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them   down.   If   the   eggs   were   too   young,   the   tish   was   put   back   in   run-
nfng   water   and   examined   again   later,   although   it   rarely   survived   a
second   operation   unless   the   eggs   were   newly   laid   and   hence   came   out
easily.   This   is   a   wasteful   process,   since   many   eggs   are   spoiled   in
removing   them.   The   obtaining   of   a   series   of   eggs   and   embr3^os   of
Sip/iostoma   is   a   long,   slow,   and   laborious   task   and   is   quite   as   much
the   result   of   chance   as   of   skill   and   knowledge.

A   variety   of   killing   fluids   has   been   used.   The   oil   drops   under   the
germ   disk   were   so   blackened   by   osmic   acid   and   Flemming's   fluid   that
these   reagents   could   not   be   used.   Acetic   alcohol,   Kleinenberg,
sublimate-acetic,   picro-acetic,   all   gave   good   blastoderms,   but   the   yolks
generall}^   went   to   pieces.   Excellent   results   were   obtained   with   fresh
Perenyi,   10   per   cent,   and   20   per   cent   formalin,   and,   for   later   stages,
Gilson's   and   Worcester's   fluids.   This   latter   is   one   of   the   best   fluids

for   killing   teleostean   eggs   with   which   I   am   acquainted.   It   is   composed
of   saturated   sublimate   in   10   percent   formalin,   90   parts;   glacial   acetic,
10   parts.   The   eggs   are   left   in   this   from   thirty   to   sixty   minutes,
washed   in   water,   run   up   into   70   per   cent   alcohol,   and   the   excess   of
sublimate   removed   with   iodin.

The   eggs,   bound   up   in   masses   when   taken   from   the   water}"   killing-
fluids,   were   sometimes   put   into   a   10   per   cent   solution   of   hypochlorite
of   sodium   or   potassium   to   soften   the   connective   tissue   and   the   trans-

parent  egg   membranes.   Over-exposure   to   these   fluids   was   very   hurtful
to   the   blastoderms,   and   generally   the   eggs   were   run   up   into   TO   per
cent   alcohol   and   the   shells   removed   with   needles.

The   younger   blastoderms   were   picked   ott'   the   j^olks   and   sectioned,
but   the   protoplasmic   processes   from   the   periblast   made   it   impracticable
to   get   the   blastoderms   in   late   stages   away   Avhole.   These   eggs   were
cut   whole,   and   for   this   purpose   those   killed   in   Perenyi's   fluid,   on
account   of   their   soft   yolks,   were   especially   good.   The   j^olks   of   eggs
killed   in   formalin,   if   kept   in   alcohol   long,   tend   to   become   hard,   hence
they   should   be   gotten   into   paraffin   as   quickly   as   possible.

In   order   to   orient   whole   eggs   in   the   paraffin   it   is   necessary   to   stain
them.   By   putting   them   in   full   strength   borax-carmine   for   from   one
to   two   minutes,   the   embryonic   tissues   take   the   stain   before   the   yolks,
and   there   result   red   blastoderms   on   yellow   3^olks.

The   eggs   were   embedded   in   paraffin,   and   sections   cut   from   5   to   10
microns   thick   and   stained   either   in   Mayer's   hjemalum   or   Heidenhain's
iron   hematoxylin.   The   former   gave   such   beautiful   preparations   and
was   so   easy   to   manage   that   it   was   almost   exclusively   used.

HABITAT.

Pipefishes   are   found   in   all   the   warm   and   temperate   oceans   of   the
world,   but   are   not   exclusively   marine.   Day   (1865)   reports   that   Syng-
nathus   aryyi'ost  ictus   ascends   rivers   in   ('ochin   China   miles   above   tide
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limits.   Again   (1878),   he   finds   that   S.   spicifer,   lchthyocam]mf<   carce,
and   three   species   of   I)or(/lchthi/.s   go   up   the   rivers   of   India.   Duncker
(1!>04)   reports   Do/'t/icht/tt/s   hoaja   and   JJuinatiUs   in   the   rivers   of   the
Mahij^an   Peninsuhi.      Such   are   some   of   many   records.

In   the   har))or   at   Beaufort,   in   quiet   shallow   waters   where   there   are
muddy   bottoms,   forests   of   Zoi^tera   abound   and   in   them   the   pipefishes
live.   By   fishing   in   these   with   a   fine-meshed   seine,   they   may   be   caught
in   considerable   numbers.

It   may   be   well   to   note   that   the   color   of   these   fishes   changes   with
the   seaweeds   among   which   they   may   be   found.   S.   florldw   among
tufts   of   muddy   eelgrass   is   dark   green,   but   put   into   aquaria   with
Codlum.   or   Ulva   it   becomes   bright   green.   S.   fuscuvt   is   ordinarily
of   a   muddy   brown   color,   but   several   specimens   caught   in   a   tide   pool
filled   with   red   seaweed   were   brick   red   in   color,   and   from   this   were
thought   to   be   a   new   species.

THE   LITERATURE    ON    THE    REPRODUCTION    OF   THE
LOPHOBRANCHS.

The   history   of   the   progress   of   our   knowledge   of   the   sexual   charac-
ters,  breeding   habits,   and   embryonic   structures   of   the   Lophobranchs

has   never   been   fully   written.   Dumeril,   in   his   Histoire   Naturelle   des
Poissons,   published   in   1870,   and   iSmitt,   in   his   revision   in   1895   of
A   History   of   Scandinavian   Fishes,   give   imperfect   accounts.   In   the
course   of   my   work   on   Slphostoma   Jioi'hlce^   I   have   read   all   the   papers
to   which   I   have   found   reference,   and   it   seems   of   interest   and   value   to
put   the   facts   into   systematic   order.   It   is   a   pleasure   to   acknowledge
my   indebtedness   to   Dr.   Theodore   (xill,   of   the   Smithsonian   Institution,
who   has   generously   given   me   of   his   time   and   assistance.   It   is   safe   to
say   that   had   I   not   had   the   benefit   of   his   encyclopgedic   knowledge   of
fish   literature   this   chapter   would   never   have   been   written.   I   wish
also   to   thank   Dr.   M.   L.   Raney,   assistant   librarian   Johns   Hopkins
University,   for   his   kindness   in   procuring   for   me   the   large   amount   of
literature   not   found   in   our   li])rary.

For   our   earliest   knowledge   of   the   pipefish,   the   Belone   of   the   Greeks
and   the   Acus   of   the   Romans,   we   must   go   back   to   Aristotle,   in   the
third   century   B.   C.   Aristotle's   observations   were   singularly   accurate
when   one   considers   the   erroneous   opinions   held   by   scientists   as   late
as   1830.   In   Book   VI,   chapter   12,   he   says:   "That   fish   which   is   called
Belone.1   at   the   season   of   reproduction,   bursts   asunder,   and   in   this   way
the   ova   escape;   for   this   fish   has   a   division   beneatii   the   stomach   and
bowels   like   the   serpents   called   typhlina?.   W|ieu   it   has   produced   its
ova   it   survives   and   the   wound   heals   up   again."   Again,   in   Book   VI,
chapter   16:   "   The   Bdonc   is   late   in   producing   its   young   and   many   of
them   are   burst   by   their   ova   in   the   act   of   parturition,   for   these   ova   are
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not   so   numerous   as   they   are   larg-e."      In   Book   V,   chapter   9,   he   says
'"''  Belone  breeds  in   winter.""'

Plin}^   the   Elder,   in   the   hrst   eentiny   A.   I),   in   his   Natural   History.
Book   IX,   chapter   26,   simply   repeats   Aristotle   and   does   not   seem   to
have   made   any   personal   observations.

Not   so,   however,   Claudius   Aelianus,   a   Roman   of   about   200   A.   D.,
whose   book   On   the   Nature   of   Animals   was   written   in   Greek.   In   Book
IX,   section   60,   he   writes:   "Since   the   8ea   Belone   are   small   and   have
the   uterus   unfit   for   holding-   their   offspring-,   they   do   not   bear   the
increase   of   the   fetuses   within,   but   burst,   and   in   this   way   do   not   pro-

duce  but   throw   out   their   young."   He   seems,   however,   to   have   been
acquainted   with   Aristotle's   writings.

For   nearly   fourteen   hundred   years   no   further   references   are   to
be   found.   There   is   a   blank   until   1554:,   when   Rondelet   published   his
epoch-making   "   De   Piscibus   Marinis."   In   Book   VIH   he   describes
the   long   slit   which   progresses   backward   from   the   anus   and   in   which
the   eggs   are   placed.   He   says   Sy^ignathus   acus   casts   the   eggs   into   this
slit   and   keeps   them   there   for   some   time,   and   he   declares   that   he   saw
excluded   from   the   pouch,   which   is   formed   on   the   female,   many   fetuses
with   perfect   parts.   He   testifies   that,   after   exclusion   of   the   fetuses,
the   edges   of   the   slit   coalesce.   Couch   quotes   him   that   three   separate
deposits   *of   eggs   were   made   in   one   pouch,   and   that   this   took   place   in
early   winter,   and   that   these   eggs   were   unequally   developed,   some
nearly   ready   for   hatching   and   others   barely   showing   eyes   and   snout  —
but   this   has   not   been   verified.   Rondelet   studied   the   fishes   alive   in   the

water   and   his   observations   are   very   accurate,   barring   the   one   error   as
to   the   sex   of   the   pouch-bearing   fish.   This   error,   however,   was   per-

petuated  for   nearly   three   hundred   years   and   was   onl}"   overthrown
after   a   controversy   which   lasted   from   1831   to   1872.

Conrad   Gessner,   whose   great   Thierbuch   was   published   in   Zurich   in
1563,   describes   the   slit   which   the   female   bears,   and   says   that   it   is   filled
with   eggs   in   the   winter.   This   is   evidently   an   echo   of   Rondelet.
Aldrovandi   (1613),   however,   is   more   explicit   as   to   the   structure   of   the
pouch,   for   he   says   it   is   made   of   a   fold   of   skin   on   each   side   so   that   the
helly   can   be   distended   when   the   fish   is   pregnant.

Artedi   (1T38)   says   that   the   females   are   easily   known   from   the   males
by   the   large   oblong   sac,   which   extends   ])ehind   the   anus   to   the   dimin-

ishing  part   of   the   tail,   and   in   which   many   ova   are   held.   He   thinks
the   pipefishes   are   viviparous,   since   fetuses   are   found   in   the   pouch   alive.
Evidently   he   deems   this   pouch   an   internal   structui-e.

Pallas,   in   1767,   speaks   of   finding   ova   protruding   from   the   longitudi-
nal  slit   on   the   ))elly   of   the   mother,   and   Avonders   if   the   male   has   a   simi-
lar  sac.   He   does   not   understand   how   the   sperms   are   transferred,

wonders   if   sperms   are   used   to   fecundate   the   eggs,   and,   since   he   finds
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onl}"   females   with   eggs,   doubts   if   there   are   any   males.   In   short,   he
seems   to   think   that   the   fishes   are   hermaphrodite.

The   works   of   Willoiighby   (1786)   and   Cavolini   (1787)   are   not   at   hand,
but   references   to   them   indicate   that   they   added   nothing   of   value   to   the
discoveries   of   Rondelet.

The   first   real   discovery   since   the   time   of   Rondelet   was   made   by   John
Walcott,   who   in   1784-8-5   described   the   ''false   belly""   found   under   the
tail   of   the   egg-bearing   fi.sh   as   being   always   and   only   on   the   male   fish.
His   words   deserve   quotation.   "The   male   differs   from   the   female   in
the   belly   from   the   vent   to   the   tail   tin   being   nuich   broader   and   in   hav-

ing,  for   about   two-thirds   of   its   length,   two   soft   flaps   which   fold
together   and   form'a   false   belly.   They   ])reed   in   summer,   the   females
casting   their   roe   into   the   false   ))elly   of   the   male.   This   1   can   assert
from   having   examined   many   and   having   constantly   found   only   in   the
sununer   roe   in   those   without   a   false   belly,   but   never   in   those   with   one,
and   on   opening   them   later   in   the   summer,   there   has   been   no   roe   in
those   which   I   have   termed   female,   but   only   in   the   false   belly   of   the
male."   This   discovery   was   buried   in   AValcott's   maiuiscript   History   of
British   Fishes   until   it   was   found   by   Yarrell   and   made   known   in   his
work   of   the   same   title   published   in   1830.

Pallas,   in   183  J,   speculates   as   to   whether   the   mothers   recover   from
the   rupture   of   the   belly   in   parturition,   and,   finding   only   females   in
the   Baltic   Sea,   is   confirmed   in   his   idea   that   the   fishes   are   hermaphrodite.

In   this   same   year   the   Swedish   naturalist,   Eckstroem,   writing   from
information   obtained   at   first   hand,   at   Skargiird,   on   Synguathus   acus^
started   a   controversy   which   lasted   forty   3^ears.   He   declares   that   the
male   only   possesses   the   pouch   and   bears   the   eggs,   that   a   regular   copu-

lation  takes   place   which   must   be   repeated   several   times,   that   the   pouch
becomes   filled   with   a   clear   white   mucus   in   which   the   eggs   are   imbed-

ded  and   on   which   the   embryos   will   later   be   nourished.   He   writes
that   in   fall   and   winter   the   covers   of   the   pouch   are   depressed   and   its
mucous   contents   very   greatly   diminished.   He   finds   that   many   eggs
are   lost   in   transfer,   that   the   females   are   generally   larger   than   the
males,   and   in   number   about   ten   to   one   of   the   latter.   He   concludes
that   fertilization   takes   place   in   the   pouch.   The   work   of   the   writer
on   the   pipefishes   of   Beaufort   confirms   Eckstroem   in   all   respects   save
that   the   dirterence   in   relative   numbers   of   the   two   sexes   is   not   so   great.

Eckstroem   explicitly   describes   how   a   male   S.   acus,   which   he   had
put   into   a   small   pool   of   water,   bent   its   body   so   that   the   tail   described
a   curve   with   the   bow   downward.   This   caused   the   lips   of   the   pouch
to   open   and   the   young   came   out   and   swam   about   in   the   water.   On
being   disturbed,   the   father   bent   the   body   as   before   and   the   young
crept   back   into   the   marsupium.   This   was   repeated   several   times.
One   is   loth   to   think   that   so   excellent   an   observer   as   Eckstroem   is   in

error,   but   no   one   has   ever   seen   this   phenomenon   since.      Later   writers
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quote   him,   or   say   "fishermen   report."   It   certainly   is   not   true   of
the   pipefishes   of   Beaufort.   In   the   dozens   of   cases   in   which   males
were   delivered   of   3'ouno-   in   aquaria   there,   the   parent   and   the   young-
paid   no   attention   to   each   other,   the   latter   swimming-   about   uncon-

cernedly  even   when   the   father   was   caught   with   the   hand   and   trans-
ferred to  another  tank.

For   Syngnathus   ophldlon^   this   observer   declares   that   it   is   the   male
which   carries   the   eggs   glued   to   the   belly,   and   that   if   the   fish   is   killed
the   eggs   come   away   easily   in   a   mass.   The   latter   is   true   of   SlplifMoma
pyrldx^   and   Rathke   reports   the   same   for   the   Black   Sea   species.

