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INTRODUCTION

oy ;[‘I?zz.t (;;.re_mendous mortality. among fishes must occur is evident from the fact
e ein 1wdual§ of many species spawn thousandsand often millions of eggs yearl
;)v;rc ;)utt an afpgreglable increase in the numbers of adult fish. Undoubtedly a higlylr
ntage ol destruction is normal and necessarv in su i i
e ! Y ppressing overproduction and
providing food for other organisms. Someti i : -
! mes, however, this mortality b
abnormally large, due either to unfavorabl e , o the Sreads
_ e environmental conditions or the i
of man, and the stock is seriously d i i e
y depleted. It is generally believed th
losses at such periods take i S imal. i
place during the egg stage or soon after the free-swimmi
larvaA(imerges; hence the need for studying early lifbe histories is apparerf: Sl
o though much has bee_n done on marine fishes, practically nothing beyond frag-
! ;:;1 arytnot,es_,1 f(t)_r a few 1frpecms has been available on the developmental stages of their
-water relatives. 0 one has previously considered thi b i
postlarval community as a whole. The stud o historion, doverony
- l co: : ; y of early life histories, dovetailed wi
an investigation of biological, physical, and chemical iti : ey,
. \ conditious of the enviro i
necessary in order to understand probliems of producti Ry
: tion, abundance, and d ion i
fish fauna, to determine the causes o s i
of yearly class fluctuation, d thei i
effect upon commercial fishing, or to solve o P
cial | , ther problems of real economic i
_Such a compre.\,hensn_fe survey has been attempted in Lake Erie, and the r:slg Otf .
1s one of a series which will result from that study.? ; W
Thefﬁrst step in th.e fish problem had necessarily to be the identification of the
Zoulng of each species in various developmental stages. Thus, the following text
Fa ]j" for the most part, _W1th descriptions of specimens taken in net hauls Bgcause
of this manner of collection the life history series are seldom as complete .as desired

included in the distribution tables. and
: \ whatever developmental g
are descr;be_d and ﬁgured under the various species headsr.) F R e found
amui’;a;nsltlcs }Jotr}xllpﬂGed retianli\jly by the United States Bureau of Fisheries show the
alue ol the Great Lakes fisheries to total nearlv nj illi
. _ y nine millions of dollars.
fak.e (f]ne alone in 1927 th‘e catch brought $1,831,284 to American ﬁsherm(:anars Sucl:—z
N Industry can not be disregarded, and when it declines noticeably, the -need of
2

? Prelimi i
and in “A Bizlatg;cr:f) é’ﬁtritéazi’ﬁpeé’?d in Vol. XIV, No. 3, and Vol. X'V, No. 1, Bulletin of the Buffalo Society of Nat 1Sei
Oonservation Department y ¥ e Erie-N; iagara System,” Supplemental to the Eighteenth Annual Report, 1928, N oy ?lences'

nt. Further reports will be published in forthcoming Bulletins of the U. S. Bureau of Fi heW. York State
- 8. isheries,
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remedial measures or, at anyrate, an understanding of contributing factors toward these
losses, is urgently indicated. Because an alarming decrease has occurred during late
years in the numbers of commercial fish available from Lake Erie, this survey under
the direction of Dr. Charles J. Fish was inaugurated in the spring of 1928 to attempt
an explanation of the causes and, if possible, to suggest methods of remedy. Pooling
resources, equipment, and workers, the United States Bureau of Fisheries, the New
York State Conservation Department, the Ontario Department of Game and Fisheries,
the health department of the city of Buffalo, and the Buffalo Society of Natural
Sciences launched upon an intensive investigation of these waters.

A steam vessel, the U. S. F. S. Shearwater, was used constantly throughout the
spring and summer of 1928 in eastern Lake Erie to the westward boundary of New
York State and to Long Point on the Canadian shore. Between June 15 and July 26
the New York State gasoline launch Naveffe made observations and collections in
shallow water around the margin of the lake.

In 1929 the investigations were continued in similar manner aboard the Shear-
water. The region surveyed, however, was increased to include the whole of Lake
Erie. The State of Ohio joined forces with the previously cooperating institutions,
and the waters of the lake were combed for young fish.

In 1930 no active collecting was done, but over 20,000 young fishes which had
been taken by the Ohio Division of Fish and Game in the previous year were examined,
identified, charted, and described in an attempt to locate formerly undescribed young
and further stages of fishes already recorded by the cooperative survey.

COLLECTION OF MATERIAL

Petersen young-fish trawls of quarter-inch square mesh at all depths, silk Helgo-
land trawls on the bottom, and meter nets at the surface and deeper levels were used
during 1928 for the collection of young fish material. The only collecting gear used
in the following year were meter nets and occasional dip nets. At each station investi-
gated a typical plankton net of No. 0 and No. 2 silk with a ring 1 meter in diameter
was towed for 5 minutes at the surface, and another simultaneously at about 1 meter
above thebottom. The sampleswere preserved in weak formalin at once and examined
later in the laboratory. Because of the greater area covered by the survey in 1929
and the large number of observations necessary, the towing of Petersen and Helgo-
land trawls was omitted, but the use of these specially constructed young-fish nets is
strongly recommended for the capture of such material.

Additional specimens studied were collected by members of the staff and reared
at the Buffalo Museum of Science. Others were kindly loaned by various State and

Federal hatcheries.
‘ LABORATORY TECHNIQUE

When the plankton bottles arrived in the laboratory they were carefully examined,
and all young fish and eggs removed. Specimens were preserved in 2 per cent forma-
lin in distilled water, thus preparing them for later staining and clearing if desired.

There is only one character remaining comparatively constant throughout the
life of the individual, and that is the vertebral count. Thus in the earliest stages,
before the fin rays and other diagnostic characters of the adult are distinguishable,
the number of vertebrs is the most valuable hint of identification, and it is with this
count that much of the work must be done. There are certain peculiarities for each
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:Eg(szﬁ;,l :]sli)leycmll)lgts?}?p%i;d ];;igment marking, which make them easily distinguished
5 e attempt at identification of field i i i

o . at ' eld collections is possible

" uylrtlg; hct;;llxllli‘;l:%ftgfe xlrsrt?ilirae. Th.IS information, together with knowledgepof the

Gallty, permits us to narrow down the ibiliti
often to detect the species immed; ] o Ve L
ediately. Unfortunately, the i p

vertebral count has only recent] 1 hris the ol Temetopie
1 ¥ been recognized, and thus th ipti

: onl . 3 us the older description

goulisi i}) 1ilot c(;)lrllltam 1t. Wherever possible during the work, we have madepthe;‘:

S i 8 1tshas W_e]l as the young. In some small specimens strong light is

sut Dl o eﬁveila the spinal column3 b_ut usually it is necessary to stain and clear

e ai , i es 1;:) bls.ect. The limited time of the survey prevented extensive:

g, when the spinal column was not readily shown, myomere counts were

made which, although not identical ¢
orrespond to th fici
are constant.enough for the usual ,requjrelr;ents. e s
o tl]:I (:) 3::;3?35131% can be laid (tl)own for the technique of staining all young fishes
: In size, permeability, and general reacti . :
species and often each specimen a ’ in i e e
i : . problem in itself. Most processes are lo
igguf: con:llld;rlable watching, but painstaking care and patience will surely pIr%d?l[(l:g
wor e effort. (See fig. 121 and other photographs of stained and cleared

specimens in the following text.) The .
st oz B e omelied below,) several methods used with success by the

| VERY SMALL SPECIMENS WITH CARTILAGINOUS SKELETONS

Approved stain.—“New Meth
. : ylene Blue” i i i
e et Gl Bl (Chromatine Blue Violet), National
i cizei]c)aczﬁim o{ stai;a%g solution.—One gram of dry methylene blue dissolved in
Tneters o1 70 per cent alcohol, acidulated with g f
hydrochloric acid. (Do not kee : i i e pelrmcment
: - . | S
iy sx i p stock solution acidulated but add acid e-
Wash formalin-preserved speci in disti ‘
. pecimens in distilled water and run orad 1l
;?aigzg (;(31(111; alcok}gl,. tl}:eli) 1pla,ce in staining solution and examine ﬁrequléitfyulfntti(l)
eep midnight blue. The time varies from a fe
w hours to m
;vc(;zll{].l atgisl%lly at le;astl 3 };)r14 days are necessary. Wash in successive 21121?;3:1 0?
: per cent alcohol until the color ceases to wash out of i
in 95 per cent alcohol for 1 to 2 hours g ey g e Bloce
. ok » and finally into oil of cloves. P i
:;l,igl;)ll, a1‘1d pyridin can be used successfully, but oil of cloves is prefe.rredeif};::rllrsfﬁ
earing powers are very effecti i i
28, y eilective, and it can be used directly from 95 per

LARGE SPECIMENS WITH BONY SKELETONS

e e P e

] —Aqueous :

:giz%gz gi Zﬁiiﬁiz ?111 (;i()st}i)]iidcgite;i;}Ohgfzohoﬁcssoil&(i):n i;’(())11.' llt/I/IZ:}}igg III.: gzzuuizzzg
ethod I (most rapid but ive): i

:gflfg:zn? ;:p;i}ilsfz)i}le;céavivsfer for stall;gszol bﬁoiis.s eSﬂ:tZ(i}II?‘srﬁ)g.ht.‘lsyo ﬁtﬁoxsgoispziszfgzg

Dehydrate, and clear in )I(?r;loslt fr(()an(li Zts;ﬁﬁgdaﬁf)rhi?eﬁment)' S s
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Method II: Soak formalin-preserved specimens in distilled water for at least
1 hour, and in 35 per cent alcohol for from 1 to 2 hours. Place for half an hour in
70 per cent alcohol made alkaline by adding a drop or two of the following alkaline
alcohol solution: 70 cubic centimeters absolute alcohol, 30 cubic centimeters distilled
water, 1 cubic centimeter molecular solution of sodium bicarbonate. Stain with alco-
holic alizarine solution diluted with an equal quantity of 70 per ceunt alcohol, to
which is added one or more drops of alkaline alcohol solution until the color is a
faint brown. Staining may require from 1 hour to a day or longer, depending upon
the size and permeability of the specimen. Place in 70 per cent alcohol until color
is washed out of flesh and left only in bones. Run slowly up to absolute alcohol.
Clear in oil of cloves, oil of wintergreen, or xylol.

Method III (most effective for transparency of vertebral column): In order to
make the stained skeleton distinct the use of potassium hydroxide is highly successful. .
This transparency method was recommended by Beale as early as 1853, and by
Schultze in 1897. The techinque of Schultze has been applied widely since by
students of human embryology, (e. g., von Halvar Lundvall, (1905); Eben C. Hill,
(1906); Franklin P. Mall, (1906).) More recently, excellent results have been
obtained in the study of deep-sea fishes by Dr. William Beebe and Miss Gloria
Hollister.

The following modification of the Schultze and Lundvall methods has been
used by the author in the present problem: Treat formalin-preserved specimens
with 2 per cent potassium hydroxide to which has been added a few drops of aliz-
arine solution (about 1 to 1,000) until bones are stained. The time varies from a
few hours to a week, but usually one-half to one day is sufficient. Placein 1 per cent
potassium hydroxide until color washes out of soft tissues. Place in glycerine and
1 per cent potassium hydroxide (1 to 5) for 4 to 48 hours, or until tissues are quite
clear. Transfer to higher percentages of glycerin at intervals of one day until
perfectly transparent.

It is urgent that distilled water be used in all solutions, including the formalin
for hardening, since slight impurities may interfere with complete clearing.

Hill (1906) was successful in rendering difficult embryological material trans-
parent by using equal parts of 1 per cent potassium hydroxide and 50 per cent ammo-
nium hydroxide for 5 to 72 hours, then 20 per cent glycerin for 48 or more hours,
and ascending percentages of glycerin at intervals of 2 or 3 days.

For staining Hill advocated Doctor Bardeen’s alum-cochineal method. Speci-
mens without previous fixing in formalin, are placed in 95 per cent alcohol until
shriveled, then stained for 24 hours in alumcochineal and cleared in 1 per cent potas-

sium hydrate.
ADDITIONAL METHODS OF STUDY

The perfect way to identify a young fish with the adult is, of course, to secure
a ripe female and male, artificially fertilize the eggs, and study the resultant develop-
mental stages in the laboratory. The difficulty, however, of keeping most larval
specimens alive and healthy in the ordinary laboratory for long after the yolk sacs
are absorbed and the fish are actively feeding is great. KEven when successful the
artificially reared specimens are apt to be emaciated and their growth retarded. We
can not duplicate exactly their normal conditions of life, and thus the chief source of
young-fish material must be the lake itselfi. By extensive collecting over a period of
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time, we strive in the end to secure complete series of stages which will positively link e :
up the earliest larva with the parent form. "
The adult fish is usually so very different in coloration, body proportions, and 2,

general characters from the younger stages that existing descriptions are often 2% 50
worthless. It seemed wise to attempt a collection of postlarve and young adults

which might form a connecting link between the very tiny specimens caught in our
nets and the older known adults. The Erie-Niagara watershed survey staff of the
New York State Conservation Department gave us valuable cooperation in 1928,
bringing in 37 species of small fishes. We adopted a special form of description and 8
card-catalogued all species in this way. Thus additional data were recorded, such as
the myomere count and chromatophore marking previous to the appearance of scales,
which are invaluable for work on the earlier developmental stages.

EXPLANATIONS

At the beginning of the Lake Erie survey it was agreed, for uniformity among
the various workers, to use the names of species as they were stated in “A Check-List,
of the Fishes of the Great Lakes and Tributary Waters, with N omenclatorial Notes
and Analytical Keys,” by Carl L. Hubbs, University of Michigan, Museum of Zoology,
Miscellaneous Publication No. 15, 1926. Hubbs's nomenclature, therefore, has been
used in the present paper, but where the names given certain species in ““Check List
of the Fishes and Fishlike Vertebrates of North and Middle America North of the
Northern Boundary of Venezuela and Colombia,” by David Starr Jordan, Barton
Warren Evermann, and Howard Walton Clark, U. S. Bureau of Fisheries Document
No. 1055, Washington, 1930, differed from that previous list, the later name has been
added in brackets below the one used by Hubbs.

Unless otherwise stated, all descriptions and drawings have been made from
preserved specimens. Preservation was necessary because the collections in most
cases could not be studied until the end of each cruise. The use of weak formalin,
however, caused only slight shrinkage, and, except for some opacity, no visible change
in the specimens occurred.

In describing the pigmentation of young fishes, the word “subsurface” is fre~
quently used in reference to those chromatophores which lie below the outer surface,
such as those distributed often over the ajr bladder or the intestinal tract, When
the specimen has been rendered very opaque by growth or preservation, these pigment

spots are not readily seen. Use of the transparency Method IIT described on page
297, however, will usually make them visible.

The word “incomplete”’ following a fin
that the fin is not wholly developed and ther
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herring, whitefish, lake tr
) ake trout, black 5 ; . .
Emmeline M ,f g < bass, and br qu trout eggs and larve ; Dr. TaBLE 2.—S8tation record of young fishes taken by Shearwater and Navette in 1928
o oore for muskalonge eggs and larve; Miss Ida Mellen for brook-trout
eggs; F. B. Voegele for whitefish and lake-trout eggs; and A. P. Miller for muskalonge Number | Length of
larvae. Station Net Date Species of speci- | specimens,
M an t d 3 : . 2 mens millimeters
yrany notes on distribution and breeding of stream species were supplied through
t,he kmdness Of Dr' John Greeley. Oottus ba]’rdij kumlieni _______________ 1 9‘ 7
Perca flavescens.._.. - 36 5.5-12.5
TasLE 1 = p d e P g o 4A e | Helgoland | O o (/s RERE - 14 6. 5-13
g ecord of species of young fishes taken by Shearwater and Navetie in 1 928 ’ij(;t‘;i%ggﬁf(;s‘g i i 1; Sglé
‘ Catostomus commersoni o 2 15
ll\jrotropis atherinoides. . = é 734
WA eesars o o Helgoland_....__..____ o ercopsis omiscomaycus. - = .5
N Number | Length of speci- Record of captare Boleosoma nigrum nigrum = 3 | Ripe adults.
Species of speci- | mens, milli- 8A .| Meter..___.__.________ O gerca flavescens_.._____. iy (15 6—1;23
mens ercopsis omiscomaycus 5
meters E:gggls’ Station t Net Date Notropis atherinoides.. __ . 11 (O]
3 Catostomus commersonii__ - 1 15
8A Helgoland._..__________ .do_____ gerco%sis omiscomaycus_ _ - ? 6. 3—8 g
Lepisost, se - erca flavescens....__.__ = 5
Catostomus Zﬁ:ﬁ&s&ﬁi—i:::::: 2 : 0 | Navette dock, Buffalo.| Dip....___.__________ July 12 7o) PO N Meter....._._.________ Tune 13 |—__. O , 2 6.5-9.6
1 15 6 6A. June 12 Sturgeon Point__ . oo ... 2 ) 1 o S B SN . {c I Catostomus commersonii__ = 30 14-21
30 14-21 BIBA. ... d Do. Notropis hudsonius_____ -| Many. [ Ripe adults.
1 0 5 ¢ | Sturgeon Poin June 13 Notropis atherinoides __ | Many. | Adults.
@ Sr 0 [Fiavetie dock, Grand |1__._do.- July o Buffalo Harbor- - ——————_|-_. QO Lt gt e do | Many, Do.
Moxostoma aureolum._____________ 1 ‘3 g Island. Seine___ Do. Crystal Beach |  Few. Do.
Notropis hudsonius..____ 27777777 Manyl, Ripe adults. 0 | Bloesr o stntenaes ggg ié BC.nomemcccna LOt%i [;naculosa_ - ? 3—'g: é
Notropis atherinoides.._.__________ 1 gz 6(5) Jay 1z | 00 T Perca flavescens______ = 3 5.3-6.2
i 6.5 17 July 30 b1 | [N do. ---| June 20 | Lota maculosa_.__._____ : 2 67
2 4.6-5.5 9 July 31 Perca flavescens.._ ... i 1 8.8
2 6.7-9.0 10 Do. 11A Helgoland_._..______.. July 11 |eceaa [ . 2 7-8
1 16,5 93 | o51g T om0l Do. Percopsis omiscomaycus N 1 6.3
2 16-17 0 Sept. 1 Micropterus dolomieu.__._. o 6 9.5-10
Perca flavescens_......_.__.________ Many, 5.5-12.5 4 Do. ' EggNo.a _._____._______ N 2 1.55-1.6
14 6. 5-13 4 June 12 Moxostoma aureolum ... A 1 8
23 .6—11 6 Do. Boleosoma nigrum nigrum = 1 5.6
6 6-12 3 Do. Notropis hudsonius? __ = 1 5.2
1 9.2 3 Do. Percopsis omiscomaycus X 1 9.7
2 6.5-0.5 2 Do. Notropis atherinoides X 1 6.4
2 ) 7-8 6| 11A T TTTTTmmomemmmonp Doeler June 13 Stizostedion canadense gris 1 15.2
631 240 R i s Helgoland. July 11 Triglopsis thompsoni__._._____ 1 13
212 240 20 | 02,04 FPetersen. . Aug. 8 Percopsis omiscomaycus- . - - 1 6.5
Percopsis omiscomayeus-_________ 8 7.5 A A s Do. Lota maculosa_.____________ 14 7-14
3 6.3-6.5 3(8a " June 12 Notropis atherinoides_.__.__ 1 6.5
1 g 8| QAR Do. 0na8CTCTITTTIITTITIIII T do LTI i do e [ 2 4.6-5.5
1 6.3 o Do, M eI e T e [ do I 2 6.7-9
1 9.7 14 | 01.05__ Helgoland. July 11 Lota maculosa_ ... ..._._______ 1 10.5
1 651 g lopls Meter.... July 28 0l Il e e e o 4 11,515
7 17-25 20 | 02004 s do. July 30 Perca flavescens.. ... 631 2,40
1 1 55 [losts= Petersen _ Aug. 8 R0 e T T 212 2. 40
; : 1 35 50 o1 Helgoland. . 9 Notropis atherinoides_ ..________ 7 47
%tllzostedxon canadense griseam ____ 1 15.2 60 gottus cognatus_________________ ?’ }’g
Oleosoma nigrum nigrum. ________ Eggs. ¥ . ercopsis omiscomayeus. - ________ =
- & 3 L 4-1;3,2 ? 02.04. Helgoland..____._.___. Boleosoma nigrum nigrum . _______ - 1 14.5
1 5.6 17 Petersen._ __ Percina caprodes zebra____________ - 1 62
i 14.5 25 Helgoland__ < do._. Boleosoma nigrum nigrum ________ - 6 7.5-15.5
: 6 7.5-15.5 16 Petersen___ Aug. 9 | Percina caprodes zebra_.__________ 1 2,25
Percina caprodes zebra..__.________ 1 62 i5 Helgoland..___________ L do..._ gerci)psis L])Jmiscomaycus_ N % ig
1 i riglosis thompsoni_______________ A
. . 1 ‘5’5:2 43 Egg No.b_____________ 1T 4 2.1-2.3
RdllcrOPterus dolomeiu___._________ 6 9. 5210 9123
ogti’gsl%"t-‘%ﬁ grlltmmle_ns._ - 1 13.3 17 | 03, Lota maculosa_____ N i g g
Cotbus cogmarus. "I G| b | M58 A R L 1w
1 2 2g 02“2’«1 Peter. Sen.. -| Aug. 8 Percopsis omiscomayeus_______..__ 1 35
i : Helgoland i Triglopsis thompsoni______.________ 1 14
1 X Cottus cognatus__.__ 1 20
1 Aplodinotus grunniens 1 13.3
o s 1 Cottus cognatus____ 1 33.5
Cottusricei__.___..________________ N ans| e |oedmlllli 0T Awgies o e e e s | doo i i 22
Triglopsis thompsoni._.____________ 1 léota macu]osta- 1 ég
i ottus cognatu ;
2 Cottus ricei_ ... 1 2.6
1 Cottus cognatus____ 1 18.5
Lot maculosa ... 1 Notropis atherinoides 1 16.5
o I 0 S 1 BT RN st s SO [ ¢ T, S St V- A (6 T M. P I e il ol Bl el DU 2 16-17
é
14 1 Young adults up to 34 millimeters. 2 Approximate,
1
4
1
4

! Numbers in this column refer to the stations indicated i wn
column . icated in fig. 1. The Navette statio
3&3}11%Ig(t:gg;%rgpg{cl%%;%%%%réﬁélﬁgn %1' Cafutalgilan inshore waters. The Shearwzlztgzs' Esivf:tsi}égs fo‘ltioyva gﬂoggﬁﬁng follovgd
< 3 er o i i i . i 1 om
following. This 01.15 means: Shearwater cruise 1, S?; 13?(.)[1111%65 .1s Dlaced immediately before the decimal point with station nmob 3317'

? Approximate.
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. — cen by Shearwater in 1929—Continued
TABLE 3.—Record of young fishes taken by Shearwater in 1 929 TaBLE 3.—Record of young fishes tak Y
Length of Record of capturs
Species 1¢:Itus];]ylebc?f specimens, Record of capture Number S{;ggiﬂgg’g
milli- . i of speci- e
mens Tiotins Station Net Date Epecles mens Iﬁ‘e’&‘,s Station Net Date
Moxostoma aureolum_....._.__________________ 1 .4 6
Cyprinus carpio______ 11 5 20
Hrinemus storerianus... T 2 5 18 Percina caprodes zebra_ - 1 7
! = ;’ """""""" . * Rheocrypta copelandi._________________ 777777077 2 "
2 78 [ O s T July 2 Cottus bairdii kumlieni. .. 1 10.4
1 6 -| Surface meter- - July 5 3 6.5-8
Rhinichthys cataracatae..._____._______________ 1 12.5 _| Bottom foot__ -| June 29 10 6.5-7.5
Notropis deliciosus stramineus 1 8.8 Burface meter_ -| Aug. 6 5 7-9 . tor
2 6-8.5 Bottcm meter | " Do. 2 Ll e
1 6.2106.19. .. __________|.___.do.______. -} Aug. 8 2 6 . ==
4 6-10. 5 X curface meter. | Do. 5 6-11 s [
38 5.5-8.9 0647 ___________ Bottom meter. -| Aug. 19 5 5.8-8
y . 85 4.9-10 | 06.47______________ Surface meter_ Do. 2 7.5-9
Notropis atherinoides 1 67 | 0408 - oo ) do_______ July 2 1 10
1 (e 0 12 I PR e Bottom meter. July 5 1 10.3
4 7| 0412 Surface meter. Do. 2 1.5
71 1? gi gﬁ_- _____ July 11 1 11.5
2 5~ 8.~ I R July 12 5 4.1-6
17% 5-7 | 04.38.____________ | Bottom meter. .. Do. Lota maculosa 2 5.6-6.2
700443 ____________| Surface meter.. . ... July 13 2 5
25 6.8-8.4 | 04.43__ Do. i 6.2 Surface metter
8 6.5-0.5 | 04.47__ Surface meter__ July 15 1 4.5 Bottom meter..
14 6-10.5 | 04.47__ Bottom meter. Do. 4 4.5-6.2
47 6-7 | 04.48__ Surface meter_ Do. 3 6.3-7
39 4.5-6.5 | 04.49__ Bottom meter._ Do. 2 7-9
480 10. 5-22 | 05.13. Surface meter_ _ July 23 10 5.2-8.6
115 | 10.5-17.5 f 0514 __ " T7TTTTTT T a0 R Do. 3 6.5-8.1
4 19-20 | 06.03. (R Aug. 6 7 5.1-8
1 10 | 06.04_ Bottom meter__ Do. 29 4-7.2
1 12.2 | 06.05. -| Surface meter_ Do. 2 6-7
5 9-13 1 068.07_.____________ Bottom meter__ Do. 3 7-8
5 9-12 10612 ___________~ Surface meter. _ . 8 4 6.5-8.5
4 A Do. 5 4.5-9
77 5 5 4-8
80 M 1 12
1 .2 3 10-13
12 ;
9 X
17 ; .
]Oé : TasLe 4.—S8tation record of young fishes token by Shearwater in 1929
11? 5
11 2
9 5 Length of
: . Species ﬁzgletz’?'r Spemilnll b
13% : Station Net Date D mens | AUCS
4 i
100 &
13 B o 17 6-7
7 | Perca fiavescens_ ... e
4g T ’ 02020 Bottom meter-.............. gaze Cottus bairdii kumlieni- g y ?_‘g
23 ! A Surface meter__ ... Do. Lota maculosa. ... 3 6 6.5-6.7
21 5-7.2 | 06.49._ Bottom meter. .. Do, 0203 oo (s[RI sl enct JHIO EavEE: i 2| 5662
) - ' 81 5-11 | 06.49." Surface meter - : i d || AR e 5 2 b
Notropis cornutus chrysocephalus = é 02.49__ 02.05 o] G e na e er-!;pta copelandi. .- 1 g g g
i ' _-| June 8 | Perca flavescens__.__.__.__ ) i
Fundulus diaphanus menona_._____________________ 6 02.09 oo Surface meter...__....._. un Iet macilon: ) é i 5_f75: %
Percopsis omiscomayeus...._...______.____________ ‘ i Bottom meter..______ 0209 oo Bottom meter..............__| ---do....| Perca ﬂaV;ISCBIlS. i 1 4.5
7 Spcemeta . gy b L June 10 Iﬁgﬁganfllz%esoc?ﬁ_s:_: ________ - 1 6.3
Perca flavescens. e lg B_ottom E!leter 3 u]%% 7 Oothiis bairdii leumlieni . - 1 . 6}2 %
3 “Biittacs Hatar June 8 Jupe 8 | Lota maculosa. ... ... i 3 76,37
6 Bottom meter.._ |=o260. i 2 7-9
1 10 “June 15 i 5 6-6.5
g 15 il 3 6. g—g
1 6. 5-7.
3 G do.. do._. 0O e i ol 85ee
2 14 02.30-m oo 2 Lota maculosa_ - = 3 5.5-6.5
1 1 Perca flavescens.. 1 -
s 5 16 ' Erinemus storerianus._ .- 3 6581
1 A0t erme i | ---do_._.{ Lota maculosa_._.___... 5 e
1 g 02310 Cottus bairdii kumlieni 3 5.6-0
] : Perca flavescen -- il By
. 8l do. .. T
11? y g 1722 S — Surface meter- ... June Cottus bairdii kumlieni- % g ?
¥ x| Pereadlaveseons: . s zsamsaaase e
51; e - - (10 SR ——— Bottom meter-.--.---- F-dos Cottus bairdii kumlieni __________ g ?:g
17 06 Lota %aculosa - e 1 6
________ _.-do. ...| Perca flavescen: d
% . o 0234 oo e Lota m%culgsa g G 55?3
1 12,6 | 04.12-_ Stiftace mater Do, Cottus bairdii 1 5
2| 14.817.5 | 0417 Bottom meter. 02350 T wn0no| TGN SPGB, & emnomma st 1 6
9] 7.8-14.5 | 04.32__ d 20D ecm e o e Perca flaveseens. - oooooo__________ 2 L5
1 6 | 04.35__ 02.36 do. .. _..do. __.| Lota maculosa.
1 50 | 06.03.. . i

1 Approximate.
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NUMERICAL SYNOPSIS OF SPECIMENS EXAMINED

Before discussing the species in detail, the following numerical synopsis is given:

3
04 . BULLETIN OF THE BUREAU OF FISHERIES

TABLE 4.—Station record of young fishes taken by Shearwater in 1 929—Continued

Station Net A Number | ength of
R Species of speci- [Specimens, In 1928, the Shearwater and Navetfe plankton nets and young fish trawls yielded
men: milli- 2
S - 5 . . ¥ k
2 - TR eters 1,049 specimens, representing 18 species. Supplementary collections from hatcheries,
242 o . .
------- 40| Tune 17 Peren flavescens......_. 18 ki streams, and alongshore numbered about 49 more, making a total of 67 species for
otamaculosa________________TTTTTTTTTTYo 3 . X "
Cottus bairdii kumlieni 5 48 which descriptions of young forms have been made.
Erinemus storerianus 2 o8-8 1 3 3 i
Tune 18 | Gottus b Tl : ol The Shearwater collections in 1929 yielded 2,235 specimens, or more than double
---do..._| Lota maculosa._______ 0 . . . s :
SRl Heeker 3 n v the number taken in 1928, representing 14 species. Six of these species were not
Bottom meter O S — M e taken previously by the Lake Erie collecting party, and 10 species captured by the
--do_ .| Cottus bairdii kumlieni_____ . . : s
200 Metote nosmis o T 1 10.3 Shearwater during the same period in 1928 were not among the later collections. Thus,
June 15 | Lota maculosa v - s 1 6 .
Surface meter... - Jume 14 | R 7 5.1-8 the accidental aspect of our collecting methods and the need for car on studies
02.51 B Perca flavescens @ 4-7.2 . : syt s1e .
L S—— S e 5:3o. .-/ Lota maculosa - 2 gal over several years with young-fish nets of every description are strikingly emphasized.
tB : oer - ____ 4 erca flavescens_______ A . o 2 . 7 3
rescont Beach ... Bottom meter, depth, 3feet._| June 20 | Rhinichthys eataractas - : 7.6 The collections examined in 1930, which had been taken during the previous year
Fundulus diaphanus menona. -~ 1 12.5 . ! . . . .
04.03 Cyprimus T 4| ras in the western part of Lake Erie along the Ohio shore, numbered over 20,000 individ-
04.04 otropis atherinoides_____________ "~ Ol : .
Perca favescens, .. - L o uals, representing 17 species.
010 Pglc;:[ﬁgxswesgggﬁﬁan - 2 &l Counting several new records of distribution added by the present investigation
13 o s s TR e e e R % 3 5 . % . .
o L ——— 7 0 to previous faunal ligts of the region, there have been reported 112 species from the
G A B otropis atherinoides__ i A . was . o
S5 § Erinemus storerianns - } 82 Erie-Niagara watershed, 92 of which are found in Lake Erie. Practically all of those
3 aAvVesctens._______ . .
0417 .| Notropis atherinoides ... 1 12.6 species not taken by the cooperative survey are of extremely rare occurrence, and many
04.17 c--do._.... Notropis cornutus chrysocephal - 7 : : .
e Bottom met Cottus bairdii Egnlienr o : - are represented by a single record which may be questionable.
e =
0132 O —— IR
T — i DEVELOPMENT OF SPECIES
Perca flaveseens_.______ Tttt % 1145
- 1 13 s .
04, y Family LEPISOSTEIDZ, Gar-pikes
odo___ 72 5-7 ’
7 174 5-7
0442 . . ; :
0cs. a fy o i Be 1. Lepisosteus osseus Linnaeus. Long-nosed gar; gar-pike; bill-fish.
04.47__ -z-do_ : 7
47 Tuly G5 L 2| 6884
ogriy i S 3| esns RECORD OF CAPTURE
5 0.6
04.49. Bottom meter. . 47 16~7 Tyqs .
05.13 Surface meter__ 39| 4565 One young fish, 41 millimeters long, was dipped from the surface at Buffalo on
o A e do.._... a 40|  10.522 g ’ ; : 8 p
0808 oo | doo T s 15 | 10,575 July 12, 1928. Adults are moderately common in Lake Erie and the Niagara River.
8.4
1 6.8
06 4 19-20
06 $ 20 DESCRIPTION
06.0 1 1
10 & . .
et Botion mieter i l2.2 The young are easily recognized by the greatly prolonged toothed jaws and elon-
T ——————— Ftiaes sdter Aug. 8 2 6-8.5 ate body, brilliant in seal, reddish-brown, and bronze.
----- do._____. Aug. 10 9 9-26 3 I > 2
 — Detfom e Aug. 3 17| s
1 105
08.
1 19
12 5.6-12
i
1t T F 2.— Lepisost 41 millimet
16 11-14 IGURE 2.— Lepisosteus osseus, 41 millimeters
126 6.5-14.5
3 5-12 03 77 .
138 5.5 41.0-millimeter stage—Dorsal, 7; anal, 7 (incomplete). Total length, 41.0;
i 6.5 .
00| 12,54 length of head, 12.0; length to vent, 27.5; length to dorsal, 29.0; greatest depth, 3.0;
59 1 8-32 ) ) 5 § d (=]
08.4 Bottom meter.._____________ oA 85 £910 diameter of eye, 3.0 millimeters.
06.4 Surface meter. . Ang. 20 28 5.5-8.9 . his 1111 i
ond “Bottom meter. g = 516 The most remarkable feature of this small and brilliant gar was the prolongation
Y e e DOTUOM mMeter. . _______ e o 5-11 : 3
21 57.2 of the notochord into a fleshy filament, apart from the caudal fin, which kept up a
1 7 ! : .
rapid vibratory motion. That the caudal fin is not the true termination of the ver-

tebral column, but an appendage to its lower portion, “a true second anal,” is thus
strikingly demounstrated. '

1 Approximate, : .
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Pigmentation.—There are three distinct shades of brown in the living specimen,
which may be described as a dark seal-brown, reddish-brown, and bronze. The
bronze has some metallic sheen and the lightest intensity of all. The dorsal surface
is covered with closely distributed, tiny, round, reddish-brown chromatophores,
those on the prolonged jaws being larger, stellate, and fewer toward the center line.
Viewed from the side, some exceptionally large seal-brown chromatophores appear on
jaws extending to €ye, & narrow line encircling orbit, and thence a broad band of
bronze to the posterior margin of head. On either side of this postorbital band is a
white band, met above by the reddish-brown dorsal region and below by the dark
ventral chromatophores. Behind the head, dorsal chrometophores extend down the
sides for one-third of their depth, continuing to extreme tip of body on either side
of notochord. Below this is an irregular white band with a very broken bronze band
interposed upon it, followed below by a wide median band of deep seal-brown and
bronze extending the full length of body, continued to top of lower part of caudal
fin. Below the median band, a white band is apparent, which becomes narrower
and is lost behind the anal fin, bounded below by the seal-brown ventral region. The
underside is characterized by the same white color as the sides (as a pigment, not the
opaque, colorless white of young forms). An arrow-shaped patch of white marks the
lower surface of head, and behind this the ventral aspect is mostly seal-brown with
only small irregular markings of white. Base of pectorals is white with a median-
brown band about one-third the width of the base, not extending to tip of fin. Some
reddish-brown is evident on dorsal, and the brown ventral chromatophores extend out
less than half the distance to tip of anal fin,

BREEDING

The long-nosed gar spawns in late spring and early summer in warm shoal
water, often running up smaller streams in company with the sturgeons. The eggs
are probably attached to weeds, and the young remain among the weed beds close
inshore during their first summer.,

Family HIODONTIDAZ, Mooneyes
2. Hiodon tergisus Le Sueur. Mooneye; toothed herring.

RECORD OF CAPTURE

None of this species were taken by townets in the deeper waters of eastern Lake
Erie during the survey, but schools of young were found at many places close inshore
and at creek mouths. Among the 1929 collections from the western end of Lake
Erie were eight larve, 12.0 to 15.5 millimeters in length, taken on June 7 at the
surface in water of 15 to 19 feet. A 6.5-millimeter larva which seems to be identical
with the above was taken on June 10, off the mouth of the Maumee River.

DESCRIPTION

The elongate herringlike body with blunt projecting snout and large mouth at
all stages is unlike any other species taken by the survey.

6.5-millimeter stage.—Total length, 6.5; standard length, 6.3; length to vent,
4.3; length of head, 1.16; diameter of eye, 0.3; greatest depth before vent, 0.85; depth
behind vent, 0.4 millimeter. Myomeres incomplete at beginning and end of body but
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probably about 28 to vent, plus 16 behond. Body' very slender and elopga‘;e w1f1h
bulbous forehead ; terminal mouth placed very low, Wl.t]El gape to front margin 0 tpupﬂ;
pectorals developed by unrayed; marginal fin fold arising dorsally at about (silx eecxll :
myomere behind head, low, but slightly higher above ~\?en’o, very low _arounAlc]iu al;
and continued on underside forward past vent to middle _of intestine. thoug
the notochord still is straight, lower caudal rays are d.evelop'mg.
Pigmentation.—Body is colorless except for partially pigmented eyes.
Although the myomere count is somewhat shorter, .th.erfz are .cert&l.n Velll'y impor-
tant characters of this larva which seem to indicate that it is identical with the species

FIGURE 3.—IHiodon tergisus, 6.5 millimeters

represented by the 14.2-millimeter specimen, which is the subject of the ?eXt (iessn(f—
tion. The exceptionally protruding snout, very large mouth, s1-na]l eye, (i (;)ng_ahe : 0 h};
with vent situated far back, posterior insertion of dorsal marginal ﬁn-fo Wltf slig
elevation above vent, unusually low marginal fin fold_ arounfi c-audaI' w1th. rays ;Ir@;ng
in this fin before the notochord bends upward, all point to its 1dent1f.icat10nlas W0 Oﬂf
tergisus. 'The very early stage of the larvadntlai h?ccounfaeior the incompleteness o
S hus it is tentatively assigned to this species.

myo?jﬁ&;&i«i}ter stage.—Total iezlgth, 14.2; standard length, 13.2; lfﬁl%ﬂ:fl to venz,
9.0; length of head, 2.5; snout, 0.6; diameter of eye, 0.85; greatest (iept21 ;3015 Z;xlld,
2.0; depth behind vent, 1.0 millimeter. Myomeres, 30 to vent plus b— X 28 1
Contour of dorsal fin indicated with elements of 12 dorsal rays and abou ana

FIGURE 4.—Hiodon tergisus, 14.2 millimeters

elements apparent; lower caudal rays developed although tall. not yefl iomplit;flgr
heterocercal. Slender, oblong body; blun? snout much_ prqtrudmg, so tha 'mou ?
inferior; lower jaw included; premaxillaries ?.Ild maxﬂla.rles very -slen.der, g;pe 0
mouth to distal margin of pupil; wide set, cardlf_orm teeth in p.remaxﬂlar;es, a;n Iﬁlan-
dibles proportionately larger at this state than in adult; nostrils large,lc S_i? ogi lez;
Pigmentation.—Brownish chromatophores appear on the ventra sf tha(i;' te oCe
the large, anteriorly placed oil globule, and along yolk region a quaur’oel;1 0 ]e is azl °
to vent. A few widely separated subsurface spots are present along_ orsa, asp((iac ol
stomach region. An irregular double line. of small (.:hromatophores is seen on ozzsa1
margin from dorsal fin to caudal, and a single partlal.ly subsurface seriie.s opbvt?:drat
margin from shortly behind vent to caudal. Small pigment spots are distributed a

base of caudal.

109774°—32——2

e
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BREEDING

Apparently this species was spawning in our region about the first of June.
The eggs are known to fall into the abdominal cavity before extrusion, rather than into
ducts leading from the ovaries to the outside, as is the case in most fishes (Bean,
T. H., 1903).

Family COREGONIDZA, Whitefishes
8. Leucichthys artedi (Le Sueur). Lake herring; cisco.

RECORD OF CAPTURE

No young herring were taken by the survey during the summers of 1928 and
1929. By the time our collecting trips started the herring had grown to a stage
where they were able successfully to escape the trawls used. Consequently, it was
hecessary to rely upon rather scanty formalin-preserved hatchery material for a
study of this species. The following short account will serve only as preliminary
data toward s complete developmental history to be made later.

DESCRIPTION

Egg—Diameter of preserved hatchery specimens examined varying from 2.0
to 2.5 millimeters, mostly 2.25 millimeters. The earliest stage obtained measured

FIGURE 5.—Leucichthys artedi, 10.25 millimeters

2.25 millimeters, diameter of yolk, 1.8 millimeters, with a colorless early embryo
reaching halfway around the yolk. Myomeres faintly discernible.

Pigmentation.—The eggs, although very opaque from preservation, show about
20 rather large oil globules, deep amber in color on the yellowish yolk. In a later
stage when the embryo reaches more than once and a half around the yolk and is
apparently ready to hatch, the top of head becomes heavily pigmented and dorsal
and ventral brown stripes, characteristic of the newly hatched larva, are prominent,
Yolk sac is deep yellow, its anterior part filled with g large oil globule, and dark thickly
distributed chromatophores make their appearance on the underside posteriorly,
Eyes are dark, and the center of head behind eyes is covered by a diamond-shaped
patch of small chromatophores. Chromatophores continue, small and stellate, to
form the double dorsal series to end of body, with a similar ventral series behind the
vent.

8.6=9.8-millimeter stage.—N ewly hatched. Much like following specimen figured,
but yolk sac larger and body proportionately more slender. Pigment identical with
that of the 10.25-millimeter stage.

10.26-millimeter stage.—Age about 2 days. Total length, 10.25; length to vent,
6.8; greatest depth behind yolk sac, 0.85; diameter of eye, 0.9 millimeter; myomeres,
38 to vent plus 19 behind. Embryonic marginal fin fold complete, starting over
seventeenth myomere, rising, then notching over twenty-ninth myomere, rising again

Howard A. Schucle
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and notching at peduncle; ventrally starting beneath yolk sac, breaking comple;eiiy
at vent, and notching at peduncle; caudal -lophocercal; pectorals 1&rgef, rounded.
Head very blunt, its highest point over posterior part of eye; mouth subinferior, jaws
equaﬁléigmentation.—The larval Leucichthys.artedi is opaque white in COI(;]I;, dlfhfermg
from Coregonus clupeaformis in the restriction of yellow color to the y(tl) ,bw er;;xs
in the latter this color is diffused in subsurface streaks about the head, above the

FIGURE 6.—Leucichihys ariedi, 12.5 millimeters

stomach, and in some specimens over the whole body. In the specimen ?%gl:l%n 2
round areas of chromatophores appear on head followe_d by a (.iouble sene: 0 o ari
dorsal aspect to a point opposite vent, thenf:e 24 to tip of tail. "Ii;hege WO 1lz 2 al.ld
not even, the chromatophores being sometimes alternate and di ering in fu 0 and
number, thus distinguishing the species fr.om Coregonus clupeaforwlns in w;v oh the
dorsal series usually are perfectly symmetrl_cal. Lateral and ve_ntra. aspects o pond
are colorless. One very large stellate spot is apparent over per-lcar.dlac regmg % i
beginning of the yolk sac. Behind this, two more or less definite lulles ‘?}Et?il'l :ltlcroo s
sac, and a few chromatophores, very linear in shape, are arranged fon%l ut 11213 ﬁ;r :
underside of sac. Starting just before end of yolk sac, a series of about 2 ey

FIGURE 7.—Leucichthys artedi, 14.5 millimeters

stellate chromatophores occurs over intestine, and behind vent th(.are is an uneven
double line of about 12 intersprinkled with smaller ones to tip of tail. Sttt
12.6~-millimeter stage.—Total length, 12.5; length to vent, 8.5; greates:,[t epdi, té] .
diameter of eye, 1.0 millimeter; myomeres, {38 to vent ph}s 19 behind. 1};(11(1111 -ao I]‘ly
after preceding stage yolk beginning to shrink, and at this stage represente 1 ﬁ}; foﬁ
a fragment showing yellowish through the bod}.r wall. Embryomlc. I}ilalrgln% e llesq
unchanged ; pectorals enlarged ; not‘ioch}i)rdt turning upward very slightly. S
ore; lower jaw slightly shorter. )
blumi’f;;iirﬁzftiog.—The]linearbchromatophores on undeIS}de of yolllc1 sac.n(?wasaelg
more numerous, giving a ‘“pin feather” effecf:, and those on sides of sac %ve 11;ére .
greatly in size and are remarkably stellate in shape; othelrs appear u}?c ;ngd ;u-, =
specimens which have been examined show hea.vy dorsal .plgmer_tt ();1 ga ba.? I
beginning of dorsal ridge, then a break occurs in the series un.t]l shor g eF 01]0WiIl
during which space the chromatophores are quite sparsely dlstrlbut;{ei t toband g
the break they are closer together, more numerous, and form a very distinc 5
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14.5-millimeter stage.—Total length, 14.5; length to vent, 10.6: length of head
2:53 greatest dep.th (head), 1.92; diameter of eye, 1.25 : ma};ﬂlary, 1.1 mﬂ]imeter’
Embryonic marginal fin fold broken dorsally at twenty-ninth my’orr;ere and wé]i
separ‘ated frqm p'osterior portion; no rays evident but some concentration in th
anterior portion, indicating later position of basal elements: ventrally marginal ﬁ]i
fold much reduced; caudal becoming heterocercal by dorsal :gxtension of no%ochord
f)uter. contopr very slightly notched, and few rays suggested ventrally; no ventrals’
in this specimen, although development is beginning in another specim’en only 13.2
mﬂlen%eters lonlg. Head more pointed; maxillary to middle of pupil. r

Plgme.ntatl.on.——Chromatophores have increased greatly on top of head, and s
double series with 3 or 4 lines of smaller ones between occurs along dorsal r,id e of
'body.- There are more pigment spots on sides of body and on dorsal surfa.fe f
intestine, b(.)ﬂ-l surface and subsurface, and a few extend on to caudal °

16.6 millimeter stage.—Total length, 16.5 ; standard length, 15.25 '.length to vent
11.9; length of head, 3.5; length of magxillary, 1.4; diameter of eye, 1 5,' greatest de th’
(hgad), 2.2; depth at stomach, 1.9; greatest depth behind vez’lt' O’ 82 mﬂlimefer
Nine dorsal elements and short rays; none in anal; caudal rays ,dex;elopin ; smalj
ventrals apparent directly beneath dorsal rays. Intestine still ending away fI'OgI;I body

FiGURE 8.—Leucichthys ariedi, 17.5 millimeters

at margin of embryonic fin fold. Body somewh i i i
P y ewhat heavier then preceding. Pigmen-
- 11 7.5-mzllzmeter- stage.—Total length, 17.5; length to vent, 12.3; length of head
m. 1; eng;};1 of m:mlla.ry,l 1.4; greatest depth (head), 2.3; diameter of eye, 1.5 milli-,
eters. ements complete and 10 dorsal rays visible: :
el e B ys visible; 10 anal elements but no rays;
BREEDING

T%le lake herring spawns in November and early December, coming into shallow
;;vater In vast schools for tl%e purpose. The eggs incubate on the bottom during the
ong winter months, hatching the following spring, the exact date dependent u
the temperature of the waters. on

4. Coregonus clupeaformis (Mitchill). Whitefish.

RECORD OF CAPTURE

As in the case of the lake herrin i
g, the late start of our collecting trins duri
the summers of 1928. and 1929 prevented the capture of eggs and earlygyouig ol’l I;I?li
%)eﬁle%v . Tl.le follomg notes are based on a series of preserved eggs obtained from
Vg';,n .Oogzgjﬂ’ at Pgt&:-&ayﬁom% and young from 7 days to 109 days from Dr. John
reared at the New York A i ibed
it J_’ e quarium. The later stages described were
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DESCRIPTION

Egg—Diameter after preservation in formalin mostly 2.8 to 3.0 millimeters;
perfectly spherical, yolk yellowish or amber with half its surface covered by varying
sized oil globules closely crowded together. Immediately after fertilization yolk
entirely fills egg, with no perivitelline space apparent except at one pole. At 6 hours
average diameter, 3.0; yolk diameter, 2.6 millimeters, with widened perivitelline
space and the first concentration of germinal matter to form the blastodisc at center
of oil globule mass. Blastodisc continues to form until the beginning of cleavage at
24 hours, when 2, 4, and 8 cell stages are apparent. Blastodisc lenticular by fifth
day with oil globules congregated below. On twenty-sixth day an early embryo
reaches halfway around egg and shows well developed optic vesicles which are slightly
pigmented on inner and upper margins. Oil globules coalescing in part to form

FIGURE 9.—Coregonus clupeaformis egg

usually about two very large spheres, with many small ones remaining. At 40 days
the embryo extends completely around egg; head much higher and more rounded,
eyes larger and black; 1 large oil globule and only a few smaller ones on yolk. First
evidence of dorsal and ventral marginal pigmentation evident at 54 days.

Figure 10 shows the embryo in process of hatching on the sixty-first day. Mouth
not open; vent at a distance from body, at edge of fin fold; embryonic marginal
fin fold completely encircling fish from behind head around lophocercal tail to yolk
sac; yolk sac very large, deep yellowish in color, with 1 large oil globule and other
smaller ones. Myomeres completely formed. Double series of brown chromato-
phores on both dorsal and ventral aspects; yolk sac also pigmented posteriorly, near
the body. Other eggs in collection not hatched at 131 days.

12.0-millimeter stage.—Less than 1 week old. Total length, 12.0; length to vent,
7.0; greatest depth behind yolk sac, 1.1; diameter of eye, 0.8 millimeter. Body much
heavier, the greatest depth behind yolk sac being 10.9 in total length, while in a herring
of equal development it is 12. Embryonic marginal fin fold resembling herring,
originating over middle of yolk sac, notching somewhat about 11 myomeres before
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the vent, rising again to highest
and breaking entirely at vent.

Pigmentation —The 12-millimeter whi i h \%
5 tefish 1s characterized by a la g y
yellow YOlk sac, and by much YGHOW diﬂ’used in subsurface streaks about zh:,he:ii
7

point over vent, notching on either side of peduncle,

FIGURE 10.—Coregonus clupeaformis embryo in process of hatching

above the stomach, and in some spec;
: _ y n  Specimens over the whole body, thus diff iati
:;' cfrorg hfeucwﬁhtk}g{s artedy in which this color is less intense ang ’ limited teor e&t;&;ﬁi
- omatophores are distributed essentiall i i
: Y as in the herring, but ce
they are much larger, darker, and more regularly arranged, consistix%é' of a %ewgelraa;léi

FIGURE 11.—Coregonus clupeaformis, 12 millimeters

FIGURE 12.—Coregonus clupeaformis, 13.5 millimeters

side. Few others are spread over
ide s yolk sac, and a d : i
similar to dorsal, is apparent behind vent, P St b i

18.5-millimeter stage.—About 1 week
: old. Totallength
greatest depth, 1.6; diameter of eye, 1.2 b
unchangfzd in shape from preceding stag
fin rays in anterior part, pectorals very

- ; length to vent, 10.0;
5 mllhmet;ers.. Embryonic marginal fin fold
e, but now with slight suggestions of 5 dorsal
large; yolk almost completely absorbed.,

SIXTY-TWO SPECIES OF FISHES FROM LAKE ERIE 313

Pigmentation.—There is still much yellow over yolk region, and whole head is
tinged with yellow. Number and arrangement of chromatophores is as in 12-
millimeter specimen described above, but the size of all chromatophores is increased
until they overlap in marginal series.

18.6-mallimeter stage.—Age unknown but similar to specimens 61 days old. Total
length, 18.5; standard length, 17.0; length to vent, 13.25; length of head, 4.0; depth

FIGURE 13.—Coregonus clupeaformis, 18.5 millimeters

of head, 2.25; greatest depth behind head, 2.0; diameter of eye, 1.6 millimeters.
Dorsal rays fairly well developed; embryonic marginal fin fold starting again after
wide space behind dorsal, continuing to caudal, complete on ventral side, with basal
elements of anal fin developed but no rays; caudal slightly notched dorsally at end
of notochord, lower portion becoming forked and rays well formed ; ventrals prominent.

Pigmentation.—Dorsal and ventral series of chromatophores are still prominent,
but many smaller ones have become scattered over sides of head, body and caudal.

22.0-millimeter stage.—65 days old. All fins fully developed with exception of
adipose, in which region a large fragment of the embryonic fin fold remains.

FiaurE 14.—Coregonus clupeaformis, 31.5 millimeters

81.6-millimeter stage—Age unknown but similar to specimens 95 to 109 days
old. Total length, 31.5; standard length, 27.0; length of head, 6.75; greatest depth of
body, 4.5; diameter of eye, 2.0 millimeters. Assuming shape of adult.

Pigmentation.—The chromatophores are essentially as in younger specimens
but they have become more diffused, with dorsal and ventral ridges of body from head
to caudal still most deeply pigmented. RBlack, stellate, dorsal chromatophores con-
tinue down the sides of body to lateral line, becoming gradually smaller and wider
apart. The lateral line is marked by closely distributed small black spots. A few
chromatophores appear on ventral aspect of stomach; none beneath the intestine.
The large areas of chromatophores behind eye are still noticeable, and many more,
lighter in color, show between and before the eyes, becoming darker at mouth. Dorsal
and caudal are speckled with black, following lines of rays.. The body, and especially
the head, are silvery at this stage.
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Upon further development the body becomes deeper, head smaller, and pro-
portions are more like the adult, Tiny chromatophores increase greatly in number
from dorsal aspect to lateral line, and the ventral half of body is noticeably light-
colored with pigment spots sparsely distributed. At 53 millimeters the anal is
speckled with black.

63.0-millimeter stage.—Total length, 53.0; stanaard length, 47.0; length to vent,
35.0; length of head, 11.8; greatest depth, 11.25; diameter of eye, 3.75 millimeters.

68.0-millimeter stage.—Total length, 68.0; standard length, 58.0; length to vent,
43.5; length of head, 14.5; depth at origin of dorsal, 13.15; diameter of eye, 4.0;
length to origin of dorsal, 28.0 millimeters.

83.0-mallimeter stage.—Yearling. Total length, 83.0; standard length, 70.5;
length of head, 18.5; depth of head, 11.5; length to dorsal, 35.5 ; greatest length
of dorsal rays, 14.25 ; depth at dorsal, 15.0 ; length to ventrals, 36.5 ; greatest length
of ventral rays, 12.0 ; length to vent, 52.2; greatest length of anal rays, 9.5; length
to pectorals, 17.5; greatest length of pectoral rays, 12.0; length of maxillary, 7.0;

FIGURE 15.—Coregonus clupeaformis, 68 millimeters

interorbital width, 6.0 ; diameter of eye, 5.7 millimeters. Body fully scaled as in
the adult.

Pigmentation.—The yearling whitefish is greenish gray above, very silvery on
sides and below, with an area of light amber extending from just behind pectorals
to lateral line. The eye is blue, edged in black.

The larval stages of Coregonus clupeaformis and Leucichthys artedi are easily
confused, and the very small number of herring obtainable prevented us from formu-
lating any rules of identification. It will be necessary to study many more specimens
before we can be sure that the differences noted herein are constant.

I have pointed out a few outstanding characters in the sbove descriptions,
especially the diffusion of yellow color in the whitefish throughout the yolk region,
head, and sometimes over the whole body, as contrasted in the herring with the
restriction of this pigment to the yolk sac. Furthermore, the double dorsal series of
chromatophores in the whitefish is symmetrical, even, and continuous from behind
head to tip of tail, while in the herring it becomes broken and uneven from shortly
behind head often to g point more than halfway to vent. Although this character
is certainly a valuable indication of the species, it can not be depended upon, for in
our large collection of whitefish there were many in which the dorsal series was thin
and sometimes quite uneven in this region, while among the dozen hatchery specimens
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of young herring studied, one had a perfectly c'ontinuous li.ne indlstmguliha'blte f?i)::;
that of the whitefish. In all our he.rriné; sp}e);ztrr;ieis the pigment over the intes
h less noticeable than in the whitefish.

o ;;rzrhgnsl;ecimens studied, the body of the .Whiteﬁsh was deeper thal(l1 that gf iz
herring of like size, and usually the latter species was somewhat m(ife advance 8
development at the same length. The more elon'gate body of the c}alrrmg Iélg}(r}ted
found to be a constant factor when the two species are reared toget er,hisu' ]ed o
to the same temperature and environmental_ conditions, but ox.ﬂy.r W}ngg t 1 s Is 1gon
can complete faith be placed in proportional differences, so great is individua varia o
within the species. As an example, may I quote Ada Hal.l (1925) (.zon(_:ermrflgb ;
whitefish: “Fry hatching at 1, 2, and 4 months after spawning .d%ffer in sllze o t}c; a_z
but not in size of yolk; those hatching at 4 months are 4 to 6 millimeters longer

i rlier.”
thos%fglii}tf]ziglsjge number of hatchery herring-promised for future study we hope
to sift out of the present possibilities whatever differences are constant.

BREEDING

The whitefish spawnsir November and early Decemjber, asdoes theherring, the eggs
hatching the following spring. Theperiod of incubationisdependentupon temperature.

FIGURE 16.—Cristivomer namaycush nemaycush, 16 millimeters

Family SALMONIDZAE, Trouts

5. Cristivomer namaycush namaycush (Walbaum). Lake trout. [Cristtvomer

namaycush (Walbaum). Jordan, Evermann, Clark, p. 59.]
RECORD OF CAPTURE

None of these uncommon fishes was taken .by the Shearwater in 1%28 an‘(;. 19:25
but ecrg;rs and newly hatched larve were supplied for study by theh ap.et i T:ken
hatcthy. The species is restricted to the deeper parts of the lake where it is

rarely by gill nets.
DESCRIPTION

Newly haiched larva, 16.0-millimeter stage—Total length, 16;tstzn§agshliz§§?é
: ; t, 0.5; greatest de
14.78; length to vent, 10.3; length of head, -3.0 ; snout, i bes d
vent 75.6'bgreatest deimh be’hind vent, 2.9; dlarfle’oer of eye, 1_.1 millimeters. Hi\([y(():
mere,s 42’ to vent plus 20+ behind. Characterized by exceptionally large yolk sac,
)
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large mouth, and many myomeres. The appearance of ventrals, elements of the anal
and t.urned-up notochord are characters rarely found in such an early larva. Dorsal,
marginal fin fold raised and notched over the middle of body, indicating the position
of dor§al fin; adipose not marked out; a few caudal rays forming, but otherwise no
rays discernible. '

Pigmentation.—Only a few chromatophores are apparent on snout and sides of
head, but many large, stellate spots cover top of head, and the dorsal and lateral
aspects of body.

21.6-millimeter stage.—Total length, 21.5; standard length, 18.5; length to vent
1378 ; length of head, 4.3; snout, 0.85 ; diameter of eye, 1.4; greatest depth befor(;
vent, 4..8 ; greatest depth behind vent, 4.0 millimeters. Myomeres, 42 to vent plus
2‘2 behlnd.. The yolk sac much reduced from the preceding stage, but still of con-
siderable size. About 8 rays in dorsal, 9 in anal, and most of the caudal rays visible.

BREEDING

Spawning takes place on rocky shoals and reefs in depths of 77 to 90 feet during
October and November. The eggs develop on the bottom of rocky caverns over

FIGURE 17.—Cristivomer namaycush namaycush, 21.5 millimeters

which the.y are deposited, and hatch in late winter or early spring. At a temperature
of 47° F. in the !abora’gory, the larvee hatch about the last week of J anuary, but lower
temperatures will retard incubation greatly. It is estimated that a 24-};ou11d lake
trout may spawn approximately 15,000 eggs.

6. Carpiodes cyprinus (LeSueur). White carp; buffalo mullet; quillback; swordfin.

RECORD OF CAPTURE

No larve of .this species Wgre taken by townets in Lake Erie, but adults were
found commonly in t}}lle lake and in most of the larger streams of the region, and young
were numerous at the mouths of creeks and on shall i
e o ow mud flats several miles

DESCRIPTION

The young quillback resembles the car ) 0) in i
: ' Iback r P (Cyprinus carpio) in its eloneate dorsal
fin, but is rea_dﬂy distinguished by the character of the small inferior moguth s(;nsa?l
?y(ez,lanqlﬁiatlvelg long deep cheek. The difference in myomere counts is diaénostic
a 21 milimeter C. cyprinus has 25 plus 12+, and a O )
e G ; - carpio of equal length 19 plus
21.0-millimeter stage.—Total length, 21.0; stand
: ; s 2103 ard length, 16.5; length to vent
13.4; length of head, 5.5; snout, 1.25 ; greatest depth before Veni:, 4.68’ ; greatest depth,
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behind vent, 2.5; diameter of eye, 1.5; length to dorsal, 9.0; length to anal, 13.5
millimeters. Mjyomeres, 25 to vent plus 12+ behind. Dorsal I (very weak), 27;
anal I (very weak), 7; ventrals 10, short; caudal forked; pectorals short, low. The
falcate dorsal fin well formed, but its anterior rays are not as greatly produced as
in the adult. Body oblong, with ventral outline nearly straight and dorsal slightly
arched; mouth inferior, small, and horizontal; snout beginning to be pointed at this
stage. Air bladder two-chambered.

