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Projessor of ZooZogy, Indiana Univwsity. 
-- 

INTRODUCTION. 

During a stay of nearly three years on the coast of California at  San Francisco 
and San Diego, viviparous fishes were daily seen in the markets and a large amount of 
material illustrating their development was collected. Few Adult specimens of Embio- 
tocidm were preserved, since they were already well represeuted in most museums. The 
revisionof this family is largely based on collections made by Drs. Jordan and Gilbert. 
Of the Lj’corpmnidae, more specimens were collected, since many new forms mere discov- 
ered. On the other hand, the embryology of this family is of much less interest than 
that of the Embiotocidm, in which among teleosts viviparity has been carried to the 
greatest extreme. 

The present paper gives a review of the Embiotocidm, a bibliography of the 
viviparous fishes, and a detailed accdunt, as far as my material permits, of the develop- 
ment of Oymatogmter from fertilization to hatching and the details of the development 
of the intestine and of Kupffer’s vesicle. Outlines of the postembryonic development 
are also presented, but the details of the anatomy of the various postembryonic stages 
will be reserved for a future paper. 

I t  is the intention of the writer to complete as rapidly as possible the following 
additional chapters : The development of the skeleton; the circulatory system, and 
especially the development of the sexual organs from the time of the segregation of 
the sex cells till sexual maturity (for which practically all the necessary material has 
been collected) j and a revision of the Lj’corpmnidw. Several of these chapters have 
been sketched out and many of the drawings for them have been 

material have not been made out as fully as desired, are, the first formation of the 
embryo, its relation to the blastopore, and the development from the closing of the 
blastopore till three protovertebra are completed. I have given full pa$rticulars a8 to 
when and where eggs are to be obtained with the hope that others will fill these gaps. 

I am indebted to the San Francisco Microscopical Society for the use of its library 
and for many other courtesies. I am under many obligations to Dr. Theodore Gill, 
of the Smithsonian Institution. Several years ago he showed me an unpublished and 
abandoned work on west coast fishes, which, among other things, contained the various 
accounts of the early observers on the viviparity of Embiotocidce. When, later, I was 
prqaring the historical portion of this paper, Dr. Gill sent me the whole of this mate- 
rial so far as it related to the Xmbiotocidce as well as all of his manuscript notes, 
hccompanied by the following remarks: &‘Make such use of them as you wish and 

Points in the embryology of Oym,atogaster, which, on accou 
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keep them as long a s  you need them. You can use them as copy and thus avoid the 
task of transcribing.” 

The synonymy of the Embiotooidm in the following review to 1868 is Dr. Gill’s, 
with only slight alterations. The etymology of the generic names is allso reproduced 
here as given in his unpublished work. Such other portions as I have incorporated in 
the paper, I have indicated by quotation marks, also giving direct credit for the same. 

I wish to express my thanks to Dr. Silas M. Mouser, of San Francisco, in whose 
laboratory the sections necessary for the part of the work here presented were made. 1 
wish also to acknowledge my indebtedness to ex-Governor (now United States Senator) 
G. C. Perkios, of San Francisco, for enabling me to visit various parts of the coast of 
California. I am under similar obligations to Mr. A. N. Towne, of the Southern Pacific 
Railroad Company. Dr. Howard Ayres kindly furnished me with referelices to the 
bibliography bearing on some of the points. Finally, Mrs. Eigenmmii assisted me in 
all the stages of securing and preserving the material, rendered much assistance in 
preparing the paper, and corrected all the proofs. 

A REVIEW OF THE EMBIOTOCIDZ 
[By Carl H. Eigenmann and Albert B. U1rey.J 

Tho writers have attempted in this paper to collate the various refereuces to the 
species of Embiotocidm and to present a synopsis of the genera, together with brief 
descriptions of the species. 

Most of the American species have been examined by us, and in order to deter. 
mine the number of valid genera skeletons have been prepared. These show that the 
earlier authors have been more fortunate in their opinions concerning genera of 
hhnbiotocidm than the more recent ones. The genus D i t r e m a  has been admitted on 
second-hand knowledge. As yet no one has given any very lucid characterization of 
this genus as distinct: from Embiotoea and external differences seem to be wanting. 

E M B I OT 0,C I D B  . 
Holconoti or Embiotocoidm Agassie, Am. Jour. Sei. and Arts (2), v. 16,383, 1853. 
Holconoti am Bmbiotocoidm Troschel, Archiv fdr Naturgeschichte, 20. Jahrg., B.1,167, 1854. 
Holconoti or Embiotoeoidcs Agassiz, Am. Jour. Sei. and Arts (2), v. 17, May, 1854. 
Holconoti Troschel, Archiv. firNaturgeschichte, 21. Jahrg., B. 1,347,1855. (Synopsis of genera.) 
Eolconoti Canestrini, Verhandlungen der K. K. Zoologisch-Botanischon Gusollschaft in Wien, 

Holconotoidei Blocker, Enum. Sp. Piscium Archipel. Indico, XVIII, 1859. 
Holconotidm Eigenmann, Report State Board Fish Commissioners, Califoruio, 1890, 64. 
Embiolocidm Richardson, Enoycl. Brit., 8th ed., v. 12,268, 1856. 
Embiotocoidp Girard, Expl. and Surv. for R. R. Route to  Pacific, v .  10, Fishes, 164,1858. 
Embiotocidm Giinther, Cat. Fish. Brit. Mus., v. 4, 244, 1862. 
Embiotocoidm Gill, I’roc. Acad. Nat. Sei. Phila. 1862 [v. 141, 274. 
Embiotocidm Cope, Proc. Am. Assoo. Adv. Sci. 1872, v. 20,343. 
Embiolocidm Jordan & Gilbert, Syn. Fish. N. A., 586,1883. Jordan, Cat. Fish. N. A,, 96,1885. 
Dilremata Fitzinger, Sitzungsbor. K. Akad. (lor Wissensch. (Wien), 13. 67, IAbth., 30,1872. 
Dilremidce Eigenmimn &Eigenmann, Proc. Cnl. Auad. Sei. 1890,2d ser., vol. III, 9. 
Nenidm gen., Tomm. & Schlegel, Bleeker (1858). 
Labroidm gen., Gibbons, 1854, Van der Hoevon. 
Scomlwidm gen., Giinther, 1860. 

Jahrgang 1860. 

Habitat: Coasts of California and Japan, Sacramento Valley. 
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Description of family of Embiotocida..-Viviparous teleosts with united lower 
pharyngeals; paired nasal openings; dorsal fin single, wikh 8 to 18 spines; a sheath of 
scales along the base of part of the dorsal, separated from the scales of the sides by 
a naked line; anal with three spines, its form differing in the sexes of some species; 
ventral fins thoracic, I, 5. No teeth on vomer or palatines; teeth in jaws small, some 
of those on pharyngeals larger, conical or paved. Pseudobranohia No pyloric ceca. 
Oviduct opening behind the vent. 

Cheek?, operculuin, end inter- 
oporculum scaly; scales mostly cycloid. Lateral line arched, continuous. Mouth 
small, terminal; upper jaw protracbile. Maxillary without supplemental bone. Gill 
membranes free from the isthmus. 

Commorb ciiaracters.--Body compressed, obloug. 

ANALYSIS 011  THIC GENERA Olr NMI3IOTOCIDBE. 

a. Dorsal spines 8-1 1 ; anal spines graduated . . . - -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (EMBIOTOCINAC.) 
b. Abdominal vertebra, 17; caudal 19; anal basis much shorter than the  abdomen; A. 1x1, 23; lips 

largo, lower lip with 8 frenum; gill-rakors slender, short (7+ 13) ; anterior and 
lateral teeth of pharyngeals.smal1, bluntly conic; a triangular posterior patch 
of larger teeth, all but the posterior row truncate, the posterior row conic. 

HYPSURUS,  1. 
bb. Abdominal vertebrm 13-15; anal basis equaling, or longer than, the abdomen. 

c. Teeth entire, usually bluntly conic. 
d. Dentiforous surface of lower pharyngeals arched, the anterior teeth much worn, thoposterior 

not at nll, the  ciitting surface of the anterior teeth flattened, that  of t,he poste- 
rior teeth not faced. Teeth of the upper pharyngeals similar to those of the lower 
pharyngeals, but the posterior teeth of the nppor pharyngeal appliod to  tho an- 
terior of the lower pharyngeal; the posterior teeth of the upper pharyngeals thus 
resemble the anterior of the lower pharyngeals and the anterior of the upper the 
posterior of the lower. ._. . . . - _. . __. . __. ~ ._.. .__. .... .___.. DAMALICIITIIYS, 2. 

Male with o m  of the anterior r a p  of tho a m 1  transformod 
into n triangular plate; anal basis forming a decided angle at this point; the  rays 
iu front of this point with a thick covering of skiu ; pharyngeal teeth mostly 
small, conic, only a few i n  tmhe la& two series enlarged, some of which are some- 
times truncate molars. 

f. Vurtobrm 33-85; lower lip without a frenum; gill-rakorsvery long, slcndor, and tapering, 

$. Vcrtebrm 32 (14+18); lower l ip  without a frenum; gill-rakers moderate, stout, blunt, 
6 + 11 ; anal basis below 11 caudal rertebrtu . -. - -. . - ~ ~ . ~ . -. - - HOLCONOTUS, 4. 

fff. Vertebra, 29 (13+ 16); lower lip wit,h a broad fronum; gill-rakers short, stont, blunt, 
5 + 11; an111 basis below 10 caudal vertebra,. . -. . - -. . . -. . -. . AMPHISTICIIUS, 5. 

ee. ‘he th  none, or in  a singlc series in each jaw, antcrior and lateral pharyngcal teeth small, 
conic, the  median and posterior ones large, truncate, molars; males witha gland 
on some of the anterior anal rays, the anal basis without angle, none of the rays 
modified to  form a definite plate. 

g. Teeth none, lips thin ; jaws greatly protractile . - - - -. .-_ -. - - -. . . -. -. .NEODITREMA, 7. 
gg. Teeth in  both jaws. 
11. Lower lip very thick, lobed, without II frenum; gill-rakers long. ~ . . R ~ ~ ~ c o c r i r ~ u s ,  6. 
hh. Lowcr lip thin, normal, entire, with a frenum. 

dd. Deutiferous surface of lower pharyngeals flat or concave. 
e. Teeth in twomrios in each jaw. 

23 to  29 j a n d  basis below 12-14 caudal vcrtebrm . . . . -. -. . ~~YPERI’ROSOPON,  3. 

4. Soalos emall, 60-75 in lateral line. 
j .  The oharaoters of Ditrenia should be added here. No oxanhat ion of internal 

orguns lias as yet been made . - - -. ._. .. . . -. _. . . . . . . . -. . -. -. -. .DITRIEMA, 8. 
k. Vortcbra, 14 + 18 or 19, anal basis below 9 caudal vertobra, ; fi‘rst hmmttl spin0 

small, applied to  the second.. - -. .. . . . . . . . . . -. . . -. . . . . . -. . . . . -. . EMBIOTOCA, 9. 
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kk. Vertebra 14 or 15 + 21 to  24; anal basis below 11 or more caudal vertebrae; 
first hmrnal spine as large as second, sometimes approximated with the second. 

PHANERODON, 10. 
ii. Scales large, 40-50 in  lateral line; vertebrm 13 + 21 or 15 + 19; gill-rakers short, 

BRACHYISTIUS, 11. 
hhh. Lower lip thin, without a frenum; vertebra, 14+20; scales large, less than 40 in 

lateral line; gill-rakers long, slender, 10+21; anal basis below 12 caudal verte- 
b r a ;  pharyngeal teeth as in Brachyis'tius, the central and posterior ones blunt 
molare. - .__ - _. ._ _ _  _. . . - - -. _ _  _ _ _  . __, _ _  . - - _ _ _  .__ - -. . - __. CYMATOGASTER, 12. 

cc. Teeth incisor-like, trilobed; vertebra, 14+20; scales, large ; outer series of pharyngeal teeth 
sniall, conic; the rest (about 32) large molars closely appressed ; anal basis below 
7 caudal vertebra ; gill-rakcrs long, slonder, 6+14; sixth dorsal spine highest; 
malo with a deep dcpression a t  the base of the anterior anal rays, a gland below 
the middle of the depression _ _ _ _ _ _  _ _  _ _ _ _  _ _ _ _  ____. - - _.. _ _  - _ _ _  - - _ _  . ADEONA, 13. 

aa. Dorsal spines 16-18, the  sixth or seventh highest; socond anal spine largest; vertebrm, 14+20; 
about 12 of the median postorior teeth of pharyngoals large, all but  the median 
three of these obliquely truncate molars, the romainder small ; gill-rakers short, 
slender, 6+12; teeth in a single series; lower lip without frenom. 

(Byaterocarpinae), HYSTEROCARPUB, 14. 

blunt, wide set, 6 + 12; anal basis (roaaceua) below 9 caudal vertebra. 

1. HYPSURUSX A. Agassiz. 

Embiotoca sp. Agassiz, Am. .Tourn. Sci. & Art, 1853,389 (sp.). 
Hypaurus A. Agassiz, Proc. Boat. SOC. Net. Hiet. 1861, 133 (caryi) .  

Type : Emhiotoca caryi IJ. Agassiz. 

1. HYPSURUS CARYI Agassiz. 

Embioloca caryi Agassiz, Am. Journ. Sci. & Art (2), v. 16, 389, 1853 (Sen Francisco) ; Agaesiz, 
Am, Journ. Sci. & Art (2), v. 17, 366, 1854; id., Archiv fiir Naturgescfiichte, 21. Jahrg., 
B. 1, 32, 1855; A. Agassiz, Proc. Bost. SOC. Nat. Hist., v. 8, 126, 1861. 

~ y p a u r u e  caryi A. Agassiz, Proc. Boston SOC. Nat. Ilist., v. 8, 133, 1861; Coopcr, Nat. Wealth 
Cal. by Cronise, 489, 1868; Jordan & Gilbert, Proc. U. S. N. M. 1880,456 (San Fran- 
cisco t o  Ssnte Barbara, Cal.);  R&e Smith, A List of the  Fishes of Sen Diego, Cal., 
Nov., 1880; Jordan & Jouy, Proc. U. S. N. M. 1881, 11 (Mofiterey, Sen Fraucisco, Santa 
Barbara, Cal.); Jordan & Gilbert, Proc. U. S. N. M. 1881, 11 (Tomalos t o  Santa Bar- 
bara, Cal.); Jordan & Gilbert, Syn., Fish. N. A., 593, 1883 (Sants Barbqra to  San 
Francisco); Jordan, Cat. Fish. N. A., 96,1885; E. & E., Annals N. Y. Acad. Sci., VI, 
June, 1892 (Sants Barbara to  San Francisco). 

Ditrema caryi Gunther, Cat. Fish. Brit. Mus., IV, 247, 1862 (San Francisco). 
Hblconolus gibboneii, Cal. Acad. Sci., MSS., 1854; Gibbons, Proc. Acad. Nat. Sei. Phila. 1854, 

This species is 
but rarely found at San Diego, only on6 or two specimens having been seen there. It 
is, however, one of the commonest species of Emhiotocidm in the San Francisco markets, 

Body elliptical, ventral profile much straighter than dorsal; caudal peduncle 
slender, head considerably depressed above the eye; lower jaw included ; rays of dorsal 
fin equaling or higher than spines. The maxillary reaches about eight-ninths distanco 
to front of orbit, included under the orbital; premaxillaries snteriorly about on a level 
with lower rim of pupil. The anal fin very short, placed far back, the rays closely 
crowded together and spines small; fourth to aixth\dorsal spines highest. 

v. 7, 122; Archivfiir Naturg., 21. Jahrg., B. 1, 333, 1855. 

Habitat: Ooast of California from San Diego to San Francisco. 

Head, 3.4; depth, 2d; D. x, 23; A. III, 24; Lat. line, 71. 

* 'Tqi, high, and ohpci, tail. 
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2. DAMALICHTHYS * Girard. 

Danialichthys Girard, Proc. Acad. Nat. sci. Phila. 1855, 321 (aacca); id. Pacific R. R. Survey, 
x, 181, 1859; Gill, Proc. Acad. Nat. Sci. Phile. 1855, 321; Jordan & Gilbert, Syn. Fish. 
N. Am., 597,1883. 

Encbiotoca Girard, Proo. Acad. Nat. Sui. Phila. 1865, 136 (sp.). 
Ditrenia Giinther, Cat. Fish. Brit. Mus., 1v, 1862 (sp.). 

Type : Darnalichthy8 vacca (firard= argyrosomus. 

2. DAMALICHTHYS ARGYROSOMTJS Girwd. 

(Plate XCII, fig. 1.) 

Eni,biotoca arg!/rosomue Girard, Proc. Aced. N a t  Sci. Phila. 1855, VII, 136 (San B’rancisco) ; id .  
Pacific R. R. Survey, VI, 25, 1857; id .  Pacific R. R. Survby, x, 180, 1859 (San Fran- 
cisco); A. Agaesix, Proc. Boston Soc. Nat. Hist., VIII, 127, 1861; Cooper, Nat. Wealth 
Cal. by Cronise, 489. 

Phanerodon urgyroeoma Gill, Proc. Acad. Net. Sei. Phila., V. 14, 274 (note). 
Damu~ichthye a~gyroeomus .Jordan & Gilbert, Proc. u. S. N. M. 1880, 456 (Puget Sound to San 

Pedro, Cal.); Jordan & ,Jouy, Proc. U. S. N. M. 1881, 11 (PugetSound, Mouterey, Santa 
Barbara, Cal.) ; Jordan &Gilbert, Proc. U. S. N. M. 1881,49 (Sen Pedro to  Pnget Sohnd) ; 
Bean, Proc. U. S. N. M. 1881,265 (Puget Souud, Vancouver Island) ; Bean, Proc. U. S. N. 
M. 1883, 360 (Departure Bay, B. C.); Jordan & Gilbert, Syn. Fish. N. A., 697, 1883 
(Pacific comt north to  Vancouver Island); Jordan, Cat. Fish. N. A., 97, 1885 (name); 
Eigeumann & Eigenmann, Proc. Cal. Aced. Sci., 2d am., vol. m, 9, 1890 (San Diego); 
id. Ann. N. Y. Acad. Soi., VI, June, 1892 (San Dicgo, San Pedro to  San Francisco, 

Puget Sound). 
Dun~u~ichthya vacca Girard, Proc. Acad. Nat. Sci. Phila., v. 7, 321,1855 (Puget Sound); Archiv 

fiir Naturgcschichtc, 21. Jahrg., B. 1, 348, 1855; Girard, h p 1 .  i~ud Surv. for R. R. Route 
to Pao., v. 10, Fishes, 182, pl. ~ X ~ I I I .  1858; Suckley, Expl. nnd Surv. for R. R. Route to  
Pac., v. 12, Stevens’ Report, book 2,358, 1859; Agassia, Proc. Boston Soo. Nat. Hist., v. 
8,127, 1861; Cooper, Nat. Wealth Cal. by Cronise, 489, 1868; Lockington, Rpt. Comm. 
Fisheries California, 30, 1879. 

Ditremu VUCCU Giinther, Cat. Fish. Brit. Mus., IV, 24G, 1862 (Sau Francisco). 
Habitat: Pacific coast, from San Diego to Vancouver Islaud. 
This species is not uncommon at San Diego and is quite abuiidaut in the San 

Francisco markets. 
Body ovate, dorsal aud ventral profile nearly equally curved, taperiug abruptly 

into a loug slender caudal peduncle. Head rather large, occipital region little 
depressed ; lower jaw included; maxillary reaching nearly to the’ front of the orbit. 
Eye Parge, a littla longer t h m  the snout. Teeth few, conical, bluntish, in one series. 
Gill-rakers slender, 7f13. Spines of dorsal fin stout, shorter than longest rays. Pec- 
torals long, reaching beyond the ventrals. Oolor soiled white, with ailvery luster j 
‘three or four obscure dusky bars, most distinct in the young: fins nearly plain, dusky. 

* c k i p n X ~ ~ ,  oalf; iaBbs, fish, in trllusiou to its viviparity. 
_ -  - - -__- __ __ _. . --- 

P. C. U. 1892-26 
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3. HYPERPROSOPON * Gibbons. 

Jfyperprosopon Gibbons, Daily Placer Times and Transcript, May 18,1854; Proc. Acad. Nat. Sci. 
Phila. 1854, v. 7, 124 (argenteus) ; A. Agamie, Proc. Boston SOC. Net. Hist., v. 8,132,1861. 

Ennichthys t Girard, Proc. Acad. Nat. Sci. Phila. 1855, V. 7,322 (megalops). 
Hyperprosodon t Troschel, Archiv f. Naturg., 21. Jahrg., Band 1, 338-344. 
Rramopsis $ Agassiz, MSS. (fide A. Agassie) (mento). 
Hypocritichthys 11 Gill, Proc. Acad. Nat. Sci. Phila. 1862, v. 14, 275 (anazis). 
Ainphi8tichus Jordan & Gilbert, Syn. Fish. N. Am., 590, 1883 (sp.). 
Holconotiis Jordan, Cat. Fish. N. Am., 96, 1885 (sp.). 

Type ; Hyperprosopon argenteus Gibbons. 
We have not been able to examine H. analis A. Agassie, which May constitute a 

The latter i8 distinguished from Holoonotus by genus distinct froni Hyperprosopon. 
the characters indicated in the key to the genera.*” 

ANALYSIS OW SPECIE8 OF HYPlCRPROSOPON. 

a. Anal fin, III, 3. (Hypocritichthys Gill.) \ 

b. Body comparatively elongate; upper antdrior profile nearly straight, depressed abovc tho eyes. 
Snout sharp. Mouth large, very oblique, the tip of the lower jaw on a line with the upper 
profile of the snout; maxillary reaching front of orbit. Dorsal spines high and slender, 
longer than the soft rays, the middle longest; anal spines small; caudal fin short, not widely 
forked; pectorals short and broad, four-fifths the length of head. Eye, five-fobrths the  length 
of snout; Head, 3); depth, 2+; D. IX, 22; A. i11,23; lat. l., 63. Color silvery; an inky blotch 
on tlie middle of the  anal, and a fainter blotch on the  spinous dorsal; front of anal yellow; 
fins otherwise plain. Axil black. - ANALIS, 3. 

Eye large. 
(Hyperprosopon Gibbons.) 

c. Ventral fins broadly tippcd with black; ana1 plain or with dusky margin, 111, 33; D. IX, 27; 

(Jordan & Gilbert.) - - -. . - - - -. ~. - -. . . - - - -. 
aa. Anal fin, 111, 29-32. Interorbital region rather abruptly depressed a t  tho nape. 

cc. 

lat. I., 72-74. Body ovate, the ventral profile somewhat more curved than the dorsal. 
Snout very cihort, considerably shorter than the eye. Maxillary not included under the orbital, 
reaching almost t o  the  front of the orbit; mouth oblique, the lower j a w  projecting. Dorsal 
fin with middle spines. higher than the last or than the soft rays; anal low, spines slender. 
Head, Q; depth, 2. “Color, bluish black above; sides bright silvery, sometimes faintly 
barred.”. __. . _ _ _  - - _ _  - - _. . __.. . - ____ .  -. _ _  - ___. ._ - - -. ..- - .-- --. ... . . . . _-. .. ___. ~ G E N T E U B ,  4. 

Ventral fins plain; anal blackish antcriorly, III, 30; D. IX, 25; Iat. I., 60-65. Body 
elliptic ovate, the dorsal outline not curved as much as the ventral; snout very short, much 
shorter than the cye; maxillary not included under the  orbital, reaching nearly to  the front 
of the  orbit; mouth oblique, the  lower jaw projecting. Sixth dorsal spine highest, higher 
than the soft rays; anal low, the spines weak. Color, “greenish olive 
above, sides bright silvery ; 5 or 6 short blackish vertical bars on the sides, these sometimes 
obsolete ; caudal reddish, dusky a t  tip.”. - ~ - - - - - - - - - . - - -. - - - - - - - - . . - - - -. - - -. - - -. AGASLIIZII, 5. 

Eye, 3. 

Eye, 34. 

Head, 3); depth, 2. 

* Hyperprosopon: ‘Tdp, above, and ?rpbow?rov, face; allnding to the production upward of the 

t Ennichthys: Contracted from ’Evvcoooeiw, to hatch, and lxl+bq, fish; iu allusion to the viviparity. 
t Hyperprosodon: Probably due to a misapprehension of thPl etymology of Hyperprosopon, and 

perhaps supposed to  have been derived from M p ,  quasi, excessively, and ?rpboodoc, sexual intercourse. 
4 Bramopeis: Brama, type of a peculiar family of Acanthopterygian fishes, and o q q ,  form; in 

~ l l ~ s i ~ i i  to  a superficial resemblance of the genus to  Brama. 
11 Hypocritichthys: ’Tso~pir+c, hypocrite, and i ~ B b y ,  fish ; alluding to the deceptive nature of the 

externsl appearance, the genus having much superficial resemblance to  Cymatogneter in form as well 
as size, disguising in a measure. its close affinity to  Hyperpi*o8opon. 

** Dr. Gill informs us that  on the bnsis of the  classification adopted the genus Eypoc1~itdcllrthy8 is 
valid and distinct from Hyperprosopon. 

facial outline and snout. 

Type, H .  analis. 
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3. HYPERPROSOPON ANALIS A. Agassiz. 

Hyperprosopou analis A. Agatmiz, Proc. Boston SOC. Nat. Hist., VIII, 133, 1861 (name only); 
Eigeumann & Eigenmann, Ann. N. Y. Acad. Sci., VI, June, 1892 (Port Harford and 
Montemy). 

Hypooritichthyb analis Gill, Proc. Aoad. Nat. Sci. Phila. 1862, v. 14, 275 (Cnlifornia); Cooper, 
Nat. Wealth Cal. by Cronise, 489, 1868. 

Ditrcnta anale Giinthor, Cat. Fish. Brit. Mus., IV, 250, 1862 (California). 
Holconotus analis Jordan & Gilbert: Proc. U. S. N: M. 1880, 456 (Montorey Bay, California); 

Jordan & Jouy, Proo. U. S. N. M. 1881,lO (Monterey, California) ; Jordan & Gilbert, Proc. 
U. S. N. M. 188'l, 51 (8an Francisco to  San Luis Obispo, California); Jordan, Cat. Fish. 
N. Am., 996, 1885. 

dmphistichus analis, Jordan & Gilbert, Syn. Fish. N. Am., 591, 1883. 
Habitat: Port Harford to  San Francisco. Bare. 

4. HYPERPROSOPON ARUENTEUS Gibbons. 

Hyperproaopoir argonteum Gibbous, Proc. Acad. Nat. SCI. Phila. 1854, v. 7,105 (San Francisco) ; 
1. c. 125; id., Archiv. fdr. Naturg., 21. Jahrg., B. 1,338,1855; A. Agassiz, Proc. Boston Roc. 
Nat. Hist., v. 8, 132, 1861; Gill, Proc. Acad. Nat. Sci. Phila. 1862, v. 14,276 (California) ; 
Cooper, Nat. Wealth Cal. by Cronisc, 489, 1868; Eigonmann Ji Eigenmann, Ann. N. Y. 
Acad. Sci., VI, June, 1892 (Sen Diego, San Pedro to  Sen Francisco). 

Eto~conotus argcnleus Rosa Smith, A List of the Fishcs of Sail Diego, California, 1880, Nov. ; Jor- 
dan & Gilbert, Proc. IJ. S. N. M. 1880, 45G (San I"rancisco to Sen Diego, California); 
Jordan, Proc. U. S. N. M. 1881, 10 (Monterey, San Francisco, Santa Barbara, and San 
Diego, California); Jordan & Gilbert, Proc. U. S. N. M. 1881,50 (Tomalos to  Sau Diego, 
California); Rosa Smith, West Am Scientist, 1885, June;  Jordan, Cat. Fish. N. A,, 96, 
1885 (name). 

Hyperproeopon argcntcuni pihnctalrni Gibbons, l'roc. Acad. Nat. Sci. Phila. 1854, v. 7, 106 (fide 
Gill). 

Hyperprosopon arcualus Gibbons, Proc. kcad. Nat. Sci. Phila. 1854, v. 7,125; Archiv. f. Naturg. 
1855, B. 1, 339; Gill, Proc. Acad. Nat. Sci. Phila. 1862, v. 14, 275 (California); Coopor, 
Nat. Wealth Cal. by Cronise, 489,1868; Jordan & Gilbert, Proc. U. 8. N .  M. 1880,28 (San 
Diego, California). 

Ditrema arcuatum Gtinther, Cat. Fish. Brit. Mus., iv ,  249, 1862 (S:m Francisco). 
Antphietichzte arcuatus Jordan & Gilbert, Syn. Ii'ish. N. A., 591,1885 (Cape Mendocino and south- 

Holcoolconotus megalope Girard, Proc. Acad. Nat. Sci. Phila. 1854, v. 7, 152. 
Ennichthys megalops Girard, 1. c., 323; Archiv. f. Naturg. 1855, U. 1, 351; Girard, Pacific R. 

R. Survey, v. 6, 26; id., 1. c., V. 10,197, pl. XXXVII and XXVI, fig. 10 (Presidio, Humboldt 
Bay, Astoria). 

ward). 

Ditrerna nicgalops Giinthor, Cat. Fish. Brit. Mus., I V ,  249, 1862. 
Habitat: Astoria to Ensenada. 

5. HYPERPROSOPON AGCASSIZI Gill. 

Hyperprosopon arouatum A. Agassiz, Proc. Boston SOC. Nat. Hist., V. 8,133, 186i (not of Gib- 
bons). 

Hyperprosopon agaseizi Gill, Proc. Acad. Nnt, Sci. Phila., v. 14,276,1862 (Californiih) ; Eigonniann 
& Eigenmann, Ann. N. Y. Acad. Sci., VI, June, 1892 (Santa Barbara to Sail Fmnoisco). 

Ditrema agassizi Giinther, Cot. Fish. Brit. Mus., IV, 250,1862 (San Fraucisco). 
HoIjTolconotua agassizi Jordan Ji Gilbert, Proc. U. 5. N. M. 1880, 456 (San Francisco to  Santa Bar- 

bara, CaI.); Jordan & .Tony, Proc. U. s. N. M. 1881,lO (Monterey and San Francisco, 
Cal.) ; Jordan & Gilbert, Proc. U. S. N. M. 1881,50 (Tomnlos to  Santa Barbara, Cal.); 
Jordan, Cat. Fish. N. Am., 96,1885 (name only). 

Anplbistichu8 agas8iz.i Jordan Ji Gilbcrt, Syn. Fish. N. A., 592,1883 (California). 
Byperprosopon punctatuni Cooper, Nut. Wealth Cal. by Cronise, 486,1868. 

Habitat: Sarita Barbara to Sau F'rsnoisoo. 
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4. HOLCONOTUS* Agassiz. 

Holcoiiolus Agassiz, Am. Journ. Science and Art, v. 17, 367, May, 1854 (~kodoterus). 
Cymatogaster Gibbons, Daily Placer Times and Transcript, June 21,1854 (not Cymatognsler, 1. c., 

May 18, 1854) ; Proc. Acad. Nat. Sci. Phila. 1854, v. 7, 123. 

As here understood, this genus itJ composed of but R single species. 

6. HOLCONOTUS RHODOTERUS Agossiz. 

Holcoitotus rhodotetw Agassiz, 1. c. (Sen Francisco); Archiv. f. Naturg. 1855, B. 1, 34; A. Agas- 
aiz, Proc. Boston Soc. Nat. Hist., vol. 8, 132, 1861; Cooper, in Cronise Nat. Wealth Cal., 
489, 1868; Jordan & Gilbert, Proc. IJ. S. N. M. 1880, 456 (S:m Francisco to  Santa Bar- 
bara); Jordan & Jouy, Proc. U. S. N. M. 1881, 10 (Monterey, Sau Francisco and Santa 
Barbara); J o r d m  & Gilbert, Proc. U. S. N. M. 1880,50 (Tomales to  Santa Barbara, Cali- 
fornia); Jordan Cat. Fish. N. A., 96,1885; Eigoiiiniinn & Eigenmann, Ann. N. Y. Acad. 
Sci., June, 1892 (San Dicgo, Santa Barbara, Monterey, San Francisco). 

Dilrcma rhodoterum Giinther, Cat. Fish. Brit. Mus., IV, 250, 1862 (San Francisco). 
Amphi8tiChUS Ihodoterua Jordan & Gilbert, Syn. Fish. N. A,, 592,1883 (California) ; Eigmmaun 

& Eigeumann, Proc. Cal. Acad. Sci., 2d ser., 111, 9, 1890 (San Diego). 
CysiatogasterpuZcheZlzls Gibbons, Proc. Acad. Nat. Sci. Phila., v. 8, 123, July, 1854; Arcliiv fiir 

Naturg., 21. 
Holconotns pulchcllua A. Agassiz, Proc. Bostoii SOC.  Nat. Hist., v. 8, 132, 1862 ; Cooper, Nata 

Wealth Cal. by Cronise, 489, 1868. 
Cytt~atogaster Zarkinsii Gibbons, Proc. Acad. Nat. Sci. Phila. 1854, 133 (Sau lkincisco) ; Archiv 

f. Naturg. 1855, B. 1, 336. 
('ytnatogaster ellipticue Gibbons, Proc. Acad. Nat. Sci. Phila. 1854, 124 (Sari Francisco) ; Archiv 

f. Naturg. 1855, B. 1, 336. 

.Jahrg., B. 1, 335, 1855. 

Habitat: Coast of California froin Sau Francisco to San Diego. 
Body ovate, dorsal and ventral outlines nearly equally curved. Profile above the 

eye little depressed; the snout a little longer than the eye. Mouth quite oblique, the 
lower jaw not projecting; maxillary not included under the orbital, reaching to the 
front of the pupil. Fifth dorsal spine highest, considembly higher than the soft rays; 
pectorals falcate, not reaching the tips of ventrals; color, '(greenish above; sides sil- 
very, profusely covered with spots and blotches of light orange-brown or coppery red, 
these mostly in the form of interrupted vertical bars; caudal, anal, and ventral fin8 
bright reddish without black spots or markings" (Jordan & Gilbert). Head, 3+; depth, 
24. D. IX or x, 26; A. 111, 29; Lat. line, 69. 

5. AMPHISTICRUS Agassiz. 

Anzphiatichust Agassiz, Am. Journ. Science and Art, (2) v. 17, 367, May, 1854 (argenteus). 
Mytilophagust Gibbous, Proc. Acad. Nat. Sci. Phila. 1854, 125 (fasciatus=arge~~teus). 

Type : Anbphistichus argentezls Agassiz. 
_ _  _.___ - - -_ - . - - 

* 'Oil~bc, fiirrow, and ui)roc, back; referring to the dorsal furrows cominoii to all the speciee of the 

t Amphistichus: 'Apqi ,  used in the sense of double, and oroiXoS, rows; referring to the two rows of 

$ Mytilophagus: MvriAoc, Mytilue, and gayeiv, to eiit; iu allusion to  the supposed principel food of 

faiiiily. 

teethin each jaw. 

the genus. 
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7.  AMPRISTICHUS ARGENTEUS Agassiz. 

Amphisticlius avgenteas Agassiz, Am. Journ. Science and Arts (Z), v. 17,367, 1854 (Califorriia) ; 
Archiv fur Naturg. 1855, B. 1,34; Girard, Proc. Acad. Net. Sci. Phila. 1854, v. 7,141 and 
153; id., 1. c., 323; id., Archir. f. Naturg. 1855, B. 1, 352; id., Pacific R. R. Survey, v. 10, 
201, pl. sxxrs, 1859 (San Francisco, Presidio); id., 1. c., Whipple’s Report. 51, 1859 
(Sail I‘raurisro) ; id., 1. c., Williilmson’s Report, 88, 1859 (San Francisco) ; Agassiz, Proo. 
Boston Soc. Not. Hist. 1861, 131; Gill, Proc. Aced. Nat. Sci. Phila. 18G3, 275 (Cali- 
fornia) ; Cooper, in Crouise Nat. Wealth Cal., ‘489, 1868; Rosa, Smith, A List of the Fishes 
of San Diego, Cal., Nov., 1880; Jordan & Gilbert, Proc. U. S. K. M. 1880, 28 (San Diego, 
Cal.) ; Jordan & Gilbert, Proc. U. S. N. M. 1880,456 ( S m  Francisco to San Diego, Cal.) ; 
Jbrdan & Jouy, Pr’oc. U. S. N. M. 1881, 10 (Monterey, San Francisco, Santa Barbara, 
Cal. 1 ; Jordan & Gilbert, Proc. U. 8. N. M. 1881,50 (Toruales to  Sau Diego, Cnl.); Jordan 
& Gilbert, Syn. Fish. N. A,, 593,1883 (Califnmia); Jordan, Cat. Fish. N. Am., 96, 1885; 
Rosa Smith, West Am. Scieiitist, June, 1885 (San Diego); Eigenmann & Eigenmann, 
Ann. N. Y. Acad. Sei., VI, June, 1892 ( S m  Diego to San Francisco). 

Ditrenia argenteum Gunther, Cat. Fish. Brit. Mus., IV, 251,1862 (San Frencisco) ; Lord, N:ituralist 
iu Vancouver 181. and Brit. Col., I, 120, pl. opposite p. 160,1866. 

Mytilophagus fasciatus Gibbons, Proc. Acad. Nat. Bci. Phila. 1854, v. 7, 125 (San Francisco); 
id., Archiv f. Naturg., 1655, R. 1,340. 

Arnphistic~bue heermanni Girard, Proc. h a d .  Nat. 8ci. Phila. 1854, v. 7, 135. 
ZCnnichlhys heernianni Girard, 1. e., 323; id., Archiv f. Naturgeschichte, 1855, 13. l., 351; id., 

Pacific R. R. Survey, v. 10, 199, ~ I . X X X V I I I  and XXVI, fig. 9, 1859 (Cape Flattery, Srtn 
Francisco) ; id., 1. c., Williamson’s Report, 88, 1859 (Sen Francisco). 

..l?npkii?lich/L8 sirnilis Girnrd, Proc. Acad. Nat. Sci. Phila. 18.54, v. 7, 153; id., 1. c., 333, 1855; id., 
Arohiv E Naturg. 1855, 13.1, 353; id., Pacific R. R. Survey, 203, pl. ssxvr, fig. 5-9, 1859 
(San Francisco); id., 1. c., Williamson’s Report, 88, 1859 (San Francisco). 

Habitat: San Diego to Cape Flattery. 
Body ovate, the dorsal profile much more curved than the straightish ventral 

outline. Mouth slightly oblique, comparatively large. Snout louger than the rather 
,small eye. Interorbital region little depressed; maxillaries not includtd under the 
orbital, reaching to the front of the pupil; lower j a w  included. Dorsal spines strong, 
the fifth or sixth longest, not so long as the soft rays; pectorals slightly falcate, reach- 
iug almost to the tips of the ventrels. Head, 33; depth, 2-4; D. X, 24; A. 111, 2G; lat. 
l., 67. Color, d‘ silvery; sides with narrow vertical bars of a brassy olive color, alter- 
nating with vertical series of spots of similar color; fins plain; vertical fins sometiines 
edged with dusky.” A few specimens h a w  been observed iu wliioh the sides were 
uiiiformly brassy. 

6. RRACOCRILUS Agassiz. 

RhacochiZns* Agassiz, Am. .Jouru. Science and Art, (2) v. 17, 867, May, 1854 (tozotes). 
Puchylabrust Gibbons, Proc. Cal. Acatl. Sei. in  Daily Pliwer Times and Trailscripb, Bail Frau 

cisco, June 21, 1854. 

- - - _____ Type : h%aooohilus toxotes Agassiz. ___ 
* Rhncochiln8: P ~ K o ~  rag, and XEiloc, lip; referring to  the slashed lips of the adult. 
tPac/~ylabrua: naxhc, thiok and labrus, lip; a hybrid word iilluding to the thickened lips. 
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8. RHACOCHILUS TOXOTES Agassiz. 

(Plate XCII, fig. 2.) 

Rhacochih~ lozotes Agassiz, Am. Journ. Sci. and A r t  (2), v. 17, 367, 1854; Archiv fir Natnrge- 
schichte, 21. .Jahrg., U. 1, 33; Girard, Proc. Acad. Nat. Sci. Phila., v. 8, 136, 1856; 
Girard, Expl. and Siirv. for it. R. Route to  Pacific, v. 10, Fishes, 188, pl. XL, 1859 
(Tomales Bay); A.  Agassis, Proc. Boston SOC. Not. Hist., v. 8, 130, 1861; Cooper, Nat. 
Wealth Cal. by Cronise, 489, 1868; Jordan & Gilbert, Proc. U. S. N. M. 1880, 456 (San 
Francisco to  Sen Pedro, California); Jordan & Jolly, Proc. U. S. N. M. 1881, 11 
(Monterey, Wilmington, Santa Barbara, Sen Francisco, California) ; Jordan & Gilbert, 
Proc. U. S. N. M. 1881, 49 (San Pedro to  San Francisco, California); Eigenmami, 1890; 
Jordan & Gilbert, Syn. Fish. N. A,, 596,1883 (California) ; Jordan, Cat. Fish. N. Am., 96. 
1885; Eigenmann & Eigenmann, Ann. N. Y. Acad. Sci., VI, Juno, 1892 (San Diego to 
San Francisco). 

Ditrenia tozotes Giinther, Cat. Fish. Brit. Mus., IV, 247, 1862 (San Francisco). 
Pacl~~labrus variegatus Gibbons, Proc. Acad. Kat.  Sei. Phila., v. 7, p. 126; Archiv fiir Natur- 

gescliichte, 21 Jahrg., B. 1, p. 311, 1855. 

Habitat: San Francisco to Sen Diego. 
Body ovate, tapering abruptly iuto a long and robust caudal peduncle; mouth 

comparatively large, the lower jaw included; eye large; the soft dorsal rays consider- 
ably higher than the low spinous dorsal; caudal short, deeply forked, the upper lobe 
the longer; pectorals and ventrals long. Head, 3:; dopth, 2%; 1). x, 23; A. 111, 30; 
lat. line, 76. Color olivnceous with brassy reflections and dusky points; fins plain. 

7. NEODITREMA Steiridacliuer & Doderlein. 
i 

Neoditlania Steindachner & Doderlein, Uenk. Ak.  Wiss. Wien, X L V I ~  32,1883 (rui~aonnel i ) .  

Type: Neoclitrewau Pansonmeti St. & D. 
This genus is described as a Ditrema without teeth in itsjaws. 

9. NEODITREMA RANSONNBTI Steindachnor & Diiderlein. 

Xeoditmtia ransonmeti Steindachner & Diiderlein (Yokohama, Tokio). 
Habitat : Japan. 
Strongly compressed, especially below the pectorals; profile to occipital process 

concave; mouth greatly protractile; head pointed, mouth oblique; lower jaw included ; 
inaxillaries concealed under preorbital, reaching to eye. Dorsal spines graduated 
from the first to the last, which is equal to the snout and half the eye in length; caudal 
widely forked, about equal to the head excluvive of snout. Beck dusky, golden yellow 
below lateral line; base and tip of' caudal dusky, renzaiiider of fin yellow. Head, 38 
to 38; depth, 3&; TI. VI-VIII, 31 os 22; A. 111, 26-27. Lat. l., 70. Rs., 6. (Steiiidachner.) 

8. DITREMAX Schlegel. 

Dikema Schlegol, Fauna Japonica, 77, pl. XL, fig. 2. 
IAtrcma Bleeker, Verh. Uatav. Oenootsch, XXV, 33 (tesiminckii). 
I)itrenia Brevoort, Narrative IJ .  S. Expcd. to Japan ( Perry's), IT, 265,1856 (first referred to the 

Ditrema Giinther, Cat. Fish Brit. Mus.,  IV, 244, 1862 (=Embiotooidm). 
Ditrema Jordan & Gilbert, Syn. Fish N. A,,  594, 1883 (=several genera). 

family Embiotocidce). 

Type : Ditrema temnainckii Bleeker. 

"DitrenLu: Aiq, double, and ~pepcn, hole; referring to  the presence of the special generative aperture 
in addition to  the m a l  one. 
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10. DITREM4 TEMMINCKII Bleeker. 

Ditrema, Schlegel, 1. c. (abundant in spring in  Bey of Nagasaki); Gill, Proc. Phil. Acad. Sci. 
1862, 126. 

