1925, p. 405)!° to be numerous, as many as 4,000,000 from
a fish weighing 2314 pounds, about 1.16 millimeters in diameter, and bouyant, hatching in nine
days at a temperature of 43° F. The newly hatched larvee are about 3.4 to 3.8 millimeters in
length. Young fish from 25 to 30 millimeters in length show most of the characters of the adult.

Young hatched in the winter in the Gulf of Maine attain a length of 1 to 2 inches by spring
and 3 to 5 inches by late fall. The second spring, or when they are a little more than 1 year old,
they are 5 to 6 inches long. At Provincetown, on June 26, 1925, we secured numerous young
125 to 140 millimeters (5 to 514 inches) in length, apparently about 114 years old.

On our side of the Atlantic pollock are most abundant from Woods Hole, Mass., to Cape
Breton, and within this region about 40,000,000 pounds are caught and marketed annually. From
eastern Long Island to New Jersey it occurs in small numbers, but below Cape May apparently it
is only a straggler. .

A pollock 44 inches in length and weighing 36 pounds, taken in the Gulf of Maine by the junior
author, is the largest of which we have record. - The average length, however, is from 2 to 3 feet,
with a weight of 4 to 15 pounds, few exceeding a length of 40 inches or a weight of 30 pounds. The
pollock is an active swimmer, occupying any or all levels between the surface and the bottom, and
gsometimes it schools. A small part of the catch is salted, and in that state the pollock is said to be
as good as or better than cod.

- Habitat.—Both sides of the North Atlanti¢; on the American coast from Hudson Bay and Davis
Straits to Cape Lookout, N. C., chiefly between Narragansett Bay and the Gulf of St. Lawrence.
Dr. Russell J. Coles (in Copeia, No. 151, Feb. 25, 1926) reports the capture of a 10-inch pollock at
Cape Lookout, N. C., on February 13, 1925. This establishes the most southerly record for the
species.

P Chesapeake localities.—(a) Previous records: Nome. (b) Specimens in collection: None; a
single 12-inch individual is mentioned in the unpublished notes of Dr. W. C. Kendall, this specimen
having been taken in a pound on March 26, 1894, at Buckroe Beach, Va.

55. Genus GADUS Linnzus. Cods

Body moderately elongate, compressed posteriorly, and tapering to the rather slender peduncle;
head large, becoming narrower anteriorly; mouth large; upper jaw projecting; teeth on jaws and
vomer; a barbel on chin; Iateral line pale; scales very small; dorsal fins 3; anal fins 2; ventral f