Eckstroem   was   ignorant   of   Walcott's   work   and   is   due   the   credit   for
discovering   (1)   that   the   male   carries   the   eggs,   (2)   that   there   is   a   copula-

tion  several   times   repeated,   (3)   that   the   embrj^os   are   nourished   while   in
the   pouch  —  though   not   as   he   thought.   When   published,   Eckstroem's
results   started   a   great   controversy,   and   he   asked   his   friend   Retzius   to
undertake   an   independent   investigation.   This   the   latter   did,   by   dis-

section,  in   1833,   and   emphatically   declared   that   Eckstroem   was   cor-
rect,  that   it   is   the   male   fish   only   which   carries   the   eggs,   and   he   won-

dered that   anybody  ever   thought   otherwise.
In   1836,   Yarrell   made   known   Walcott's   discovery   and   confirmed   it

from   his   own   dissections   of   ,5'.   acus.   He   agrees   with   Walcott   that
the   3^oung   begin   to   breed   when   3i   inches   long.   The   youngest
Siphostoma   with   a   pouch,   which   the   writer   has   seen,   was   4^   inches
long   and   was   laden   with   eggs.   Walcott,   Eckstroem,   and   Yarrell   were
the   first   naturalists   who   broke   away   from   the   statements   of   the   older
writers   and   investigated   for   themselves.

In   1836,   Rathke   described   from   dissections   the   sexual   organs   of
8.   variegatufi   from   the   Black   Sea.   He   excised   the   ovary   of   a   fish
bearing   eggs   and   described   round   bodies   projecting   on   the   inner   walls
of   the   tubes.   These   he   thought   to   be   eggs   in   their   follicles.   In   the
various   forms   of   the   Lophobranchs,   however,   the   ovary   contains   a
nearly   central   raphe,   from   which   eggs   are   budded   off   in   a   spiral,   and,
even   in   a   very   young   ovary,   the   eggs   are   of   a   yellow-red   color.   Sec-

tions  of   a   testis   reveal   just   such  large   vesicular   cells   as   he   has   reported.
He   described   the   skin-folds   of   the   pouch   as   being   resorbed   at   the   end
of   the   breeding   season,   and   correctly   located   the   genital   opening   of
both   sexes   on   the   hinder   edge   of   the   anus.

Rathke's   larger   and   more   important   paper   on   the   Syng-nathids   of
the   Black   Sea   appeared   in   the   following   year   (1837),   and   while   his
results   are   different   from   those   of   any   other   observer   save   Marcusen,
they   are   given   with   such   careful   attention   to   details   that   one   must   give
them   some   credence.   He   reports   that   the   pouch   is   formed   de   novo
each   breeding   season   and   at   its   end   is   atrophied.   He   gives   sections
through   the   tail   to   show   this   and   declares   that   he   has   seen   this   change
many   times.      According   to   his   figures,   however,   the   horny   dermal
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armature   grows   downward   to   help   form   the   sides   of   this   pouch   (so   in
S.   floridir),   and   it   is   hard   to   understand   how   this   can   undergo   the
changes   alcove   noted.

Rathke   thinks   that   since   the   anus   in   his   fishes   (aS'.   rariegatm,   huecu-
lentus^   and   argentatus)   is   inclosed   in   the   upper   end   of   the   pouch,   the
eggs   glide   out   of   the   oviduct   and   into   the   pouch   accompanied   by   an
albuminous   fluid,   which   on   contact   with   the   water   cements   the   lips   of
the   pouch   together.   He   finds   that   the   interior   of   the   pouch   is   like   a
'■'.schlelmhaut,-^   and   that   finally,   through   the   great   development   of
thet-apillaries,   it   becomes   ""like   an   inflamed   mucous   membrane."

In   the   ovaries,   lying   in   an   albuminous   fluid,   he   finds   large   tvh/te
cells,   which   when   put   into   water   become   tightly   stretched.   In   some
individuals   with   cells,   like   the   above,   free   in   the   lumen   of   the   ovary,
he   finds   not   the   least   trace   of   a   pouch;   others   have   the   skin   under   the
tail   very   much   thickened   into   angles   at   the   outside,   and   others   have
broad   folds.   Hence   he   concludes   that   the   ripening   of   the   eggs   and
the   formation   of   the   pouch   keep   pace   with   one   another.

Rathke   thinks   Eckstroem's   discoveries   need   confirmation,   since   no
other   fish   in   the   world   possesses   such   a   peculiar   testis.   He   positively
affirms   that,   even   if   his   opponent   be   correct,   the   females   at   the   breed-

ing  season   possess   the   rudiments   of   a   pouch.   His   great   objections   to
Eckstroem's   discover}^   are   (1)   that   the   fishes   have   no   organs   to   hold
themselves   together   during   the   transfer;   (2)   that   he   can   not   conceive
how   the   skin   folds   can   open   for   the   reception   of   eggs   and   close   again,
nor   how   the   brood   cavity   can   become   filled   with   eggs   to   the   very   end.
My   own   discoveries   make   these   points   clear.

Rathke   confirms   the   Swedish   naturalist   that,   in   addition   to   the   yolk,
the   liquid   filling   the   brood   pouch   serves   as   nourishment   for   the
embryos,   and   thinks   that   they   absorb   it   through   both   skin   and   mouth.
His   description   of   the   development   of   the   larva^   is   very   full   and   cor-

rect.  Noteworthy   is   his   discovery   that   at   first   the   entire   operculum
is   free   and   that   it   begins   to   grow   fast   to   the   other   parts   in   the   antero-
ventral   region   and   the   closing   proceeds   posteriori}^   and   dorsal   ly.

In   1838,   Valentin   (reference   from   Marcusen   not   verified)   described
females   bearing   pouches,   thus   confirming   Rathke.   In   the   same   year
Fries,   without   entering   into   the   controversy,   accepted   Eckstroem's
results.   He   put   a   male   SyngnatJms   luiiihricifornds   having   eggs,   with
young   outlined   (48   to   60   hours   old,   probably)   and   cemented   onto   the
bell}^   into   an   aquarium,   and   on   the   ninth   day   thereafter   some   young
were   hatched   and   on   the   next   day   the   others.   These   lived   seven   days,
and   in   that   time   nearly   doubled   tljleir   length.

The   adult   fish   has   neither   pectorals   nor   caudal   and   the   rounded   tail
is   prehensile,   the   body   is   densely   pigmented,   and   the   operculum   is
bound   down   to   the   shoulder   girdle,   leaving   only   a   small   dorsal   open-

ing.     Fries,   however,   figures   and   describes   the   newly   hatched   young,
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which   he   says   paid   no   further   attention   to   the   father,   with   large   gill
openings,   with   perfectly   transparent   bodies,   and,   strangest   of   all,
with   both   pectorals   and   caudals,   which   they   used   freely.   This   caudal
was   a   continuous   tin-fold,   extending   from   a   point   anterior   to   the   true
dorsal   backward   around   the   tail   and   forward   on   the   ventral   surface   to

the   anus;   that   is,   it   was   a   structure   identical   in   appearance   and   use
with   the   permanent   caudal   of   the   eel.   This   fin-fold   is   permanent   in
the   Falkland   Island   genus,   Protocampm^   which   Giinther   thinks   may
be   an   embryonic   Nerophien.   YarroU   rt^ports   such   a   temporary   tin-
fold   in   salmon   embryos.

In   1840,   Krohn,   from   dissections   made   the   year   previous,   affirmed
that   the   female   11/  ppocamjnis   hrevirostris   bears   the   egg-pouch,   and
that   this   has   lining   it   a   '■''   schleimhaut   gefasKreichen^'''   thus   conlirming
Rathke.   In   this   same   year,   this   later   writer   described   a   female   S.
sequoreus   (a   Nerophien)   with   eggs   on   the   belly,   and   says   that   the
ovary   (testis?)   of   this   specimen   contained   ova   of   various   sizes,   each
with   a   germinal   vesicle.   Sections   of   the   testis   of   S.   ftoridse,   show
large   vesicular   spermatocytes   lining   its   lumen.   Probably   these   are
what   Rathke   saw.

Von   Siebold,   desirous   of   settling   this   much-controverted   question,
spent   some   time   at   Trieste   in   1811,   and   in   the   following   year   published
his   results.   He   found   that   the   niales   of   Syngnatlms   ri/nchmius,   pela-
gicus^   typhle,   and   acus,   and   of   Hippocampus   longirostris   and   hreviros-

tris^  bear   the   eggs.   He   got   these   results:   (1)   by   "stripping"   the
tishes   and   noticing   the   white   fluid   containing   spermatocytes;   (2)   by
dissecting   ovaries   and   testes   and   noticing   the   golden-red   eggs   shining
through   the   ovarian   walls;   (3)   by   making   microscopic   examinations
of   the   products   of   1   and   2.   He   wondered   how   Rathke   or   anyone
else   could   have   fallen   into   such   palpable   errors.

The   French   naturalist,   Quatrefages,   pul)lished   in   this   same   year
(1842)   a   paper   on   the   embryos   of   S.   ophidian   in   which   he   described
the   external   structures   of   .young   nearly   ready   to   hatch.   These   eggs
are   plastered   on   the   belly   in   the   (at   this   time)   much   thickened   integu-

ment  of   which   they   make   depressions.   The   shells   are   filled   with   an
albuminous   fluid   in   which   the   young   move.

Kro3^er,   whose   book   is   dated   1853,   says   that   the   females   of   S.   typhle
are   usuall}^   larger   than   the   males,   and   that   their   numbers   are   about   ten
times   as   great.   He   finds   that   the   eggs   are   arranged   in   regular   rows
in   the   pouch,   embedded   in   mucus,   and   that   this   mucus   disappears   and
the   lids   of   the   pouch   sink   in,   but   are   not   absorbed   after   gestation.
He   conjectures   that   fertilization   takes   place   at   time   of   transfer.

Vogt   and   Pappenheim   in   1859   say   that   when   the   young   leave   the
pouch   the   yolk   sac   is   completely   absorbed,   which   is   not   true   of   the
Siphostomas   at   Beaufort.   They   examined   fishes   by   hundreds   and
never   found   a   female   with   or   a   male   without   a   pouch,   which   they
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describe   as   cutaneous   and   outside   the   dermal   exoskeleton.   They   are
the   first   who   describe   the   slit-liivc   opening-   at   the   anterior   end   of   the
niarsupiuni.   The,v   think   that   Rathlve   mistook   Scyj)hius^   which   never
forms   a   pouch,   for   S.   acns   witii   this   sac   in   the   very   first   stag-e   of
development,   and   that,   by   imagination,   he   supplied   the   other   stag-es
necessary   to   complete   the   formation.   They   do   not   see   how   anyone
could   possibly   have   mistaken   for   a   male   a   female   with   yellow   eggs   in
the   ovary.

William   Andrews,   writing   in   1S60,   says   of   S.   typlde   that   the   ova
liberated   by   the   female   are   received   into   the   abdominal   pouch   of   the
male,   who   has   power   of   expanding   its   flaps   and   of   fastening   the   ova
b}^   a   highly   viscous   secretion.   He   is   the   first   to   observe   that   the   full
development   of   the   ova   forces   open   the   pouch   and   liberates   the   young.
He   finds   8.   pequorem   individuals   clinging   side   by   side   to   bits   of   Zox-
tera   by   their   tails,   in   which   position   he   thinks   that   the   male   is   enabled
to   attach   the   eggs   to   his   abdomen.   He   says   that   X   typlde   and   acux
swim   with   their   tails,   which   fact   is   also   noted   by   Weinland   and   others.

S.   acu^^   according   to   Jonathan   Couch   (1867),   has   developing   ova   in
the   pouch   from   April   to   October,   and   is   veiy   retentive   of   life.   8.
foridce.   is   ver}"   amphibian-like   in   this   latter   respect,   swimming   about
and   even   jumping   out   of   the   aquarium   some   time   after   its   head
has   been   cut   off.   Couch   anticipates   Huot   in   discovering   that   the   air
bladder   has   an   anterior   thick-walled   and   posterior   thin-walled   part.
He   describes   three   adidt   specimens   of   S.   sequoveus.   (?)   with   well-
developed   dorsal   and   ventral   fin-folds.

In   the   same   year   (1867),   Lockwood   was   so   fortunate   as   to   see   the
delivery   of   young   in   sea-horses   kept   in   acpiaria.   One   male   stood
vertically   in   the   water,   and   pressing   the   point   of   his   tail   against   the
bottom   of   the   pouch,   forced   the   young   out   at   its   mouth.   The   other,
catching   its   tail   under   the   edge   of   a   winkle   shell,   pulled   the   body
downward,   rubl)ed   the   pouch   against   the   shell,   and   thus   expelled   the
young.   This   was   repeated,   with   intervals   of   rest   (the   fish   seemed   to
tire   easil}'),   for   six   hours.   In   August,   190^,   I   had   opportunity   to   see
the   delivery   of   the   young   from   the   pouch   of   a   niale   lUppociunpus
hudsonius   at   Beaufort,   but   beyond   a   mere   relaxing   of   the   sphincter
muscle   at   the   mouth   of   the   sac   nothing   was   remarked.

Lockwood   says   that   at   the   time   the   ova   are   received   into   the   pouch
its   walls   are   thick   and   well   lined   with   fat,   but   that,   when   the   young-
are   excluded,   the   walls   are   only   one-sixth   as   thick.   Hence   he   con-

cludes  that   this   fat   serves   as   food   for   the   young.   He   adds   that   the
walls   again   become   thick,   so   that   he   was   several   times   led   to   think
the   pouch   gravid   when   it   was   not.   The   writer   was   similarly   deceived
once,   even   so   far   as   to   try   to   open   the   pouch,   whose   walls   must   have
been   five   or   six   times   as   thick   as   those   of   a   breeding   pipefish.

To   Lafont   is   due   the   credit   for   discovering   the   mode   of   transfer   of
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the   eggs.   In   1S69,   in   an   aquarium   where   he   had   a   number   of   S.
niquille,   he   noticed   two   closely   em))racing-   each   other.   These   he
separated,   and   found   that   the   pouch   of   the   male   was   empty,   but   that
the   two   folds   were   gelatinous,   vascularized,   and   soldered   throughout
their   whole   length,   save   for   a   little   opening   at   the   anterior   end.   The
end   of   the   oviduct   of   the   female   projected   some   6   to   8   mm.   beyond   the
anal   region,   and   this   was   introduced   into   the   opening   of   the   sac   of
the   male.   They   were   put   back   into   the   water   and   came   together   time
after   time,   the   female   repeatedly   putting   the   end   of   the   oviduct   into
the   opening   of   the   pouch.   He   noted   that   only   at   the   time   of   laying
was   the   oviduct   so   elongated,   at   other   times   it   was   only   about   2   mm.

long.
The   observations   I   have   made   substantiate   these   in   all   respects.

Lafont,   however,   stated   that   the   eggs,   after   being   laid   directly   into
the   pouch,   were   arranged   in   four   ranks   around   a   central   axis;   that   thej'^
went   with   ease   into   all   parts   of   the   pouch,   where   they   were   implanted
in   the   mucus   b}^   the   aid   of   fibers   which   came   to   anastomose   with   the
central   axis,   and   served   to   nourish   the   fetuses.   As   will   be   shown
later,   this   is   not   true   of   S.   Jloi'ldse:   His   idea   of   nourishment   in   the
pouch   falls   in,   however,   with   the   conclusions   of   Eckstroem,   Rathke,
Lockwood,   and   others.   This   most   important   and   interesting   account,
of   which   the   above   is   almost   a   literal   translation,   seems   to   have   been
lost   sight   of  —  Dumeril   and   Smitt   being   the   only   authorities   who   cite   it.