Ditrema tmiaminckii Bleeker, 1. e.; Brevort, 1. c. (Hakodadi, in latitude 41° 49‘ N.); Glinther, 
Cat. Fish. Brit. Mus., IV, 246,1862 (Japan) ; Bleeker, “Notices Ichthyologiques No. x.”; 
Putnam, “Bull. Mus. Comp. Zool.”; Nystriim, Yv. Ak. Hand.,.xIrI, afd. 4, No. 4, p. 32 
(Japan), 

- Ditrema Zmoe Qiinther, Cat,. Fish. Brit. Mus., 11, 393, 18FO (Japan.) 
Habitat: Japan. 
Brevoort says, 1. e.: 
The genus Ditrema was established by Schlegel upon examination of two stuffed specimens end 

a native figure of a fish which offered the peculiarity of two anal orifices. * * ’ He gave the fish 
no specific name. * * * The figure by the artiste of the United States Japan Expedition is iden- 
tical with the  one in  the Fauna Japonica, though rather darker in coloring. It does not show the specific 
characters distinctly. * * * Upon showing the published figure of the Ditrema, and the figure 
of i t  by the American artist, to Diengkitch, hc immediately dcucribed its riviparous faculty. * * * 
In the liet of fishes * * * is one called in Chinese Ju or Lian, in Japanese Tanako, “a fish which 
swims in  pairs”; and in  a footnote Mons. A. Reinusat (Notices e t  Extraits des Manuscrits, tome XI, 
part 1,1827, p. 216) says: ltIt is asserted that  this fish is viviparous * * ”.” This very interesting 
note, the authority for which is not given, induced me t o  compare the Ditrsina with a specimen of 
the California viviparous fish procured by Dr. John LeConte in that country iu 1851, and with the 
descriptions of the Embiotocide and Bolcoizoti, by Agassie * * ++ “when no doubt remained on my 
mind that  species of the same family of fish were thus proved to  occur on the Asiatic coast of the 
Pacific also. 

11. DITREMA EIMITTII Nystriim. 

Ilitrema smittii Nystrijm, Sv. Ak. Handl., XIIX, 4, afd. No. 4, p. 33, 1887 (Japan). 

We add here tho original description, a copy of which has boen furnished by Dr. 
Theo. Gill: 

No. SO. Ditrema smltti* n. ep. 

Diagn.-Kroppens hbjd ungefiir + af totalliingden; bakre delen af analfenan betydligt hiigre 
iindeu friimre, och 17 :de-20:del str&larne tradformigt fiirliiugda ; brostfenornas spetsar 11% till  analfen- 
ans bijrjan. 

E. f.11+21. A. f. 3+27. Br. f. 17. L. lot. 78. 1. tr. +Q. 
Kroppsformen iir niigot mera lhngstreckt 811 hos fXregBende, med hvilkbn denna ar t  fiir iifrigt 

s p e s  visa niirmaste sliigtskapen, ocli stiirsta kroppshiijden utgiir uugefiir +, och hufvudets liingd & uf 
total-liingden. o p t s  diameter innehllles i det niirmaste 4 ggr., ocli nosons liiugd, som %r lika med’ 
pannans bredd mellan iigonen, 39 ggr. i hufvudets liiiigd. 

Noseu iifre profilkontur iir svagt konvex, och mellnn iigonen iir en framskj utande kniil, bakom 
hvilken pannan Bter iir niigot intryclrt. Bakre delen af hufvudet iir mer& konvex och starkare 
uppstigando, dock ej a& myckot som hos foreghde  art. Ryggen &r temligeu j h n t  biijd till slutet s f  
ryggfenan, och afsthndet f r h  basen af don sista ledade str%len till spetsen af stjiirtfenans iifre flik Iir 
nBgot stiirre iin hos D. lueve, och lika mod a f s t h d e t  f r h  noaspetsen till bukfenornas rot. 

FjSmre afdelningeii af ryggfenan iir liig och taggstriilarne tilltaga succeasivt i Ungd baltM; den 
sista iir dock n8got liigre Iii deli fiirsta ledede &tr&len, och dess liingd iippnrir ungefiar + af hufvudets. 
Den mjukstrhliga delen :If ryggfenan 8r temligen jiimnt afruudad, och de meller&i strBlarne, som iiro 
de liingste, innehBllns omkring 2ggr. i hufvudets liingd. 

Analfenan har den bakre afdeliugen, frhn med den 16:de strllen, betydligt hijgre Bn den friimre, 
och iifverg&ngen mellen de bid& afdelnidgarne sker hastigt, s i  att den 16: de striilen Iir i det niirmeste 
dnbbelts i% l h g  som deu fire g&ende. 17:de-20:do fenstr&larne iiro trildformigt fiirliingda, ock af 
dessa iiro de bBda mellersta liingst och ungefdr lika l lnga som brtistfenorna. 

* Arten iir uppkallad after eu  nf gifrarne, Herr J. C. Smitt i Japan. 
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Dessa iiro spetsiga 0011 tcniligen l h g a ,  ungef&r # af hiifvadets liingd, och deras bakiitlagda spetsar 
nPt till  analfenans biirjan; bnkfenorna iiro betydligt kortrure och innehllla 2 ggr. 1 hufvudet. 

o f re  kanten af ryggfenans taggstrhliga del svart, och vid basen af den mjukstrlliga. en smal linie 
:If samma Firg. Briistfenorua gulaktiga, bukfenorna i spetsen svarta, den Grsta strhlen hvit med en 
svart fliick vid basen. Praeoperculum har strax bakoxu mderkiikens ledglng en temligen liten, mart 
diick och bakom denna en niigot stiirre af samma fiirg. 

Endast e t t  exempl, 1. 18 cin. 

9. ElKBIOTOCA+ Agatssia. 

Embiotoca Agassiz, Amcr. Journ. Science and Ar t  (2), v. 16, 386, Nov., 1853. 
E,mbiotooa Agwsiz, Anier. .Tourn. Science and Art, v. 17, 366, May, 1854. 
Holconotus t Gibbons, Proc. Acad. Nat. Sci. Phila., v. 7, 122, July, 1854 (Agassizii = lateralis). 
Embiotoca Girard, Proc. Acad. Net. Sci. Phila., v. 7, 320, Apr. 1855; v. 8, p. 136 (sine dew.), 

E d i o t o c a  A. Agmsiz, Proc. Boston SOC. Nab. Hist., v. 8, 126 (133), 1861. 
Ditrema Giinther, 1862 (sp.). 
Ditrema Jordan & Gilbert, 1883 (sp.). 

1856. 

Type : Embiotoca jacksoni Agassiz. 

12. EMBIOTOCA JACKSON1 Agassiz. 

Enibiotocujacksoni Agassiz, Am. Journ. Sei. and Art (2), v. 16, 387, 1853; Archiv fir Nat- 
urgeschichte, 20. .Jahrg., B. 1, 157, 1854; Agassiz, Am. Journ. Sci. and Art (2), v. 17, 
366, 1854; Archiv fur Naturgeschichte, 21. Jahrg., B. 1, 32, 1855; Girard, Proo. Acad. 
Nat. Sei. Phila., v. 7, 151, 1854; Girard, Proc. Acad. Nat. Sci. Phila., v. 7, 320, 1855; 
Archiv fur Naturgeschichte, 21. Jahrg., U. 1, 345, 1855; Girard, Expl. and Surv. for 
R. R. Route to Pac., v. 10, Fishgs, 168, pl. XXVIJ, XXVIII, and XXVI, f. 3 and 4, 1855 
(Tomales Bay, San Francisco); A. Agassix, Proc. Boston Soc. Net. Hist., v. 8, 126, 1862; 
Gill, Proc. Acad. Nat. Sci. Phila. [v. 141, 275, 1862 (California); Cooper, Nat. Wealth 
Cal. by Cronise, 489, 1868; Rom Smith, A List of tho Fishes of San Diego, Cal., 1880, 
Nov.; Jordan & Gilbcrt, Proc. U. S. N. M. 1880, 28 (San Diego, Cal.); E. & E., Ann. 
N. Y. Acad. Sei., VI, June, 1892 (San Diego to Puget Sound-/ 

Ditrania jacksopsi Giinther, Cat. Fish. Brit. Mus., IV,  245, 1869 (Sen Francisco); Jordan & Gil- 
bert, Proc. U. S. N. M. 1880, 456 (Puget Sound to San Diego, Gal.); Jordan & Jouy, 
Proc. U. S. N. M. 1881, 11 (Mouterey, Saii Francisco, Santa Barbara, Wilmington, Sauta 
CatalinaIsland, California); .Jorrlan 9L Gilbcrt, Proc. IT. S. N. M. 1881, 50 (Puget Sound 
to San Diego, Cal.); Roan, Proc. U. S.’N. M. 1881, 265 (Puget Sound); Jordan & Gil- 
bert, Syn. Fish. N. ANI., 595, 1883 (Pacific Coast U. S.); .Jordau, Cat. Fish. N. Am., 96. 
1885; Rosa Smith, West Am. Scientist, June, 1885; Eigeninanu, Am. Nat., March, 1889 
(Developn~ent). 

Ifolconofus f’ufuliginosus Gibbons, Proc. Acad. Net. Sei. Phila., v. 7, 123, 1854; Archiv fiir Nat- 
urgeschichte, 21. Jahrg., B. 1, p. 334. 

Ensbiotoca caseidyi Girard, Proc. Acad. Net. Sci. Phila., v. 7, 151, 1854; Girard, Proc. Acad. 
Nat. Sci. Phila., v. 7, 320; Archiv fur Naturgeschichte, 21. Jahrg., B. 1, 346, 1855; Gir- 

, ard, Expl. and Surv. for R. R. Route to  I%., v. 10, Fishes, 171, pls. XXIX and XXVI, f. 12, 
1859 (Sen Diego). 

Embiotocu webbi Girard, Proc. Ai:ad. Nat. Sei. Phila., v. 7, 320,1854; Archiv fiir Naturgeschiclitc, 
21. Jahrg., B. 1,346,1855; Girard, Expl. and Surv. for R. R. Route to Pac., v. 10, Fishes, 
173, pl. xxx, 1859 (Sen Diego). 

Habitat: San Diego to Puget Sound. 

* Embiotooa: ’Eppior, living, and T ~ K O ~ ,  bringing forth; having reference to the viviparity which 

t The name Holcouotus was invented by Gibbons iiidcpeiidcntly, and is not ~~~iioiiyirioiis with the 
the species of the genus share with all the other mernbnrs of the family. 

Holroitottin of Agassiz. 
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Body ovate, rather thick, the outlines nearly equally convex; snout blunt and 
rounded, as long as the eye; occipital region considerably depressed. Lower jaw 
included; maxillary not reaching to the front of the orbit; gill-rakers rather slender 
and weak. Dorsal fiu with spines all shorter than the rays; the pectoral fins long, 
reaching nearly to the tips of ventrals. Head, 3&; depth, 2 ; D. IX or x, 20; A. I X I , ~ ~ .  
&at. l., 58. Colors “extremely vtriable, pattern of color not defiuite. Brownish, tinged 
with green, blue, red, or yellowish. Sides with about 10 faint vertical dusky bars; 
belly usually yellowish; head with blue spots; fins dusky, tinged with blue or red”; 
aual frequently with yellow blotches. 

10. PHANERODON” Girard. 

Phanerodon Cirard, Proc. Acad. Nat. Sci. Phila., v. 7, pp. 163, 321, 1854 (furcatus). 
Phanerodon (Gd.), Gill, Proc. Acad. Nat. Sci. Pula., v. 14, p. 274, 1862. 
Emhiotoaa sp. Girard, A. Agassie. 
Ditrema sp. Giinther, 1862; J. & G., 1883. 
Teniotocat A. Agassiz, Proc. Boston Soc. Nat. His., v. 8, 133, 1861 (Zateralie). 

Type : Phanerodon furoatus Girard. 

ANALYSIS OH ’I’IIP: SPlCCllS Ol(‘ I’IIANERODON. 

f- 
a. Vertebra? 35-37 (21-22 abdominal) ; caudal peduncle deep, short. . -. . . . . . -. . . . . -. (T~NIOTOCA.) 

b.  Body oblong, the dorsal and ventral profile nearly equally curved, tapering tlbrnptly to tho deep 
caudal peduncle; snout blunt and rounded ; ocoipitd region little depressed ; mouth slightly 
oblique, lower lip with a frenum; gill-rakers slender and rather weak. The last spine of the 
dorsal fin highest, but shorter than the soft rays; soft dorsal and anal high. 1). x or XI, 23; 
A. III, 31. Lat. I., 63. color, “reddish o h 0  above, becoming bright orange-red below, every- 
where thickly dusted with black points; a continuous bright-blue streak along the edge8 of 
each row of scdes; streaks of thoracic region formed by isolated blue spots on the middle of 
the scales; head with several series of blue spots andatreaks; fins allolivaceous dusky; ven- 
trals with some light’orange” . - - . . . . ~ ~. . . * .  . . . . . . . . . - ~. . . . -. . . . . . . . - -. . . - -. -. LATIERALIB, 13. 

aa. Vertebrie, 37-38; (23-24 abdominal) .- . . _-.. .. . _. . .-. - .. .. . -- .  .. . -_. ._ _ _  _ _  . . .. . ._ (PHANEHODON.) 
C. Body oblong elliptical, dorsal and ventra! outlines nearly equally curved, tapering into a slen- 

der caudal peduncle; snout projecting somewhat, a little longer than the eye; occipital regioii 
not much depressed; lower jaw included; last spine of the dorsal fin highest, nearly as high 
or higher than tho rays; pectoral8 reaching a little farther than the tips of the ventrals; 
caudalstrongly forked. Lat. I., 69. Color, “light- 
olivaceous, silvery below, sometimes yellowish; scales with bright reflections, bu t  no red 
markings; usually a round dusky apot on the anal; ventrals plain; caudal fin cdged behind 
with dusky; fins usually yellowish tinged’’ _. - - - - -. . ~. ~ -. . . - - - . - - - - . . - ~ - . . -. FURCATUM, 14. 

CC. I3ody elongate oblong, tapering gr8dually into R loug slender caudal peduncle. Head rather 
sniall ; suout projecting somewhat, a8 long 88 eye; occipital region moderately compressed; 
dorsal fin with highest spine about as high a8 the  highest rays; pectorals long, reaching tips 
of ventrals. Head, 3+; depth, 2+; D. X, 22. A.’III, 28. Lat. l., 70. Color, “light olivaceous 
above, pearly below; soales above the axis of the  body each with an orange spot at base, its 
outer margin tinged with blue, these forming faint reddish streaks along the rows of scales; 
anal with a dusky spot ;  ventrals broadly tipped with blackish; caudal not dark-edged.” 

ATRIPES, 15. 

* Phamerodon: iPautp6c, evident, and bdobq, tooth; referring t o  the size of the teeth, which were 
suppoied to be larger than in the alliod genere. 

t Tmniotoaa: Tacvla, band, and ThKOf,  the terminal component of Embiotoca, intended to  suggest the 
cliaracterietic longitudinal laternl baud8 of the 8pecies of the genus, which is closely related to 
Embiotoca. Type, 3‘. lateralin. 

Head, 3%; depth, 2+; U. XI, 22; A. 111, 30. 

-- _ _  .____L_ 

Type, PA. furoatun (3rd. 
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13. PHANERODON LATERALIS Agassie. 

Embiotoca lateralis Agassiz, Am. Journ. Sci. and A r t  (2), v. 17,366,1854; Archiv fur Naturge- 
schichte, 21. Jahrg., B. 1, 32, 1855; Girard, Proc. Acad. Nat. Sci. Phila., v.7,151, 1854; 
A. Agassiz, Proc. Boston SOC. Nat. Hist., v. 8,126. 

Tceniotoca laternlie A. Agassiz, Proc. Boston SOC. Nat. Hist., v. 8,133,1862; Cooper, Net .  Wealth 
Cal. by Cronise, 489,1868. 

Damalichthye lateralis Gill, Proc. Acad. Nat. Sci. Phila. [v. 141, p. 275,1862 (California). 
Ditvema laterale Giinther, Cat. Fishes, v. 4, 245, 1862 (San Francisco, Puget Sound); .Jordan 

& Gilbert, Proc. U. S. N. M. 1880, 456 (Puget Sound to Santa Barbara, Cal.) ; Jar+ & 
Jouy, Proc. U. S. N. M. 1881,ll (Puget Sound, Monterey, San Francisoo, Santa Barbara, 
Cal.) ; Jordan & Gilbert, Proc. U. 8. N. M. 1881,50 (Santa Barbara, Cal., to  Puget Sound) ; 
Bean, Proc. U. S. N. M. 1881,265 (Vancouver Island) ; Jordan & Gilbert, Syn. Fish. N. Am., 
594,1883 (Pacific coast of’the United States); Bean, Proc. U. S. N. M. 1883,361 (Departure 
Bay, British Columbia) ; Rosa Smith, West Am. Scientist, June, 1885. 

Phanerodon laterale Eigeumann & Eigenmann, Ann. N. Y. Acad. Kci., VI, June, 1892 (S;m Dieyo 
to  Puget Sound). 

Holconotus agaesbi Gibbons, Proo. Acad. Nat. Sci. Phila., v. 7, 122, 1854; Archiv fur Natnr- 
geschichte, 21. Jahrg., B. 1, 332, 1855. 

Embiotoca lint-ata Girard, Proc. Acad. Net. Sci. Phila., v. 7, pp. 134, 141, 151, 1854; Girard, 
Proc. Acad. Nat. Sci. Phila., v. 7, 320; Archiv fur Naturgeschichte, 21. Jahrg., I3. 1, 
346,1855; Girard, Expl. and Surv. for R. R. Route to  Pac., v. 6, Abbot’s Report, Zoiilogy, 
25,1857; Girard, Expl. and Surv. for R. R. Route to  Pac., v. 10, Fishes, 174, pl. XXXI and 
XXVI, f. 5 and 6, 1859 (Sen Francisco, Tomales Bay, Presidio); Girard,.ExpI. and Surv. 
for R. R. Route to  Pac., v. 10, Whipple’s RepQrt, Zoiilogy, p. 51, 1859 (San Francisco). 

Embiotoca ornata Girard, Proc. Acad. Nat. Sci. Phila., v. 7, 321, April, 1855; Archiv fiir Natur- 
geschichte, 21. Jahrg., B. 1, 347, 1855; Girard, Expl. and Surv. for R. It. Route to Pac., 
v. 10, Fishes, 176, pl. XXVI, f. 11. 

Xmbiotoca perepicabilis Girard, Proc. Acad. Net. Sci. Phila., v. 7, 321, 1855; Archiv fiir Natur- 
geschichte, v. 1,347,1855; Girard, Expl. and Surv. for R. R. Route to  Pac., v. 10, Fishes, 
178, pl. XXXII and XXVI, f. 1,2,1859 (Puget Sound); Suckley, ExpL and Surv. for R. R. 
Route to  Pac., v. 12, Stevens’s Report, book 2, Zoiilogy, 357. 

Habitat: Vancouver Idand to San Diego; rare southward. 

14. PHANERODON FURCATUS Girard. 

Phanerodoib furcatus Girard, Proc. Acad. Nat. Sci. Phila., v. 7, 153, 1854; Girard, Proc. 
Acad. Net. Sci. Phila., v. 7, 322, 1855; Archiv fiir Naturgeschichte, 21. Jahrg., B. 1, 
348; Girard, Expl. an-d Surv. for R. R. Route to Pacific, v. 10, Fishes, 184, pl. XXXIV, f. 
1-5, 1859 (Prcsidio, Tomales Bay); A. Agassiz, Proc. Boston SOC. Nat. Hist., v. 8, 128, 
1862; Cooper, Net. Wealth Ca1. by Cronise, 489, 1868; E. & E., Ann. N. Y. Acad, Sci., 
VI, June, 1892 (Sen Diego to  San Francisco). 

Ditrenia furcatrm Giinther, Cat. Fish. Brit. Mus., IV, 247, 1862 (Sen Francisco); Jordan & Gil- 
bert, Proc. U. S. N. M. 1880, 28 (San Diego, California); Jordan & Gilbert, Proo. U. S. 
N. M. 1880, 456 (San Francisco t o  San Diego, California); Jordan & Jouy, Proc. U. S. 
N. M. 1881, 11 (Monterey, Santa Barbara, San Diego); Jordan & Gilbert, Proc. U. S. N. 
M. 1881, 50 (San Diego to  San Francisco); Jordan & Gilbert, Syn. F. N. A., 596, 1883 
(coast of California) ; Jordan, Cat. Fish. N. Am., 96,1885; Rosa Smith, West Am. Scientist, 
June, 1885 (San Diego). 

Embiotoca furcata Rosa Smith, A List of the Fishes of San Diego, CaliBrnia, 1880, November. 
Habitat: San Diego to San Francisco. 
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15. PHANERODON ATRIPES Jordan & Gilbert. 

Ditrenia a t r i p  Jordan & Gilbert, Proc. U. S. N. M. 1880, 320 (California); Jordan & Gilbert, 
Proc IJ. S. N. M. 1880, 456 (Monterey Bay, California); Jordan & Jouy, Proc. U. S. N. 
M .  1881, 11 (Moqterey, California); Jorduu & Gilbert, Proc. U. S. N. M. 1881, 60 (Mon- 
terey Bay, California) ; Jordan I% Gilbert, Syn. Fish N. Am., 595, 1883 (Monterey Bay); 
Eigeumann & Eigcnmann, West Am. Scientist, Nov., 1889, 147 (Cortes Banks). 

Piianerodori afripes Eigenmann & Eigenmann, N. Y, Actid. Sci., VI, June, 1892 (Cortes Ihnks, 
Monterey). 

PDitrema orthonotits E. E., West Ani. Scieiitist, Oct., 1889,127 (Cortes Banks) 

Habitat: Monterey to Cortes Banks. 
This species has so far been taken a t  only two localities. D. ortkonotus will prqb- 

ably prove identical with atripes. A t  the time orthonotus was described atvipes had 
not been found within 400 miles of the locality o f  ortkonotus. 

11. BRACRYISTIUS * Gill. 
Braokyistius Gill, Proc. Acad. Nat. Sci. Phila. 1862, 275 (.frettatcca). 

Type : Bradbyistius frenatus Gill. 
ANALYSIS OW THE S1'RCIIES OW BRACIIMSTIUS. 

r , .  Maxillary not reaching to the front of the orbit; mouth very small, oblique; head slender, pointed. 
Dorsal fin, VIII, 15, the sixth or seventh spine highest; body elongate, regularly elliptical. Color 
"dark olive-brown above, each scale with a dark spot a t  base, followed by a light mark; below 
bright coppery-red; each scale with a blue spot and durlr punctulations; head colored liku the 
body; fins all light reddish " (Jordan I% Gilbert.) Head, 3%; depth, 3 ;  lat. l., 40. ~ - -. FILENATUS, 16. 

,(a. Maxillary reaching slightly beyoid the vertical from the front of the orbit; mouthcomparatively 
large, little oblique; teeth large, conical-truncate, none oil the sides of' the lower jaw; eye very 
large, its diameter about one-third tho length of the head. Dorsal fill, x, 18, the spines high, 
the fourth or sixth highest, the fifth to tenth about' equal and higher than the Roft rays; anal 
111, 20, the spine more or less curved; pectorals not ranching tips of ventrals. Body oblong- 
ovate, deepest at tho shouldcrs, dorsal and ventral outlines nearly equally curved, occipital region 
considerably depressed. Color "rose-red with silvery luster, darker above; top of head orange; 
a very distinct chocolate-colored spot above the lateral line a t  the origin of the soft dorsal 
fin; another smaller one just below the end of tho soft dorsal. Fins immaculate, tinged with 
reddish. " (Jordan di Gilbert.) Head, 3g; depth, 2&; scale@, 6-50-16 _.. . . .. _. .._. ROSACEUS, 17. 

16. BRACRYISTIUS FRENATUt3 Gill. 

Brachyistiua frenatus Gill, Proc. h a d .  Nat. Sci. Phila. 1862, 275 (Cdifornia) ; Cooper, Nat. 
Wealth Cal. by Cronise, 489, 1868; JOrdnii & Gilbert, Proc. U. S. N. M. 1880, 300 (Loa 
Angeles to  Vancouver Island); Jordan & Gilbert, Proc. U. S. N. M. 1880, 465 (Puget 
Sound to San Pedro, California) ; Jordan I% Jouy, Proc. U. S N. M. 1881, 10 (Monterey, 
Santa Barbara, Califorilia); Jordan & Gilbert, Proc. U. S. I?. M. 1881, 61 (Crttaliqa 
Island to Puget Sound); Rosa Smith, West Americun Scientist, June, 1885 (San Diego); 
Jordan, Cat. Fish. N. Am., 93,1885; Eigenmann & Eigenmann, Ann. New York Acad. Sci., 
VI, June, 1892, 353 (San Diego to Puget S o u ~ ~ d ) .  

Micrometrue freiiatus Beau, Proe. U. S. N. M. 1881,265 (Puget Sound, Vancouver Island) ; Jordan 
& Gilbert, Syn. Pish. N. Am., 589, 1883 (entire Pacific coast of Uuited States). 

Ditrema brwipiane Giinthcr, Cat. Fish. Brit. MUS., IV, 248, 1862 (Esquimault Harbor) ; Lord, 
Naturalist in  Vancouver Island, V. 2, 354, 1866; Bean, Proc. U. S. N. M, 1881,265 (Vau- 
cniiver Islaud). 

Habitat: San Diego to Puget Sound. 
Very ram about Sen Diego, but quite ;hbundaut in some localities to tho north. 

~ _ _ _  - _ _ _ _ ~  . -_ 
"Brachyisfiue: p p ~ p ~ c ,  short, and E U T ~ O V ,  sail, referring to the short dorsal fin, and formed in analogy 

with Hietiopkorw, Teemnietia, etc. 
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17. BRACHYISTIUS ROSACEUS J o r d h  & Gilbert. 

Cymatogaster rosaceus Jordan & Gilbert, Proc. U. S. N. M. 1880, 303 (San Francisco). 
BraclLyistiua rosaceus Jordan & Gilbert, Proc. IJ. F. N. M. 1880,456 (Sen Francisco, California) ; 

Jordan & Jouy, Proc. U. S. N. M. 1881, 10 (San Francisco) ; Jordan &Gilbert, Proc. U. 
S. N. M. 1881,51 (San Francisco, California) ; Jordan, Cat. Fish. N. A., 96,1883; Eigen- 
mann & Eigenmann, Ann. New York Acad. Soi., VI, June,1892 (SanFrancisco). 

Mioromet?%s rosf~ceus Jordan & Gilbert, Syn. Fish. N. A,, 689, 1883 (San l"rancisco). 
Habitat: Off San Francisco in deep water. 

12. CYMATOGASTER * Gibbons. 

Cymatogaster Gibbons, Proc. California Acad. Nat. Sci., in Daily Placer Times and Trauscript, 
San Francisco (aggregatua and minimus) May 18, 1854, fide Agassiz (not Cymatogaster 
Gibbons, May 30, 1854, Holconotue) ; Gibbons, Proc. Acad. Nat. Soi. Phila., V. 7, 106 

(sine desc.), June, 1854 (not Cymutogastc? Gibbons, Bug., 1854) ; Gill, Proc. Acad. Nat. 
Sci. Phiia. 1862, 275. 

Micrometrus t Gibbons, Proc. Californik Acad. Nat. Sci., in Daily Placer Times and Transcript, 
San Francisco (sine desc.), May 30, 1854, fide A. Agassiz (first species aggvegatue); Gib- 
bons, Proc. Acad. Nat. Soi. Phila. 1854, 125; Jordan & Gilbert, Syn. Fish. N. A,, 588, 
1883 (sp.). 

a b k O n O t U 8  Girard, Proc. Acad. Net. Sci. Phila. 1885, 322 (not Ho~ooonotus Agassiz, 1854). 
Mekogaater Agassiz, MSS. Vide A.  Agassiz); A. Agassiz, Proc. Boston SOC.  Nnt. Hist., v. 8 (128), 

Ditrema sp. Giinther, 1862. 
Semai Jordan, Bull. U. S. Geol. and Geog. Survey, IV, No. 2, 1878 (sigaifm). 

133, 1861. 

Type : Cymatogaster aggregatus Gibbons. 
The name Cymatogaster was first published by Gibbons, May 18,1854, and applied / 

to two new species, Cymatogaster aggregatus and Cymatogmter minimus. Since these 
two species belong to two quite distinct genera the name can be used for but one of 
them. A few days later (May 30), Gibbons applied the name iMicrometrus to the same 
two species. On June 21 he restricted the name Cymatogaster to pulehellus, a nominal 
species not known at the time (May 18) the name was first proposed. The later use 
of the name is entirely uutenable, since Cymatogaster was a name preoccupied by 
its use of May 18, just as much as if it  had been used for a genus of reptiles fifty years 
before. This seems self-evident and it ought not to be necessary to defend this view. 
Cymatogaster, if used at all, must be used for aggregatus or minimus. The same is true 
of Micrometrus. 

The first species to be eliminated from these two under a separate generic name 
was minimus. ~ Girard described a species, trowbridgii=minimus, under the new generic 
name Abeona, thus restricting both Oymatogaster and Micrometrus to the only other 
species of the original Cymatogaster, viz, aggregatus. 

There seems, then, no other way out of the difficulty than to retain the name Cyma- 
togaster aggregatus, to which it was restricted by Dr. Gill in 1862. 

* Cymatogaster: K5pa(aroc), fmtus, and Y U U T ~ ] ~ ' ,  belly, trlluding t o  the viviparity common to the 

t bliorornetrue: MLKPOS, small, and pcrpov measure (quasi size), referring to tho comparatively small 

t Sema: 07jl"u, a banner, i n  alhision to  the high fins. 

whole family, first sp., C. aggregatna. 

size of the  representatives of the genus, Grst sp., M. uygregntus. 
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18. CYMATOGASTER AGGREGATUS. 

(1’1tLte SCII, Fig. 3, aud Plates XCIII to CXVIII.) 

Cynbatogaster aggvcgatue Gibbons, Proc. Cal. Aced. Nat. Sci., in Daily Placer Times and Tran- 
script, May 18, 1854, $de A. Agassiz; id., Proc. Acad. Net. Sci. Phila. v. 7, 106; Gill, 
Proc. Acad. Nat. Sci. Phila. 1863, 275; Cooper, in Net. Wealth Cal. by Cronise, 489, 
1868; Streets, Bull. U. S. N. M., NO. 7, 45, 1877; ROE& Smith, A list of the Fishes of San 
Diego, Californin, Nov., 1880; Jordan &Gilbert, Proc. U. S. N. M. 1880,456 (Puget Sound 
to San Diego, California); Jordan & Jouy, Proc. U. S. N. M. 1881,lO (Puget Sound, 

‘ Monterey, San Francisco, and Sante Barbara, California); Jordan C Gilbert, Proc. U. 
S. N. M. 1880, 28 (San Diego, California); Eigenmann & Eigonmann, Ann. New York 
Acad. Sci., VI, June, 1892 (San Diego to  Pugot Sound.) 

itliot~omefi*us aggivgatus Gibbons, Proc. Cid. Acatl. Nat. Sci. in Daily P1:mr Times atid Tran- 
script, May 30, 1854, fide A. Agassiz; Gibbons, Proc. Acad. Nat. Sci. Phila., v. 7, 125; 
Archiv fiir Natnrgeschichtg 21. Jahrg., If. 1, 339, 1885; A. Agamiz, Proc. Boston SOC. 
Nat. Hist., v. 8, 128, 1861; Jordan & Gilbert, Proc. IT. S. N. M. 1881, 51 (Puget Sound 
to San Diego, California) ; Bow,  Proc. U. S. N. M. 1881,265 (Puget Sound, Vancouver 
Isiund; id., Proc. U. S. N. M. 1883, 361 (l’urt Simpson, Departure Bay, B. C.; Port 
Wrangel, Alaska); Jordan & Gilbert, Syn. Fish. N. Am., 590, 1883 (Pacific Coast 
Unitod States); Jordan, Cat. Fish. N. Am., 96, 1885 (name); Rosa Smith, West Am. 
Scientist, 1885, June; Eigenmann, Amer. Nat., March 1889 (Development) ; C’g 4 1  enmaw 
d;r. Eigenniann, West Am. Scientist, June, 1889. 

Metrogaater aggregatus A. Agassiz, Proc. Boston Soc. Nat. Hist., v. 8, 135, 1861. 
Ditrcrtba uggrcgatuin Giinther, Cat. Fish. Brit. Mus., IV, 248, 1862 (Sen B’raiicisco, Humbold! 

Bay, Vancouver Island). 
~roloo~cottcs idodoterus Girard, Proc. Acad. Nat. Sci. Phila. 1854, 141, 152 ; Girard, Proc. Acad. 

Nat. Sci. Phila. 1855, 322; Girard, Arohiv fiir Naturgeschichte, 21. Jahrg., B. 1, p. 350, 
1855; Girard, Pacific R. R. Survey, V. 6, Abbot’s Report, Zoijlogy, 26, 1857 (San Fren- 
cisco Presidio, Humboldt Bay, Astoria, Cape Flattery, San Diego, Puget Sound, 
Shoalwater Bay, Petduma); Girard, Pauific R. R. Survey, v. 10, Fishes, 193, pl. XSXV, 

’ XXXVI, f. 1-4, XXVI, f. 78, 1859; Girard, Pacific R. R. Survey, V. 10, Whipple’s Report, 
zoijlogy, 51, 1859; Girard, Pacific R. R. Survey, V. 10, Williamson’s Rcport, Zoijlogy, 
87,1859. 

Motrogastw lincolatzm AgaEEiE, nm., 1861. 
Soma signifsr Jordan, Hayden’s Gcd. and Geogr. fhrvoy, vol. Iv, No. 2, 1878, 399 (recorded 

from Texas by mistake). 

Habitat: Pacific Ooast of United States. 
Body elliptical, elongate, the dorsal outliue somewhat more curved than the 

ventral; mouth small, oblique; dorsal spines high, t h e  fifth or sixth spine longest, the 
last shorter than the soft rays; anal with weak spines; pectorals reaching a little 
farther than the tips of. the veiitrals. Head, 38; depth, 28;  D. IX, 20; A. 111, 28. 
Color, silvery, back dusky; middle of sides anteriorly with the scales each with ;I 

cluBter of dark points, these forming a series,of longitudinal atripes, which extend to 
opposite tlie base of the anal; these stripes are interrupted by three vertical light 
yellow bars on which are no black specks in the adult. Adult males in spring almost 
entirely black. 
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13. ABEONA+ Girard. 

Gymatogaeter Gibbons, Daily Placer Times and Transcript, May 18, 1854 (sp.). 
illicrontetrus Gibbons, 1. c. ,  May 30, 1854 (sp.); A. Agassie, Proc. Host. Soc. Nat .  Hist. 1861, 

Absona Girard, Proc. Acad. Nat. Sci. Phila. 1855, 322 (trotubridgii). 
128 and 133 (restricted to miininla). 

Type: Abeona trozvbridgii=A. minima Gibbons. 

ANALYSIS OX THE SPECIES OP AIIIZONA. 

a. Color greenish above with bluish reflections, thickly dusted with black dots; an irregular longi- 
. tudinal black band along axis of body, and two vertical dark bars downward from base of 

dorsal fin on which they appcar as blotches; sides often with much light yellow; axil of pec- 
tor:& black.” (Jordan & Gilbert.) Body ovate, dorsal and ventral outlines nearly evenly 
curved; mouth small, jaws about cqual, the maxillary reaching about half the distance to  tho 
front of orbit. Scales of cheeks in two and a half rows. Dorsal fin high, the last spine aboiit 
as long as the first soft rag ; pectorals not reaching as far as ventrals. D. IX, 44; A. I I I , ~ ~ ;  
scales, 4-45-12; head, 3$; depth, 2 . ~ ~ ~ ~ - - - -. . - - - - ~ . - - - -. - - - - - - . - - - - - - -. . . . . - - - . - - .MINIMA, 19. 

Opercles and lower 
half of sides punctate with black dots and shaded with light orange, tlle latter more intanse on 
the centcrs of the scalcs and forming a diffuse latcral band; abroad, grayish streali backwards 
from pectorals to oppositc origin of anal, this streak without orange points; young spcci- 
mens with the bright lateral shades more distinct, and rosy instead of orange; fins marked 
with more or less blackish, the ana1 with fiome yellowish, a conspicuous black triangular blotch 
in the axil of the pectoral. Body elongate, with a vory long and rather thick caudal pedi~nclc. 
Head transversely very convex above and with a blunt snout. Mouth small, obliquc; maxillary 
reaching but  two-thirds the distance to  front of orbit; caudal forked for half its leugth. 
Scalcson chcek in threedistinct series. Head, 4; dcpth, 22. D. IX, 17; A. 111, 20; ltct. 1.) 45. (Jor- 
dan & Gilbert.). . - -. . . - - - -. . . . -. . . . - . . . . - - - - - . - . . - . . . - - - . . - - -. . . - - - -. . . . - -. . . . . . .AURORA, 20. 

aa. Color bluish black above, becoming lighter on the sides and silvcry below. 

19. ABEONA MINIMA Gihboua. 

Gymatogaster niinimus Gibbons, Proc. CaI. Acad. Nat. Sci., in Daily Placer Tiiuex aud Tran- 
script, May 18, 1854; id., Proc. Ac. Ntlt. Sci. Phila,, v. 7, 106, 1854. 

Miwontetrus minimus Gibbons, Proc. Cal. Acad. Nat. Sci., in  Daily Placer Times and Transcript, 
May 30, 1854; id., Proc. Ac. Nat. Sci. phila., v. 7,125,1854; Archiv fiir Nakurgesghichte, 
21. Jahrg., B. 1, 339, 1855; A. Agasuiz, Proc. Boston SOC. Nat. Hist., v. 8, 129, 1881. 

Ditrcma minima Giinther, Cat. Fishes Brit. Mus.. IV, 249, 1862 (San Francisco). 
dbeona inininia Gill, Proc. Acad. Nat. Sci. Phila. 1862, 275 (footnot,e); Cooper, Nat. Wealth 

Cal. by Cronise, 489; Jordan Ji Gilbert, Proc. IJ. S. N. M. 1880, 28 (San Diego, Cal.); 
Itosa Smith; A list of the Fishes of San Diego, Cal., November, 1880; Jordan & Gilbert, 
Proc. U. S. N. M. 1880, 456 (San Francisco to Sim Diego, Cd. ) ;  Jordan & Jouy, Proc. 
U. S. N. M. 1881, 10 (Montcrey, Saute B:wbara, axid Sen Diego, Gal.); Jordan & Gilbert, 
Proc. U. S. N. M. 1881, 51 (Tomales to  San Diego, Cal.); .Jordan & Gilbert, Syn. Fish. 
N. Am., 587, 1883 (Pacifif Coast of the  United States); Rosa Smith, West. Am. Scientist 
June, 1885; Jordan, Cat. Fish. N. Am., 96,1883; Eigenmtcnn Ji Eigenmann, Ann. N. Y. 
Acad. Sci., VI, June, 1892 (San Diego to San Francisco). 

Holconotes trowbridgii Girsrd, Proc. Acad. Nat. Sci. Phile , v. 7, 152, 1854 
Abeona trotubridgii Girard, Proc. Ac. Nat. Sci. Phila., v. 7, 322; Archiv fiii Naturgeschichte, 

21. .Jahrg., B. 1, 349, 1855; Expl. ant1 Surv. for It. It. Roiitc to  Pacific, v. 10, Fishes, 
186, pl. XXXIV, f. 6-10. 

Habitat: Sari Diego to San Franc’ ’18CO. 
- - __ - - - ___ - __ --_I__--__ 

* Abcortu, an Indian name, probably. 
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20. ABEONA AURORA Jordan & Gilbert. 

Abeoita aurora Jordan & Gilbert, Proc. U. S. N. M. 1880, 299 (Monterey, Cal.); Jordan & 
Gilbert, Proc. U. S. N. M. 1880, 456 (SanFrancisco, Cal.); Jordan & Jouy, Proc:. U. S. N. 
M. 1881,lO (Monterey, San Francieco, Cal.) ; Jordan &Gilbert, Proc. U. S. N. M. 1881,51 
(Monterey Bay. Cal.); Jordan & Gilbert, Syn. Fish. N. A,, 588, 1883 (Monterey Bay); 
Jordan, Cat. Fish. N. A., 96, 1885; Eigenmann & Eigenmann, New York Acad. Sci., VI, 
,June, 1892 (Monterey to  Sen Francisco). . 

Habitat: Montere- Bay: 

HYSTEROCARPINB. 

Hysterooarpiika. Gill, Proc. Aced. Nat. Sci. Phila. 1862, v. 14, 275. 

14. RPSTEROCARPUS.+ 

Byeterocarpua Gibbons, Proc. California Aced, Nat. Sci., in Daily Placer Times aud Transcript, 

Hyaterooarpua Gibbone, Proc. Aced. Nat. Sci. Phila., v. 7, 124, July, 1854. 
Hyaterocarpua Girard, Expl. and Surv. for R. R. Route to Pacific, v. 10, Fishes, 190,1858. 
Hysterooarpu8 Glinther, Cat Fishes in  Brit, Mus., IV, 261, 1862. 
Sargosomus t Agassie, M B B .  ($de A. Agassie). 
Daoentrue Jordan, Bull, U. 5. Oeol, Surv., 1878, 667 (luool&s). 

San Fra,nci8co, May 18, 1854 ($de A. Agassie). 

(traskii.) 

21. HYSTEROCARPDS TRASKII Gibbous. 

Hysterocaryue Iraslcii Gibbons, Proc. Aced. Nat.  Sci. Phila,, v. 7, 105, 1854; Gibbons, Proc. 
Aced. Net. Sci. Phila., V. 7, 124; Archiv fiir Naturgeschichte, 21. Jahrg., B. 1, 336, 1855; 
Girard, Proc. Acad. Nat. Sci. Phila., v. 8, 136, 1854; Girard, Expl. aud Surv. for R. R. 
Route to  Pacific, V. 6, Abbot's Report, Zoology, 26, 1857; Girard, Expl. and Surv. for 
R. R.Route to  Pacific, v. 10, Fishes, 190, pl. =VI, f. 14, 1858; A. Agassiz, Proc. Boston 
Soo. Nat. Hist., v. 8,130, 1861; Giinther, Cat. Fishes Brit. Mue., IV, 251, 1862; Cooper, 
Nat. Wealth Cal. by Cronise, 489, 1868; Jordan & Jouy, Proc. U, S. N. M. 1881, 10 
(Sacramento River, California); Jordau & Gilbert, Proc. U. S. N. M. 1881, 51 (Sacra- 
mento and San Joaquin rivers to  Sa11 Luis Obispo, California) ; Eigenmann, Ann. Report 
State Fieh Comm. California, 1890; Ann. New York Acyl. Sci., VI, June  1891 (Sacra- 
mento Valley). 

Smgoaomu8$uviatilis Agassiz, MYS., 1861 ($de A. Ague&). 
Dacentrue luoens Jordan, Bull. IJ. S. (3001. Surv., 1878, 667. 

Habitat: Oalifornia (Bacramento River in fresh water). 
Body ovate, dorsal outline strongly convex; head small, snout bluntly conic; 

mouth small, oblique, maxillary not reaching the orbit, lower jaw included. Spinous 
dorsal long, the fifth or sixth spine highest, thence gradually lower each way, the 
last spines shorter than the soft rays j anal spines strong and curved. Head, 33; 
depth, 2. D. XVI, 11; A. 111, 22; Lat. line, 40. 
__ - .  - __ __ ____- 

* Hyalerooarpus: 'TurEpa, the womb, and uapnbg, fruit. 
t Sargoaomre: Sargus. the  Latin name of a Mediterranean eparoid, allied to the sheepshead 

(8. ovis), and uopa, body, alluding to a superficial resemblance of the embiotocoid to  the  sparoid genus. 
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Nominal species. 