Pigmentation.—Chromatophores are sparsely distributed on upper jaw, sides
and top of head, more numerous over brain region and dorso-lateral aspects of body.
A single row of larger spots lies along the dorsal ridge to caudal. Below lateral line
chromatophores are scattered more widely. Double series on either side of anal
fin is continued to caudal (unfortunately not well shown in specimen, fig. 22). Dorsal

FIGURE 18.—Curpiodes cyprinus, 21 millimeters

and caudal are well marked with pigment, but other fins have few chromatophores
or none,

Family CATOSTOMIDAZAZ, Suckers
7. Catostomus commersonii (Lacépéde). Common sucker; white sucker; mullet.

RECORD OF CAPTURE

Numerous young, 15 to 25 millimeters long, were taken abundantly in shallow
water at the eastern end of Lake Erie by meter nets, dip nets, and seines from the
middle of June to the middle of July, 1928. None was taken by the Shearwaier in
1929, probably because less work was done far inshore during this period. This
species is one of the most common and widely distributed in the Lake.

DESCRIPTION

The very long intestine (myomeres, 33 to vent plus 10 behind) differentiates the
young suckers at all stages from other species taken by the survey.

Egg.—The unfertilized egg measures 2.5 to 2.82 millimeters in diameter, being
round, white, without oil globules, and finely granulate in texture. After fertilization,
which occurs a few moments after extrusion, the egg measures 3 millimeters and the
vitellus 2.5 millimeters.

The embryology and development have been thoroughly reported upon by N. H.
Stewart (1926). It will suffice here to record the measurements and descriptions

of two stages during the period of greatest change.
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18.75-millimeter stage.—Total length, 13.75; length to vent, 13.0; greatest depth,
1.6; diameter of eye, 1.1; myomeres, 33 to vent plus 10+ behind. Head character-
ized by terminal, ¢ ‘horseshoe-shaped ”’ mouth, and very large eye. Dorsal marginal
fin fold very narrow, the later position of true dorsal indicated by a slight rise; ventral
marginal very wide, extending forward almost to base of pectoral; caudal lophocercal
with few rays apparent ; Do ventrals.

Pigmentation.—Body is colorless except for silver eyes edged in black, and black
chromatophores distributed in four definite bands: (1) Group of stellate chromato-

FIGURE 19.—Catostomus commersonii, 13.75 millimeters

phores on top of head followed by a triple line along dorsal ridge to end of body;
(2) series of linear chromatophores along mid-lateral line of myomeres, about 56
from behind head to end of tail; (3) series starting behind head, congregated over

very small chromatophores near its base,

14.2-millimeter stage.—Total length, 14.2 standard length, 12.9; length to vent,
10.1; length of head, 2.75; greatest depth, 2.2; diameter of eye, 1.0 millimeters.

F1GURE 20.—Catostomus commersonii, 14.2 millimeters

Myomeres, 33 to vent plus 10+ behind. Snout less blunt ; air bladder two-chambered.
Dorsal fin developed with evidences of 10 rays, and suggestion of about 4 anal rays;
ventrals developing; caudal heterocercal; embryonic marginal fin fold persisting
behind dorsal and complete on ventral aspect.

Pigmentation.—The pigmentation here is
with the addition of more chromatophores in t
dorsal fin. The extreme transparency of g livi
chromatophores: One series above and anoth
laterally at intervals corresponding to the my
marking the ventral aspect of the notochord.
subsurface chromatophores.

20.6-millimeter stage.—Dorsal and anal fins complete.

essentially as in the previous stage,
he caudal, and a few stellate ones in
ng specimen reveals many subsurface
er below the nerve chord, connected
omere interspaces, and a third series
Gill arches are likewise margined with
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BREEDING

The white sucker spawns in shallow water in April or May, soon after t.he ic((ia
leaves. Its spawning behavior has been thoroughly recorded by J. E. Reighar
(1920).

8. Hypentelium nigricans (Le Sueur). Hammerhead; stone-roller sucker; hog
sucker.
: RECORD OF CAPTURE

This species was taken along the shores of Lake Erie near stream mouths but
more commonly in the larger shallow and warm creeks.

DESCRIPTION

The head of the stone-roller differs from other suckers in g;s flattened contour
ith i i i ims broadly elevated.
with interorbital space concave and orbital rims .
21.0 millimeter stage—Total length, 21.0; standard length, 18.0; length to v?nt,
13.0; length of head, 5.1; snout, 1.35; diameter of eye, 1.35; greatest depth before

FIGURE 21.—Hypentelium nigricans, 21 millimeters

vent, 3.3; greatest depth behind vent, 1.6; length'to dorsal, 8.5 i Ito anal, 1(:;i )m]illl--
meters. Mpyomeres, 30 to vent plus 14-15 behind. ]?orsal (ver;y; 1W ﬂ,lose,
anal, 7; ventrals, 9; caudal deeply forllzled; all ﬁn_s,dlcslxlrge.f hLl}()is lalﬁzé :E}())ios }& g;:;tomu ;

ide 1 i outh; eye rather small, near middle of hea . : .
Z)ﬁfnzﬁﬁ?&riﬂa rather yshort dorsal fin and 2-chambere_d air bladder, but I;ilﬁ)ers nlﬁ
having head concave above, scales ﬁevs;el_‘ thar;) 14§ }(16(()1 lnl(t)i‘le common sucker), a

i s bars on body instead of plain or blotched color. .

Oblqul’liegz;);mtion.—Chroymatophores appear over snout, upper lip, and tfll of 1hleiz(i,
large stellate ones on dorsal aspect to caudfﬂ, and. smaller ones to belov; la eraln temi
Through this upper pigmented region oblique p1g¥nent bars pass to (;l OWh slaf
line: 1 behind head, 1 at origin of dorsal, 1 at posterior end of dorsal, anotuer- 9 wlxlrzlye
between dorsal and caudal, and the last one at c.audal base. The be. y is ghio_
(differing from Catostomus in which there is a prominent ventral hnelserlez). fro-
matophores are distributed on dorsal, caudal, and pectorals; ventrals and ana
colorless.
g BREEDING

The stone-roller sucker is a spring spawner, and the young are found abundantly
in small creeks and rivers.
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9. Moxzostoma aureolum (Le Sueur). Red-fin mullet ; red-horse sucker.

RECORD OF CAPTURE

Only one specimen was taken each year by the Shearwater, the first at the
mouth of Beaver Creek on July 11, 1928, in a meter net at 6 meters below the surface

DESCRIPTION

The red-fin mullet larva suggests that of C.commersonis in general characters
but is readily distinguished by the foreshortening of the body before the vent,
Imyomeres numbering only 24 plus 13 while in the common white sucker there are
33 plus 10.

7.5-millimeter stage.—Total length, 7.5; standard length, 7.1; length to vent,
5.0; greatest depth, 1.2; diameter of eye, 0.5. Myomeres, 24 to vent plus 13 behind.
Low dorsal embryonic marginal fin fold originating over tenth myomere behind head
and a slight cell concentration at its beginning indicating the later location of true
dorsal; ventral marginal originating in advance of dorsal and much deeper anteriorly,

FIGURE 22.—Mozostoma aureolum, 7.5 millimeters

identical with dorsal behind vent; pectorals moderate, extending more than halfway
to posterior margin of air bladder; caudal lophocercal. Mouth moderate, termina],
upper jaw somewhat projecting, suckerlike; eye moderate ; snout almost as long as
eye; interorbital space wide ; air bladder large, one-chambered at this young stage.
Pigmentation.—Small black chromatophores are evenly distributed over head,
followed by a double uneven line of very large stellate ones widely separated from
each other on dorsal aspect, numbering about 26-35. From midline of eye back-
ward there appears a subsurface series of many black chromatophores crowded into

of air bladder, then continuing along dorsal aspect of intestine to vent and beyond
along underside of tail almost to caudal. On underside of stomach region is a very
unequal double series sparsely distributed to about middle of intestine, and a few
more near the vent. A double line of small chromatophores appears on ventral

aspect from vent to caudal, but there are very few chromatophores on the caudal

itself. On ventral aspect, subsurface chromatophores are similar to those on sides
of head, starting behind eye and extending backward to meet those at anterior
margin of air bladder.

The specimen immediately suggests the young of Catostomidz in general char-
acters. It differs, however, from C. commersonii in several respects, especially in g
myomere count of only 37 contrasted with 43 or more in the latter species. The
foreshortening occurs before the vent, having only 24 myomeres in this region while
the common sucker has 3335, The indications are that the dorsal fin will be short and
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median and the eye near the middle of the head. Constriction of air blad'gertl}as
not begun, and it is therefore impossible to use that character for identification
pUI‘Pi’:eiSS- undoubtedly a species of Moxostoma, t}}is being the.only genus of suclkers
beside Catostomus which is abundant in the region. M. anisurum, M. azlcreo ufm,
and M. lesuerii were taken here in the same summer. The head is rather ong for
the last species, which is especially short-headed. The myomere count of a specnéae]}
of M. anisurum taken near by was 30 plus 13. Because_ the myomere count o
M. aureolum is identical, our specimen probably can be attributed to that species.

10. Moxostoma anisurum (Rafinesque). White-nosed red-fin mullet; red-horse

sucker.
RECORD OF CAPTURE

Young of this species were found generally at creek.mou.ths durin_g the summers
of 1928 and 1929. It is a common species of Lake Erie, Niagara River, and large

tributaries.
DESCRIPTION

The 3-chambered air bladder, evident at 19.5 millimeters, and scales in fewer
than 50 rows distinguish larve of this genus from other suckers, and the dorsal ray
count of 14 to 17 identifies M. anisurum from other species of Moxostoma taken locally.

FIGURE 23.—Mozostoma enisurum, 19.5 millimeters

19.5-millimeter stage.—Total length, 19.5; standard length, 16.0; length ‘oodvent};l,
12.2; head, 4.5; snout, 1.1; eye, 1.3; greatest depth before Ve'ni.:, 3.0; gre%ﬁast ept
behind vent, 1.55; length to dorsal, 7.5; length to al_lal, 12.5 millimeters. yonclleres,
29 to vent plus 14 behind. Dorsal 15; anal 8 (with 1 very weak unsegmente uﬁai
before); caudal slender, deeply forked. The young white-nosed red—ﬁ(:;l.ffm e
strongly resembles the common red-fin mullet (M. aureolum), but the great dl erenz}(:
in myomere count readily identifies the t\_vo. .Sn01_1t abr}lptly dec'm."ve ’ n'i‘c;ir .
wholly inferior, lower jaw included, lower lip with sides widely conjoined.
chamber of air bladder forming at this stage.  head

Pigmentation.—Chromatophores are dlstrlbutfad over snout and top o . eq
followed by a very dark double series on dorsal rldgc_a. Sma!ler ones cox;er orsz-
lateral aspect, and the lateral line is well marked by a single series. SubsurT slllce spots
appear outlining gills, over air bladder, and dorsal surface of intestine. ere (1isala,
ventral irregular series from behind pectorals to vent, thence a double row to cau ]1
Pectorals and ventrals have few pigment spots, but dorsal, anal, and caudal are we
covered.
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BREEDING

Like M. aureolum, this species runs upstream to spawn, the run being coincident
with the leaving of the ice.

Family CYPRINIDZ, Minnows
11. Cyprinus carpio Linnaeus. Carp, German carp.

RECORD OF CAPTURE

A number of larvz and young adults of this species were taken in a dip net off
Crescent Beach on June 29, 1929. The carp is very abundant and widely distributed
throughout the Lake Erie region in nearly all waters except the small rapid creeks,
A native of Asia, but introduced into America for pond culture, it is now one of the
commonest species of Lake Erie.

DESCRIPTION

The early larva is easily recognized by its comparatively large size, 9 to 10
millimeters, and heavy black pigmentation, and in the postlarval stages by its long

FIGURE 24.—Cyprinus carpio, 10 millimeters

dorsal (ITI, 20) and short anal (II1, 5), and the appearance of two barbels on either
side of upper jaw. Although the quillback, C. cyprinus, has a similarly long dorsal,
the large terminal mouth, large eye, and comparatively short cheek of the carp will
prevent any confusion. A myomere count of 19 plus 15-17 in the young carp, and
25 plus 12+ in the quillback differentiates them further.

10.0-millimeter stage.—Total length, 10.0; standard length, 8.4; length to vent,
6.4; length of head, 2.5; snout, 0.46; diameter of eye, 0.8; greatest depth before vent,
1.9 millimeters. Myomeres, 18 to vent plus 12 behind. Body stout ; head rather
small; moderate mouth extending slightly past front of large eye at this stage.
Rounded pectorals unrayed; dorsal showing about 10 elements and 6 rays developed;
anal elements and rays evident; caudal forked, rays formed; no ventrals apparent,.

Pigmentation.—Both jaws, top of head, and dorsal aspect are covered by large
stellate chromatophores. Pigment spots are fewer on sides of head and body to
lateral line. Lateral line is marked by a double subsurface series, and subsurface
chromatophores appear also on gills and on dorsal surface of intestines, There is a
broken double ventral series to vent, heavier on ridge behind vent to caudal. All
fins are marked with chromatophores.

13.8-millimeter stage.—Total length, 13.3; standard length, 11.1; length to vent,
8.52; length of head, 3.7; snout, 1.1; diameter of eye, 1.0; greatest depth before vent,
2.75 millimeters. Myomeres, 21 (22) to vent plus 13 behind. Differing from pre-
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ceding stage principally in further development of dorsal and anal, appearance of
ier pi ion.
ventr,?%ls’f,;fnilgf;;:ir g‘:zine[fil’?jta] length, 30.75; standard length, 25.0; 'le.ngth to
vent, 1.9.5 ; length of head, 8.5; greatest depth, 8.5; diameter of eye, 2.ghmlllltxlcteertizz(*ji
Myomeres, 19 to vent plus 17 behind. Dorsal III, 20; anal III, 5.b . élxra T
by a strong serrated spine at beginning qf d?rsal and analZ and a bar (131 : O}?h‘ g
side of upper jaw (2 in adult), distinguishing it from Carassius auratus which ha
. Body stout, mouth moderate. )
b&rbePlngmﬁltaZion.——(’Jhromatophores are thickly massed on upper 111;;1 znd }:{opa of
head spreading over snout and below eye. Dorsal edge of iris is S{)GC e t.t dgrg
pigment spots occur on dark backgroun.d over head and a_mlong dorsa; 1imslpec (%] o
fin. Chromatophores are heavily distributed to lateral line, scarcer below. . eﬁ ol
aspect is unmarked except for a few chromatophorfas near vent and a su ﬁud
series from vent to caudal. All fins, with the exception of ventrals, are marked.

BREEDING

The spawning season of the carp lasts from June until August. They are very
prolific and grow rapidly. T. H. Bean (1903) states:

FIGURE 25.—Cyprinus carpio, 13.3 millimeters

During the spawning the fish frequently rise to the surface, the fegna.l: accomé)aniedrbvzeivkvg i(-);'
i Is during a period of some days o
hree males. The female drops the eggs at mterva. y
:h:]%fow water on aquatic plants. The eggs adhere in lumps to plants, twigs, and stones. The
hatching period varies from 12 to 16 days.

12. Nocomis micropogon (Cope). Crested chub, river chub.
RECORD OF CAPTURE

The crested chub was not found in Lake Erie, but was taken commonly by the
survey in the warmer tributary streams.

DESCRIPTION

Y‘oung fishes of this species are distinguished from the allied genus Notropis by
the presence of a maxillary barbel. They resem.ble close_ly, al§q, Semo.tzlus atrm{i;um/-
latus but differ in the position of this barbel which has its origin at tip of maxillary

1l in advance of tip.
rathge.tg-anﬁi;:;nleter stage.—Totalplength, 22.0; standard length, 18.0; length }fobvgnt,
11.6; length of head, 5.25; snout, 1.25; diameter of eye, 1.6; greatest dleplt;2 . ei(Lr.e
vent, 4.1; greatest depth behind vent, 3.0; leng.th to dorsal, 11.5; to ana ,k .7 m li
meters. Mryomeres, 22 to vent plus 15-16 behind. Dorsal III (very weak), 7; ana

109774°—32——3
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II (very weak), 7; ventrals just posterior to front of dorsal. Body scaled at this
stage, with abdomen rounded and scaled (scales on lower half of body not shown in
fig. 26); scales large, 6-40 to 45-5. Body rather short and stout; mouth large and
low; upper jaw almost terminal; conical snout of later stages barely perceptible; pre-

orbital wider than eye; small barbel apparent at tip of maxillary.
Pigmentation.—The young crested chub is white with dorsal aspect of head
covered by round black chromatophores. Small, even spots occur on dorsal aspect
of body to vent with a double row of larger ones along dorsal ridge. Dorso-lateral
aspect has small chromatophores arranged along margins of scales. A heavy lateral
stripe extends from tip of snout to base of caudal, forming a darker caudal spot.
There are a few chromatophores in ventro-lateral region of tail and around anal,
but otherwise the ventral aspect is unpigmented. All fins except ventrals are marked,
the pectorals most sparingly. The brilliant colors of the adult are not yet evident.
BREEDING

8

The name of crested chub arises from the character of the head of the breeding
male, for it is swollen into a crest and covered by tubercles. Often a red spot appears

FIGURE 26.—Nocomis micropogon, 22 millimeters

on either side of the head. John Greeley (1929) observed a breeding male guarding
its nest on July 9, 1928, in Silver Creek, at a temperature of 83° F. The nest was
built of pebbles which had been painstakingly picked up and put into place sepa-
rately. The male chub spawned with each of several females, and after each spawning
act piled more stones upon the nest to cover the eggs. After preservation in formalin
these eggs measured 2 millimeters in diameter

13. Erinemus storerianus (Kirtland). Storer’s chub.
RECORD OF CAPTURE

Larval stages up to 7.5 millimeters were taken from Buffalo to Rondeau during
the latter half of June and the first week of July, usually in bottom hauls in water
of from 18 to 20 meters depth. At the western end of the lake in 1929 early larval
stages were taken commonly from June 7 until July 2, being most abundant, on the
latter date. Storer’s chub is a common species in the Lake Erie region alongshore,
at creek mouths, and ranging out into comparatively deep water.
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DESCRIPTION

The earliest larve are characterized by a very prominent, ov-erhangmg snout,
and elongate clear yellow yolk sac with one large oil globule anteriorly placeccli. 'IE
later stages the slightly inferior mouth, very elongate body, and short he?1 divf?t
wide interorbital are diagnostic. Myomere count of 19 plus 17, as well as hea er-
ences and pigmentation, distinguish the youn% frcl)lzn ’;go)se of the equally elongate V.

motdes. (Myomere count of latter, 23 plus 12-13.
atherggfiﬂlimgterystage.—Total length, 5.0; length to vent, 2.6; length of head, 0.73;
snout, 0.25; diameter of eye, 0.25; greatest depth before vent, 0.75; greatest depth

FIGURE 27.—Erinemus storerianws, 5 millimeters

behind vent, 0.76 millimeter. Myomeres, 18 before vent plus 21 behind. Qharac—
terized by extremely delicate, slender body, clear yellow elongate yolk sac W}th one
large oil globule located anteriorly, rather sma.ll eye placed low, dorsal marginal ﬁg
fold low, originating shortly before vent, continuous around lophocercal caudal an
forward past vent to yolk sac, much wider ventrally, and the very long, overhanging
ithout mouth opened. _ S
SHOU:GI‘;IV; newly hatchefI; specimens differ markedly from those of N. atherinoides in
having the eye fully pigmented, a much shorterintestine, and deeper' yolll{ sac of clear
yellow with a large oil globule in anterior region. The sparsely dlst.rll?uted vent.ral
chromatophores behind the vent and on the stomach are characteristic. The size

FIGURE 28.—Erinemus storerianus, 7 millimeters

is about as in N. atherinoides, but these specimens are somewhat slenderer even than
that elongate species. .

Pigmentation.—Two irregular lines of stellate chromatoph9res are evident on
underside of yolk region, a pair on either side of body where intestine 'F)ends downward
to vent, and a single series of about 12 small ones on ventral margin, farther apart
forward but smaller and near together toward caudal region. In further develop-
ment these ventral line chromatophores become further embedded below the surface
and less conspicuous for this reason.

7.0-millimeter stage.—Total length, 7.0; length to vent, 3.9; length of head, 1.25;
snout, 0.23; diameter of eye, 0.38; greatest depth before vent, %.08; greatest depth
behind vent, 1.0 millimeter. Myomeres, 18 to vent plus 21 behind.

Pigmentation.—One chromatophore appears at ventral base Of. each pectoral,
2 small chromatophores on ventral aspect of intestine, 1 where intestine turns down-~



326 BULLETIN OF THE BUREAU OF FISHERIES

ward to vent, 6 in a single series on ventral ridge of tail
5-millimeter stage), and 1 on caudal, The eye is black.
These specimens are definitely u

survey, and their small size and lack of any adult characters make th
extremely difficult. In this, as in

of elimination, narrowing down the possibili
choosing one. No young stages of Storer’s chub have been describe

FIGURE 29.—Erinemus storerianus, 9.5 millimeters

smallest known specimen available is 21
larva may be like. Certain facts, howev

9.6-millimeter stage.—Total len.
th of head, 2.0; dismeter of o
vent, 0.75 millimeter. Myomer

gth, 9.5; standard length, 9.1; length to vent, 5.7;
ye, 0.5; greatest depth before vent, 1.2; depth behind
es, 19 to vent plus 19 4+ behind. Body more robust

FIGURE 30.—Erinemus storerianus, 21 millimeters

than preceding stage but otherwi
trally at lophocercal caudal.

Pigmentation.—On the surface, 1 chromatophore is apparent at middle of
ventral aspect of intestine and below the surface, 1 occurs at ventral edge of body
where intestine turns downward to vent, and 2 along middle third of tail. (More of
these ventral subsurface Spots on tail are evident in other specimens, resembling

more closely the prominent series of the 5-millimeter stage which has become almost
hidden in larger preserved Specimens.)

21.0-millimeter stage.—Total length, 21.0; standard length, 17.0; length to
vent, 11.0; length of head, 4.5; snout, 1.2; diam

eter of eye, 1.4; greatest depth before
vent, 3.35; greatest depth behind vent, 2.2; leng

th to dorsal, 9.0; to anal, 11.5. Myo-
eres, 19 to vent plus 17 4 behind. Dorsal 1T (very weak), 8; anal II (very weak), 8;

se unchanged. Ray development beginning ven-

(less conspicuous than in

nlike any other species previously taken by the

e determination
similar cases, it is necessary to resort to a process

ties as far as possible and then temporarily
d, and since the

2
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s ok quits toanhing wams. - Claratwiaed by chosints body; shoos somaposmmed
zif(iin;vliltoht 2];1;2(]31; ejg;chiléilvssd. rather flat interorbit.hﬁ sp:}():iet; Z};ii ;ifallaf§$eﬁi%;
fl?ctlilrﬁgd ?zzzstpiz?;a:gii?tiym(i);?r:?i?%r]elgl?b;f:lcbong;a Zonsl’)icuous ; ratiler oblong;
o scgilgfnizsﬁisoiﬁ%lack chromatoghogesd occ1ir 9(;7(3;‘ ;ngrbiihvi,dt%};; gng) sgjzz ;11’
heads, and two rows along either side of dorsal ridg : ik 1aterai
Three or four rows of very small spots_ l?aark the lateral h_ne, but nof Jateral
tripe is apparent as in some o_ther (lzypnmds. There are a few sub§ur ace cvent -
Ziﬁgiiein‘)iﬁéﬁl B e
and anal, and the dorsal and caudal fins are marked.

BREEDING

From the present collections it is evident that Storer’s chub spawns (.iu(li'mg JuIilg
nd the first week of July, for all specimens taken throughout this period were
& ’
early stages of development.

14. Rhinichthys atronasus lunatus (Cope). Black-nosed dace. [Rhinichthys
! lunatus Cope. dJordan, Evermann, Clark, p. 140.]

RECORD OF CAPTURE

Although this species strays only rarely into Lake Erie, it may be found in great
numbers in all small creeks of the region.

DESCRIPTION

The black-nosed dace is easily distinguished from the closel;i alhe(.l l(zzli-;mossg
dace (R. cataractz) by the facts that in the former the snout scarce ytprOJei1 . Vi
the slightly oblique mouth, and the broad lateral band extends c;ln 1(; (;a‘;u ler.l o

17.25-millimeter stage.—Total length, 17.25; standard length, : .t d, thgi bk
vent, 9.5; length of head, 4.0; snout, 0.75; diameter of eye, 1.3; gr_eaues 1ep9 : n;ﬂﬁ_
vent, 3.1; greatest depth behind vent, 2.0; le'ngth to dorsal, 8.2 éﬁz)l alzar, ).7 ey
meters. Myomeres, 18 to vent plus 17+ behind. Dor'sal IT (rudimen a.yh,t A
last divided at base in transparent specimen, appearing thus as an ellvgI i tyl .
inserted behind middle of standard length; anal II (rudimentary), 6. Moderately
elongate body; mouth small and slightly oblique; snout barely protruding.

=
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Pi )
ot ﬁmee;l(;ca;;o&d Atbroa.d b.and. of black chromatophores extends from tip of
Y, terminating in & black spot at base of caudal and extending

15. Rhinichthys cataractee (Cuvier and Va,lenciennes).

Long-nosed dace,

RECORD oOF CAPTURE

v T B = PN
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FIGURE 32.—Rhinichthys calaractz, 13.7 millimeters

elongate; mouth small with 1
y protruding g B
but not pronounced, lower jaw includedgf nout characteristic of later

Pigmentation.—This species i
J pecies 1s characterized by g
2?::7% sp(;ttat ba,S(ii of caudal, but this is much faintgr thallllsg
acutatus, and others. (Lateral band is i
. obsolete in adult.) Chrom
, along dorsal ridge, and ventral ridge from vent to ca?lfioﬁh:;es
]
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subsurface chromatophores along dorsal surface of intestine. The lateral surfaces
are colorless except for the faint dusky band (unlike atronasus). The caudal is the

only fin pigmented.
BREEDING

The long-nosed dace is apparently a spring spawner. Breeding males have
cheeks, lips, and lower fins bright crimson.

16. Semotilus atromaculatus atromaculatus (Mitchill). Horned dace, creek
chub. [Semotilus atromaculatus (Mitchill). Jordan, Evermann, Clark, p. 117.]

RECORD OF CAPTURE

Although rarely taken from Lake Erie, the horned dace is common in all its
tributaries, especially in the smaller creeks.

DESCRIPTION

Young horned dace are characterized by a very heavy black lateral band from
tip of snout to base of caudal, where it widens into a well-defined black spot. Perito-

s

o e

R0 e e 5:4,% ”*"*&P :
S ¢ % * R
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TIGURE 33.—Semotitus etromaculaius atromaculatus, 14 millimeters

neum typically pale, although in preserved specimens sometimes darkened, while in
Campostoma anomalum it is always very black. The latter is easily confused with
Semotilus atromaculatus in the younger stages, but if the specimens are large enough
to have the lateral line, that of Campostoma will be found straight, while that of
Semotilus dips abruptly over the first half of the pectoral. Of course, the peculiar
elongate intestine of Campostoma surrounding the air bladder is always diagnostic,
but its investigation necessitates dissection.

14.0-millimeter stage.—Total length, 14.0; standard length, 12.5; length to vent,
8.25; length of head, 3.4; diameter of eye, 1.1; greatest depth before vent, 2.8; depth
behind vent, 1.7; length to dorsal, 7.0; to anal, 8.5 millimeters. Mgyomeres, 21 (or
22) to vent plus 20 behind. Fins small; dorsal II, 7, inserted well behind ventrals;
anal I, 8 (incomplete?), completely behind dorsal. Forward part of body rather stout
but tail compressed, moderately elongate head heavy, rounded above; mouth moder-
ate, oblique, lower jaw included, maxillary to pupil.

Pigmentation.—Both jaws, top of head, and dorsal aspect are covered through-
out with large and small chromatophores. A lateral black stripe extends from tip
of snout to base of caudal, being composed of 3 lines of heavy spreading chromato-
phores. The lateral aspect below this band is colorless except for few chromato-
phores near caudal. A few occur on underside beneath the jaws, pectorals, and one
row along either side of ventral line from vent to caudal. About 60 subsurface,
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large, round chromatophores are evident over stomach region and intestine. Vep-
trals are unpigmented but other fins are marked with double series of pigment spots

along sides of rays. The chromatophores are thicker on front of dorsal base, indicating
later diagnostic dorsal spot.

BREEDING

The horned dace Spawns in spring in stony shallow streams. Rosy-tinted belly
and coarse tubercles on the snout constitute the breeding dress of the male.

17. Clinostomus elongatus (Kirtland). Red-sided dace.

RECORD OF CAPTURE

The red-sided dace was never taken in Lake Erie but was found frequenting
many of its small tributary streams.

DESCRIPTION

This brilliant little species very closely resembles the abundant Notropis, but the
teeth in main row numbering 5-5 distinguish it from the latter, which usually has 4—4.

FIGURE 34.—Clinostomus elongatus, 23.25 millimeters

28.25-millimeter stage.—Total length, 23.25 ; standard length, 19.2 ; length to
vent, 12.5; length of head, 5.7; snout, 1.25; diameter of eye, 1.6; greatest depth
before vent, 4.2 ; depth behind vent, 2.6; length to dorsal, 10.1; to anal, 13 milli-
meters. Myomeres, 19 to vent plus 16 behind. Dorsa] 1T (rudimentary), 8; anal T
(rudimentary), 9 ; ventral origin very slightly in advance of first dorsal ray, ventrals
reaching vent; caudal long and deeply forked. Body elongate, fusiform, with
slender caudal peduncle; head large; snout long, pointed ; mouth large, oblique,
lower jaw barely projecting in thig stage (projecting strongly in adult); lateral line
abruptly decurved over anterior half of pectoral.

Pigmentation.—Both jaws, and dorsal aspect of head are heavily pigmented
with round black spots. A band extends the length of dorsal aspect with chromato-
phores more loosely arranged to lateral line. Below lateral line the chromatophores
are heavy again, forming a Very inconspicuous band, about 4 chromatophores wide,
from head to caudal. Ventrolateral and ventral aspects are without pigment except

intestinal region. Ventrals and Pectorals are almost unmarked, but other fins have
chromatophores along lines of rays.

18. Notropis heterolepis Figenmann and Eigenmann.
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BREEDING

This minnow, also, is a spring spawner, and the anterior part of the lateral
S 7 4 (=]

band becomes bright crimson in breeding males.

Black-nosed minnow.
i k
[Hybopsts heterolepis Eigenmann and Eigenmann. Jordan, Evermann, Clark,

. 134.
d ] RECORD OF CAPTURE

The black-nosed minnow seeks the quiet, sheltered bays of Lake Erie, and the
muddy streams and swampy places near by.