Canestrini,   in   1871,   hypothesized   the   manner   of   transfer,   thought'
that   fertilization   took   place   after   the   deposition   of   the   eggs,   and   dis-

covered a  minute  anal  fin  in  the  duct  made  by  the  anterior  end  of  the
pouch   in   the   Lophobranchs.   The   same   was   reported   by   Rathke
(1837)   in   the   young   of   the   Black   Sea   Syngnathus   argetitahis.   The
anal   is   very   minute   in   S.   Jioridse^   and   so   hidden   that   it   was   unnoticed
until   I   had   first   found   it   in   the   embryos.

Canestrini   affirmed   that   in   the   young   of   Hippocampus   hrevirostris^
•5.76   mm.   long,   he   found   a   small   but   perfectly   distinct   caudal   fin,   and

refers   to   a   fossil   sea-horse   (?)   Calamostoma   which   had   a   caudal.   Dr.
Theodore   Gill,   however,   informs   the   writer   that   Calamostoma   was   not
a   sea-horse   at   all,   nor   was   it   in   anywise   nearly   related.   In   the   young
of   //.   Jmdso7iius^   8   mm.   long,   just   hatched   from   the   pouch,   there   is,
projecting   beyond   the   end   of   the   notochord,   a   blunt,   spine-like   body
which   Ryder   (1881)   figures   and   describes   as   a   "caudal   fold,"  but   which
is   wholly   devoid   of   fin   rays.

Marcusen   and   his   pupil,   Passentewitsch,   spent   several   months   at
Odessa,   on   the   Black   Sea,   in   1872,   reviewing   Rathke's   observations   on
the   Syngnathids.      Their   work   may   be   summed   up   as   follows:

(1)   In   S.   argentatus   and   tenuirostris   both   males   and   females   possess
caudal   pouches.

(2)   In   hundreds   of   specimens   examined,   no   female   of   these   species
was   ever   found   with   eggs   in   the   pouch.



No.im.        BREEDING   HABITS   AND   EGG   OF   PIPEFISH—  GVDGER.        457

(3)   Females   of   these   two   species   without   pouches   were   found.
(4)   Males   of   S.   hncculentus   have   pouches;   females   never   do.
(5)   Males   only   of   Scyj>}iieiis   feres   possess   the   pouch.
Thus   was   the   work   of   Rathke   corrected   in   part,   confirmed   in   part,

and   wholly   cleared   up.   It   may   be   well   to   say   here   that,   in   hundreds
of   pipefishes   at   Beaufort,   males   without   and   females   with   pouches
have   never   been   found   by   the   writer.

In   1874,   Dufosse   described   how   sea-horses   under   his   ol)servation   in
1854   held   themselves   tightly   together   by   their   twisted   tails.   Observa-

tions  made   in   the   year   of   publication   showed   that,   while   thus   held,
the   female   passes   the   eggs   into   the   pouch   of   the   male.   Dufosse   noted
that   at   tliis   time   the   pouch   possesses   many   thick   folds,   which   secrete
a   mucus   for   the   nourishment   of   the   young.   He   seemed   to   have   been
wholly   ignorant   of   the   work   of   his   compatriot,   Lafont.

In   May   of   the   same   year   Fanzago,   working   in   the   Zoological   Station
at   Naples,   independently   made   the   same   disco  ver.3'.   He   writes   that
the   sea-horses   make   use   of   their   prehensile   tails   as   an   aid   in   the   act   of
coition.   A   few   eggs   only,   perhaps   just   one,   are   passed   at   a   time,
hence   the   coition   must   be   repeated.   The   male   apparentl}^   is   passive
and   invites   the   female   to   introduce   the   oviduct   into   the   mouth   of   the

pouch.   Contact   is   short   and   is   repeated   five   or   more   times   in   a   short
while.   As   will   be   seen   later,   in   S.   florid  x   there   is   a   sexual   embrace
in   which   both   animals   are   active.

A.   H.   Malm,   in   his   inaugural   dissertation   at   Lund,   in   1874,   finds
no   continuous   fin-fold   in   S.   typhh\   but   states   that   the   tail   is   at   first
protocercal,   secondh^   heterocercal,   and   finall}^   homocercal   by   resorp-

tion  of   the   end   of   the   notochord.   Malm   agrees   with   Eckstroem   that
the   transfer   takes   place   in   deep   water,   and   thinks   with   Kroyer   that
fertilization   takes   place   after   transfer.   He   found   a   young   male   90
nmi.   (8.()   inches)   long   with   a   pouch,   and   another   140   mm.   (5.0   inches)
long   with   eggs.   It   is   noteworthy   that   Malm   concludes   that   the
"slime''   in   the   pouch   is   identical   with   that   on   the   body,   Ijut,   pro-

tected l)y   the   pouch,   it   is   not   washed  away;   thus   in   a   sense  he   antici-
pates both  Huot  and  Cohn,  but  he  does  not  think  that  it  is  used  for  food.

At   Kiel,   Heincke   (1880)   found   that   in.   S.   typlile   the   females   are
larger   and   more   numerous.   Both   these   points   hold   good   for   the   pipe-

fishes  of   Beaufort,   the   proportionate   numl)ers   being   about   three   males
to   every   seven   females.   In   ^S.   typhJe   the   pouch   is   not   filled   at   one
time,   but   there   may   be   several   ti-ansfers   extending   over   several   days.
This   is   true   of   A',   florldiv^   sometimes   eggs   of   three   difi'erent   stages
being   found   in   the   same   pouch.   For   the   period   of   gestation,   Heincke,
not   knowing   the   ages   of   the   eggs   at   the   beginning,   fixes   a   mininuun
period   of   fourteen   daj's.   As   will   be   seen   later,   the   period   for   8.

florldie   seems   to   ])e   ten   days.   Breeding   in   -S',   fy/>/ile   takes   place   from
May   to   August;   the   pouch   is   not   resor])ed   and   the   young   do   not   go
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back   Into   it.   The   young   grow   rapidl}'^   and   become   sexuall}"   mature
in   one   year.

From   observations   made   in   1S81,   and   prior   thereto,   Ryder   thinks
that   the   eggs   of   the   pipefishes   are   impregnated   at   the   time   of   ti'ans-
fer,   and   that   the   period   of   development   is   from   twelve   to   fourteen
days.   He   avers   that   in   the   young   of   S.   pecManus   {S.   fuscum)   there
is   developed   a   low,   continuous   fin-fold   which,   however,   is   never   so
prominent   as   in   other   Teleosts  —  for   example,   Gadu.s.   However,   on   the
contrary,   in   1884,   Ryder   writes   that   "there   is   no   continuous   hn-fold
developed   at   all   in   Siphostomaov   Hippocampus.''''   In   his   earlier   paper
(1881),   he   says   that   the   operculum   is   from   the   beginning   tied   down,
leaving   only   a   spiracular-like   opening,   thus   contradicting   Rathke
(1837).

McMurrich   (1883),   from   work   on   S.   fuscum   at   Beaufort,   aiBrmsthat
the   young   when   born   are   10   to   11   nnu.   long   and   have   the   yolk-sac   com-

pletely  absorbed.   I   have   young   of   this   species   nearly   ready   to   hatch,
but   possessed   of   a   ver}'   large   yolk-sac  —  one   too   large   to   be   absorbed
before   hatching.   The   hatched   young   of   S.   jloridse^   11.5   mm.   long,
possess   the   remnants   of   the   yolk-sac   inclosed   within   the   abdominal
walls.   This   is   not   visible   in   the   whole   mounts,   but   is   shown   in   sec-

tions.  Two   young   (species   unknown)   from   the   "tow,"   one   15   mm.
the   other   18.6   mm.   long,   show   a   considerable   remnant   of   the   3^olk
inside   the   body   walls.   They   are   the   largest   young   in   my   possession,
the   next   oldest   being   90   mm.   long,   and   (males   at   an}^   rate)   sexually
mature.

McMurrich   further   says:   "   In   young   stages   an   anal   is   present,
which,   however,   does   not   pass   be3^ond   the   stage   in   which   fibrillation
begins,   but   aborts,   and   is   entirely   wanting   in   the   adult."   Larvae   of
this   species   5.5   mm.   long   and   with   a   great   yolk-sac   (some   days   away
from   hatching)   possess   the   rudiments   of   the   anal,   and   adult   examples
in   my   possession   have   very   small   but   perfectly   distinct   anals.   Kupffer
(1868)   says   of   a   European   Syngnathus   (species   not   given)   that   the
young   on   hatching   (whether   from   shell   or   pouch   is   not   stated)   have   a
relatively   large   yolk-sac.   Just   here   it   may   be   of   interest   to   say
that   the   newly   hatched   young   of   //.   kudsonius   have   no   yolk-sac
visible   in   the   whole   mounts.   Sections,   however,   show   a   small   rem-

nant within  the  body  wall.
Ryder   in   1886   speaks   of   an   "exceptionally   discontinuous   fin-fold"

in   Siphostoma^   from   which   dorsal,   caudal,   and   anal   fins   are   developed,
and   says   that   T.   H.   Bean   showed   him   a   Siphostoma   with   a   secondary
anal   fin,   which   could   only   be   explained   by   development   from   such   a
fin-fold.   He   figures   a   horaocercal   tail   for   a   3"Oung   pipefish.   In   the
young   of   Siphostoma   Jloridse   up   to   a   length   of   18.5   mm.   (m^^   latest
stage)   I   find   what   seems   to   be   the   remnants   of   a   continuous   fin-fold,
especiall}'   plain   on   the   ventral   surface.      This   shows   both   in   the   whole
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mounts   and   sections,   and   its   only   explanation   seems   to   be   that   it   is   an
embryonic   structure   comparable   to   what   Fries   described   for   S.   luiii-
hrldformis   in   1838.   Ehrenbaum   and   Stradtmann   (1904:,   fig-.   7)   tigure
a   larva   of   Cliipea   sprattus,   l-l   to   18   mm.   long-,   having   on   the   ventral
surface   of   the   tail   from   the   anus   to   the   caudal   a   delicate   membrane,
the   counterpart   of   that   found   on   S.   jiorida'.

One   is   at   a   loss,   in   view   of   Ryder's   acquaintance   with   the   pipetishes
a-nd   his   presumed   knowledge   of   the   literature,   to   understand   why   he
should   write   in   1887:   "The   eggs   of   Si2)hmtoma   are   developed   under
a   pair   of   integumentary   folds   *   *   *   developed   on   the   under   side
of   the   tail   of   the   female.^''   However,   in   this   same   paper   he   refutes
McMurrich's   error   as   to   the   anal   tin   of   S.   fuscuni.

There   is   nothing   in   W.   A.   Smith's   (1887)   paper   that   need   detain   us.
He   theorizes   as   to   the   origin   of   the   elongated   jaw   apparatus,   and   his
statement   that   the   young   retreat   into   the   pouch   is   seemingly   an   echo
of   Eckstroem.

Lilljeborg   (1891)   thinks   that   fertilization   takes   place   in   S.   typhle
at   the   time   of   transfer,   since   the   male   genital   opening   is   inside   the
anterior   end   of   the   pouch.   He   notes   that   breeding   females   are   very
much   larger   than   the   males,   and   thinks   that   the   mucus   fastening   the
eggs   to   the   belly   of   SyDgnathus   or   NeropJiis   ophidlon   is   secreted   by
both   parents   at   the   time   the   eggs   are   deposited,   and   that   several   trans-

fers are  made.

In   1900,   Duncker   published   an   interesting   and   valuable   paper   on   the
habits   of   the   Lophobranchs,   and   though   this   does   not   strictly   come
within   the   scope   of   this   chapter,   still   it   may   be   not   uninteresting   to
summarize   it   here.

Duncker   says   that   the   Syngnathidge   swim   almost   exclusively   with
the   dorsal,   but   when   excited   may   use   the   caudal.   "In   free   swimming
this   (the   caudal)   is   almost   useless,   and   never   takes   the   place   of   tin
action.''   He   describes   the   8-shaped   tigure   made   by   the   dorsal,   and
characterizes   the   caudal   as   a   "rudder"   merely.   S.   jioridix,   stands
vertically   in   the   water   and   slowly   propels   itself   by   its   dorsal   tin,   the
pectorals   being   used   merely   to   maintain   its   perpendicular   position;
but   when   frightened   or   when   it   wishes   to   go   from   one   place   to   another
it   throws   itself   into   a   horizontal   position   and   glides   with   great   rapidity
with   sinuous   right   and   left   lashings   of   its   tail,   at   which   times   its
resemblance   to   a   serpent   or   an   eel   is   very   marked.   In   this   connection
it   is   worthy   of   note   that   the   onl}^   other   lishes   which   are   known   to
swim   in   a   vertical   position   are   Am.pldoxus   according   to   Parker   and
Haswell,   Lorlearia   according   to   Noll,   and   Centriscus   {Aonphisile)
according   to   Willey.   Duncker's   observations   were   proba))ly   made
on   fishes   in   small   aquaria;   those   on   8.   florid^'   were   on   specimens   in
an   8-foot   tank   and   in   the   waters   of   the   harbor   at   Beaufort.

Duncker   quotes   Heincke   as   to   the   immunity   of   these   fishes   from
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enemies,   and   accounts   for   this   on   the   ground   of   their   having   a   horn}^
coat   of   mail.   Another   explanation   for   the   pipefishes   of   Beaufort   may
be   found   in   the   very   peculiar   and   offensive   odor   of   their   skin   and   Hesh
After   handling   or   dissecting   them,   one's   hands   become   saturated   with
a   peculiar   and   pungent   odor,   very   offensive   and   very   hard   to   get
rid  of.

Duncker   says   the   Lophobranchs   feed   on   small   Crustacea   and   the
young   of   their   own   species.   Eckstroem   says   they   eat   the   spawn   of
other   fishes.   Yarrell,   Couch,   and   others   say   that   their   food   consists
of   small   crustaceans   and   larvte   of   various   kinds.   Microscopic   exam-

ination of   the   intestinal   contents   of   S.   JJoridai   shows  its   food  to   consist
of   minute   Crustacea   and   reveals   the   presence   in   some   cases   of   a   very
small   tapeworm   scolex.   Specimens   of   various   pipefishes   have   been
kept   at   Beaufort   for   weeks   in   aquaria   with   running   water   and   have
seemed   to   thrive.   In   this   connection   Duncker   is   the   first   to   explain
the   curious   snapping   noise   made   by   these   fishes   in   feeding.   All   water
is   expelled   from   the   snout   and   pharynx   by   muscular   action.   Into   the
vacuum   thus   formed,   water   and   small   Crustacea   rush   with   the   smack-

ing  noise   when   the   mouth   is   suddenly   opened,   a   bird-like   pecking
motion   of   the   head   accompanying   it.

Duncker   says   that   at   the   breeding   season   the   dorsal   part   of   the
pouch   becomes   much   swollen   and   vascularized;   that   an   epithelial
cement   binds   the   lips   of   the   pouch   fast   (in   this   he   anticipates   Huot
and   also   Cohn);   that   the   eggs   go   through   their   whole   development
without   ever   coming   in   contact   with   the   water;   and,   finally,   that   the
embryos   are   bathed   in   the   blood   of   the   father.   In   short,   he   thinks
this   pouch   a   phj^siological   uterus-placenta.