Ditrema temminckii Bleekor ................... 
_____ 

Embiotoca jacksoni Agaseii .................... 
Embiotoca caryi Agassiz ....................... 
Holconotua rhodoterus Agassiz ................ 
Rhacocbilus toxotes Agassiz ................... 
Cymatogaster aggregatus Gibbons ............. 
Cymatogaster miuimuu Gibbons.. .............. 
Hysterocarpua traski Gibbons.. ................ 
Hypcrproaopon argeuteum Gibbons.. .......... 
Mytilophabms fasciatiis Gibbonu.. .............. 
Hyperprosopon arcuatum Gibbons ............. 
Pacbylabru_s variegatus Gibbons .............. 
Cymatogaster pUlCbellUH Gibbous.. ............ 

A list of the iaoniinal specie8 of Bnabiotocidw in the order of tkeii' discoitcry, togethev twitk tkc nanies by which 
they are designated at  present. 

Date. 
- 

184s 
1853 
1853 

1854 

May 18. 1854 
May 18, 1854 
May 18, 1854 
May 30, 1854 
May 30, 1854 
June 21,1854 
June 21.1854 

May -, 1854 

May 18, 1854 

Holconotus fulighiosos Gibbons.. .... 
Cymatogaster ellipticus Gibbons ............... 
Mytilophagus fwciatus Gibbons !. ............. 
Embiotoca lateralis Apassia.. .................. 
Embiotoca liueata Girard ...................... 
Amphistichus heermauni Girarcl ............... 
Holconotus rhodoterue Girard.. ................ 
Embiotoca cassidyi Girard .......... >. ......... 
~olconotus trowbridgii Girard ................. 
Phanerodon furcatus Girard.. .................. 
Amphistichus similie Girard ................... 
Embiotooa webbi Girard ....................... 
Embiotoca ergyroaomus Girard.. ............... 

Embiotoca ornata Girard ...................... 
Embiotoca perspicabilis Girard ................. 
Ditrema lrave Giinther. ......................... 
Byperprosopon xrcnatum A. Agassiz .......... 
Ketrogaster Hneolatus Argassiz ................ 
Typerprosopon analis A. Agassiz .............. 

Damelichthyu vncca Girard.. ................... 

3rwhyistius frenatus Gill. ..................... 

1854 
1854 
1854 
1854 
1854 
1854 
1854 
1854 
1854 
1854 
1854 
1855 
1854 
1854 
1854 
1854 
1855 
1855 
1855 
1855 
1860 
1861 
1801 
1861 
1862 
1802 
1862 
I878 
18i8 
1880 
1880 
1880 
1883 
1887 
1889 

~ 

Identification. 
_____ ~ 

Ditromn, tomminokii. 
Embiotoca jacksoni. 
Hypsurus caryi. 
Holconotus rhodoterus. 
Rhncochilus toxotee. 
Cymatogaster aggregatue 
Abeona minima. 
Hysterocarpus traski. 
Hyperproeopon argenteus. 
Amphistiohus argenteus. 
Hyperprosopon argen teus 
Rhacocbilus toxotes. 
Holconotus rhodoterus. 
Holoonotus rhodotorus. 
Amphistiohus argentous. 
Hyperprosopon argeuteus. 
Hypsurus caryi. 
Embiotoca jacksoui. 
Eolconotus rhodoterua. 
Amphistichus arrgonteue. 
Phauerodon lateralis. 
Phanerodon lateralis. ' 

Amphistichus argenteus. 
Cymatogaster agpegatus. 
Embiotoca jacksoni. 
Abeona minima. 
Phaxierodon furcntwr. 
Amphistichus argcnteue. 
Embiotoca jacksoni. 
Damnlichthys nrgyrosonrua. 
Damn ichthys nrgyriisomiis. 
Phauerodon lateralis. 
Phanerodon lateralis. 
Ditrema tamminckii. 
Hypurproeopon agassizi. 
Cymatogmter eggregatus. 
Hyperprosopon analis. 
Brnchyiatiue frenatus. 
Hyperprosopon agassizi. 
Brachgistius freriatus. 
Cyniatogneter nggregatus. 
Hysterocarpus traaki. 
Brachyistius rosaceus. 
Abeona aurora. 
Phanerodon atripes. 
Neoditrenia ransonueti. 
Ditrema Bmittii. 
Phanerodon atripes. 
-----___ 
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CYMATOGASTER AGGREGATUS GIBBONS; A CONTRIBUTION T O  T H E  
ONTOGENY O F  VIVIPAROUS FISHES.  

[By Carl H. Eigonmitnn. J 

INTRODUCTORY NOTE. 

When, in the winter of 1888, I arrived on the coast of southern California, I imme- 
diately set about to procure the earliest stages possible of the different species of 
Embiotocidm that were to be found about San Diego. Prof. Ryder (1885a, p. 140) had 
estimated that the much desired early stages of this family were to be obtained during 
October and November and I had some misgivings about obt'aining them. On the first 
day (about December 14, 1888), however, I obtained the eggs of Embioticajacksoni and 
the early larva of another species, and after I had interested the Italian, Greek, and 
Portuguese fishermen there was nc l ~ c k  of specimens. 

Little more was done during this season than to determine the size of the eggs 
and the places where different species of viviparous fishes are to be obtained, and 
when tliey are with eggs. Among other things I discovered the remarkable egg of 
Cymatogaster aggreyutus, which I have chosen as the subject of this paper. 

The following summer was devoted to a study of the pelagic eggs of fishes of 
Ban Diego Bay, to serve as a basis of comparison between the oviparous and related 
viviparous species. 

The winters of 1889 and 1890 were occupied hlmost exclusively in procuring the 
eggs of (Jymutogaster, of which I intended to make a special study. 

VIVIPAROUS FISH O F  T H E  PACIFIC COAST. 

The prominent feature of the ichthyological fauna of the west coast of America 
is t h e  presence of large numbers of viviparous forms. There is probably no other 
region in the world naturally so favorable to a study of viviparous fishes, and there 
is furthermore no month in the year during which the developing eggs of viviparous 
teleosts can not be procured a t  San Diego. Over 30 per cent of the teleosts found a t  
San Diego are viviparous and the extremes of viviparity are found among them. All 
the species known to be viviparous belong to two families-the Embiotocidw and the 
8corpmnidm. 

The Embiotocidm are found principally along the western coast of America. One 
species occurs in the Sacramento Valley, and three species inhabit Japan. The species 
found on the American coast inhabit quiet bays, beaches on which the surf breaks, 
and rocky pools. The range of distribution varies greatly with the different species. 
Some are found along the entire coast from San Diego to Puget Sound, while others 
seem to be restricted to a few miles. None of them descend to great depths and none 
inhabit the open ocean; they are shore fish. 

F, C. B. 1892-26 
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The following species are found in American waters: 

~ 

Species. 

List of the epeoiee of Embiotocidm found in Amerloan waters. 

[Shore flshes U h 9 0  otherwise specified.] 
~~ 

Distribution. 

Sebastolobus almcanus Bean ............. 
Sebastolobus macroohir (Giinther) ........ 
Sebaatichthy~ni~ocinctus (Ayrcs) ...... 
Sebnstichtbye serriceps J. & G ........... 
Sebastichthys rubrovinctus a. & G.. ..... 
Sebaatiohthys diplaproa Gilbert .......... 
Acutomcntum melanostomus (E. & E.) ... 
Acutomentnm macdonnldi E. & B ........ 
Acutomentum ovalie (Ayres) ............ 
Acutomentum alutus (Gilbert) ........... 
Primospina myetinus (Jordan & Gilbert). 
Primospina entomelas (Jordan &Gilbert). 
Sebastosomus flavidus (Ayree) ........... 
Sebastosomus serranoides (E. & E.) ...... 
Sebsstosomue melanops ( G i r d )  ......... 
Sebastosomus ciliatus Tiles.. ............. 
Sebastodea paucispinis Ayres) ........... 
Sebastodeegoodoi E. & k. ................ 
Sebastomus ca ensis Linnreus. 
Sebastomus rufus (E. & E.). .............. 
Sebastomus miniatue (J. & G.1 ........... 
Sebastomus inni rer (Gill) ............... 
Sobnatouius revis b. & E.) ............... 
Sebastomue m e u s  (E. & E.) .............. 
Sebastomus constcllatus (J. & G.). ....... 

Sebaatomua rosaceus (Girnrd) ............ 
SebaRtomus rbodochloris (J. & G.). ....... 
Sebsstomus gilli (E.) ..................... 
Sebnstomus rupcstri8 Gilbert) ........... 
Sebastomus eo8 (E. &$.) ................. 
Sobastomus chlorostictue (J. ,& G.) ....... 

( I )  matzubmre Hilgendo rf..... ........... 

Scbastomas umbrosue (J. & (3.) .......... 

Hypsorns caryi Agasaiz ............................ 
Daninlichthya nrgyroeomus Girnrd.. ................ 
Hvperprosopon nnalis Agasaiz.. .................... 
Hbliorprosopon argentous Gililions.. ................ 

Amphistichiis nrgentuus Agassiz 

Ilkperprosopon agaesizi Gill ........................ 
Hblconotus rhodoteriia Agnssiz ..................... 

I Rbncochilue toxotes Agnssiz. ....................... 
Embiotoca jacksoni A nssiz ........................ 
Phanerodou fiircatu8 Girnrd ........................ 
Phanerodon ntrinos Jordnu & Gilbert ............... 

.................. 

I'hancrodon lntoralis .&assiz ....................... 

960 feet. .......... Off Trinit Islands. 
2 100 feet .......... Southern 8alifornia to Ja  an. 
deep water. ...... Monterey to Vancouver gland. 
10 to 90 feet.. ..... Cerros Island to San Francieco. 
300 to 600 feet.. ... Snn Diego to Monterey. 
740 feet.. ......... Southern California. 
600 to 1600 feet. ... Sm Diego. 
600 feet.. ......... San Diego. 
300 feet ........... San Diego to San Franeisco. 
900 feet ........... Southern California. 
100 fcet ........... San Dicgo to Pu e t  Sound. 

( 1 )  Port Harford to%lonterey. 
90 feet ............ San Diego to San Francisco. 
100 to 300 feet.. ... San Diego to Sm Francisco. 
90 feet ............ Monterey to Sitka. 

( 1 )  Alaska. 
90 to 600 fcet ...... San Dicgo to San Francisco. 
600 to 900 feet.. ... Snn Diego to San Franoisco. 

Alaska. 
Coast of Chili and Cape Seas. 

( '0 
( 9) 

600 feot ........... San Diego. 
100 to GOO feet.. ... San Diego to San Francisco. 
GOO feet. .......... San Diego to Puget Sound. 
250 to GOO feet.. .. San Diego to Monterey. 
250 to 600 fcet.. ... Sau Diego. 
90 to 800 feet and Yan Diego to San Franciaoo. 

Santa Barbara. ( 7 )  
100 feet.. ......... Ban Dicgo to San Francisco. 
Deep water.. ..... Monterey to San Francisco. 
000 feet ........... San Diego. 
900 feet ........... Southern California. 
600 fcet ........... San Diego. 
a00 feet ........... San Dlego to San Francisco. 

deeperl 

Urnchyistiua frdnatiis Gill .......................... 
I~rachyistiue rosnceu8 Jordan & Gilbert ............ 
Crmatoanstor naareantus Gibbons.. ................ 
a'beona-minima'%ib6ous ............................ 
Abeons aurora Jordan & Gilbert .................... 
Hystorocarpus traekii Gibbons.. .................... 

San Diego to San Francisco 
San Diego to Pogct Sound. 
Port Harford to Snn Francisco. 
Encenada to Astoria. 
Santa Barbara to San Francisco. 
San Diego to San Francisco. 
San Diego to Cape Flattery. 
San Diego to  San Francisoo. 
Sau Diego to Puget Sound. 
San Diego to Puget Sound. 
San Die o to San Francisco. 
Cortes &.nk to monterev. 
San Die o to Puget 6 o d d .  
Off San kmcisco ,  deep water. 
San Diego to  Pug& Sound. 
San DieEo to Sa% Francisco. 
Monterey Bay. 
Fresh waters of Central California. 

Of all these, Cymatogaster aggregatws is one of the most abundant species between 

In the deeper water the viviparous species of 8corpmidm replace the Embiotocidw. 
The following species of Viviparous 8corpmnidctJ are found on the west coast of 

San Diego and San Francisco. 

America : 
Liet of epecies of viviparous Scorpmnidm found on the Weet Coaet of dmerioa. 

Name of speoiea. I bution. 1 Horizontal distribution. Vertical distri. 
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List of crpeciee of viviparous Soorpimidm found o n  the Weet Coast of America-Continued. 

30 feet a%w high 

( 9 )  
( 1 )  

water. 

- 1 Vertioal distri- 1 bution. Name of specics. Horizontal distribution. 

................ ........... i ............ ........... ~ U b l t H t u I I I U H  rl ibm (Ayruu) 300 feet 
Ptoroptitlim aintwaia (Gilbert). 870 feet 

I l’turoiiotliia euxieoln (Gilbert) ............ I 000 feot ........... .......... 
Pteropodus olongatue (Ayros) ............ 300 feet.. ......... 
Pteropodus roriger (d. & G.) ............ 300 to  000 feet.. ... 
1’toroi)odus ati-ovirens (J. & G.) 

I’teropodus zacentrus (Gilbert) ........... I 900 feet..  ........ 
Pturopodus ererispiua (Bean) ............ 
Pteropodus iunliger (J. & G.) ............. 
Pteropodus roam E ....................... 
Ptoropotliie dnllii (E. & n.) ............... 
I’toropodiis caoriucis (J. & 0.) ........... 
Pterupodiis voxillarh tJ. & G,). .......... 
PtcrtGodus rnstrelliner IJ. & G . ) .  ....... .I 
l’teroiiodus nobulus& ,Lyres) .:... ...... 
Pteropodus carnittun (d. & G.). .......... .I 
Pteropodae clirysoinelas (J. & G.) ......... 
Auctosliinn aurora (Gilbert) .............. ......... I Auotospina aurioulatus ,(Girnrd) 

( 1 )  
Dee > water.. ..... 
,100 foet ........... 
‘1 000 feet .......... 
&face ........... 

~ h s h o w  water.. .. 

San Diego to Piigot Sound. 
West coast Lowor California. 
Southern California. 
Snn Diego to San Francisco. 
San Diego to  San Francisco. 
San 1)iogo to  Snn Francisco. Alnskn. 
Southern California. 
Yontorey to Sitka. 
Port Hmford. Fossil. 

San Franoisco. 
Puget Sound to  Sitka. 
Snn Diego northward. 
Snn Diogo to San Franoisco. 
Port Harford to Vancouver Island. 
San Diego to Snn Fmnoiaco. 
Snn Diego to San Brmoisoo. 
Southern California. 
Cerros Island to Vancouver Island. 

The depths are only approximate. I have given the shallowest and deepest 
waters recorded (mostly in my notes) for each species. I have found them very abun- 
dant, both in individuals and in species, to a depth of about 600 feet, the depth a t  which 
much of t h e  winter fishing is done in the neighborhood of Sen Diego, Dr. Gilbert, 
when with the Albatross, found a number of species at a depth of 1,600 feet. 

A contemplation of these long lists of viviparous fishes naturally leads one to 
suppose that peculiar conditions must exist, or must have existed, to develop such an 
amazing number of viviparous forms. The action of environment, or the production 
of similar results by similar causes acting upon so widely separated families as the 
Embiotocidte and Scorpamidte, seems evident. The conditions must here have been, 
and probably are, more favorable to the survival of those species producing living 
young than elsewhere. That the conditions must have been favorable to viviparous 
species for a long period is evidenced by the large number of species now existing and 
by the advaiiced stage of viviparity of the Embiotocidm. Cymatogaster far surpasses 
all other known species of fishes in the degree of its viviparity. 

If the degree of viviparity is a criterion, the Embiotocidm have been much longer 
viviparous than the Scor~mnida., and I have discovered a fossil Pteropodus * (rosm) in 
the cretaceous a t  Port Harford. Tho Embiotocida. would, therefore, date back still 
earlier, What these conditions are, or have beell, is of course a difficult question to  
determine. 

~~ ~ ~~ 

‘There is a possibility that  the deposit from which the fragments of this species were taken is in 
part a prehistoric rofuse heap, in which case this observation loses much weight. At Port Harford 
a rather steep hill rises several hundred feet from the beach. At about 20 fee$ from high-water 
mFrlr: there is an old railroad cut. In  the bank thus exposed, which was water-worn at the time I 
visited it, thoro wore found many fragments of ash bones, chiefly vortebrm, and crustacean shells and 
mollusks. The mollusks, which were unquestionably fossil, were similar to those found all over the 
hill, even to its top; ,crustacean shells and fish bonos I found only a t  this cut, about 2 feet from the 
surface. Among the fragments of fish bonos I found a port of a preoporcle of a Ptwopodue allied to  
nebulosus. The most of tho fragments have not been identified. 
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TYPES O F  VIVIPARITY I N  TELEOSTS. 

A t  least two types of viviparity may be distinguished in fishes: first', those in 
which the yolk furnishes all the intraovarian food (€'Cecilia,* Gambusia, Scorpmnidmt) ; 
and second, those in which the greater part of the food is furnished by the ovary 
(Blennius, $ Anableps, 0 and Embiotocidm). 

In the first type the number of young i8 usually not less than in related oviparous 
forms, while thenumber of young in the second is always greatly reduced. 

In the largest of the Xcorpmnida., h'ebastomus levis! which reaches a weight of 
about 30 pounds, the ripe eggs, about 1 mm. in diameter, would fill several quarts;Tl 
since each of these develops into a larva before it is freed from the ovary, the max- 
imum number of living young produced by this class of viviparity reaches inany 
thousands. Stuhlmann in 1887 recorded 405 young for Zoarces; this he considered a 
remarkable number. 

The size and comparative development of the young of this class of fishes a t  the 
time of birth is of course much less thaa in the second class of viviparous fishes. 

The number of young observed in different species of viviparous fishes is as fol- 
lows : Sebastomus, many thousands ; Sebastes marinus ( f i de  Ryder), 1,000 ; Gambusia 
patruelis (fide Ryder), 20 to 25; Anableps gronovii ( p d e  Wyman), mother. 7 inches long, 
with 4 to  5; 10 inches long, 18; 10 inches long, 7, each about 24 inches long. 

Embiotocidm.-The number of young in any species varies greatly with the age of 
the parent: Hysterocarpus traski, 16; Hyperprosopon urgenteus, 7 to 12 (Dee. 17); 
Hypsurus caryi, 8; Ditrema jacksoni, 8 1 1  to 60; Phanerodon lateralis, 21 to 80; Phan- 
erodon ficrcatus, 10 to 23; Amphistichus argenteus, 47 to 80. 

~- -___ - 
* In Pfficiliu (Duvernoy, 1844) and in  Gambusia (Ryder, 1885) the egg is fertilized and the embryos 

remain in the original ovarian follicle till  near the close of gestation. 
t In  the Scorpmnidffi (Ryder, 1886; Eigenrnann & Eigenmann, Proc. U. S. Nat. MUN. 1892) the fol- 

licle ie ruptured before impregnation takes place, bu t  the egg remains niechanically inclosed within 
it, and the blood supply of the follicles is continued till near the end of gestation. The term of ges- 
tation in  Sebastichthys (rubrovinctus) lasts perhaps little over two months. 

t In  Blennius (Rathkc, 1883; Stuhlman, 1887) the egg is impregnated while still in the follicle, in  
which it undergoes the early stages of its development. At the end of three weeks i t  is freed; the 
embryos remaiu three months longer in the ovary. The food  upp ply seems to be furnished through 
the old follicles, and this method is but an extension of that  found in Sebaetea and its relatives. 

$ I n  Aizableps (Wyman, 1850), whose early stages have not been observed, the la rva  are sur- 
roundedby a vascular membrane, which is connected with the ovarian wall, even in embryos an ineh 
long. The yolk bag increases 
in size and is provided externally with a series of papilliu. 

The stages before the absorption of the yolk have not been obaerved. 

A very moderatq estimate would be 2 quarts. 
llThe small nnmber of young in  Agassiz's specimens was probably due to the lutesees of the 

ueason, a time when only small individuold are still with young. 
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HISTORICAL NOTICE O F  EMBIOTOCIDIE. 

The fact that the species of Embiotocida: are viviparous was nearly simultaneously 
discovered by J. E. Lord, a t  Vancouver Island; A. C. Jackson, a t  San Francisco, June 
7,1852 j W. P. Gibbons, a t  San Francisco; arid Dr. Thomas H. Webb, May 3,1852, a t  
San Diego.” 

Prof. Agassiz published the first account of these fishes in 1853 (collected by 
Jdkson).  

The interest excited by the announcement of the discovery is shown by the fol- 
lowing account from Prof. Gill’s Prefatory ” of his Bibliography of the Fishes of the 
Pacific Coast of the United States to the eiid of the year 1879. 

The fishes of California remained absolutely unknown till 1839, when a glimpse, but an entirely 
inadequate one, was furnished by Lay and Bennett in  their notes and account of specics collected 
during the voyage of the English vessel Blossom ; a long silence then supervened, and, with the excep- 
tions thus signalized, and the addition by Storer of a single species of SyngnatRus in 1846, west-coast 
ichthyography commcncod in 1854 with the announcemont by Prof. Agassiz of the diseovery of the  
remarkable family of Embiotocoids. This W ~ B  speedily followed by numerous communications by Dr. 
Gibbons, Dr. Girard, and Dr. Ayres, on new species of fishes, mostly from the Californian waters, 
but  partly from Oregoniau ones. As early as 1858 nearly two hundred species had beeh made known. 

The exact date of Lord’s and Gibbons’s t observations I do not know, but Webb 
has a whole month’s priority over Jackson. Jackson, however, communicated his dis- 
covery to Louis Agassiz, so that his observations were made public in the fall of 1853, 
and Dr. Webb’s not until May, 1854, and more fully in 1858, while Ilord’s account did 
not appear till 1866. Since the notes are brief I will give in their own words the 
observations of these gentlemen. Gibbon’s account I have not seen. Mr. Jackson, in 
a letter to Agassiz, states : 

On the 7th of June I arose early in the morning for the purpose of taking a mess of fish for break- 
fast: pulled to  the usual place, baited with crabs, and conimenced fishing, the wind blowing too strong 
for profitable angling. Nevertheless on the first and second casts I fastened the two fishes, male and 
female, that I write about, and such were their liveliness and strength that  they endangered my slight 
trout rod. I however succeeded in  bagging both, though in half an hour’s subsequent work I got not 
even :I nibble from either this or any other species of fish. I determined to  change tho bait to  put 
upon my hook a portion of the fish already caught and cut for that  purpose into the largest of the two 
fish caught. I intended t o  take a piece from the thin part of the belly, when what was my surprise 
t o  see coming from the opcning thus made a small live fish. * * * I was vastly astonished to  
find next to  tKe back of the fish and slightly attached to i t  a long very light violet bag so dear  and 
so transparent that  I could already distinguish through it the shape, color, arid formation of a multi- 
tude of small fish (all facsimiles of each other) with which i t  was well filled. It There can 
not remain in  the mind of any one who sees the fish in the same state tha t  I did, a single doubt that  
these young were the offspring of the fish from whose body I took them, and that  this species of fish 
gives birth to her young alive and perfectly formed, and adapted t o  seeking its own livelihood in the 
water. The number of young in the bag was nineteen and every one as brisk and lively and as inueb 
a t  home in a bucket of R a l t  water as if they had been for months accustomed to  the water. 

He states: 

* 

* Brevoort records a specimen of viviparous fish discovered by Dr. John L. LeConte in  1851. See 
ants under ‘‘ Uitrenia temntinokii,” and Prof. Geo. Davidson, of the U. S. Coast Survey, tells iue that  
he had noted their viviparity long before any published notices of the fact appeared. 

t Agassiz (1854, 368), states: I‘ I have just  been informed (February 28 [l854]) that  the California 
Academy of Natural Sciences claims for Dr.W. P. Gibbons the discovery of the viviparous fishes upon 
which I had established the family Holconoti. * * * Dr. Thomas H. Webb, one of the scientifio 
corps of the Mexican Boundary Line Commission, has sent me * * * the following abstract from 
his diary dated San Diego, May 3, 1852: ‘Caught a number of s ~ ~ a l l  fish, about 2 or 3 
inches long, each of which contained tell or twelve living young.’” 

* * * 
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This speoies was Ditrema jacksoni. Agassia adds a note as follows: 
It will be a matter of deep interest to trace the early st:hges of growth of these fishes, to examine 

This was,, however, not done in the forty years after the above was written. 
Prof, Agassiz described the structure of the ovary as follows: 
It consists of a large bag. * ' * Upon the surface of it large vascular ramifications are seen, 

and it is subdivided internally into a numbcr of distinct pouches, opening by wide slits into the lower 
part of the sack. This sack se0ms to  bo nothing but the widened lower end of the  ovary, and tho 
pouches within it to  be formed by the folds of the ovary itself. In each of these pouches a young is 
wrapped up as in  a sheet and all art3 packed in the most economical manner as far as saving space is 
concerned, some having thcir head turned forwards and others backwards. This is therefore a 
normal ovarian gestation. 

the structure of the  ovary and the eggs before fecundation talres place, etc. 

Ee further gives the relative sizes of adult end young. 
Dr. Webb's account as given by Girard is as follows: 
On May 3 (1852), during boisterous and cold weother, Capt Ottriuger caused his seine to be 

drawn across the harbor (San Diego). Cnuglit many tiger and shovcl-nosc eharks, two flounders, 
two specimens of a fish somewhat like our sculpin, also a number of small fibh about 3 or 4 inches 
long, each of which contained ten or  twelve living young. 

Girard (1858, p. 165) adds the following to Webb's account: 
Eggs are formed within the texture of the ovarian uielubranee theniselvcs. " * " The sheath 

(ovarian walls) and the ovaries are gradually increasing in bulk, as the eggs themselves first increase 
in size and the embryos afterwards, The sheath i s  chiefly a muscular membrane, whilst the ovaries 
are altogether vascular. 

When mature, the eggs either fall iuto t'he space between the memlmme or ovarian pouches, or 
else remain attached t o  the ovaries until the  embryos issue out of them. We are inclined t o  think 
that they drop into the pouches as eggs. A t  any rate we found very young embryos loosely con- 
tained in the ovarian pouches, when no trace of the egg membrane could be seen within the tissues of 
tho ovaries. 

After leaving the egg8hell they have an abdominal bag containing the remaining yolk, * which 
is gradually absorbed during a period'when neither the mouth nor the ocsopbagus are formed. * * * 
The soft and articulated portions of the dorsal and anal fins next assume 8 development reaching 
extraordinary proportions, which they again gradually lose as soon as free from parental sheltering. 

Under the head of Xmbioticu juck8oni he states : 
To the  upper roof of the  sheath are firmly attaohed some highly vasculsr membranes hanging 

downwards and dividing the whole tube into elongated pouches or compartments. Five of these 
vwcularmembranes were found to  be present, and by an attentive examination it was soon discovered 
that  they were in fact the true ovaries, two in number, as required by  the law of symmetry. 

Mr. Lord (1866, pp. 106-114,116-119) gives the following account of his discovery 
and observations :t 

At San Francisco, as early as April, I saw large numbers of viviparous fish in  the market for 
sale; but  then it is an open question whether these fish really arrive a t  an earlier period of the year 
in the  Bay of 6an Francisco than at Yancoiiver Island. That they are taken earlier in 
tho year is simply due to  t h e  fact that  the  fishermen a t  San Francisco have better nets and tiah in 
deeper water than the Indians, and consequently take the fish earlier. The habit of the fish is 
clearly to  come into shallow water when the period arrives for producing its live young; and from 
the fact that  some of these fish am occasionally taken a t  all periods of the  year, I am induced t o  
believe tha t  they do not in reality migrate, bu t  only retire into deeper water along the coast, there t o  
remain during the winter months, reappearing in the shallow bays and estuaries in .June and July, 
or perhaps earlier, for reproductive purposes j here they remain until September, and then entirely 
disappem. 

I think not. 

* Prof. Byder has already shown tha t  this observation is erroneous. 
t For this account I ain indebted to  Dr. Theodore Gill. 
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They swim close to the surfiwe in  immensc shoals, and numbers are very craftily taken by 
the Indians, who literally frighten the fish into their canoes. At low tide, when a shoal of fish is in  
the bay or up one of these large inlets that intersect the coast line, the savages get the fish between 
the banks (or the rocks, as it may be) and the canoe, and then paddle with all their might and main 
among the terror-stricken fish, lashing the  sea with their paddles and uttering the most fiendish 
yells. Out leap the fish from the water, in  their panic to escape this (to their affrighted senses) 
terrible monster; and if not out of the frying pan into the fire,” it is out of tho sea into the canoes- 
which in the long rim I take to be pretty much the same thing. 

It appears to be a singular trait in the character of viviparous fish, that  of leaping high out 
of the water on the slightest alann. I have often seen them jump into my boat when rowing through 
a shoal, which is certainly most accommodating. The Indians also spear them; they usc a long, 
slender shaft with four barbed points, arranged in a circle, but bent so as to  make them stand nt a 
considerable distance from enoh other. With this spear they strike into a shoal of fish, and generally 
impale three or four; many are caught with hooks, but they bite shily, the only baits I have seen 
taken being salmon roe nearly putrid, or bits of crab. 

Just  prior to  my leaving Vancouver Island, numbers were netted by Italian fishermen who 
had a seine. They found a rcady sale for them in the market, but as a table dainty they arc scarcely 
worth eating; the flesh is insipid, watery, and flabby, and I am convinced that no system of cooking 
or culinary skill would ever convert it into a palatahle fish. 

The geographical range of viviparous fish, as far as I have any opportunity of judging, is 
from the Bay of Sen Francisco to  Sitka. It may, perhaps (and I have but  little doubt that  it does), 
extend much farther south along the Mexican coast; but this I can only surmise, never having seen 
them beyond the limits above stated. It frequents all the bays and harbors on the east and west 
sides of Vancouver Island, and is equally abundant in  the Gulf of Georgia and the  Straits of Juan 
de Fuca; making its appearance about the same period, or perhaps somewhat earlier, in  the various 
inlets on the Oregon coast, from Cape Flattery to the  Bay of San Francisco. 
perhaps, before I go into the  subject of its specific characters and singular reproductive organs, 1 
should mention how I first stumbled upon the fact of its being viviparous. 

Soon after I arrived at Vancouver Island, I at once set to  work to  investigate, hs‘far as i t  lay 
in my power, the habits and periods of migration of the different species of fish periodically visiting 
the Northwest const. The sole means then at my disposal to obtain fish for examination, or as speci- 
mens t o  send home, was to  employ Indians or catch them myself; so it happened, some of these were 
first brought me by Indians. Cutting one down the side (the plan I usually adopt to  skin a fish, 
keeping the opposite side untouched), to  my intense surprise, out tumbled a lot of little fish. My 
wildest dreams had never led me to suppose a fish I then thought was a bream, or one of the perch 
family, could be viviparous. I at once most hastily arrived a t  the conclusion that the greedy gour- 
mand had eaten them; dropping my knife, 1 sat in a most bewildered state looking at the fish. 

The first ray of light that  shone to  illumine my mystification seemed to spring from the fact 
that  each little fish was the model, counterpart, and.facsimile of the larger, and in shape, size, and 
color were exactly alike; from the position, too, they occupied in the abdomen of the larger fish, I was 
led at once t o  see the error of my first assumption, that  they had been swallowed. Carefully dissect- 
ing back the walls of the  abdomen, I discovered a delicate membranous bag or sac having an attach- 
ment to  the  upper or dorsal region, and doubled upon itself into numerous folds or plaits, and 
between each of these folds was neatly packed away a little fish; the bag was of bluish-white color, 
and contained fourteen fish. I had no longer any doubt that  tho fish was viviparous, and tha t  it was 
a true and normal case of ov’arian gestation. SO much for my first discovery; the details of my sub- 
sequent examination8 I shall again have occasion to  refer to. [Here is added an account of 
Jackson’s discovery.] 

I have spoken of this a t  some length, because it is a curious coincidence that  the same fact 
should have been discovered by two men, a long distance apart, about the same date, and by both in 
the same way-by sheer accident. 

Now we come to the  tiaklish question: HOW arc the yonng fish vitalized in t i e  abdomen of the 
mother? In  thin case I shall adopt what I conceive to  be the most straightforward oourse, which is 
candidly to  give my own thoughts, and solicit from abler, older, and better physiologists their opinions 
or theories, for I sincerely think this is a question well worth careful investigation. I believe the 
ovum, after impregnation, at first goes through the same transformations in the ovariuin as i t  would do, 
supposing i t  to have been spawned and fecundated in the ordinary spawning-bed, but  only up t o  a 

It will be just  as well, . 

* ’ 
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certain point; then, I think, the membrane enfolding the ova, that  have by this time assumed a fish- 
like type, takes on the character and functions of a placental membrane, and the  young fish are sup- 
plied by an umbilical cord, just as in the case of a f a t a l  mammal. But a third change takes place. 
There can be no doubt that  the young fish 1 cut  out, and that  swam away, had breathed before 
tlicy were freed from their mother: hence I am led t o  think that, a short time prior t o  the  birth of 
the young, sea-water has access to this marsupial sac, washes over tho infant fish, the gills assume 
their normal action, and the regular systemic circle is established. Maturity attained, the umbilical 
attachment snaps, and the little fish, perfect in  every detail of its organization, is lsunchcd into the 
deep to brave its many perils and shift for itself. The strong transverse muscles attached to the 
powerful sphincter (constituting the genital opening acting from the abdominal walls), I imagine are 
in  some way concerned in admitting the sea-water, and it appears a contrivance admirably adapted t u  
effect such a purpose; bu t  how impregnation takm place I may at once honestly confess-I do not 
know. * 

I 
can only conjecture that fecundation is accomplished through the medium of the sea-water, admitted 
by the curiously cell-contrived floodgate of the female, carryiIig in the milt-germs and washing them 
over the ova. 

Tho actual period of utero-gestation I ani by no means sure about, but I am inclined to think 
they breed twice in the year. It is worthy of remark that  the  young mature fish are very large, 
when compared witb the size of the mother. In  a female fish 11 inches in length, tlie young were 3 
inches long, the adult fish 4+ inches high, the  young an inch. 

The male is much like the female, but  more slim, and the milt just  like that, of other fish. 

. 

* x. * * x 

But now for the moat important feature in the history of these fish-that of bringing into the 
world their young alive, self-dependent, and self-supporting, as perfect in thcir minutest organization 
as the parent fish that gives them birth. The generativc apparatus of the  fcmale fish when in a 

, gravid state inay be defined as a large bag or sac. Ramifying over its surface may be Been a most 
complicated and strangely beautiful vasoular arrangement-a network of vessels, the use of which is 
clearly to  convey the life-giving fluid to  the infant fish, and carry it back again, after having served 
its destinedpurpose, to  be revivified for future use. The way the sac is, as i t  were, folded, and the 
different compartments made for the accommodation of eiubryoiiic fish, is most singular, and very 
difficult to describe clearly. 

You must imagine the  orange divided into 
its regular number of little wcdged-shaped pieces, and each to  represent a fish; that  the rind of the 
orange is a delicate membrane, having a globular shape, and easily compressed or folded. You now 
desire to  fit the pieces together again in the original orange-shape, bu t  you must begin on the outside 
of the globular membrane, pressing in  with each section a fold of the  membrane (remember that  
each represents a fish); when each piece is in its place, you willstill have the sac in its rounded form, 
but the rind or membrane has been folded in with different picces. I f  I have made myself under- 
Rtood, it will be seen tha t  there must be :L double fold of membrane for each portion of orange. This 
is exactly the way the fish are packed in this novel placental sac. If it were practicable to remove 
each fish from its spacc, and the sac retain its normal shape, there would be twelve or fourteen open- 
ings (depending upon thc number of young fish), the wall of each division being a double fold of 
membrane, the double edges wrapping or, as i t  were, folding over the fish. Now make a hole in the 
end of this folded bag, and blow it full of air, and you get at once the globe-shaped membranous sac I 
have likened to  an orange. 

The fish are always arranged t o  economize space; when the heiLd 6f a young fish points t o  the 
head of its mother, the next to  i t  is reversed, and looks towards the tail. I am quite convinced that 
the young fish are packed away by doubling or folding the sac in the same way I have endeavored to 
describe. 1 have again and again dissected out this ovarian bag, filled with fish in  various stages of 
development, and floating i t  in  balt water, have, with a fine pointed needle, opened the edges of the 
double merubranous divisions that  enwrap the BHh (the amount overlapping is of course greater when 
the fish is in  its earlier stages of development). On separating tho edges of tho sac, ont the little fislies 
pop. I have obtained them in all stages of their growth, but sometimes (and this not once or twice, 
but  often) have sef free the youug fish froin its dead mother. Thus prematurely cut loose from its 
membranous prison, the infant captive, reveling in  its newly-acquired liberty, awam about in  tho 
salt water, active, brisk, and jolly, in  every particular, as well able to  take care and provide for itself 

The best illustration I can think of i w  an orange. 

*It is perhaps needless to state that the above peragrupli is far from stating whut does take place. 
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as its parent. The female external genital opening is situated a little posterior to  tlie anal opening, 
the orifice is a t  its apex, and in the center of :t fleshy conical protuberance, which is in  fact a powerful 
sphincter muscle, moowd, as it were, in its place by two strong muscular ropes, acting from and 
attached to  the walls of the abdomen. 

The above account by Lord, as far as i t  de& mith the embryology, is largely 
conjecture and of no value. It is here given simply to complete the history of the 
work done on these fishes. 

James Blake, Proc. Gal. Acad. Nat. Sei., 111, 314-317, gives somewhat more 
reliable information. His paper is given in full: 

I am not aware that  the process by which the embryo of the Embiotocoid fishes receive the 
nourishment necessary for its growth, has ever been pointed out. It certainly differs from the three 
most comnion forms in which the embryo of other animals is nourished, as there is nothing like apla- 
centa by which they can receive nourishment from the mother; there is no supply of nutriment sur- 
rounding t,lie embryo as i n  the case of most oviparous aniinals, nor is the embryo brought into direct 
contact with the water, eo as to derive nourishment by absorption from the surrouiiding mediui ,  as 
is the case in oviparous fishes generally and in  nio& of the lower forms of animal life. The young fish 
is contained in a uterus which, in the undeveloped state, resembles very much the ovaries of the com- 
mon oviparous fishes, except that  its walls are thicker, and that the number of ova it contains isvery 
much smaller. In  the interior of the uterus, projecting from its sides, are a number of processes anal- 
ogous t o  those to which the ova are usually attached. These processes vary in number in different 
examples, but they are eo arranged that  each fcotal fish is in contact on every side with a surface of 
oue of these processes. They consist apparently of a menibraue composed of a cellular tissue, and 
scattered over their surface are a number of small ninmmillary elevations with an orifice in the center, 
and which are probably the organli by which the peculiar secretion of the uterus, to  be hereafter 
noted, is poured out. 

In an example I examined, in which impregnation had apparently just  taken place, nlimerous OVQ 

wore found adhering to these processes, although not at all in such numbers as in the ordinary fishes. 
I couuted thirty-eight in about the space of iln inch ; of those, ho~vever, but few can be developed, as 
the number of fmtuses seldom exceeds forty, and is sometimes only eight. In  the whole of the uterus 
there probably were from one hundred to  one hundred and fifty ova. Of the earlier stages of devel- 
opment, however, it ie  not my object to treat in  the present memoir, as I did not commence my inves- 
tigation sufficiently early to  be able to  fully make it out; as soon, however, as the embryo has 
advanced sufficiently for the fins to  be formed, these appendages are found to  be terminated by a 
number of digitations, which project from the free edges of the fin, and are usually found situatedone 
between each ray or spine. They are cornposed almost entirely of fine capillary blood-vessels, united 
apparently, by a very delicate and structureless membrane. They are so delicate that  unless great 
care is  taken in removing tho specimen from tho UtCr118, they are destroyed ; nor have I ever been able 
to discover them in specimens thilt liave been preserved in &lcohol. Theso processes seem continuoils 
with tlie membrane extended betwcen the rays of tho fins, )Jilt are much more delicate; they projcot 
from the free edge of the fin, sometimes as much as the eighth of an inch, and are, in  the fully devel- 
oped embryo, the fifteenth of an inch broad. On the free margin of eachdigitation, alarger capillary 
can be observed, which appears to  be continuous d l  around; i t  is about the .003 inch in diameter, the 
intermediate space being filled with a network of smaller capillaries. This liystem of digitations 
projects from the entire edge of the dorsal, ventral, mid caudal fins, but not from thepectorals. They 
in fact form a fringe around the entire Pody with the exception of the head and that  pnrt of the 
abdomen in front of the anus. 

Such is the structure of the organ that  evidently has some connection with the fmtus, resembling 
as i t  does so closely the early formation of the vascular villi and the placental tufts that  proceed from 
the chorion of the mammiferous embryo, and through wliicli i t  derives its nourishment before the 
placenta is fully formed. 

The question now presents itself as to how nourishment is conveyed from t,he parent to  the 
fa tus  through these tuft,st As before etated, the lining membraiie of the uterus sends off proceeses 
which surround each fmtus, without, however forming shut sacks ; but although these processes are 
very freely snpplied with blood-vessels, yet the finest injection failud to show aiiy niore vascular spots 
where the fcotal digitations might have been brought into more immediate contact with the blood of 
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the parent. 1 however was fortunate enough t o  obtain a fish, in tho uterus of which I discovered a 
considerable quantity of fluid, and on collccting i t  and submitting i t  tochemical tests, Ifoundthatthis 
fluid contained a considerable quantity of animal substance, resembling, to a certsin extent, some of the 
compoiinds that  are formed from albumen during the progress of digestion. The fluid was of yellowish 
color, translucent, dcposited on standing some small globules which under the microscope strongly 
refracted tho light, were not altered by acetic acid, but dissolved in other; probably fat globules; 
when heated thoro was no coagulation, although the fluid was not quitc so clear; solution of HgClz, 
caused no precipitate; tannin in solution causcd a yellowish precipitatc. I n  adding ether to  a por- 
tion of the fluid, there was a free disengagement of gas, a white flocculent precipitatc was formed, 
and on allowing the vessel to  stand the fluid separated itself into three portions: the upper portion 
consisting of pure ether apparently, then .a layer coutainiug white flocculi, which occupied about the 
fourth part of the fluid, and below this the remains of the original fluid, but  little altered in  appear- 
ance. There can, I think, be little doubt but tha t  i t  is through the medium of this fluid tha t  tho 
fmtus obtains its nourishment. The considerable portion of animal matter i t  contains, and that  too 
in a state particularly fittcd for absorption and for conversion into tissue, fits it for furnishing the 
f a t u s  with the elements necessary for its growth by absorption through the large surface of capillary 

‘vessels which are found in the vascular digitations that surround the fmtus, and which are constantly 
bathed in the fluid. The difficulty that up to the present timc has attended every attempt to  trace 
the connection bctween the parent and fmtus in  these embiotocoid fishes is owing, in the first plaee, 
to  the extreme delicacy of the vascular digitations of the fiotus, which prevents their being observed 
in  preserved specimens, and also to the  fact that  in almost every case the fluid sccreted by the uterus 
is entirely expelled by the  violent strugglcs of the fish when removcd from tho water, so that  it was 
almost by a rare accident that  I succeeded iu obtaining any. T hope, however, during tho coming 
season to be able more fully to carry out those researches. (San Francisco, January 21,1867.) 

Later he published the following ~iote, v, 371-372: 
Some months since I presented a communicatioi! to the Academy pointingout tho manner in which 

the fe tus  of the embiotocoid fishes was nourished whilst it was being developed within tho ovisac. 
I there stated that  the  ingress of water into tho ovisac would not tske place a t  all frecly, as the organ 
communicated with the surface by a narrow canal surrounded by muscular fibres. This structure of, 
the  oviduct would evidently oppose an obstscle to  the entrance of the semen into the ovisac for the 
purpose of impregnation, unless some means exist by which the ventral surfaces of the fish can be 
maintained in contact during the act of copulation, as the penis consists of a slightly dcvcloped 
tubercle which can not penctrate for any distance into the oviduct. From tlic dircction of the orifices 
of the penis and oviduct i t  is evident that  anything like a perfect contact of these organs can only be 
maintained whilst the fishes arc in  areversed position, so that the head of onc fish is towards the tail 
of the other. In  order that  contact may be maintained whilst in  this position, we find the anal fin of 
the male fish furnished with certain appendages which enablc it to  give a firm hold to the ventral fins 
of the female, SO that  close contact of the ventral surfaccs can be maintained. 