DESCRIPTION

i i istinguishes this species from the allied
f black on the chin readily distinguis .
N Tbh ; ::;:;cizd Na heterodon in which the lateral band passes through the higher
. bifr .
i i th jaws. A .
mout}z g lgi,'rlll(z;j;?e% E;()zge.]—Tota.l length, 20.0; standard length, 16.6; lex:igtl; ﬁ;obx;?éx:é
11 0'2 le.n—g?h of head, 4.5; snout, 1.4; diameter of eye, 1.15; greatest dep
= 7

FIGURE 35.—Notropis heterolepis, 20 millimeters

i ; to dorsal, 9.1; to anal, 11.2 milli.m_eters.
X/Ient, ?gfta;s digtilob:llgdpl‘g;ni% z‘t;i},ljls(lilfgthDorsal II ,(rudimenta,ry), 8 (las:l; 3112((11:3;,
sliyl(l)gly ne,arer caudal than tip of snout; anal II (rudimentary), ih(lzse ¢ mouﬂ;
Veitrals inserted in advance of dorsal. Body sl_en(lieé : Enout longer than eye;
i i j uded.
SUbiIlIfmeT, :H:}ii Iﬁ‘iﬁ }b;{):éiﬁxnlz:le’dlfifl;g)szi;n gcenera,lly less pig.mented tha:; other
i lv%rl*nae‘? tiils le.ngth. Chromatophores are restricted to upper jaw, ‘iop an :I;Il):i:
E:EHOOf hbead about 4 irregular lines along dorsal :f'ldge to caudal(,la sﬁni esg;"rlérsr a%—, vl
double serie; marking lateral line as a continuation of the bzn vif :;l - e ot
of snout, a very few below head and around anal base, and on dorsa, , .

fins. The white chin is diagnostic.
BREEDING

29) found
This species spawns in late spring and early summer. f]ohn G:[I;?jl;-y (1929) foun
females in spawning condition on July 26, 1928, in the Niagara River.
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19. Notropis deliciosus stramineus (Cope).
deliciosa straminea Cope. J ordan, Evermann, Clark, p. 134,

RECORD OF CAPTURE

next 2 weeks, as many as 85 having been taken in & 5-minute haul at station 06.47.
They were found on the bottom as well as at the surface in water of 11 to 34 meters,
Adults are found abundantly, especially during late June and early July when they
come close inshore for spawning.

DESCRIPTION

FIGURE 36.—Noiropis deliciosus stramineus, 5 millimeters

myomere (at twenty-third or twenty-fourth in N atherinoides). In advance stages
of development the pigment patterns of the two species become much alike, but the
deeper head and body, the different myomere count (19 or 20 to
in the present species;

tnoides) serve to differen-
e found together.

; greatest depth before vent, 0.08; depth behind
vent, 0.07 millimeter., Myomeres, 19 (20) to vent plus 16 behind. Yolk sac
absorbed; single air bladder; head remarkably broad, broader than deep; snout short,
very obtuse; tail lophocercal.

Pigmentation.—The eye is black. Dorsal .
intestine to vent, There are many
region, continuing as Very uneven

al ridge behind vent,

6.6-millimeter stage.—Chromatophores larger and arranged in more regular

series above and below intestine, and on ventral ridge behind vent, Head still

broader than deep as in preceding stage. Slight concentration in marginal fin indi-
cating position of dorsal.

7.5-millimeter stage—Total length, 7.5; standard length, 7.05; length to vent,
-2; diameter of eye, 0.55; greatest depth before vent,

Straw-colored minnow. [Hybopsis
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behind.
; depth behind vent, 1.0 millimeter. Myomeres, 21 'to Vfant flg]iml-g ; sr o
})Aj a,lpconcentration increased and position of anal evident; noto
ors ;
X dal rays developed.
upW&I_d an(rlltsajzﬁlel c—mj& few 3lrarge round chromatophores occur on to;f) of he;(()l‘,rea:ii
Pklgxrln gouble s;aries on dorsal ridge. A lateral line series extends (I;;lm ﬁecomjng
‘?)lb(rlgler backward, and a ventral series from jugular region to caudal,
a

i t. . .
dOUbIIZ g—%?m;? stage.—Total length, 12.0; standard length, 9.5; length to vent,

7 y vent

0; length of head, 2.8; snout, 0.6; diameter of eye, 0.8; greatest depth before vent,
; ) St ]

&l

FIGURE 37.—Notropis deliciosus siramineus, 7.5 millimeters

illi res
; depth behind vent, 1.2; length to dorsal, 5.5; to anal, 7.2 mﬂmeters.di ﬁ{o?:for é
i lus 16 behind. Dorsal, 9; anal, 7; ventrals apparent immedia 3f7 o
f2i1 10 Z;n(fflzlg::sal (in V. a.them'noides 4 myomeres before dorsal); caudal fully formed.
st r i
' bl{%ddel' ’otvz? Chjrglljli(r)(;gétophores are arranged generally as in the preceding St?{i?’
g a1 ‘1011(;1‘ and more conspicious. Chromatophores occur also (in.cau te(i
e 31:2_ Mr% r stage.—Dorsal, 9; anal, 8; caudal deeply forked; ventrz.i i msil}'l od
i 28'6‘;)-1? ngiiein ofg (iorsal. T’otal length, 28.6; stfmdard length, 229.91;1ﬂlt?nufeters
el e' Olr t]fof head, 6.4; greatest depth, 4.5; diameter of eye, 2.2 s broad.
Kzntﬁ(i:s’ 16911%0 vent plu,s 17 ,behind. Body little compressed; head rather :
yo :

FIGURE 38.—Notropis deliciosus stramineus, 12 millimeters

i jaw i haracter-
snout very obtuse; mouth small, inferior, horizontal, low.etr f av: hlislll:%eg};e' C
ized by dusky lateral band, not continued forward definite y LEls
1 P?Umentat-ion.—Heavy pigmentation occurs on upper jaw antooiires Wit,h nd
contimi}ed along dorsal aspect by 1 to 4 rows of round black c{;rozél?) : h};n ores with small
ones between. Thereis heavy marking around base of dorfsa, anre e AL
chromatophores form a scalelike pattern to caudal. Ahswha L e
head. The lateral line is marked irregularly by small lig '](_:hzoventml  eot it e
of vent, then they become larger, blacker, and stellate. oot e
marked except for a double series of chromatophores Iios erl1 -
dorsal, and caudal are pigmented, but ventrals and anal are plain.
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BREEDING

Spawning occurs during late June and early July in shallow inshore waters.

20. Notropis hudsonius (Clinton). Spot-tailed minnow. [Hudsonius hudsonius
(DeWitt Clinton). Jordan, Evermann, Clark, p. 132.]

RECORD OF CAPTURE

Many ripe adults were taken in dip nets near Sturgeon Point in the middle of
June, 1928, and one early larva tentatively assigned to this species, 5.2 millimeters
long, was taken in a Helgoland trawl at 5 meters near Athol Spring on July 12. The

straw-colored minnow is extremely abundant in the lake, and ascends some of the
larger creeks. :

DESCRIPTION

The present larva is characterized by a stout body and very blunt, bulbous head
with large eyes and wide interorbilal space, distinguishing it from N. atherinoides and

FIGURE 39.—Notropis hudsonius, 5 millimsters

N. delictosus stramineus. TIts small size compares unfavorably with specimens of
N. cornutus of like development.

6.0-millimeter stage.—Total length, 5.0; length to vent, 2.75; greatest depth 0.96;
diameter of eye, 0.5 millimeter. Myomeres, 17 to vent plus 15+ behind. Charac-
terized by very blunt, bulbous head, with large eyes at the anterior margin and wide
interorbital space; mouth moderate, inferior, lower jaw included. Large yellow oil
globule anteriorly placed in stomach region.

Pigmentation.—A few chromatophores appear on sides of head, and many black
stellate ones are distributed over ventral aspect to vent. About 4 very large sub-
surface chromatophores occur over top of stomach region, and 4 long, dark, linear
patches behind vent on ventral ridge.

This species has general characters in common with V. cornutus, but its very small
size compares unfavorably with specimens of like development of the latter. The
head is too blunt and body too stout for young N. deliciosus or N. atherinoides. Quite
possibly it is N. hudsonius, for many adults with ripe eggs were taken in s di
near by at this time.

For comparison the description is given of a postlarval N. hudsonius taken at the
mouth of Eighteen Mile Creek on July 18, 1928.

19.0-millimeter stage.—Dorsal, 8; anal, 9; caudal deeply forked ; ventrals just
anterior to dorsal origin, rays extending beyond vent. Total length, 19.0; standatd
length, 16.0; length to vent, 10.5; length of head, 4.2; greatest depth, 3.25 milli-
meters. Myomeres, 22 to vent plus 18 belind. Conical head with very blunt snout;
small, nearly horizontal mouth, lower jaw shorter.,

P net
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Pigmentation.—The 19-millimeter N. hudso'r%'ius is chara(",terized especially by :}
definite black spot at base of caudal. The head is sparsely pigmented, and i roOwWs 0
chromatophores are apparent on dorsal aspect tq caudal. Small chromatop boresfare
widely and irregularly placed in dorso-lateral region, and a few surface and subsurface
chromatophores over operculum. A few‘occu_r below lateral line and 512 s‘;r a;)cie
chromatophores throughout its length, endmg with a black spot at caudal. . mz de
row extends backward from vent on ventral vidge. Dorsal and caudal are P1gmen e b.

14.26-mallimeter stage.—Total length, 14.25; standard length, 11.5; length ‘t:o vent,
8.0; length of head, 3.0; snout, 0.6; diameter of eye, 1.0; grea.te.st depth bﬁme vent,
2.1; depth behind vent, 1.5; length to dorsal, 6.0; .to anal, 8.1 millimeters. \ yorzlerei,
21 (22) to vent plus 16 behind. Dorsal I (rudimentary), 8; anal I (rudu:ilen gri -
9: ventrals immediately under front of dorsal; caudal rather long and forked. Bo ly
n;oderately elongate; head conical with short, blunt snout; mouth rather small, nearly

i ; lower jaw very slightly shorter. . .
honzlgiflléntationl.———The %eadb is more sparsely pigmented than in most other ?pecles
of the éenus. Chromatophores occur in about 3 rows along dc?rsal aspect, 1 ew on
operculum, and very many below surface on 2-chambered air bladder. series

FIGURE 40.—Notropis hudsonius, 14.25 millimeters

marks the lateral line, surface and subsurface, and a prominent bla(_:k spot is apparent
at base of caudal. A few chromatophores occur beneath lower jaw, and. a double
series on ventral line backward from vent. The dorsal and caudal are pigmented.

BREEDING

The spot-tailed minnow spawns alongshore in late June and early July.

21. Notropis atherinoides Rafinesque. Lake shiner; emerald minnow.
RECORD OF CAPTURE

Only 6 small larve were taken in 1928, from July 30 to August 1, in the v101n1.ty
of Long Point Bay. During 1929, however, it was one of the most abundant species
taken by the survey, as nearly every net towed from July 2 to August 20 contained
from 1 to 500 of these larve. In the western part of the lake the'y were even more
common between June 19 and August 17, as many as 3,000 belr}g captured in a
single tow. Adults are very common in the lake in deep as well as in shallow water.

DESCRIPTION

The newly hatched larva is characterized by its very slender unpigmented body
with even the eyes colorless, clear elongate yolk, and myomere count of 23 to vent
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plus 12 or 13 behind. Tt is most easily confused with N. deliciosus stramineus (see
comparison on p. 332), but the myomere count and position of the ventrals which

are inserted about 4 myomeres before the dorsal origin in this species are sufficient
differences to distinguish the two.

FIGURE 41.—Notropis atherinoides,

4.9 millimeters

4.9-millimeter stage.—Total length, 4.9; length to vent, 3.3; length of head, 0.7;
snout, 0.08; diameter of eye, 0.22; greatest depth before vent, 0.63; depth behind
vent, 0.57 millimeter. Myomeres, 23 to vent plus 13 behind. Dorsal marginal fin
fold originating about 12-13 myomeres behind head, narrow, pinching at peduncle
and widening around lophoce

rcal tail; ventral marginal corresponding to dorsal con-
tour; pectorals very small, Characterized by the exceedingly elongate colorless body,

FIGURE 42.—Notropis atherinoides, 6.1 millimeters

colorless eyes, very elon
and far inferior mouth.

6.1-millimeter stage.—Total length, 6.1; standard length, 5.9; length to vent,
4.0; length of head, 0.9; snout, 0.15; diameter of eye, 0.32; greatest depth before vent,
0.82; depth behind vent, 0.57 millimeter. Myomeres, 23 to vent plus 12 behind.
Mouth small, terminal; marginal fins unchanged from Preceding, but notochord
turned slightly upward.

gate intestine, clear, elongate yolk which is granular in texture,

FIGURE 43.—Notropis atherinoides, 8.9 millimeters

Pigmentation.—The eye is pigmented with black, and about 9-10 very incon-
spicuous chromatophores extend along underside of intestine at wide intervals and

along ventral ridge behind vent, Pigment on dorsal aspect of intestine is confined -
to one rather large linear patch at vent.

8.9-millimeter stage.—Total length, 8.9; standard len
greatest depth, 1.0; diameter of eye, 0.4 millimeter.
14 behind. Snout somewhat longer and more pointe
but still shorter than eye; short head assuming th.

gth, 8.3; length to vent, 5.5 5
Myomeres, 22 to vent plus about
d than in 6.1-millimeter specimen
e conic aspect of 2V, atherinoides;
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i i : ique
1 lender, sharply compressed body, without ele_V%tlon of lback,evgfydeoc‘t‘)llrged
e h : er lip on level of upper part of pupil; rather arge yh, e
puth ‘-Wt. uli()lP osition of dorsal fin, indicated by a cqncent.ratlon in the ma Eg]?he
lf?tefr alldhl?:g}iigin; over the seventeenth myomere, identical with the position o
n fo 5
dOI'S%Ll.'m adults' o j}—lz.i theizlessi;aoe there are about 12 large black chroma!;ophores
tPlgﬁeizz&m%’ith no other aorsal coloration. Chromatophores occurring over
on top )

FIGURE 44.—Notropis atherinoides, 10.5 millimeters

i i farther imbedded through 13he growth
T amdd %;?111‘13: lajj I;:: gjiifstm’%s; ec‘hromatoph(.)res seen in prfev1011fs st:eg:s
ke &1: 1 aspect of intestine have disappeared, w1tk} the ex-ceptlon 0 tasm i
. fust r{? forE vent; this one ventral spot is conspicuous in the ne;c horis
large'one ]uiltﬁ . ed. At iohe posterior end of body the ventral l-me chro.ma (;p -
(fielslcnb:}(liear?otofllgrd .upward. Starting just before the vent, a single series of a
s teral line.
i lmear;hr%?fzzg*h;zse.E%f‘léisihlzi;h, 10.5; standard length, 9.3 ; l(:ﬁgti):; ::e :f;:,
6.7; 11(31' ’;glt)f head, 2.0; snout, 0.43; diameter of eye, 0.7; griates:nteglus 3 behindi
1.64’1' degpth behind vent, 0.95 millimeter. Myomereg, 22 to v

NSNS
SR p =
<

T
)

FIGURE 45— Notropis atherinoides, 13.5 millimeters

i the origin of permanent dorsa-l at
£ ﬁll ft(;ld il}fslj;iﬁglire%gﬁsr:fd:lif?neift(:i; sh.%mpe(ig Wi‘?h elements and ig()‘ti
e . (‘fﬂ s evident. Embryonic fin persisting behind dorsal as a ng ow
Partlftﬂyl-fg;r;ls cf)?l}’;muous with the heterocercal caudal; .caudal rays forrzlstmuy
E:’rr,aglm;‘argin only slightly emarginate. Embryonic mal:gmalt pe?fgﬁf ;dditional

Pigmentation.—Chromatophores occur as In preced.mg l]sl &;iezi Sy
surface spots on snout and caudal, and subsurface spots In g T e reer
over 1-chambered air bladder, along dorsal aspect of notochord, an
formllgg;w;l?;?nilt:rpgtt;ge.—Tobal length, 13.5; standard length, 11.t5 ; iel(llgeﬂi lfobzfe::é
8.0; lex.lgth of head, 3.0; snout, 0.7; diameter of eye, O.zl‘),t%'riznispmsg(ﬁ Ry
ven,t, 2.0; depth behind vent, 1.5 millimeters.. Myonr}eres,f e;n bt ke
Dorsal, 8; anal, 11, completely formed ; only tiny portion o
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; snout short and somewhat pointed ;
ing to front of eye.

Pigmentation.—Chro
an irregular double dorsa] series to
caudal. = A few occur on cheeks
becoming larger toward caudal.
about 10 at wide intervals on ventral m
series on ventral line from vent to caudal.

and on lateral lin

us, over 2-chambered air bladder, covering dorsal
notochord, and g group at extreme end of bod

The fins are colorless except for the caudal.

BREEDING

Our records show tha,
middle of August.

22. Notropis rubrifrons (Cope). Rosy-faced minnow.,

RECORD OF CAPTURE

This minnow is not common in the Lake Erie region. Specimens have been

recorded from Lake Erie but the species is limited mostly to several of the larger
streams where there is g strong current,

FIGURE 46.— Notropis rubrifrons, 15 millimeters

DESCRIPTION

The rosy-faced minnow is distinguished by its comparatively thick heavy body
and pronounced sharp snout,

18:0-millimeter stage.—Total length, 15.0; standard length, 12.0; length to vent,
8.0; length of head, 3.2; snout, 0.75; diameter of eye, 1.1; greatest depth before vent,
2.6; depth behind vent, 1.6; length to dorsal, 6.8; to anal, 8.25 millimeters, Myo-
meres, 22 to vent plus 17 behind. Dorsal IT (rudimentary), 8, origin at about
middle of body; anal II (rudimentary), 10 ; caudal moderate. Body moderately

stout; head rather large, snout long and pointed ; eye large; mouth oblique, maxilla
reaching to front of eye.

matophores appear on both jaws, over top of head, and in

caudal, most prominent at base of dorsal and near
e in a single series, linear-shaped,
On sides of stomach before ventrals, there are
argin before vent, and g conspicuous double
Subsurface chromatophores are evident

surface of
y forming a subsurface caudal spot.

t hatching occurred from the middle of June until after the
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Pigmentation.—Chromatophores extend across upper jaw, heavily (;)\;er K)pf e(‘);

head agnd in 3 or 4 uncrowded rows on dorsal line from I_leald to -cauals(zuig o Tow
. i i urface, and in a single series
in gill region on surface and below s ! : -
- 1:)1r§1 numfrous near caudal. There are many below the surfacefm the ab(:om’lrnﬁe
hne:,?lfl and one row on either side of ventral aspect backward from vent.
reglon, it
i only pigmented fin.

caudal is the only pig S

This species is a spring breeder, at which time the male develo;;s (;ubellﬂcles on the
snout, and crimson color on forehead, opercular region, and base of dorsal.
J

Common shiner; red-fin
Jordan, Evermann, Clark,

23. Notropis cornutus chrysocephalus Rafinesque.
shi.ner. [Luxilus cornutus chrysocephalus (Rafinesque).

p- 128 RECORD OF CAPTURE

In 1928 no specimens were taken from Lake Erie, but spawm'n% adullt: aanhz
large number of eggs and larve were found in a trlblutary cree]i 01110 ;m;lmh;leters‘
dfvgelopment of these eggs is recorded in the fogowgfn% s:tatg(;;%ele(; at.the : D,

ken in the lake on June 19, 1929, off Poin
011: lai‘;; vrilzstetras {deep, and a number in a somewhat ls_a,ter stage_ of development at
rlr:a ifp onLong Point on July 8. Adults are abundant in the region.

DESCRIPTION

This shiner is most easily recognized at all_ s‘tages from. N. athzm?;ou%fi ;;Zt;:z
body, but with more difficulty from N. deliciosus stramineus. th mi poters
dfiepel‘ tatiz;l in the two is alike except that V. cornutus .chrysocephalus z;.s 10 ¢ el
plllimer;to hores behind the head while the other species have a di)léb e sel(;lsunts
gﬁ;irlfl of E{)orsal. In postlarval stages the difference in dorsal and anal fin-ray
N deg;go S—%l%lass rather loosely attached, but a few eggs tightly n}:ﬁld t(;ii’suhi :S;?
bits of g_;:ra,vel adhering. Diameter of living egg, 1.45 to 11.% ol 1’(1)1% Im,l sty
about 1.6 millimeters. Diameter of clear, yellolwd_ofil glgb;lhf u;gh you{. gty
) . . 0 ,

i ly cleavage seem to have very little ol diffuse . oo
ftiiism hii?one large globule and often many tiny ones closely associated with i
E %‘zge,ir}:g]f?.fl shows the earliest stage observed, with blastodisc well formed.
There seems to be a small amount of olil dilffu§e(il .thr(;;%l{l zili{v;rs e

igure 478 with the embryo completely circling 5 sh .
eyes iz)};l’cli; pigmented in black, and small, black stellate chromatophores over yolk

18.
bove stages were observed on June _
BOthO(;lfeﬂ;:e:k Os:fter tie stage shown in Figure 473 two specimens WerejU hzfchgg
and thriving, swimming rapidly around the aquarium and almosﬁa c(_)n]: a](:,lﬂ;yand
their sides. mThe larva (fig. 48) was very transparent, only the ye o1w13 ezts ¢ ond
dark eyes being evident to the naked eye of the observer. 'I.‘he measx;ren; s mﬂh—
Total length, 6.9; length to vent, 3.6; greatest dep?h, 1:75; d{z.amletelx; ohegr m,at;) i
meter Larg’e oil globule persisting in anterior region of yolk', black ¢ dlrIl E];') pores
over 3;01k sac and an uneven series along ventral ridge of tail, ext;and g,:0 gpcreased
over sides. Two days after hatching the total length of the larva had not in ;
109774°—32——4

-
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but the body was much deeper behind vent. Total length of preserved specimens,
6.5; length to vent, 3.7; greatest depth, 1.9; diameter of eye, 0.5 millimeter. Myo-
meres, 14 to vent plus 19 behind (not completely developed). Yolk much smaller,
having changed its rounded egglike shape for an almost square contour with only

A

FIGURE 47—Notropis cornutus chrysocephalus. A, egg with blastodise formed. B, egg with late embryo

the corners rounded; oil globule anterior to yolk, not contained within it as in the
previous stage.

Pigmentation.—Yellow chromatophores occur over oil globule and head as
before, but many large gray stellate ones are added over top and sides of head.
Chromatophores persist on underside of yolk and those on sides of embryo are ar-
ranged in an irregular double line from the antero-ventral region of yolk sac to its
postero-dorsal limit, becoming continuous with the ventral ridge series. Toward the
end of tail 5 or 6 chromatophores follow up the grooves of the myomeres as black

FIGURE 48.— Notropis cornutus chrysocephalus, larva immediately after hatching,

6.9 millimeters

streaks, almost to lateral line. A subsurface series starts at base of brain and con-
tinues along dorsal surface of nerve chord almost to tail, made up of about 17 to 20
very large roundish stellate chromatophores appearing gray through the myomeres.
Another group (both surface and subsurface) extends along lateral line (about 10 to
14), and a third subsurface series starts over yolk sac and continues to caudal about
halfway between the ventral ridge and the lower margin of notochord.
7.0-millimeter stage.—Total length, 7.0; length to vent, 4.6; length of head, 1.3;
greatest depth, 1.0; diameter of eye, 0.5 millimeter. Myomeres, 21 (22) to vent
plus about 14 behind (incomplete). Head blunt, eye very large, jaws equal; mouth
terminal, median; air bladder large, one chambered at this 3-day-old stage.
Pigmentation.—The air bladder is covered dorsally by very large, black, roundish
chromatophores. About 12 large, round, black chromatophores occur on top of

4
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i f brain, and 2 on dorsal ridge near
llate subsurface ones on underside o ;
heag’ ll&rg’f‘lfgse &afe subsurface chromatophores at base of p(.egtorsftls tand .1 ci(;;ibolz
i i ide in gi i The underside of stomac
- ries on underside in gill region. macl
zrrog :(})1 a4p eS.’rl::’x(:'(al_l rows of rather small, round chromatoplhores_, b)ecorr?‘lﬁlgllzr:egfiir
o i i in this single series). e larg -
i intestine to vent (about 17 in
andd(;]?gl:tg??; continued as a double line of subsurface chromatophor(és to g?;‘t‘,’
1kt)lllancee als) a double line of smaller surface ones to end of body (about 16).
e

- e —
FIGURE 49.—Noiropis cornutus chrysocephalus, 7 millimeters. (Drawn from living specimen)

pear on caudal. The oblique line over yolk sac of younger stages ist }:‘epsxis;zzii

¥ i in th e position across the .
hromatophores in the same p .

LR i i in indivi ially that on lateral line.

ing i i ble in individuals, especially
The marking is considerably variable 1n in O e at.
illi i the line is completely marked by lins
In some 7-millimeter specimens { e ¢ STl
ile in others of larger size only a few such spots appear, & _

?l‘rilhofli‘f)i’s;}ﬂzr]iizg varies likewise. In some specimens this aspect 18 cololl;less, nglcl)(la‘

in sthers a double line of rather large chromatophores occurs toward the ante

& v 5-millimeter stage.—A very slight concentration at future location ofddorsszi :ﬁld

anal ﬁns discernible; caudal still lophocercal, but with a few rays developed ventrally.

FIGURE 50.—Noiropis cornuius chrysocephalus, 11 millimeters

8.5-millimeter stage.—Concentration greater in embryonic margixﬁl ﬁn—ﬁs{lﬁdbztg
no ra;.yrS' fin fold, however, more pinched; notochord turned abruptly up
2
caud?}). 5 millimeter stage.—All elements of dorsal and anal complete, and about half
: : i 1s.

f dorsal rays developed; no sign of ventra .
: 11 .O-mi}lrlimeter stage.’—Dorsal, 8; anal, 9; elements and ﬁn-ragrs (fﬁ(})lmiﬂ;tedlm'flzt‘?:r
length, 11.0; standard length, 9.9; length to vent, 7.0; greatestb (}aJIj) d, 'A:ir e
of eye, 0.9 millimeter. Myomeres, 21 to vent plus about 17]1 e 3 ;mm Dlaceer
constricted considerably. Ventrals apparent, but very sma1 an o tyion, Fie
embryonic marginal fin fold persistent beneath them from below constric
bladder to vent. _ ) '

Pigmentation.—The marking here is essentially as in prevmuls stagei.ungi};ﬁ
snout, interorbital region, and top of head are covel:ed Wl(;h E{lery ?;E:’ al;l o
chromatophores. Subsurface series occur below brain and gill reg
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gion, becoming
very numerous and heavy over both lobes of ajr bladder, and are continued behind
over dorsal aspect of intestine to vent. About 12 surface chromatophores, also,
occur along intestine. The lateral stomach series is continuous with the subsurface
gill series. Ventral chromatophores start between pectorals and run in a most ir-
regular, usually single but sometimes double line to vent, Anteriorly, these ventral
Spots are rather large, but as the line approaches the vent, they become very small
and numerous. From the vent backward a double series of large stellate chroma-
tophores extends on ventral ridge to end of body (about 22). The pigmented caudal
has many small chromatophores concentrated at its base but not in great enough
numbers to indicate a caudal spot. Two subsurface longitudinal series parallel with
the lateral line are faintly distinguishable through the Iyomeres, one halfway be-
tween dorsal and median lines, and the other between median and ventral lines.
These last series were first seen in the 2-day stage.

18.2-millimeter stage.—Total length, 13.2; standard length, 11.5; length to vent,
8.1; head, 3.0; snout, 0.55; diameter of eye, 1.1; greatest depth before vent, 2.3;

=

v

N lliiiitatiite s

FI1GURE 51.—Notropis cornutus chrysocephalus, 13.2 millimeters

depth behind vent, 1.4; length to dorsal, 6.0; to anal, 8.2 millimeters,
21 to vent plus 15+ behind. Dorsal, 8; anal, 9.
completion of the vertical fins, further develop
aspect of the head.

Other specimens of
changes in pigmentation.

Myomeres,
Differs from preceding stage in the
ment of ventrals, and more adult

18.5 and 21.3 millimeters in collection show no essential

BREEDING

The common shiner spawns during June and the first half of July on shallow
gravel bottom. Breeding activity is interestingly recorded by Dr. G. C. Embody
and W. J. Hamilton, jr. (Greeley, 1927). Many adults of Notropis cornutus Jrontalis,
seined on July 9, 1928, at Grand Island, contained ripe ova. Spawning of the latter
upstream subspecies was observed by members of the Survey group on June 17, 1928,
in Little Buffalo Creek and on July 9 in Silver Creek (Greeley, 1928),

24. Notemigonus crysoleucas crysoleucas (Mitchill). Golden shiner,

[Notems-
gonus crysoleucas (Mitchill). Jordan, Evermann, Clark, p. 115.]

RECORD OF CAPTURE

This species is commonly taken in weedy, sheltered bays

of Lake Erie and in
many weedy streams and ponds.
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DESCRIPTION

i i i t hand is the golden tinge
significant field character in the specimens a :

i A}g(;(irreyrs ilore or less of the whole body, always Qeep _through head region, tcl)ln
Whlf?l and caudal peduncle. The profile of the head is quite concave above iin e
5 nsejr stages, and the upper lip is on a level with the upper margin of I})luf . ba
yOunlg 8.0 mz’llin’w*er stage—Total length, 18.0; standard length, 1t4(.15; 1(;1n%b for(; zent,

. ; ; di 5; test depth before vent,

5 4.0; snout, 0.6; diameter of eye, 1.5; grea
ey : 1, 8.0 millimeters. Myomeres, 20 (21)
3.9: hind vent, 2.1; length to dorsal, 8.0 m - M i
i.zf(,)r(iex?:];tlijelus 17 behi,nd. ’Dorsal I (rudimentary), 8; anal ]Il(rzdznﬁe}llltar}}rl),plr(l)pﬁ :

; p ' i tively short head (althoug -
: ther long. Characterized by compara, ; : ]
:ilixijzl;alarger than in later stages) with pmgted1 sngut, ?maléll,tetermsomlnee;},?h ;)1’:)]:;11133
i elongate,
ly reaching front of large eye. Bo y slender, gate, hat ¢
ni'(;::lldb:;r;e}::iaﬂy slender in tail region. Dorsal higher than long, situated in middle
P ’

FIGURE 52.—Notemigonus crysoleucas, 18 millimeters

: s 1
of body opposite space between ventrals and anal; anal longer than dorsal; cauda

ly forked. ]
longégiierei ym stained specimen, 21 plus 19. The character of the head, as de

i is diagnostic. - ‘
Scnbg’('i ab(?]::rt(;’ti011.—gBrov.rnish-black chromatophores_ appear -thchly (()1111 l;othl !t)aav;rji,
top of lilel;d dorsal aspect extending down over the 51desb ang mtfybilsa; heaazlgominal

’ they occur abundan
from head to caudal. Below the surface S
i i t from vent backward, an
ion. There is a double series on ventral aspec ‘
;iil(;ilvmented A brilliant golden tinge completely cox(riers ?ome specimens, and all
1 ' : dal peduncle.
thus about the head, the fins, and cau
= c’%lli);‘(;i-m}lﬁi;leter specimen; which is fully scaled, shows a ﬂeshy_ keel on ttI:)eO bil}z
behind the ventral fins, over which the scales do not pass. In this stage, ;
head is becoming conic.
BREEDING

The golden shiner spawns from May until early summer.

6. Hyborhynchus notatus (Rafinesque). Blunt-nosed minnow.
RECORD OF CAPTURE

The blunt-nosed minnow is common in sheltered bays of I.Jakg 1}lErie Mell(-ie 1;1a lg;(i
larger streams and ponds near-by. The eggs and young desizrlllt)le t(;xt'z svzdescribed
in Sister Creek on July 13, 1928, from a nest guarded by a male H. no
under Breeding, p. 347).
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DESCRIPTION

Egg.—Outer diameter of egg, 1.5 millimeters; diameter of yolk, 1.3 millimeters in
specimens having large blastodisc formed ; yolk very granular, yellowish.