The   Qg^   laying,   he   avers,   takes   place   at   night   or   earl}^   in   the   morn-
ing,  which   is   true   of   8.   fioridse;   and   the   filling   of   the   pouch   takes

place   from   before   backward,   from   behind   forward,   or   from   the
middle   in   both   directions,   whereas   in   S.   fiorldx   it   is   only   from   before
backward.   He   further   says   that   the   development   of   the   eggs   takes
place   unequally   rapidly   (true   of   S.   forahv).,   and   that   at   the   end   of
about   twenty   days   the   foremost   ones   slip   out,   and,   finally,   that   when
hatched   the   young   are   deserted   by   their   parents.   In   the   Nerophiens,
Duncker   says   that   the   females   have   sexual   coloration   at   the   breeding
season   and   that   they   approach   the   males.

In   1902,   Huot   published   the   best   and   most   comprehensive   paper   ever
written   on   the   Lophobranchs.   He   is   ignorant   of   the   work   of   Lafont,
Dufosse,   and   Fanzago,   for   he   says   that   the   transfer   has   never   been
observed.   He   finds   the   eggs   in   the   marsupium   of   a   male   about   equal
in   numlxu-   to   those   in   the   ovar}'   of   a   female   of   the   same   size.   In
X.   _//r/yvV/rT,   transfer   has   never   been   observed   to   take   place   in   specially
paired   fishes   unless   they   are   of   approximately   the   same   size.

Huot   figures,   in   sections   through   the   pouch,   the   external   epidermis
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continued   into   and   lining   the   poach   as   an   epithelium   with   many
mucus-secreting-   cells   (sec   Lilljeborg-   on   this   subject).   This   epithelium
becomes   folded   to   form   ^*   nld.r''   for   the   eggs,   with   the   membranes   of
which,   since   there   is   no   zona   radiata,   it   comes   in   veiy   intimate   con-

tact,  proliferating   to   till   all   interstices   Ijetween.   Into   these   prolifera-
tions  blood   vessels,   forming   dense   networks,   penetrate   and   form   a

virtual   placenta   by   means   of   which   the   eggs   and   embr5^os   are   provided
with   oxygen   and   food   through   osmosis.   The   lips   of   the   pouch   are
cemented   by   a   gummy   secretion,   which   at   the   same   time   keeps   out
the   water   and   enables   them   to   withstand   the   pressure   as   the   young,
surrounded   b}'   a   clear   serum-like   fluid,   grow   and   distend   the   pouch.

In   his   efl'orts   to   determine   the   time   of   hatching   and   the   age   of   the
embryos,   Huot   took   fresh-laid   eggs   from   the   pouch   and   put   them   into
running-   water.   This   he   also   did   with   embr3'os   ranging   from   early
stages   up   to   those   with   vitellus   nearly   gone   and   almost   ready   to   hatch,
but   in   all   cases   they   died   within   forty-eight   hours   at   the   utmost.   He
also   tried   in   vain   to   introduce   eggs   into   the   pouch.   He   concludes   that
the   eggs   of   S.   dumerilil   are   fertilized   at   the   time   of   transfer.   His
work   on   the   development   is   confined   pmctically   to   organogen}"   in   the
late   larva?   and   in   the   3'oung.   He   confirms   Couch,   though   ignorant   of
his   work,   as   to   the   thick   and   thin   walled   parts   of   the   swim   bladder.
The   3'oung   fish   when   hatched   has   a   "   notable   reserve   vitellus   inclosed
within   the   skin   of   the   belly."

Two   years   later   (190-i),   Ludwig   Cohn,   working   on   S.   tijplile^
reviewed   Huot's   work   on   the   marsupium.   In   thin   sections,   through
the   region   of   the   marsupium,   under   the   oil   immersion   lens,   he   finds
that   these   eggs   have   a   zona   radiata^   that   the   skin-epithelium   is   con-

tinued into  the  whole  of   the  pouch  and  surrounds  the  eggs  save  wdiere
these   are   in   contact,   and   that   there   are   mucus-secreting   cells   in   the
outer   but   none   in   the   inner   epithelium.   He   ascertains   that   only   the
connective   tissue   of   the   pouch   contains   blood   vessels,   and   that   the   peri-
vitelline   space   is   filled   with   the   albuminous   fluid   which   Huot   noted.

Cohn   finds   that   the   lining   epithelial   cells   have   "i^j>/feew'"'-like   pro-
cesses,  and   that   these   penetrate   the   pores   of   the   zona   radiata.   Hence

he   concludes   that   food   stufl'   and   oxygen   are   transmitted   to   the   perivi-
telline   space   by   osmosis   through   these   slender   pseudopods,   and   that
in   this   way   the   3"0ung   are   nourished.   He   notes   that   at   the   pole   of   the
6g'8"7   where   the   embiyo   is   formed,   the   epithelium   is   folded   into   glands
whose   mouths   abut   onto   the   adjacent   zona   radiata.   He   finds,   however,
that   there   is   no   definite   position   for   the   germinal   disk.   In   S.jloridce.^
eggs   have   been   noted   with   the   germinal   disk   turned   downward  —  that
is,   toward   the   folds   of   skin   forming   the   pouch,   and   upward  —  that   is,
toward   the   bod}-   of   the   fish.

The   work   of   Cohn,   confirms   and   extends   that   of   Huot,   and   the   two
together   show   that   the   older   writers   were   correct   in   their   vague   ideas

Proc.  N.  M.  vol.  xxix— 05— 30



462   PROCEEDINGS   OF   THE   NATIONAL   MUSEUM.   vou   xxix.

about   the   j^oiing   in   the   pouch   receiving   nouri.shment   from   it.   Thc}^
have   detinitely   established   the   fact   that   the   niarsupiuni   of   the   nude   of
the   Lophobranchs,   with   its   epithelial   lining   and   its   capillaries   and
lymph   vessels,   is   n.   functional   uterus-place  nta.

I   have   no   fishes   especially   killed   for   sections   through   the   pouch,   and
the   sections   cut   are   so   imperfect   that   no   figures   will   be   given,   but   on
the   whole   they   confirm   the   results   of   Huot   and   Cohn."

THE   BREEDING   HABITS   OF   SIPHOSTOMA    FLORIDiE.

The   following   o})servations   on   the   breeding   habits   of   Sipliostoma
Jloridx   w^ere   made   in   the   laborator}"   of   the   United   States   Bureau   of
Fisheries   at   Beaufort,   North   Carolina,   Jul}^   17,   1903.   The   transfers
were   witnessed   by   three   other   workei's.   When   my   account   thereof
had   been   written   it   was   submitted   to   them   and   their   additions   were
included   in   this   full   statement.

A   female   fish   ready   to   give   up   eggs   may   be   recognized   b^"   her   much
distended   abdomen,   due   to   the   presence   of   ripe   eggs   in   the   ovary,   but
much   more   by   the   oviduct   protruding  —  as   first   noted   by   Lafont   (1871)—
and   filled   with   eggs,   some   of   which   may   escape   from   time   to   time.   In
the   nonbreeding   male   the   flaps   of   skin   fornnng   the   pouch   lie   flat   in
the   ventral   concavity   formed   by   the   outward   and   downward   projecting
skin-covered   horny   plates   of   mail,   but   when   sexually   excited   these
flaps   rise,   become   thrown   into   folds   and   finally   unite   their   edges   into
the   long   middle   seam,   and   form   the   closed   pouch.

The   act   of   copulation   is   preceded   by   a   very   curious   '"''liehesspiel.^^
The   two   fishes   swim   around   in   the   aquarium   with   their   bodies   in   nearly
vertical   positions,   but   with   the   head   and   shoulder   region   sharply   bent
forward   like   the   letter   f.   Then   the\^   swim   slowly   past   each   other,
their   bodies   touching   and   the   male   being   perhaps   more   demonstrative.
Just   before   the   actual   transfer,   the   male   becomes   violently   excited   and
demonstrative,   shakes   his   head   and   anterior   body-parts   in   a   corkscrew
fashion   and   with   his   snout   caresses   the   female   on   the   Vjelly.   The
female   responds   to   this   ])ut   does   not   become   so   excited.   This   is
repeated   several   times,   the   fishes   becoming   more   excited   each   time
they   touch   each   other.   Presently,   quick   as   a   flash,   the   sexual   embrace
takes   place   and   then   the   fishes   separate   to   begin   again   in   a   few   minutes.

This   embrace   consists   in   the   fishes   intertwining   their   bodies   like   tw^o
capital   letter   S's,   the   one   reversed   on   the   other,   thus   bringing   them
face   to   face.   Thus   they   hold   their   bodies   together   while   the   eggs
pass   from   the   oviduct   into   the   pouch.   Their   bodies   touch   at   three
places  —  in   the   anterior   region,   just   back   of   the   pectorals;   in   the   pos-

« Since  this  paper  was  sent  to  the  printer,   I   have  received  from  Dr.   Theodore
Gill   a   copy   of   his   paper   on   the   Life   History   of   the   Sea-Horses   (Tlippocampids).
Through  Doctor  Gill'^!  kindness  I   was  permitted  to  read  his  paper  in  manuscript
and  to  avail  myself  of  the  valuable  information  contained  therein.
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terior   rog-ion,   at   a   point   about   two-thirds   of   the   way   from   the   anus   to
the   caudal;   and   at   the   anal   openings.   The   anal   papilla,   or   the   pro-

truding  oviduct   of   the   female,   is,   at   the   moment   of   contact   of   their
bodies,   thrust   into   the   buttonhole-shaped   opening   at   the   anterior   end
of   the   marsupium.   Some   eggs,   in   num))er   a   dozen   or   more,   now   pass
into   the   pouch   and   are   presumably   fertilized   at   this   moment.

The   Q^^g^   are   now   in   the   anterior   end   of   the   pouch   and   no   more   can
be   received   until   these   have   been   gotten   into   the   posterior   end.   To
bring   this   about,   the   male   performs   some   very   curious   movements.
He   stands   nearly   verticallj",   and,   resting   his   caudal   tin   and   a   small   part
of   the   tail   on   the   floor   of   the   aquarium,   bends   l)ackward   and   forward
and   twists   his   bod}^   spirally   from   above   downward.   This   is   repeated
until   the   eggs   have   l)een   moved   into   the   posterior   end   of   the   pouch.
I   do   not   think   that   any   means   other   than   the   above   are   used   to   bring

Fig.  1.— Transp'Er  of  eggs  in  siphostoma  (semi-diagrammatic),    a,  Position  of  fishes  during
TRANSFER  OF  EGGS:    b,    ATTITUDE  ASSUMED    BY   MALE   WHILE    MOVING  THE   EGGS    BACKWARD   IN   THE
pouch:   C,   POSITION  OF  MALE  DURING  PERIOD  OF  REST  FOLLOWING  SEVERAL  TRANSFERS.

this   about.   The   pouch   in   a   '•pithed'"   lish   was   opened   and   carmine
scattered   over   its   inner   surface,   but   there   was   no   evidence   of   ciliary
action.   Sections   from   pieces   of   both   dorsal   and   vena-al   parts   of   the
sac   killed   in   formalin,   in   Flemming's   or   in   Worcester's   fluids,   failed
to   show   cilia.

Then   for   some   time   the   animals   remain   quiescent,   the   male   with   the
back   concave,   assuming   the   form   of   a   broad   flat   capital   U.   The   head
is   extended   in   a   nearly   horizontal   direction,   and   the   body   in   the   region
of   the   middle   of   the   tail   touches   the   floor   of   the   aquarium.   This   posi-

tion  is   retained   for   a   time   varying   from   five   to   ten   minutes.   Convul-
sive  movements,   lasting   only   for   a   moment,   may   take   place.

The   processes   above   described   are   repeated   until   the   pouch   is   filled.
In   one   pair   the   first   copulation   took   place   at   9.45   o'clock   and   the
second   at   10.05   o'clock.   In   another   pair   there   were   four   contacts,   as
follows:   10,15;   10.34;   lo.oO   o'clock,   at   which   time   the   eggs   were   onh^
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halfway   down   the   poucli;   and   at   11.06   o'clock.   These   observation.s
were   made   at   night,   between   0.45   and   11.30   o'clock,   in   the   brightly
lighted   laboratory.   It   is   very   probable,   however,   that   the   transfer
may   take   place   at   any   and   all   hours   of   the   night.   It   is   to   be   noted   in
passing   that   the   tishes   seemed   entirely   unaffected   by   the   lights.   No
attempt   to   handle   them   was   made.      (See   Lafont.)

It   does   not   seem   likel}^   that   all   the   eggs   are   transferred   at   once  —
first,   l)ecause   of   the   curious   means   used   to   move   them   backward   in
the   poucli;   in   the   second   place,   because   males   are   frequently   found
with   the   pouch   only   half   filled;   thirdly,   because   males   with   eggs   of
two   and   three   stages   and   layings   are   not   infrequent.   When   the   above
processes   have   been   repeated   several   times,   the   animals   are   seemingly
exhausted   and   remain   quiet   for   at   least   two   and   one-half   hours   (the
extent   of   my   observations).   On   this   same   night   a   third   small   male
in   an   aciuarium   with   three   females   '•'courted"   two   of   them   alternately,
but   no   transfer   was   made,   though   they   had   protruding   oviducts.   For
coition   to   take   place,   it   seems   necessary   that   the   tishes   should   be
nearh^   equal   in   size.   A   ripe   female   paired   with   a   male   three-fifths
her   size   dropped   her   eggs   into   the   water.

This   curious   love   play   above   described   is   not   without   parallel   in
other   lower   vertebrates.   Jordan   (1891)   records   f  oi'   Diemyctyhi.^   a   very
interesting   series   of   observations   of   a   courtship,   lasting   several   hours,
in   which   caressings   play   an   important   part.   Dean   (18',»5),   in   his
account   of   the   spawning   of   Lepidosteus,   describes   how   the   males   wntli
wide-spread   tins   swim   around   the   females   and   caress   them   with   their
snouts.   Nor   is   such   a   courtship   unknown   among   the   invertebrates.
Racovitza   (1894)   has   described   how   the   male   of   Octopus   vulgaris
strokes   and   caresses   the   female.   All   these   contacts   seem   to   be

intended   to   excite   the   animals   preparatory'   to   the   sexual   act.
The   arrangement   of   eggs   in   the   pouch   depends   wholly   on   the   size

of   the   latter.   There   are   alwaj^s   two   sets   of   eggs,   one   on   each   side.
Each   set   may   consist   of   one,   of   two,   or   of   three   rows   of   eggs,   and
these   may   be   one   or   two   eggs   deep.   As   noted,   there   ma}"   be   one,
two,   or   even   three   deposits   of   eggs   in   one   pouch.   In   what   order
these   young   would   emerge   from   the   pouch   I   can   not   sa}".   Ordinarily
the   seam   breaks   at   points   all   along   its   length   to   set   free   the   j^oung.

The   age   at   time   of   hatching   can   be   given   as   ten   days   (with   a   variation
of   eight   hours)   from   one   lot   only.   These   young   lived   four   daA's,   feed-

ing  on   copepods   with   the   same   bird-like   motion   of   the   head   and   the
same   smacking   mouth   motion   found   in   the   parents.   In   another   case,
when   the   father   died   four   days   after   the   transfer,   the   little   tishes   were
with   free   tails.