These appendages are of twolrinds. In Einbioloca, Danialichthys, and Rome other gencra we find a 
well-dcveloped mammary elcvation situated near the anterior part of the  anal fin on both Bides, termi- 
nating in front by a teat-like process. In  Amphicrtichus, ~ o ~ c o n o t u s ,  and some other genera this mam- 
mary appendago is wanting; but  its place i s  supplied by  a bony transverse plate with serrated edgcs, 
inserted in the fin some distance farther back and parallel to  the fiu rays. In addition to  these plates 
thcre are also found cartilaginous ridges with roughened borders, placed in front of the  plates and 
rnnniug parallel with the  edge of thc fin. I think thcre can be no doubt but  that  these fin append- 
ages serve the  purpose I have assigned t o  them, for on placing the fish in  the  reversed position, with 
the orifice of the oviduct and penis i n  contact, it will be seen that  they enable the ventral fins of the 
female to  secure a firm hold on the anal fin of the male, EO as t o  keep the  fish i n  contact during the 
process of copulation. At the  season of copulation the anterior surface of the anal fin in  the male 
becomcs covered with a thick layer of firm epithelium. As this commences at a sh’ort distance from the 
ventral attachment of the fin, a well-marked groove is formed a t  the base of the fin, which affords an 
additional hold for the ventral fin of the fcmale. After the season of copulation is overand the testi- 
cles regain their quiescent state, tliis epithelium almost disappears. At the samc time the mammary 
sack diminishes very much in size, so tha t  when tho testicles are reduced to their smallest size harclly 
a trace of the sack rcmains. O m  or the other of these forms of appendages have been found on the 
anal fin of the male in a11 the species of embiotocoid fishe8 I have cxamined. 
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Prof. Ryder (1885) discovered that what had been taken for a yolk bag by Girard 
was a projection of the abdominal profile, caused by the hypertrophied hind gut, and 
t h a t  the inner lumen of the hilid gut is filled with L L  villi of the most extraordinary 
length. * * If extended, some of these villi would more than reach across the lumen 
of the intestines.” Since no such structure is found in the adult lie thinks it “obvious 
that this hypertrophy of the hind-gut and remarkable developincut of eloilgated villi 
in the embryos of the surf perches has some im1;ortaut function to subserve during 
fatal  life.” This function he considers to be the digestion of the fluids secreted by 
the walls of the “ovarian sack.” 

Ryder studied material collected by Rosa Smith at San Diego, and from the date a t  
which this material was takeu he concludes L L  that during the months of October and 
November oiie would probably find the earlier stages, which are so desirable to clear up 
what must evidently be a most interesting chapter in vertebrate embryology.” He 
redescribes the highly vascular larval fills, and adds that all of t,he vascular digitatious 
at  the edges of the vertical fins receive their blood supply from the median aortic 
trunk, which reaches them through trunks given off from the aorta at irregular intei- 
vals of one, two, or even six muscular segments. At the base of the fins they subdi- 
vide into from two to six branches, which pass up a little to one edgeof the interradial 
space, giving off smaller trunks to the highly vascular interradial membrane nud end- 
ing in a flat sieve-like capillary mesh. The vascidar trunks do not correspond to the 
number of rays, a fact whioh indicates “that this singular vascular supply of the ver- 
tical fins of ernbiotocoid embryos has attained great specialization and must be of very 
great pliysiological importance.” 

He further describe8 the peculiar vascular supply of the caudal and of the skin. 
I3e finds that iiothiug is foiiiid in the adult which correspouds to this larval condition. 
All this arrangeinent he considers to be for the purpose of respiration and not for the 
purpose of absorbing nutriment from the ovarian space, as Dr. Blake supposed. 

As will be seen later, I consider that both these functions are in part subserved 
by this highly specialized vascular system. 

I. have published several notes on the eggs and development of the Bwzbiotocidcv, 
but siuce these observations will be extended and corrected in the following pages, it 
is not necessary to mention them further here. 
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CYMATOGASTER AGGREGATUS Gibbons. 

Cymatogaster aggregatus is probably the most abundant species of the Embiotocidce, 
and is found along the entire western coast of the United States and part of Lower 
California. 

Breeding habits.-During the summer and fall this species is rarely seen, as it  then 
probably lives a short distance off shore in deep water or among fields of Zostera. In 
November and December it approaches the shore in large numbers, and is caught 
with hook and h e  off the wharves in San Diego and San Francisco bays. The greater 

‘ part of the specimens so caught are females, there being rarely a male among them. 
This is probably due in part to the facts that the male is much smaller than tlhe female 
and, farther, that this is not the period of copulation. The largest females become 
gravid about the first of December (one very large one wa6 found with developing eggs 
on November 1, at Xan Francisco) ; by the middle and latter part of the same month 
the greater number of those taken are with eggs in various stages of development. 
During January the smaller ones caught are with developing eggs, while the smallest, 
those which do not take the hook and can only be procured with a seine, have eggs 
in similar stages during February.# The oldest are, as a rule, sexually ripe earlier in 
the season. The same variation of the time of maturation was observed in the other 
species of this family. 

Methods of studying lieing eggs.-The fishes were kept alive in salt water until 
needed. The spinal cord was severed and the ovary immediately excised and brought 
entire on a glass slip. The ovary was then slit open and the oviferous sheets 
unfolded. If there were free eggs they were placed together near a fragment of the 
ovary and the whole covered with a glass slip. The eggs could thus be examined in 
their natural fluid, and I have succeeded in keeping them alive for an hour. The 
oviferous sheets being very thin, a fragment of one could be spread out, covered and 

- 
*TIME OB MATURATION AND SIZE O F  EGG OF OTHER SPXCIES OF R Y U I O T O C I D B .  

Em~iotocujuck~o,ni: The first one with eggs was noticed November 12 (1889). One of the eggs 
found at this time was in  the two-cell stage, all were free from the follicle. The diameter of the egg 
membrane is about .7 mm., the  smallest observed being 3 3  mm., the largest .92 mm. The diametm 
of the yolk is about .45 mm. 

AnipAi8tiohucr a~gentcus. Diameter of the egg menibrane .65 to .68 mm. ; yolk .441 to  .49 xnm. ; oil- 
globules .14mm.; green egg8 near maturity .65 nun. The water space is therefore, as in Cymatogaater, 
formed by the contraction of the yolk during maturation. 

The specimens taken at Sen Djego, where I had an opportunity of examining large quantities, 
are of three sizes. The largest measure about 300 mm., the second in size 160 mm., and muoh smaller 
ones of variable sizes. There are, of eoiirse, intermediate sizes between the largest, 300 mm., and 
the second, 160 mm., but the groups are quite well marked. The largest have ripe eggs as early as 
November 12 (1889). The following is 
from my notes, December 19, 1889: “A large number of individuals taken to-day, 160 mm. long; all 
have the eggs nearly equally developed. The germ is nearly a t  the close of segmentation; the eggs 
are still inclosed in the follicle. Only in one specimen were the eggs free. In  these the gastrula 
covered t h e  entire yolk. December 27 one female 160 mm. long WLB obtained; the embryo is 
hatched; the yolk is aImost all absorbed. There is a oontinuons dorso-ventral fin-fold. These 
eggs, thcrefore, hatch in less than a week.” 

I did not determine the maturing period of the smallest individuals, but on December 10 I made 
the following note: “The smallest have eggs quite green.” 

On December 10 the largest contained young from 6 to  7 mm. long. The larvm a t  the end of the 
first mouth would probably average 7 mm. 

The second in &e have eggs near the middle of December. 
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examined, fresh. In this way many stages of growth of the egg could be observed 
in situ. The ovaries containing embryos or larvae are slightly translucent and, after 
some practice, can be distinguished from those not yet mature.” 

Methods of studying living larv&.-The same process of procuring the larvb is 
used as for obtaining the eggs. The very young are, however, much more difficult 
to’see than the eggs, and it is frequently necessary to spread out the tissues and ex- 
amine them microscopically before the larva can‘be found. It is to be borne in mind 
that in this species the maximum number of eggs maturing in a season is only 22, and 
since the eggs are minute it would frequently be difficult to determine whether an 
ovary was immature or contained young embryos if it were not for t h e  slight difference 
in the ovary itself as mentioned before. In these earliest stages the larva are very 
sensitive to  the condition of the mother. It has frequently happened that the larva 
have become distorted if the mother had been confined in a pail of water for half an 
hour and before she showed any signs of exhaustion. They are most sensitive when 
the circulation is just established, but are frequently found to be nearly dead after they 
have attained 20 mm. in length, if the mother has been confined in  standing water for 
several hours. For many stages this fact is very usefil, 8iiice the young can be thus 
stupefied and studied more readily. For the latest intraovnrian stages this method 
again produces distortions and coagulations in the vessels of the fins before the young 
is sufficiently stupefied. Partly asphyxiated larvae, 10-to 20 mm. loiig, can frequently be 
revived by simply placing them in some of the ovarian fluid on a glass slip, where they 
are exposed to the air. The method of removing a blood clot from the blood vessels 
can thus be observed very readily. 

Connection of the developing egg and Iarva with the ovarian structures.-Part of 
the maturation processes of the egg are undergone in the follicle, but in all probability 
the egg is freed from the follicle before segmentation. Unsegmented eggs have been 
found free betweon the  ovarian lamellae. The larvae alway8 fall out of the lamellx: if 
the ovary is immersed in any preservative fluid, and in the older stages the young can 
be seen to change head for tail in the ovary, SO it may be safely said that the eggs 
and young are, during no stage of their development, connected with any portion of 
the ovary. Sections of some stages of ovaries contiining eggs and young tell the 
same story. 

Positionof larva in the ovary.--Chard stated that in some species the embryos were 
regularly arranged in the ovary and that in Hysteroca<rpus traski (1859, p. 16) in which 
the young were nearlyready to be born (‘all of them had their heads in the same direc- 
tion as that of the mother, a circumstance for the first time noticed.” Tha8t the larvae 
are not definitely arranged in the species examined by me has already been mentiorled 
and is emphasized by the fact that in later stages they can change their position. 

*It  will be found to be more diflcult to study the different stages of the developiug cgg of these 
fishes than pelagic eggs, or even mrtmmahn eggs, because tho age of the contaiued eggs can not be 
known, %E in the case of mammals, and the different stages, if they are not incidentally procured, must, 
therefore, be sought by chance, a pr0CeEE which oftcn necessitates the examination of many individ- 
uals and consumes much time. To add to the dimcultp, the ~shes ,  after heavy rains or a slight fall 
of temperature, seek deeper water and can not be procured. Stages thus lost had to be sought in the 
next series (smaller specimens) to mature-a process which did not always prove successful. To 
balance this, there is an almost unlimited Supply Of specimens when the conditions are favorable. 
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-~ . - __ . -. 
No’ be- Axis cor- 

mother. 

Total 

young. 
No. of Sieo. 2% ZYZE ~~~~~~~E 

sacks. and ova 
rlan 

-____-____ 
11 18mm. 3 8 8 
14 21 6 8 6 
12 20 4 a 3 
11 .._ ..___. 6 5 G 
17 40 C ..................... 16 
14 14 ...................... 10 ...................... 7 ...................... 5 

To show their position in the ovary I have tabulated the following series: 

Axis re- 
versed that of to  

mother. 

3 
8 
0 
5 
1 

From this it is evident that there is no definite arrangement of the larvae as far 
as the ovarian sack is concerned, and scarcely any as far as the axis of the embryo is 
concerned, but the condition indicated by the larva 40 mm. long in the above list is 
repeated in all the largest Iarvm. That is, when they approach the period of extru- 
sion they come to lie with their lieads forward. This may be due to the fact that the 
gills being now well formed the lieads of the larv3e are turned to the origin of the 
oxygenated blood supply, which is a t  the anterior end of the ovary. 

I~traovarianfoocl.-The yolk, both on account of its sinall size and because it is 
not absorbed until very late, is evidently not sufficient to account for tlie growth of 
the einbryo and larva. I t  disappears months before the intraovarian development is 
complete. There is probably general surface absorption through the whole of the 
ovarian life and, as we shall see, there is evidently intracellular digestion in the epi- 
dermal cells in the eggs. The yolk is scarcely if a t  all diminished before the zona bursts, 
and yet growth is so rapid that the mere size of the einbryo bixrsts the zona long before 
any movements are evident on the part of the young. This process of absorption by 
the general surface practically supplies all the food until the first gill-slit is open. 

With the opening of the first gill-slit a new process begins-the absorption by the 
intestinal canal. Before the niouth is opened a continuous stream of the h i d  contents 
of the ovary enters the first gill-cleft, aud passes apparently unchanged through the 
anus. This process caii frequently be observed. 

This continuous stream is due to the presence of cilia in the intestinal tract. 
The blood corpuscles and solid particles of the ovarian tlujd seem to get into sinit11 
whirlpools if they approach the side of the tract. Part of this may be due to the 
presence of spermatozoa, which frequently fasten themselves in clusters on the inner 
surface of the intestinal tract while their tails are kept in active vibration. The 
spermatozoa remain in the ovary during several weeks of gestation; 

In  one individual the stream into the gill-cleft was especially noticeable, as the 
strea8m contained many blood corpuscles which had been freed when the ovary was 
slit open and a large number of highly active spermatozoa. With the opening of tlie 
mouth long villi appear in the hind gut, and the process of digestion proper is estab- 
lished. Soon after this the spermatozoa disappear froin the ovarian fluid, being in all 
probability digested in the hind gut. Succeeding the opening of the mouth, a solid 
mass of substance is frequently found in the intestines, which is compoaed of the solid 
particles of the ovarian fluid and which in part is composed of these sperumtiozoa.* 

--_ .- _I_- _____ ______ - - 

* In ing first riotico of this fish T did not know the meaning of the inass nor did I then know that 
food is taken in through the hyolnenclibular slit before the mouth is open. 
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As I have stated before, food absorption is probably continued by parts of the 
general surface throughout intraovarian existence, and is greatly facilitated in later 
stages by the highly vascular fins. 

The food absorbed and digested is furnished by the ovarian lamella? themselves. 
These structures are much greater than is necessary to bear the few eggs, and theF 
are so constructed that they oKer the greatest uninterrupted surface possible. 

The intraovarian food entering the intestines consists in great part of solid cell- 
like particles. These are found both in the gravid ovary and in the intestine of the 
embryo. They, together with the ovarian fluid, are the product of the lining epi- 
thelium. The individual cells of this structure become disteuded with an unstainable 
fluid. At  the outer margin of these distended cells are seen. nucleated bodies in all 
stages of separation from the epithelium. At first I supposed thein to be the product 
of the epithelial cells, but am more inclined nom to consider them the cells themselves 
deprived of their fluid contents. These cells are found in the iiitestiiie of the larva, 
in early stages, few in number, in later stages forming a solid mass. 

The amount of fluid in the ovary a t  any time is very small in 0. aggregatus, but 
is very much greater in some other species. Till the young has attained a length of 
several millimeters there is no more of i t  than there is serum in the body cavity. I n  
the later stages, when the lamells are stretched to their utmost and the higlily 
vascular fiurface of the fins is brought in coiitact with them, direct dialysis, primarily 
for oxygenation, probably takes place between the cells of the ovarian lamellm and 
those of the young. 

Intraovarian respiratiolz.-That there is the closest intimacy between the respira- 
tion of the mother and young has been proved by the fact that the latter shows signs 
of asphyxiation before the former shows exhaustion, i. e., if the mother is kept in stale 
water; if she is taken from the water she will die before the young. The embryo arid 
larvre are a t  a11 times iri contact with the structures of the ovary which derive their 
blood directly froin the gills. During the early stages the highly active spermatozoa 
keep the ovarian fluid in circulation and thus help the ciliated liniug of the intestine of 
the larva to bring oxygenated albumen from distant p r t s  of tlhe ovary; while later the 
highly vascular fins and general surface of the body are in direct contact with the 
ovarian sheets. As the body becomes covered with scales the surface of the fins 
increases. It has already been stated that partly asphyxiated young can readily be 
revived by exposing them to the air in some of the ovariau fluid, a fact which seems to 
demonstrate the affinity of this fluid for oxygen. Respiration is probably also carried 
on through the stream of ovarian fluid flowiiig through the intestine, as Stuhlmann 
has suggested for Zoarces. The young, unless they have nearly reached maturity, 
invariably die if they are placed in either fresh or salt water. 

Duration of gestation and adolescence, and number of young.-The exact date at 
which the young are sgt free I am not able to tell. Some are freed as earIy,as April, 
while others are not freed till June. The probable duration of gestation, counting 

' from December 1 to May 1, is five months. The following February the smallest 
individuals are sexually mature. The time from the birth of one generation to the 
beginning of the next is therefore about ten months. Usually all the eggs in an ovary 
are equally tlevelopod; only rarely was any marked difference observed. In one case 
one young was apparently four weeks older than the others. 



416 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

5 m m  ................. 17 
8 th  segment(?) ....... 10 
Yolk inclosed. ....... 14 ...... do .............. IO ......................... 7 
Not ripe.. ............ ( 5 ~ x 8 )  ........................ 6 ........................ I 9  

4 eggs ripe.. .................. 
Bluetopore Closing.. .. 11 
7 m m  ......................... ........................ 16 
Not ripe ..................... 
Hatched.. .................... 
J u s t  hatolied ................. 
No protovertebrm .... 13 ........................ 13 
6 m m  ................. 11 
12 m m  ....... ...I.. ........... 
Gmm ......................... 
2.6mm ....................... 
4 m m  ......................... 
8 m m  ......................... 
Segmenting .......... 7 
Segmenting .......... 10 
Segmenting .......... 8 
3 m m  ................. 
2 mni ................. 
Segmcntiug 

................................ 

Malforiiiations are rare. Double-headed monsters or similar forms have never 
been seen. In one case the lower .jaw was distorted; in another one eye was destroyed; 
in fact all the malformations found were evidently due to causes acting after hatching, 
overcrowding, etc., and entirely different in kind frotn those producing double 111011- 

sters. Nonfertilized eggs were not found unless the single dead egg found among all 
of those examined died because of nonfertilization. It is of course not to be expected 
that any eggs should escape fertilization when they are permanently surrounded by 
a fluid highly favorable to the longevity of spermatozoa. 

The following table will enable us to form some estimate of the number of young 
and the rate of growth. Most of the individuals obtained during one season are 
recorded. It must be borne in mind, however, that no small mothers were obtained 
in the early part of this Beason. Some valuable embryos and larva can not be recorded 
here because I conld neither beg nor buy the mothers and secured the young only by 
offering to clean the fish for the captor. 

The first column gives the ovaries in the numerical order in which they were pro- 
cured. The headings sufficiently explain the remaining columns. 

Not ripe.. ................... 
12mm ................ 
5mni ................. 
Jus t  hatched. ........ 
Segmenting .......... 
Segmenting ........ :. 
8 m m  ................. 
6 n i m  ................. 
6mn1 ................. 
5tmm ............... 
Segmenting .......... 
Segmenting .......... 

mm .............. 
Hatched.. ................... 
Segmenting .......... 
2.5mm ............... .............................. .............................. .............................. 
7mm ........................ 
5tmm ................ 
Brnm ................. 
7mm ................. 
15inm ................ 
5nim ................. 
Zmm ........................ 
2 mm .... :-. ................. 
Zmm ........................ 
5 m m  ................. 
i nim ................. 
14mm ................ 
IOmm ................ 
Empty. Ovary still 

.. .do ........................ 
Empty. Ovary re- 

dl1CQd to nonhal. 
Empty. Ovary re- 

duced to normal. 
IRmm ................ 

very large. 

-_ 
N U  

__ 

I 

4 

t 

I 
f 
I 

I( 
11 
1 2  
13 
1 4  
15  
16 
17 
18 
19 
30 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 - 

20 
I 

11 
14 
13 
17 
18 
22 
16 
12 

(8 
7 
g 

17 
20 
18 
16 

g 

6 
7 
8 
9 ....... 

. . ~ ._. . 

....... 
5 

Date. 

1890. 
Nov. 1 
Nov. 30 
Nov. 30 
Nov. 30 

Dee. 15 
Dee. 15 

Deo. 15 
Deo. 1 5  
Dec. 18 

Doc. 18 
Dec. 18 
Dec. 18 
Dee. 18 
Dee. 18 
Dec. 23 
Doc. 23 
Doc. 23 
Dee. 23 
Dec. 28 
Doe. 28 
Doc. 28 
Dee. 28 

1891. 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 1 
Jan. 4 
Jan. 4 
Jan. 4 
Jan. 4 
Jan. 4 
Jan. 4 

-- 

Le:Pb 
mother 

171112. 
161 
141 
15( 
121 

101 
101 

13; 
15L 
10f 

1% 
135 
125 
125 
135 
150 
150 
140 
135 
110 
98 

103 
140 

135 
122 
140 
110 
140 

130, 140 
140 
120 
1.0 
115 
140 
145 
140 
120 
140 
145 
110 
115 
110 
140 
115 
112 

N um- 
Conditiou of young. ber of I young. 

I 
1 to 8 cells ............ 18 
36 ( 1 )  cells.. ......... .’ 21 

About complete seg- ....... 
Not ri,p ..................... 
Compete segmenta- I 9 

........................ 13 

............................... 
mentation. i 
tion. I 

t1nn. 
Not ripe.. ...... ......I.. ...... 
Jus t  hatched ......... 1 11 
h o t  ripe ._____ ._ _._. _. 1. _ _  .___. _ _  ........................ 13 ........................ 1 1G 

__ 

No 

- 

-15 
46 
47 
4E 
49 

51 
52 
58 
54 
55 
56 
57 
58 
59 
GO 
Gl 
62 
63 
64 
65 
GG 
07 
08 
09 
70 
7 1  
72 
73 
74 
55 
70 
I7 

78 
79 

80 

81 
83 
,8J 
84 
85 
86 
87 
88 

1-05 

50 

- 

Date. 

1891. 
Jan. 4 
Jan. 4 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 8 
Jan. 11 
Jan. 11 
Jan. 11 
Jan. 11 
Jan. 11 
Jan. 11 
Jan. 11 
Jan. 21 
Jan. 21 
Jan. 25 
Jan. 25 
Jan. 25 
Jan. 25 
Jan. 25 
,Jan. 25 
Jan. 25 
Apr. ID 
Apr. 19 
Apr. 19 
Apr. 24 
May 24 

May 24 
May 24 

May 24 

May 24 
May 31 
May 31 
May 31 
May 31 
May 31 
May 31 
May 31 
May 31 

Lcugth 
of 

inother. 

n m .  
120 
145 
125 
120 
122 
124 

2: 
138 
137 
120 
121 
155 
120 
118 
134 
133 
135 
140 
145 
155 
165 
147 
102 
120 
112 
145 
120 
80 
85 

100 
110 
160 

140 
150 

120 

100 
118 
112 
107 
100 
100 

1; 

Bmm ................ 8 
J2mm ................ 8 
l2mm ................ 7 
10 mm . .-..I.. ........ 6 
12 mm ................ I 5 
Yot mature.. 
IOinm ................ 6 
3 with large testes 
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___- 
Dato. 

___- 
1890. 

Nov. 1 
Doc. 2:) 

23 
1891. 

Jan. 11 

-7 
. _ _ _ _ _ _  L ~ f ~ ~ ~ f l  Condition of young. Date. LzfL::f Condition of young. Number. 

- - - __-_ 

17 160 1 to 8 cdlls ................ 
150 5 m m  ................. 25 165 6 m m .  20 

25. itia 1 5 m m  15 

155 6 t O l l m N  ............ 17 150 Born some time ................. 
150 Eighth sogmentation . 

mm. ........... ............... ................ ....................... lo(l) 
Nay 24 160 Just born 

___ . __ - . . - 

21 
13 
11 
I6 
14 
10 

I 

1891. 
Jan. 1 

1 
1 
1 
4 
4 
8 
R 

12 mm .......................... 
6 mm ........................... 
4 m m  ........................... 
8 m m  ........................... 
3 min ................. 
12 111111 ................ 
ti inni ................. 
5 mm ................. 
5+mm ................ 
2.5 mm. ............... 
7 mu1 ........................... 
7 mm ................. 
2 nim ........................... 
Just born.. ..................... 

19 
20 
18 
22 
18 
9 

18 

4 ripe oggs.. 
7 nnn ........................... 
Notripe ........................ 
Just hatched 
6 mrn ................. 

8 .................... 11 
21 
26 ................... 25 

-11 May 24 

Segmentation about ..................... complete. 
Not. ripo ....................... 
Not ripe ........................ 
UlarJtopore closing.. .. ........................ 

1891. 
Jan. 8 

8 
8 
8 

15 8 
11 11 "- 

120 
121 
120 
120 
120 
120 

...... do ............... 12 ...... do ......................... 
Hatohod ........................ 
5 lnln ................. 0 
2mm ........................... 
Born somo time. ................ 

Segmonting.. ......... 
5 m n 1  ................. 
2mm .................. 
14 mm ................ 
1 inm ................. 
18 inm ................ 
25 mm ................ 
22 lnul ................ 
..... .do ............... 
20 mm ................ 
22 mm ............ .*. 
20mm ................ 

9 
10 
7 
6 

1 3 
7 

lo 8 

18U1. 
Jan. 11 

25 
25 

Apr. 19 
24 

May 24 
81 
31 
31 
31 

12 ...... / 31 
31 

Averago nnmbor of yoling, about 16. Dnration of gestation, about 5 months. 

1 
36 cells ............... 
Just hatched ......... 
Yolk incloaocl.'. ....... ..... d o .  .............. 

....................... 

....................... 

....................... 

1890. 
Nov. 30 
Doc. 15 

18 
18 
23 
23 
28 

1891. 
Jan. 1 

1 
1 
1 
1 

140 
137 
185 
135 
140 
135 
140 

135 
140 
140 
140 
140 

Average number of yoling, about 16. Durntion of gostation, about 5 months. 

1890. 
Nov. 30 

I I I 
120 I 120 Just hatcliotl ......... 

122 Segmonting. 
124 ...... do ............... .......... I iiI 1 

Doe. 18,l 
18 

1891. 
Jan. 1 1 

'i 

125 
123 

iiD 
120 2.6 mln .......................... 25 
125 5 111111 ................. 1 7 /I Nay 24 

nunibor of young, abont 114. Length of gestation (luugost posaiblo time, 6 months 24 days; Average 
shortost.-4 months 16 days), about 5 months. 

1890. 
Dec. 15 

18 
28 
28 

1891. 
Jan. 1 

4 
4 
4 
4 
4 

118 
120 
112 
100 
110 
100 
118 
1 12 
107 
100 
100 
100 

- -  

7 
9 

8 
9 
6 
8 
8 
7 
6 
5 
6 

......... 
166 

105 
110 
1 03 

115 
110 
115 
110 
115 
112 

Segmentation c o m  . 
...... do ............... 

I 

rileto.. .............. 
..................... I::: ..................... / ........................ 

Segmenting ........... 
_ _ . _ _ . d o  ............... ...... do ............... 
2 m m  ................. 
Segmenting.. .............. 

-- 
Average numbor of young, about 8. Duration of  gestation. soinowhat ovor 5 months. 

. ~ ... ~- 

................. 1891. 
6 mm 
4 m n  ................ 1 11 May 31 I 90 1 Not mature 

...... . . . . . .  ..... 

Prom these lists the fact niontioned before, that tho larger individuals are with 

The very largest, 150 to 160 mm., have ripe eggs as early as hovember 1. 
Those froin 1.20 to 140 mm. have ripe eggs by November 30 or about December 1. 
Those froiu 100 to 120 inm. linva ripe oggs from December 16 to January 1. 

ripe eggs earlier than the smell, becomes quite evident. 

F. C. H.  1802-27 



418 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

These observations were taken at San Francisco. At San Diego, 500 miles 
farther south, I have taken the very smallest, less than 100 mm., with ripe eggs, 
March 3,1889, and segmenting eggs could be obtained throughout January. 

No definite time can, of course, be set for the maturation of the different sizes, 
because there is considerable variation even within small limits of size. This may 
again be due to  the age of the fish. The age of the fish would be partly indicated by 
its size, but two  fish of the same size may not necessarily be of the same age, since 
the rate of growth is in all probability not uniform in different individuals. 

What I have endeavored to show for Oymatogmter is much more evident for 
Amphistichus, where there does not seem to be so much gradation in size, but several 
distinct sizes can be separated. These different sizes have also distinct maturation 
periods. It is also quite evident from these lists, and scarcely needs mention, that 
the number of young is directly proportional to the size. 1: obtained very minute 
mothers at  8an Diego with but three young, while, as is evident from the above, the 
average number for the largest mothers is 16, the maximum number observed by me 
being 22. 

17Le ovarg.-The ovary is a spindle-shaped bag, divided anteriorly into two arms 
which indicate the bilateral origin of the present structure. One of these arms, the 
left, is usually much smaller than the other, and the blood vessel entering the ovary 
by this smaller horn is also much smaller than that of the other horn. The testes of 
the right and left side are distinct. The ovaries of the two sides have evidently 
been united from behind forward, so that externally only the two anterior horns show 
the bilateral structure, and one of these horns seems to be in process of phylogenetic 
resorption. From the inner upper margin of thi8 bag are suspended two sacks with 
their open ends near the posterior end of the bag. Each one of these sacks is divided 
by a vertical partition similar to  their side# into two compartments. 

The ovary lies, in'the normal condition, just above the rectum and is suspended 
from the dorsal wall of the abdomen by a mesoarium which is directly continued below 
the ovary as the mesorectum. 

The ovarian walls are composed, first, of the thin peritoneal membrane; second, 
of a layer of longitudinal muscle fibers; third, of a layer of circular muscle fibers, 
inside of which there is, in places, another layer of longitudinal fibers; fourth, of a 
very thin layer of cells with flattened, deeply stainable nuclei; fifth, of a layer of 
epithelium. This layer is derived from the peritoneum. The cavity of the ovary 
arises as a groove on the outer lateral portion of the germinal ridge. The raised 
margins of the groove unite and form the ovarian cavity, which remains for some time 
connected with the body cavity by a diated opening. The inner linings of the ovary 
are thus of peritoneal origin. Laterally and ventrelly the two inner layers fora 
simple thin linings; dorsally they are thrown up into a number of low ridges. Besides 
these ridges there are on either side of the median dorsal line three broad sheets 
which are simply ridges enormously exaggerated. These sheets are united to form 
the sacks mentioned above. Cross-sections of these sheets show them to be composed 
externally of a continuation of the epithelium lining the ovarian sheath and internally 
by a continuation of the membranous tissue lying immediately outside the lining 
epithelium of the ovarian walls. In other words, Nos. 4 and 5 of the structures 
enumerated above are raised and greatly prolonged to form these sheets. Ventrally 
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the three sheets of each side have become united. The inner layers of these sheets 
sometimes form a solid tissue, but frequently they are well separated or connected by 
occasional fibers only. The latter is probably an artificial condition. 

The blood vessels found in the sheets lie between the two inner layers of cells 
and are surrounded by tisfiues derived exclusively from the ovarian walls. They are 
always quite distinct from the surrounding tissues. 

At a glance the conditions appear quite diaerent from those obtaining ordinarily 
in fishes, but a closer inspection shows the chief difference to lie in the nonformation 
of numerous eggs and of a large amount of yolk. If the oviferous sheets of Per&, 
for instance, should be deprived of all but a few eggs they would be similar to those 
in Cymatogaster. The difference between them would lie in the size of the cells. The 
minute structure of the ovary will be more fully dealt with in a later pmt of thh 
work, when the growth of the ovatriau eggs is considered. 

The blood supply” is derived from two vessels entering the two horqs of the 
ovary. These are divided up in the front end of the ovary and traverse the ovarian 
sheets like the rays of a fail. 

flecondary sexual characters in Cymlctogaster.-1, The male is much smaller than the 
female; the latter reaches a length of about 160mm., while 120mm. is the length of 
the longest male recorded (figs. 180a, 6). 

2. The anal fin of the female is normal. In the male there is a slight depression 
on either side at the base of the anterior anal rays and the rays themselves are provided 
with a gland-like structure with a free duct pointing forward (fig. 108 b). 
’ 3. The median region of the belly in the male is naked. The anus (which is 
reached by the tips of the velotrals) is succeeded by a broad, low, blunt papilla,, behind 
which lies a deep pit. In the female the papilla gives place to a circular opening of 
the oviduct. 

4. The male is much darker than the female. Eaoh row of scales is provided 
with series of pigment spots which form lateral bands. Dorsally the pigment spots 
sometimes become so numerous as to give the fish a black appearance. There is also 
a conspicuous black spot on the preorbital. 

In the female the ventral regions, belly, and breast are free from pigment and the 
cheeks and lower parts of the head are also but sparingly pigmented. The lateral 
bands of dark are quite inconspicuous except in three vertical bars on the sides of 
the abdomen. The preorbital 
spot is either absent or inconspicuous. 

Copulntion.-The act of copulation has never been observed in the Embiotocidce. 
Blake suggested that the ventral surfaces are appressed, the heads of the fish point- 
ing in opposite directions. Ford supposes that “fecundation is accomplished through 
the medium of the sea water.,’ It has lately been shown that contacts of the genital 
openings is not necessary for the transference of spermatozoa to the cloaca of Die- 
myctehs. The same may be true for Oymatogaster. 

I n  other regions they are overlaid by a golden tinge. 

*In  Amphietiohus the ovarian sheots are not united below, but hang free, and the blood supply, 
instead of being derived from vessels radiating from the anterior end, are derived from a vessel running 
along the dorsal part of the ovary. 
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Copulation takes place in Cymatogaster during June or early July, altlwugh the eggs 
are notfertilized till tibe following December! This fact strongly bears out my opinion 
expressed in the American Naturalist (1890, p. 925), that the small size of the eggs of 
Cynbatogaster is due to  a hastening in the process of maturation, aud t'he consequent 
nonformation of yolk. (See chapter on the egg and segmentation, p. 421.) The normal 
or former period for matiiratiori of the oviparous ancestors of Cymatogaster very 
probably coincided with the present time of copulation, or nearly with the present 
time of extrusion of the young; the eggs, however, which should be fertilized by these 
spermatozoa, have just been set free in the shape of living young. They, therefore, 
remain in the ovary in a dormant condition till the next series of eggs become mature, 
which they fertilize. It is difficult to imagine why the maturation of the male has 
not been similarly hastened with the hastening of the maturation period of the female, 
for the process must have been a gradual one. We must imagine a t ime when the 
result of the ovarian gestation was much less perfect than now, and the larvae were 
fieed in a much less mature stage than a t  present. Under such circumstances it 
would be quite possible for a number of spermatozoa to lire through the period of' 
gestation, and protract their stay in the ovary till other eggs were mature, and it is 
possible that the presence of spermatozoa may incite the eggs to the earliest 
maturation possible. If the eggs of a given season should be fertilized before the 
maturity of the males the spermatozoa introduced during the subsequent maturity 
of the males would necessarily reinnin in the ovary till the next series of ova, were 
mature or else be destroyed. The hastening in the maturation of the ova of an 
oviparous fish would not be followed by the disastrous consequences to the offspring 
that would result in the too early maturation of an oviparous egg, and in the conse- 
quent reduced amount of food material, since the food necessary in the eggs of the 
oviparous fishes for their larval existence is supplied by the ovary. 

It is in some such manner that we must explain the peculiar conditions existing 
in Cyma,togaster. 

Since the statement that copulation takes place about five months before the eggs 
are ready to be fertilized is somewhat paradoxical, i t  is perhaps best to state upon 
what facts I base this conclusion.* 

During the period of segmentation few males are found with the females, which 
are then in shallow water, near wharves, etc. The testes of the males at this season 
are small and evidently during their period of physiological rest. The latter part 
of' May I found a male with enormous testes, which I syposed to be in a patho- 
logical condition. Shortly afterward, May 31, 1891, I obtained in San Francisco a 
large number of males, all of which had enlarged testes, but none of' which were 
mature. The males were now common in shallow water. The next lot of males was 
obtained nearly two months afterward, July 29,1891, at San Diego. In these males 
the testes were nearly reduced to their reeting condition again. On examining a 

* This was written before Jordan's and Gage's papers on Diemylotehs npponrod, from whicll i t  is 
evident that the spermatozoa can live a considerable tirue in the female DieWl~Cteh~8.  A still more 
striking observation has been made by Uumpus in invertebratcs. In the young lobstcr the transfer 
of spermatozoa may occur a year or oven two years before fertilization takes place. I have not seen 
his paper and do not know whether Bumpus has demonstrated that the  spermatozoa live from the tillle 
of the transference to  the fecundation of the first lot of eggs or whether a new transference takes place 

---1 -_ _. . 
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large number of females a t  this same time (July 99) spermatozoa were found in 
all or nearly all the ovaries, but the spermatozoa were inactive, not showing a particle 
of their great mobility of December. Sections made through the entire length of the 
ovaries of this time showed large quantities of spermatozoa, extending between, the 
ovarian sheets to the anterior end of the ovary, but especially abundant in the oviduct, 
just behind the ovarian sheets. Sections of ovaries of October and November also 
show spermatozoa, so that there is no doubt about the early transfer of spermatozoa. 

Developi,mat of ovarian eggs.-This subject, which properly belongs here, will be 
dealt with in a subsequent part of the paper when the development of the sexual 
organs tliemselves is described. 

The mature egg.-I have not succeeded in keeping eggs alive for more than an 
hour after they were taken from the mother; and, in most cases, they perished after 
they had been removed from the ovary but a few minutes. The successive processes of 
segmentation and gastrulation could not therefore be observed. The methods could 
only be inferred from the difkrent stages obtained from different individuals. Although 
I opened several hundred individuals, the series is not as complete as desired, because 
the individuals had to he opened when they mere found, and there was no means of 
telling externally the length of time the contained eggs had been developing. In order 
to section developing eggs it is absolutely necessary to cut the zona. Many of' the first 
eggs collected were not available for study because this was not done. The eggs are 
freed from the follicle before segmentation begins. Tn all probability fertilization 
takes place just before or just  after they are freed. I n  a single case observed the 
second polar globule is being extruded and the male pronucleus is formed in an egg  
still inclosed in the follicle. The cells of the follicle show evident signs of degenera- 
tion. In other rnenibers of the family (A~npkistichus) seginentation is carried on (to 
completion?) before the eggs become free from the follicle. In an ovary with eggs 
with two cells there were also found others with four and with eight cells. 

The egg before it is freed from tile follicle, measures on an average about 280 p 
(sometimes more than 300 p). During maturation the size of the egg proper is reduced 
to a diameter of 200 t o  230 p, or to half' to one-third of its original volume. In this 
manner a considerable breathing chamber is formed within the zona which retains its 
original extension. I f  younger eggs are put under pressure a similar contraction some- 
times takes place, leaving a space between tho egg and the zona, which is traversed 
by a multitude of fine threads. That these green eggs' can be made to contract by 
rupturing the zona probably indicates that the contraction of the ripe egg is due to the 
fact that at maturity the ovarian fluid gains access to the yolk on account of with- 
drawal of the granulosa cells from tlie zona. Similar reductions in the bulk of the yolk 
take place iii other teleost eggs, as has been noted by several observers. 

The mature egg, just before segmentation, is divided into two portions by a well- 
marked constriction. The larger of these and the one of an apparently homogeneous 
substance is tlie germ j the smaller, composed of very small spheres, the yolk spheres, 
is the deutoplasm. Situated in the middle poiiit,of the surface of the latter, or just at 
the entoderniic pole of the egg, is a more homogeneous transparent mass sometimes 
containing one or two small spheres. The appearance of this structure is similar to the 
germinal vesicle and its uucleoli of the green egg, with the exception that its outlines 
are less regular, angles projectiug iu amoug the yolk spheres. A like structure has 
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Tohldiam-1 etar from 
zona to Axis. of germ. of yolk. 
zona. 

300 

244 200 

1 Diameter 1 Dinmeter 

258 230 

179 

not been observed in any other egg (see under yolk muoleus, p. 423). The proportions 
of yolk and germ as found in other teleosts being reversed, at first glance the two 
structures might be taken for each other, and, iudeed, I observed the yolk in a favor- 
able egg for a considerable time, expecting it to show some signs of segmentation, before 
I became aware of the true state of affairs. The axis of the egg is slightly longer than 
the transverse diameters. The yolk, being the smaller segment of the sphere, is of a 
smaller diameter than the overlying germ. 

Several eggs measured have the following dimensions in p. 

Heightof 1 Yolk 
yolk. nnoleus. 

98 
89 
53 30x45 

The proportion of the yolk is seen to vary considerably, as is also the size of the 
germ (200 to 258)-I did not look for extremes-all of which shows that the size of the 
egg of Cymatogaster is in a state of unstable equilibrium. 

Intimately connected, of course, are the small size of the egg and the great reduc- 
tion of deutoplasm. The nearest approach to the size of the egg of Cymatogaster is 
probably that of Clupea, in which the germ also has :t comparatively large size. There 
are very few yolk spheres in the germ of  Cymatogaster, so that the small amount of yolk 
present if evenly distributed in the germ would scarcely prevent it from undergoing 
complete and regular segmentation. As large a proportion of deutoplasm is probably 
found in some holoblastic eggs. The meroblastic condition of segmentation is hqre 
a purely ancestral trait. The small size of the yolk is unquestionably the result 
of viviparity and may have been brought about through natural selection. We need 
only hasten the time of maturation of the avera'ge teleostean egg by two or three month? 
to produce an egg not unlike that of Cymatogaster, for, as I have shown elsewhere, the 
growth of the teleostean egg-i. e., yolk formation-takes place okie$y during the two 
or three months before maturation. Should any eggs of an oviparous fish show any 
tendency to so early maturation the young would invariably perish during its larval 
stages, owing to the lack of food. Not so i n  a viviparous species. As will be seen later, 
in Cyinatogaster intracellular digestion of the ovarian fluid takes place bejbre the embryo 
i s  freed f r o m  the zona, which occurs very early. Eggs of such viviparous species with 
a tendency to early maturation, having all food necessary for their development in 
the surrounding liquid, would not necessarily perish, but would in fact have an advan- 
tage over eggs maturing later, which they could deprive of nourishment, if they did not 
feed on them. It would need but the hastening of the  processes of maturation, as 
stated above, to produce an egg similar to that of Cymatogaster. 

The teleostean ovary has a period of physiological rest and a period of great physi- 
ological activity, the latter in oviparous forms occupying the months just before 
oviposition. A hastening of the process of maturation and reduction of the number 
of eggs would therefore deprive viviparous forms of the type of the Embiotooidct: of 
their periods of greatest activity; but they are not deprived of this activity because 
the young, where only a few are born, remain for a long period in the ovary a i d  w e  
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supplied by i t  with food during all that period. The period of gestation is the period 
of greatest activity-corresponding to the period of greatest growth of ova in oviparous 
species. The seduction of the yolk has taken place after the reduction of the number 
of eggs, as may be seen by comparing the number and sizes of eggs of viviparoua 
forms. The reduction of the yolk and of the number of young has evidently gone 
hand in hand with ‘the lengthening of the time the young remain in the ovary. In 
those viviparous species in which the yolk and the number of eggs have not at all 
been reduced (flebastes, ek.) the young are liberated as larva as soon 8s hatched. 
In those viviparous species in which the young remain for a long period in the ovary, 
from which they derive their food (Xmbiotocidae, Aibableps, Zoarces) the number of 
young has been reduced. In  Cymatogaster (and Abeona), where the reduction of the 
number of young is very great, the average number being but 12, the reduction has 
also been carried to the yolk. 

Though the size of the yolk can thus be satisfactorily explained and charged to the 
account of viviparity, greater dScul ty  is inet when we attempt to determine whether 
other peculiar conditions observed during development, which are due to the small 
size of the yolk, are atavistic, or whether they are further modifications and should 
also be charged to viviparity. To this, however, we shall return later. 

Of especial interest is the yolk nucleus,* since i t  is also found in Abeona, in 
which the proportions of the egg are similar to those of Cymatogaster. 