Figure 53 shows egg with outer diameter, 1.5 millimeters; inner diameter, 1.05
millimeters; embryo about two-thirds around egg; anterior portion of yolk verylarge
and round, followed by an elongated portion beyond which the tail is free; myomeres
evident from the end of bulbous portion of yolk to tip of tail; optic vesicles, brain
divisions, and notochord apparent. No chromatophores; yolk yellow.

The stage shown in Figure 55 has the embryo coiled more than once around egg,
tail reaching to back of head; pectorals very well developed; myomeres completely
formed ; pigment confined to eyes.

Newly hatched larva.—Total length, 4.6; length to vent, 3.0; greatest depth, 1.25;
diameter of eye, 0.45 millimeters. Myomeres, about 20 to vent, plus about 12 behind
(very incomplete). Characterized by very large club-shaped yolk sac, consisting of

FIGURE 53

FIGURE 54
Hyborkynchus notatus eggs

showing typical formation in the embryo. (Drawn from living eggs)

large bulbous portion without definite oil globules but with some oily substance
throughout, and narrow, extended posterior portion reaching to vent. Mouth and
vent not open. Tail lophocercal; embryonic marginal fin originating at about the
tenth myomere, low and even, continued around caudal to vent; pectorals developed
but small.

Pigmentation.—The larva is colorless, except for deep gray eyes with a golden
tinge, some deep orange over yolk, and two very large stellate chromatophores on
underside of yolk sac at vent, barely discernible.

Larva 1 day old—Total length, 5.0; length to vent, 3.0; greatest depth, 1.0 3
diameterof eye, 0.4 millimeters. Myomeres, 19 before vent plus 14 behind (incomplete).
Bulbous part of yolk sac reduced and posterior part heavier. Marginal fin fold
intact, slightly raised before vent, and somewhat notched at caudal peduncle.

Pigmentation.—A very few large delicate chromatophores occur beneath and on
sides of yolk sac (some specimens without), an uneven series on ventral aspect from
vent backward and two chromatophores on lateral line just before vent,

8 days old—Total length, 5.5 to 5.7 millimeters. Body much heavier; inter-
orbital space wide; yolk sac greatly reduced, retaining elongated shape, now tapering
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glightly and evenly to vent without constriction; marginal fin fold intact; pectorals
large;ibgeigztli‘ziéi'l‘he yolk is yellowish in color. Ventral chromatophores are
now aré;anged in a double row of large stellate spots from before middle of yolk to
vent, and are continued in a double row behind, much closer togeth'er. Manli
chromatophores occur over air bladder, a_nd a row of 4 over last one-third of yo
¢. Over these last, and corresponding in position, there is a row of 5 chromato-
;siléres on lateral line. Two chromatophores are apparent before each pectoral and 2
behll;dc;fays old.—Total length, 6.0 millimeters. Body very deep with yolk sac almost
if not entirely absorbed. Marginal fin fc1>1d intaft, continued forward on the ventral
i i the dorsal; pectorals very large. :
ol %2;1:1122221:§EThe eyes ar’epmetallic blue and black, and the cardiac region and
blood stream are greenish yellow. Chromatophores grouped as before. -1
1 week old—Total length, 6.0; length to vent, 3.75; greatest depth, 0.9 m1lhmete1(‘i
Myomeres, about 21 to vent plus about 13 behind. Total length of larva not change
since the age of 4 days, but body assuming more
advanced development and proportions; yolk
absorbed ; vent somewhat farther back and more
myomeres developed fOI'W&:E‘d. o
Pigmentation.—The plgmentatlo.n is gener-
ally unchanged in this stage, but 11.1ten.s1ﬁed,
consisting of chromatophores sparsely distributed
on top of head and anterior dorsal aspect, a few
on sides of head, a series of large chromatopho‘res
rather far apart along lateral line from behind
air bladder to end of body, and 1 large subsm_'-
face spot at base of pectoral. The top of air
bladder is very darkly pigmented, and 3 large
round chromatophores follow the curve of gill
arch below on each side of throat region. _B%]ihad
parallel with these, and before the air blad- .
32;1 orczlrli}; double series’ of about 6 to 8 large stellate spots. On the under side, from
middle of stomach region to vent, about 4 lines of .sumlar chromatophores appear,
followed by a conspicuous double series on ventral ridge to end of body. A few are
ide ntral part of caudal. .
ewde;fv:e%sv:ld.—TI:)tal length, 6.5; length to vent, 4.0; greatest depth 0.82; dlame.teé'
of eye, 0.4 millimeter. Myomeres, about 2.1 before vent plus about 15 behlln
(incomplete). General shape and pigmentation unchanged, except that more color
p ewliii&gtrlrtl.entation.—A yellowish tinge extends over top of hea(.l and. along dorsal
ridge to end of body. The top of stomach region is faint yellowish with numerous,
small, raised yellow spots as though superimposed upon the heavy blgck chromato(i
phores of the air bladder. The eye is very iridescent w1tl§1 lavender, pink, blue.z, anf
yellow casts on a brilliant silver background. Over the air bladder a .short region o
iridescence similar to that of the eye is evident on a line with the medlap b%ac-k chro-
matophores running along top of intestine. This is apparently the beginning of the
silvery adult condition.

FIGURE b55.—Fyborhynchus motatus egg with late
embryo. (Drawn from living egg)

-
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The influence of artificial rearing upon the norma,
with these specimens. One little fish was ke
it fed actively on prepared crushed insect fo

FIGURE 56.—ITyborhynchus notatus larva, 1 day old, 5 millimeters, (Drawn from living specimen)

developed normally, but the young fish grew onl
Under natural conditions 1t would undoubtedly

FIGURE 57.—Hyborhynchus notatus, 1 week old, 6 millimeters. (Drawn from living specimen)

21 to vent plus 15 behind. Characterized b
zontal mouth with lower jaw included;
slender caudal peduncle; light peritone
i Dorsal T (rudimentary),

¥ abruptly decurved snout, inferior hori-
slender body and somewhat depressed back;

um (although in 17.75-millimeter specimen
8; anal T (rudimentary), 7.

FIGURE 58.—Hyborhynchus notatus,

12 millimeters

tophores over snout and cheek suggest g band, the real latera] band starts most
decidedly behind the head and is less conspicuous than in the other lateral-banded
cyprinids. Chromatophores occur also on top of the head and along the whole dorsal
aspect in irregular longitudinal TOWs, more concentrated at base of dorsal and below
the surface dorsally on the intestine, Many are grouped on surface around base of
anal and thence in a double row to base of caudal. A few appear on pectorals and
caudal. Sides of body, ; belly are colorless,

Young adult stage.—Dorsal, 9 (first ray enlarged); anal, 7; caudal forked ; ventrals
midway between pectorals and anal. Tota] length, 17.75; standard length, 14.5;

1 growth of the larva was evident
pt living for 10 weeks during which timg
od. The fins and other adult characterg
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; di 1.5
length of head, 3.75; length to vent, 10.25; greateslt(;dsp]:ilde.S i\;[i(l)irifftiffgé :ryel,lori_
g Ly to vent plus e ] i :

il Myomeres, about 23 : e
mﬂltmllegzi.er jav}\rr includ’ed ; snout abruptly decurved; body slender with dep
zontal,

dal peduncle. ' .
back;Hd S}f;%f;nca—uThepyoung adult is characterized b?i a \];erlir I;roﬁe:hg nr(;nﬁg

i : 1 pigment band, which starts

{ caudal, and a latera pigm: nd,
S g ;;:z:vgr and less noticeable than in Semotilus, Campostoma, (zimd (;Jiiz-r
-y i ]il()WS The top of head has many round ch.romatophores a];ld srvr;i 2 ;
banqedd{inij rowr::. extend along dorsal aspect of body, uregulaflir mla.rb :n(,i -
longlt‘{D 1;oion of larger ones at base of dorsal fin. Above the la '?ia s e
s l”r scattered pigment cells are present, and none below, W}:f e ax
b} fe?‘ 2 to 4 chromatophores in width at anal base, and a dou ei{ 1(1116 A
Ofl . Ssrfl'snd vent to caudal. Dorsal, caudal, and pectorals are marked. P
- ge < . .
toneum is blackish. AR

i ing until
The breeding season of the blunt-nosed minnow exter;c}s fro:r: kl)iizlzgilzi i
um i is ti ale develops 14 to 17 large tu >
er. During this time the m e ey
late]: d ;nd front part of dorsal fin become black, and often theh lower %}Ill e
e ge hue. John Greeley (1929) observed the eggs near the mou »
an oran .
Creek on July 13. _—
h dhered, individually, to the underside of a large, flat Sto’]r_‘lfl’ an‘ci ;c;v;ri?idba;mi P
% .They E The t’otal number, accurately estimated,.was 11,812. E eIsli(ai ore laid by more than
T . judging by the fact that some were hatching when foun. 5 8 e B ol
i fecrin ak'zly‘lzueggsgwere guarded, when found, by a male fish approxuggtg, y Z e mte;esting,
i in ’ r b erature was egrees.
iti irectly tone. The water temp ] )
POSltI%n i C})l;e:}tlle} sﬁg?:;‘t t(iet;eorel;iciency of natural fertilization of fish eggs, to note that every
in its bearing : :
one of these was fertile with live embryo.

Fat-head minnow; black-
Jordan, Evermann,

Rafinesque.
. Pi hales promelas promelas
% Pnlxlle?()l minnow. [Pimephales promelas Rafinesque.
. 145. }
Vi ] RECORD OF CAPTURE

W W i ies
The fat-head minno as found commonl_y at the mouths of several tributari
to Lake Erie, and in greater numbers in several small pOI’ldS nearby.

)

DESCRIPTION

The present species differs from the closely related H. nomtusfm 1123 guckﬁsﬁgizxﬁ
shorter body and lack of a very distinct round b_lack spot at ba:fl o ?:;-e mo.stly L
there are some chromatophores in Pimlepia,-al}ii in this region, they |

i iderably lighter.

pr ;L ?%‘ E}r::?lllia;:;:?} EZESETCE?:; lengtﬂ, 1?.6; standard length, 10.2; ling;]:lxgt.() (;eentjl,
6.8; length of head, 2.65; diameter of eye, 0.8; greatesjo H;iepih :o vl\(;ln (,) m:ere;, ! g)to
behind vent, 1.35; length to dorsal, 5.25; to anal, 7.0 mi Ir}ed(?r .e ntary) o Véntrals
vent plus 16 behind. Dorsal I (rudimentary), 8; an'al. I. (ru (ini Odzri;tel,y iy
small, unrayed, inserted immediately below dorsal origin; ca}lll al m i
Body, rather robust; head short with obtuse snout; mouth very ; ;
oblique.
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Pigmentation.—Chromatophore marking is not heav
to snout, top of head, a wide dorsal series (3—6 lines wid
series along lateral line to caudal, in which the spots are rather close together, being
round anteriorly and more linear posteriorly. Many occur also below the surface
over stomach-intestinal region, followed by a double surface series on dorsal ridge
from vent to caudal, spreading rather widely around anal base. Thereis a subsurface

concentration at base of caudal. A few chromatophores are evident on dorsal ang
many on caudal.

y but limited principally
e) to caudal, and a singl,

BREEDING

The fat-head minnow spawns throughout the s

ummer, at which time the head of
the male becomes jet-black, the caudal peduncle d

usky, and the snout covered with

Ve ? o
% ¥ f =y F3
lwelen P "

A

FIGURE 59.—Pimephales promelas promelas, 11.6 millimeters

about 14 coarse tubercles. Greeley (1927) reported spawning on June 22. The
round opaque eggs, one-sixteenth inch in diameter, were attached side by side in a
mass to the underside of a stick immersed in 8 inches of water at a temperature of
67° F. There were approximately 700 eggs in the mass.

27, Campostoma anomalum (Rafinesque). Stone-roller minnow.,

RECORD OF CAPTURE

Although straying rarely

into Lake Erie, the stone-roller minnow frequents
warm, shallow streams.

DESCRIPTION

The remarkably elongate intestin
bladder is peculiar to Campostoma.
tilus atromaculatus atromaculatus,
on page 329.

9.76-millimeter stage—Total length, 9.75; standard len
6.35; length of head, 1.9; diameter of eye, 0.7; greatest depth to vent, 1.3; depth
behind vent, 0.6 millimeter. Myomeres, about 24 to vent plus 14+ behind. Mar-
ginal fin fold frayed but probably arising over air bladder and extending to caudal,
low; somewhat broader ventrally; caudal heterocercal with rays forming. Body -
moderately elongate at this stage; snout obtuse; mouth small, terminal; perito-
neum black.

Pigmentation.—Black chromatophores are heavy on lips, snout, top and sides
of head, and in a double series of about 50 on dorsal ridge. These ridge chromato-
phores are exceptionally large and have about 3 other rows between the double

e which winds in spiral fashion around the air
The differences between this species and Semo-
with which it is readily confused, are discussed

gth, 9.2; length to vent,
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i A single series occurs on lateral line from behind head to icl?udajl, I:‘espioroe;e;g
?ﬁn?oie broid glgatera,l band of the aduls. Ojoherls) all(")(iv ayélﬁzrzgff;zgi f;':vgll(:el,o + hoad.,
g, s son ol spet of i blow tho sriney v o by ho
double series to caudal. R

i i for the
The stone-roller minnow spawns in the spring, ru}fmng 1;11; 11];1:]%)1:1;%(;}5; S0eason
iting its eggs among the stones near shore.
pllllrpos? dﬁg;’ilz]ﬁleg hleZd %% even the whole body covered with large, round tuberc_les,
the males

FIGURE 60.—Campostoma anomalum, 9.75 millimeters

hl(;l] are 10Te eX e[].s.v y \4 1 ther cypl‘i_n]..ds. The iI‘iS becomeS
Ol‘a.nge, a.

Family AMEIURIDZAZ Catfishes
i ; 1 cat.
28. Ictelurus punctatus (Rafinesque). Spotted catfish, silver cat; channel ca

RECORD OF CAPTURE

2 : e
This catfish is common in Lake Erie, the Niagara River, and th; :ﬁzgzo’flr:hs
t tieams of the Niagara. Its young frequent sheltered bays an
utary s

eks.
of cre DESCRIPTION

i il
The more slender, elongate body, compressed Iios‘oenorly, tanfci rllieafg(r)ls;d I:gg (;
joini -oceipit d predorsal processes to - bony 1
the joining of supra-occipital an ; ; ; ’ T
%Z::vilif Shead ]and dgorsal fin, and the free posterior margin of adipose distingui
i and Schilbeodes. . i
. frOSIZ é‘\-rfrf%;zeter stage.—Total length, 32.6; standard lex%ggh, 3}?% ;Ilsjlll(git};et;; ve5 -0,;
13.0; léngth of head, 7.8; greatest depth before vent, 6.3; e%) e D’ s
dii;nieter of eye, 2.0. millimeters. Vertebraez about 16 to vent plus 2 > adji,ose .
I, 6; anal 24 (26 apparent in stained specimen); posterior n?arim o
c;u(ia.l forked. Body slender; head slightly convex {Lbé)vi,, vt}iyof hgad- i
barbels, longer than head; pectoral spine aboutltW(?-tth s leng :

' about one-half length of pectora spine. )
hum{ifisglsszfztsaison.—The body is nearly white with tiny brownish Chl(;(:snit:c?};;l:;
sparsely distributed over entire surface. The. heavier fsiubsuria;(le a;ied bt
over stomach region are emphasized by clearing. All fins ar
small chromatophores.

BREEDING

The spotted catfish spawns in June in weedy places near shore.
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29. Ameiurus nebulosus (LeSueur). Common bullhead ; horned pout.

RECORD OF CAPTURE

The common bullhead is restricted to the sheltered bays of Lake Erie, and the
larger, sluggish streams and ponds of the region.

DESCRIPTION

The bullhead is easily distinguished from Ictalurus by its rounded or truncate
tail, broad head, and a complete separation of supra-occipital and predorsal proc-
esses; from Villarius (which also has separate processes) by its rounded tail; from
Noturus by the free posterior margin of adipose; and from Ameiurus natalis by the
anal rays, 21 to 24 (natalis usually has 25 or 26), and by its gray to black mental
barbels, usually white in natalis.

28-mallimeter stage.—Total length, 22.0; standard length, 18.5; length to vent,
9.9; length of head, 5.7; greatest depth before vent, 4.5; depth behind vent, 3.5;
diameter of eye, 1.05 millimeters. Vertebrs apparent, 14 to vent plus 26 behind,
Dorsal I, 6; anal 21; caudal short, stout, and rounded or square. KEight barbels;
maxillary barbels about as long as head.

Pigmentation.—The body is entirely covered with small, round, close-set chro-
matophores giving an even gray color. The chromatophores are heaviest over top
and sides of head, on dorsal aspect of body, and fins and lightest in belly region.
All barbels are dark.

BREEDING

C. W. Nash (1908) describes the spawning of the bullhead thus:

Barly in June, when about to spawn, the catfishes select a spot in quiet shallow water near
aquatic weeds and there they make a nest, from eight inches to one foot in diameter, by clearing
out a slight depression in the mud or sand. In this nest about two thousand eggs are deposited,
over which the parents keep guard, the male being most assiduous in the work of protection. In
about a week the eggs are hatched and the young, which look very like little black tadpoles, follow
the parent fish along the shores until nearly the middle of J uly, when they are left to shift for them-
selves; after this the fry soon scatter and disappear into deep, weedy water. They grow rapidly,
and, under favorable circumstances, are said to attain maturity in three years.

80. Ameiurus natalis (LeSueur). Yellow catfish.

RECORD OF CAPTURE

This catfish is much rarer than the common bullhead, being found by the survey
only at Dunkirk Bay in Lake Erie, and in Muddy and Little Sister Creeks.

DESCRIPTION

The yellow catfish is distinguished from the common bullhead by anal rays,
25 or 26 (nebulosus has 21 to 24), and white mental barbels (gray to black in nebu-
losus). An exception occurs when the specimen is found on a dark bottom, in which
case these barbels may be dusky. Distinguishing characters of the genus are con-
sidered under A. nebulosus, above.

Buir.,, U. S. B. F.  (Bull. No. 10.)

FIGURE 61.—TIctalurus punctatus, 32.6 millimeters. Specimen stained and cleared

FIGURE 62.—Ictalurus punctatus, 22.6 millimeters. Dorsal view cf cleared specimen

FIGURE 63.—Ameiurus nebulosus, 22 millimeters



Buir, U. 8. B. F. (Bull. No. 10.)

FIGURE 64.—Ameiurus nebulosus, 24 millimeters. Specimen stained and cleared

FIGURE 65.—Ameiurus natalis, 17 millimeters

FIGURE 66.—Ameiurus natalis, 17 millimeters. Specimen stained and cleared

——

SIXTY-TWO SPECIES OF FISHES FROM LAKE ERIE 351

17-mallimeter stage—Total length, 17.0; standard length, 14.0; length to vent,
7.6; length of head, 4.5; greatest depth before vent, 5.0; depth behind vent, 2.8;
diameter of eye, 0.9 millimeter. Vertebrz, about 15 to vent plus 27 behind. Dorsal
I, 6; anal, 24; caudal, rounded. Body heavy; head broad ; maxillary barbel as long as
head ; dorsal and pectoral spines very strong, shorter than soft rays.

Pigmentation.—The young A. natelis is covered with small, round, closely set
chromatophores which give a gray color to head, body, and fins, as in A. nebulosus,
but it differs from the latter in having the whole underside of head and stomach from
behind lower jaw to vent perfectly colorless. *The white barbels below the chin are
an easy field character for identifying this species.

BREEDING

The yellow catfish spawns in June, and its breeding habits are probably similar
to those of A. nebulosus.

81. Noturus flavus Rafinesque. Stonecat; mongrel bullhead; deep-water bullhead.

RECORD OF CAPTURE

The stonecat is common in Lake Erie along rocky shores, ranging out into water
at least 30 feet deep, and in the larger tributary streams over stony bottom.

DESCRIPTION

The yellow stonecat is distinguished immediately from other catfishes, except
Schilbeodes, by the fact that the adipose fin has its posterior margin adnate to back,
separated from margin of caudal only by an incomplete notch, if at all. The pre-
maxillary teeth have backward lateral extensions which differ from the more delicate,
smoother ones of Schilbeodes.

20.0-millimeter stage—Total length, 20.0; length to vent, 10.1; length of head,
4.9; snout, 2.1; eye, 1.2; greatest depth before vent, 4.05; depth behind vent, 2.8
millimeters. Dorsal I (short), 6; anal, 16; low adipose begins over origin of anal,
continuous in this specimen to caudal; pectoral spine retrorsely serrate in front,
slightly rough behind. Body elongate, head very depressed, flat, nearly as broad as
long; barbels short.

Pigmentation.—The little stonecat is yellowish with small black chromatophores
uniformly distributed over top and sides of body, thickest over head. The belly is
white. Chromatophores extend from body on to adipose and caudal. Other fins
are unmarked. The barbels are very lightly spotted with chromatophores.

BREEDING

John Greeley (1929) reports two egg masses of the stonecat found during the survey
under flat stones in lower Sister Creek on July 13, 1928, at a temperature of 82° F,
Two fishes, probably the parents, guarded one mass, while the male was hidden
bfanea,th the other. The eggs were yellow, opaque, from 3.5 to 4 millimeters in
diameter, about 500 of them held together in a round mass by an adhesive jelly.
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Family UMBRIDZE, Mud minnows
32. Umbra limi (Kirtland). Mud minnow.
RECORD OF CAPTURE

The mud minnow is sometimes found in weedy bays of Lake Erie, but is more
common in the sluggish, weedy tributaries and near-by ponds.

DESCRIPTION

The mud minnow is most readily distinguished from the true minnows (Cypri-
nid®) by its rounded caudal fin.

24.76 millimeter stage.—Total length, 24.75; standard length, 20.5; length to vent
14.0; length of head, 7.25; greatest depth, 4.75; eye, 2.0 millimeters. Cyecloid scales
in lateral line, 18 plus 17=35. Dorsal, 14; anal, 10 (rudimentary) spine before
both dorsal and anal); pectorals very low, rounded, rather small; ventrals, 6, much
posterior to pectorals, inserted very slightly before dorsal ; caudal, rounded. Dis-
tinguished by short, oblong body, rounded tail, and black bar at base of caudal.
Mouth terminal, lower jaw slightly projecting; no lateral line.

Pigmentation.—The body is well covered with very small gray chromatophores,
except on ventral surface from behind head to vent. Top of head, dorsal ridge, and
ventral ridge from vent to caudal are especially dark. A very dark spot occurs at
base of caudal and all fins are marked.

Family ESOCIDZ, Pickerels

33. Esox lucius Linnaeus. Pickerel, northern pike. [Esoz lucius americanus
(Gmelin). Jordan, Evermann, Clark, p. 173.]

RECORD OF CAPTURE

The pickerel is not taken in Lake Erie except at the mouths of certain creeks,
but is common in the larger streams among weeds.

DESCRIPTION

The pickerels will not be confused with other genera because of their ducklike
snouts. The various species are distinguished chiefly by the degree of scaliness of
cheeks and opercles, a criterion which can not be used in the identification of very
young specimens. However, the dorsal ray and branchiostegal counts are sufficiently
different to be used as distinguishing characters.

Unfertilized egg.—Eggs stripped from a ripe female at Irving, N. Y., on April 8
measured 2.2-2.4 millimeters after expansion in water. Round, translucent, usually
very slightly yellowish and often bright yellow. Surface covered with small colorless
oil globules; yolk granular.

Early development.—Ehrenbaum (1911) describes and figures the larval and post-
larval stages of the same pike in European waters. There the larva is 9 to 10 milli-
meters at hatching, with large yolk sac and inferior mouth. At 15 millimeters the
lower jaw has begun to protrude, but the snout is very short. Tiny ventrals are
apparent, but the wide marginal fin fold is intact. When the postlarva reaches 20
millimeters the snout is considerably lengthened, the notochord turns definitely
upward, and the marginal fin fold is persistent but deeply notched. At 26 milli-
meters the permanent fins are formed and the young fish has a mature aspect.

BuiL.,, U. S. B. F.

(Bull.

No. 10.)

TIGURE 67.—Noturus flavus, 20 millimeters

FIGURE 68,— Umbra limi, 24.75 millimeters
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50.5-millimeter stage—Total length, 50.5; standard length, 44.5; length to vent,
33.5; length of head, 16.0; depth of head, 6.0; greatest depth, 7.7; diameter of eye,
2.7 millimeters. Dorsal, 16 (last 3 not complete); anal, 16; branchiostegals, 15.

This specimen differs from a 35-millimeter muskalonge principally in its propor-
tionately shorter snout, somewhat heavier body, dorsal and anal fin counts, and
especially in number of branchiostegals (17 in muskalonge). The caudal peduncle is
more slender and caudal fin not as deeply forked.

Pigmentation.—A dark band extends from tip of upper jaw through eye to pos-
terior margin of operculum, as in the muskalonge, but the pickerel lacks the parallel
band below this one, which is evident in the latter. Instead the ventro-lateral
aspect of head has sparsely distributed chromatophores in 2 or 3 irregular vertical
bands, radiating more or less from eye. Whereas, in the muskalonge the ventral
half of body is much darker, here the dorsal half has more numerous tiny pigment
spots to lateral line. From the region of ventrals backward the latter are arranged
in short oblique bars, about 8 to posterior margin of dorsal, which are opposite
similar darker spots below the comparatively light lateral line region, the whole

FIGURE 69.—Esor lucius, 50.5 millimeters

“giving an obliquely striped effect. The belly is colorless with only a few chromato-
“;.;phores arranged along base of anal. All fins are spotted.

BREEDING

The pickerel spawns on grassy or rush beds in early spring as soon as the ice
breaks up.

34. Esox masquinongy Mitchill. Muskalonge, muskallunge.
RECORD OF CAPTURE

: The muskalonge occurs sparingly in. weedy, sheltered spots of Lake Erie and the
Niagara River. The larval specimens described here are preserved hatchery material.

DESCRIPTION

Adult muskalonge are distinguished from their near relatives the pickerels by
having the lower half of the cheeks scaleless. Their branchiostegal rays number
17 to 19, whereas in the pickerels there are 11 to 16, and the dorsal rays about 17,
mstead of 11 to 14.

Egg-—Eggs of the Lake Chautauque muskalonge measured 2.85 to 3.2 milli-
meters (usually 2.99) in diameter after preservation, with reddish-brown blastodisc.
One egg taken on May 18 had an early embryo apparent with some small round black
chromatophores along dorsal surface. Other eggs on May 26, however, containing
embryos in a somewhat later stage, were totally colorless. The late embryo shows
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the typical dark chromatophore marking seen on the ventro-lateral aspect of the
newly hatched larva, and the small black pigment spots extend far out over the yolk
The incubation of muskalonge eggs requires approximately 12 to 20 days, and thy
yolk is absorbed in about 12 days after hatching.

11.6-millimeter stage.—Total length, 11.6; length to vent, 8.5; length of head,
1.65; snout, 0.15; diameter of eye, 0.58; greatest depth before vent, 1.95; dept)
behind vent, 1.55 millimeters. Myomeres, 45 to vent plus about 21+ behing
Marginal fin fold intact from shortly behind head around lophocercal caudal an(

FIGURE 70.—Esoz masquinongy, 11.6 millimeters

forward ventrally to yolk sac, with little elevation. Pectorals developed but small
Vent situated at some distance from body, at edge of marginal fin, and very evidently
marked by the dark pigmentation of intestine. A large reddish yolk sac with many
rather small, clear oil globules present.

Pigmentation.—The dark median band so characteristic of later stages is evident
now, beginning behind eye and running over yolk sac into ventro-lateral aspect of
body, which region is closely and darkly pigmented below latersal line from yolk sa¢
almost to tip of tail. Dorsal half of body has chromatophores sparsely distributed
before vent but more numerous behind, extending out on marginal fin fold above and

below in caudal region. The eye is darkly pigmented. Many stellate chromato-
phores occur over top of yolk sac.

FIGURE 71.—Esoz masquinongy, 13.9 millimeters

18.9-millimeter stage.—Total length, 13.9; length to vent, 9.4; length of head,
2.7; snout, 0.55; diameter of eye, 0.73; greatest depth before vent, 1.65; depth behind
vent, 1.8 millimeters. Myomeres, 45 to vent plus 23 behind. Marginal fin reduced,
especially dorsally anterior to vent; pectorals larger but unrayed; notochord straight,
Although the yolk is not entirely absorbed in this stage, radical changes are occurring
in the development of head. Snout longer, and profile behind tip of upper jaw
slightly concave to its highest point at anterior margin of eye; lower jaw projecting;
maxillary to just beyond anterior margin of eye. Vent still at ventral margin of
embryonic fin fold. A few globules on ventral aspect constitute the only remaini
oil in the yolk. '

Pigmentation.—Chromatophore grouping is essentially as in the 11.6-millimete
stage. The lateral pigment band now starts at tip of jaws, and extends below th
surface over cheeks. The chromatophores through the body region are arranged
more in oblique series covering each myomere.
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14.0-millvmeter stage.—Total length, 14.0; length to vent, 9.4; length of head, 372 ,
'0 76: maxilla, 0.87; diameter of eye, 0.85; greatest depth befpre vent, 1: i
snoufl, be.hin,d vent 1,.9 millimeters. Myomeres, 45 to vent plus 23 beh.md. Mar'gm.a,
gip;ntact caudal fophocerca,l. The greatest change from the preceding stage lies in
)
i {f snout.
the gradual lengthening o _ e
i tation.—About as the preceding stage. ‘
f;g(l)ii];llimeter stage.—Total length, 15.0; length to vent, 10.5; length of hea(71,.
3.3 snc.)ut 0.85: diameter of eye, 0.88; maxilla, 1.8; greatest depth before vent, 1.7;
9y y Y02,

FIGURE 72.—Esoz masquinongy, 14.0 millimeters

i illimeters. Myomeres, 46 to vent plus 26 bek}md. Mar-
d'eptlhf?fk;l:guzgf t;.I}f:ZIiOIII']iy, only s]ightl};r notched at ped.uncle, and still appare%lt
%H;& ent. Further lengthening of snout and jaws consmt}lte ’ohej greatest changg.

’ Olgi;mex;tation.—Unchanged from preceding except for slightly increased number

rsal aspect.

% Ch;t;?—a;z;l)}liz:;zjjgl;‘efiiTotal 1Llif;ng’l;h, 33.8; standard length, 31.2; lexllgth of head,
11.5; s;lout, 5:0;; eye, 2.0; greatest depth before vent, 4.0; d'epth behu.ld vzx;l;;lil.l
millimeters. Characterized by very much produc.ed snout with 1ovszer.]aw s Gi;o};
projecting; mouth very large with maxilla extending almost tohpos}ulerlor ;1‘:1;,(1 b
eye; eye large; formidable teeth on jaws, tqngue, roof of mouth, p tar){n éhencebto
arches. Marginal fin still apparent from m_1ddle O,f stomach to ven T‘a s,n1 ity
anal. Dorsal 17 (in stained and cleared specimen, elements of 3 more); ana (

FIGURE 73.—Esox masquinongy, 15.0 millimeters

2 more in stained specimen); branchiostegals 17; vertebrae about 43 plus 21 (not
com%?;zn?csastiliflThis specimen is characterized by a .dark ban.d a? in youilger
stages from tip of snout through center of eye to posterior marg'mho operm;1 u;ill.
A second band parallel to this extends from tip 9f .10'“76? jaw straig t a((ir;)ss e 1—,:
touching the lower margin of eye without greatly diminishing its V\Tldth, an .ternclxmj]
ing shortly behind eye. Top of head and dorsal aspect to lat.eral line ar(-la qu, ) 1? :)s 3}
peppered with small round black chromatophores, bec.ommg few only a 'af 0
middle third of dorsal. Below lateral line in trunk region and the whole tail have
become thickly covered with larger stellate spots interspersed among s_mall ones.
Base of anal and fin itself, and posterior margin of caudal, are without pigment.