The   eggs   within   twenty-four   hours   after   deposition   may   easily   be
extracted   from   the   })ouch,   coming   out   in   masses,   without   injuring   the
father.     In   two   cases,   males   relieved   of   eggs   received   a   fresh   lot   during



NO.   1431.     •   BREEDING   HABITS   AND   EGG   OF   PIPEFISH—  GUDGEE.       465

the   following-   nio-ht.   One   of   these,   stripped   the   second   time,   died   after
taking   on   a   third   lot.   When   the   egg.s   have   been   in   the   pouch   thirty-
six   or   forty-eight   hours   they   become   tirmly   fastened   to   it   both   at   top
and   l)ottom,   so   that   it   becomes   necessary   to   kill   the   fish   and   then   cut
away   the   flaps   of   skin   before   one   can   extract   the   eggs.

The   fishes   vary   in   size.   The   extremes   in   egg-bearing   males   of   xV.
-florula'   I   have   found   to   be   4.5   to   8.1>   inches,   and   in   females   3   to   S.4
inches.   As   a   g'eneral   rule,   however,   the   females   are   somewhat   the
larger.

THE     SEGMENTATION     OF     THE     EGG     OF     THE     PIPEFISH—
SIPHOSTOMA    FLORIDiE.

I.   THE   OVARIAN   EGG.

The   ripe   ego;^   of   this   fish   is   of   fairly   good   size,   having   a   diameter   of
about   1   mm.   It   possesses   a   thin   transparent   membrane   or   shell,
which,   under   the   one-tw^elfth   homogeneous   oil   immersion   lens,   shows
no   structure   in   sections,   but   in   surface   views   presents,   when   stained
lightly   with   heemalum,   a   notably   punctate   appearance.   These   mem-

branes  were   generally   removed   after   killing   the   eggs,   but,   if   left   on
the   eggs,   do   not   get   very   hard   and   oft'er   no   obstruction   to   embedding
and   sectioning   processes.   The   eggs   are   formed   in   ovaries   which,
viewed   from   without,   present   the   ordinaiy   Y-shaped   structure   common
to   the   Teleosts.   These   ovaries   are   two   tubular   organs   situated   in   the
posterior   dorsal   portion   of   the   body   cavity,   and   are   confluent   behind
to   form   the   short   oviduct   which   opens   on   the   posterior   lip   of   the   anal
aperture.

However,   when   one   of   the   ovaries   is   sectioned,   a   ver}^   interesting
structure   is   revealed.   Running   lengthwise   throughout   the   whole
extent   of   the   ovary   is   a   raphe   situated   about   two-thirds   of   the   dis-

tance  from   one   wall.   From   this   eggs   are   budded   off   in   succession   to
foi-m   a   spiral   of   eggs   which   surrounds   the   raphe,   the   outermost   Qgg
being   the   oldest   and   largest.   As   this   Qgg   ripens   it   markedly   increases
in   size   and   crowds   the   other   eggs   together   with   the   raphe   closely   to
one   side   of   the   tube.   In   the   ovaries   of   older   and   larger   flshes,   two   or
three   eggs   may   ripen   side   by   side   and   then   the   raphe   and   its   3'oung
eggs   are   very   much   crowded   and   contorted.   As   the   eggs   become   ripe
they   enormously   distend   the   ovaries   both   in   diameter   and   length  —  in
length   until   they   frequently   extend   forward   to   the   region   of   the
stomach.   At   this   time   females   ready   to   spawn   are   noticea))le   for
their   greath'   distended   abdomens.

The   3"oung   eggs,   as   first   pointed   out   ])y   Cunningham   (1S!)7),   have
large   nuclei   with   several   nucleoli,   but   in   the   older   ovarian   eggs   the
germinal   vesicle   is   not   so   apparent.   The   grown   egg^   still   attached
in   the   ovary,   is   surrounded   by   a   layer   of   peripheral   oil   drops.   This
same   structure   persists   in   the   eggs   after   extrusion,   so   that   the   ger-
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minal   vesicle   can   not   be   seen.   The   sections   1   have   made   of   eg^s   just
(>xtviided   are   so   unsatisfactorv   and   so   little   understood   that   further
investigation   is   necessary   before   sections   are   figured.   The   older
observers,   Retzius   (1833),   Rathke   (lS3f3,   1837,   1840),   Vogt   and   Pap-
penheim   (1859),   although   they   studied   the   ovary   with   the   microscope,
missed   these   peculiar   structures.   Later   observers  —  Brook,   McLeod,
Cunningham   (1897),   and   Huot   (1902)   have   made   sections   but   have   not
gone   very   far   into   the   structure,   nor   will   I   myself   do   so   now,   since   it
is   ni}^   intention   to   work   up   the   organization   and   development   of   this
organ   later,   the   material   for   this   being   now   on   hand.

II.   THE   METHOD   OF   DEPOSITION.

This   has   already   been   described   in   the   first   part   of   this   paper,   but
it   may   be   well   to   emphasize   the   fact   that   the   process   is   such   as   to
prevent   absolutely   any   contact   of   the   eggs   and   sperms   with   the   sea
water.

III.    FERTILIZATION.

The   &gg   of   S/pltostoiiia   fiorklx,^   as   before   mentioned,   possesses   a
very   thin   and   perfectly   transparent   shell.   This   surrounds   an   egg-
made   up   of   straw-colored   3'olk   having   man}"   orange-red   oil   globules
imbedded   in   its   periphery   and   these   surrounded   in   turn   by   a   thin   pel-

licle  of   protoplasm.   The   colored   oil   globules   render   the   agg   so
opaque   that   I   have   never   ])een   able   to   find   the   microp3de.   Yet,
strange   to   say,   the   ^gg   of   a   related   European   form,   Syngnathiis
ophujlon^   was   the   first   fish   and   possibly   the   first   vertebrate   Q,gg   in
which   this   opening   was   discovered.   Whether   this   q,^^   is   transparent
or   not   I   can   not   sa}^,   but   in   it   Doyere   (1849)   foimd   the   micropyle   just
over   the   ''''   dmiue   jproligere^''''   and   gave   its   diameter   as   ^\-^   mm.

A.   Natural   fertilization.  —  Different   investigators   var}^   in   their
conclusions,   or,   more   correctly,   their   conjectures,   as   to   the   time   of
fertilization.   A   jrriorl.,   one   Avould   expect   the   fertilization   to   be
efiected   at   the   time   of   transfer.   Probably   the   surest   wa}^   to   deter-

mine  the   time   of   impregnation   would   be   to   take   a   male   immediately
after   the   transfer,   cut   through   the   pouch   just   back   of   the   forward   end
l)ehind   the   genital   opening,   and   then   examine   the   eggs   in   the   hinder
part   of   the   pouch   for   spermatozoa.   This   I   had   intended   to   do   during
each   of   the   past   summers.   Although   there   were   numerous   transfers
between   fish   kept   in   aquaria   each   summer,   A'^et   I   saw   the   copulation
on   one   night   only   (in   1903)   between   two   pairs   of   fish.   The   seeming
necessit}^   for   keeping   these   fish   for   the   early   stages   of   segmentation
prevented   my   sacrificing   either   to   determine   this   point.

Huot   (1902),   Lilljeborg   (1891),   Ryder   (1881),   and   others   think   that
the   fertilization   takes   place   at   the   time   of   copulation,   while   A.   H.
Malm   (1874)   and   Kroyer   (1853)   think   that   it   follows   later,   and
Ekstroem   (1831)   believes   it   takes   place   while   the   eggs   are   in   the   pouch.
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My   own   belief   is   that   sperms   and   ova   are   emitted   simultaneously,   and
while   I   have   no   direct   evidence,   the   followino-   facts   corroboratory   of
this   conclusion   are   adduced.

I   believe   that   the   extraordinary   ^'   liehesspid,'''   or   pei'iod   of   sexual
excitation   of   these   fishes,   described   al>ove,   is   intended   to   prepare   them
for   the   mutual   discharge   of   the   sexual   products.   In   the   description
of   the   copulation   and   attendant   phenomena,   attention   has   been   called
to   similar   sexual   excitements   in   an   Amphibian,   a   (lanoid,   and   a   Cepha-
lopod,   which   are   preparatory   to   the   discharge   of   sperms   as   well   as   of

egg-s.
But   the   second   set   of   phenomena   is   still   more   strongly   corrobora-

tory.  On   July   0,   1904,   two   tish   were   paired   and   during   the   night
they   copulated.   They   remained   in   the   same   aquarium   for   four   da3^«,
and   then   the   female   was   killed,   her   ovaries   excised,   cut   up,   and   put
into   fixing   fluids,   while   some   of   the   ovarian   eggs,   which   fell   into   the
body   cavity,   were   also   killed.   When   these   eggs   were   examined   some
months   later,   among   them   were   found   two   embryos   with   the   blasto-

pore  closed.   None   of   the   other   eggs   showed   an}^   trace   whatever   of
impregnation.   Again   two   lots   of   eggs,   from   a   male   killed   in   1902,
were   examined   two   years   later   and   found   to   be   in   the   eight   to   sixteen-
celled   stage.   In   one   lot,   however,   there   was   found   an   embryo   with
black   eyes   and   free   tail,   and   in   the   other   two   eggs   in   which   the
])lastoderms   covered   one-half,   the   embryos   one-fourth,   of   the   circum-

ference  of   the   egg.   These   two   lots   of   eggs   had   never   been   removed
from   the   shells,   and   these   shells   were   still   bound   together   in   masses
as   they   came   from   the   pouch.   Thus   all   chance   of   the   eggs   having
been   mixed   is   eliminated.   Again   a   lot   of   eggs   put   up   in   August,   1904,
were   found   to   be   in   the   eight-celled   stage,   but   among   them   were   found
two   embryos   with   pectoral   fins.

It   is   true   that   in   opposite   ends   of   the   pouch   eggs   of   different   layings,
and   consequently   diiierent   ages,   are   found,   but   never   with   difierences
of   age   more   than   thirty-six   hours,   against   about   three   to   five   days   in
the   aljove   cases.   From   these   facts   I   can   draw   but   one   conclusion  —

that   at   the   time   of   coition   both   spermatozoa   and   ova   are   simultaneoush^
extruded,   and,   as   the   female   withdraws   her   oviduct   from   the   button-

hole-shaped opening  of  the  marsupium,  sperms  lodge  on  it  and  work
their   way   through   it   into   the   ovary   and   there   fertilize   eggs.   This
happens   onl}"   occasionally,   but   it   seems   to   me   a   strong   proof   of   m}^
contention   as   to   the   time   of   fertilization.   Gill   (1905)   quotes   Nord-
quist,   Ehrenbaum,   and   Eckstroem   that   internal   impregnation   occurs
occasionally   in   non-viviparous   fishes,   such   as   the   Sculpins.   See   Gill's
interesting   article   on   the   Sculpin.

B.   ATtificuil   fertilization.  —  This   was   tried   twice   by   the   wet   method
and   once   by   the   dry.   The   eggs   and   the   torn-up   testes   were   thoroughly
mixed   in   sea   water,   and   after   a   few   minutes   were   aerated   in   strained
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sea   water.   From   a   third   lot   of   eggs   the   water   was   carefully   drained,
and   over   them   was   poured   sperm   from   testes   which   had   been   torn   up
in   a   perfectly   drj^   dish.   These   were   allowed   to   stand   for   a   few   min-

utes,  and   were   then   placed   in   clean,   running   sea   water.   The   females
were   certainly   ripe   for   spawning,   and   the   males   were   well   grown   and
had   not   recently   borne   eggs,   so   they   were   presumabl}-   fertile.   A   con-

trol  experiment   was   made   by   putting   a   batch   of   this   last   lot   in   running
sea   water   without   the   addition   of   sperms.   In   all   cases   the   results
were   the   same.   At   the   end   of   one   and   one-half   hours   protoplasm
could   be   seen   collecting   at   the   upper   pole.   After   two   to   three   hours
it   was   noticed   that   the   eggs   had   flattened   slightly   at   the   animal   pole
and   that   there   was   being   formed   a   pretty   clearl}^   defined   round   ger-

minal  disk,   resting   on   a   \sijev   of   orange-red   oil   drops.   At   the   age   of
four   to   six   hours   the   germinal   disk   was   at   its   prime,   but   neither   then
nor   at   an}^   subsequent   time   was   there   any   trace   of   segmentation.
From   this   time   on   the   germinal   disk   gradually   lost   its   sharp   outlines,
flattened   down,   and   went   to   pieces.   In   one   lot   of   eggs   at   the   age   of
twenty-six   hours   the   germinal   disk   had   gone   bad;   in   another   after
twentj^-five   hours   it   was   no   longer   round,   and   its   edges   were   irregular
and   fragmentary;   in   a   third   lot   less   than   10   per   cent   of   the   eggs   were
alive   after   twenty-three   and   one-half   hours.

These   eggs   were   all   alike   save   that   in   one   lot   some,   when   taken
from   the   ovary,   showed   a   very   faint   aggregation   of   protoplasm   at   the
germinal   pole,   while   in   another   lot   the   eggs   were   of   unequal   size.
This   latter   condition   is,   however,   b}^   no   means   an   uncommon   occur-

rence.  Such   differences   are   met   with   repeatedly   in   my   preserved
material,   where   eggs   one-  half   to   two-thirds   the   size   of   the   normal
ones   are   found.   Save   that   the   blastoderms   are   somewhat   smaller,
there   is   nothing   unusual   about   the   development   of   these   small   eggs.
In   this   connection   Brook   (1887)   says   that   the   eggs   of   the   herring
vary   in   size   in   the   same   tish   or   in   fishes   of   different   localities,   but
thinks   that   this   in   no   wise   affects   their   development.

From   ni}'   experiments   it   seems   pretty   clear   that   artificial   fertiliza-
tion  is   not   possible   in   the   pipefish,   thus   confirming   the   aj/no/'l   opin-

ion  that   this   would   not   take   place   in   fishes   provided   with   such   extraor-
dinary  apparatuses   for   the   deposition   and   impregnation   of   the   eggs,

without   their   ever   coming   in   contact   with   the   water.   Since   the   eggs
will   live   for   some   twent}'   hours   in   sea   water,   it   must   be   the   sperma-

tozoa  w^hich   are   disastrously   affected   by   it.   It   has   long   l)een   known
that   the   sperms   of   both   salt-   and   fresh-  water   fishes   lose   their   vitality   if
left   in   the   water   any   time   and   can   not   impregnate   eggs.   Quatrefages
first   ascertained   this   for   the   pike   and   other   fresh-water   fishes.   Hoff-

mann (1881)  sa^'s  that  the  sperms  of  !Sc()r])cV)i((  die  quickh^  in  salt-water.
Reighard   (1893)   found   that   the   sperms   of   the   wall-eyed   pike   die   after
one   minute   in   the   water.
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In   this   connection   the   experiments   of   Huot   (1902)   are   very   interest-
ing.  He   took   the   eggs   of   Syiuindthnx   dumerUii   from   the   marsupium

of   the   male,   and,   being   careful   not   to   break   the   agg   meml^ranes   (these
eggs   were   presuma))ly   fertilized),   put   them   in   clean   aerated   sea   water.
This   he   did   also   with   eggs   just   before   deposition   (ovarian   eggs),   but
in   no   case   did   development   go   on   more   than   a   few   hours.   Then   he
put   into   the   water   larva?   old   enough   to   move   freel3%   but   these   too   died
within   forty-eight   hours.   I   can   contirm   all   his   results.   1   have   found
that   eggs   in   segmentation   will   go   on   dividing   for   a   short   while,   but
that   within   eighteen   hours   all   die.   The   discoveries   of   Huot   (1902)
and   of   Cohn   (1901),   that   the   pouch   and   its   contents   act   as   a   physiolog-

ical  placenta,   ofl'er   the   explanation   for   the   above   phenomena.   The
eggs   and   embryos,   depending   on   this   for   oxygen   and   food,   can   not
exist   out   of   the   pouch.