Entodermic aggregations of protoplasm have been described by List (Z. W. Z,, 
1887, 595) for Orenilabrus tinoa., which “zeigt also was die Anordnung der Keim- 
substanz auf dem Dotter betrift grosse Uebereinstimmung mit dem durch Kupft’er’s 
Untersuchungen bekannt gewordenen Ei des Herings” (p. 598). I have not seen 
Kvll>ffer’s work, but have examined the eggs of another species (Clupea mirabilis), 
which, since t,he germinal matter is yellow, show the entodermic mass of protoplasm 
to good advantage. In the case of this species, as well as in the case of C. tinea, 
the entodermic mass is not a (‘ selbstiindige Masse,” but is merely a thickening of the 
periblast, which extends over the whole yolk and which disappears a t  the expense of 
the growing germ. But even in these cases this thickening is of doubtful significance, 
and it is still more so in Cymatogaster and Abeona, in which it forms an isolated mass 
sunk deep into the yolk without any apparent connection with the germ, and 
where i t  remains intact until the closing of’ the blastopore. It might be possible 
that the entodermic mass has here collected in a space formed in the yolk by the 
phylogenetic degeneration of an oil-globule, if the oil-spheres in teleosts occupied a 
fixed position. But all those that I have been able to examine can change their posi- 
tions without a greater disturbance than would be created by changing a floating 
ball from one part of a vessel of water to another. The fact also that angles from 
this mass sometimes project in between the surrounding yolk-spheres argues against 
the supposition that it represents a degenerate oil-sphere. On the other hand, Wilson 
has lately shown that there is a cap of protoplasm covering the oil-globule in some 

It is not homologous with the 
entodermic aggregations of protoplasm mentioned in the succeeding paragraph, with which it was at 
first identified. For a history of the early stages of this, see Hubbard, 1894; for the later stages see 
paragraphs heeded yolk nuoleue, p. 440. 

-- 
*This has been identified with the yolk nucleus of ovarian eggs. 
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pelagic eggs. But Wilson7s figure (1) does not show conclusively that the protoplasmic 
cap is not the result of reagents. The oil-globule figured by Wilson is not of the shape 
of the oil-globules seen in living eggs and the space occupied by the protoplasmic cap 
may be due to contraction. I have seen similar spaces in other eggs filled with stainable 
material. Its position remains fixed at the entodermic pole of the egg till the closing of 
tho blastopore, and is therefore an excellent landmark for orientation. 

L3egrnentation.--The first segmentation plane is meridional and divides the germ 
iuto two equal blastomeres. The surface views of this stage are represented in‘ 
figs. 1 and 3. The groove separating the sphere varies in deptli according to the 
stiige of division. The constriction between the yolk and germ also differs in 
different eggs. The nuclear figures can not be distinctly made out, and it was but 
once that I was able to definitely distinguish the restiiig nuclei (fig. 3). Sections show 
that the dividing plane reaches entirely through the germ to tlie yolk before the 
second division begins aiid that the line dividing the germ from the yolk, though 
irregular, is well marked (figs. 4 and 5).  The division is further indicated by the fact 
that  yolk aiid germ readily part. Tho yolk shows no signs of segmentation, and if the 
yolk ever.does segment in teleosts i t  onght certainly to show some signs of it, where so 
little resistance is to be overconie as in Cy?natogaster. The conditions described by M. 
Kowalewski, 1883, for the goldfish are probably riot due to the segmeiitation of the 
yolk, but to the retarded segregatiou of yolk from germ and the conseqiieiit indistinct 
boundary between the two. During this first segmentation there is still cousiderable 
protoplasm scattered through the yolk, and the lower margin of the blastoderm, 
though quite distinct, is not yet as well defined as in later stages. The germ, on kill- 
i>g with strong 0. C. A. aud stainiiig with Grenacher’s hamatoxylin, is seen to be 
finely granular, with a few Isrger granules, many of them arranged along tlie division 
planes. A granular network of protoplasm exteuds also through the yolk. A few 
yolk-spheres are, on the other hand, found in the germ (4), some of them being arranged 
along the division plane. The yolk nucleus a t  this stage is stained darker than the 
germ, has an irregular outline, and is apparently composed of protoplasmic granules 
similar to those of the germ, but more compact, and of a few yolk-spheres (fig. 4, yk.pr.). 

The second segmentation plane is also ineridioual and at right angles to the first. 
This is seeu both in segmentation spindles of’ mounted %celled eggs and in the 
division plane itself (fig. 2 ) .  

Authors in general have been agreed that the third segmentation planes are 
parallel to the first in fishes. List, 1887, on the other hand, claims that the second 
segmentation appears almost simultaneously with the first in Crenilabrus tinea and is 
equatorial, and that the third is again meridional and at right angles to the first; 
while Brook, 1886, inaintnins that in the herring tlie third is the equatorial Begmen- 
tation. HoEmann, 1888, claiiiis to have found the fourth segmentation to be hori- 
zontal in the salnion, b u t  since Brook found the third to be horizoutal or equatorial, 
Be concludes that this is the rule, considering Antphioxus, Cyclostoms, and Amphib- 
ians. The fourth cleavage of Bauber, Kowalewski, Ryder, Agassie, and Whitmaa, 
thatis, the cleavage Wlkh according to them tlivides the germ into 16 cells, io not the 
fourth, but the fifth, etc. (Hogman, 1888, p. 538). Wilson considers the third cleavage, 
the one parallel to the first, the homologue of the fourth in the frog. 
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I hav'e seen nothing of a horizontal third cleavage in th; various species of eggs 
I have examined, and, in the face of so much evidence to the contrary, am doubtful 
whether the third cleavage is equatorial in the sense used by Hoflmann, i. e., horizontal. 
If the first equatorial segiiientation is the third cleavage and horizontal, then, indeed, 
the large yolk accumulated at one pole is an intimate part of the lower cells with 
which it is represented to be connected and does not divide for lack of suBcient energy 
in the comparatively small cytoplasni overlying it. But in Cymatogaster, in which the 
yolk is mucli snialler than the germ, it is just as distinct from the germ as it is in large- 
yolked species, and much more so than is represented for some large-yolked species 
by other authors (Kowallewski). It shows, however, no signs of segme1)tation or 
other interest in the changes of the cytoplasm; on the contrary, it is during the early. 
stages of segmentation as impassive as so much dough might be. While I ani not 
prepared to believe that it is not an intimate part of the ovum, I do believe that, 
in those large-yolked species in wliich the yolk and germ are well separated before 
segmentation begins (pelagic eggs, for instance), the nuclear spindles guided by the 
forced shape of the germ may be displaced from their primitive direction. In other 
words, owing to the presence of a large yolk the four blastomeres have a greater lateral 
than vertical dimension. The effect on cleavngeis what it might be expected to be. 
The third cleavage spindles, instead of being vertical, have been forced by the depressed 
condition of the germ to lie in a horizontal or slightly inclined position, and the third 
cleavageof the teleostean egg instead of beiyg iiormal (equatorial) has become parallel 
to the first cleavage. A similar result has heen obtained by compressing the segment- 
ing eggs of the frog between two glass plates. By the compression the horizontal 
cleavage was changed into vertical cleavage. 

An examination of the figure of the external features of an €&celled egg, and the 
cross-section constructed from a wax model aud made after a series of 13 oblique sec- 
tions of an 8-celled egg, mill lend force to the supposition that the third segmentation 
mas originally equatorial. For now that the yolk has been greatly reduced, and the 
germ is no longer a comparatively flat particle, but has a<pproached the' spherical form 
again, the third segmentation is no longer vertical, but is oblique (figs. 6 and 8); that 
is, it has approached the original horizontal or equatorial segmentation. This third 
segmentation is probably not similar to the horizontal segmentation which Hoffmann 
claiiris for the salmon, and which is said to divide the germ into an upper and a lower 
layer. It may, however, be similar to that described by Brook in the herring, since 
the proportion of yolk to germ in Clupea approaclies more to the proportions found 
in Cymatognster. In the %celled stage, all of the cells, with perhaps one or two 
exceptions, touch the yolk, and all without exception form part of the external surface 
of the germ; they do not form distinct layers of four upper and four lower cells. 

Of the 16-cell stage I found but &ne egg. It was killed, as usual, with Plemming's 
strong osmic chromic acetic, but stained with Gren. alcoholic borax carmine. It was 
examined in toto and a series of optical sections made, the planes passing through the 
resting nuclei. The cells are still but one layer deep, unless possibly one occupios the 
center of the group of cells (figs. 11-14). 

Such striking 
bilateral symmetry as is seen in pelagic eggs I have not observed, and after the 16-cell 
stage is passed the determination of the first and second cleavage planes becomes 
largely conjectural. The stages between 16 and 70 cells are represented in vertical 
and horizontal sections in figures 16 to 23. 

After the 16-cell stage the blastoderm becomes two cells deep. 
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Up to this time the marginal cells have had boundaries quite as distinct as any 
other culls of the blastoderm. A t  the end of the seventh Segmentation (fig. 44) some of 
the marginal cells have the lower margin ill defined and continuous with the yolk. This 
is iiever the case in more central cells. The nucleus is also slightly more refringent 
in these marginal than in the neighboring cells. A t  the end of the eighth segmentation 
(fig. 45) there is still a distinct dorsal wall to the periblast cell, but its nucleus is now 
much larger than that of the surrounding cells. At  the end of the ninth segmen- 
tation the periblast consists of a few large, refringent nuclei imbedded in protoplasm, 
which is restricted to the immediate neighborhood of the blastoderm (figs, 47-49). 
A t  this time the outermost layer of the blastoderm has begun to creep over the yolk, 
so that the periblast cells are partly covered exteriorly by the rim of the blastoderm 
formed by the outermost cells. Dorsally the periblast cells are covered by the row of 
cells just within this outer projecting series. The periblast does not extend beneath 
the central cells of the blastoderm and the nuclei do not reach this region till later, 
after tht! nuclei are all that remains of the periblast. So ~tiuch has been written con- 
cerning the fate of the periblast that  a detailed account of it in Cymatogaster, where it . 
has been reduced to its simplest formula, mil l  follow (p. 437). 

After the seventh segmentation and up to the time of the formation of the first 
protovertebrae the development of Cymatogaster shows little in common with other 
fishes, and an  egg of this species found floating during this period would scarcely be 
recognized as belonging to a teleost. The rapidity characterizing the formatlon of 
the periblast characterizes the whole of this developmeut and the difference of the 
blastoderm at the beginuing and at the end of any segmentation is sometimes con- 
siderable. The age of each of these stages was determined by the number of nuclei in 
the blastoderm. While the method of counting nuclei is probably not as satisfactory 
as observing the successive segmentations in the same egg, this method is almost as 
exact, because the number of nuclei present must be doubled or diminished by half in 
order to change the serial number of the segmentation under consideration. 

During the ninth segmentation the marginal series of cells of the blastoderm creep 
over the yolk. A t  the same time they become flattened (fig. 27). Near the end of the 
tenth segmentation about three series of cells (only one cell deep) have crept over the 
yolk and cover i t  from the blastoderm, which has scarcely changed shape, to the 
yolk nucleus, the margins of which have been extended to meet this layer of thin cells. 
The yolk at the cud of the tenth Regmentation is therefore entirely inclosed (fig. 29). 

During the eleventh segmentation the yolk sinks into the blastoderm, or, in other 
words, the blastoderm spreads over the yolk; but the former expression is more apt, 
since the process in no way resembles the epibolic growth of the blastoderm over the 
yolk in other teleosts. In other fishes the inclosing of the yolk is accomplished by 
the growth of the gastrula margin, while in Cym~togaster it is accomplished before 
there is any sign of gastrulation. The'inclosing of the yolk by the blastoderm during 
the eleventh segmentation corresponds rather to the spreading of the blastoderm in 
pelagic eggs just before the beginning of the marginal infolding. The yolk in 
Cymatogaster appears to sink into the blastoderm on account of its small size. A t  
the end of the eleventh segmentation the cells of the blastoderm are not yet divided 
into two layers and the yolk nucleus is still exposed. (Figs. 32 to 34.) A noteworthy 
feature is that near the end of the tenth segmentation the outermost layer of the 
blastoderm consists of flat cells, which contrast strikingly with the remaining more 
rounded cells. This difl'erentiation does not exist' except a t  the margin before the 
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tenth segmentation, a t  least it is not so evident, and i t  disappears some time after 
the diplastic gastrula bas been formed. These outer cells seem to become distended 
with extraueous matter. 

The changes are so rapid from one segmentation to another that  a much larger 
series of eggs than I posses8 is necessary to illustrate all the phases. At  this point 
it will be worth while to coinpare the results of the successive stages of the segmenta- 
tion of Cyntatogaster with those of some large-yolked telcost. Since Agassiz &- Whitman 
have so ably discussed and figured the segmentation of Ctelzolabrus, t h a t  species may 
be taken. Agassiz & Whitman, 1553, p. 45, state that the ninth generation of 
amphiasters is reached in two hours and sixteen minutes, and that the time betwBen 
the eighth and ninth generations is fifteen minutes. Prom these data I estimate 
that their figure 3 contains amphiasters of the ninth generation, or more than 
250 cells and less than 500; their figure 4, amphiasters of the thirteenth generation, 
or more than 4,000 cells. A s  stated above, the segmentation could not be directly 
observed in Cymatogmter, and in order to determine the serial number of my seg- 
mentation I had recourse to counting the nuclei, a method more laborious and 
inexact vith each generation. Since, however, the iiurnber of the segmentation, as 
already stated, can riot be missed unless the number of nuclei present is actually 
doubled or diminished by half, except at the beginning or end of a segmentation, 
the result thus o bteiued is sufficiently exact €or purposes of comparison. 

If we compare Agassiz 6. Whitman’s fig. 3 (24a), containing amphiasters of the 
ninth segmentation, with fig. 24, a t  the beginning of the ninth Segmentation, and 
their fig, 4 (30a) during the thirteenth segmentation, with figs. 41 and 42 during the 
twelfth Segmentation, the contrast will be seen to be very great, and the work accom- 
plished by Cyntatogaster, between the ninth and the thirteenth segmentation, com- 
paratively enormous. The actual time consumed in reaching these stages (three 
hours and sixteen minutes-in Ctenolabrus) is in all probability different, but that 
does not concern us since the time of suocossivc generations of amphiasters differs 
greatly in oviparous fishes in which the generations are more alike. Cymato- 
gaster accomplishes iu twelve generations of nuclei what is not accomplished by 
Ctenolabrus till much later. To anticipate somewhat, the stage of Cgrnatogaster just 
before the closing of the blastopore does not correspodd to the same stage in Ctelzola- 
brus, but rather to the beginning of the epibolic growth of the blastoderm. Jus t  
before the marginal infolding of the blastoderm of oviparous fishes it spreads over 
the yolk. This spreading probably corresponds to the sinking of the yolk into the 
blastoderm in Uymatogaster. By the time Cymatogaster reaches a stage homologous to 
that reached by Ctenolabrus a t  the closing of the blastopore, Cynzatogaster is hatched. 

The hastening in the i6closing of  the yolk on account of its small size in Cymato- 
gaster and the rapidity of the spreading of the blastoderm a t  the time of the infolding 
of ita edge in most oviparous fishes result in the diplastic gastrula in Cynzatogaster and 
the familiar condition in other fishes. The 1:~ck of a two-layered gastrula in fishes 
seems to be due to the rapid spreading of the epiblastic portion of the blastoderm. A 
large vitellus permits this spreading to take place more rapidly than the margin grows 
inward, so that the inner anterior and posterior margins of the enibryonic ring do not 
ordinarily meet. An interesting egg bearing on this subject is that of StoZephorus, 
in which the blastoderm is placed at  the end of an ovate egg. The late 
of the blastoderm is here alniost impossible, and a t  the beginning of gastrulation the 
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tip of the embryonic shield is separated from the inner margin of the anterior part of 
the embryonic ring by but a very uarrow space, through which are sedttered cells; in 
other words, there is a very close approach to a diplastic gastrula. It is not a t  all 
improbable that in this gems eggs inay sometimes occur in Which the lower layer is 
quite continuous, and that a two-layered gastrula is formed. This condition, however, 
lasts but a very short time. With the epibolic growth the lower layer becomes inore 
and more incomplete. The two-layered condition of Cyniatogaster seems to be homolo- 
gous to this early two-layered condition of Btolephorus. 

GastruZation.-On acoount of the difficulty of orientation of the stages during 
gastrulation, and because the contents of the zona soon fill the entire space within 
it, aiid some structures are invariably injured, owing to the necessity of cutting 
the zona, the process of gastrulation has not become very lucid. It will be best, 
therefore, to describe in detail the few f&vorable series of sections. 

To repeat the description of the stage during the eleventh seginentation or just 
before the beginning of gastrulation : An egg, near the end of the eleventh segmenta- 
tion (containing aboat 1,700 cells) was  cut into twenty Fections, of which, sections 
3 to 15 cut through the yolk. The sections run somewhat obliquely to a meridian 
plane, as is indicated in  the diagram, fig. 31. A section (the ninth) through near 
the middle of the yolk (the sixth section cutting through the yolk) is represented in 
fig. 33. As will be seen by the figure and by the diagram, the yolk ,has sunk into 
the blastodeim. It 
becomes shallower towards the entodermic pole and gives out altogether at the yolk 
iiucleus which has spread to  some extent over the yolk. The yolk is, therefore, 
entirely inclosed, and the margins o f  the blastoderm are separated only by the yolk 
nucleus. There is no indication of a division into entoderm and ectoderni; in other 
words, gastrulation Jius not yet begun. There are ,preseut about 14 periblast nuclei. 
The breathing chamber has not been greatly reduced. The height of the egg is -054 mm., 
the width -064 mm., the diameter of the zona ,073 mm. 

The next stage satisfactorily made out is of several eggs during the twelfth 
segmentation. There are, however, two stages of development, which, according to 
the estimate of cells, belong to this segmehtation. Although the two stages differ 
considerably, it is difficult to state a t  a glance which is the older. In  the one case 
(fig. 38) the blastopore is still open, and the yolk nucleus forins a plug which fills it. 
The ectoderm and entoderm are well separated, while the cells have becoiiie nearly 
evenly distributed over the yolk. In  the other (fig. 35) the shape is much inore like 
that of the eleventh segmentation; the ectoderm and entoderm are scarcely separate 
and the cells are still heaped up a t  the ectodermic part of the yolk, but the blastopore 
is much smaller. 

Thus, while the shape and relation of ectoderm to entoderm indicate t h e  M t e r  
(fig. 35) to be less advanced, the large blastopore points to the foriiier (fig. 38) as the 
earlier stage. Everything considered, it is evident that fig. 35 represents the younger 
stage. The two stages are very close together and also near fig. 41. The ovary from 
which the egg represented in fig. 35 was taken contained several different stages, and 
iii fact one egg in an earlier stage than the one represented in fig. 33 and auother in 
about the stage represented by fig. 38. 

In fig.% the outermost layer of cells is qiiite distinct from the others. The 
cells are mostly flat, quite sinal1 aiid stain (with Grenacher’s alcoholic borax carmine) 

A t  the ectodermic pole the blastoderm is about five cells deep. 
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slightly deeper than the other cells. The  cells of this  layer lire the only oibes i ~ k i ~ l ~  
cover the yolk wucleus, leaving but a minute naked portion, the blastopore (fig. 36). 
They are more distinct in some sections than in others, but are everywhere quite 
evident, The axes of the reniaiiider of the cells are more-alike. These cells do 

' not extend much, if any, beyond tlie niargins of the yolk. The plane of the sections 
of this egg is meridian, probably but slightly inclined to the sagittal. The lower 
layer of cells is well separated from the upper 'layer. A t  the median portion the 
blastoderm is still many (6 to 7) cells deep and the separation between ectoderm and 
entoderm is not yet so distinct. The cells, however, which will form the entoderm 
are snialler than those overlying them. 

Figure 38 represents a section of a gastrula in all probability cut in a sagittal 
plane. The yolk in this section is pear-shaped, the narrow end being coiiiposed of 
the yolk nucleus. The latter is composed of a more granular refringent portion 
and a iuore uniform part resembling the protoplasm of the cells. Tile cells am 
grouped into a one- to three-cell-deep ectoderm aud a one-cell-deep entoderni which 
becomes two and then several cells thick towardR the dorsal edge of the blastopore. 
The outer layer of the ectoderm is flattened in places; the inner cells are rather 
loosely connected. On the upper part the entoderm cells lie close against the yolk 
and forui a continuous series. Thb division in this case between the entoderni and 
ectoderm is well marked by a space which was probably produced by the reageuts 
(osmic, chromic, and acetic strong mixture). Near the blastopore, in what would 
correspond to the embryonic ring in other teleosts, the two layers merge more or less. 

Figs. 41 and 42 represent two parallel sections from another egg of the same 
ovary, cut traiisversely or in a vertical plane a t  right angles to the sagitta,l. All these 
eggs are in the same stage of development. I n  the eggs represented in fig, 40 the 
yolk nucleus consists of a11 irregularly biconvex portion, whose peripheral part 
stains deeper, and which contains some bodies which stain less and a more uniform 
part forming the matrix of the former. The cells, as in fig.38, are divided into 
an ectodermic layer and au entodermic layer. Some of the outer layer of cells of 
the ectoderm have become greatly distended, probably by absorption of the intra- 
ovarian fluid, which fills the breathing chamber aud stains as these distended cells do. 
The line separatiiig the eiitoderrn from the ectoderm is quite distinct, but along the 
median portion, or a t  the axis of the embryo, the entoderm is several cells thick. The 
same is indicated in the horizontal sections. The shape of the yolk is diflerent in  the 
three eggs, but they agree in all essential respects, and figs. 38 and 41 must represent 
a normal stage in the developmelit of Cymatognster. The question now arises as to 
how this gastrula has been formed from the condition represented in fig. 33. 

The fact that there is a marginal ingrowth of cells to form tlie lower layers in 
teleosts generally has beeu observed by So many authors, and i s  so evident from the 
fact that the space between the inner margins of the embryonic ring is reduced in 
some cases, notably fltolephorus, that i t  is beyond dispute. Does the method of the 
formation of the gastrula in Cymatogaster form an exception to the rule1 It must be 
borne in mind that the changes undergone between the stages represented by figs. 
33, 35, and 38, a11 take place during the time occupied by the latter half of the 
eleventh segmentation and the first half of the twelfth. During this time, if' the 
usual course is followed, all but the outermost layer of the blastoderm must be 
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inflected at  the margin of the blastopore and must meet somawhere below the ecto- 
derm; and, by a further comparison of figs. 33 and 41, it becomes evident that the 
bulk of the cells of the median portion of the blastoderm of fig. 33 must migmta, 
toward the margin before the infolding can produce the conditions seen in fig. 38. If 
the formation of the gastrula of C'ymatogaster follows the usual method, fig. 38 is 
derived from fig. 33, after the manner just described, granting, of course, that both 
figs. 33 and 38 represent normal conditions. Considering, however, the great rapidity 
with which this process takes place, and examining fig. 41 in counection with fig. 38, 
i t  Beems probable that the infolding process may be slurred over, and the lower layer, 
or primitive entoderm, be formed by a process of delamination." 

If this 
stage be compared with the one represented in fig. 33 the great probability that the 
condition represented in fig. 35 is derived by Himple delamination from fig. 33 becomes 
quite evident. 

The shape of fig, 33 is retained by fig. 35, which can readily be derived from the 
former by further division and a slight progress of the epidermal layer over the yolk 
nucleus. But in fig. 35 the entoderm is already well separated from the ectoderm 
near the margin, and the division, while not so distinct at  the median portion, is evi- 
dent both as a line and in the size of the cells. While, then, figs. 41 aud 38 make it 
seem possible that the lower layer is formed by delamination, fig. 35 m'akes it certain 
that i t  is so formed. 

Now, as to the changes in fig. 35 necessary to produce fig. 41. We see in the 
fig. 35 the beginning of the constriction of the yolk a t  t>he margin of the entoderm 
which gives the yolk in fig. 41 its peculiar shape. The margin of entoderm has 
advanced toward the entodermic pole at a uniform rate on all sides while the epidermal 
la,yer of cells has been apparently passive. In fact, the blastopore in fig. 41 is larger 
than in figs. 35 and 36, but the margins in fig. 41 do not correspond to the margin of the 
epidermal blastopore of figs. 35 and 36, but to the shaded portion of iig. 36. The epider- 
mal layer in fig. 41 is not everywhere evident, and where it is most conspicuous the cells 
are distended and feebly stained. This is probably due to intracellular digestion, as 
was mentioned above, but it may be due to the degeneration of this layer of cells. 
Certain it is that in this stage the epidermal layer is not distinguishable near the 
blastopore, where it is so evident in stage 35. 

In the stages immediately succeeding those represented in fig. 41 the yolk nucleus 
disappears and the yolk assumes a more or less spherical outline. Its fate will be 
discussed later. With its disappearance, the " fixed point " so useful in orientation 
is lost. 

From the fact that the entoderm is formed by delamination and the anterior end 
of the embryo lies at  one margin of the blastopore and the posterior end at  theother ( Y), 
the fundamental difference between the gastrula of Oymatogaster and that of teleosts 
in general may be gathered. The embryo of teleosts in general is formed by the con- 
crescence of the embryonic ring from before backward, and the embryo rarely encircles 
more than half of the yolk. (Clupea, a genus witha small yolk, forms a notable exception.) 

In  this connection the stage represented in fig. 35 becomes interefiting. 

* Wilson, p. 220, Says: " It is, to b? sure, very doubtfiil whether there is any vertebrate in which 
the primitive hypoblast is really delaminated from the upper layer." 
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The methods of concrescence employed byteleosts in general are obscured in 
Cymatogaster beyond recognition. In fact they are slurred over entirely, for just at 
the time when in other teleosts the infolding process and the formation of the embryo 
begin, the blastopore is in the act of closing in Cymatogaster. Though the gastrulas 
appear to have nothing in common, the conditions in Cymatogaster after the embryo 
has been formed can readily be derived from large-yolked teleost eggs by simply 
imagining the yolk to be reduced. Ryder has shown that the arc formed by the larva 
varies inversely a;8 the yolk. For example, in large-yolked species, as the trout, the 
embryo forms an arc of but 90 degrees. From this, as an extreme, there is a complete 
series of intermediate forms till we reach Clwpea, in which the embryo, just before the 
tail buds out, encircles almost the entire yolk. In Cymatogaster the head and tail 
overlap just before the tail begins to grow out, or shortly after the time of hatching. 
Bearing these facts in mind, the incongruous gastrula of Cymatogaster becomes more 
intelligible. 

With the reduction of the yolk, unless this is proportionate to the reduction of 
the germ, which it is not, the embryo must necessarily form a greater and greater arc, 
until i t  finally forms a complete circle. From this it is evident that, although the 
methods employed by Cymatogaster have become greatly modified, the result is per- 
fectly homologous with the result of gastrulation of other fishes. Ziegler” (1882) 
homologizes the yolk and periblast of teleosts with the yolk cells of the amphibia. 
Wilson (1891) indorses this view and explains the steps by which the amphibian egg 
was changed into the teleostean egg in the following words : 

How this was 
effected is easy to see. The increase in the size of the mass of yolk cella (of AmpMbia) brought it  about 
that the dorsal parts of the embryo were early folded off-some time before the alimentary canal was 
completed ventrally. The division of labor, already far advanced between the dorsal and ventral 
hypoblast of the gastrula, next took the find step ; the dorsal hypoblast assumed the entire function 
of forming the gut, while the ventral hypoblast beoame trausformed into pure food material. The 
yolk is consequently to be looked on a8 an organ of the gastrula, which has lost its original funotion, 
but which, in doing so, beoame adapted to another function to whioh it owes its large size. 

The major premise in this argument is that the yolk in teleosts is much larger 
than in Amphibia. But is it larger1 It is larger in certain forms--Salmo, for 
instance.t This accounts for Ziegler’s view, since he studied a large-yolked form. 
It is just as certainly smaller in certain other eggs, Abeow,  Cymatogaster, and Clupea, 
and it seems to me as proper to t,ake the extremes in one direction for comparison as 
those in another. If the egg of Cymatogaster, for instance, is compared with the 
amphibian egg, we can not with Wilson say that the teleostean conditions are due 
to “the increase in the size of the yolk cells of amphibia,” for there is a decrease in 
the bulk of the yolk, and therefore in the yolk cells, if the yolk is formed by the union 
of such cells. Of course it may be argued that Cymatogaster is not a fair representa- 
tive of teleostean ova, because a reductipn of the yolk has been brought about by 
viviparity. If, however, the teleostean egg has been immediately derived from the 
amphibian egg, through inwease of yolk, we may properly suppose that with the 
reduction of this same yolk the egg will show some atavistic features in the partial or 
occasional rJegmentetion of the reduced yolk. But the tenacity with which the egg 

* For this statement of Ziegler‘s views I am indebted to Wilson (1891), pp. 264,265. 
t It is very lar@ in Tac’achyeurue. 

The alimentary a n a l  is formed from the roof of the archenteron exclusively. 

- - -- - -- -- - 
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of Cynmtogaster, which contain8 milch less yolk than the amphibian egg, Qersists in 
segmenting only the germand not the yolk tends to show that the teleostean egg is not 
immediately derived from an egg similar to the amphibian, as Wilson states, but that  
the teleostean condition is deep-rooted and of very long standing. 

Balfour’s (1885, p. G S )  view (which Wilson does hot mention) is thoroughly in 
harmony with the conditions found in Cymatogaster, as well as with those of Salmo, 
and I see no valid reason for changing it. His view very tersely expressed is: 

i t  a8 an elasmobranch ovum, very much reduced in tiizu. 
Thc peculiarities of the development of‘ the teleostcan ovum can best bo understood by regarding 

Agassiz & Whitman (1884) indorse this view, and Miss Clapp’s discovery of the 
closing of the blastapore behind the embyro in Batrachus, a large-yolked teleost, 
brings the final proof of this view. It is probable that conditions will be found in 
Il’achysurus which are similar to those in Batraclms. 

There can be no question but that teleostean ova, as all other telolecithal ova, 
have been derived from alecithal ova, such as those of Branchiostoma. The question 
at issue is whether the conditions found in the fishes have been derived immediately 
from some egg resembling the amphibian egg, or whether from some egg like that of 
elasmobranchs, The nonsegmen tation of the yolk in small-yolked teleosts, the disco- 
gastrula of Cymatogaster, and the close approach to the discogastrula in  the oval egg, 
in which the germ lies a t  the narrow end of the yolk, as iu Stolephorus, all point to the 
fact that the teleostea,n egg was not directsly derived from an amphibian-like egg. 

Ryder’s (1887, p. 493) modification of Ha-xkel’s theory seems to me much nearer 
the truth. Both suppose the yolk to fill the archeuteron of the primitive Branchiostoma 
gastrula-very nearly the condition found iu Cymatogaster. Wilson admits ‘I that this 
theory offers an explanation of the early teleost gastrula, but i t  becomes utterly 
unsatisfactory as soon as what Balfour has called ‘the asymmetry of the-vertebrate 
gastrula’ begins to appear in the fish embryo. For the teleost gastrula of Ryder 
and Henneguy is a symmetrical gastrula, arid they are consequeiitly unable to explain 
why it is that (continued) invagination takes place ut one pole o f the  blastoderm, while 
the other pole grouts epibolicully round the ~ o Z ~ G . ~ ’  The major premise of this argument 
lies in the words I have italicized. Wilson takes i t  for granted that this premise is 
correct, although he has not proved that this is really the condition in Serranm-the 
form he studied (see page 43G). Certainly it is not the case in Cymatogaster, in 
which the gastrula is a symmetrical gastrula, and the blastopore closes a t  exactiy the 
entodermic pole of the egg. It is not the case in two species of pelagic eggs (Stole- 
phorus), in which I have examined the gastrulation, for these also have symmetrical 
gastrulas, and the blastopore closes at the entodermic pole of tlie egg. The preceding 
italics, describe exaotly what does not take place in Cymatogastcr and in Stolephorus, 
in which the anterior and the posterior margins of the blastoderm grow equally over 
the yolk. In BtolepWorus, as I have stated elsewhere (1891), the germ lies over the 
narrow end of a very elongate yolk. To all intents and purposes we have, there- 
fore, a small-yolked teleost ovum, and when gastrulation takes place the marginal 
ingrowth exceeds (on account of the narrow yolk) the restricted lateral spreading 
of the blastoderm: The result is that the tip of the embryonic shield comes in 
close proximity to, if not in coiithct with, tlie inner margin of the anterior portion 
of the blastodermic ring-an almodt complete diplastic gastrula is formed. Nothing 
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could more forcibly illustrate the manner in which the discontinuity of the lower 
layer of cells was formed by the addition of yolk to the Bralzchiostoma gastrula and 
the result of subsequent reductions, than the early gastrula of fJtole$horus and the 
condition in Cymatogaster. A comparison of the gastrula of Cymatogaster with that 
of Braacliiostoma and of the frog is interesting. The gastrula of Cymatogaster, exclu- 
sive of the yolk, is remarkably like the gastrula of Branchiostoma as figured by 
Kowalewsky. In fact the peculiar conditions in Cymatogaster are just what might be 
expected if the ventral hypoblast cells of Branchiostoma should in some way become 
eliminated. This elimination has probably been brought about by the fusion of 
these cells, through their enormous surcharge with yolk and by the subsequent 
reduction of this yolk without a restoration of its original cellular constitution. In 
those cases (elasmobranchs and teleosts in general) in which the yolk is functional 
it occupies the space originally occupied by the ventral hypoblast cells; i. e., the region 
between the tip of the head and the anterior or ventral margin of the embryonic rim. 

Detailed homologies between parts of the Branchiostoma and parts of the Cyma- 
togaster gastrula can not with certainty be pointed out till the first stages in the for- 
mation of the embryo of Cymatogmter have been observed. Both the gastrulas are 
formed by a layer of epiblast and Slayer of hypoblast, and the region of the dorsal lip 
of the blastopore of Cymatogaster is in all probability homologous with the dorsal lip 
of the blastopore of Bralzchiostowta. The ventral portion of the former gastrula has, 
however, been so reduced that the embryonic axis extends over inore than h d f  the 
circumference of the gastrula. While the gastrula of Cymatogaster is thus seen to 
approach that of Braltchiostoma, it is by no means primitive, but is highly specialized 
by the reduetiion of the yolk, or, in other words, by viviparity. This is to be expected, 
for, as Balfour long ago expressed it (11, 342) : 

If the descendants of a form with a large amount of' food yolk in its ova were to produce ova 
with but little food yolk, the type of formation of the germinal layers which would thereby result 
wculd be by no meam the same a8 that of the ancestors of the forms with much food yolk, but would 
probthly be something very different, as in the 0 % ~  of Mammalia. 

Cymatogaster appears to me to  stand at the very end of the series of teleostean 
eggs which have beeu derived from large- yolked elasmobranch eggs. 

A glance at the gastrulas of Cymatogaster (fig. 41) and of the frog (Balfour, fig. 71, 
B) shows an interesting similarity. The yolk in the frog bears the same relation to 
tlie blastopore that i t  does in Cymatogaster, the yolk plug of the frog beingrepresented 
by the yolk nucleus in  Cymatogaster. But here again tlw embryo occupies less than 
half the circumference of the entire egg. The conditions in this case would be 
nearer those of Cymatogaster were there less yolk. There is, however, a very serious 
objeotip to deriving the teleost gastrula directly from the amphibian gastrula, for by 
such a supposition the periblast of the teleost must arise de novo from the yolk cells of 
the amphibian and stand in no relation phylogenetically to the yolk nuclei of the elas- 
mobranch, a supposition very absurd on its face. 

In  Wilson,s opinion one of the prime objectious to deriving the teleost gastrula 
from the Branchiostoma is that "the theory leads usnowhere; it does not admit 
of any exact comparison between the teleostean embryo and those of other vertebrates." 
It will be well to bear this statement in mind in further considering the homology 
between the amphibian and the teleostean egg. 

According to Wilson's view the whole course of the fish development becomes 
F. C. B. 1892-28 
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easy to understand if me admit of the-homologies between the gastrulas of the 
amphibian and the fish pointed out by Ziegler. The homologies are as follows : 

Ti8sh. Amphibian. I 
Yolk+periblast =Yolk cells 
Invagination at posterior pole of - Invagination around the dorsal lip 

=Chorda-entoblast. 
the fish blastoderm. 1 - { of tho amphibian blastopore 

- The gastrula cavity of the fish lies betweep the invaginated layer and the periblast. 
The growth of the anterior pole of the blastoderm round the yolk represents the growth of the 

This takes it for granted, again, that the posterior margin of the fish blastoderm 
is stationary, which it is not, and it has recently been shown by Morgan that the 
6‘ small cells” of amphibian eggs do not spread over the yolk cells, but are split off 
from them. The exact” comparison cau no more be instituted here than between 
Branchiostoma and the teleost. He nowhere explains how tlie periblast has arisen 
from the yolk cells: The condition in Cymatogasceer shows that the periblast (com- 
posed of but 12 nuclei) is a waning structure and is in direct proportion to the size 
of the yolk, a condition which very strongly presupposes a la’rger yolk and a more 
active periblast, as is found in other teleosts and in the elasmobranchs. 

Wilson’s discussions of concrescence do not directly coucern us, but the chief 
objections to  his views should be stated. His theory and observations need to be 
stated to enable us to form a fair judgment. He says, p. 260: 

In the growth of the blastoderm round the yolk, the head end of the embryo does not remain a 
fixed point. * remain8 a comparatively fixed point, 
as Oellacher first showed, while the anterior pole of the blastoderm travels rapidly round the yolk. 

the small cells round the yolk cells in amphibian gastrulation. ’ 

On the contrary,$ho tail eitd of the entbqjo 

I have already shown that this is certainly not the case in some fishes. 
The point where the blastoporo closes is thus but a short distance from the original position 

occupied by the posterior pole of the blastoderm. Owing to the constant position of the single oil- 
globule, these facts can easily be made out. 

Compare figs. ‘‘35,” 1136,7) and 1138.” In  other words, these statements hinge on the 
fixity of the oil-globule. Now, I have certainly seen the oil-globule in a number of eggs 
shift its position if the egg mas forced to lie in a position in which the vertical liue pass- 
ing through the oil-globule did not also pass through the center of gravity of the egg; 
that is, if the globule did not occupy the highest point in thQ egg. Bearing this in 
mind, and also the fact that the protoplasm is heavier than the yolk, as is seen in 
the position of the germ in pelagic eggs without oil-globules and the position of t,he 
nemly-hatched larva of sugh eggs, the conditions figured by Wilson, 33, 36, and 38, 
can be explained as being due to purely meohanical causes, by supposing that the egg, 
on account of the change in position of the mass of protoplasm during the formation 
of the embryo, rotates 900 and that the oil-sphere, in order to remain at  the highest 
point of the egg, gradually shifts its position 900. To make this clear I reproduce 
Wilson’s figures and add diagrams. These figures represent ths egg in a, vertical 
median section through the axis of the embryo; the germinal ring is also indicated. 

Since the center of gravity of the yolk lies approximately at  the center of the egg, 
and the oil-sphere occupies the highest position, while the germ occupies tlie lowest, 
the ceuter of gravity in fig. “35” lies somewhere iti or very near the line joining the 
center of the oil-sphere, the center of the egg, and the center of the blastoderm. 
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By the equal growth of the blastoderm over the yolk and the formation of the 
embryo along its posterior part (B)  the center of gravityof the blastoderm is changed 
from a point in a liiie joining C and a (fig. A )  to apoint in the line joining 0% (fig. B). 
This change of the center of gravity rotates the egg till the line cb coincides with 
the vertical. The oil-globule in the meanwhile shifts its positioii so that its center lies 
in the extended line joining b and 0'. The globule must move if its position is not abso- 
lutely fixed, and i t  certainly i s  movable in some pelagic eggs, and probably is in Scrrartus 
atrnrius= Celztropristis striatus. The rotation of the egg is as gradual as the growth 
of the embryo, and the change of position of the oil-sphere can not be observed on that 
account during natural devolopment. The conditions of diagram C are produced by 
the continuation of the same process. Since tbe center of gravity of the embryo will 
naturally be somewhere near its middle, the head and tail will be kept a,pproximately 
equidistant from the oil-globule. The center of gravity travels with growth from the 
tip of the head in A to the middle of the body in C, a8nd since the embryo encircles 
about half the yolk the change amounts to about 90". The center of gravity of the 
yolk being fixed, the egg, which is free to respond to the slightest change, rotates an 
amount equal to ilie change of position of the center of gravity of the germ. This 
does not seem to have occurred to Wilson, else this explanation would not be neces- 
sary, especially since Ryder gave a similar explanation in 1886, p. 10. 
' The above supposition, which is entirely warranted by the conditions figured for 

the bass and by the conditions observed in other eggs, explains why the anterior and 
posterior margins of the blaStoderm progressing eveuly, the blastopore does not close 
over the oil-globule. It does close over the position originally occupied by the globule 
or very near it. On this supposition the embryo is formed by the continuous concres- 
cence of the embryonic rim, the head being the first part formed and remaining fixed. 
It may be worth stating that, at the beginning of development by the more rapid 
ingrowth of cells at the posterior margin of the blastoderm, the embryo, so to speak, 
is pushed towards the anterior rim of the blastoderm, as in A. But this process ceases 
when the more active epibolic growth begins. 

Now let us examine the explanation Wilson gives for this simple matter, using 
the same figures and diagrams, bearing in mind that he considers the oil-globule a 
fixed point: 

On comparing figs. 35 and 36, it is seen that  while the  posterior pole of the blastodcrni rrmains 
comparatively Gxed, the licad cnd ( a )  of the embryo follows, though at a muoh slower rate, tho 
antcrior pole of the blastoderm in its grbwth round tho yolk. 

I n  other words, if we compare the figures the backward growth of the posterior 
margin of the blastoderm plus the anterior growth of the embryo represented by aa' 
equals the advance of the anterior margin of the blastoderm " . A .  represented & by y'y. 

The comparison of the two figures inevitatly leads to  tho conclusion that  the increase in length 
which the embryo undergoos in paseing from one stage to  anothcr is due to  intussusccption and not 
to  concrescence. Extending the comparison to  the later stage (fig. 38, just  before the blastopore 
closes), it is seen that  the increase in longth which tho embryo undergoos between the stages repre- 
sented by figs. 36 and 38 is brought about in e different way from that betweon figs. 35 and 36 ( !). 
This is shown by the following examination: At the beginning of tbe older period (fig. 36) the  head 
and tail end of the embryo are approximately equidistant from the oil-globule, and at tho end of the 
period (fig. 38) the case is the,same. The head end of tho embryo has, therefore, continued t o  grow 
round the  yolk, as in  tho period figs. 35 to 36, and tho body has also lengthened a t  the opposite end 
in an opposite direction, The increase iu length a t  the tail end of the embryo deserves especial atten- 
tion. The great inorease in length which tho body undergoos by the growth round the yolk of the 

I 
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head end of the embryo (figs. 35 to 36, and also figs. 36 to 38) can only be explained as ordinary 
growth by intussusception. If this is so, it is perfectly fair to asmme, until the contrary is proved, 
that the comparatively small increase in length which the body receives at the tail end is due to  the 
same sort of growth. 