BREEDING

The muskalonge is reported to start spawning in normal years a feﬁr days a(fi’(:r
the ice disappears and to continue until the latter part of April in sha Ow’bmtlz y
water from 10 to 15 feet deep, usually where logs and dead branches clog the bottom.

109774°—32 5
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Family CYPRINODONTIDA, Killifishes

85. Fundulus diaphanus menona Jordan & Copeland. Barred killifish; gray-
back minnow. [Zygonectus diaphanus menona (Jordan & Copeland). dJordan,
Evermann, Clark, p. 178.]

RECORD OF CAPTURE

The barred killifish is not abundant in Lake Erie, but can be found in sheltered
bays and water only a few inches deep in the upper Niagara River. The specimens
described were taken off Crescent Beach on June 29, 1929, in water 3 feet deep.

FIGURE T4.—Fundulus diaphanus menona, 7.1 millimeters

DESCRIPTION

The stout body and rounded caudal of the young killifish suggest Umbra lims,
but they differ in having dorsal and anal fins inserted only slightly behind middle
of body, whereas in the mud minnow the dorsal is well behind the middle and the
short anal is on the last third of the body.

7. 1-millimeter stage—Total length, 7.1; standard length, 6.0; length to vent, 2.8;
length of head, 1.6; snout, 0.25; diameter of eye, 0.7 greatest depth before vent, 1.1;
depth behind vent, 1.0 millimeters. Myomeres, 10 to vent plus 22 behind. Low dor-
sal marginal fin fold originates at about thirteenth myomere behind head, continuing

FIGURE 75.—Fundulus dicphanus menona, 12.3 millimeters

without a notch at peduncle into heterocercal, rayed tail; distal end of caudal notched
between rays; ventral marginal identical with dorsal, originating at vent.

Pigmentation.—Chromatophores are distributed over whole body, especially on
top of head and in irregular series on dorsal and ventral ridges. Lateral chroma-
tophores are very stellate, delicate, more numerous along lateral line and distributed
along line of each myotome. Much heavy pigment occurs at isthmus, continuing
along mid-ventral line of stomach. There are a few chromatophores on unrayed
pectorals, and the margin of each caudal ray is pigmented.

12.8-millimeter stage.—Total length, 12.3; standard length, 11.1; length to vent,
5.8; length of head, 3.4; snout, 0.75; diameter of eye, 1.1; greatest depth before vent,
2.2; depth behind vent, 1.8 millimeters. Myomeres, 10 to vent plus 20 to 22 behind.
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Dorsal about 10, incompletely formed; anal about 9, incompletely for:med ; marginal
fin fold gone; caudel fully rounded, as adult; pectorals largez rays rea(?hmg to Venf:rals;
ventrals budding shortly before vent. Differs from precedmg stage in comparatively
smaller eye longer snout, more superior mouth, longer lower jaw. .

Pigmentation.—Chromatophores have increased in number so that the body is
quite evenly covered with stellate chromatophores, except beneath the stomach.
Dorsal, anal, and pectorals have chromatophores arranged along rays, similar to
caudal.

BREEDING

The barred killifish apparently breeds in June locally. No data are available
concerning the duration of the breeding season, but in the Chesapeake Bay region
it is reported to spawn from April until September. At mating time the males are
olive-colored with about 20 pearly-white or silvery crossbars.

Family PERSOPSIDA, Trout-perches

36. Percopsis omiscomaycus (Walbaum). Trout-perch.

RECORD OF CAPTURE

Although young ranging from 6 to 35 millimeters were taken frequently at the
eastern end of the lake from June 12 to August 10, 1928, usually near shore in water

FIGURE 76.—Percopsis omiscomaycus, immediately after hatching, 6 millimeters

less than 20 meters deep, only a few under 8.4 millimeters were taken during 1929,
on one occasion near Fairport, Ohio, on July 12, and again off Rondeau, Ontario,
on the following day. At the western extremity of the lake, however, in 1929 a
ripe female was taken on May 6 and eggs of this species were abundant in the tow
on that date and at intervals until June 7. The only larva was taken in this region
on June 29. It measured 6.5 millimeters. The trout-perch is one of the commonest

Lake Erie species, being distributed in rather deep water except during the breeding
season.

DESCRIPTION

The large head, deep short body, and especially the small number of myomeres
(13 plus 15) make the young of this species easily distinguishable from others.

Eggs —Freshly spawned eggs measured 1.36 to 1.85 millimeters, and contained
m}lch oil distributed in numerous globules in unfertilized specimens, but usually
mingled into one large globule up to 0.7 millimeters in diameter after fertilization.

. Newly hatched larva.—Total length, 6.0; length to vent, 3.0; greatest depth, 1.1;
dl&'meter of eye, 0.5 millimeters. Myomeres, 13 to vent plus 21 behind. Charac-
terized by much-prolonged, pointed snout, with rather small, inferior mouth;
small, oval eye much lower than in adult, and later developmental stages showing
a gradual movement upward; snout about equal to eye. KEmbryonic marginal fin
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originating over seventh or eighth myomere, rather low and even to lophocercal tail,
thence forward to yolk sac past vent, which ends at a distance from body at edge of
fin fold; pectorals developed but small, unrayed, inconspicuous, held tightly against
yolk sac.

Pigmentation.—There are no dorsal or lateral chromatophores, but many large,
black, stellate ones occur over ventral and lateral aspects of the yolk sac, and a row
of 15 along ventral edge of myomeres from behind yolk sac to end of tail.

6.0-millimeter stage (somewhat older than preceding).—Total length, 6.0; length
to vent, 3.0; greatest depth, 1.15; diameter of eye, 0.5 millimeters. Mgyomeres, 13 to

FIGURE 77.—Percopsis omiscomaycus, 7 millimeters

vent plus 21 behind. Total length identical with the newly hatched specimen, but
yolk sac greatly reduced and body much heavier behind vent; a single-chambered
air bladder evident, covered with subsurface chromatophores.

Pigmentation.—Issentially as before.

7.0-millimeter stage—Total length, 7.0; length to vent, 3.4; greatest depth, 1.1
diameter of eye, 0.5 millimeter.
somewhat decurved and mouth inferior; marginal fin unchanged; pectorals larger.

Pigmentation.—The 7-millimeter specimen is characterized by a very few large
stellate chromatophores situated in the antero-ventral part of stomach region, ex-
tending up only on the right side. This unsymmetry is constant and apparently due

FiGURE 78.—Percopsis omiscomaycus, 9.5 millimeters

to uneven development of this region. A ventral line of small chromatophores ex-
tends backward from anus, and a subsurface group over the stomach constitutes the
only other marking. ;

9.5-millimeter stage.—Total length, 9.5; standard length, 8.1; length to vent, 5.0;
greatest depth, 2.0; diameter of eye, 0.8 millimeter. Myomeres, 14 to vent plus 20
behind. Characterized by long head with long, pointed snout; mouth moderate with
delicate teeth in both jaws; body not compressed; air bladder large, one chambered.
Eleven dorsal rays developed extending shortly beyond vent, and large portion of
embryonic marginal fin fold persistent behind; anal incomplete with eight rays de-
veloped, originating below and just before end of dorsal; ventrals apparent for first
time, inserted below dorsal origin; caudal forked. Eye higher than in preceding
stages.

Myomeres, 13 to vent plus 21 behind. Snout still
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Pigmentation.—A few chromatophores occur around jaw.s and over top of head,
a few on cheeks and below angle of jaws, very few on underside betwgen gills, many
over top of air bladder, very few on either side of dorsal fin, & double series around anal
fin, and a single series of about 20 small, uneven spots from anal ’?o end of body. A
few chromatophores appear also at base of caudall&nd on the f.in itself.

Young adult, 39.5-millimeter stage.—Dorsal 11, 9 (first 2 spines very Wealk, repre-
sent unsegmented rays); adipose fin present; anal I, 7; ventrals 1, 8 (spine rudi-
mentary). Total length, 35.5; standard lengi.:h, 28.0; length to Vgnt, 17.0; length of
head, 9.0; greatest depth, 6.9; length to origin of dorsal, 13.5; diameter of eye, 2.5
millimeters. Myomeres, 15 to vent plus 19 behind. Body moderfitely el9ngate, some-
what compressed; caudal peduncle long and slender; head conical, pointed ; mouth
small, borizontal; maxillary short, narrow, no supplemental bone, not reachlmg eye;
very small teeth in bands on premaxillaries and mandible. Dorsal short, me.sdlan, and
anal origin about opposite end of dorsal. Fully scaled. (Scales not shown in fig. 79.)

FIGURE 79.—Percopsis omiscomeycus, 35.5 millimeters

Pigmentation.—Many chromatophores occur over whole body, arranged laterally
in about six indefinite bands. All fins except adipose are marked.

BREEDING

Adults live usually in rather deep water but spawning occurs inshore between
early May and the first half of July; its height probably occurs around the middle of
June.

Family SERRANIDZ, Sea basses
37. Lepibema chrysops (Rafinesque). White bass, silver bass.

RECORD OF CAPTURE

Young white bass showing adult characters are fairly common in Lake Erie near
the mouths of creeks, and larvee from 3.7 to 13.5 millimeters were taken quite abun-
dantly at the western end of the lake on June 29, 1929. Adults are common in the
Niagara River, the lake, and at the mouths of its tributaries.

DESCRIPTION

Tlfe very large mouth, deep compressed body, and few myomeres distinguish
the white bass from other Lake Erie larvs.
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- 6.0-mallimeter stage.—Total length, 5.0; standard length, 4.8; length to vent, 24;
length of head, 1.0; diameter of eye, 0.27; greatest depth before vent, 1.0; depth
behind vent, 0.45 millimeter. Myomeres, 8 to vent plus 15 to 18 behind. Head
small, mouth very large; body extremely deep and compressed. Some of yolk re-

FI1GURE 80.—Lepibema chrysops, 5 millimeters

maining, but even in this small specimen the large, short intestine already beginning
to coil; oil diffused through yolk region. Marginal fin fold originating over middle of

yolk region, low, continuing around tail; deeper at vent; caudal lophocercal; pectorals
short and rounded.

Pigmentation.—Chromatophores are very large on ventral and lateral aspects

in enterior part of stomach region, and 1 or 2 occur shortly before the vent. The

FIGURE 81.—Lepibema chrysops, 5.1 millimeters

only other pigmentation consists of a series of about 6 small chromatophores along
ventral line of tail.

6.1-millimeter stage.—Total length, 5.1; standard length, 4.5; length to vent, 2.25;
length of head, 1.1; diameter of eye, 0.3; greatest depth before vent, 1.2; depth behind
vent, 0.36 millimeter. Myomeres, 8 to vent plus 15 behind. A slightly later stage
than preceding, although the length is practically the same. Differs from the pre-

- S
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FIGURE 82.—Lepibema chrysops, 10.5 millimeters

ceding stage principally in the deeper body. Yolk more nearly but not completely
absorbed.

Pigmentation.—Chromatophore marking is identical with preceding stage except
for a very few small additional dorsal spots.

10.5-millimeter stage.—Total length, 10.5; standard length, 9.0; length to vent,
5.5; length of head, 2.0; diameter of eye, 0.6; greatest depth before vent, 2.0; depth
behind vent, 1.2 millimeters. Myomeres, 8 to vent plus 15 behind. Basal elements
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and incomplete rays, about 11 dorsal and 12 'ana.l. Young fish beginning to resemble
adult at this stage. Very large mouth, projecting lower jaw. No trace of ventrals
or first dorsal. Air bladder present, small, a:dherent to dorsal wall of abdomen.

Pigmentation.—Characteristic pigment is .the set of. 1 or 2 very large- subsurface
spots near ventral margin of tail. In this specimen one is above and one just follows
Tox Ib ;Z’imillimeter stage.—Total length, 12.6; standard length, 10.5; length to vent,
6.55; length of head, 3.15; diameter of eye, 0.85; greatest d&}p.th before vent, 2.45;
depth behind vent, 1.7; length to dorsal, 6.5; to anal, 6.6_mllhmeters. Myomeres,
12 or 13 before vent plus 13 behind. Generally as preceding stage but with arched
back resembling adult. Teeth visible in lower jaw; small ventrals below apd shortly
behind pectorals; second dorsal I, 14; anal ITT, 12; slight marginal fin fold before second
dorsal indicating position of first dorsal.

Pigmentation.—The marking is confined to two large subsurface chromatophores
on ventral margin as before.

18.6-millimeter stage—Total length, 18.5; standard length, 15.6; length to vent,
8.6; length of head, 5.1; snout, 1.5; diameter of eye, 1.9; greatest depth 4.4 (at vent);

~

FIGURE 83.—Lepibema chrysops, 12.6 millimeters

length to first dorsal, 6.2; to anal, 9.0 millimeters. Body not as oblong as adult but
greatly elevated and compressed; head somewhat depressed above eye; eye about
equal to snout; lower jaw projecting. Dorsals IX, I, 14; anal III, 11 to 12. Ver-
tebrae, 12 to vent plus 17 behind.

Pigmentation.—The body is colorless with. sparsely distributed sma].l black
chromatophores arranged about jaws, over snout and more heavily on posterior part
of head, a few on cheeks, and in a double line below second dorsal continuous to
caudal (numbering about 18). A single linear series occurs along lateral line below
dorsal series, and the ventral half of body has light-colored, stellate ones along the
myocommata. A well-marked series on either side of anal base continues as a single
series on ventral ridge to caudal. Few chromatophores are apparent on ventrals
and pectorals, but the other fins are thickly covered.

BREEDING

The white bass spawns in May and June in shallow water far inshore or at the
mouths of creeks.
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Family PERCIDA, Perches

38. Perca flavescens (Mitchill). Yellow perch.

RECORD OF CAPTURE

Young of this very common Lake Erie species were taken abundantly during the
middle of July, 1928, from Bertie Bay on the Canadian shore to Angola in Helgoland
and meter-net towings from 0 to 4 meters below the surface, and again in the middle
of July a few were captured off Silver Creek. From June 7 to August 6, 1929, great
numbers of larvee and postlarve were taken throughout the length of Lake Erie,
usually inshore in shallow water but sometines even in the very center of the lake,
So numerous were they off Rondeau in 19 meters of water on June 17, that 118 were
taken in a 5-minute meter-net towing at 1 meter above the bottom. A fully devel-
oped young fish, 50 millimeters long, was taken on August 6 on the bottom at 11
meters depth.

DESCRIPTION

The rounded head, large rounded yolk sac with one large oil globule, and pigment
which spreads from the ventral ridge up a short distance along the myocommata are

FIGURE 84.—Perca flavescens, 5.6 millimeters

constant early larval characters, and the serrated preopercle, lack of canine teeth
oblong compressed body with ventrals close together distinguish the later stages.

Egg—The eggs of the yellow perch are spawned in a long tube-shaped mass,
closed at the ends and folded like the bellows of an accordion. The mass contracts
to a length of less than a foot through this folding, but can be stretched out 3 or 4
times as long. Such a mass was spawned in the Buffalo Musem Aquearium on May
26, 1930, but inability to procure a ripe male made embryological study impossible.

6.6-millimeter stage.—Total length, 5.6; length to veut, 2.75; length of head, 0.75;
snout, 0.17; diameter of eye, 0.32; greatest depth before vent, 0.93; depth behind vent,
0.75 millimeters. Myomeres, 18 to vent plus 18 behind (incomplete). Characterized
by large yolk sac with one large clear yellow oil globule, about 0.4 millimeter in
diameter, placed anteriorly; embryonic marginal fin fold granular in texture, originat-
ing dorsally at base of brain and ventrally at middle of yolk sac, moderate in height
without pronounced elevation; pectorals well developed.

Pigmentation.—The eye is very dark. Sparsely distributed large light-colored
stellate chromatophores occur on bottom of yolk sac and usually one or more on dorsal
and ventral aspects of intestine. An uneven series of very small unequal chromato-
phores is evident ventrally behind the vent, and the divisions of the myomeres (few
or all depending on the individual) are marked by black pigment lines running from
ventral edge to lateral line:

7.3-millimeter stage.—Total length, 7.3; length to vent, 3.6; greatest depth, 0.95;
diameter of eye, 0.45 millimeter. Mouth terminal, slightly below mid-line; yolk
much absorbed with one large, oval, yellowish oil globule occupying the anterior part;

tl
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vent ending far from body at edge of marginal fin. Pectorals considerably larger;
dorsal embryonic marginal fin fold raised somewhat before the vent, dropping again
about midway from vent to end of myomeres; ventral marginal similarly elevated just
behind the vent; caudal lophocercal.

Pigmentation.—Chromatophores occur on underside of yolk in a very irregular
double row, fewer and smaller than in the preceding stage. There is a single row of

FI1GURE 85.—Perca flavescens, 7.3 millimeters

about 15 very tiny ones on ventral aspect behind vent, and, extending upward from
it a short way over the sides, are a series of from 1 to 3 small chromatophores between
each myomere. 'Two chromatophores appear on intestine at vent.

8.95-millimeter stage—Yolk completely absorbed, and simple intestine evident.
Tins and chromatophores as before.

9.0-millimeter stage—Total length, 9.0; length to vent, 5.0; greatest depth, 1.04;
diameter of eye, 0.5 millimeter. This and successive stages changing mostly in

FIGURE 86.—Perca fiavescéns, 9 millimeters

development of head and heavier bocdy. Pigmentation remains the same, consisting
of a single ventral series from vent backward, and an irregular line on either side of
body midway between ventral ridge and lateral line.

12.6-millimeter stage—Total length, 12.5; standard length, 12.0; length to vent,
6.2; greatest depth, 2.1; diameter of eye, 0.6 millimeter. Stomach region prominent
showing coiled intestine; head more pointed. Marginal fin fold intact but dorsal
portion elevated and small elements of 7 rays starting immediately above vent, one

FIGURE 87.—Perca flavescens, 12.5 millimeters

for each myomere; in other specimens of this length, a cell concentration indicating
later location of anal ; few rays on ventral part of caudal but still lophocercal ; pectorals
moderate, ;

Pigmentation.—A few chromatophores are developed around both jaws and top
of head, a few on Preopercle, a subsurface group over stomach region, and 1 very large

chromatophore on ventral aspect midway to vent. The lateral and ventral series of
17 to 25 are about as before.
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14 4-millimeter stage—Total length, 14.4; standard length, 12.9.; length to vent,
7.5; length of head, 3.45; snout, 0.9; diameter of eye, 0.8; greatest depth before vent,
2.5; depth behind vent, 2.0 millimeters. Myomeres, 22 to vent plus 18 behind.
About 12 very tiny spines of first dorsal apparent, 15 elements and 13 partly formed
rays of second dorsal rays; anal I, 8, incomplete; caudal rays developed, distal end of
caudal emarginate; ventrals budding.

77

FIGURE 88.—Perca flavescens, 14.4 millimeters

Pigmentation.—The marking is much as in preceding stages, but the chromato-
phores are inclined to be lighter with the ventral series less conspicuous or entirely
lacking.

20.0-millimeter stage.—Total length, 20.0; standard length, 17.0; length to vent,
10.5; length of head, 4.7; snout, 1.0; diameter of eye, 1.55; greatest depth before vent,
3.95; depth behind vent, 3.2; length to first dorsal, 6.1; to second dorsal, 10.3; to anal,
11.0 millimeters. Myomeres, 24 to vent plus 16+ behind. At this length the young
fish resembles the adult with all fins formed, serrated preopercle, and large mouth.
Dorsal XV, IT, 13; anal II, 8.

S22

FIGURE 89.—Percg flavescens, 20 millimeters

Pigmentation.—This specimen is sparingly marked, with chromatophores limited
to a few large stellate ones on jaws and over head, a few at dorsal and anal bases, and
others distributed over sides of tail from vent backward, extending somewhat on t0
caudal. The anterior half of body from behind head to region of vent is almost color-
less.

For comparison with the previous stage described the following heavily pigmented
specimen is included. It is in a slightly older stage of development evidenced by
the longer snout, larger mouth, and more advanced fins, although barely larger than
the other.

Postlarva, 20.5-millimeter stage.—Dorsal 111 to VII-II, 9 to 12 (badly mutilated);
anal IT, 6 to 8; caudal shallowly forked; ventrals developed, below pectorals. Total
length, 20.5; standard length, 17.25; length to vent, 10.5; length to first dorsal, 5.95;
length of maxillary, 2.0; greatest depth, 3.6; diameter of eye, 1.5 millimeters. Myo-
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meres about 18 before vent pius 18 behind. Body gre'atly compresse.d, more elongate
than adult yellow perch but decidedl'y deeper than pike p.erch of t}.us length; r.nouth
Jarge, with very small sharp teeth discernible but no canines, maxillary reaching to
middle of eye; pelvic fins very close together. :

Pigmentation.——Round and stellate chromatophores oceur on head and a double
line dorsally to end of body. Others are scattered also over sides of head and more or
less evenly over sides of body. Many specimens have a dark subsurface area over
stomach region. A rather indistinct ventral row of large stellate chromatophores
extends to vent and an irregular double series from vent to caudal, flarkest at base (_)f
anal. Dorsals, anal, and caudal are speckled. The banded coloration of the adult is
not evident in these preserved specimens.

Adult.—Specimens of 40 millimeters fully developed, definitely banded.

BREEDING

Our records of young from Lake Erie show that hatching may occur as early as
the first week of May and continue until after the first week of July, but the height of
the season in 1928 and 1929 at both ends of the lake was between June 7 and 17.

FIGURE 90.—Perca flavescens, 20.5 millimeters

39. Stizostedion canadense griseum (DeKay). Sauger; sand pike. [Cynoperca

canadensis (Smith). Jordan, Evermann, Clark, p. 282.]
RECORD OF CAPTURE

Only one postlarval sauger was captured during the two seasons work of the
Shearwater, 8 14.5-millimeter specimen at 60 meters in the deep hole off Long Point
Bay on July 30, 1928. Several young of about 28 to 30 millimeters were taken on
June 29, 1929, in towings near the surface at the western end of the lake, and others of
this size in seinings at the mouths of creeks. The adults are common in Lake Erie,
seeking shallow water rather than the deeper parts.

DESCRIPTION

The earliest larva is distinguished from that of Perca flavescens by the larger num-
ber of myomeres, and the postlarva by its slenderer, less compressed body, larger
mouth, and the characteristic fin-ray count of the adult, dorsal XII to XITI-I, 17 to
18; anal II, 12.

9.0-millimeter siage.—Total length, 9.0; standard length, 8.8; length to vent, 4.25;
leng_th of head, 1.8; diameter of eye, 0.47; greatest depth before vent, 1.45; depth
behind vent, 0.65 millimeter. Myomeres, 16 to vent plus 26 behind (incomplete).
Dorsal marginal fin fold originating shortly behind head, rising to highest point beyond
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vent, continous around lophocercal tail (in which concentration ventrally already
indicates formation of caudal rays), and corresponding to dorsal contour on the ventra]
side. Mouth large, maxilla to posterior margin of pupil ; both jaws armed with canine
teeth. '

Pigmentation.—The marking is confined to one large chromatophore on ventra]
side about halfway from pectoral base to vent, and a few barely distinguishable on
dorsal aspect of air bladder.

18.0-mallimeter stage.—Total length, 13.0; standard length, 12.5; length to vent,
6.5; length of head, 2.8; diameter of eye, 0.68; greatest depth before vent, 2.5; depth

TIGURE 91.—Stizostedion canadense griseum, 9 millimeters

behind vent, 1.4 millimeters. Myomeres, 17 to vent plus 27 behind (incomplete).
Snout lengthening and becoming pointed (differing from Perca in this respect) with
well developed canines evident; mouth terminal. Marginal fin fold abruptly elevated
immediately behind vent over the basal elements of about 15 rays; persisting ventrally
with basal elements and suggestions of about 11 rays; caudal becoming heterocercal,
its lower rays developed. Large simple air bladder; intestine coiled ; vent open, intes-
tine ending away from body, at edge of marginal fin.

14.6-millimeter stage.—Dorsal XIII-1, 15 (incomplete); anal II, 10 (incomplete);
pectorals rather small; ventrals small, below pectorals; caudal emarginate. Total
length, 14.6; standard length, 12.6; length to vent, 7.7; greatest depth, 2.0; diameter
of eye, 1.0 millimeter. Myomeres, 21 to vent plus 21 behind. Body elongate, dorsal

FIGURE 92.—Stizostedion canadense griseum, 13 millimeters

contour slightly depressed before soft dorsal and anal, and somewhat depressed just
behind head; head pointed, sides quite parallel, eyes directed sideward; mouth ter-
minal; large curved teeth in both jaws; maxillary reaching to posterior margin of
pupil. Tirst dorsal, consisting of 13 slender spines, originating just behind ventrals.

Pigmentation.—The 14.6-millimeter specimen is mostly opaque white. One
large chromatophore is apparent on dorsal side of intestine at vent, and a double
ventral series of about 25 small, uneven, inconspicuous pigment spots (12 of them
around anal) extends from vent to end of body. A few occur in the thoracic region
and near the posterior limit of lateral line.

27.0-millimeter siage.—Total length, 27.0; standard length, 22.0; length to vent,
13.8; length of head, 7.7; snout, 2.0; diameter of eye, 2.0; greatest depth before vent,
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2 ind vent, 3.15: length to dorsal, 8.0; to anal, 14.1 millimeters. Myo-
i de};ﬁ;ﬁ: };1;(}:0 ven?t plus; 19 %)ehind (incomplete). Snout greatly produced and
mgreS,d iaws equal; maxilla to hind margin of pupil; canines large; body elongate z-and
pomtte , %)orsal XIf—I, 18; anal II, 12; ventrals well developed, inserted before vertical
;f;fnef.irst dorsal spine; dorsals well separated; caudal de('eply forked: o
Pigmentation.—Chromatophores are masse1d over tip of both jaws, top 10 eat
especially behind eye, and on operculum. A double series occurs on dorsal aspec
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y Ay .
FIGURE 93.—Stizostedion canadense griseum, 14.6 millimeters

of body, heaviest about bases of fins, and a double sexl'ies around anal base follcilweq(;by
a single series behind to caudal. There are 2 ffaw tiny c}}romatophores on the 31k eg
of the caudal peduncle and along the ]lateral 1llme in (‘;hllsbregmn. All fins are unmarke
few chromatophores outlining the caudal base.

exce%g.fg-rn;lliz\eter stage.ﬁTotal length, 39.0; standard length, 33.0; length to vent,
20.05; length of head, 10.5; snout, 4.5; diameter of eye, 2.9; greatest depth be_fO-re vent,
6.1; depth behind vent, 5.0; length to first dorsal, 12.0; to a,nal., 11.2 I}l_ﬂhmei};::anrls.
Body rather slender, not much compressed, subterete; head pointed with maxilla

FIGURE 94.—Stizostedion canadense grisewm, 27 millimeters

reaching to hind margin of pupil only; dorsals well separated. Dorsal XIII-I, 17;
anal 11, 12,

Pigmentation.—The 39-millimeter fish is white with numerous black chromato-
phores covering all of body, most numerous on both jaws and over top of head. A
slightly larger single series occurs at base of each marginal fin a{ld along the late.ral
line posterior to the dorsals. The belly is white. The caudal is the only fin with
many chromatophores.

BREEDING

The sauger spawns in early spring on shallow gravelly or sandy bars, oftfan run-
ning up rivers. With the beginning of warm weather it is reported to work its way
downstream again and off into deep water. Whether the postlalzval stages are
common also in deep water, or whether this specimen was an exception, can not be
determined from our scanty evidence.
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40. Stizostedion vitreum (Mitchell). Yellow pike, pike-perch, wall-eyed pike.

RECORD OF CAPTURE

Larval Stizostedion, probabiy of this species, were taken in towings in the western

part of the lake from the middle of May until the middle of June.
abundance alongshore in sheltered places.

DESCRIPTION

The larval yellow pike resembles the yellow perch but has a myomere count of [
15 plus 26 instead of 18 plus 18. Postlarvze and young stages may be distinguished

FIGURE 95.—Stizosiedion vitreum, 7.75 millimeters

from the yellow perch by their slenderer, more rounded bodies, and the possession of
canine teeth, and from the young of the more closely related sauger by a soft dorsal
count of 19 to 22 rather than 17 to 19,

Newly hatched larva (Thurlow hatchery specimen identified and loaned by John
Hart).—Total length, 7.75; length to vent, 3.7; greatest depth, 1.5; diameter of eye,
0.5 millimeter. Mgyomeres, 15 to vent plus 26 behind (incomplete). Inferior mouth
and vent open; yolk very large, bright yellow in color and covered completely by large,
light-colored, very stellate chromatophores, which extend over the heart and the large

FIGURE 96.—Stizostedion vitreum, 12.5 millimeters

clear yellow oil globule. Eye large, blue-black in color.
fold complete; small pectorals developed.

Pigmentation.—There are about two large chromatophores on dorsal aspect of
tail, and & well-defined line of dark brown spreading chromatophores, almost inter-
locking, from vent to caudal.

Older specimens in the same collection have the yolk absorbed. In these the
large stellate yolk chromatophores persist on the yellow stomach region, and the last
quarter of dorsal aspect has about 6 others arranged alternately on the two sides.

12.5-millimeter stage.—Total length, 12.5; standard length, 11.75; length to vent,
6.5; length of head, 3.35; snout, 0.9; diameter of eye, 0.8; greatest, depth before vent,

Embryonic marginal fin

It is a very
common fish of Lake Erie and the Niagara River and the young may be seined in

—
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i 75 millimeters. Myomeres, 21 to vent plus 25+ behind.
ot dept]gl be];'nfi ;rlef]?z, fil?fstarting dorsally s};mrtly before vent, becoming abruptly
}E.mbl:yomcdljn telgmbehind over the elements and slight suggestions of about 17 rays,
o asisgng before vent and behind over elements and suggestions of about
- Pel'. no ventrals; pectorals moderate; rays forming ir} h.eterocercal caudal,
e f;;}f;i’slender not as compressed as yellow perch of suml.ar leng’?h. Small
BOd'y Zain both jaws,; maxillary to hind margin of pupil. Large simple air bladder.
cVaeI;lthituated at distance from body, at edge of marginal fin fiji' NS

Pigmentation.—Rather large stellate (%hrom_atophorfas are 1str101.1de (i)n ps

j over top and sides of head, and in a single series on dor§a1 ridge, becoming
S d fin. An irregular series extends along lateral line with myomere inter-
s e 8%0111; an(i below marked with irregular black lines. Chromatophores have
. J OZ’cered over sides of stomach and are more numerous below the surfaf}e over
b'eccl)g;jifiz and intestine to vent. They occur also along ventral line, especially at
f:)lise of anal, and extend on to caudal. The eye is very black.