IV.   MATURATION.

Unable   to   fertilize   artiiicially   the   eggs   of   Sljyhosfoma   foridfe,   and
having   found   it   impossible   to   get   from   the   pouch   eggs   young   enough
to   show   the   formation   of   polar   bodies,   I   am   unfortunately   not   in   posi-

tion  to   say   anything   of   the   pi-ocess   of   uiaturation.   For   the   latest   and
best   work   on   this   phenomenon   the   reader   is   referred   to   Behren's

paper   (1898).
Y.   FOLIATION   OF   THE   GERM   DIRK.

In   the   pipefish,   fertilization   is   not   necessary   to   bring   about   the
formation   of   the   germinal   disk.   Immersion   in   water   supplies   the
stinudus   as   it   does   in   many   other   tishes.   All   workers   on   the   Salmon-
oids.   Ziegler   (1SS2),   His   (1S99),   and   others,   so   report.   Kowalewski
(1886)   found   it   true   for   the   goldfish,   as   did   Agassiz   and   Whitman
(188.5)   for   Cfe/ioiahru.^,   though   they   state   that   for   ]^elagic   eggs   the   germ
disk   is   generally   not   formed   until   after   impregnation.   Brook   (1887)
confirms   this   for   the   herring,   but   I   have   found   that   the   eggs   of   the
sargassum   fish,   Pterophrijne   hlxtrlo.   form   the   germ   disk   shortly   after
extrusion.   Hertwig   says   (Ilandbuch,   p.   541):   ''One   can   emphatically
say   for   almost   all   fish   eggs   that   by   their   transfer   into   water   such   a
powerful   force   is   l)rought   into   play   that   the   concentration   of   the   germ
disk   results,"   but   that   ''if   they   are   impregnated   first,   a   more   rapid
growth   and   larger   size   for   the   germ   disk   follows."

All   writers,   notably   Brook   (1887)   and   Ryder   (1887),   describe   this
formation   as   ))rought   al)out   by   the   streaming   of   the   protoplasm   to   the
germinal   pole.      There   are   three   modes   in   which   this   may   take   place:

(1)   By   streams   from   the   circumference   only.   This   is   the   method
in   most   fishes,   especially   those   with   pelagic   eggs.   (See   Brook,   Ryder,
Kingsley   and   Conn,   and   many   others.)

(2)   By   streams   from   the   circumference   with   the   help   of   little
"processions"   from   the   interior   of   the   yolk   (Ziegler,   1882,   and   Oel-
lacher,   1872,   for   the   trout).
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(3)   In   all   directions   from   the   yolk,   the   streaming   goes   to   the   ger-
minal  disk   {Oara-sslus^   Kowalewski,   ls86).

As   best   I   can   determine,   the   pipefish   comes   under   class   two.   This
matter   will   be   further   referred   to   in   the   section   dealing   with   the
periblast.

Intimately   connected   with   the   foregoing   is   the   collecting   of   the   oil
drops   underneath   the   germ   disk.   In   pelagic   eggs,   generally   the   oil   is
in   one   great   globule   near   the   center   of   the   yolk,   l)ut   in   the   pipefish
many   small   orange-red   globules   are   imbedded   in   the   periphery   of   the
yolk.   When   the   protoplasm   moves   up   to   the   animal   pole,   the   oil
globules   go   also   and   are   collected   under   the   germ   disk   to   form   the
'"''   disque   huileux''''   of   Lereboullet.   This   is   a   phenomenon   very   common
among   Teleosts.   It   has   been   reported   b}^   all   workers   on   the   Salmo-
noids,   by   Ransom   (1867)   for   the   stickleback,   Kowalewski   (1886)   for
Oarassius,   and   by   many   others.   Rathke   (1837)   tirst   described   these
processes   in   pipefishes   from   the   Black   Sea.   He   says   that   the   ger-

minal disk  is  formed  after  the  eggs  come  into  water,  and  that  the  j^ellow-
red   '"^fetV   drops   which   surround   the   yolk   flow   up   to   and   spread   out
under   the   disk   in   a   layer   covering   about   one-third   of   its   upper   surface.
Kupfier   (1868),   describing   the   ^.gg   of   a   European   form,   says,   "This   fat
forms   a   mass   of   drops   of   difierent   sizes,   which   incloses   the   germ   disk
underneath   and   laterally."

The   two   phenomena   described   above   are   intimately   connected   with
and   in   fact   bring   about   another   known   as   the   "   clearing   of   the   ^gg^
As   the   protoplasm   is   withdrawn   from   the   center   and   the   oil   globules
from   the   periphery,   the   pipefish   ^gg   becomes   "clear;"   that   is,   the
yolk,   freed   from   these   substances,   becomes   homogeneous   and   trans-

lucent.  At   this   stage   the   ^gg   of   Sijjhostoma   (Plate   V,   fig.   1)   consists
of   a   button-shaped   protoplasmic   disk   resting   on   an   orange-red   layer
of   oil   globules   embedded   in   yolk   and   covering   about   one-fourth   of   the
^ggi   the   other   three-fourths   consisting   of   clear   milky   yolk.   This
"   clearing"   has   been   described,   essentially   as   above,   by   Fusari   (1890),
Kowalewski   (1886),   and   Agassiz   and   Whitman   (1885),   for   Cristiceps^
Carasslus^   and   Ctenolahriis^   respectively.

In   connection   with   the   above   processes,   many   workers,   especiall}^
the   students   of   the   Salmonoids,   have   described   amoeboid   movements
of   the   germ   disk,   and   His,   in   a   recent   paper   (1899),   has   described   such
activities   in   the   blastomeres   up   to   the   sixteen-celled   stage.   Ransom
(1867)   has   also   figured   and   described   amceboid   movements   in   the   yolk
of   Gaster'osteus.   These   movements   seem   to   assist   in   freeing   the   yolk
of   protoplasm   and   the   germinal   disk   of   yolk.   The   opacity   of   the   e,gg^
which   prevented   my   making   out   much   about   the   "   streaming,"   oper-

ated  here   against   the   detection   of   such   movements.   Once   or   twice,
however,   I   thought   that   I   did   make   them   out,   and   in   several   hardened
germs   there   were   found   such   protuberances   as   are   figured   by   Henne-
guy   (18SS)   in   trout   germs   hardened   in   chromic   acid.
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The   oil   drops   in   the   pipeiish   eg-g-   arc   not   numerous   enough   to   make
it   tloat,   but   from   their   location   the}'   maintain   the   germ   in   an   upright
position.   If   the   eggs   are   overturned,   this   buoyanc}^   causes   them   to
rotate   quickly   in   the   licpiid   tilling   the   '"   ])reathing-   chamber-'   of
Ransom.   How   long   this   rotation   persists   1   can   not   say,   but   certainl}'
until   after   the   closure   of   the   blastopore.   Rathke   (1837)   first   noted
this   in   the   eggs   of   Black   Sea   forms.   He   also   described,   as   best   I   can
make   it   out,   an   albuminous   material   coagulable   in   water   or   in   air,
which   fills   the   ""   zwischenraum   "   referred   to   above.   Whatever   may
be   the   liquid   filling   this   space   in   ^S'.   fforlda^,   it   does   not   coagulate   in
water,   air,   or   in   any   of   the   fixing   fluids   I   have   used.   It   might   l)e   well
to   add   here   that   this   rotation   of   the   Qgg   is   not   a   new   phenomenon,
having   been   reported,   notably   by   Ziegler   (1882)   and   His   (1899)   for
the   salmon   family.

My   earliest   preservations   of   eggs   with   forming   germ   disk   were
made   four   to   five   hours   after   the   eggs   had   been   placed   in   the   water,
hence   I   am   not   able   to   describe   by   sections   its   formation.   In   any
case,   however,   I   could   not   hope   to   add   anything   to   the   classic   paper
of   Agassiz   and   Whitman   on   Ctoioldl/'Hs,   or   to   the   more   recent
memoir   of   Behrens   on   the   })rook   ti'out.   Since   I   preserved   eggs   at
intervals   of   from   five   to   twenty-five   hours,   I   have   sections   which
illustrate   the   progressive   degeneration   of   the   blastodisc.   So   far   as   1
know   this   has   never   been   shown,   and   hence   it   may   be   of   interest   to
give   a   few   figures   illustrating   this   phenomenon.

Fig.   1,   Plate   V,   represents   the   sharpl}-   marked   ott'   blastodisc   resting
on   the   yolk   sphere.   It   shows   the   relative   diameters   of   blastodisc,
''^   disque   liulleux^''   yolk   sphere   and   ^<g<y   membrane.   Fig.   28,   Plate   VII,
is   a   central   section   of   a   germ   disk   five   hours   old.   The   concentration
of   protoplasm   is   not   yet   perfect.   As   l)est   I   can   make   it   out,   all   has
not   yet   emerged   from   the   central   .yolk.   The   dotted   line   marks   ofi'   a
region   where   protoplasm   and   3'olk   are   so   closely   intermingled   as   to   be
indistinguishable.   Oellacher   (1872,   fig.   17)   figures   and   describes   a
similar   germ   disk   for   the   trout.   Fig.   29,   Plate   VII,   shows   a   degener-

ating  blastodisc   ten   hours   and   twenty   minutes   old.   Such   structures
are   not   unfrequent   in   unfertilized   Qg^:^   found   among   others   in   the
four   to   sixteen   celled   stages   in   ages   from   eight   to   twelve   hours.
They   are   also   found   in   eggs   which   have   been   in   water   about   ten
hours,   and,   I   am   inclined   to   think,   are   of   fairly   regular   occurrence   in
degenerating   blastodiscs   of   unfertilized   eggs.

Strieker,   in   1865,   described   what   he   called   an   entirely   new   mode   of
cell   formation   in   the   blastoderm   of   the   brook   trout  —  that   is   a   ))udding
ofi*   of   cells  —  which   he   thought   originated   in   the   auKpboid   activities   of
the   protoplasm.   His   figures   show   blastoderms   with   from   one   to   twenty-
three   "   buds,"   lumps,   or   vesicular   swellings   on   the   outer   surface,   and
his   one   section   is   very   inconclusive.   Unfortunately,   I   have   no   surface
views   of   pipefish   eggs   showing   any   of   these   structures.      The   following
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year   Ransom   reported   a   similar   bud   formation   in   the   unimpre^nated
eggs   of   tlie   pike.   These   "   showed   a   lobulation   of   the   concentrated
formative   .yolk,   a   sort   of   irregular   asymmetrical   cleavage.''   After
twentj^-tive   hours   ''portions   of   the   discus   proligerus   were   pinched   ofl'
and   appeared   as   projecting   buds."   His   reported   in   1899   that   unfertil-

ized  salmon   and   trout   eggs   after   lying   in   water   four   weeks   formed
hillocks   on   the   surface   of   the   germinal   disk   by   the   outpushing   of   fluid
drops   under   the   surface   membrane.   Neither   he   nor   Ransom   give
figures.   Fig.   29,   Plate   VII,   makes   clear   these   various   observations.

As   to   the   further   fate   of   the   blastodisc   in   the   unimpregnated   Qgg
of   the   pipefish,   I   can   only   say   that   it   flattens   out   and   finally   disap-

pears.  Fig.   30,   Plate   VII,   is   a   central   section   through   a   blastodisc
twent3--six   and   one-half   hours   old,   which   shows   this   flattening.   Fig.
31   on   the   same   plate   shows   a   blastodisc   taken   from   a   lot   of   eggs   in
the   invagination   stage   (forty   to   fortj^-eight   hours).   It   is   much   larger
and   its   lower   surface   is   comparatively   free   from   yolk.   The   contrast
is   evidently   due   to   the   fact   that   one   egg   has   been   lying*   free   in   the   sea
water,   while   the   other   has   been   under   more   favorable   conditions   in   the
marsupium.   Just   here   it   may   be   of   interest   to   note   that   while   unim-

pregnated eggs  are  often  met  with  in  the  pouch  with  embryos  of  all
stages,   none   of   them   ever   "go   bad."   Ransom   (1866)   reports   that   he
has   kept   unfertilized   trout   eggs   alive   in   running   water   forty-three
days.   More   recently.   His   (1899)   gives   four   weeks   for   the   maximum
time,   and   describes   the   mass   of   germ-plasm   in   the   unfertilized   eggs
of   the   trout   and   salmon   as   decreasing   day   by   day   and   becoming   more
and   more   set   through   with   oil   drops   and   ,yolk   spheres.   The   degener-

ating  blastodiscs   of   the   pipefish   in   some   cases   show   these   inclusions,
but   in   general   ai'e   quite   free   from   them.

YI.   SEGMENTATION.

Before   going   into   a   description   and   discussion   of   the   segmentation
of   the   Q,gg   of   Siplioatoma   floridm.^   I   wish   to   say   that   this   is   extraordi-

narily  irregular.   These   irregularities   ])egin   as   early   as   the   two-celled
stage   and   become   very   marked   when   eight   cells   are   formed.   The   egg
under   consideration   equals   and   perhaps   exceeds   that   of   the   Salmon
family   in   abnormality   of   cell   division.   The   surface   views   were   nearly
all   drawn   from   the   hardened   germs   in   80   per   cent   alcohol   or   xylol,
the   opaque   egg   making   it   impossible   to   draw   in   situ   blastoderms
beyond   the   eight-celled   stage.   The   drawings   were   all   made   with   a
Bausch   and   Lomb   microscope   (the   tube   drawn   out   to   160   mm)   and
camera   lucida.   The   surface   views   were   all   made   with   the   1-inch   eye-

piece  and   the   two-thirds   objective.   Sections   were   drawn   with   the
2-inch   eyepiece   and   the   one-sixth   objective.   Plates   V   and   VI   have
been   reduced   one-half,   the   others   two-thirds.



NO.   1431.        BREEDING   HABITS   AND   EGG   OF   PIPEFISH—  GUDGER.        473

ONE-CELLED  STAGE.