I think myself that if the head end grows by intussusception the tail end doe8 
also. But if the greater amount of growth takes place at the head end, does that not 
imply that this is the last part to be formed? The oil-globule being a axed point, 
the embryo has added to its length between figs. “35” and ((38” at the head end the dis- 
tance between n and a”, or  half its entire length, while only one-sixth of its length was 
added to the posterior end between figs. “3577 and “38” (the distance between x and d). 
The first part formed by the embryo must necessarily be, according to this view, the 
region (nearly) between x and n in fig. 38, which corresponds to xa in fig. 35. To 
put this more precisely, the fifth and sixth sixths of the embryo are the first parts 
formed, and to thio rump is added the whole of the head and anterior part of the 
trunk and the neurenteric region. All this comes from the necessity of considering 
the posterior margin of the blastoderm a comparatively fixed point ‘to make out the 
homology with the amphibian egg. It is very probable that the anterior margin of the 
blastoderm does grow over the yolk more rapidly than the posterior in tho88 eggs in 
which the embryo encircles less than half the circumference-Tach~surus, Balmo, and 
Batrachwr, for instanceand it is just as probable that the posterior margin grows over 
the yolk more rapidly than the anterior i n  those eggs in which. the embryo encircles more 
than half the circumference of the yolk. There are intermediate eggs, fitolephorus, 
Serranzcs,” and most other pelagic eggs, in which the anterior and posterior margins 
of the blastoderm grow over the yolk at an even pace. Since writing the above I find 
that these supposed conditions were actually observed, and Wilson was conseyuen tly 
refuted by Ryder a8 long ago as 1882, p. 114. Wilson does nqt mention another pos- 
sibility than his own observations.t 

Explunutions of fisures and diagrums.-Figs. rr35,7’ tr36,” and bb38” a’re copies of Wil- 
son’s figures bearing the same numbers. The position the blastoderm originally occu- 
pied is shown by the line IC-y, and the relation of the embryo to the blastoderm and the 
relative growth of the anterior and posterior margins of the embryonic ring can be 
Been at a glance. Between figs. rr3B’’ and lL36’’ the anterior marginof the embryonic ring 
has traveled from y to y‘, and the tip of the head from n to a‘. Between figs. 463677 and 
((38” the head end of the embryo travels to a“, whiIe the posterior end travels to m“. It 
should be noticed that the tip of the head in rc3677 and l‘38” retains approximately the 
same position in relation to the center ofthe blastopore that it does at  the beginning 
of its formation in figure 35. During all this time the oil-globule has remained sta- 
tionary. This is Wilson’s explanation of these figures. 
___ __I_- _ _ _ - _ _ ~  

* In Serrunw, ulrurius, &E figured by Wilson, the embryo enciroles slightly more than half a cir- 
cumference and the poRterior margin may travel very slightly faster than the anterior. 

t In this connection, the following from the American Naturalist, January, 1894, is of interest. 
The statement occurs in.an abstract of Morgan’s experimental studies on teleobt  egg^: ‘ I  It can 
also be shown by marking the membrane with carmine that the head is a fixed point, the elonga- 
tion of the body being posterior to this. The experiment bears out my observation on the oval 
pelagic eggs of StoZBphorue, referred to above and figured and described in the Proceedings U. S. Nat. 
WUR. for 1892 (p. 139, pl. XU). 
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A, B, and C are precisely the same figures except that the vertical axes of B 
and C correspond to the vertical axis of A.  They are placed in this position to make 
clear the necessity of rotation of the egg and the change of position of the oil 
sphere, if, as I hold, the anterior and posterior margins travel equally over the yolk. 
The original position of the blastoderm in B and Cis represented by 3 y. (This does 
in no way agree with 3 y of “36” and “38”). In the development growth takes place at 
the posterior end of the embryo while the tip of the head remains fixed. Since growth 
takes place in this manner the embryo, if the original axis is maintained, comes to 
have a lateral position, and the blastopore will close at  the entodenpic pole of the egg. 
This explains why the tip of the head is equidistant from the anterior and from the pos- 
terior margins of‘the blastoderm. But owing to the fact that the germ is heavier than 

Y . x  

a 

the yolk the egg rotates in,the direction of the arrow at 3, and the oil-globule at the 
same time travels from its originhl position, indicated by the dotted lim, in the direc- 
tion of the arrow. This explains why the oil-globule remains equidistant between 
the head and tail of the embryo. 

PeribZast.-So many accounts have appeared during the past eight years describing 
the origin of the periblast, that it is not necessary to open the main question again, 
especially since the later account8 agree in the chief points. The first clear account 
of the origin of the free nuclei was given by Agassiz 6t Whitman, 1884, Since then 
several observers have verified their results. Concerning the function and ultimate 
fate of the periblast nuclei there is still some difference of opinion, Henneguy (1889, 
pp. 46-52) has given an excellent r6sum6 of these opinions. 
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Eupffer, Van Beneden, Henneguy et al. believe that cells are added to the germ 
from the periblast without stating that the cells will play any definite r81e. Elein 
and Van Bambeke believe that the entoderm is derived from the periblast. Hoffmann 
(1883) formerly believed that the periblast had nothing to do with the formation of 
the blastoderm; but later (1888) he inclined to the view that the entoderm with all 
its derivatives comes from the periblast. 

Kowalewski (1886) states that  the free nuclei increase in size, and finally disin- 
tegrate. The function (p. 455) of the periblast he considers ‘( eine erniihrende und seine 
Bedeutung die eines provisorischen Organes das nach der Beendigung seiner Function 
zu Grunde gehet.” HoBmann (1883) and Ziegler are of similar opinion. In the goldfish 
Kowalewski found the periblast to arise below the whole of the blastoderm. In Poly- 
acalzthus viridiamatus they arise only a t  the margin. 

Wenckebach (1886) in studying Belone found that the periblast nuclei arise as early 
as the 64-cell stage, and that they increase a t  the margin of the blastoderm both by 
fission and by the disappearance of the cell walls of two or three series of cells. The 
same conditions he finds in Perm jluviatilis. 

In  another egg (the largest pelagic egg, 4 mm., a h’tolephorus) a number of cells 
of the lower side of the blastoderm swell, become loose, assume an irregular form, and 
fall to the bottom of the segmentation cavity and unite with the periblast. The 
periblast in this case arises a t  the base as well as the margin of the blastoderm. A 
similar condition mas also found by Oellacher, (0. W. 0. XXIII, 12) in the brook trout. 
Wenckebach further found that the periblast nuclei undergo a slow degeneration (p. 
231) and have no part in the formation of the embryo. They become enlarged and 
in colored preparations show an irregular, large-meshed structure which is evidently 
due to the formation of vacuoles in the nucleus. They no longer divide. The ultimate 
fate of the periblast nuclei is degeneration and absorption. He found the residue 
after yolk absorption rich in protoplasm in which the nuclei were heaped. They 
become irregular in outline, structureless, and finally merge into one mass before 
final absorption. He is not certain as to their function. 

Eoffmann (1888) states that the third segmentation in the salmon is horizontal and 
separates the lower four periblast cells from the upper. At this stage the lower cells 
have distinct lateral boundaries. As soon, however, as the first merocytes (cells 
derived from the periblast) are formed the margins of the periblast cells are lost, 
Through equatorial cleavage new merocytes are continually produced by the free 
nuclei, while through meridional cleavage the number of free nuclei which remain in 
the plasma of the yolk is increased and they soon extend over the yolk beyond the 
margin of the blastoderm. As soon as a large number of merocytes appear the peri- 
blast nuclei are transformed into bodies which may be larger than the overlying cells. 

McIntosh and Prince (1890) also give a long discussion of the various theories of 
the origin and meaning of the periblast, without, however, touching the vital points. 
Wilson (1891) finds that the periblast nuclei become greatly vacuolated and that 
their outlines become irregular. The physiological use ~f the periblast he does not 
know. He supposes that the periblast is finally absorbed by the liver. 

The periblast seems to me to have beer1 studied and discussed a great deal more 
than its importance warrants and I shall confine myself to describing the actual con- 
ditions found in Cywutogaster. I may only say that Agassiz and Whitman’s conclusions 
as to the origin of this layer are borne out by thiR iish, aad the accounts, when 
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these are based on actual observations differing from theirs, are probably all due to 
a modification.of the process in different fish. The present function of the periblast 
nuclei is the appropriation of the yolk for the blastoderm-a view well borne out by 
the reduction of these nuclei with the reduction of the yolk to a mere vestige in 
Cymatogaxter. 

A t  the closing of the blastopore the periblast consists of about 12 (10 to 18) large 
irregular nuclei embedded in the cortical layer of the yolk. There is no layer of proto- 
plasm connected with these nuclei. They are usually grouped in pairs and sometimes 
are almost entirely confined to that portion of the yolk which originally was not cov- 
ered by the blastoderm. Its origin is similar to that in Ctenolalyus as described by 
Agassiz and Whitman. It becomes, however, an independent layer much earlier than 
in Ctenolabrzcs where the nuclei do not become independent till close of segmentation. 
Not nearly all the marginal cells of the blastoderm take part in its formation. “At the 
end of thg seventh segmentation (fig. 44) some of the marginal cells have the lower 
margin ill-defined and continuous with the yolk. This is never the case in more cen- 
tral cells. The nucleus is also slightly more refringent than in the neighboring cells. 
A t  the end of t h e  eighth Segmentation (fig. 45) there is still a distinct dorsal wall to 
the periblast cell, but its nucleus is now much larger than that of the surrounding 
cells.” In shape it does not differ greatly from the surrounding cells. It is thus seen 
that before the nuclei are well separated from tahe blastoderm they begin the change to  
the characteristic of later stages of other teleosts. “At  the end of theninth segmenta- 
tion (figs, 46 to 51) the periblast is an independent structure consisting of a few large, 
refringent nuclei embedded in protoplasm which is restricted to the immediate neigh- 
borhood of. the marginal cells of the blastoderm.” Exteriorly these cells are partly 
covered by the epidermal cells, dorsally they are covered by the cells just within the 
epidermal cell. The plasmodium of the periblast does not extend beneath the central 
cells of the blastoderm and the nuclei do not reach this region till much later, if atgall. 
There is never a continuous layer Of protoplasm a t  the base of the blastoderm. In 
fig. 51, of an egg sectioned horizontally, there are 10 periblast nuclei, one of them 
dividing and all of them lying just below the marginal cells of the blastoderm. This 
egg is near the end of the ninth segmentation, containing about 450 nuclei. Up to this 
stage the nuclei retain their spherical outline, but from this on they increase in volume 
and lose their regular contours and the surrounding protoplasm is greatly reduced or 
disappears entirely (figs. 38, 40, 41, etc.). 

The fact that the nuclei are very frequently in pairs would indicate that they 
undergo division, and indeed some sections show this to be the case. It is: however, 
doubtful if more than two generations of nuclei are produced in this manner. 

A t  the end of cleavage (fig. 29) there are several aeries of flat cells covering the 
greater part of the yolk. Beneath them the periblast nuclei lie. I n  Ctenolabrws, at 
the end of cleavage, the periblast forms a,wreath of flattened cells. 

The exact number of nuclei arising directly by a change of the cells containing 
them I was unable to determine, but their ultimate number rarely, if ever, reaches 20. 
Reduced to such silnple conditions and differing as the nuclei do from the nuclei of 
the blastoderm even before they are entirely free, I can state with the greatest confi- 
dence t,hat these nuclei have no share whatever in forming the embryo or in giving 
rise to eve11 a single cell of the embryo. The number of periblast nuclei probably 
remains the salne from the closing of the blastoporo to the final disappearance of the 
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yolk. In larve 7 mm. long all there remains of the yolk eud periblast is a smell nodule 
scarcely larger than the combined bulk of the periblast nuclei which are no? all hud- 
dled together (figs. 53 to 54). 1 

There is no evidence that these cells had. any share in forming the blood corpus- 
cles. The yolk at this late stage is almost entirely surrounded by the liver (fig. 54), 
but I thjnk it is erroneous to suppose, as Wilson has done, that  the liver finally 
absorbs the yolk. It is still in contact with the sinus venosus and the final absorp- 
tion is accomplished by the blood as truly as the earlier stages of its absorption 
before the liver is formed. In  this late stage the yolk no longer shows the yolk cells, 
which are still evident in larve 5 mm. long. 

Yolk Izucleus.-'?he appearance of this structure at the time of miturity was de- 
scribed under the head of '' the mature egg." In sections of stages with 60 and 72 
nuclei the yolk nucleus consists of a central denser (more deeply stained) portion 
which is surrounded by a thinner substance. In other sections of about the same 
stage the mass is not so divided. In some there are spherical (yolk) bodies scattered 
through it. 

The appearance in many of the stages resembles that of the germinal vesicle of 
the green eggs. In vertical sections the margin is seen to correspond to the sur- 
rounding yolk spheres. Cross-sections of the deeper portions show the same. I n  a 
somewhat older stage (fig. 32) the outer part of the mass is continued a8 e thin layer 
over the yolk, 

A peculiar condition is represented by figure 41, in which there is a large 
mass corresponding to the original mass, in which there are scattered larger yolk 
granules. Surrounding this on the yolk side is a deep layer of lighter-stpined proto- 
plasm. 

About the time of the closing of the blastopore the yolk nucleus disappears. In 
several eggs in which the blastopore is not yet closed no trace of it can be found, while 
in one egg stained with fuchsine a number of granules are collected in the region 
where this mass of protoplasm was situated. These granules are similar to others 
arranged about the periphery of trhe yolk, and i t  is doubtful whether they represent ;I 
portion of this mass. 

The absorption of this protoplasm must be very rapid, for il l  but slightly younger 
stages the whole mass is still present. 

Since the above was written, about three years ago, this body, so prominent during 
the early stages of development of the egg, has been identified by oue of my students, 
Mr. J. W. Hubbard, with the yolk nucleus, which is a conspicuous body in the ovarian 
eggs from the time they measure 20 p to maturity. The yolk nucleus originates as an 
extrusion from the germinal vesicle and reaches the entodermic pole at the\ time of 
maturity, when the yolk becomes collected about it. 

It was found that during the extrusion of the yolk nucleus the germinal vesicle 
is reduced in size and amount equal to that of the newly formed yolk nucleus. The 
extrusion of nuclear matter which takes place here lends weight to the supposition of 
De Vrics aud Weismam that definite particles may be extruded from the nucleus 
iiito the morphoplasm and control it. The functions the yolk nucleus possessed before 
extrusion are retained some tiple after extrusion in large-yolked eggs, and according 
to the recent theories its functions need not be lost a t  once, even in those in which its 
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constituent biophors are scattered” a t  the time or soon after its extrusion from the 
germinal vesicle. 

Signijioance of the yolk %ucleus.-A yolk nucleus, metanucleus, Nebenkern, of one 
description or another, has been observed in the eggs of all groups of metazoa 
exclusive of those of the Porifera and of the Echinoderms. While it has been 
observed in such a variety of animals, the explanations i t  has received have not been 
commensurate with its distribution. It is true that a yolk nucleus has not been 
observed in Bpecies whose near relatives have this structure well distinguishable. It 
very frequently disappears soon after its formation, and we need only go a step farther 
to a condition when it is distributed through the cytoplasm during its formation, and 
from this condition there is but a step to the separate extrusion of its coustituent 
parts. This may explain its absence in species whose near relatives have it. 

While in many eggs it appears eerly, in others (Porskalia) it is not formed till the 
time of inaturation. I n  all cases in which its formation has been traced it originates 
from the nucleus as something cast out without the usual formalities of cell division. 
I ts  function has been supposed to be that of yolk formation, but it is found in some 
eggs in which yolk is never formed or, after all the functions of the egg as a, cell, aside 
from its hereditary functions, have disappeared. It has been supposed to give rise to 
the follicle, but it sometimes does not appear till the follicle has begun to degenerate. 
It has been supposed to represent the male element in the egg, andin  thecaseof 
parthenogenetic ova to replace the spermatozoon, and thus has been attributed with 
the function later assigned to the second polar globule. This last explanation niay 
have a grain of truth in it, but it is far from being satisfactory. 

Moreover, while attempts have been made to homologize every other structure or 
action of the egg with a structure or action in the spermatozoon, I am not aware that 
this body has received the mine distinction. And yet there arises in the spermatozrjbn 
a body called by the same name (Nebenkern) in very much the same manner. 

-__ -- - 
*While the theory of the germplasm is admirably delineated, some objections to  the  ideas of a 

biophor as described by Woismann (The Cfermplasm, Am. Ed. 1893) may be added here. These objec- 
tions y a y  be answered by the statement that  Weismann is not endeavoring an explanation of life, 
But i t  is fair to  insist that  the definition of the theoretical units should not exclude the possibility 
of life. 

The biophor is said to be the smallest unit which exhibits the primary vital forces, viz, assimila- 
tion and metabolism, growth and reproduction by fission. The difference between biophors of 
various kinds depends on either the absolute reIat,ive number of molecules, theis chemical oonstitu- 
tion (isomerism jucluded), or their grouping.” For instance, a par- 
ticular biophor niay be composed of 7 (or any other number) of molecules, 3 of one sort, 3 of another, 
a11d 1 of a t4ircl sort. It would bo impossible for such a biophor to  give rise by division to another 
biophor containing the same number of molecules of the Rame sort arranged in the same mbnner. 

We must imagine.that this biophor during growth appropriates molecules like those composiug 
i t  until double the original numbor are preseiit of each pwticular sort of molecules. A division into two 
similar halves would tlins be made possible, but  the oharacter of the biophor, according to  the mn- 
tenoe quoted above, would have been changed with each molecule added. Or, we must imagine that  
dl the molecules necessary for the formatiou of a new biophor are appropriated simultaneously, in 
which case the biophor would suddenly enlarge to  double its normal size. This sudden growth might 
indeed be the agent oausing fission. This last alternative verges dangerously near forbidden ground- 
i .  e., the  formation of new biophors outside of the original biophor through the simple presence of 
the latter, after the manner Nlgeli suppcued new mioellre t o  arise. 

Both suppositions can not hold. 
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The Nebenkern has, among other things, beensupposed to be homologous with the 
polar globules. I consider it the homologue of the yolk nucleus. It, like the yolk 
nucleus, arises from the nucleus not by any cell division, although closely associated 
with it. However we may homologize the reducing division in the male and in the 
female, or spermatozoon and egg, it is clear that  in both cases the Nebenkern arises 
from the nucleus Gfter the sex cell has assumed its jinal role of egg or spermatozoon. 

I wish here to point out %he close resemblance of the yolk nucleus in Cymatogaster 
to the macronucleus of ciliate infusoria. Plate XCIII will make the resemblance 
clearer. The resemblance of the different processes of conjugation of these protozoa 
to the processes of maturation of fertilization in metazoa has been pointed out by 
others, but I wish to carry this resemblance several steps further. It will be of 
advantage to give a brief review of the remlts which have been obtained recently 
in the study of the conjugation of ciliate infusoria. For plate XCIII and its explana- 
tion, see page 446. 

The infusoria contain two nuclei: 
First, a large macronucleus which presides over nutrition and growth, repairs 

iujury, and by its division enables the protozoon to multiply for a certain number of 
generations. If the micronucleus disappears through senescence, the macronucleus 
may still divide and enable the protozoon to multiply for a certain length of time, 
but afterward it loses this power and the individual containing it perishes. Its 
fiinctions are all ontogenetic, of use to the race only in so far as they ase of use to 
the individual. It may be looked upon as the somatio portion of the nucleoplasm 
of the protozoon, which, by simple divisions, builds a large number of individuals 
which collectively are comparable to the metazoon soma. It divides directly. 

Second, a smaller micronucleus, which divides indirectly, but whose division 
and indeed whose presence is not essential to the life and multiplication of the 
individual. It presides over the preservation of the race, and its function must come 
into play during a time corresponding to the period of maturityof metazoa. If it 
does not come into play at this time, it disintegrates and the individuals containing 
it are doomed to ultimate destruction. If it does come into play, the individuals 
containing it may continue to divide. It is of use to the individual only through its 
use to the race. It is of no direct use to tho individual containing it. Its functions 
are all phylogenetic. 

I n  short, the macronucleus under any and all conditions is doomed to destruction; 
the micronucleus may live forever under favorable circumstances. 

The macronucleue is dissolved at the time of or shortly after conjugation. A new 
one is formed from the segmentation nucleus. 

We are now prepared to observe the similarities and the differences between these 
conditions and those obtaining in metazoa. 

The segmentation nucleus of metaeoa contains, as in the infusorian, both micro and 
macro nuclear elements, but these are retained in varying proportions in its descend- 
ants, i. e., in the cells of the adult organism. Through a process of division of.labor 
the power of rejuvenescence becomes restricted to comparatively few of the cells 
derived from the segmentation nucleus. The fate of all the remaining cells is final 
death. 
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Those cells which under certain conditious have the power to reconstruct the whole 
organism are the SAX cells. But it was seen that in the iufusoriau the macronucleus 
has its function suspended soon after preparations are made for conjugation and 
that it entirely disappears after conjugation. The macrouuclear functions of the sex 
cells ought therefore also to become suspended if the comparison between the two 
orgauisms is to be complete. This suspension must take place the momen4 of the ulti- 
mate division of the germinal epithelial cell or soon after, and the egg has become 
irrevocably an egg or tlie spermatozoon irrevocably a spermatozoon. A partial sus- 
pension of' these functions is evidenced- by the abseuce of further divisions except 
during the formation of the polar globules, which in theinfusorian are seen to be 
formed from the micronucleus. The formation of the polar cells may therefore be 
looked upon as products of the micronuclear elements of the germinal vesicle and do 
not vitiate the supposed suspension of macronuclear divisions. The macronuclear 
element of the germinal vesicle is eliminated as the yolk nucleus in eggs, and as the 
Neberilcern in spermatozoa. In eggs without yolk (ForskaUa), and whose ovarian his- 
tory is consequently short, it is eliminated just before maturation, as the metanucleus. 
I n  eggs developiug a large amount of yolk and whose ovarian history is prolonged it 
arises at a time corresponding to the maturation of uon-yolked species, i. e., at tho 
beginning of yolk formation as the yolk nucleus. I n  those in which it appears com- 
paratively late (Porskalia, Oymatogaster) it may remain during some of the early 
stages of development. In those species in which it appears early it is lost in the 
yolk long before inaturstiori. I have explained why it inay be present in one species 
and absent in another closely related one. Its suspension of activity need not be sudden, 
and i t  is not unlikely that it rctaina some of its functions in some eggs even after it is 
expelled from the gcrmiual vesicle, and it may then be active and entirely used up in the 
building up of tho yolk, as has been suggested by a number of observers. That its 
functions are in some way connected with the yolk is certain from the close associa- 
tion between yolk and yolk nucl'eus, which has  given it its name in eggs." 

The direct nuclear division frequently fieen in degenerate tissues extends the 
possibility of comparison between protozoa and metazoa. Such cells may be compared 
with infusoria which have pawed the period of maturity and in which the micronuclear 
element, which is always accompanied by indirect division, has been lost. 

The reason for the complicated process of cell division seen in karyokinesis is 
evident in all cases where an exact distribution of the halved chromosomes is essen- 
tial. In  cases like the macronucleus in protozoa and the degenerate cells of metazoa 
where an exact division can be of no advantage, direct division takes place. I do 
not mea11 by this to insist that there is a further comparison than the above between 
the direct division of the macronucleus and that of degenerate cells of metazoa. The 
former is primitive. 

- 

* Tho above account of the yolk nucleus was written before the appearance of Weismann's '' The 
Germplasm." In the phraseology used in this theory I hold that each cell (except the degeiiernte 
ones in which direct nuclear divisioii takes place) contains germplasm aside from ids from which &!1 
the determinates but those controlling the cell have been removed in carrying the cell to its final des- 
tination. All cells, the reproductive cells included, are controlled by determiit ants which we not 
directly derived from the ids of germplnsm contained in the nucleus but from ids which have been 
simplified duriug ontogeny. These simplified ids are removed as the yolk nucleus. 
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Karyokinesis is an adaptation to insure the exact division necessitated by phy- 
logeny; the direct division of glaud cells et a31. is a reversion or a degeneration to a 
primitive semblauce.* 

“Con- 
tributions it I’histoire de la constitution de l’ccuf” by ch. Van Bambeke and “Le corps vitellin de 
Balbiani dans l’ccuf des vert6br6s”, by L. F. Henneguy. In its explanation of the yolk nucleus, tho 
latter paper corresponds almost exactly with the views presented here. Since this theory of the mac- 
ronuclear nature of the yolk nucleus was arrived at independently, i t  is but  j ust  both to  Mr. Henuegup 
and myself that  his considerations should be presented here. 

“On sait que dans un infusoire cili6 il existe de& sortes de noyaux: le noyau proprement dit, ou 
macrouincl6us, et uu autre noyau plus petit, impropremeut appel6 nucl6ole, ou micronucl6us, ou encore 
endoplastule. Le premier tient sou8 8% cl6pendance les ph6nomknes de la vie organique c)e l’infu- 
soire, le second intervient pendant la conjugation, v6ritable reproduction sexuelle; aussi Biitschli le 
d6sigue-t-ilsous le nom de noyau sexiiel (Geschlechtskeru). Dane les cellules qui constituent le8 dlf- 
f6rents tissus des animaux e t  des v6 6taux, il n’existe qu’un seul 616ment nuclEaire, 10 noyau, qui 
regit B la fois les ph6nombnes vitaux f e  la cellule, e t  lea ph6nomknes reproducteurs, lesquels ont tou- 
jours lieu par division ou gemmation, c’est a dire par voie non sexuelle. Ce noyau renferme deux 
‘sortes d’616ments dgur6s bien distincts, le r6seau chromatique form6 de microsomes e t  les nucl6oles. 
Ceux-ci out 6t6 consid6r6s comme des mat6riaux de r6servepour le noyau (Strasburger, Carnoy), mais 
lour r6le dans la physiologie de la cellule eat encore inconnu. 11s ne paraissent pas preudre uue part 
active B la cytodi6rbse et cesseut d’btre visible quand so prepare la division indirecte du  noyau. 
Dan8 la v6sicule germinative de l’ceuf des anirnaux, il existe toujours un ou plusieurs gros nucl6oles, 
situ68 it la p6rephbrie de la v6sicule, plus rapproch6s par cons6quent du  protoplasma ovulaire que le 
reseau chromatique qui o c c u ~ e  g6nOralement lo centre du noyau, surtout dans les ovules voisins de 
la maturit6. Ces taches germinative8 disparaissent q u a d  les v6sicule germinative se transforme 
en globule rolaises et en noyau femelle; elles sout resorb6es soit dans la v6aicule germinative, soit 
dans le  vite Ius aprPs y avoir p6n6tr6 lorsque la membrane de la v6sicule germinative a disparu. 

“Si, avec la plupart des ernbryog6niste8, ou considbre l’ccuf comme repr6se11taut le stade proto- 
zoaire des Metazoaires, et les ph6nombues de la f6condation comme correspondent aux ph6nombnes de 
conjugation des Infusoires, on doit 88 demander ce qui, dans l’ccuf, est I’homologue d o  macrouucl6us 
e t  du  microuucldus des cili6s. 

“De meme que chez lee Infusoires cili6s le micronucl6us intervient seul dans la conjugation, le 
macronucl611s disparaissfnt par r6sorption, de m6me dans la fCicondation, le r6seau chromatique de la 
v6sicule germinative entre seul en jen, 10s taches germinative8 6tnnt resorb6es. De mQme que dans 
les Infusoires conjugu6s, il y a fusion d’uu mioronucl6us de l’un des individus aveo un micronuclhs 
provenant de l’autre individu, pour douner uaissance it un nouveaii noyau, qui se dddouble en macro- 
nucl6us e t  micronucleus; de mzme, dans I’ccuf, le noyau femelle s’unit au  noyau mble, pour former un 
nouveau noyau qui jouera simultau6ment d a m  10s cellules, provenant de la division de l’muf, le r6le 
de macronucl6us ot de micronucl6us. 

“Dans les cellules ordinrtires le macronucl6u8, represent6 par le  nucl6ole, e t  le  micronucl6us, rep- 
resent6 par le r6seau chromatique, sont confondus dans un m&me 616ment ; il  en est de m6me dans I’ccuf 
Cependaut le corps reproducteur femelle se rapprochant plus du type ancestral infusoire que les autres 
616ments cellulaires de l’organisme, on congoit qu’il puisse manifester une tendance rl la dis,jonction 

, dee deux 61Bments nucl6aires de 1’Infusoire. Cette tendance so tradnit. au moment oh la cellule 6ui 
tale preud le caractere ovulaire e t  s’accroft sans se multiplier, par la sortie d’une portion f e  18 
substance nucl6olaire, sous forme d’un corps vitellin de Balbiani. Celui-ci tant6t continue il jouer dans 
le  plasma ovulaire le rOle d’un macronucl6us, dirige lee ph6uomPnes d’assimilation des mat6riaux nutri . 
tifs accumulbs dans l’ceuf, e t  devient le centre de formation du germe, ainsi que l’a constat6 M. Balbiani 
chez beaucoup d’animaux; tant6t il n’a qu’uue existence tout it fait transitoire e t  disparacit peut de 
temps aprbs 8% formation, par r6sorption e t  d6g6n6resceuce; tant6t enfin, comme cela s’observe souvent 
dans l’outog6uic des auimaux, il y a accbl6ratiou des ph6nom6nes ernbryog6nique8, oertaines phnses de 
l’ivolutiou sont supprim6es : daiis l’ccuf, le.corps vitellin, organe ancestral, n’apparalt rl aucune phase 
de l’oogenhse.’’ 

___ ___ _- 
*While readiug the proof of these pages I obtained two papers bearing on this subject. 

He says, p. 32: 

In a foot-note he adds: 
“S’il existe dam l’ceuf un 616ment repr6sentant le macronucl6us des infusoires, cet 6lAmeut doit 

se retrouver 6galement dans la cellule mMe ou la spermatide. La presence, dam la cellule de d6vel- 
oppement du spermatozoide, d’un noyau accessoire (Nebenkern), dont l’aspect e t  le8 r6actions rapel- 
lent ceux du corps vitellin, jostifie cette manibre de voir.’’ 

Henneguy’s comparison of the yolk nucleus and nebeukcrn of the reproductive cells with the 
pacronucleus of ciliatc infusoria agrees with my comparison, with this exception : Henneguy sup- 
poses the yolk nucleus t o  be homologous with the macronucleus. I hold that  a genetic connection 
between macronucleus and yolknucleus has not and can not be sliown, and that  the two structures 
are due to  similar causes acting on similar material. He locatea the macronuclear element in the 
nucleoli. I hold that  this is erroneous, as is shown by the formation of the yolk nucleus in Cymato- 
yaeter without the intervention of nucleoli. The same has lwen shown in the paper quoted above by 
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Balbiani has suggested that the yolk nucleus supplies the place of the sperma- 
tozoa iii the case of the parthenogenetic eggs. I do not know whether i t  has been 
found in parthenogenetic eggs or not, but will venture a suggestion.# If, as I sup- 
pose, this yolk-nuclear element correspouds to the macronucleus of protozoa, a e  may 
imagine a condition in soine eggs in which the macronuclear elements or ontogenetic 
elements, and the micronuclear element or the phylogenetic ,elements are evenly bal- 
anced. In  such eggs the macronuclear element (the Ontogenetic element) could provide 
for continued growth and division which in eggs in which the micronuclear element 
predominates is only provided by the union with the male. The micronuclear element, 
on the other hand, could provide for the building up of the ancestral form. This 
explanation seems sufficient to account for parthenogenetic eggs. It is desirable now 
to reexamine parthenogenetic eggs with this hypothesis in mind. 

The notices of this body in literature have been mostly a t  haphazard. This or 
t,hat author says : (( 1 have seen it,’, and another has given its origin in one egg, while 
aiiother has endeavored to explain its function in still another. While the literature 
bearing on this subject is largely: incidental, enough has been said to show its presence 
in such a variety of animals that  only a deep rooted explanation is Bufficient. 

That the yolk nucleus js the lineal descendant of the macronucleus may be 
doubted. Both are probably similar results due to similar causes. It is certain that 
the germinal epithelial cells contain both the functions of tlie micro and the macro 
nucleus. How have the nuclear substances presiding over these different functions 
become united in a single nucleus in nietazoa? The answer seem evident. Both 
micro end macro nuclei are derived from a single nucleus. In protozoa they are the 
product of the second segmentation of the conjugation nucleus. We have here a single 
segmentation between copulation and macronucleus, whereas in metazoa a large 
number of segmentations intervene, and in thi8 lies the chief difference. (Two more 
segmentatious intervene in the case of spermatozoa than in the case of ova.) Macro 
and micro nuclear substances are both found in the germinal epithelial cells because 
the substances have not yet been separated. 

Which of the two second generation nuclei beconies the micro, which t h e  macro 
nucleus is determined by their position anterior or posterior in the new infusorian. 

Bambeke in  Scorpmca 8crofa L. There are other minor points of difference that  will appeiir on reading 
the two aocounte. 

I have given this full statement of Hennoguy’s theory tmo avoid any possible claim of injustice on 
my part to  the propounder of a theory, which in so many points agrees with mine. Space and time 
do not permitmo to consider Bambeke’spaper and one by Dr. 0. Jordan, 1893. It seems, however, that  
Jordan has entirely iinderestimated the signifioance of the yolk nucleus. It may be true that  
structures inwxtain egg$ have been described a8 yolk nuclei, which were not homologous with the 
yolk nucleus of C?pMJtOga8tCt* andof  other fishes, or of Batrachians. But this docs not warrmt  tho 
sweeping stahmieut that  ( I  the various structurcs usually groupcd together under the name Dotter- 
kern have nothing but the name in common.” This seems but trifling with facts. I have explained 
why the yolk nucleus may not become visible in one species and be present in  another closely allied 
species. The absence is apparent rather than r o d .  But supposing its absonce should be real in  
some cams, tha t  would not in the slightest vitiate the importance of a structure whose wide distribu- 
tion in  metazoa is admitted. Certain fishas do not havo ventral Ana, and some mammals do not 
possoss posterior limbs, but those facts do not destroy tho homology of ventral fins of fishes which do 
possess them with the posterior limbs of mammals which have these structures. The three papcrs 
mentioned in  this note give a very complete history of the literature beariug on the yolk nucleus. 

* Balbiani’s yolk nucleus is not homologous with the structmw here considered. and his viem is, 
thorefore, not identical with tho one here giveti. 
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Their structure must therefore be the same a t  the time of segmentation. We have 
here a differentiation due to external conditions similar to those found in the differ- 
entiation of sex from like cells by external conditions. While in infusoria this dif- 
ferentiation into macro and micro nuclear elements takes place after the division of a 
whole into two equal halves, the differentiation takes place before division in metazoa. 

Comnparison between the processes of conjugation in ciliate infusoria (modi$ed from 
Weismann after Maupas) and of maturation and segmentation in Cymatogastcr aggre- 
gatus.-The modifications of the male cells are purely theoretical, and modified from 
the conditions often observed in a number of invertebrates. Nothing is yet known of 
spermogenesis of Cymatogaster. The black circles represent micro or germ nuclei, the 
blank circles the polar nuclei, the shaded parts the mactonuclear elements. Note well 
that between stages H and A of protozoa there intervenes a large number of genera- 
tions of nuclei-individuals, and that a similar number of generations of nuclei, all of 
which collectively represent an individual, intervene between I and a=A in metazoa. 
In series I the macronuclear elements disappear in stage G ,  while in series 111 they 
do not disappear till much later than stage I. Ufjually in metazoa they disappear in 
stage A2,  i. e.; before the nucleus from which they have been derived loses its entity. 
While in series I the macronuclear elements are segregated in stage F or a t  the begiu- 
ning of the series of daughter nuclei, in series 111 this process does not take place till 
stage A 2  is reached or the end of the series of daughter nuclei or concamitantly with 
the production of a new mother nucleus; in all the intervening stages between I and 
A 2 macro and micro nuclear elements are united in the same nucleus. 

l?ormation of the mesoderm-Dr. Minot has said (Am. Nat., 1890,877): “Scarcely 
an embryologist can be found who has not published opinions on this question (origin 
of the mesoderm) considerably at variance with those o’f most authors.” To h o s e  
already numerous accounts I must add that of Cymatoguster. Without question the 
mesoderm arises here from the entoderm, as has been observed in a number of other 
fishes by various authors. Instead, however, of being restricted to and arising from 
a narrow space, it is split off from the entoderm and forms a layer over the whole 
entoderm, exclusive of the axial line, or the, region occupied by the chorda. 

Hertwig states, p. 119 : 
Rei kinem Wirbelthiere entstehen die KeimblGtter durch Abspaltung, sci e8 vom auscron, sei os vom 

inneren Grensblatt, da sie yon beiden mit Ausnahme eines sehr boschdnkten Kcirnbozirks iibernll 
durch einen Spaltraume soharf abgegrenzt werden. 

I have nowhere seen any figures in Cymatogaster which favor Hertwig’s view of the 
origin of the mesoderm, and since it apparently appears siinultaneously over the whole 
entoderm exclusive of the middle line, and is closely applied to the entoderm when 
it usually is widely separate from it, the only explanationfenable seems to be that the 
mesodermjs split off from the entoderm everywhere except at the median line. In all 
cases I have been able to examine the entoderm formed a layer beneath the chorda, but 
I am not positive whether a layer is always present beneath the chorda at the t ime the 
latter structure is differentiated, or whether the whole central portion of the entoderm 
is differentiated into notochord, and a new layer of entoderm is formed beneath this 
by ingrowth from the sides. 

The development of the chorda aid of the mesoderm is still obscure, since I 
obtained but one or two marked stages between the closing of the blastopore and 
embryos with three protovertebrae. On reconsideration I am not so certain as to what 

The former seems the more probable view. 
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relation the cephalic end of the embryo bears to the blastopore as I was formerly, but 
I am inclined to think that in my paper on sex cells I mistook the primitive streak for 
the head. I am sure that in the embryo with three protovertebra thus described I 
mistook the head for the tail. This misconstruction does not afl'ect the results as to 
the early segregation of the sex cells, but changes their place of origin. The needed 
corrections to be made in the account of the sex cells will be made in the chapter 
bearing on this subject. At  the closing of the blastopore the onibryo usually consists 
of two layers-the ectoderm and the primitive eptoderm. Each of these is several 
cells deep, and they both extend over the entire yolk, merging into each other at, the 
blastopore. Just  before the closing of the blastopore the entoderm is but one cell 
deep in all places but the axial line. Immediately after the blastopore closes cells 
are heaped up, probably in the region of the closed blastopore, certainly in the caudal 
region of the body. With this heaping up of cells the lower and upper layers become 
merged into a solid mass (figs. 55 to 59). Shortly afterward the mesoderm is split off 
from the entoderm over the whole of the egg except along this region (figs. 58 to 59). 

In  some eggs (fig. 43) the mesoderm is not definitely separated from the entoderm 
after the closing df the blastopore. In  others, on the other hand, the mesoderm is at 
least partly separated even before the closing of the blastopore. In all the sections 
the mesoderm is seen to be intimately associated with the entoderm, so there can be 
no doubt as to the source from which i t  is derived, although the ectoderm at this, 
time is quite thick. Two eggs cut in nearly the same planes and representing the 
earliest and latest stages found between the closing of the blastopore and the three- 
protovertebra stage may be described in 8ome detail. The sections are a t  right angles 
to the median plane of the embryo and the first in each of the two embryos is tangential 
to the primitive streak or thickened caudal mass. 

Fig. 55 is the sixth section of the early stage and the first that cuts the yolk. 
The ectoderm is here s e v e d  cells deep, being cut obliquely. The outer layer of cells 
is much lighter than the deeper layer-a fact due to the absorption of the surrounding 
ovarian fluid. The entoderm is also several cells deep, and at  this place no distinction 
between entoderm and mesoderm can be made out. A t  the axis the entoderm IS 
much thicker and so intimately joined to the ectoderm that but a very faint line of 
division is perceptible. The ectoderm a t  this point is reduced in thickness. 

Fig. 56 is the eighth section of the series. The relation of the parts to each other 
is very much as in the preceding figure. The axhl  entoderm forms, however, a more 
rounded mass. 

Fig. 57 is the tenth section of the series. This section, being more median, differ- 
entiates the parts much better. Over the ventral half the out'er layer of ectodermal 
cells is enlarged aud much less densely stained; over the dorsal half no silch differ- 
entiation is seen. Laterally the entoderm is thinner than ventrally and, in places at 
least, a distinct dividing line cau now be seen between mesoderm and entoderm. The 
axial primitive entoderin is still as important a structure as in the preceding section. 

Fig. 58, which represents the twelfth section, differs little from the tenth. The 
primitive entoderm is still thinner laterdly and the distinction between entoderm and 
ectoderm is still harder to make. 

Fig. 59 represents the fifteenth section. All the sectioiis following this are dam- 
aged along the axial line. In  this section some of the eutoderm cells have evidently 
been misplaced at the embryonic axis, where it is impossible to detect any line sepa- 

' 
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rating entoderm from ectoderm. There are in all twenty-six section8 in this egg 
(ovary 23) ; maximum diameter of egg, -272 mm. 

Of the second stage I have obtained several fair series of sections. The chorda 
is now well marked off for some distance and the mesoblast is split off from over the 
entire entoderm except a t  the caudal mass, where it is not possible to distinguish the 
three layers from each other. In all other regions the ectoderm is separated from the 
mesoderm by a large segmentation cavity. The sections, figs. 60 to 63, are parallel to 
a tangential over the caudal mass. 

Fig. 60 is the sixth section of the series and has not yet reached the yolk. The 
mesoblast is not distinguishable from the entoderm, owing to the fact, perhaps, that 
near the margin of the section the plane of the section is oblique to the plane sepa- 
rating mesoblast from entoderm. The embryonic region is indicated by the strand of 
cells between ectoderm and entoderm, and, in fact, by the wholeof thecentral mass of 
cells. The grouping of the sex cells in this region is as usual in this stage (ovary 31). 

The 
entire outline of the notochord is evident a t  this place. The divfding line between 
nesoderm and entoderm is not yet evident. 

Fig. 62 is the twelfth section of the series, and therefore near the middle of the 
egg. The greatest diameter of the egg is 3 mm. The line separating mesoblast from 
entoderm is here evident over the whole yolk; the chorda is a little thicker than the 
mesoblast on either side and touches the slightly thickened ectoderm above. The 
mesoderm is about two cells deep. 

The thickness of both chorda ant1 
mesoblast is reduced. The ectoderm consists of an outer layer of flattened cells arid 
an inner irregular layer of semicolumnar cells; it also does in other sections, but the 
fact is not so apparent. It is not thickened over the chorda as far forward as this 
section. The chorda extends some distance farther, and appears finally to merge 
into the indifl'erent. mesoblast seen along its sides in other regions. As far forward 
as I can trace it the entoderm forms a layer below it. It is very probable that the 
cells forming it are separated from the entoderm with the mesoderm by delamination., 
I n  that case a layer of entoderm cells would always be found below it. The chorda 
is formed some distance farther forward in another egg from the same ovary. In. this 
egg the entoderm extends under the chorda 8s far as that structure can be followed, 
but near its end the sections become tangential again and the boundaries between 
tissues are not well marked. 

The 
lower layer of ectoderm cells is in contact or approximated with the chorda for its 
en.tire length, and in the section figured the ectoderm is thickened and slightly 
depressed just over the chorda, the cells being somewhat radially arranged. 

As stated above, in the caudal region the three layers merge into each other so 
they can not be separated (64). Another characteristic of the caudal region in all 
the eggs of this stage is the presence of numerous large sex cells. 

In the caudal region the neurula in eggs of this stage consists of the previously 
described thickened mass. In front of the caudal mass it rapidly narrows to a 
thickening about as wide as the chorda and immediately overlying it. The region 
above it is depressed into a perceptible shallow groove. Its lower surface (fig. 62) 
remains for some distance in contact with the chords after quite a space is found 

, 

Fig. 61 is the eighth section of the series and the first which cut<s the yolk. 

Fig. 63 is the eighteenth section of the series. 

Fig. 65 is a section from the anterior portion of the chorda of this egg. 

' 
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hetween the mesoderm and ectoderm. In the anterior region the cells of the neurula 
(fig. 65) are seen to radiate from the dorsal depression. 

The ectoderm is everywhere about three cells deep. The outermost layer is dif- 
ferentiated into a flattened epithelium. 

While the relation of the head end of the embryo to the blastopore can not be 
certainly decided, i t  seems probable that a t  this period the embryo encircles consid- 
erably more than half a circumference of the yolk. The length of the embryo is now 
increased, chiegy at the expense of the caudal mass of cells. 

Anatomy of am embryo wi th  tkree protovertebrm.-Of this stage I have two good 
series of sections. One of the embryos was cut in the sagithl plane, the other at right 
angles to it. The former wm figured (figs. 5, 6) in my account of the sex cells, but 
the anterior was mistaken for the posterior. 

The entoderm in this stage forms a layer over nearly the entire yolk. The only 
region where it could not be distinguished was over the small portion of yolk between 
the caudal mass of cells and the head of the embryo. In  the anterior region i t  grad- 
ually merges into the one-cell-deep mesoderm. Along the axial line, beneath the 
notochord, the entoderm is about two celIs deep. Just  to one side of this median line 
the entoderm is three or four cells deep; at the sides of the yolk i t  dwindled to an 
attenuated layer but one cell deep (figs 72,73), and along the ventral line it is merged 
with the mesoderm. I n  longituding sections the entoderm is still evident, even in this 
region (fig. 67). Just  in front of the caudal region, where the three layers merge into 
each other, the entoderm has a columnar arrangement and is raised some distance from 
the yolk (fig. 68 7co). This is the first indication bf Kupffer's vesicle. In  cross-section 
the raised region is seen to be quite wide, with the out'er angle projecting upward and 
outward (fig. 73). The further development of Eupffer's vesicle will be described in 
another chapter. 