TIGURE 97.—Stizostedion vitreum, 32 millimeters

82.0-millimeter stage.—Total length, 32.0; standard lengtl}, 26.0; length to geniﬁ
17.0; length of head, 9.1; snout, 2.0; diameter of eye, 1.8; maxilla, 4.0; greateitd ept1
before vent, 5.6; depth behind vent, 4.0; length to first dorsal, 10.0; to fsecon1 < frs1a3,
17.0; to anal, 18.0 millimeters; dorsal XIII-I, 21 (well separated); ana ) l, s
Myomeres, 22 to vent plus 20 behind. Body 19ng, otf moderate depth; mouth large,

illa to beyond pupil; preopercle serrate; canines strong. .
maxﬁgmentaﬁion.—Pié)hroilatfphores are heavy over top of head and usually in about
seven patches or bars crossing dorsal ridge. These patches .extend only a short d1§tance
down each side of body, then are broken, and other oblique bands,.startmg in th_e
interspaces, cross the lateral line and extend midway.to ventral rldgg. There is
much individual variation in pattern, as seen in the specimen figured, which does nob
exhibit these bands markedly. The ventral surface is colorless except from origin
of anal backward to caudal, where a double series of small, closely placed.chromato-
phores occurs. Both dorsals and caudal are pigmented, but other fins remain colorless
except for' a few chromatophores at base of pectorals.

BREEDING

The yellow pike spawns in spring, running upstream as soon as the ice breaks up.
It prefers sandy bars in shallow water.
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41. Hadropterus maculatus (Girard). Black-sided darter. [Alvordius maculatug
Girard. Jordan, Evermann, Clark, p. 283.]

$I

RECORD OF CAPTURE
1
This rather uncommon darter is found in many of the warmer tributary streams,

The single specimen represented in our collections was seined in Ellicott Creek on
August 1, 1928.
DESCRIPTION

but the absence of a conical projection of the snout which typifies the log perch, and
vertebral count of 42 or less, distinguishes the present species.

41.0-millimeter stage.—Total length, 41.0; standard length, 85.0; length to vent,
21.5; length of head, 9.0; greatest depth, 6.4; diameter of eye, 2.6 millimeters. Miyo-
meres, 20 to vent plus 22 behind. Dorsal XIT, 13; anal II, 10; caudal only slightly
emarginate; ventrals just behind pectoral base. Body elongate, fusiform; head
long and pointed; mouth rather wide, subinferior, lower jaw included.

Pigmentation.—A black streak occurs on upper jaw, and a wide longitudinal
stripe from tip of snout through eye to back of head. The top of head and interorbital

is covered with small chromatophores gradually becoming a pattern outlining the
scale arrangement. On lateral line, 5 large and 2 small patches are evident where
the scales are outlined and crowded with chromatophores (lateral line practically
straight, curving downward only slightly to region of vent). The dorso-lateral region
is patterned like python skin, that is, the scales are outlined to make an irregular
pattern of lighter and darker patches. Chromatophores occur at margin of anal
and a single series a short distance behind. The ventrals are the only fins unmarked.

BREEDING

The black-sided darter spawns in spring in shallow water over a stony bottom.

42. Percina caprodes zebra (Agassiz). Log perch. [Percina zebra (Agassiz),

Jordan, Evermann, Clark, p. 283.]

RECORD OF CAPTURE

Adults were taken in Petersen and Helgoland trawls and seines near shore
during July and August, 1928. Larve and postlarve from 6 to 24 millimeters were
taken in western Lake Erie from June 29 to July 3, and a single specimen 6.5 milli-
meters long was taken on August 20 in a bottom towing in 13 meters off Point Pelee,
also in the far western section. '

Although the longer intestine and other characters eliminate Perca, the head
resembles this genus so much that Percing, in which the head is similar to Perca, is
immediately suggested. In the larva the moderate subinferior mouth, sharp pointed
teeth, rudimentary air bladder, and large pectorals and in later stages the subtrun-
cate snout, which begins to be evident soon after a length of 12 millimeters js attained,
are characteristic,

Bur, U. 8 B. F.  (Bull. No. 10.)

FIGURE 98,—Hadropterus maculatus, 41 millimeters

o
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DESCRIPTION

.6-millimeter stage.—Total length, 6.6; length to vent, 4.1; length of head, 1.1;
snout, 0.2; diameter of eye, 0.3; greatest depth before vegt, 0.83; depthbehindvent,
0.87 millimeters- Myomeres, 22 to vent plus 16+ behind. Embryonic marginal
fin fold originating dorsally over .stomach region, rising to its highest point behind

TigURE 99.—Percina caprodes zebra, 6.8 millimeters

vent, continuing around lophocercal tail, and similar in contour ventrally. Body
clongate, rather compressed; mouth reaching past front of pupil, armed with sharp
pointed teeth in both jaws; mouth subinferior with very glight projection of snout;
rudimentary air bladder; large pectorals.

Pigmentation.——()ne large chromatophore 0cCUIS below base of each pectoral,
three slong ventral margin with the last at vent, one above this on dorsal surface of
intestine, and a broken inconspicuous single series on ventral ridge to caudal.

FIGURE 100.—Percina caprodes zebra, 12.15 millimeters

12.15-millimeter stage.—Total length, 12.15; standard length, 11.2; length to
vent, 6.6; length of head, 2.06; diameter of eye, 0.6; greatest depth before vent, 1.4;
depth behind vent, 0.98 millimeter. Myomeres, 20 to vent plus 20+ behind. Ele-
ments of 14 dorsal rays in marginal fin fold, and about 9 elements and 8 incomplete
rays of anal directly below; tail becoming heterocercal and caudal rays forming.

Pigmentation.—The marking is as in the preceding stage with 1 subsurface

chromatophore below pectoral base, 1 or more along ventral margin of intestine,

FIGURE 101.—Percina caprodes zebra, 14.2 millimeters

fmd about 4 or more large subsurface spots on ventral ridge of tail, the first of which
is at vent.

14.2-millimeter stage.—Total length, 14.2; standard length, 12.6; length to vent,
8.25; length of head, 3.0; snout, 0.67; diameter of eye, 1.0; greatest depth before vent,
2.03; depth behind vent, 1.4 millimeters. Myomeres, 20 to yent plus 20+ behind.
Snout pointed, definitely projecting; body elongate, slightly compressed. All spines
and rays of marginal fins apparent but not completely developed, spines of first
109774°—32——=6
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dorsal very small; caudal barely emarginate ; Pectorals large but unrayed, ventrals It
just appearing.

Pigmentation.—The marking is unchanged from the preceding stage except
for the addition of a few chromatophores over small air bladder.

20.5-millimeter stage—Total length, 20.5; standard length, 17.0; length to vent,
10.8; length of head, 4.65; snout, 1.0; diameter of eye, 1.35; greatest depth before
vent, 3.15; depth behind vent, 2.53; length to dorsal, 6.1; to anal, 11.4 millimeter.,
Myomeres, 22 to vent plus 20+ behind. Tapering; piglike snout characteristic;
mouth inferior, not as small comparatively as in adult. Fins long and low; dorsal XV,
15; anal II, 10 (last divided); ventrals well separated; pectorals rounded.

Pigmentation.—Tip of snout and both jaws have many small chromatophores,
Others are scattered sparingly over eye and over head on its distal margin. There
are short patches along dorsal ridge, first between the dorsals, second below middle of
second dorsal, third at end of fin and fourth nearly to end of body. Two patches
occur along lateral line directly below the first and fourth dorsal patches, with 1 or
more chromatophores between. A double series appears along ventral ridge from
vent to caudal, heavier around anal base and a few large ones at proximal end of
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FIGURE 102.—Percina caprodes zebra, 20.5 millimeters
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caudal rays indicate the future black spot. All vertical fins are dotted with small
chromatophores, but the paired fins are colorless,

25.5-mullvmeter stage.—Dorsal XV, 14, well separated; anal IT, 10; ventrals long,
more than halfway to vent, well separated; pectorals rather large, equal to ventrals.
Total length, 25.5; standard length, 21.0; length to vent, 13.5; length of head, 6.0;
greatest depth, 4.0; diameter of eye, 2.0 millimeters. Myomeres, about 20 to vent
plus 20 behind (slightly incomplete). Body elongate, slightly compressed ; head
depressed, rather pointed; horizontal mouth small and inferior, overlapped by sub-
truncate, piglike snout; very small, pointed teeth on vomer and palatines.

Pigmentation.—The marking is in bars, 8 crossing dorsal aspect, not connected
but opposite the lateral bars, of which there are about 10. Chromatophores are
scattered over jaws, top, and sides of head. A line of small black ones extends from
vent to end of body, double around anal fin. Many occur on dorsals and anal in a
more or less longitudinally barred pattern. The caudal is dusky with a black spot
at its base.

BREEDING

This very common lake fish spawns upstream during late spring. The capture
of late larval and postlarval stages off some of the creeks in late June indicates that
the season extends well into that month and that some spawning probably occurs

only a short distance from the creek mouths, the young being carried out into the
lake soon after hatching.

43. Rheocrypta copelandi Jordan.
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Copeland’s darter. [Cottogaster copelands,

(Jordan). Jordan, Evermann, Clark, p. 285.]

RECORD OF CAPTURE

houeh this is a common species in Lake Erie and th.e larger ‘fributar_lﬂes, only

e Oubl n by the survey can be assigned even tentatively t-o_1t. T_hlb was a

A 'la'r . ocimen taken on June 7, 1929, in 12 meters near Point Abino on the

7_mﬂh'meter 9 The fact that many adults seel streams in which to spawn probably

o S}'l-orgl']j species, as in many others, for the scanty number of young found

?ci%uﬂ;sk;ntowiilgf T}’le older specimen described below was captured at the mouth
in the .

of Cattaraugus Creek in late August.

DESCRIPTION

Concerning the older stages the color pattern of many dart_ers is 80 mg&lfar that
it fails to be usebful as a field character. However, there are certain deﬁn%te :1 er?i(}:le.as
1th?ch careful examination will disclose. In the first place, tge prexpamlla:iletsil of th é1ls
& iracti istinguishing i Hadropterus and Percina, and the mid-

ies are protractile, distinguishing it from Ha i - °
;I;chfs bellyphas a siné;le series of enlarged, spinous scales which are lacking in Imos

FIGURE 103.—Rheocrypta copelandi, 6.1 millimeters

foma and Ammocrypta and others. The col'or pattern and gene:ral (:}'1ar‘tf«;,cflers_i Sriiirr:;):g
Boleosoma closely, but the latter has only 1 instead of 2 anal spm((;s, 1ts1, elly
with normal scales, and the anal fin is shorter than the second .olrsa .h v e 1.0

6.1-millimeter stage.—Total length, 6.1; length to vent, 2.6,. gngzhg i ;rel.lt,
snout, 0.25; diameter of eye, 0.26; greatestt dispthQZef}());‘ﬁigznt, 1{/[?) :1 ef;)te Hfarginal ﬁI;

illimeters. Myomeres, 14 to vent plus . - :

;(')%d,n:fijll{r: above ang below, ,originat.ing in vent region; pectoralsllarge,'notfrgzc?ollr(lig
quite halfway to vent. Vent located away from quy, at ventra margldn 0 q.ed 11;
Although traces of the yolk still are present, the intestine is large an c({m ; 5
differs ?rom Lota of like size taken simultaneously in the less deep head, smz; 5
eye, absence of air bladder, and especially in the fewer uumb.er_of my}(l)lmerels1 e111‘1t fal;l
Cottus is suggested in general shape and myomere cognt but it is n}lluc sma i
a sculpin of like development. The body is sturdlfar tha.n.m the Ooflp?-i o y
elongate Perca flavescens, which species, too, is r_ecognl.zed by its 1p1gmen set fo.r .

Pigmentation.—The 6.1-millimeter larva is entirely colorless excep
dark eye.

4{§ .0 millimeter stage.—Total length, 43.0; standard length, 35.?l ; liﬁg%hot.ol exgar;t;;
22.2; length of head, 8.5; snout, 2.5; diameter of eye, 2.6; greateit (‘3)% ,D.Or,sal }g{I
to first dorsal, 11.5; to anal, 22.4 millimeters. Vertebrae, 18 p gs f . embhn,
12; anal II, 9. Body rather slender, elongate; head large an ilong, res',iuariesg
Boleosoma, with small, subinferior, horizontal HlOl.lth and protract e Fremax ;
Mid-line of belly with single series of enlarged, spinous, thickened scales.
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. ; ‘ : ., ill 5.0 millimeters but yolk sac appreciably reduced.
Pigmentation.—The back is tessellated similar to Boleosoma and Hadropterus I-da?!'f’lfi farva. Lef:g{‘};:;ﬁeigth 5.6; length to vent, 3.0; greatest depth, 0.8;
with small zebralike markings, but the brown patches along lateral line are more 5.6-millimeter siage. s

i i 1plete).
e, 0.4 millimeter. Myomeres, 15 to vent plus 19 behind (incomple e)

ing i ion; large well-
Is extending past middle of yolk region;
g o o t intestine; moderate mouth,

linear and form a lateral band, somewhat interrupted. Along dorsal ridge the brown
spots are large and obvious, and a black streak extends forward from eye to snout.
Very few chromatophores occur on fins, except for a small inklike spot at base of
caudal, and a black spot on anterior rays of spinous dorsal.

diameter of ey’

terized .
’Ch‘::gged eyes; prominent snout; comparatively shor
im

BREEDING

Greeley (1929) took ripe males on June 11 in the riffles about a quarter of a mile
from the mouth of Righteen Mile Creek.

44. Boleosoma nigrum nigrum (Rafinesque). Johnny darter. [Boleosoma nigrum
(Rafinesque): Jordan, Evermann, Clark, p. 287.]

i igrum, 5.6 millimeters
FIGURE 105.—Boleosoma nigrum nigrum,

inferior, upper law projecting; dorsal contour very sloping to behind eye; yellow yolk
b

i i i erior position.
d with large yellow oil globule in anterior posi N
ol n;;;iﬁ:fiin.—me eye is very dark. About 4 lines of large stellate chromato

1k
' 4 very large subsurface spots over yo
ur on ventral surface of yolk sac, . 5pe i
phqu fu)}(i: last of them immediately before vent, 4 groups (t.al‘nher of a Emgle chromato
;ig(:re ’or several) from vent to caudal and a very few on side of head.

RECORD OF CAPTURE

On June 11, 1928, a small mass of eggs assigned to this species was found
attached to an empty clam shell caught in a torn gill net floating near Sturgeon Point.

FIGURE 104.—Boleosoma nigrum nigrum, immediately after hatching, 5 millimeters. (Drawn from live specimen)

Between June 12 and August 8, specimens ranging from 5.5 to 35 millimeters were
taken near shore between Buffalo and Dunkirk in Helgoland trawls towed at 7 to
25 meters. (Figures 105-109.) No young were taken in 1929 in the eastern part
of Lake Erie but a few eggs and numerous young shortly after hatching were taken
on June 29 in shallow water at the western end. Adults are commonly found in
weedy places alongshore. ’

DESCRIPTION

The inferior mouth with characteristic protruding snout, large eye, and myomere
count of 15 plus 19 to 22, distinguish the earlier stages. The protractile premaxil-
laries and single anal spine mark the later ones further. :

Egg—Diameter of living egg 1.4 to 1.5 millimeters, with an oil globule lying
ventral to embryo in yolk; not perfectly round but flattened by adhesion to others;
all with late embryos, opaque white except for black eyes.

Newly-hatched larva.—Total length, 5.0; length to vent, 2.25; diameter of eye,
0.4 millimeter. Myomeres, 11 to vent plus 22 behind (very incomplete). Large
yellowish oil globule lying at ventral margin of large yolk sac; short intestine ter-
minating just behind yolk, at margin of fin and free from body; embryonic marginal
fin fold originating directly behind head, low and even around lophocercal tail; pec-
torals developed; colorless except for black and silvery eye.

FIGURE 106.—Boleosoma nigrum nigrum, 7.1 millimeters

7.1-millimeter stage—Total length, 7.1; length to vent, 4.0; grea‘;]eisl;oddepé%,n ;Hlﬂ,

diame.ter of eye, 0.5 millimeter. Mpyomeres, 1? t(;]i v}elnt plﬁi 2; ;): dors.al W
i g definitely higher, almos _
characters as preceding stage, but eye t | : e
inal fin low, intact, but shg
ith head much depressed above. EmbI‘.}TOI.llC margin e

rlv;;)ression above vent and concentration indicating later posmin of two dorsals and
anal; ventrals appearing; pectorals very large; caudal lophocercal.

_—

TIGURE 107.— Boleosoma nigrum nigrum, 9.6 millimeters

Pigmentation.—Ventral chromatophores of yolk sac are reduced toda fe;vaiaﬁi
masses on bottom and sides of stomach region. Four large ones occnf]r on d or:,}z}xi i)age
of intestine and six on ventral edge behind vent. Others (subsur e;lce) ]il h Sr ds tﬁe
are evident above each ventral one, and, on the myomeres abo_ve tl 1:e 1";0 1(:Scl ord,
whole pattern suggests that of a 15-millimeter specimen taken simultaneously.
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9.6-mallimeter stage—Dorsal VI, 10 (broken and incomplete); anal I, 7. Total
length, 9.6; standard length, 8.1; length to vent, 5.1; greatest depth, 1.54; diameter of
eye, 0.9 millimeter. Myomeres, 15 to vent plus 22 behind. Changed from preceding
principally in partial development of spines and rays; further development of ventrals
and pectorals, completion of caudal, and the addition of a few scattered chromato-
phores over head, dorsal aspect of body, and lateral line.

16.0-mallimeter stage.—Dorsal VIII, 11; anal I, 8. Total length, 15.0; standard
length, 12.6; length to vent, 8.0; greatest depth, 2.45; diameter of eye, 1.1 millimeters.
Myomeres, 15 to vent plus 22 behind. Adult characters apparent with completion
of fins, and addition of more chromatophores on snout, head, and sides of body, giving
typically blotched appearance; fins still colorless except for a few chromatophores
near base of caudal.

86.0-mullimeter stage—Small adult female with ripe eggs.

BREEDING

The eggs of the Johnny darter are attached to objects usually about a foot or so
below the surface of the water. The flat undersides of stones are a favorite nest, over
which the parent fish guards assiduously. The breeding season is in May and June,
at which time the anterior part of the male becomes very black.

FIGURE 108.—Boleosoma nigrum nigrum, 15 millimeters

45. Poecilichthys coeruleus coeruleus (Storer). Rainbow darter ; soldier darter;
blue darter. [Oligocephalus coeruleus (Storer). Jordan, Evermann, Clark, p. 291 ]

RECORD OF CAPTURE

The rainbow darter is never found in Lake Erie, but frequents the shallow creeks
of the region, where it is common.
DESCRIPTION

Its incomplete lateral line, moderately decurved snout, and anal rays numbering
12 to 14 differentiate the rainbow from other darters of this genus.

22.6-millimeter stage.—Total length, 22.6; standard length, 19.1 ; length to vent,
11.6; length of head, 5.6; diameter of eye, 1.6; greatest depth, 4.0 millimeters.
Dorsal X, 12; anal IT, 7; ventrals large, inserted close together. Myomeres, about 15
to vent plus 21 behind. Bedy rather stout; head large; lower jaw slightly included;
premaxillaries not protractile.

Pigmentation.—Chromatophores are thickly distributed over head with a black
band extending from tip of snout through eye to back of head. On dorsal aspect
they are arranged in about 10 blocks crossing ridge and extending down the sides
somewhat. The chromatophores in these blocks are arranged around outlines of
scales. On lateral aspect occur about 13 crossbars, narrower than the dorsal blocks,
neither opposite nor connecting with them. The last bar is darker than the others,
situated at base of caudal, and it has a dark round spot above and below on dorsal

Burt., U. S. B. F.  (Bull No. 10.)

FIGURE 109.—Young Boleosoma nigrum nigrum, stained and cleared

FIGURE 110.— Poecilichthys coeruleus coeruleus, 22.6 millimeters

TIGURE 111.— Poecilichthys coeruleus coeruleus, 22 millimeters, stained specimen
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FIGURE 112.—Poecilichthys exilis, 19.5 millimeters

FIGURE 113.—Catonotus flabellaris, 22.6 millimeters
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and ventral extremities of body. Almost no chromatophores appear on ventral
aspect. The peritoneum is dark. All fins except ventrals have many chromato-
phores, those of the dorsal giving a checked appearance. The brilliant indigo-blue,
orange, and crimson of the male are not indicated in these young specimens.

46. Poecilichthys exilis (Girard). Iowa darter. [Boleichthys exilis QGirard
Jordan, Evermann, Clark, p. 294

RECORD OF CAPTURE

The Iowa darter is restricted in its distribution to certain sheltered bays along
the Lake shore and several of the larger tributaries.

DESCRIPTION

This darter is distinguished from the rainbow darter by fewer rays in the soft
dorsal, more slender body, and the bars confined to middle of sides. .

19.5-mallimeter stage.—Total length, 19.5; standard length, 16.25; length to vent,
10.0; length of head, 5.0; diameter of eye, 1.5; greatest depth, 2.75 millimeters.
Myomeres, 21 to vent plus 19 behind. Dorsal IX, 11; anal II, 7; ventrals close
together; caudal squarish. Lateral line incomplete; snout only moderately decurved.

Pigmentation.—Chromatophores are thickly distributed over both jaws, back of
head, in 3 to 5 longitudinal rows on dorsal surface to tip of tail (with slight breaks in
5 places), on opercles and preopercles, in 12 clusters along lateral line from head to
caudal, speckling whole body, especially dorsally, in single line from vent to tail, in
heavy subsurface patches over stomach region and on all fins.

47. Catonotus flabellaris (Rafinesque). Fan-tailed darter.

RECORD OF CAPTURE

This darter is common in the Lake Erie region but is limited to the strearns,
frequenting the headwaters and never venturing into the open lake.

DESCRIPTION

The fan-tailed darter is similar to Poecilichthys, but differs primarily in its pro-
jecting lower jaw and scaleless head.

22.6-millimeter stage—Total length, 22.6; standard length, 19.5; length to vent,
11.5; length of head, 6.0; diameter of eye, 1.5; greatest depth, 3.75 millimeters.
Dorsal VIII, 12 (very low); anal II, 8; caudal large and rounded ; ventrals close
together. Body slender and compressed ; head long; very oblique, lower jaw definitely
Protruding; premaxillaries not protractile.

Pigmentation.—Chromatophores are sparsely distributed on both jaws and
front of head, and more heavily on brain region. A very pronounced longitudinal
band extends from tip of snout through eye to back of head. Over the dorsal aspect
about 10 darker patches are apparent. Chromatophores occur also on surface and
below surface in operculer region, in about 10 patches on lateral line forming short
horizontal bars and over all lateral surface, sometimes irregular, or in criss-cross
Pattern. Ventral aspect is clear to vent, thence chromatophores border anal fin and
those of Iateral pattern on either side meet behind. All fins except ventrals are
Pigmented.

-
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9.6; length of head, 5.4; greatest depth, 4.3; diameter of eye, 1.5 millimeters. Mouth
very large, oblique, lower jaw projecting, maxillary ending about middle of pupil.
Pigmentation.—Marking is essentially as in younger stages, the sides of body
being closely covered with stellate and round chromatophores of varying sizes.
Three longitudinal rows occur on either side of dorsal ridge, and a single line on

FI1GURE 117.—Micropterus dolomieu, 9.5 millimeters. (Drawn from hatchery specimen)

either side of ventral ridge behind vent. The peritoneum is black. The head is less
pigmented than body, and underside of stomach is much lighter than the rest of

body. The fins are colorless.
BREEDING

The black bass spawns from May until early July, incubation taking from 5 to 15
days depending upon the water temperature. Shallow nests are scooped out in the
sand for the eggs, and the parent fish guard them carefully until hatched. Reighard
(1906) has described in detail the breeding and development of this species.

FIGURE 118.—Micropterus dolomiew, 19 millimeters. (Drawn from Lake Erie specimen)

49, Aplites salmoides (Lacépéde). Largemouth bass. [Huro floridana (LeQ
Sueur). dJordan, Evermann, Clark, p. 297.]

RECORD OF CAPTURE

The largemouth bass is not as common as its smallmouth relative but is restricted
to weedy places along the lake shore, some of the quieter tributaries, and ponds

-near by. Forty-five young fish, each measuring about 7 centimeters in length, were

taken in a seine haul at Long Point Bay on August 23, 1928.
DESCRIPTION

The upper jaw extending to hind margin of eye, and a prominent dark lateral
streak serves to distinguish this species from Micropterus in which the mouth extends
only to middle of pupil and the sides have many short vertical bars.

Bownw, U. S. B. F. (Bull. No. 10.)

FIGURE 119.—Aplites salmoides, 75 millimeters

=
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FIGURE 121.—Young Eupomotis gibbosus, stained and cleared
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76.0-millimeter stage.—Total length, 75.0; standard length, 70.0; length of head,
28.0; greatest depth, 19.5; diameter of eye, 4.8 millimeters. Body elongate; mouth
very large, oblique, maxilla to back of eye; lower jaw projecting; deep notch between
dorsals. Dorsal X, 13; anal ITI, 11.

Pigmentation.—The 75-millimeter fish is slightly greenish above and silvery
below. A broad, very dark lateral band extends in mid-line of body from behind
head to caudal. Three oblique stripes are apparent across cheek and opercles behind
eye. Very small black chromatophores are abundant on top and sides of body,
darker and more numerous above lateral band, and arranged more heavily on outline
of scales. The belly is white. All fins except ventrals are sprinkled with chromato-
phores.

BREEDING

The largemouth bass spawns during the period from early April to July. The
nesting habits are similar to those of Micropterus, and the adhesive eggs are attached
to stones. Incubation takes from one to two weeks, depending upon temperature,
and the larve remain in the nest after hatching for upward of two weeks. At that
age they are about 15 to 19 millimeters long.

50. Eupomotis gibbosus (Linnaeus). Common sunfish ; pumpkinseed.

RECORD OF CAPTURE

The sunfish is found always in weedy places, whether it be along the lake shore or
in the streams and ponds adjoining. It is one of the commoner species of the region.

FIGURE 120.—Eupomotis gibbosus, 18.5 millimeters

DESCRIPTION

The chubby, shape easily identifies these young fishes as sunfish, and the small
mouth, scarcely produced operculum, caudal vertebrse numbering 18, and anal spines
only 3, distinguish the common sunfish or pumpkinseed from others.

Egg.—The eggs are about 1 millimeter in diameter, demersal, adhering to vege-
tation or rocks on the bottom.

18.6-millimeter stage—Total length, 18.5; standard length, 14.5; length to vent,
7.6; length of head, 4.52; snout, 1.1; diameter of eye, 1.5; greatest depth before vent,
4.4; depth behind vent, 3.7; length to dorsal, 5.8; to anal, 8.0 millimeters. Myomeres,
10 to vent plus 18 behind. Dorsal X, 12; anal IIT, 10. Body ovate, very compressed ;
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snout short and depressed over eye, interorbital space flat; mouth small, oblique, with
maxilla just reaching forward margin of eye.

Pigmentation.—The body is evenly covered with small black chromatophores
which follow margins of myomeres. The marking is heavier around jaws, top of
head, and cheeks. Single linear spots occur along lateral line from above origin of
anal to caudal, and around bases of dorsal and anal. Only the belly is colorless. All
fins have chromatophores, fewer on ventrals and pectorals.

BREEDING

The common sunfish is & nest builder, using its fins to hollow out a depression in
the mud or sand. The male carefully guards the nest and fearlessly drives off intrud-
ers. During the breeding season his colors become much more brilliant, and the
ear flaps are conspicuous.

51. Ambloplites rupestris (Rafinesque). Rock bass; goggle-eyed bass.

RECORD OF CAPTURE

The rock bass is found very generally about weedy places on the lake shore and
in most of its tributaries. Many young were taken by seines in the Niagara River
and alongshore, but none was taken in the surface towings farther out in the lake.

FIGURE 122.—Ambloplites rupesiris, 10.5 millimeters

DESCRIPTION

The robust, compressed shape of the rock bass resembles other sunfishes, but the
large mouth, 5 or 6 anal spines, and 10 to 12 dorsal and anal soft rays distinguish it
immediately from others.

10.6-mullimeter stage.—Total length, 10.5; standard length 8.9;length, to vent, 5.0 :
length of bead, 3.1; snout, 0.35; diameter of eye, 1.1; greatest depth before vent,
3.18; depth behind vent, 2.3 millimeters. Myomeres, 13 to vent plus 18 behind
(only 14 well developed). Body oblong, much compressed; caudal peduncle stout s
eye large; large mouth terminal, oblique, maxilla past vertical from anterior margin
of pupil; lower jaw barely projecting.

Pigmentation.—The fish is covered by large stellate black chromatophores,
especially on tip of both jaws, massed over snout and top of head, and in heavy
dorsal and ventral series along margins of body and around fins. The chromatophores
are more openly arranged on dorsal half and posterior half behind the vent. The
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belly is lighter, with small round chromatophores more sparingly distributed, most
numerous along ventral margin. Chromatophores are few on dorsal, caudal, anal,
and pectorals, usually situated near their bases. Small subsurface spots are massed
over dorsal aspect of air bladder.

BREEDING

Like the common sunfish, the rock bass is a nest builder, scooping out 2 shallow
nest to contain the eggs, over which the male watches with the greatest of patience
and care, encouraging the circulation of water over the eggs by fanning with the fins.
The breeding season is in May and June.

Family ATHERINIDZ, Silversides
b2. Labidesthes sicculus (Cope). Brook silverside; skipjack.

RECORD OF CAPTURE

The only young specimens were taken along the lake shore in shallow water,
at the mouths of Eighteen Mile and Silver Creeks, and in Long Point Bay. Itis not
of common occurrence in the region.

DESCRIPTION

The very slender body of the silverside, with the shining lateral band from
which its name is derived, the short, depressed beak, and two dorsals are characters
which readily distinguish the species from any other encountered.

27.0-millimeter stage—Total length, 27.0; standard length, 23.2; length to vent,
11.4; length of head, 5.6; diameter of eye, 1.8; greatest depth, 3.1 millimeters. Myo-
meres, 16—17 to vent plusabout 25 behind. Dorsal IV-I,11; anal I, 23; ventrals small,
abdominal; pectorals inserted high; caudal forked. Mouth very elongate, terminal
and very oblique, with lower jaw slightly projecting; jaws prolonged into a short
pointed beak, flattened above and rounded on underside; snout about equal to diam-
eter of eye.

Pigmentation.—The species is characterized by a silvery lateral band from
behind head to caudal, edged above in lead color. The cheeks are silvery, and the
top of head is rather greenish-yellow at this stage. Chromatophores are distributed
on both jaws and on top of head,in interorbital region below the surface andin a heavy
main series down dorsal aspect with irregular series on either side to end of second
dorsal. They are massed on lateral band, although the individual pigment spots are
very small. A double ventral series extends from vent backward. The belly is
white. All fins but ventrals are pigmented.

y Family SCIAENIDA, Drumfishes

53. Aplodinotus grunniens Rafinesque. Sheepshead; freshwater drum; gray
bass.
RECORD OF CAPTURE

One young fish, 13.3 millimeters long, was taken on the bottom in 17 meters of
water on August 16, 1928, near Port Maitland, Ontario. Adults are common in the
lake.
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DESCRIPTION

The complete vertical fins at this stage make identification easy. The back is
much less elevated but otherwise most of the characters of the adult are evident.