Thi.s   is   shown   in   iig.   1,   Plate   V,   from   al)ove,   and   in   iig-.   ;>2,   Plate
VII,   in   section.   It   is   high   arched   and   falls   steeply   into   the   outer   peri-
l)last,   from   which   it   is   clearl}^   marked   off   by   the   circumferential
furrow   of   the   authors.   This   furrow   is   sometimes   so   pronounced   in
the   germ   disk   of   the   Salmon   famil}"   that   the   disk   literall}^   overhangs   its
l)ase.   See   His   (1898,   tig.   1)   for   the   trout   and   (tig.   2)   for   the   salmon.
Kuprt'er   (18<i8),   however,   sa3\s   that   in   a   European   Syn(jnatJiHs{ii\)Qc\Q<,
not   given)   the   germ   disk   is   not   sharply   marked   off   from   the   periblast,
and   that   this   condition   holds   till   the   end   of   the   four-celled   stage.
Most   workers   on   the   Salmonoids,   Behrens   (1898),   and,   nota))ly,   His
(1899),   represent   the   unsegmented   blastodisc   as   somewhat   sunken   in   a
saucer-shaped   depression.   In   the   pipefish,   however,   the   blastodisc,
fig,   1,   Plate   V,   underlaid   with   oil   glol)ules,   rests   on   a   slightly   flattened
area   at   the   upper   pole.   Below   it   is   not   sharply   marked   oft'   from   the
yolk,   but   across   its   l)ase   extends   a   band,   about   as   wide   as   the   periblast
to   the   right,   composed   of   mixed   yolk   and   protoplasm.   The   section
shows   several   vacuoles   to   the   right,   which   in   the   living   eg^   were
probabh^   filled   with   oil.   Brook   (1887)   describes   in   the   herring   a
])lastodisc   with   yolky   base;   His   (1899),   the   like   in   the   salmon.

This   blastodisc   was   found   in   a   batch   of   eggs   in   the   eight   to   sixteen-
celled   stage   (eight   to   twelve   hours).   Plis   (189H)   says   the   germ   disk
in   the   Salmon   is   formed   in   from   one   to   four   days.   Hertwig   (1903)
says   that   the   formation   of   the   germinal   disk   in   the   herring   takes   place
in   two   hours,   and   in   the   trout   from   seven   to   eight   hours.   Evidentl}^
the   time   varies   with   the   kind   of   fish,   the   temperature,   and   the   purity
of   the   water.   In   the   pipefish   I   have   found   it   to   take   place   in   from
four   to   six   hours.   It   is   noteworthy   that   in   none   of   the   ])lastodiscs
which   were   sectioned   have   I   ever   found   a   nucleus.   Brook   (1887)   could
find   no   nuclei   in   the   herring   until   after   the   appearance   of   the   third
furrow.

TWO-CELLED  STAGE.

As   in   Teleosts   generall}^,   the   blastodisc   elongates   slightly   before
the   appearance   of   the   first   furrow,   and,   as   a   result,   one   axis   is   some-

what  longer   than   the   other.   This   is   shown   in   fig.   2,   Plate   V,   the   nor-
mal  two-celled   stage,   in   which   the   blastomeres   are   equal.   In   fig.   3,

however,   we   have   an   irregular   segmentation,   with   one   cell   much   larger
than   the   other   and   with   a   vacuole   in   the   line   of   division.   Of   this   tjpe
quite   a   number   were   found.

Fig.   33,   Plate   VII,   shows   a   fiat   two-celled   blastoderm,   not   definitely
marked   ofl'   on   the   right   from   the   outer   periblast,   in   which   the   nuclei
have   divided,   the   external   furrow   has   formed,   but   the   cell   wall   has
not   yet   come   into   existence.   In   the   line   of   division,   the   protoplasmic
reticulum   has   formed   a   verv   delicate   network   of    dendritic   fibrils
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arrang-ecl   triinsversely   to   the   plane   of   cleavage.   Oellacher   (1872,   fig.
20)   describes   and   figures   a   section   through   two   cells   of   a   four-celled
stage   in   the   brook   trout   very   like   this.   He   saj^s   an   indistinct   streak
made   up   of   faint   granulations   runs   vertically   from   the   external   groove
toward   the   base.   Henneguy   (1888,   fig.   00)   gives   a   figure   of   a   two-
celled   stage   very   like   tig.   33,   Plate   VII,   and   says   that   the   fine   line   divid-

ing  the   two   cells   is   bordered   on   each   side   by   clear   protoplasm   w   hich   is
traversed   by   very   fine   lines   parallel   to   each   other   and   perpendicular
to   the   median   line,   and   that   these   fine   lines   lose   themselves   in   the   sur-

rounding  protoplasm.   His   (1898,   figs.   7,   8)   illustrates   and   describes
similar   structures   in   the   S3'ncytium   at   the   base   of   the   trout   germ   in
early   stages.   In   fig.   34:   we   have   a   high   arched   two-celled   stage   in
which   the   perfectly   distinct   cell   wall   is   interrupted   by   a   vacuole   near
its   center.   This   is   plainly   a   derivative   of   fig.   32,   as   the   preceding   is
of   fig.   28.

Fig.   35   is   a   section   through   fig.   3,   Plate   V,   in   the   plane   «-/>,   and
shows   the   split   between   the   two   cells   dilated   into   a   large   vesicle   at   the
bottom.   Very   frequCntl}'   the   division   between   the   two   cells   takes   the
form   of   a   deep   cleft   with   nearly   vertical   walls,   and   at   the   bottom
the   cleft   ma}"   or   may   not   dilate   to   form   a   small   vesicle.   These   struc-

tures  are   shown   in   fig.   36,   and   are   oftentimes   much   larger   than   figured
here.   In   fig.   37   we   see   the   split   being   formed   by   the   breaking   down
of   the   walls   of   a   series   of   vesicles   placed   vertically   over   one   another
in   the   center   of   the   blastoderm.   This   formation   of   vesicles   in   the   line

of   cleavage   was,   so   far   as   I   know,   first   figured   and   described,   for   the
trout,   by   Oellacher   in   1872.   Balfour   (1878,   figs.   6,   6a,   and   6b,   Plate
I)   illustrates   and   at   some   length   describes   vacuoles   in   the   earl}-   furrows
of   the   skate.   He   describes   such   a   beaded   structure,   as   shown   in   my
fig.   37,   and   thinks   that   these   vacuoles   are   more   common   than   supposed,
and   that   they   play   a   considerable   part   in   the   segmentation.   Brook
(1887)   describes   the   like   in   the   herring   but   gives   no   figures.   Kowa-
lewski   (1886,   fig.   1,   Plate   XVII)   finds   vesicles   at   the   bottom   of   the
furrows   in   the   early   stages   of   the   goldfish.   Agassiz   and   Whitman
(1889)   figure,   in   surface   views   of   blastoderms   of   Ctenolahrus^   rows   of
small   vacuoles   extending   along   the   whole   length   of   the   cleavage
planes   in   the   two-   and   four-celled   stages,   but   do   not   refer   to   them   in
their   text.   Fusari   (1890,   figs.   4   and   5,   Plate   III)   shows   in   both   sur-

face  views   and   sections   blastoderms   with   vacuoles.   Some   of   the   sec-

tions  show   vacuoles   with   large   dilatations   at   the   bottom   like   those   in
figs.   35   and   36,   Plate   VII.

In   the   pipefish,   the   first   furrow   does   not   cut   through   to   the   3'olk.
(See   figs.   34,   35,   36,   and   37.)   In   this   respect   it   agrees   with   Crhticeps
(Fusari,   1890),   the   Herring   (Brook,   1887),   Cavd.sstiut^   (Kowalewski,
1886),   the   Bass   (Wilso.n,   1891),   the   Salmon   and   Trout   (His,   1898),   but
is   unlike   Mcrlueiu-s   (Kingsle}'   and   Conn,   1882),   Gadus   (Cunningham,
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188(i),   and   others,   which   do   cut   all   the   way   through.   Agassiz   and
Whitman   (1880)   show   that   in   Ofe/iolahn/s   the   first   furrow   may   or   may
not   penetrate   to   the   yolk.   There   is   never   any   such   under   furrow   as
the   bass   and   Ctenolahnix   .show   in   the   tirst   division.

The   eggs   are   laid   at   night,   as   early   as   10   o'clock,   and   probal)ly   at
any   hour   thereafter.   At   any   rate,   by   7   o'clock   the   next   morning,
they   are   to   be   found   in   stages   of   from   two   to   sixteen   cells.   Probably
from   four   to   six   hours   elapse   before   they   l)egin   to   segment,   since   it
takes   this   long   for   the   germ   disk   to   form   on   eggs   in   water,   in   com-

parison  with   six   and   one-fourth   hours   for   the   herring   (Brook,   1887)
and   twelve   to   thirteen   for   the   salmon   (Hoffmann,   1888).

FOl'R-CELLEI)  STAGE.

In   tig.   -t,   Plate   V,   is   shown   a   normal   four-celled   blastoderm.   The
second   furrow   is   horizontal   and   crosses   the   tirst   approximately^   at   right
angles.   Thus   there   is   formed   a   four-celled   symmetrical   blastoderm.
Sections   of   this   would   in   no   wise   differ   from   those   for   two-celled   stages,
save   in   the   plane   a-h,   where   the   l^eginnings   of   the   segmentation   cavity
and   the   central   periblast   would   be   found.   Such   a   section   is   not   at
hand,   unfortunately.

Fig.   5,   Plate   V,   a   more   common   form,   shows   slight   inequalities   in
the   size   of   its   blastomeres.   Such   irregularities   become   more   pro-

nounced  until   they   result   in   reniform   blastoderms,   as   fig.   6,   Plate   V.
Fig.   38,   Plate   VII,   is   a   nearly   horizontal   section   through   the   base   of
such   a   form   as   tig.   -1,   Plate   V.   The   wide   separation   of   two   of   the   cells
is   an   artefact.   Of   special   interest   are   the   segmentation   cavitv   in   the
center   and   the   remnants   of   protoplasmic   bridges   which   connected   the
blastomeres.

EIGHT-CELLED  STAGE.

Into   the   blastoderms   of   the   pipetish   Qgg   of   this   stage,   many   very
great   and   seemingly   irreconcilable   irregularities   enter   and   greatly
confuse   the   investigator.   These   were   tirst   noted   on   living   eggs   with
four   and   eight   cells   below,   two,   three,   and   four   above.   Hardened
eggs   showed   the   same   irregularities.   Surface   views   of   a   great   many
of   these   eight-   to   sixteen-celled   blastoderms   were   drawn.   When   a
comparison   of   these   drawings   was   made,   they   were   found   to   conform
to   four   general   types.   This   was   conffrmed   by   an   examination   of   all
the   eggs   of   this   stage   which   had   been   preserved.   At   the   close   of   this
section,   there   is   appended   a   table   showing   the   relative   numbers   of
these   various   types.

In   tig.   7,   Plate   V,   is   shown   the   normal   type   of   8-celled   teleost
blastoderm.   It   is   formed   by   two   furrows   nearly   parallel   to   the   first
and   perpendicular   to   the   second   plane   of   segmentation,   dividing   such
a   form   as   fig.   4,   Plate   V,   into   eight   blastomeres.       In   this   blasto-
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derm,   and   in   nearly   all   others   of   this   and   the   next   stage,   a   considera-
ble  elongation   is   noticeable.

Figs.   8   and   9,   Plate   V,   show   variations   of   this   normal   type,   which
are   more   common   than   the   type   itself,   but   are   easily   referable   to   it.
Fig.   39,   Plate   VII,   shows   a   section   of   fig.   7,   Plate   V,   in   the   plane   c^h.
In   it   one   of   the   two   central   cells   is   completely   cut   out   of   the   proto-

plasm,  while   at   the   inner   end   of   the   cell   wall,   parti}'   cutting   out   the
other   cell,   there   is   a   little   split,   which   in   sections   nearer   the   center   will
push   a   short   distance   to   the   left,   but   on   the   right   will   extend   clea7'
across,   completely   cutting   out   the   cell   and   extending   the   segmentation
cavity   {s.   c).   The   Uwer   of   protoplasm   with   3^olk   marked   c.   p.   is   the
central   periblast,   and   the   cavity   above   it   is   the   segmentation   cavity.
This,   however,   is   not   the   first   appearance   of   either,   since   a   section
in   the   plane   «-5,   in   fig.   4,   Plate   V,   would   show   both.   I   regret   that
I   have   not   been   able   to   find   such   a   section.   The   outer   periblast
never   shows   the   periblastic   ridge   figured   by   Wilson   (1891)   for
Serranus.   Fig.   40,   Plate   VII,   is   through   the   plane   a-b   of   fig.   16,
Plate   VI,   a   normal   sixteen-celled   stage,   but   it   will   show   the   state   of
things   in   the   plane   c-d   through   fig.   7,   Plate   V.   In   this   part   of   the
normal   blastoderm   of   this   stage,   the   central   cells   are   separated   from
the   periblast   by   a   large   segmentation   cavity,   which   extends   for   a
short   distance   under   the   peripheral   cells,   in   this   case   the   end   cells
of   tig.   7,   Plate   V.

Fig.   41,   Plate   VII,   is   a   section   at   right   angles   to   the   long   axis   of   a
Dlastoderm,   similar   to   fig.   7,   Plate   V,   Here   the   two   cells   are   separated
from   each   other   by   a   wide   segmentation   cavity   {s.   c.)   roofed   over   by
a   protoplasmic   bridge   [p.   h.)   connecting   the   two   blastomeres.   A   thin
split   extends   for   some   distance   under   each   cell   and   partiall}'   separates
it   from   the   central   periblast   {e.   p.),   which   is   heavily   laden   with   j'olk
in   its   lower   parts.   Such   protoplasmic   bridges   as   the   one   shown   here
are   not   uncommon   in   this   and   the   next   stage.   All   that   can   be   said   of
their   origin   is   that   they   have   been   left   behind   when   the   cells   were
cut   out   of   the   protoplasm.   Structures   similar   to   this   would   be   found
by   making   sections   at   right   angles   to   the   long   axes   of   figs.   8   and   9,
Plate   V.   So   far   as   I   know,   these   protoplasmic   bridges   have   not   been
figured   and   described   before.

The   periblast   never   comes   away   freely   from   the   yolk,   but   is   so
obscured   with   fragments   of   this   latter   that   it   has   in   all   cases   been
drawn   semi-diagraramatically,   the   general   course   of   the   break   only
being   followed.

Fig.   10,   Plate   V,   shows   a   type   of   eight-celled   blastoderm   far   more
common   in   the   pipefish   than   the   preceding.   In   this   the   plane   of   the
third   furrow   shifts   until   it   becomes   equatorial   and   cuts   off   four   some-

what  smaller   blastomeres   from   four   underlying   larger   ones.   Hen-
neguy   (1888,   fig.   39)   shows   a   blastoderm   for   the   trout   which   is   almost
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an   exact   counterpart   of   this.   A   section   through   this   blastoderm   in
the   phine   a-h   reveals   the   structure   shown   in   hg.   42,   Plate   VII.   Here
the   two   central   cells   stand   above   the   basal   ones,   with   the   line   of

demarkation   on   the   right   especially   sharp.   The   segmentation   cavity
(.V.   e.)   and   the   central   periblast   {c   JJ.)   are   both   ver}'   much   reduced.