The principal difference betweeu t h e  entoderm of Cynmtogaster and other teleosts 
during this stage lies in the fact that it is composed of several layers of cells and that 
it covers the greater part if not the whole of the yolk. 

The notochord is well formed and has assumed its final outline back to the neurcn- 
teric region, where its outlilies merge iiito the general mass. I n  front it tapers to a 
point. I The notochordal cells are as yet but little diEforent from the cells of the other 
structures. The outlines of the iiuclei and of the cell itself are a little more prominent 
and the cells are anteroposteriorly compressed. This gives their nuclei in the s a g  

section (67) vertical oval outlines and gives the impression that the cells have 
it& columnar arrangement, which they do uot in reality have. 

The mesoderm consists of a single layer of cells in the anterior cephalic region 
(fig. 71). It rapidly thickens backward on either side of tlie notochord and neural 
ri$ge '(fig. 70). Tho cephalic region, or the region in front of the first protovertebra, 
is about the third of the entire length. There is uo cavity in the protQvertebrm, but 
the nuclei are arranged in an epithelial manner arouiid a central region. The khree 
protovertebra extend over one-fifth of the length of the embryo. In the embryo cut 
in a sagittal direction the mesoderm just behind the third protovertebra contains 
numery'us sex cells; behind these the mosod?rm disappears 8s a distinct layor. From 
the thickened masses along the notochord the mesoderm extends over the yolk in 
d l  directions, thi g out to two and further laterally to a single layer of cells, the 
two sheets meeti O I ~  the ventrql line of the embryo. It is only.in cross-sections 

3'. C. R. 1892-29 
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through the caudal mass (fig. 74) that the mesoderm can not be distinguished over 
the whole yolk. 

The ectoderm forms a layer two to three cells deep over the whole egg. The outer 
layer of cells is in places well separated from the inner layers, the nuclei are slightly 
larger than those of the inlier layers, and the cytoplasm stains lighter. The neural 
thickening consists of a solid ridge of cells extending down from the ectoderm to the 
notochord. From the sections it would appear that there is little difference between 
different points along this region. The ridge appears deeper just in front of the noto- 
chord than elsewhere, and here the lower layer of cells has a columnar arrangement. 

The diameters of these embryos are respectively 0.27 mm. and 0.3 mm. The 
embryo has grown till it fills the shell and with but a slight further increase i t  hatches, 
the membrane bursting with the further expansion of the embryo. In other teleosts 
the hatching process is largely duo to the muscular efl'orts of the embryo, while in 
this case the muscle cells can scarcely, if at all, be distinguished from other cells at the 
time of hatching. The yolk measures 168 /A to 200 p. 

I have not been able to secure stages between this a8nd the embryo with six (?) or 
more protovertebrae, which is hatched. 

General development of the larum.-At the time of hatching, the tail has not begun 
to bud out. The larva encircles the entire yolk and is so transparent that i t  can only 
be found with a lens. Groups of spermatozoa are found attached to it8 surface. No 
lumen has appeared in the intestine and muscles have not begun to be differentiated, 
so that the larva is entirely incapable of motion. 

Shortly after hatching, the head and tail, exteriorly almost identical, sometimes 
overlap, the body being bent over the yolk (fig, 83). However, the larva rapidly 
straightens itself if this overlapping is normal a t  all. The lumen of the intestine 
appears when 10 protovertebrae have been formed (fig. 77) and Kupffer's vesicle has 
become enormously enlarged. The muscle cells have now become somewhat elongate, 
though motion is probably not yet possible. The tail is not yet free and the larvae 
memure about 0-6 min. By the time the larva, has reached a length of 0.8 mm. the tail 
forms a thick blunt projection beyond the yolk and the intestine has a continuous lumen 
from near the anterior end of the notochord back to the future anus (figs. 78 and 84). 
The heart is represented by a large mass of cells belQw the head and about 12 proto- 
vertebrae have been formed. A swelling is evident in the gill region and shortly after- 
wards'(by the time the larva is 0.9 mm. long) the first gill-slit is opened. The eye and 
auditory organs now become more prominent, but no otoliths are formed as yet. About 
14 protovertebm are present in larvae 0.9 mm. long. Spermatozoa are now foundin the 
intestine, which they reach through the first gill-slit. 

If larvae are examined from this stage till the mouth is formed a stream of the 
ovarian fluid is usually seen entering the gill-slit and escaping through the anus, 
This stream is kept in motion by very active cilia in the gullet. 

When the larva has reached 1 mm. in length, the tail is formed to a considerable 
extent and terminates in a blunt lobe. The hypertrophy of the hind g u t  has begun and 
reaches some distance beyond the yolk-sack. One of the most peculiar' structures of 
the larva, the enormous yolk-sack, has now become well developed. The yolk is 
quits minute and lies at the posterior end of this cavity, and all the remaining yolk-' 
sack is utilized as a pericardium (fige. 88 and 90.) The heart is now a simple, slender 
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.tube extending from the posterior wall of the pericardium upward and forward; the 
yolk lies in the sinus venosus. About 22 protovertebra+ are formed. 

There is little change in general outlines for Home time after a length of 1 mm. is 
reached. The tail eloiigates and fin folds are developed. One striking feature is that 
the fin-fold is very narrow at the tip of the tail, while the dorsal and caudal portion 
may be well developed., 

The segmentation of the hind brain (fig. 93) becomes very prominent when the larva 
has reached a length of 2 mm. and remains so till the larva is 5 or more mm. long. 
During this period the hind brain (figs. 91, 93, 96) is divided by lines which are con- 
spicuous during life, and quite evident in preserved specimens. 

In  larva 5 mm. long (figs. 94 and 95) the notochord extends to the tip of the tail, 
and a caudal fin-fold proper is not developed; the dorsal and anal folds are present. 
The posterior part of the anal fold shows a thickening where the caudal is finally 
formed. The pectoral has also made its appearance as a small flap on the shoulder. 
The liver has become well developed and fills a part of the space formerly occupied 
by the yolk, some of which still remains. The heart is still a simple tube without any 
diflerentiations. The intestine has become much enlarged, and in the protruding hind 
gut, which is distinctly differentiated, ridges have been formed on the inner side, which 
later become transformed to villi. The whole tube is still simple at this time without 
any loops. 

The circuhtory system (fig. 92) consist8 of au arch extending upward and forward 
from the heart, thence abruptly backward to beyond the middle of the tail, forward to 
near the anus, downward to the lower surface of the intestine, along which i t  extends 
till before reaching the yolk i t  bends upward around the intestine and then down over 
the yolk and into tlie heart. Shortly afterwards the intestine bends down at the 
vascular loop and forms the familiar sigmoid curve (figs. 9G-100). By this means the 
portal vein runs straight forward along the ventral surface of the hind gut and 
then directly to the liver. The succeeding changes in the relative size and the curves 
of the various parts of the intestine may be gathered from figs. 93a to 930. 

Ooncomitant with the changes in the intestine the siniplo tube of the heart is 
transformed into auricle, ventricle, and bulbus arteriosus. While it is a simple tube 
i t  arises from the sinus venosus near the bottom. This origin is trauslooated upward 
till it arises from the top of the sinus. A t  the same time the tube has been lengthened 
and two constrictions have appeared. The posterior section comes to lie over the 
middle section; finally the upper is moved forward, and by the elongation of the 
bulbus the middle section is pushed backward SO that the relation obtaining hi figs. 
96-99 results. The definite fins appear when the larva has reached a length of about 9 
mm. (fig. 99). Tho further externally visible changes may be gathered from the accom- 
panying figures (101-108). Pigment does not make its appearance till very late, and 
then only sparingly, except in the eye. 

Formation os the intestine.-The fundament of the intestine can first be distin- 
guished in my sections when three protovertebra are formed and several others are out- 
lined (figs, 67-74). The conditions are similar in a number of embryos sectioned, and 
1 have selected for description one sectioned longitqdinally and another transversely. 

In a section in the sagittal plane (fig. 67) the line separating the chorda from the 
neural tliiclteiiing is well marked. The line separating the chorda from the under. 
lying hypoblast is quite distinct in the anterior part of the embryo where the chorda, 
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cells have become very different from the hypoblast beneath and have become re- 
arranged. In the caudal swelling the two structures are not separated by any distinct 
line, and the difference between the cells of the future chorda and t h e  gut are not so 
well differentiated. In  the head the hypoblast underlying the chorda is quite thin; 
caudad it becomes gradually thicker and finally columnar in arrangement. Thie 
columnar region stains darker than the surrounding cells. In the posterior phrt of 
this region the columnar hypoblast is raised from the yolk to form a distinct arch, or 
rather, as is seen in transverse section, a transverse fold raised from the yolk (fig. 73). 

The outer edges of this fold are raised a little higher than the median portion, 
and it extends and gradually disappears backward. The floor of this arch is very 
largely formed by the yolk, its posterior extension entirely so. Below the arch there 
are a few cells which are very probably derived from its own roof, from which several 
cells project (figs. 68-73), This space is the first observed condition of KupEer’s 
vesicle. Cross-sections show that at this time the hypoblast extends over the greater 
part of the yolk, if not entkely over it (figs. 71-74; hypoblast cells have nucleoli 
indicated). Near the middle it is several (5) cells deep over nearly half the circum- 
ference of the yolk. It is columnar only below and a short distance on either side of 
the chorda; latterly it becomes thickor, but thins out again to a thickness of one cell 
(fig. 72). The section extending through KuplTer’s vesicle shows that a t  its outer 
margins it extends as short pockets toward the ectoderm. In this fact it resembles 
very closely the conditions found later in the regiou of the forming gills, which arise 
as similar outward extensions from the alimentary tract. 

In  an embryo just  freed from the zona radiata, and which still greatly resembles 
the stage just described, nine protovertebra are formed, and the development of the 
intestine has made great progress. The anterior part of the chorda is well formed, 
and the hypoblast below it is but one cell deep. Caudad the thickness of the hypo- 
blast increases till it is about five cells deep (fig. 75). In the anterior part, where the 
hypoblast is bu t  one cell deep, evaginations extend upward and outward toward a 
point below the fundaments of the ear. These folds are of considerable*cephalo- 
caudad extension, reaching in one embryo through nineteen cross-sections (figs. 100, 
115). These outpualiings are for the most part solid at this stage. The peripheral 
cells of this structure (the gills) are columnar. The outer layer of cells extends some 
distance over the yolk. Immediately behind the gill region the method of the forma- 
tion of the floor of the intestine becomes evideut (fig. 110). The upper cells of the 
hypoblast have a dorsoventral columnar arrangement.. The lower cells, on the other 
hand, have the longer axes of their nucIei in a horizontal position, the edges of the 
hypoblast having become turned in. No space is at first evident between this 
lower and tbe upper layers, the infolding resulting in a solid bilateral mass of cells. 
The lateral extent of the hypoblast is no longer as great as i t  was in  the preceding 
stage (figs. 110-112). Farther back, where the ingrowth to form the potential floor 
of the intestine does not take place until some time later, and where the intestiue, as 
will be seen later, is very wide from the beginning, the hypoblast still extends ofer a 
considerable portion’of the yolk (figs. 112,113). The same process of f o r d u g  the 
intestine takes placein this regim later,’i. e., the hypoblast becomes columnar end 
cells grow from the margin’inward to form e layer ‘between the yolk and the main 
mass of hypoblast cells without a t  once forming a lumen. 
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Some of the cells of the floor of the intestine may be derived from the roof directly. 
If so, such cells are derived from the region just below the chorda (fig. 127) and dem- 
onstrate the bilateral Condition of the enteron. The same bilateral condition becomes 
still more evident later, when frequently two lumina make their appearance, especially 
in the anterior region (fig. 122). KupEer’s vesicle has now become much larger 
(figs. 75,110,113), but since it is such a striking feature of the stages succeeding the 
one under consideration it will be dealt with in h separate chapter. 

In  a slightly older larva (fig. 76), which differs from the one just described in beiug 
straightened out, the hypoblast presents in a sagittal section the same appearance 
seen in the preceding stage. But a layer of horizontal cells is now present between 
the yolk and the main mass of hypoblast (figs. 117,125,126,127). In  other words, 
the ingrowth of hypoblast has now reached the median line, and the floor of the enteron 
has besn completed. Transverse sections demonstrate the completion of the floor in 
the whole of the postcephalic region exclusive of HupBer’s vesicle, which is now 8 very 
large cavity (fig. 76). 

Soon after the completion of the floor as far as just described, the lumen appears 
both anteriorly and posteriorly (fig. 77). It is formed by the separation of the two 
layers of cells already formed. The separation usually begins laterally and grows 
towards the ’middle line. This is especially true of the cephalic portion (figs, 121, 
122, 127,130). I n  the front part of the body the hypoblast is about as high as wide 
(figs. 23,130, 131), while in t>he posterior region i t  is many times as wide as high, 
encircling t h e  whole of this portion of the yolk, and the lumen formed here is a 
A-shaped slit with very long arms, and occasionally an upward extension a t  the 
median line (figs. 134, 133, 134). The posterior lumen is, therefore, from the first 
potentially very wide, for as soon as the lower layer is separated from the upper to 
its full extent the intestine is relatively very large in this region. 

As stated above, the lumen is fornied in front and behind simultaneously. The 
’ gullet or iniddle region renaahzs a solid rod (figs. 77,131,132). This appearance led me 
at first to suppose that the posterior intestine is precociously developed; but, as we 
have seen, the floor of the entire intestine is formed continuously from before backward, 
and the solid mass is the result of the retardation of the formation of the lumen 
between the two layers of the hypoblast, after such a separation has taken place in 
front and behind. ‘ I aln not aware that a similal. condition has been found in other 
teleosts more than once before. A similar condition is, however, described by 
Balfour (Elasmobranch Fishes, p. 217) for elasmobranchs. I n  elasmobranchs the 
@sophagus has a well-developed lumen like the remainder of the alimentasy tract, 
but “its lumen becomes smaller and finally vanishes, and the originql tube is replaced 
by a solid rod of uniform and somewhat polygonal cells.” Although 0 lumen does not 
a t  first appear in Oynatogaster, its equivalen/t does, if we bear in mid that the 
floor is formed after the exact method used ih elasniobranchs to form a lumen, i. e., 
by the ingrowth below of tho inarginal cells of the hypoblast. What morphological 
significance this retrogressive development of the part of the intestine in elasmo- 
branchs and in teleosts has 1 am unable to suspect, unless indeed Balfour’s corijecture 
(11, 61) may be correct. He lias found a solid esophagus in the sa~lmon (sp.) long 
after hatching. “It appear8 not impossible that this feature in the aesophagus may 
be connected with the fact that in  the ancestors of the present types the clesophagus 
was perforated by gill-slits j aud that in the process of embryonic abbreviation the 
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stage with the perforated esophagus became replaced by a stage with a a r d  of 
indiEerent cells (the msophagus being in the embryo quite functionless) out of which 
the nonperforated esophagus was directly formed.” 

The extent of the gill-pouches in the stage figured in 76 is seen iii figs. 115 aud 11G. 
A large part of the gill-pouches lies in front of the audjtory thickenings. A little 

later the two layers composing the rudiments axe beginning to separate and touch the 
ectoderm (fig. 128). The hypoblast grows out and up 
till i t  reaches the ectoderm, when its distal cells separate. Later the ectoderm also 
gives way and the first gill-slit, the hyobrunchial, is formed in front and below the 
auditory capsule. I have never found the spiracular opening which some authors 
(Hoffmann) claim to be the firfit opened. The hypoblast of the spiracle extends out to 
the epiblast, but a canal is never formed in Cymutogaster and tbe  ectoderm never 
parts. The hyobranchial is 
functional as soon as opened, the ovarian fluid entering the intestine through it. I ts  
early formation is another of the precocious features of Gymatogaster due to its vivi- 
parity. The fact that  the hyobrancliial is formed by a11 upper outward growth makes 
it resemble the formation of the spiracular slit in the fish described by Hoffmann. 

In the stage with 12 protovertebra? (fig. 78) the intestinal lumen is continuous 
from a little ways behind the origin of the chorda to Rupffer’s vesicle, part of which 
now forms a dilation of the intestine at the posterior end. An anus bas not been 
formed. As will be seen in the chapter on Rupffer’s vesicle, this structure has 
separated into three parts, only the middle one of which remains connected with the 
intestine. By an ingrowth of cells similar to that found in the formation of the floor 
of the ,anterior part of the intestine, a floor bas been formed to Kupffer’s vesicle and 
the depression in the yolk separated from the upper parts. A new roof has also been 
formed for this part of the intestine, separating a dorsal, dome-shaped upper part 
from the median portion which remains permanently as part of the iritecrtins (fig. 38), 

The walls of the intestine at this 12-protovertebra stage are everywhere two or 
more cells thick. The lumen does not grow forward to form the mouth until much 
later, and the cephalic portion with the development of the gills will be described in 
another chapter. I shall here continue the description of the postcephalic portion, to 
which growth is mostly restricted a t  this time. 

An outline of a larva about 0.9 mm. loug, with 15 protovertebrm, is represented in 
fig. 5. Spermatozoa are now found in large numbers in the intestine, to the walls 
of which they are seen to cling by their heads. Their tails at this time are still very 
mobile. They have gained entrance 
through the hyoluandibular gill-slit. The anus is probably formed at this time, though 
I was unable to determine this in living gpecimens. In a stage with only one addi- 
tional protovertebra (20) i t  is certainly open (figs. 86, 136). The thickness ‘of the 
walls has been reduced to a single layer of cells, except in the region of the gullet, 
where two layers are frequently found. The cells are highest behind the yolk, and 
here., the nuclei of the cells are nearer the bases of t h s  cells than in other regions 
(figs. 136,141,142). Over .the yolk the cells are lower and have the nuclei nearer 
their center. In the gullet, where the walls are largely two cells deep, t,he inner layer 
of cells has become ciliated (not showu in figures). This ciliated region remains an 
important structure, as will be seen in later stages. In life the ciliii are so active that 
they can not be seen, nor are they very evidenc in sections. When particles of food 

An opening -does not exist. 

The remaining gill-slits are not formed till much later. 

Large numbers are seen in cross-sections. 
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come in contact with tlieiii they are whirled about so that the presence of cilia becomes 
very evident. In later stages they become conspicuous in sections and smaller cilia 
seem also to be formed in the wider parts of the intestine, but I have not *been able 
to demonstrate them in sections. 

Cilia have recently been described in the intestine of fishes by McIntosh and 
Prince, 1891, p. 772: ‘‘ Many preparations shorn a.liniug apparently of cilia, and there 
is thus great probability that the enteric tract-the esophageal portion at least-of 
young teleosteans is ciliated.” 

The intestine is now a single tube from the hyobranchial slit to the anus, with four 
well-defined regions : the gill-cavity into which the gill-slit opens, the ciliated gullet, 
a narrow indifferent region (the future stomach), and the wide hind gut with high 
columnar cells. So far none of the glands to be derived from the enteron have 
appeared. The liver and air-bladder appear in the st,ages immediately succeeding the 
one described in the third region enumerated. The hypophysis and the thyroid gland 
are derived still later from the lining of the buccal cavity and the hypoblast extending 
forward from this region. 

Before describing the further development of the alimentary tract it will be nec- 
essary to go back and follow the modifications of Eupffer’s vesicle which, at the last 
stage described, has disappeared. 

Historical on alimentary canal.-HoEmaim, 1882, p. 6, found the hypoblast to con- 
sist of ft single layer of spindle-shaped cells whose lateral extent was not equal to that 
of t h e  mesoderm. He found the tube to be formed from in front backward. In the 
head region the hypoblast has a great lateral extent, and it is here that two lateral 
infoldings occur. The second or lower layers so formed grow toward each other till 
they meet. The two layers lie Close upon each other, so that a lumen is not evident 
from the first. The gills are formed by a still further outgrowth in definite regions 
and are developed from in front backward. He considers the formation in the region 
of the ear-capsule peculiar, since the hypoblast which is here folded first of all extends 
wpward so that i t  lies close to the auditory vesicle. These outpushings move forward 
later when the gill formation has begun and finally break through to the outside and 
form a larval spiracle. It soon disappears. In the trunk the intestine is formed by 
two infoldings, as in the. head, but the hypoblast is much more restricted lat6rally and 
the intestine consequently much narrower. A lumen does not appear at once, and 
this is formed in the hind gut first. 

Agassiz a,nd Whitman, 1884, found the secondary entoderm one cell deep.. This is 
divided into two masses by the chorda, but the two parts unite below the chorda later. 
About the time the blastopore closes the strip beneath the chorda becomes two or 
three cells deep. This thickened mass gives rise to the alimentary canal, but how the 
tube is formed they were unable to say. 

Hennoguy, 1884, found in the trout (8alino fario) that  a t  the time of the differen- 
tiation of the secondary entoderm it is composed of one or two layers of cells, (Later, 
p. 122, he says three or four.) During a stage with from 12 to I8 protovertebra, when 
Kupff&s vesicle is well formed, the entoderm begins to become infolded below the 
anterior end of the notochord to form the intestine. The entoderm at this time 
extends forward to in frolit of the auditory vesicle. It is raised on each side of a 
median line, below the auditory vesicle, and it is here that the first infolding becomes 

The illfolding a t  this time does not extend beyolld the anterior third of the , evident, 
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embryo. The lumen in this region appears when the embryo is 3.2 mm. long and has 
about 22 somites. In t h e  formation of the gill the hypoblast extends out to the epi- 
blast without any invagination of the latter. The intestine in the anterior portion is 
formed as I have described it for Cywmtogaster. Towards the middle the intestine ia 
said to be formed in a different manuer, the hypoblast being raised in the middle line 
to forin a canal bounded below by the periblast. 

McIntosh and Prince find that in the embryo whose optic vesicles are iu  procesa 
of formation the hypoblest is a thin sheet over the entire ventral surface save at 
the posterior extremity. Later it becomes a massive cylinder and the oral tract a wide 
flattened sheet of hypoblast, tlie pharynx being ~t separate and later formation than 
the mesenteron proper. They consider Kupffer's vesiclg as the first indication of the 
alimentary tube, and i t  is only in this region that the alimentary tract is ever open to 
the yolk below. The hypoblast reaches as far as the cardiac region, where it thins out. 
With the thickening of the hypoblast the embryo is raised from the yolk. Beneath 
the eyes the hypoblast becomes thickened as two longitudinal ridges. The ventral 
wall is formed by hypoblast cells pushed in from the side, or of periblast cells. They 
seem to think that the periblast contributes in some degree to build up the entire 
mesenteron. The mid and fore portions are said to form a dense cord, in which a 
lumen appears later by a forward extension of the posterior enteric chamber. I n  other 
words, the lumen is formed from behind forward, the mouth and anus being' the last 
parts formed. The cesophageal portion they found ciliated in later sta'ges. On the 
thirteenth day the alimentary tract of the gurnard is differentiated into the following 
regiois: (1) Oral chamber large, bu t  depressed. (2) A wide cesophagus, the lumen of 
wbich is a horizontal fissure; from this part the pneumdtic duct is given off. (3) An 
eulargecl stomach with the hepatic mass below. (4) A pyloric portion into which the 
ductus choledochus passes. ( 5 )  The intestine. 

Wilson, 1890, found that the alimentary canal was formed '' by a process of folding, 
ementially akin to that found in amniota. After the formition of the notochord the 
entoderm is one cell thick, the cells being uniform. I n  the trunk region the cells 
become thicker aiid a fold rises up a t  this poinf, the two sides being separated by a slight 
slit. In  tlie anterior region there is a fold ou each side which grows up and forms the 
embryonb gill-slits. In the posterior part of the trunk the entoderm becomes thick- 
ened along the median line" but is iiot raised up in a fold ; this region is transformed 
into the postanal gut. 

Kupfer's vesicZe.-Kupffer7s vesicle, as has been hinted in the preceding pages, 
has %t remarkable history in Cymatogaster. It arises as an up-pushing of the hypo- 
blast which has previoudy become columnar, in the pwterior part of the embryo 
when about three protovertebrae have been formed (figs. 07,68,70,73). It later devel 
opsa floor of hypoblast as usual among fishes. But here comparison must stop. While 
in teleosts in general it is quite a minute structure" and entirely diuappears behind the 
region of the anus in some teleosts, iu Cymatogastey it becomes frequentlyhalf the length 
of the yolk into which it pushee or eats a large pit and finally is divided into three dis- 
tinct vesicles, each one of which is larger than the ordinary Kupfler's vesicle, and each 
of which has a digerent history and fate. The middle one remains as an enlargement 

*In Ctenozabrus it me2lsures 0-03 mm. during its largest stage. In Cymatogaater i t  reaches a length 
of 0.13 mm., which is about half the leugth of tho yolk. Its maximum height, excliisive of the depres- 
sion formed in the yolk, is about 0.05 mm. 
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of the hind gut, which, however extends even further in later stages, the anus forming 
soine distauce behind the original p l a q  of the vesicle. The lower one remains for some 
time as a space in the yolk a n d  the upper one is pushed upward and disappears through 
aprolif6ration of the cells of its wall when about fifteen protovertebrae have been formed. 
I will describe the successive phases of this structure as they could be made out by 
my material. The conditions described by Henneguy for the trout approach iiearer 
those of the middle vesicle of Cgmatogaster than any others made known so far. 

As stated above, Kupffer's vesicle makes its appearance early; when three proto- 
vertebra have beeii formed it is a well-defined structure. Before this stage it has not 
been seen. A t  this time it is a broad, short, low space between the yolk and the 
hypoblast, a short distance behind the end of tile notochord. The hypoblast cells form- 
ing its roof are high columnar. The grea,ter part of the floor is composed of the yolk, 
but in a few places cells are also found on the floor of the vesicle, but these are not 
regularly arranged. (Longitudinal sections 67, 68, 70; cross-section, fig. 73.) The 
columnar arrangement of the hypoblast cells is continued forward for some distance 
in front of the vesicle. The antero-posterior extent of the vesicle is much less than its 
lateral extent. The outer angles of the vesicle are pushed slightly upward and out- 
ward, giving the roof an angular appearance and greatly resembling the conditions of 
the gills in slightly older larva. For these reasons I at  first considered this stage of 
Kupffer's vesicle as the first indication of the lumen of the alimentary canal in the 
region of the gills. 

In a larva with ten protovertebrae i t  has become a large shallow subcircular 
cavity in the entoderm and is still floored by the yolk. From its roof a small dome- 
shaped cavity extends-still de,eper into the indifferent or hypoblastic mess of cells 
forming this part-of the larva. The contour of the yolk is not affected by the vesicle 
(fig. 76). The cells in the tail of this larva are somewhat disarranged, so that the 
relations of the vesicle with the surrounding structure can not be definitely made 
out. It is, however, only in this region that the entoderm and yolk are not, in close 
contact. The lumen of the intestine has nowhere appeared as yet. 

As the 
larva is straightcued out and the lumen of the intestine is formed, and even before any 
lumen appears (fig. 76), Knpffer's vesicle enlarges rapidly. The arrangement of the 
entoderm cells in front of the vesicle shows that it is from the first an  enlarged por- 
tion of the alimentary tract, which remains without a floor long after a floor is. formed 
in all other parts. At  this time the vesicles differ greatly in shape in different speci- 
mens, but all the larvae examined show the following structure: 

First. A low cavity in the entoderm with considerable lateral extent. I ts  dorsal ' 
wall of columnar hypoblast is a direct continuamtion of the roof of the alimentary tract. 

Second. A dome-shaped cavity usually in the anterior half of the vesicle extending 
dorsad (figs. 3 7 7 ,  144). This dome-shaped portion, which was evident in the earlier 
stage, forms, as will be seen later, the lower half of the neurenteric canal. 

Up to this stag'e the vesicle is formed exclusively a t  the expense of the entoderm 
which surrounds it above and on the sides, and frequently forms a floor a t  the margiii 
of tho vesicle. The contour of the yolk has not been a8ected. Over the center of the 
dome the cells are usua11y somewhat irregularly placed a8 compared with those of its 
sides, but a neurenteric canal I have uot been able to find in this stage. 

The larva a t  this time forms an almost complete circle around the yolk. 
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With the further growth of the vesicle the yolk is usually infringed upon (fig. 145). 
Whether this is accomplished by the absorption of a part of the yolk, or whether it 
is simply crowded down, I am not able to say. 1 am inclined to believe that it is 
pushed down by the contents of the vesicle; otherwise the rearrangement of ‘the yolk 
particles would soon fill up the gap made by absorption. However, in later stages of 
yolk absorption (fig. 136) the yolk is frequently eaten into in very much the same way 
without any apparent rearrangement of its parts. 

After the vesicle has reached its largest size it acquires a cellular floor which 
corresponds with the original outline of the yolk (fig. 146). The vesicle is thus cut 
in two, a larger yolk vesicle and an upper vesicle which forms the enlarged portion of 
the hind end of the intestine. The cellular floor seems to be formed by an ingrowth 
from all sides. Both sagittal and transverse sections show that in earlier stages 
hypoblast cells extend in below the margin of the vesicle. These would simply have 
to extend still further centripetally to form a floor for the whole vesicle. The depres- 
sion in the yolk is at the same time converted into a spherical vesicle, which may be 
termed the yolk vesicle. It is sometimes partially filled with a brightly staining sub- 
stance, and as i t  is quite evident in entire specimens (figs. 84 to 86) I supposed it to 
be the yolk nucleus before I examined sections and learned the fate of that structure. 
In one larva the yolk vesicle was found at the ventral side of the yolk (fig. 85). The 
yolk vesicle remains longer than Kupffer’s vesicle, and in fact the intestine extends 
aome distance beyond it before i t  disappears. There seems to be no regularity in its 
disappearance, and probably no importance attaches to it after it is separated from 
the main vesicle. 

The cellular floor of the vesicle rapidly thickens 9s the tail begins to grow out, 
while its communication with the alimentary canal is maintained (fig. 147). The 
dome-shaped part is probably constricted off a t  this time (12 protovertebrae), and the 
remainder of the vesicle is reduced to the caliber of the rest of the aliment,ary tract. 
My sections tell conflicting stories abouttheexact processes. Figure 78 shows an irreg 
ular cavity at the end of the mesenteron, which I consider the remains of the main 
vesicle. This cavity is connected by an area of disconnected cells yith a, vesicle lying 
dorsad of it. Figure 148, on the other hand, in which the tail is not as long as in 
figure 78, shows a dilation of the intestine dorsad, at the end of which lies a triangular 
cavity. It would appear that a part of the body of the original vesicle had been con- 
stricted off with the dome. The same appears to  be true of figure 149. I n  both these 
larvae the cells below this cavity are disarranged. The connection of this dorsal 
cavity, or vesicle, with the alimentary canal is now represented by the disarranged 
cells only. The two different structures, vesicle and disarranged cells, may, however, 
be harmonized. The dorsal vesicle disappears by the proliferation of cells from its 
wall into its cavity. These cells would at first be expectcd to be arranged somewhat 
diflerently from those in the older structure. In figure 78, which represents the older 
condition, the process has gone far eDough to obliterate all of the body of the vesicle 
which had remained with the dome. 

Neurenteric eunu1.-Several of the larvae described above leave no doubt a8 to 
the meaning of the dome-shaped structure of Kupffer’s vesicle. It is part of the 
neurenteric canal. In all late stages, as in figure 148, there are fewer cells above the 
neurenteric canal than in neighboring regions, and in several cases a tubular connec- 
tion undoubtedly exists between the remains of the dorsal vesicle and the neural region. 
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In three cases (78,148,149) the dorsal portion is wholly or partly filled with cells. This 
is especially well seen in fig:%, where the boundaries of the dorsal half 6f the canal 

+.ltrl?e.as .wsll-amrkeds h h s e  ~ ~ f ~ t l i e  ventral-half, %ut in which the dorsal half contains 
cells. The same is true of another hrva (fig. 148), but in this instance the walls of the 
dorsal half are not so well defined. I n  another larva (fig. 149) a narrow but well-defined 
canal extends from the remains of the vesicle upward and then curves forward. This 
is probably only the posterior wall of the neurenteric canal. More or less well-defined 
lines extend from the anterior portion of the dome upward. The same condition can 
be traced in series of transverse sections. There seem then to be but little room for 
doubt about this structure. All the evidence indicates that in part at least it is the 
neurenteric canal. * 

Kq$er’s vesicle in general.-Kupffer’s vesicle is evidently a rudimentary strnc- 
ture, without function in the majority of fishes. Several quite distinct views have 
been held as to the significance of this structure. 

Hupffer, who first described it, and recently Henneguy, considered it to be the 
allailtois of higher vertebrates. 

Balfour homologized it with the postanal vesicle of elasmobranchs. 
Cunningham, Ziegler, McIntosh and Prince, consider it to represent the invagi- 

Kowalewski holds in the main to the same opinion. 
Henneguy formerly considered it the homologue of the primitive intestine of 

cyclostomes and amphibians. Many others who have seen the structure are non- 
committal as to its significance. 

The variety of opinions may in part be due to the variation of this structure in 
different fishes, for there is no doubt about the variability of the vesicle. It is difficult 
to ,988 how a waning structure can represent a condition that has not appeared before 
phylogelletically and does not appear till in much higher vertebrates. I can not see 
how it can represent the allantois. Cunningham’s theory i s  based on the presence of a 
canal between the vesicle and the blastopore. This canal is certainly not present in 
Qmatogmter, where the vesicle does not appear till long after the blastopore is closed. 

Wilson cohsiders the early stages hOmOlOgOUS with the terminal part of the archen- 
teron of amphibians and tho later stages homologous with the postanal vesicle of 
elasmobranchs. 

The fact that in the majority of fishes it arises long before the alimentary canal 
and disappears, or at least diminishes, before tlie alimentary canal is formed a#rgues 
against its homology with the postanal vesicle of elasmobranchs. It must be con- 
ceded, however, that in fishes the alimentary canal is late in making its appearance 
as compared wit11  elasmobranch^. The alimentary tract is retarded in teleosts for 
some reason or other. The caudal vesicle is functionless in elasmobranchs and the 

* I want to point out llere tho possibility that the ncurenteric vesiolc alone represcnts the caudal 
vesicle of other teleosts, and that ita conncction with tho lower aart of the vesicle Flrhich is. converted 
into the hind gut is after all due to the prccocious development of the hind gut, which thus extends 
past the region of the original Kupffeer‘s vesiclc before the growth of the tail has carried the letter 
further back. In that case the postanal gut would be represented by tho dorsal wall of‘ the hind gut; 
i .  e., the region between the hind gnt and the  neurenteric vesicle. This wonld nccount for the fact 
that 1 have not been al,le $0 find any other structure which might be homologized with the postaiial 
gut frequently described for teleosts. The lowur or main part of tkt! vesicle lUuy then be looked 
upon a8 the arokenteric cavity. 

nated gastrula (archenteron) of cyclostomes and plagiostomes. 

_- 
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causes which brought about a retardation of the functional intestine woulci not neces- 
sarily affect the functionless postanal section. It thus happens that the postanal 
vesicle in te1eost.s appears as Kupffer’s vesicle before any lumen is formed in the 
intestine. In ISerrawus, at least, it  lies at the end of a postanal gut. In  the trout, 
according to Henneguy, and in Cymatogaster i t  is at least in part incorporated in the 
intestine. Kupffer’s vesicle is, moreover, the only part of the intestine raised from the 
yolk before a floor is acquired. [In flerranus (Wilson, 1890) this raised portion is not con- 
filled to Kupffer’s vesicle.] Kupffer’s vesicle, in Cymatogaster at least, is more than 
the postanal vesicle of elasmobranchs. The archenteron, the postanal vesicle, and 
neurenteric canal all seem represented by it. 

In Cymatogaster it  is seen that a part of this vesicle is for a time the direct con- 
tinuation of the alilpeutary tube and that during this time a narrow slit (neurenteric 
canal) extends upward from its anterior half. This upward extension is formed in 
Ctenolabrus, according to Agassiz and Whitman, at the closing of the blastopore. But 
the condition described by them I have never been able to see in any of the pelagic 
eggs examined by me. 

If we consider a part of the vesicle the homologue of the postanal vesicle of elasmo- 
branchs it remaim to be shown why in Cymatogaster it forms part of the permanent 
intestine. The cause is not far to peek. The embryo, in the first place, is shoi’tened on 
account of the small yolk at the periphery of which it is formed, the tail being repre- 
sented by a large knob of undifferentiated cells. On the other hand, the alimentary 
canal is precociously developed, owing to viviparity, and the whole of the hypoblastic 
area is utilized in forming the permanent alimentary tract. 

Agassiz and Whitman (1884) traced Kapffer’s vesicle in several species of pelagic 
eggs. In the formation they found what Kingsley and Conn had already well described. 
It “arises by the fusion or confluence of a cluster of granules. * * * Irl Ctenolabrus 
the granules appear soon after the embryonic ring passes the equator, when the length 
of tho embryo is about four-fifths of the diameter of the ovum. Its maximurn diameter 
when fully formed is seldom more than 0.03 mm. During its formation, till it reaches its 
maximum size, it lies beneath the chorda and the entodermic stratum and has no sort 
of relation with any tubular structure wlihtever. * * Ventrally and laterally it is 
bounded by periblast material. * * * It grows smaller after the clocrure of the blasto: 
pore, and during this period in a number of species i t  rises from the periblast into the 
entoderm, where it vanishes.” Behind this they have found a variable number of 
secondary caudal vesicles. 

Henneguy (1889) describes some of the distinguishing phases of Kupffer’s vesicle 
in the trout (ISaZmo jbrio.) (He first described it as early as 1880.) The first indications 
of a modification in the region of the future vesicle were noticed.very early and the 
vesicle itself was quite large when but two or three protovertebrae had been formed. 
The cells in this region are larger than the others and are undergoing division. There 
are but few of these cylindrical cells, and they are in contact with the periblast, and 
later one sees “une invagination se produise dam l’embryon pour former la v6sicule.” 
This, mass of cells is the first indication of Kupper’s vesicle, Its growth must be 
quite rslpjd, for it is 0.11 mm. long and 0.09 wide when but two or three protovertebrae 
are formed, and occupies “la place de la corde dorsale,” i. e., it is ontirely surrounded by 
hypoblast. It lies just in front of the caudal swelling “au point 2ii commence B se 
.differenoier le mdsoderm.” He points out that it differs in itfi position in the entoderm 

. 
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from the condition usually prevailing in fishes where i t  projects into the vitellus. He 
then states that this difference is of no importance (1881), for in a later stage the vesicle 
“peut faire saillie hors de l’embryoii” and thus become as in other fishes. In other 
words, the process described by Agassie and Whitman is here said to be inverted. In 
a stage with twenty-two protovertebr= it is figured as the enlarged posterior end of the 
alimentary canal, It would here, then, permanently form a part of the intestine, and 
in this respect agree with the .middle vesiale in’ Cymatogmter. It elongates antero- 
posteriorly and becomes pyriform. It comes directly in contact with the nervous 
thickening above. It is only the first indication of the digestive tube, It is important 
on account of its relation with the nervous system and the notochord and the region 
corresponds to the region of the neurenteric canal of other vertebrates. He has never 
found a canal leading to tha exterior. He considers the opinion of Kingdey and Conn, 
Agassie and Whitman, Cunningham, Ziegler, that the vesicle lies between the periblast 
and the hypoblast, to be based on an error of observation. 

Frequently there exists below the vesicle or in its neighborhood a hemispherical 
depression in the surface of the vitellus. (It is possible that-in this case the vesicle 
divides into two, a yolk vesicle and the intestinal vesicle seen in Cymatogaster.) He 
thinks the original opin’ion of Kupffer may still be defended wheu one considers that 
i t  is the first indication of the alimentary canal in the neurenteric region and that the 
allantois of higher vertebrates is but a diverticulum of the intestine appearing very 
early in front of the neurenteric canal. 

I n  Sewamus, according to Wilson, the vesicle appears as an up-pushing of the 
hypoblast, which had previously become colummar, and a down-pushing of the 
periblast. It diaappears by the proliferation of cells from its own walls. It is foriiied 
some distance behind the fut’ure anus and lies in the postanal gut, In  this respect 
i t  greatly resembles the postanal vesicle of elasmobranchs, with which it is homologous. 
(‘Before Kupffer’s vesicle is folded off it represents the terminal dilatation of the 
Rrchenteron itself, and in this phase is to be compared with the dilated posterior 
extremity of the archenteron in certain amphibian gastrulas.” 

McIntosh and Prince (1890) observed the vesichiii a number of species. They find 
that it arises, as Kingsley and Conn have described, by the union of a number of 
granules or small vesicles. They found secondary vesicles quite frequently, some- 
times extending “all along the ventral line almost to the pectoral region.” Its 
contents are usual1 y homogeneous and clear, though granules are occasionally present. 
They claim to have traced aneurenteric canal from the vesicle to the blastopore a t  the 
time the latter closes. 

Porma,tiom of liver qcnd air bladder, mouth, thyroid gland, and ?qpop?~pis.-In a 
preceding chapter the intestine was .described from its‘ first appearance until, in 
larvm 1 mm. long, i t  forms a simple tube from the hyobrmchial gill-slit to the anus. 
In the stages succgeding that the rudiments of the liver and of the air-bladder make 
their appearance. Parts of the tract are at the sanie time otherwise modified. 

In -larvae 1-8 mln. long (figs. 150; 156,157) the intestine is broad and depressed just 
behind the hyobranchial slit, and its walls are composed of ciliated cells 1 8 ~  high. 
In the roof the nuclei of the cells are slightly nearer the free ends of the cells and 
nearly.al1 are on the same level. 

In the floor there are beeides this layer of cells a few scattered ones among the 
bases of the others (figs, 156,167). Towards the back part af the gullet the lumen 
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becomes narrower and higher, ajnd the cells at the same tiiiie lose their great height 
and their cilia; just behind tha gill swelling the lumen is subcircular or horizontally 
oval. Its walls are composed of a single layer of cells but 5p high. Still farther 
back the lumen becomes vertically oval, and the cells of the floor lose their columnar 
nature and multiply so that a thickened floor is formed. The change in shape of the 
lumen (159 and 1GO) is due to alongitudinal groove, shallow in front, beaon~ing deeper 
behind, abruptly stopping still farther back just iii front of the hind gut. Behiud this 
place the lumen is again contracted. This ventral groove sud thickening of the floor 
is the rudiment of the liver. The region through which this groove extends is quite 
extensive, reaching through 19 sections of the 85, making up the entire length of the 
intestine, or through almost the entire region from the ciliated gullet to the hind gut 
(fig. 162). A short distance behind the pronephros anothq thickening appears in the 
walls of the intestine, this time in-the roof, which is n t  the same time extended later- 
ally .(fig. 160). This upper thickeniiig is not so extensive, reaching through 10 sec- 
tions and extending in tho early condition as far back as the lower 1na8s. This upper 
thickening is the rudiment of the air bladder. The mesoderm surrounding the ali- 
mentary tract in these regions is also considerably thicker than in other regions. A t  
the beginning of the ventral groove the lumen of the intestine has a diameter of 45p, 
the cells a height of 9 p .  A t  the end of the groove the lumen has r?. diameter of 68p, 
and the cells lining i t  have a height of 13p. Just  behind the groove tbe height of 
the lumen is again reduced to  45p. Prom this point the intestine rapidly widens till 
it reaches a,dinmeter of 160p (fig. 161). The cells lining t,his portion are 22p high. 
Just in front of the anus the lumen becomes a vertical slit and the inner layer of the 
ectoderm becomes reinforced along the ventral line to form a keel. For four sections 
the anus is a vertical slit, the sides of which flare outward below. Behind the slit it 
is continued as a median groove with equally flaring sides, on the crests of which the 
nephridial ducts empty. On either side of the vertical portion of the intestine, j u s t  
in front of the anus, the splanchnic and the somatic mesoblast are united in a solid 
mms in which the sex cells are embedded. Behind the auus a short, solid cord of 
hypoblast extends into the tail, between the aorta and the caudal vein. I n  older 
larvae the ridges behind the anus  meet in the median line and the segmental ducts 
thus come to empty in the median line. The relations of the liyer to the nir-bladder 
in older larvae may be gathered from figs. 162 and 163. Their further development in a 
larva 2-5 mm. long is shown in fig. 165, where the gall-bladder has begun to develop. 