18.8-millimeter stage—Dorsal VIII-I, 30; anal IT, 7; pectorals well developed;
ventrals closely behind pectorals; caudal doubly truncate. Total length, 13.3;
standard length, 11.0; length to vent, 7.0; length of head, 3.5; diameter of eye, 0.8
millimeter. Myomeres, 12 to vent plus 12 behind. Body rather deep before vent
and somewhat compressed; back much less elevated than adult; mouth low, lower
jaw included; maxillary to posterior margin of pupil; eye small, placed high; snout
wider than eye; teeth in villiform bands, outer enlarged above; preopercle somewhat
serrate.

Pigmentation.—Chromatophores are rather large and sparsely distributed over
top of head, around jaws, outlining preopercle and at base of pectorals. A subsur-
face group occurs over the large air bladder and in the jugular region. None is
apparent on dorsal or lateral aspects. Ventrally there are about 5 very large, delicate,

FIGURE 124.—Aplodinctus grunniens, 13.3 millimeters

stellate chromatophores from beginning of stomach region to vent. Behind vent
about 5 subsurface ones join a double series of about 5 on the surface around base of
anal, and the group is continued behind as a single series of 6 to 8 on ventral ridge.
The base of caudal is outlined with chromatophores situated on the fin itself.

15.6-millimeter stage.—Total length, 15.6; standard length, 12.5; length to vent,
8.0; length of head, 4.2; diameter of eye, 1.2; greatest depth, 4.0 millimeters. Myo-
meres, 12 to vent plus 13 behind. Dorsal VIII-I, 30; anal II, 7. The present
specimen is slightly older than preceding, but differs only in the increased number of
chromatophores. Here, too, the first dorsal has one less spine than given in the
description of the adult, but it may be incomplete at this young stage.

Pigmentation.—The pigmentation is very scanty as in the preceding stage, but
a few additional chromatophores have appeared at base of dorsal, and in a group on
lateral aspect posterior to origin of dorsal, followed by about 20 chromatophores in
an irregular broken series. Below the surface others occur on sides and under head,
and they are sparingly distributed on all fins.

BREEDING

It is probable that the sheepshead spawns in early summer in Lake Erie.

Burn, U. 8. B. F. (Bull. No. 10.)

FIGURE 123.—Labidesthes sicculus, 27 millimeters
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Family COTTIDA, Sculpins

§4. Triglopsis thompsoni Girard. Deep-water sculpin; cockatush.

RECORD OF CAPTURE

Young specimens of this interesting cottid were taken in 1928 from the end of
July until the middle of August in the deeper regions, the first time the species has
ever been recorded in Lake Erie although adults had been found previously in all of
the other Great Lakes (M. P. Fish, 1929 (1)). During 1929 none was taken. The
species is interesting in that it is & relic of a former marine arctic fauna, a close relative
of the present circumpolar genus Oncocottus, and degraded through fresh-water life
from a species stranded here in glacial times.

DESCRIPTION

The slender body, elongate cavernous head, gill-membranes free from the
isthmus, widely separated dorsal fins, and series of bony processes along either side
of dorsal aspect and along ventral ridge behind the anus, and in larger specimens on

FiGUure 125.—Triglopsis thompsoni, 12.5 millimeters

dorso-lateral aspect halfway to lateral line from above vent to a point more than
halfway to caudal, distinguish these specimens from all other sculpins taken.
12.5-millimeter stage—Total length, 12.5; standard length, 10.25; length to vent,
5.0; length of head, 3.25; length of pectoral, 3.0; greatest depth, 1.8; diameter of eye,
0.6 millimeter. Myomeres, 10 to vent plus 23 behind. Dorsal VIII, 19; anal 15;
pectorals 15; ventrals I, 4 on one side (in other specimens both sides I, 3), inserted
directly below pectorals; caudal exceedingly long. Body very elongate and slender;
elongate head, rather cavernous, with elliptical eyes smaller and interorbital space
wider than in adult specimens (adult eye 4 in head, much wider than interorbital
space and nearly as long as snout, while in these young it is 5.4 in head, slightly less
than interorbital space and nearly as long as snout); low dorsal profile gently rising
from terminal mouth to back of head, depressed between eyes; snout long and pointed
in profile, rather spatulate from above. Rather long, slender, little curved preoper-
cular spine, directed backward and upward, with 3 smaller spines below, the second
directed backward, and the others downward; otherwise head unarmed. Body
armature consisting of a double series of long, very sharp bony spines directed back-
ward on either side of dorsal aspect from behind head to end of myomeres, and a
similar ventral series from behind vent to ead of anal fin (about 34 dorsal and 18
ventral). Gill membranes almost free from isthmus, forming only a broad fold across
it; branchiostegals 6; dorsals rather widely separated; lateral line conspicuous.
Pigmentation.—A few small round chromatophores occur on top of head, smaller
stellate ones between the eyes, and a few on sides of head and around base of pectorals.
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A few are evident also on dorsal aspect of stomach region, very large and stellate in
shape. Small round ones are arranged in 6 to 7 bands on sides of body extendi_ng
obliquely from mid-dorsal line forward to a point midway between lateral and mid-
ventral lines. These bands are not heavily marked but are made up of 6 to 12 small
chromatophores. A few appear on lateral line near base of caudal. On mid-ventre.d
line, there are about 6 widely separated ones to vent, and in more transparent specl-
mens 9 subsurface chromatophores
occur from vent to caudal in a single
seriesjust above themid-ventral line.
Figure 126 shows the dorsal
aspect at this stage with interorb-
ital space much wider than most
fresh-water cottids, long spatulate
snout, pointed in profile, tubular an-
terior nares; and long preopercular
spine directed obliquely upward.
The depressed cavernous nature of
the head is not brought out in the
FIGURE 126.— Triglopsisthompsoni, 12.5 millimeters. Dorsal view of head drawing.
16 .2-millimeter stage.—Dorsal
VIII, 18; anal 15, pectorals 15; ventrals I, 4; caudal very long, rounded pos-
teriorly. Total length, 16.2; standard length, 13.0; length to vent, 6.5; lengbh of
head, 4.2; length of snout, 1.0; diameter of eye, 0.8; greatest depth, 2.65; inter-
orbital width, 0.9 millimeter. Myomeres, 10 to vent plus 23 behind. Changed
from earlier stage principally in deepening of region behind head; heavier pigmenta-
tion; the partial covering by skin of preopercular spines, and addition of another
series of spiny processes between the dorsal series and the lateral line extending from
over vent to a point more than halfway to caudal.

FIGURE 127.— Triglopsis thompsoni, 16.2 millimeters

Pigmentation.—The marking is intensified. A few chromatophores occur on
upper jaw and many over top and sides of head. They are more or less con-
centrated over the back and extend downward to lateral line region from behind head
to vent. Four broad, well-marked oblique bands behind vent, the last at base of
caudal, originate on dorsal aspect and extend obliquely fOI‘W&I:d nearly to ventral
aspect. The ventral aspect and all fins are colorless. The eye is very black.

There are certain characters which differ from the adult descriptions of Triglopsts
thompsoni, but this species varies widely and our specimens are so small that it seems
wisest to identify them thus, considering that these differences may be due to their
immature condition.
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55. Cottus bairdii kumlieni (Hoy). Lake sculpin, miller’s thumb. [Cottus frank-
lini Agassiz. Jordan, Evermann, Clark, p. 385.]

RECORD OF CAPTURE

The subspecies kumlieni is found in both shallow and deep waters of Lake Erie
and the Niagara River. Although only one specimen was captured in 1928 (on June
11 over Seneca Shoal in a bottom Helgoland trawl at 10.5 meters), larve and post-
larves were taken quite generally from June 7 to July 11, 1929, especially along the

FIGURE 128.—Cottus bairdii kumlient, 6.6 millimeters

Canadian shore from Long Point toward the far western portion of the lake. The
subspecies found toward the headwaters of the tributary streams was C. bairdit basrdit.

DESCRIPTION

In the youngest stages it is quickly recognized by the single large chromatophore
at vent, myomere count of 10 plus 23, and the maxillary reaching only to front of
pupil, and later by its stouter body and lack of the even series of spines on the body
characteristic of Triglopsis. 'The marginal fin-ray counts of all of our specimens range
slightly higher than the usual number given in descriptions of adults, being consistently
dorsal VI to VIIL, 16 to 17; anal 12 to 15, but the variability of the sculpins is great
and the increased number may be constant for this subspecies.

FIGURE 129.— Cottus bairdii kumlieni, 7.2 millimeters

6.6-millimeter stage.—Total length, 6.6; length to vent, 2.6; length of head, 1.15;
snout, 0.3; diameter of eye, 0.31; greatest depth before vent, 0.9; depth behind vent,
1.1 millimeters. Myomeres, 10 to vent plus 23 behind. Distinguished by very long
marginal fin-fold originating at nape, short intestine, very large unrayed pectorals
reaching halfway to vent, very broad head with dorsal profile rounded above; lopho-
cercal tail. Although the intestine already is coiled once, some yolk material remains,
containing one moderate oil globule near vent.

Pigmentation.—The body is almost colorless except for a single very large, stel-
late chromatophore on underside shortly before vent, and 4 very small, hardly
perceptible, linear-shaped ones on ventral margin of tail.

7.2-millimeter stage.—Total length, 7.2; length to vent, 3.1; length of head, 1.3;
snout, 0.35; diameter of eye, 0.35; greatest depth before vent, 1.03; depth behind
vent, 1.2 millimeters. Myomeres, 10 to vent plus 24 behind. Much like preceding
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but whole body heavier. Stomach region deeper, intestine more convoluted, all
trace of yolk material gone. Marginal fin fold as in preceding stage, but notochord
turned slightly upward and concentration marking beginning of caudal ray develop-
ment evident below.

Pigmentation.—Black eyes, a large single vent spot, and six tiny chromatophores
along ventral ridge of tail characterize this larval stage.

10.0-millimeter stage—Total length, 10.0; length to vent, 4.5; greatest depth,
1.5; diameter of eye, 0.5 millimeter. Myomeres, 11 to vent plus 23 behind. Dorsal

FIGURE 130.—Cottus bairdii kumlieni, 10 millimeters

marginal fin fold originating just behind head, rising evenly and slowly to the highest
point about halfway between vent and peduncle; anal similar to dorsal; starting
behind vent, 16 elements of dorsal fin rays, widely separated, and 13 anal below;
ventrals I, 4, inserted just behind pectorals; pectorals 14, fully rayed, large, round;
caudal rayed. Head and body stout to anus, compressed bebind; interorbital space
wider than in adult; eye rather small and bulging; mouth terminal, oblique, lower
jaw projecting; preopercle with a short, straightish spine directed backward and
upward, and two smaller spines below; subopercle with a stout spine directed
downward.

Pigmentation.—Four surface chromatophores occur on ventral aspect at begin-
ning of stomach region, 1 (subsurface) at base of left pectoral, 1 of very large size on
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FIGURE 131.—Cottus bairdii kumlieni, later 10 millimeters

left side of intestine almost at vent, and 1 on ventral aspect slightly less than halfway
from vent to end of body.

Later 10.0-millimeter stage.—Total length, 10.0; standard length, 9.0; length to
vent, 4.16; length of head, 2.12; snout, 0.55; diameter of eye, 0.45; greatest depth
before vent, 1.7; depth behind vent, 1.6 millimeters. Myomeres, 10 to vent plus
24 behind. Slightly older specimen of same length as preceding but with head further
developed, and elements of dorsal and anal fins quite completely formed. Pec-
torals longer, reaching three-quarters of distance from base to vent. :

Pigmentation.—Unchanged from preceding.

11.0-millimeter siage—Total length, 11.0; standard length, 9.5; length to vent,
4.45; length of head, 2.6; snout, 0.75; diameter of eye, 0.6; greatest depth before vent,
2.1; depth behind vent, 1.3 millimeters. Myomeres, 12 to vent plus 22 behind.
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Dorsal VII, 17; anal 14; pectorals reaching practically to vent; caudal well formed;
ventrals I, 4. Resembling later stages in general characters, but body slightly
more slender, fins lower, and heavy adult pigment lacking.

Pigmentation.—Chromatophores are limited to 2 on either side of head above
eye, 1 at ventral extremity of each pectoral base, and 1 which forms the characteristic
vent spot of earlier stages.

19.0-millimeter stage.—Total length, 19.0; standard length, 15.1; length to vent,
8.25; length of head, 5.0; diameter of eye, 1.75; greatest depth, 3.5 millimeters.
Mgyomeres, about 12 to vent plus 23 behind. Dorsal VIII, 16; anal 12; ventrals
I, 4. Body rather robust but more slender than C. bairdii bairdii; head very broad;
preopercle with short, sharp, straightish spine turned upward and backward, with
two smaller spines below; bones of head not cavernous; mouth terminal, oblique,
maxilla to pupil; gill membranes attached to wide isthmus.

Pigmentation.—Small brownish chromatophores evenly cover dorso-lateral
aspect of head and body and occur on and below the surface in brain region. Two
wide bands obliquely cross dorsal ridge beginning at dorsal;; another wider band extends
down either side beyond the lateral line; and afourth long bar appears at end of
dorsal, followed by two or three small bars on caudal peduncle. Below the lateral line,
pigmentation is in blotches with clear spaces between where skin is very white.
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F1GURE 132.—Cottus bairdii kumlieni, 11 millimeters

Ventrally about 15 very small chromatophores occur in gill region, a series of about 9
on either side of anal, and a small group behind this fin. All fins but ventrals are
spotted or barred with chromatophores.

56. Cottus bairdii bairdii Girard. Sculpin, miller’'s thumb. [Cottus <ctalops
(Rafinesque). Jordan, Evermann, Clark, p. 385.]

RECORD OF CAPTURE

A single larva 6 millimeters long taken in the far northwestern portion of the
lake on July 2, 1929, differs from specimens of C. bairdit kumlieni found to the east-
ward. Its capture immediately off the Detroit River suggests the subspecies C.
bairdi bairdii, which is common in the tributaries and which might under certain cir-
cumstances be carried into the lake itself. Sculpins vary so considerably that this
may be identical with kumlieni, but the differences are sufficient to warrant a tentative
separation.

DESCRIPTION

The present larva resembles C. bairdii kumliens in myomere count (10 plus 22
or 23), but differs in its very large mouth, maxilla reaching to middle of eye whereas
in the latter it reaches barely to front of pupil, a wider interorbital space, and a more
conspicuous chromatophore series on ventral aspect of tail.
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6.0-millimeter stage.—Total length, 6.0; standard length, 5.6; length to vent, 2.5;
length of head, 1.2; diameter of eye, 0.35; greatest depth before vent, 0.9; depth
behind vent, 0.35 millimeter. Myomeres, 10 to vent plus 22 (23) behind. Embryonic
marginal fin fold originating over fifth myomere behind head (in kumlient over first),
with considerable concentration indicating formation of caudal rays in the still
lophocercal tail (much more development than in kumlieni of 7.2 millimeters); large
unrayed pectorals reaching halfway to vent; very broad head with longer and more
pointed snout than in kumlient.

Pigmentation.—Several chromatophores occur on ventral surface shortly before
vent (but not as large nor stellate as in kumleini), and a conspicuous series of rather

FIGURE 133.— Cottus bairdii bairdii, 6 millimeters

large rounded spots is evident along ventral surface of tail to caudal (very few, if any,
small chromatophores in kumlient of like size). The body is otherwise colorless.

B%. Cot‘;tus cognatus Richardson. Muddler; miller’s thumb; northern sculpin.

RECORD OF CAPTURE
During August, 1928, from the New York State line around the eastern end of the

lake to Tecumseh Shosls on the Canadian side, specimens of this northern stream
species were taken in small numbers but rather generally in Petersen and Helgoland

FIGURE 134—Coitus cognatus, 18 millimeters

trawls from 16 to 23 meters. C. cognatus had not been recorded previously in Lake
Erie.

DESCRIPTION

The young of this species closely resemble C. bairdii kumlieni in their rather
short bodies, with gill membranes attached to the isthmus, but differ in having pelvic
fin ray count I, 3.

18.0-millimeter stage.—Total length, 18.0; standard length, 14.0; length to vent,
8.0; length of head, 5.0; snout, 1.2; diameter of eye, 1.33; greatest depth before vent,
3.3; depth behind vent, 2.4; length to dorsal, 5.6; to anal, 8.5 millimeters. Myomeres,
10 to vent plus 19 behind. Dorsal VII, 17; anal 12. Body short and stout; snout not
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very obtuse; maxillary to pupil; eye almost 4 in head; eyes rather close together;
preopercular spine very long, hooklike, pointed upward and backward; dorsals con-
tiguous; anal inserted under fourth ray of soft dorsal; lateral line incomplete; vent
nearer caudal than tip of snout.

Pigmentation.—The whitish body is marbled with black chromatophores in a
pattern similar to Cottus baridii kumlieni of like size, though more broken up.

21.5-millimeter stage—Total length, 21.5; standard length, 17.8; length to vent,
9.2; length of head, 5.3; greatest depth, 4.3; diameter of eye, 2.0 millimeters. -Myo-
meres, 10 to vent plus 19 behind (incomplete). Dorsal VIII, 17; anal 11; ventrals I,
3; pectorals not quite to vent.

Pigmentation.—The body is mottled with black as in the preceding stage. The
definite greenish and reddish colors of adult specimens are not evident in these younger
stages, except for a slight greenish tinge over the head.

58. Cottus ricei (Nelson). Rice sculpin.

RECORD OF CAPTURE

This species was taken on August 25, 1928, in a Helgoland trawl at 22 meters
below the surface on Tecumseh Shoals, the first record of its occurrence in Lake Erie

FIGURE 135.—Cottus ricei, 27.5 millimeters

(M. P. Fish, 1929). Other larger specimens were obtained by C. W. Greene from

the stomach of a ling, which also was captured near Dunkirk in the same year.

DESCRIPTION

This one small sculpin differed from all others in its very long preopercular spine
hooked backward and upward, complete lateral line, with numerous small prickles
covering the body above, extending over top of head and between eyes, and with
similar ones on ventro-lateral aspect of the tail.

27 5-millimeter stage.—Total length, 27.5; standard length, 23.0; length to vent,
12.0; snout, 2.0; length of head, 6.0; breadth of head, 6.4; greatest depth, 4.1; inter-
orbital width, 1.4; diameter of eye, 1.5 millimeters. Dorsal VII, 18; anal 15; ventrals
1, 4; pectorals 15, reaching to anal origin. Head very much depressed, broad and
flat so that its breadth is greater than its length; outline rather tadpolelike; eyes
closer together than in Triglopsis specimens; preopercular spine very long, hooked
backward and upward, with a “buffalolike appearance’’; other 3 spines hooked
downward and the lowest concealed. Above lateral line space covered with stiff
prickles, hooked backward, largest on either side of dorsal ridge, extending over top
of head and between eyes. Lateral line complete.
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Pigmentation.—The marking consists of irregular mottling of brown, especially
over head and dorsal aspect, becoming scarcer over sides. Ventral aspect and ventrals
are colorless. The other fins are mottled.

Family GASTEROSTEIDZ, Sticklebacks

59. Eucalia inconstans (Kirtland). Brook stickleback.

RECORD OF CAPTURE

The brook stickleback, true to its name, was found in the many creeks tributary
to Lake Erie and weed beds of the Niagara River, but never in the lake itself.

DESCRIPTION

The absence of lateral plates, only 5 or 6 dorsal spines, unkeeled tail, and rounded
caudal are field characters which brand this stickleback immediately.

19.6-millimeter stage.—Total length, 19.6; standard length, 17.1; length to vent,
9.9; length of head, 5.4; greatest depth, 4.9; diameter of eye, 2.0 millimeters. Myo-
meres, 11 to vent plus 18 behind. Dorsal IV-I, 10 (spines short, even in length);
anal I, 10; caudal rounded. Elongate body, but rather stout; caudal peduncle without
a keel; smooth skin without any lateral plates; ventral spines small.

Pigmentation.—Chromatophores occur on both jaws, and thickly over top of
head, so that the unpigmented pores are prominent on forepart of head. The chroma-
tophores extend evenly and thickly down dorsal ridge and up over dorsal rays,
evenly also on lateral aspect where they outline the myomeres. Some white patches of
clear skin appear at intervals but not in a pattern. Ventral surface of head and
stomach region is pale.

BREEDING

The brook stickleback is a nest-builder and defends its young with the utmost
courage. During the breeding season the males become jet black, tinged everywhere
with vivid copper color.

60. Gasterosteus aculeatus Linnaeus. Two-spined stickleback.

RECORD OF CAPTURE

A few young of this species were taken in weed beds of the Niagara River. They
are of rare occurrence in the region.

DESCRIPTION

The two-spined stickleback is easily recognized by the single pair of large spines
forming the first dorsal, implied by its name, the appearance of lateral plates, keeled
caudal peduncle, and lunate caudal.

16.5-millimeter stage.—Total length, 16.5; standard length, 14.5; length to vent,
9.7; length of head, 5.0; snout, 1.6; diameter of eye, 1.65; greatest depth, 3.8 milli-
meters. Myomeres, 15 to vent plus 16+ behind. Dorsal II-I, 11; anal I, 9. Body
fusiform; caudal peduncle short but very slender, distinctly keeled; bony plates on
sides not yet evident in these young specimens.

Pigmentation.—The body is greenish in tinge but not as deeply colored as older
stages. Chromatophores are arranged thickly over top of head and in about 10 short

Buir, U. S. B. F. (Bull. No. 10.)

FIGURE 136.— Eucalia inconstans, 19.6 millimeters

FIGURE 137.—@asterosteus aculeatus, 16.5 millimeters
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patches along dorsal ridge. There are five patches on lateral line which connect more
or less with some of the dorsal groups by oblique bars, those of the tail region extend-
ing completely to ventral margin of body. Few chromatophores occur on fins except
about the two dorsal spines and near the proximal extremity of caudal.

BREEDING

An elaborate nest is made by the two-spined stickleback from bits of grass and
twigs on the sandy bottom of a stream. The male watches over the nest with great
patience, fanning it with his fins to increase the circulation of water, and leaving only
to search for food or drive off invaders. He is brilliant at this time, blue and green
above and red below. Itis reported that the male often kills his mate after spawning.

Family GADIDZA, Codfishes
61. Lota maculosa (LeSueur). Ling; eel-pout; lawyer; gudgeon; burbot.
RECORD OF CAPTURE

Larval and postlarval stages, 3 to 15 millimeters, were quite common in meter-
net hauls from 5 to 60 meters from the middle of June to the middle of August, 1928,

FIGURE 138.—Lota maculosa, 3.5 millimeters

especially in the deep hole off Long Point, and from the first week of June until the
middle of July, 1929.

DESCRIPTION

The typical rounded gadoid head and very numerous myomeres render the earliest
stages readily identifiable, and the elongate marginal fins, chin barbel, and isocercal
tail mark the older specimens as essentially different from any other lake species.

38 b-millimeter stage.—Total length, 3.5; standard length, 3.25; length to vent, 1.5;
greatest depth, 0.7; diameter of eye, 0.25 millimeters. Mgyomeres fairly well developed,
about 14 to vent plus about 38 behind. Embryonic marginal fin fold originating
over the fifth myomere behind head, rising to its highest point just behind vent,
tapering gradually to caudal region, and continuing thence forward along ventral
side of stomach region, identical with the dorsal. Intestine ending blindly at a dis-
tance from the body, but not quite at edge of marginal fin, as in cod, haddock, and
pollock. Bulbous forehead making mouth inferior, lower jaw slightly protruding;
eye about median in head. Larva characterized chiefly by the very transparent,
colorless, slender body with many myomeres, relatively short intestine, lophocercal
tail, well-developed rounded pectorals, and pigment confined to the dark eyes.

4.5-millimeter stage—Total length, 4.5; standard length, 4.35; length to vent,
1.75; greatest depth, 0.95; diameter of eye, 0.4 millimeters. Myomeres, 14 to vent
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plus 36 +behind. Forehead starting to recede although still much rounded and pro-

jecting no farther than tip of upper jaw.

Pigmentation.—One black chromatophore is evident on each side over posterior

part of air bladder.

FIGURE 139.—Lota maculosa, 4.5 millimeters

6-millimeter stage:—Total length, 6.0; standard length, 5.7; length to vent, 2.5;
greatest depth, 1.1; diameter of eye, 0.4 millimeters. Dorsal contour of head more

slopin_g than before, mouth terminal, and lower jaw slightly projecting.

) Pigmentation.—The body retains the transparent colorless condition of preced-
ing stages, relieved only by the addition of a double line of five large stellate subsurface
chromatophores over dorsal aspect of air bladder (scarcely evident in fig. 140).

FIGURE 140.—Lota maculosa, 6 millimeters

6.8-millimeter stage.—Total length, 6.8; standard length, 6.6; length to vent, 3.0;
gres%test depth, 1.5; diameter of eye, 0.5 millimeters. Myomeres, 15 to vent p]I,IS 46
behind. Following the stage shown in Figure 140, larva apparently grows in depth
and bre'sadth more rapidly than in length, for in Figure 141, although the specimen
drawn is only eight-tenths of a millimeter longer than in the preceding, the body is

FIGURE 141.—Loia maculosa, 6.8 millimeters

much hfaavier so that the depth is contained 4.53 in total length, as compared with a
proportion of 5.4 in the smaller specimen. Fins unchanged.

Pigmentation.—The only color difference consists in the addition of a few more
chromatophores over stomach region.

10.9-millimeter stage.—Total length, 10.9; standard length, 9.6; length to vent
5.0; greatest depth, 2.1; diameter of eye, 0.8 millimeters. Myomeres, 20 to vent plus:
32 behind. Second dorsal about 67 rays; anal about 64 rays (incomp’lete). Many of
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the later characters of the adult evident especially in contour of head and mouth;
barbel represented by a large fleshy protuberance; intestine open at margin of body;
ventrals apparent below pectorals; deep notching of marginal fin fold marking out
position of the two dorsals, and most of dorsal, anal, and caudal rays indicated.
Body ending in a straight point forming an isocercal tail.
Pigmentation.—Chromatophores are confined to the subsurface patch above
stomach region and about 25 rather large roundish black spots distributed over

FIGURE 142.—Lota maculosa, 10.9 millimeters

top of head, followed by subsurface chromatophores hardly discernible over anterior
part of notochord (possibly continuing for its entire length).

14.0-millimeter stage.—Total length, 14.0; standard length, 13.2; length to vent,
7.0; greatest depth, 2.75; diameter of eye, 1.0 millimeters. This stage differs from the
adult in slightly shorter upper jaw. Marginal rays entirely formed at this stage, and
sections of embryonic fin persist to connect caudal with dorsal and anal fins; ventrals
larger and completely rayed.

Pigmentation.—A few stellate chromatophores occur on both jaws, followed by
very distinct preorbital, postorbital, and opercular patches which give the impression
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FIGURE 143.—Lota maculosa, 14 millimeters

of a lateral pigment band on either side of head. Many large chromatophores are
massed over top of head. Lateral line is marked by a single broken series of large
chromatophores extending to the extreme caudal region, becoming wider with more
numerous and smaller subsurface spots toward the end. Dorsal aspect has numerous
pigment spots arranged irregularly in 10 to 12 groups, each one consisting of a double
row of large, close-set chromatophores outlining dorsal fins and others more sparsely
distributed extending halfway to lateral line. Although the breaks in dorsal and
lateral series do not necessarily coincide, a somewhat banded impression is given,
emphasized in older specimens.

19.0-millimeter stage.—Total length, 19.0; standard length, 17.0; length to vent,
9.5; greatest depth, 3.15; diameter of eye, 1.2 millimeters. Characters essentially
same as in preceding stage, except for completely formed fins and barbel, and
intensified pigmentation. The identification of these postlarval and young-fish
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stages is rendered easy by the very long marginal fins, and the persistent isocercal
tail which no other local species exhibits.

30.6-millimeter stage.—Total length, 30.5; length to vent, 15.5; greatest depth,
5.0; diameter of eye, 1.8 millimeters. Dorsal 11 to 13, 66-67; anal 60—67; ventrals 7.
Myomeres, 21 to vent plus 38 behind.

Pigmentation.—Top and sides of head down to posterior margin of eye are
thickly pigmented, most heavily in a band through eye from tip of snout to opercle.
Only an occasional chromatophore is evident below eye, and a few outline the lower
jaw. Dorsal and lateral aspects are patterned with irregular groups of chromato-
phores, giving a checkered or marbled effect. Ventral side is unmarked except for a
double series of about 20 chromatophores along base of anal fin. A few chromato-
phores occur on all fins except anal.

A young burbot, 178 millimeters in total length, representing probably a l-year-
old fish, was seined at the mouth of Silver Creek on September 4, 1928 by J. R.
Greeley, who states in a letter to the author, “I have known of Lota about this size

FIGURE 144.—Lota maculosa, 19 millimeters

being taken in creeks, and call to mind one collection of several specimens that came
from Canandaigua Lake inlet, collected by Doctor Eaton of Hobart College.”

BREEDING

Little is known of the breeding habits of the ling, but adults are reported full of
spawn from November until March. Our records of early larve would indicate that
hatching occurs in early summer, up until the last week of June.

62. Species A.
RECORD OF CAPTURE

Eighteen larve ranging from 5.3 to 6.8 millimeters long were taken on July 1
and 2, 1929, along the far western shore of Lake Erie in comparatively shallow water.

DESCRIPTION

The present specimens differ considerably from all others taken by the survey.
They are characterized by a short intestine as in the cottids and centrarchids, but the
compressed head eliminates the former possibility, and the slender elongate body is
unlike that of the larval Micropterus, the only member of the sunfish family whose
young are known. In the absence of further stages, no attempt at identification is
made.

5.1-millimeter stage—Total length, 5.1; standard length, 5.0; length to vent, 2.1;
length of head, 0.9; diameter of eye, 0.37; greatest depth before vent, 0.66; depth
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behind vent, 0.34 millimeter. Myomeres, 10 to vent plus 18 behind. Characterized
by the long slender body, short intestine, very large air bladder, rounded dorsal con-
tour of head, and large, low, oblique mouth.

Pigmentation.—Chromatophores are scattered sparsely over top of head, nape,
and on body above pectorals. Others are massed over dorsal aspect of air bladder.
A double or irregular single series occurs in jugular region to below front of air
bladder. One large stellate spot is apparent on top of intestine immediately before
vent, and a double series along ventral aspect of body from vent to caudal. There
are four or more linear chromatophores along lateral line behind vent.

6.5-millimeter stage.—Total length, 6.5; standard length, 6.2; length to vent, 2.8;
length of head, 1.2; diameter of eye, 0.46; greatest depth before vent, 0.9; depth
behind vent, 0.5 millimeter. Myomeres, 10 to vent plus 18 or 19 behind. Generally
as before but pigment intensified. Dorsal marginal fin fold originating about seventa
myomere behind head; tail lophocercal but beginning of caudal rays evident below.

Pigmentation.—Chromatophores are numerous over top of head, eye, lower jaw,
and sides of head. The jugular, lateral, and ventral series have many more chroma-
tophores than in preceding stage. Dorsal chromatophores occur from head to
origin of fin fold, and near tip of tail.
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