I n  lams a little over 3 nim. loiig, the thyroid gland and the hypophysis are well 
along in their development. These larvae measured 3.2 mm. after hardening, and 
were probably lonqer in life. The intestine (figs; 166 to 174) has not changed much 
except in the regions of the gills. The lumen extends forward to in front of the 
thyroid gland. Anterior to this point the two layers of hypoblast cells are still in 
contact with each other. The mouth has, however, become evident laterally, as will 
be seen from fig. 169. The antcrior opening of, the intestine is-stifi the hyobranchial 
gill-slit. The ciliated gullet has now reached its full development. In tho entire gill 
region theintestine is depressed; its width decreases in this region from 181p to 
112. Behind the gullet it dwindles to a diameter of but 22p; in the hind gut it 
reaches 136. .In the anterior gill region the walls of the enteron are less tlisn 4p 
thick aud consist of a layer of pavement cells ~inqucstionably of Iiygoblast origin atid 
of a layer of very thiu oells (fig. i72). Thilr thinner layer I take to be ectodermal cells 
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migrated in through the gill-slit. In the ciliated gullet the cells are 22p high. On 
the roof this tract extends farther caudad bhan on the floor, where it does not extend 
beyond the gill thickenings. The walls of the mid gut are again of a low epithelial 
nature, while the cells lining the hind gut are of quite another nature. They are high 
and the small nucleus is situated near the base of the cells, where the contents are 
slightly granular. The center of the cells is a large unstainable space very variable 
in size. The free ends of the cells are again gmnnlar. Some of these cells contain 
deeply stained bodies similar to those found in the lumen, and if, seems very probable 
that these bodies have been swallowed by the cell a'nd are in process of reductio11 by 
intracellular digestion. A t  the anus t'he epithelium of the roof of the iiitestine is 
continuous with that of the floor of the combined segmental ducts. The cells of the 
floor of the intestine are continuous with those of the ventral surface. The segmental 
duct empties just behind the anus and not into a cloaca or into the intestine. 

In an earlier stage it mas noticed that the mouth was first, indicated just behind 
the eye. The conditions obtaining in larvae of this stage are shown in figs. 167 to 171 
(3.2 mm.); the mouth is essentially like the other gills, especially the spiracular, 
and agrees in all major points with the condition described by Dohrn. That is, the 
mouth is further developed laterally than medially and some distance behind the 
point where it attains its full development. In  the lkrvae lmm. long I. was unable to 
trace the hypoblast cells much beyond the notochord. In other words the alimentary 
tract begins in the hyobranchial region in those larvae. It soon extends forward in 
the median line and, as far as I could determine, the outgrowth of hypoblast to form 
the hyomandibular slit takes place later than that to form tho hyobranchial. In  larva , 
1.8 mm. long the hypoblast extends outward to the ectoderm just behind the eye.. 
This I have identified as the first indication of the future mouth (figs. 154, 181). In 
these larvae the hypoblast does not yet  extend to the anterior end, and the mouth is a 
strictly bilateral structure. The hyomandibular evagination is separated from the 
mouth evagination by a mbre restricted region of hypoblast (fig. 153). This evagina- 
tion does not differ materially from the mouth evagination. In each case the ectoderm 
is two layers thick where the hypoblast touches it. But one of the gill evaginations 
has been completed and the secoiid is in process of formation (figs. 150 and 151). The 
details of the completion of the mouth have'not been traced. It is not functional 
when the larvae are 4 mm. long and in fact the lumen does not extend forward any 
farther than in the 3 mm. larva. 

The mouth is completed shortly after !he larvae have reached 4 mm. This late. 
ness of the appearance of the mouth seems to me to be one of the most remarkable 
circumstances connected with the development of the alimentary tract. Thus 
while the intestine becomes functional when the larvae have reached a length nf 1 
inm. the mouth is not formed till they are over 4 mm. lOng-nOt in fact till the liver 
has long been functiona#l, the air-bladder well developed-not till all the glands derived 
from the hypoblast are well developed. Not Only is the mouth-late in appearing but 
the whole canal from the gill-cavitx forward is Also late in forming. While this may 
be due to retardation, since ingress to the canal is had through the first gill-cleft, the 
conditions impress one with the suggestion of Dohrn that the preseut mouth of verte- 
brates is not the original mouth, but is of comparatively late origin. How one struc- 
ture may replace another as a mouth is well ilhistrated by Cynutoguster, where ti new 
structure, the hyobranchial gill-cleft, functions as a mouth for a l@ng time. It would 

\ 
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need but continued conditions, such as exist in the ovary for the hyobranchial cleft, 
to entirely replace the present mouth. To discover where the primitive mouth was is 
quite another question. We may assume that i t  opened into the gill-cavity in theregion 
of the first gill-slit, since here a lumen exists long before i t  is formed forward. I n  this 
connection a strand of hypoblast cells extending up from the wall of the intefltine in 
the median line just in front of the chorda becomes of great interest. It is indicated 
quite early (fig. 152), or as soon as the lumen is continuous from the gill-slit to the anus, 
and it is still striking in larvae over 3 mm. long (fig. 16G), after which i t  gradually 
disappears. Thi8 structure is not connected with the gills uor have I been able to 
connect it with the history of any other structure. This strand of hypoblast cells may 
indeed be the vestige of the primitive gullet. I have so far not been able to trace i t  
through or even into the brain. 

The thyroid gland and the hypophysis make their appearance when the larva 
are about 1.8 mm. long. The thyroid appears as a thickening in the ventral layer of 
hypoblast just in front of 'the anterior end of the heart (figs. 1716 and 1 7 1 ~ ) .  The 
hypophysisis somewhat different from the start. The cellspf the roof become columnar 
and several layers thick and a refold is formed. This condition is well demonstrated 
in fig. 166. 

Shortly afterward the infolded cells are constricted off froin the rest of the 
hypoblast and lie as an independent structure at the base of the brain (fig. 177). 

Gills.-The formation of the first gill-slit has been described in connection with the I 
intestine, and the hyomandibular and mandibular slits have also been considered. It 

remains now to trace the formation of the posterior slits. Soon after the formation of 
&lie hyobranchial a thickened mesa is formed behind it; this mass extends out beyond 
the outline of the body of the embryo, and owing to its well-defined limits is con- 
spicuous in the living larva (figs. 83-91) as well as in sectious. (Figs. 137,139,150-157, 
172 to 174.) 

This mass is largely composed of mesoblastic cells. It grows very rapidly arid 
from it are derived the skeleton and the soft parts of the gill-arches. Thc gill-clefts 
arise as pouches extending out f h m  the eutoderm. These may be met by shallow 
ingrowths of ectoderm (fig. 150, br. 8). Theponches are formed from the hyobranchial 
backward. They seem to  be somewhat irregular a t  first and hollow (figs, 151 and,166), 
but later the layers of hyppblast forming them are closely ,appressed, all the space 
between thein having disappeared. The second is forming when the larva is about 
1 mm. long (figs. 136 and 137); the third when it has reached a length of 1.8 mm. 
These measurements are after -hardening; the living larvtl: were probably somewhat 
longer. 

Though the slits are potentially 
completed so early, the two layers of hypoblast composing them are not separated from 
each other till the larva have attained twice this length. They arz seen to  be sepa- 
rating in a larva 4 mm:(fig. 137). The slits are not vertical, but extend downward and 
forward. .In the early stages the thickened mass containing the rudiments of the gills 
are entirely lateral. Below there is but a single layer of mesoderm (139). After the 
potential slits have been' formed the mesoderm between them grows downward and 
forward till it reaches nearly the medi 

. 
, 

/ 

The, fifth slit is nearly completed a t  2.5 Inm.  

line i n  larva a little over 3 mm. lorrg. 
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SUMMARY O F  CONCLUSIONS. 

1. Copulation takes place in June or early July. This statement is based on tile 
. fact that the testes of the male are verymuch enlarged at this tiine and 011 the fact tllat 

the ovaries from now on are filled with spermatozoa. The act of copulatioll llas not 
been observed. 

2. The secondary sexual diferences are considerable-among them may be nien- 
timed a small gland or bag on either side of the anal of the male. From it extends a 
papilla forward to beyond the anterior margin of the fin. 

3. The ppermatozoa have a long rod-shaped head in place of the globular 0110 

usual in fishes. 
4. The spermatozoa remain dormant in the ovary till December, when they become 

exceedingly active. 
5. The eggs mature and are fertilized between November 1 and February 1, the 

largest fishes maturing the eggs earliest, the next in size a little later, and the 
smallest individuals lest. 

6. Those spermatozoa not utilized in fertilization remain in the ovary for several 
weeks longer. They are fimlly eaten by the larvae when the digestive tract of the 
latter has been sufficiently developed. 

7. During t h e  early stages of gestation the females remain in shallow water; 
males are then rarely seen. Later they become scarce, but near the time the young 
are freed and shortly afterwards they are again fouud in shallow water, 

8. The largest ovarian eggs measure about 0.3 mm. in diameter. During the 
process of maturation the egg contents shrink to a diameter of 0.2 mm,, or to less than 
one-third of its maximum Size. 

9. The egg of this fish (OpatOga8teP a g g r e p h s )  is 130 tinios sinaller than the 
normal fish egg, which has an average-diameter of 1 mm. 

10. This sinall size is largely if iiot entirely due to the rloilformation of deutoplasm. 
11. Th6 egg is fertilized while still in the follicle. Some sections show the extru- 

sion of the second polar globule and the presence of the male pronucleus in an egg 
still surrounded by the cells of t'he follicle. 

12. The development begins after the egg has been freed from the follicle. Eggs 
with 1; 2,4,8, and 16 cells, as well as many later stages, were found free in the ovary. 

13. Neither the developing eggs nor the young are in later stages a t  any time con- 
nected with the parent, nor is the positiou of these in relation to the ovarian structures 
a fixed one. 

14. The duration of gestation is probably five months and the number of young 
froin 3 to 20, according to the size of the parent. In less than a year after birth the 
young are gravid. 

The cells 
enlarge and becolne clear, when they collapse, their contents arc emptied into the 
ILImen of the ovary, and the frainework of the cells soon fo~lows. When the intestine 
begins its work the spermatozoa serve as part of @le food. The ovary at no time 
was observed $0 corltain mope fluids than the peritoneal cavity. (Inother species con- 
siderable fluid is sometimes present.) Before the development O f  the alimentary tract 
the ovaria,n fluid is probably appropriated by IL process of intracellular digestion on 
the part of the epidermal cells. 

The latter have begun to degenerate. 

15. The food of the young is supplied by the epithelium of the ovary. 

I?. C. B. 1892-80 
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16. The yolk is a waning structure and can scarcely be taken into consideration 
in accounting for the growth of early stages. 

17. During the whole of gestation respiration is carried on by the osmotic action 
between the general surface and the closely applied ovarian structures. When the 
alimentary tract is opened a current is kept flowing through it and aEration is, in all 
probability, e@ected by the alimentary tract. I n  later stages the fins beconie highly 
vascular and doubtless serve both for purposes of aeration and food absorption. 

18. There is present in the entodermic pole of the developing egg a body the like 
of which has not beeii observed in any other egg. It consists of a mass of protoplasm 
imbedded in the yolk. It is dissolved near the time of the closing of the blastopore. 
Mr. J. W. Hubbard, one of my students, has connected its history with that of the 
yolk nucleus, which is a conspicuous structure in the ovaries of adult fishes in eggs 
from 20 p up to maturity. It is a general extrusion from t h e  nucleus of the young 
ovum, and probably represents the histogenetic or somatic portion of the nucleus, and 
this in part at least corresponds to the macronucleue of ciliate infusoria. 

19. Before segmentation begins the whole of the germ is separated from the deuto- 
plasm. The first cleavage plaue extends entirely through the germ to the yolk before 
the second cleavage begins. 

20. A segmentation cavity is not formed during segmentation, but appears later . 
by a separation of the ectoderm and entoderm. 

21. The third cleavage plane is not parallel with the first, as is usual in fishes: but 
is eemiequatorial. This has nothing to do with the horizontal cleavage claimed to 
have been seen by Hoffmann and by Brook. It is taken to be a pseudoreversion to 
primitive methods of segmentation, with the reservation that this condition is not 
perfectly homologous with the third segmentation of the frog or Branchiostoma and 
would not be, had the yolk entirely disappeared. 

Like the yolk it is a 
waning structure. Only about 12 cells are ever formed. They take 110 part whatever 
in the formation of the embryo. All of them persist as long as a trace of the yolk ig 
left. It, with the final part of the yolk, is absorbed by the blood of the sinus venosus. 
The liver has nothing to do with its final absorption, as Wilson has claimed, but simply 
mechanically incloses the nuclei above and behind. 

23. During an early stage of segmentation some of the marginal cells of the blas- 
toderm creep over the yolk till they nearly, if not entirely, cover it. 

24. Before gastrulation the yolk sinks into the mass of the blastoderm, thb cells of 
whioh rearrange theinselves about it and nearly inclose it. 

25. The gastrula is finally formed by a process of delamination of entoderm from 
eotoderm and is completely diplastic and symmotrical, the blastopore closing at the 
entodermic pole of the egg. 

26. Before any other organs become evident the sex cells become conspicuous. 
Their fate I have discussed elsewhere. 

27. The earliest stages of the formation of the embryo have hot been clearly 
made out with the material at hind. It is, however, certain that in one of the figures 
published by me in the “Journal of Morphology,” I mistook the tail for the head. 
The conditions are extremely similar to those found in the mammalian embryos, except 
that the central cavity is filled with yolk instead of fluid. 

, 

. 

22. The periblast is formed from a few of the marginal cells. 
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28. The mesoderm is formed by a process of delamination from the entoderm. It 
is formed as two sheets and over the whole of the entoderm exclusive of the axial line. 

29. The young fish is freed from its membrak in a very immature condiMon. It 
completely encircles the yolk; in fact the heed and the tail overlap. It is incapable 
of motion at this t ime and indeed the cells which will form the niuficles have scarcely 
become differentiated. The hatching process is due to the growth of the embryo and 
not to its activity, as is usually the case. 

30. Eupffer's vesicle appears very early and is very large. It consists who11 fully 
formed of a dome-shaped roof over a large cavity surrounded on the sides by entoderm. 
It at first rests on the yolk, but so011 the yolk is forced down and presents a deep 
impression just beneath the vesicle. Later the vesicle is divided into three distinct 
cavities. The upper dome-shaped portion persists for some time and probably repre- 
sents parts of the neurenteric canal. The middle portion remains for some time as an 
enlarged part of the intestine. The lowebt portion is the cavity forniod in the yolk, 
It has acquired a roof by the ingrowth of the entoderm cells to form the floor of the 
intestine. This cavity usually remains for a considerable time. 

31. The entoderm at first extends over the entire yolk. . It later becomes restricted 
to a comparatively narrow strip along the axial line. 

32. The floor of the alimentary canal is formed by the ingrowth below of the mar- 
ginal cells of the entoderm. The ingrowth progresses from in front back. A lumen 
is not formed at  once. The lumen is formed in the hind gut and in the gill region at 
the same time and gives abundant evidence that the alimentary tract is bilitteral. 
The niiddle auterior part remains a solid Inass of cells after the lumen has appeared 
both in front and behind this tract. 

33. The anterior opening of the alimentary canal to tlie exterior is through the 
gill-slit in l a m 8  1 mm. in Ieiigth, i. e., long before the mouth is formed. The first food 
enters through this gill-slit, The food current before the fish can swallow is kept up 
by a very highly ciliated gullet which extends from behind the gill region to near the 
hind gut. 

34. The mouth does not appear till the larva has increased 3 mm.. i. e., to a length 
of abont 4 mm., and during all this time the hyobranchial $gill-slit functions as mouth. 
There is here found a 3ondition similar to the one supposed by Dohrn to explain the 
replacement of the annelid mouth by a gill mouth. 

35. Just in front of the notochord and near the region of the hyobr&chial slit a 
strand of hypoblast cells extends up from the median portion of the alimentary tract 
to above the iiotochord. This strand of hypoblast cells lies in the region where Dohrn 
supposes the annelid msophagus to have disappeared. 

36. The hind gut soon becomes enormously enlarged and latbr a large number of 
long villi are developed. 

37. Tho larva retain as an ancestral trait a large yolk sack, the yolk being quite 
minuto. The saclr is largely taken up by the large pericardium through which the 
long tubular heart extends from below and behind, upward and forward. 

38. In conclusion : The fish in almost all its stages has become highly specialized. 
Mitny stages rese1lible very closely primitive conditions, but the conditions can prob- 
ably in but few cases be looked upon as a simple reversion. Its development has, on 
the other hand, become extremely ichtliyized and its egg stands at the eiid of the 
cllairl of eggs in which $116 Branchiostonta egg, the Elasmobranoh egg, atud the ?iorwta7 
fish egg form links. 

The fin-folds do not appear till much later. ~ 

~ 
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EXPLANATION O F  PLATES. 

All the figtires except those of plate xcrl and lOBa and 108b werc drawn by tho author with the aid of the Abbe camera, 
either from living specimens or from balsam prepnrntions. 

al. Alimentary tract. 
an. Anus. 
ao. Dorsal aorta. 
au. Auditory capsule. 

aur. Auricle. 
au. v. Auditory vesicle. 

br.1 First, second, etc., 

ca. v. Cardinal vein. 
cer. Uercbrum. 
ob. Cerebelluin. 

br.2, eic. gilbslit. 

ch. Notochord. 
e p .  Epiblast. 
fb. Fore brain. 
hb. Hind brain. 
ht. Heart. 
hy. Hypoblast. 

h p .  Hypophysis. k v. Euptfer s vesicle. 

me& Mesoblnst. 
1. Liver. 

n .  Spinal chord. 

ne. Neural canal. 
ne. c .  Neurenteric canal. 

n1.per. Periblast nuclei. 
ol. Olfactory organs. 

op. Optic vesicleorstalk. 
per. Periblast. 
p l .  Pectoral. 
DO. Sex cells. 

pro. Protovcrtobra. 
8. c .  Segmentation cavity. 
8. d. Segmental duct. 

do. Somatic mesoblast. 
sp. Splanchnic mcsoblast. 

8pi. Spiracular slit. 
8pn S crmatozoa. 
thy: &yroid. 

v. ao. Ventral no&. 
ven. Ventriole. 

PLATE XCII. 

Monterep, California. 
Fig. 1. Dainaliol&ys argyrosomus Girard, 3. 
Fig. 2. Rhacocltilus toxotes Agassiz, p . 
Fig. 3. Cymatogaster aggregatus Gibbons, s. 
Fig. 4. Anal fin of the male of a Hyperprosopon. 

Friendly Cove, British Colnmbia. 

Fort Wrangel, Alaska. 

PLATE XCIII. 

Diagram showing the process of matiiration, conjugation, and segmentation in Protozoa and Metazoa 

PLATE XCIV. 

and the segregation of the macronuclear substance. See p. 446. 

Fig. 1. Surface view of a living egg at the completion of the first segmentation. 
Fig. 2. A living egg at the end of the second segmentntion, seen from the entodermic pole. The four 

blastomeres are seen to project beyond the yolk,which is represented as D transparent object. 
The yolk nucleus yk. pr. shows projections which extend in between the yolk particles. 

Fig. 3. Another egg from the same ovary, showing resting nuclei. 
Fig. 4. Cross-section (somewhut oblique to  the dividingplanej of a two-celled egg showing amphiaster 

Fig. 5. Another section from the same egg showing t h e  complete division of the germ from the yolk 

Fig. 6. Living egg with 8 cells. Supposed seqnance of cleavage planes indicated by Nos. 1, 2, 3. 
Fig. 7. A diagrammatic cross-section of a similar egg from a section of a wax model constructed from 

oblique sections. I 

Fig. 8. A diagrammatic representation of the mirface lines of the cleavage planes a t  the end of the 
third cleavage, viewed from the ectodermic. pole, constructed from fig. 6 and from the wax 
model mentioned under 7. 

of second division. 

and the total segmentation of the germ. Only the germinal portion shaded, 

Fig. 8a. Diagram of ordinary teleost germ at end of third segmentation. 
Fig. 9. Section of an 8-cell egg. The probable plane of the section is indicated in  fig. 6,x-y. Tlie egg 

Fig. 10. Another section, the tenth, from the same egg, indicated by z’y’. 
Figs. 11-14. A series of optic sections of an egg with 16 cells; the planes of the sections p:~ss through 

the resting nuclei. (Figs. 13 and 14 are on the next  plate.) 

PLATE XCV. 

was cut into thirteen sections, of which this is the  fifth, x 4. 

Figs. 13, 14. Optical sections of an egg with 16 cells. 
Fig. 15. Surface view of early stage of segmentation from a living egg. 
Pig. 16. Slightly later stagejsurface view from tl living egg. 
Fig. 17. Siirftlce view of another egg. 
Pig. 18. Section of an egg with about 32 cells. 
Fig. 16. Median vertical section of an  egg with 32 to64 cells. 
Fig. 20. Two rsections toward the margin from fig. 19. 
Pig. 21. Section slightly oblique from the horizontal from a n  egg with 32 t o  64 cells. 
Pig. 22. Section slightly oblique to  horizontal of an egg with about 60 nuclei. Upper portion of sec- 

tion touches yolk. Tho probable first and second cleavage plal ic~ indicated by lieavy lirles. 
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Fig. 23. Horizontal section of auothcr egg. 
Fig. 24 Section of a11 egg a t  the end of the eighth segmcntation, with about 274 ilnclci. 
Fig. 24a. Outline of Agassiz & Whitmau’s figure of the uintli segmentation, more than 250 nuclei of 

PLATE XCVI. 
Fig. 25. Section, median, vert ical, of another egg, from the ovary from which the egg figured in 24 was 

Fig. 26. Surface view of an egg in  an advanced stage of segmentation. 
Pig. 27. Median vertical section of an egg probably near the end of the ninth segmentation. 
Fig. 28. Obliquc section of another egg from same ovary, plane of the section indicated in fig. 27. 
Fig. 29. Median verticd section of an egg during tho eleventh segmeutatiou (with 730 nuclei). 

yolk nucleus has spread over the yolk and meets the layer of epiblast cells. 
Fig. 30. Oblique vertical section of another egg in about the same stage as fig. 29. 
Fig. 30a. Outliue of Agassiz & Whitmau’s figure, rcpreseuting a section of an egg with amphiusters 

of the thirteenth segmentation, or with between 4,000 and 8,000 cells. 
Fig. 31. Diagram of an egg during the eleventh segineut:itiou, showiug the directions of the planes 

of figs. 32,33, aud 34. 
Figs. 32, 33,34 are from au egg during the eleventh segmentation (with about 1,700 nuclei). Tlie egg 

is cut into 21 sections; fig. 33 is the 7th section; fig. 33, the 10th; fig. 34, the 13th. 
Figs. 35,36. Sections through uarly gastrula and blastopore. Egg contained about 3,000 nuclei; 12th 

segmentatiou. Egg was cut into 17 sections, of which fig. 35 represents 10th and fig. 36 a 
portion of 11th. The entodcrm 
is well separated from the ectoderm and contaius smaller cells. The outermost layer of cells 
is continued beyond underlying lepers, and ncarly covers yolk nucleus. 

Ctenolabrus. 

taken, showing a periblast UUClQUS aud the yolk nucleus. 

The ‘ 

The sections cut through the embryonic axis obliquely. 

PLATE XCVII. 

Fig. 37. The ninth section through the same egg shown in figs. 35 and 36. 
Fig. 38. A section through another gastrula of tho twelfth segmentation, slightly older than the one 

It is bluntly couicnl, forming figured in 37. 
a plugin the blastopore. 

The yolk nucleus, yk.pr, is brightly stained. 

B7ig. 39. A section through the blastopore of an egg from ovary 26. 
Fig. 40. A section through the blastopore of another egg from tho same ovary (26). 
rigs. 41,42. SeCtiOUE from an egg during the twelfth segmentation (containing about 3,100 nuclei). 

The yolk nucleus f o r m  a large plug in-tho blastopore, and has D deoided purple tinge, 
while the blastoderm cells have been colored blue by hmmatoxylin. Some of the peripheral 
cells are distended and very lightly stained. Fig. 41 represents a mction through the middle 
of the blastopore; fig. 42 is B few sections removed from fig, 41. 

The division between ento- 
derm and ectoderm is indicated by a heavy line. Somc of the outer cells, as in  fig. 41, are 
faintly stained with an alcoholic solution of fuchsine. A mass of dark granules are col- 
lected near the blastopore, and probably repre sent tho remnant of the yolk nuclous. 

Fig. 43. Section of an egg shortly after the closing of the blastopore. 

PLATE XCVIII. 

k’lgs. 44-54 illustrrtte the formation an4 fate of tho periblast. 
Fig. 44. Section through the margin of a blastoderm with about 120 cells. 
Fig. 45. Portion of a cross-section of nu egg with about 220 cells; nucleus 11 g in diemetor. 
Fig. 46. Section through margin of blaStOderln Of egg With about 450 cells; nucleus 9 p in diameter. 
Ipigs. 47, 48, 49. Three succcssive SeCtiOUs from the same egg. There are about 11 periblast nuclei in 

Fig. 50. The second section of the egg from which figs. 47-49 were drawn. The nuclei in  this sectiou, 
Z’he egg from which figs. 4G-50 

are drawn contaius 5 pairs of such nuclei. The fact that  they are in pairs is probably due 
t o  the  recent division of the nuclei. Paired nuclci were also found in  the egg from whioh 
fig. 45 is takcn, at cud of ninth segmentation. 

Fig. 51. Scction slightly inclined from the horizontal of an egg in  the same strigo as figs. 47-50, show- 
ing the  grouping of the periblast nuolei eud the relation of the periblust protoplasm (shaded) 
t o  the blnstoderln and to the yolk. 

this egg. Tho nuclei are about 10 p in diameter. 

in  fig. 6, are in  pairs near the margin of the blastoderm 
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Fig. 52. Thc yolk of a recently hatched larva as a transparent object, showing the position of the peri- 
blast nuclei. 

Fig. 53. Longitudinal sagittal seciion through the yolk of a larva 5 mm. long. It lies beneath the 
anterior par t  of the liver. 

Fig. 54. Longitudinal horizontal section through yolk of liwvca 7 mm. long. Yolk cells have dis- 
appeared. The yolk has been reduced to  a granular mass surrounded by the liver, except 
at anterior margin which faces the sinus venosus. There aro 11 nuclei in  yolk of this larva. 

Five sections through an egg of ovary (23) 
i n  some eggs, of which tLeblastopore was not yet closed. Sections are parallel t o  tangential 
of anterior end of embryo. The whole egg was cut into 25 sections, of which fig. 55 rep- 
resents the sixth from anterior end; fig. 56, the eighth; fig. 57, the tenth; fig. 58, the  
twelfth; fig. 59, the  fifteenth. Figs. 57-59 on plato XCIX. 

There are still yolk bodies present. 

Figs. 55-69. Origin of tho mesoderm ant1 embryonic axis. 

PLATE XCIX. 
Figs. 57-59. Three sections of an egg about the closing of the blastopore. See explauation of fig. 55. 
Figs. 60-63. The sixth, eighth, twelfth, and portion of the eighteenth sections of an egg cut iuto 33 

sections, the  first of which is tangential to  a point over the anterior part of the head. 

PLATE C. 

Fig. 64. Portion of a section through the posterior part of an egg cut in a plane about at right angles 

Fig. 65. Section near the head of an embryo of the same stage, the plane at right angles to  that of 

Fig. 66. The sixth section further back of the same egg. 
Fig. 67. Sagittal section of an embryo with three protovertebra. 
Fig. 68. A portion of .z section t o  one side of 67, through Kupffer’s vcsicle. 
Fig. 69. Portion of another section from saxnc embryo, showing position of the sex cells in the head. 
Fig. 70. A section t o  one Mirle of fig. 67 and parallel with it, to  show the osition of the protovertebra 

and sox cclls. 
Figs. 71-74. Four soctiops of another larva from tho same ovary cas figs. 67-70, but  at right angles to 

those fignres. The planes of the sections are indicated in  67. In fig. 71 tho section passes 
through the  anterior end of the notochord aud through the median portion of the  body. 
The lower portion of fig. 72 passes through tho region just  in front of t h e  head, while the 
upper portion passes through the posterior region of the notochord. Fig. 73 passes 
through KupffQr’s vesicle. In this scOtion the entoderm can no longer be traced over the 
whole yolk, but  merges into the mesoderm. Fig. 74 passes through the caudal thickening, 
where the  germinal layers are merged. 

to  tha t  of the preceding egg. 

the first egg. 

P 

(Figs. 73 and 74 are on plate C I . )  

PLATE CI. 

Fig. 73. Sections through a larva at the region of Knpffer‘s vesicle. Fpr details see under fig. 71. 
Fig. 74. Section through the caudal thickening of the same larva. 
Fig. 75. Sagittal section of a newly-hatched larva reconstructed frorp a number of slightly oblique 

Fig. 76. Sagittal section of an older larva about 0.46 mm. long. 
sections. 

PLATE CII. 

Fig. 77. Sagittal section of a larva 0.63 mm. long. 
Fig. 78. Sagittal section of a slightly older larva. 

PLATE CIII. 

Fig. 79-108. Illustrate general changes of larva from time of hatching till shortly after birth. 
Fig. 79, 80, 81. Three views of a living larva just  before hatching. 
Fig. 82. Usual appearance of the larva at hatching. 
Fig. 83. A larva shortly after hatching, the tail and head in contact, encircling the entire yolk. 
Fig. 84. Outlines of a larva 0.8 mm. long, showing the three divisions of the original Kupffer’s vesicle. 

Fig. 85. A slightly older larva; tho eye has now become evident. 
Rcoonstructed from a series of scctiona. 
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Fig. 86. A la-va 0.85 mm. long, showing the thick caudal lobo. 

Fig. 87. A larva 1-1 mm. long; tho heart is now formed. 
Fig. 88. A larva 1.2 min. long, showing the first gill-slit, through which the nourishment is now token. 
Fig. 89. Outline of the circulation in the hcnd of a larva older than fig. 91. 
Fig. 90. A larva 1.8 Inm. long, showing tho enormous yolk sack, of which tho yolk occupies but a very 

Tho posterior mall of the poricardia1 chamber is hcre pushed lunch too far 

Tho yolk vesicle is evident in tlie 
posterior end of the yolk. 

sniall part. 
forward, a condition due to  partial asphyxiation. 

PLATE CIV. 
Fig. 91. Enlarged head of a slightly older larva than that  of fig. 90, in whic-h the liver I 11:~s been 

Fig. 92. Outlines of tho circulation in a larva about 2 mm. long. 
Fig. 93. A larva 4 mm. long; the liver is well formed and tlie yolk yk lies a t  its lower anterior angle. 

Fig. 93a. Relation of liver t o  intestine in a larva 32 mm. long. 
Fig. 938. The relative size of the fore and hind guts in the same larva. This difference is reduced 

during the growth of the next 5 mm. in length, larvw 37 nim. long, showing the condition 
seen in  larvm 45 mm. long, 

partly formed and tlie oogmentation of the hind brain has bcconio very co~~spicuous. 

Tho segmentation of the hind brain is  evident; Canada balsam preperation. 

Fig. 93c. The intestine in  a fish 45 mm. long. 
Fig. 93d. The same in a fish 62 mm. long. 
Fig. 93e. Diagram of tlie loops of the intestine of the largest fish observed, lGOmm., in which ail extra 

dorsal loop had developed. 
Fig. 93f. One of the Villi of the hind gut, much d a r g e d ,  from R living specimen 10 mm. long; Ellowing 

the vascular loop. 
Fig. 94. A larva 5 mm. long; the pectoral is formed; long ridges have appeared'on tho inner surface of 

the  hind gut ;  these are later transformed into papilla. A fiu fold runs along the tail, above 
and below ; tho pericardial chamber has been greatly rcduced. 

Fig. 95. The tail of auother larva more enlarged, showing the tip of tho notoohord and the  first indi- 
cations of tlie caudal fin. 

PLATE CV. 

Fig. 96. An older larva. The tubular heart of fig. 94 has been transformed into the three-chambered 

Figs. 97 rbnd 98. Slightly older larva than fig. 96. 
Fig. 99. A larva 8 mm. long; the  definitive fins of tho adult have begun to  develop. 
Fig. 100. Another larva younger than fig. 99. 
Fig. 101. A larva 10 mm. long. 
Fig. 102. A larva 11 mm. long. 
Fig. 103. A larva 12 mm. long. 
Fig. 104. A larva 13 mm. long. 
Fig. 105. A larva 16 mm. long. 

Fig. 106. A larva 23 mm. long. 
Fig. 107. A larva 22 mm. long. 
Fig. 108. A larva 34 mm. long, shortly after birth. 
Fig. 108a. Adult female of CyntatOga8ter agP'eWttt8.  
Fig. 1088. Adult malo of CyrnatoLWt@ aNWat f@.  

auricle, ventricle, and bulbus arteriosus. 

PLATE CVI. 

, 

PLATE C\'II. 

17ig.s. 109, 110, 111, 112. Four sections, alightly oblique, of a larva bllt little more advanced than the 
stage figured in  75, and taken from the same ovary. Tho larva is straighter than 75, and the 
sections can not be repreeented a6 pnrfdd planes in that  figure. The embryo was cut into 
42 sections. Fig. 109 is 4 sections behind the origin of tho notochord or the 14th from in 
front backward. Fig. 10 is the 22d Bection, fig. 111 the 29th, and fig. 112 the 30th section of 
the same series. This series represents the oxtout of the hypoblast in different regions of 
tho body and the  character of the evaginations to form the gills. This svagination cxtonds 
through 19 soctiona in this sarics. JIypoblast shaded. 
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Fig. 113. Outlines of another larva of the same ovary showing Kupffer’s vesicle 
Fig. 114. Outlines of a median section of another larva, of the same stagc. 

PLATE CVIII. 

Figs. 115-118. Sections further illustrating .the hypoblastic area8 of tho stage represented i n  fig, 76. 

Fig. 115 is a section parallel to  fig. 15, and much more lateral in its position, showing the relation of 

Fig. 116. A cross-section passing just itbove tho auterior end of the chorda. It cnts the auditory 

Fig. 117. Another section of the same series through the middle of the body, showing the  floor cells 

Fig. 118. Another section through Knpffer’s vesicle. See cc‘ iq fig. 76. 
Figs. 119-124. Outlines of 6 sections from a larva slightly older than fig. 76. 

Hypoblast shaded. 

the hypoblast (shaded) to  the auditory thickening. 

thickening at “an,’ and the lstcral gill-pouches. 

of the alinientary tract. 

See aa‘ in  fig. 76. 

See M‘ in fig. 76. 

The larva was cut 
into 46 sections. Fig. 119 represents the 36th scctiou from behind; fig. 120, the 35th; fig. 
121, the 34th; fig. 122, the 31st; Gg. 123, the 18th; and fig. 124, the 13th section. The lumen 
of the intestine is just  forming. Figs. 119-122 represent the gill region, the remainder the 
posterior region; fig. 124 showing especially well the wide potcntial slit of the intestine 
just  in  front of Kupffer’s vesicle. 

Figs. 125-127. Three sections of the iutestine of another larva from the same ovary between the 
regions represented by figs. 122 and 123. 

PLATE CIX. 

Figs. 128-135. Eight cross-sections of a larva in the stage represented by fig. 77. The larva was cut 
into 59 sections. The figures represent tho following sections from in front backward. 

I 

The sections are somewhat oblique, so that  the dextral half of the figure@ are further 
forward than the sinistral. 

Fig. 128. The section passes through tho left hyobrsuchial slit, the auditory thickening, and the heart, 
which is still a solid mass of mesoblast cells. 

Fig. 129. The alimentary canal just  behind the gill invagination. 
Fig. 130. The next section, the sinistral half of the alimentary tract, solid. 
Fig. 131. A section through the solid oosophagus, the floor cells distinct from t h o  roof cells 
Fig. 132. Outlines of a section a little farther back. 
Fig. 133. Outlines of the intestine much farther back. 
Fig. 134. Section through the widest part of the intestine and through Kupffer’s vcsicle. 
Fig. 135. Section through the neurenteric portion of Kupffer’s venicle. 

Figs. 129,132, and 133 are magnjficd less than the others. 

PIATE CX. 

Fig. 136. Sagitta1 section of a larva abouz 1 mm. long and with about twenty protovertebrae; sonic- 
The heart is shortened and the pericardial 

chamber reduced by reagents, A largo number of spermatozoa are seen in the intestine. 
The yolk has been eaten’iiito. The auditory capsule is much nearer the surface and has 
been added to show the relation of the parts a t  this time. 

. what diagrammatic, from a number of sections. 

Fig. 137. Details of the  gill regiou near the side of a similar larva. 
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PLATP~ CXI. 

Figs. 138-143. A series of six sections through a similar larva ea that  represented in fig. 136. 
Fig, 138. Through the auditory vesicle and first gill-slit. 
Fig. 139. Througbthc posterior par t  of the branchial rcgion. 
Fig. 140. Through the middle of tho yolk. 
Fig. 141. Through the posterior par t  of the yolk : b u d  tho yolk vesicle. 
Fig. 142. Between the yolk and the anus. 
Fig. 143. Through the Anus. 

PLn.rE CXII. 

Figs. 144-149. Soations showing Kupffor’s vesicle. 
Fig. 144. Sagittal section through’the end of a larva in  which the neurenteric canal persists, ending 

in a small vesicle in the neural chord. There is apparently an anterior and a posterior 
canal. These probably represent the anterior and posterior margins of the primitive canal, 
thd space having become partly f i l l~c l  with cells. 

Fig. 145. Sagittal section, showing continuation of endothelium of intestine over Kupffer’s vesicle. 
Fig. 146. A later stage, showing Kupffor’s vesicle in connection with tho alimentary canal, the neu- 

Fig. 147. Kupffer’s vesicle reduced by the formation of a thick cellular floor. 
Fig. 148. Sagittal section through the tail of a larva 0.85 inch long. The vesicle has been reduced. 

In the region it formerly covered the cells are much more loosely arranged than.elsewhere. 
The space iu which cells or nuclei are seen in neighboring sections has a sharp outline. 

Fig. 149 A canal extends from the remains of Kupffer’s vesicle upward to the nournl canal. Tlie 
vesiole has been greatly reduced. 

renteric canal, and the yolk vesicle. 

PLATIC CXIII. 

rigs. 150-154, Aseries of horizontalsections of a larva, 1.8 mm. long, the rcgion in  front of tho chorda 
being bent nearly a t  right angles to  the main axis ; the scctions in front of this rogion are 
cross-sections. Tho hypoblast is shaded. 

Fig. 150 passes j u s t  above the opeuing of the hyobranchial slit. 
Fig. 151 passes through the hyobranchial slit and also through the spiracle (spi)  or hyomandibular 

slit, which is  seen to greatly rosemble the  bars and slits behiud tho hyobranchial. 
Fig. 152 passes through the anterior end of the notoellord, and the hypoblast is seen to  oxtoud up at 

this place so that  i t  is iu contact wikh the chorda. Laterally, the section passes through 
the spiracle arid the hyobranchial slit. A layor of flat epiblast cells is see? to extend into 
the opening for some distance. 

The cliordi is cut obliquely. 

pig. 153 is four seations farther forward and shows tho rostrioted hypoblast. 
Fig 154 is two sections farther forward and passes through the posterior portion o f  the right eye. 

Just beneath i t  the hypoblast is seen to  extend out to  the epiblrast, aud this is the fundament 
of the right half of the mouth. Tho similarity bctweeu this and the spiracular hypoblast 
of fig. 153 is very striking. In neither case is there any evident ingrowth of epiblast. 

PLATE CXIV. 

Figs. 155-160a represent a series of cross-sections of a larva 1.8 mm long. 
~ l g .  155. The section passes through tho upper posterior par t  of the hyobranchml slit and the lower 

The section is lit right angles to the om repre- 

I“ig. 156. Three sections farther back, through the first and second gill-slit on the left, through the 

Fig. 157. Behind the third gill-slit on the left, near the cnd of the gill-thickening 011 the right, 
Fig. 158. A short distance behind the pronephros, the liver forming below, the air bladder above; the 

Fig. 159. Through the alimentary canal at the rudiments of thc liver. 
Fig. 160. The same farther back. 
Fig. 161. Through the hind gut  of another larva in tho same stage of development. 
Fig. 161e. Outline of a section through the :LIILIB not so highly magnified. 

anterior part of the second branchial slit. 
sented in fig. 151 at the point br 1. 

third on the right. 

pectotel plates are noticed on the sides. 
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PLATE cxv. 
Fig. 1ti2. Outlines of it sagittal section of a larva ribout 1.9 rnm. long, to show tho relative positions of 

Fig. 163. Cross-section of :I simi1:Lr larva through the air-bladder. 
Fig. 164. Another suction a little ftarthcr back. 
Fig. 1%. Sagittal section through the midgut of :I larva 2.5 mm. loug. The yolk is retluced and tho 

Fig. 165a. Ai: enlarged sagittal section through the BUUR rmd nephridial oponing of 21 larva 3.2 mm. 

Fig. 166. Sagittal soction of alimentary tract of larva 3.2 mm. long. 
Fig. 16Ga and b. Some of the cells of the hind-gut enlarged. 

tlic liver, air-bladder, and yolk. 

livor much more highly developed. 

long. 

Tho bile sac is just forming. 

The rudiineuts of the reprotluctive organs :we seen in p o .  
Posterior part 011 right below. 

PLATE CXVI. 

Fig. 167-171. A series of sectiouv from the san~o larva as fig. 166. ‘rile sections are succcsvively uoaror 
These sections show the relation of the hypoblastic 

The gill-structures 
tho lateral surface of tlio embryo. 
ovagiuations to each other at varying distances from iuediau plarie. 
do not yot inect below :tiid are not visible in  lig. 166. 

Fig. 167. Several sections rcruoved from 166. 
Fig. 168. The ncxt soctiou, showing the niandibular, spiracular, :~nd throe gill evaginations. 
Fig. 169. Tho next section, tho mandibular, spiracular, and 1iyobrauuhi:bl uot connected by hypoblast 

Fig. 170. Two soctioits removed from 169. 
Fig. 171. Two sections rcmoved from 170. 
Figs. 171a-174a. Cross-sections through tho thyroid iiiid gill regions of a larva 3.2 imn. loiig. 

Fig. 171a. Cross-section of the thyroid gland. 
Fig. 1716. ‘rhrongh the srme o m  section buliiud 171a. 
Fig. 173. Oblique sectiou through spiracle oil left rtud just behind hyobrauchial ou r i ih t .  

laterally. 

(Figs. 
173, 174 arc on plate cxvr~.) 

Sliowing eoiinoction with hypoblast cells. 

PI.ATI$ CXVII. 

Figs. 171a-174a. Cross-sections tlirongli tho thyroid and gill regions of :i larvri 3.2 nun. long. (Figs. 
171a, 172 are on plate CXVI.) 

Fig. 1’73. Sir  sections behiud 172; the riglit through tlio posterior part of tliu aiiditory crtpsiilo, the 
loft throiigh tho hyobranchial. 

Fig. 174. Throdgh tho povtcrior part of tlio gill rcgioq the loft through tliu upper (posterior) p r t  ofa  
gill pocket, the right through t h e  :ulterior (lower) of :mother. Ciliiitecl region of the gullet, 

Fig. 174a. Lateral margiii of the gullet, two sections farther back. 
Fig. 175. Right half of :I horizontal section of a iarva 2.5 mui. loiig. A11 the gill-slits poturitially 

Figs. 176-178. Threo parallel sections; 176, sagittril of a larva 4 rnm. long; the mouth uot yot open; 
‘rho ciliatcd gullet highly diff‘orentiubed from tho 

I complete. 

some of the posterior gill-slits open. 
other alimentary region. 

PLATE CXVIII. 

Figs. 179-183. Developmont of gills as seen in liviiig larvw viewed iis transpriront ob,jects. 
Pig. 179. Larva, 0.9 mm. long. 
Fig. 180. Gill regioii of a larva 2.5 mm. long. 
Fig. 181. A little older larva, showing tho maiidibula,r and hyomandibular slits rmtl tlioir relrttiolis to  

Fig. 182. Gill region o f a  larva 4.1 mm. long. 
E’ig. 183. Gill region of an older larva in which the conditioiis seen in figs. 94-100 are approached. 

the hyobranchial and succeeding slits. 
x 2. 
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