Another   very   common   form   of   eight-celled   blastoderm   is   shown   in
tig.   11,   Plate   V.   Here   there   are   six   cells   below   and   two   above.   This
is   evidenth'   a   derivative   of   a   six-celled   stage   frequently   met   with,   in
which   two   of   the   blastomeres   of   fig.   4,   Plate   V,   divide   by   vertical   fur-

rows,  the   other   two   cells   undergoing   no   change.   Later,   however,   a
division   of   these   in   a   horizontal   plane   would   give   the   structure   shown
in   fig.   11.   Variations   of   this   type   are   frequently   due   to   the   shifting
of   this   pair   of   upper   cells.   Such   a   divergence   is   shown   in   fig.   12,
Plate   V,   whei-e   these   two   cells   reduced   in   size   are   shifted   to   one   end   of
the   longer   axis   of   the   ])lastoderm.   Sometimes   these   two   cells   are
placed   parallel   to   the   main   axis,   l)ut   over   one   of   the   central   lateral   cells.
Again   they   may   be   shifted   to   lie   at   right   angles   to   the   long   axis,   over
one   of   the   furrows   separating   two   lateral   cells,   so   that   one   cell   is   at
the   edge   of   the   'blastoderm.   In   order   not   to   multiply   figures   there   is
given   only   one   drawing   of   sections   from   such   l)lastoderms.   Fig.   43,
Plate   VIII,   is   a   section   through   such   a   structure   as   fig.   12,   Plate   V,   in
the   plane   (/-I.   Here   one   central   cell   is   very   much   higher   than   any   of
the   other   cells.   The   other   central   cell   is   completely   cut   out   of   the   pro-

toplasm and  is  roofed  over  by  a  protoplasmic  bridge  extending  from  the
high   cell   to   the   left   outer   cell.   Following   the   sections   to   one   side   of
this,   the   bridge   and   the   cell   under   it   are   found   to   unite.   They   would
thus   seem   to   have   been   split   apart   from   the   same   mass   of   protoplasm.

Another   eight-celled   blastoderm,   quite   as   common   as   either   of   the
foregoing,   is   represented   in   fig.   13,   Plate   VI.   Here   one   cell   has,   by
an   equatorial   furrow,   become   cut   out   to   lie   slightly   above   the   rest.
The   right   side   of   the   structure   is   normal,   save   that   the   third   cell   is
slightly   flattened   at   its   inner   edge   by   contact   witli   this   central   cell.
As   in   the   preceding   case,   so   here   there   may   be   variations   in   the
position   of   this   high   level   cell.   It   may   lie   in   the   center,   at   the   edge,
or   at   any   intermediate   position   on   the   blastoderm.   A   section   through
the   long   axis   of   fig.   13   would   give   a   structure   essentially   like   that
shown   in   fig.   43,   Plate   VIII,   omitting   the   protoplasmic   bridge.   Klein
(1872,   figs.   5   and   6,   Plate   XVI)   shows   essentially   the   same   structures
in   the   same   stage   of   the   trout   germ,   as   does   Henneguy   (1888)   in   his
fig.   38,   Plate   XVII.

Fig.   14,   Plate   VI,   is   a   seven-celled   form,   in   which   an   unmistakable
equatorial   furrow   has   cut   off   three   upper   from   four   lower   cells,   of
which   three   are   very   large.   A   view   of   this   blastoderm   from   below   is
shown   in   the   next   figure   (fig.   15).   Here   the   two   meridional   furrows
show   quite   clearly,   but   there   is   no   trace   of   the   third   or   equatorial
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furrow.   The   segmentation   cavity   (.v.   e.)   is   so   small   as   to   be   almost
negligible.   Unfortunately,   no   section   of   this   figure   can   be   given,   but
a   comparison   between   it   and   tig.   4'2,   Plate   VII,   will   make   clear   its
internal   make-up.

These   nine   figures   of   the   eight-celled   stage   have   been   introduced   to
show   (1),   the   great   irregularities   which   enter   into   the   segiuentation   of
the   pipefish   egg   at   this   stage:   {'A),   that   these   all   result   from   the   posi-

tion  of   the   third   furrow,   which,   ordinarily   meridional   and   parallel   to
the   first   and   perpendicular   to   the   second   plane   of   division,   here
becomes   equatorial,   and   (3),   that   the   irregularities   thus   resulting   may
l)e   reduced   to   four   types,   which   may   be   traced   to   the   very   close   of
segmentation.   In   order   to   estal)lish   definitely   these   points,   a   table   is
given   showing   the   relative   numbers   of   the   different   kinds   of   eight-
celled   blastomeres   which   have   been   counted.

From   these   eight-celled   blastomeres   are   derived   four   types   of   seg-
mentation  which   persist   to   the   close   of   segmentation.   From   figs.   7,

8,   and   9   come   two   t3'pes   of   flat   structures;   from   figs.   lU,   11,   13   (with
the   eighth   cell   in   center)   there   comes   a   high-arched   type   of   blasto-

derm,  and   from   figs.   12   and   13   (with   the   eighth   cell   at   one   end)   a
type   of   blastoderm   thick   at   one   end   and   tapering   toward   the   other.
These   structures   will   l)e   more   clearly   shown   in   the   next   section.

Table  sliowiiKj  relattre  numbers  ̂ of  bhistodeniis  for  each  fi/j/e  of  the  eiglit-ce/led  xtai/e  of  the
Plpefifih  egg.

[Types  referable  to  figures  on  Plates  V  and  VI.]

Killed  in—

Perenyi  . . . .
Formalin  . . .
Perenyi  . . .
Formalin  . . .

Do
Sub-acetic  . .
Perenyi

Total.

«  Six-celled.

SIXTEEN-CELLED  STAGE.

Intermediate   between   the   eight   and   sixteen-celled   stages   are   found
many   blastoderms   with   twelve,   fourteen,   and   fifteen   cells.   These   are
in   fact   more   abundant   than   blastoderms   with   exactly   sixteen   cells.

Figs.   16   and   17,   Plate   VI,   .show   the   two   most   regular   sixteen-celled
stages   that   have   been   found,   yet   they   do   not   have   the   regular   struc-

ture  of   the   corresponding   stages   shown   for   Serranus   by   Wilson   (1891)
and   for   Cristiceps   by   Fusari   (1890).      These   blastoderms   have   been
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formed   by   each   of   the   cells   in   tigs.   T,   8,   or   9,   Plate   V,   dividing   into
two.   In   tig.   If)   all   the   cells   save   one   are   practically   on   the   same   level,
or   at   most   with   a   gentle   curve   across   the   upper   surface.   In   tig.   17,
the   blastomeres   are   arranged   more   irregularly.   Fig.   -10,   Plate   VII,   is
a   section   in   the   plane   a  —  h   of   a   l)lastoderm   like   tig.   1(3,   Plate   VI,   pre-

paring  to   divide   into   thirty-two   cells.   Th(>   two   central   cells   will
divide   to   form   two   surface   and   two   interior   cells,   while   the   outer   cells
will   each   divide   into   two   cells,   both   on   the   surface.   This   is   shown

l)y   the   position   of   the   centrosomes.   The   cells   form   a   gentle   arch
roofing   over   a   considerable   segmentation   cavity.   The   planes   of   seg-

mentation are  dilated  at  their  outer  ends  into  vesicles  which  are  cov-

ered  ])y   thin   protoplasmic   sheets   or   bridges.   Fig.   44,   Plate   VIII,   is   a
section   of   some   such   structure   as   tig.   17,   Plate   VI,   in   the   plane   a  —  h.
Some   blastoderms   of   this   stage   have   been   found   in   which   the   four   or
five   cells   were   not   cut   off   from   the   basal   periblast.   l)ut   these   are   too
infrequent   and   too   little   understood   to   be   reproduced   here.   Fusari
(1890)   has   figured   a   section   like   this   for   Cri-ttieeps,   a   goby.

In   fig.   45,   Plate   VIII,   there   is   shown   a   section   of   a   fiat-topped   abrupt-
edged   sixteen-celled   blastoderm   of   a   type   which   persists   till   the   prep-

aration  for   invagination   })egins.   What   the   appearance   of   such   a
blastoderm   in   surface   view   would   be   I   can   not   say;   probably   it   would
in   no   wise   differ   from   fig.   16,   Plate   VI.   The   essential   difference   between
figs.   44   and   45,   Plate   VIII,   is   the   circular   groove   sharply   marking   off'
the   outer   periblast   (f^.   j>.)   in   the   latter.   Possibly   these   figures   are
derivatives   of   the   one-celled   stages   shown   in   figs.   28   and   32,   Plate
VII.   In   tig.   45,   Plate   VIII,   there   is   a   large   segmentation   cavity
and   a   volk-laden   periblast.   The   dotted   lines   show   where   the   outer
periblast   has   been   torn   away.   Note   the   large   dilatation   at   the   outer
end   of   the   right   furrow   and   the   protoplasmic   bridge   covering   it.
Fig.   18,   Plate   VI,   is   a   derivative   of   some   such   forms   as   figs.   10,
11,   13,   and   14.   It   is   arched,   but   the   crest   of   the   arch   is   not   in   the
center   but   to   one   side,   and   the   cells   lie   in   two   if   not   three   levels.   A
section   through   an   almost   identical   form   (in   the   plane   a  —  b)   is   shown   in
fig.   40,   Plate   VIII,   and   makes   clear   its   sloping   outline   and   its   two
excentrically   placed   high   cells.   It   has   one   interior   cell,   which   in   the
next   section   is   clear   of   the   central   periblast   (c.   y^.),   and   has   probably
originated   by   the   horizontal   division   of   an   outer   cell.

Fig.   19,   Plate   VI,   shows   a   modification   of   the   arched   type.   Its   six-
teen cells   are  in  two  layers  and  the  seven  upper  ones  are  on  an  approxi-

mate  level.   Fig.   47,   Plate   VIII.   is   a   section   through   some   such   blasto-
derm  as   the   aliove.   Its   surface   slopes   gently   and   the   left   peripheral

cell   projects   over   the   outer   periblast   (o.   p.).   This   latter   phenomenon
will   be   found   frequently   in   later   stages.   Vacuoles   are   found   in   two
of   the   division   walls.

The    high-arched    type   of    sixteen-celled     blastoderm    is    shown    in
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tig.   20,   Plate   VI.   Tliis   is   probably   a   descendant   of   a   blastoderm   like
fig.   14,   on   the   same   ]>late.   No   description   of   it   is   needed,   beyond
calling   attention   to   the   fact   that   the   live   upper   cells   are   cut   out   by   an
equatorial   furrow.   This   is   seen   by   referring   to   fig.   21,   which   is   a
ventral   view   of   the   same   blastoderm.   Here   only   five   of   the   vertical
planes   seen   from   above   cut   all   the   way   through.   The   ones   marked   o
in   tig.   20   have   not   reached   the   base,   l^'he   small   segmentation   cavity
{s.   c.)   recalls   that   of   lig.   15.   Let   us   compare   with   this   the   next,
fig.   22,   which   is   a   view   from   below   of   a   similar   high-piled   sixteen-
celled   stage.   Here   there   are   nine   basal   cells   resting   on   the   yolk,
six   in   the   second   tier,   and   a   central   one   forming   the   keystone   of
the   arch,   the   whole   inclosing   a   spacious   segmentation   cavity.   Barring
the   fact   that   the   segmentation   cavity   (.y.   c.)   extends   under   the   marginal
cells,   tig.   48,   Plate   VIII,   may   be   given   as   a   section   through   tig.   22   in
any   vertical   plane   passing   through   the   keystone   cell.   The   central   cell
has   not   yet   completely   cut   itself   otf   from   its   neighbor   to   the   right,   and
the   cell   to   the   left   has   a   resting   nucleus   curiously   elongated.

There   have   now   been   tigured   and   described   in   surface   views   and
sections,   such   sixteen-celled   structures   as   may   be   considered   typical
for   the   pipetish.   Of   these,   two   are   sutiiciently   like   the   usual   teleost
form   as   to   be   called   normal,   but   a   great   majority,   fully   90   per
cent   of   those   studied,   are   like   tigs.   18,   19,   and   20,   Plate   VI.   In   this
connection   Hertwig's   statement   (Handbuch,   pp.   64.5-64()),   with   refer-

ence  to   the   fourth   segmentation   and   formation   of   the   sixteen-celled
stage,   is   of   interest.   He   says:   "The   end   result   is   everywhere   the
same,   a   '   checkerboard-like  '   arrangement   of   sixteen   blastomeres,   four
in   the   center,   and   a   circle   of   twelve   marginal   cells.''   How   untrue   this
is   for   the   pipetish,   a   glance   at   the   tigures   given   and   at   the   table   shown
on   page   478,   will   demonstrate.

EQl'ATORIAL   PLANE  OF  SEGMENTATION.

All   investigators   are   agreed   as   to   the   homology   between   the   first
and   second   furrows   in   teleost   and   am[)hibian   eggs,   but   whether   or
not   the   third   furrows   coi"i"espond   is   a   ver}'   del)ated   question.

Hotfmaiui   (1881)   tigures   and   descri))es   in   pelagic   fish   eggs   the   tirst
segmentation   as   ecjuatorial.   dividing   germ   from   periblast;   but   later
(1888),   he   acknowledges   his   error   and   declares   that   in   Sdlnia   the   third
furrow   is   equatorial.   Ziegler   says   that   the   third   furrow   in   the   sal-

mon  and   trout   is   equatorial   and   divides   eight   upper   from   eight   lower
cells,   the   latter   not   l)eing   as   vet   marked   otf   from   a   periblast.   Rauber
(1883)   made   a   careful   study   of   the   subject   based   on   the   well-known
fact   that   the   fourth   amphibian   furrow   in   a   great   many   cases   is   not
truly   meridional   but   avoids   the   polo   and   forms   many   structures   like
figs.   7   and   9,   Plate   V.   He   concludi's   that   the   tirst   <-quator'ial   furrow
of   the   frog   has   been   lost   in   the   Teleost,   and   homologizes   the   third
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teleostean   with   the   fourth   (pole-av^oiding,   meridional)   furrow   of   the
frog-.   For   this   interpretation   of   Rauber   see   Wilson   (1891,   pp.   211-i^l5).

Agassiz   and   Whitman   (1S85)   think   that   the   amphibian   equatorial
furrow   has   l)ecome   vertical   in   the   Teleost,   and   that   the   horizontal
division   of   the   four   central   cells   of   the   sixteen-celled   stage   into   four
outer   and   four   inner   lying   cells   is   the   tirst   equatorial   segmentation.
With   this   latter   statement   Kopsch   (1901),   from   his   work   on   Brloiic,   is
in   full   accorel.   Brook   (18ST)   describes,   from   sections   of   herring-
eggs   (Plate   XIII,   tig.   9),   ati   e({uatorial   segmentation   separating   the
four   blastomeres   from   the   pei-il)last.   List   (1887,   Plate   XXXI,   tigs.   1
and   5)   tinds   the   second   furrow   in   (^i-rn/fohrux   to   be   equatorial,   and
says   that   Kupfi'er   found   the   same   in   the   herring.   In   Crist   Ice  j>><^
Fusari   (1890,   tigs.   1   and   5,   Plates   I   and   III)   hnds   that   in   the   sixteen-
celled   stage,   all   the   cells   are   united   at   the   base,   but   the   next   division
sets   sixteen   central   cells   free   from   the   yolk   and   from   sixteen   periph-

eral  cells.   This   he   calls   the   equatorial   division.   Wilson   (1891,   p.
215)   agrees   with   Rauber   (see   above).   Samassa   (1896),   in   the   segmen-

tation  of   Salmonoids,   tinds   as   a   rule   that   an   equatorial   division   follows
the   eight-celled   stage,   although   it   sometuues   comes   earlier.

a   h   e   a   r   f
Fii;.  2. — Kggs  of  the  Tritons  ix  thk  eight-cei.led  stage.     (After  Groxross.)

An   equatorial   segmentation   has   been   pointed   out   in   certain   eight-
celled   blastoderms   of   S!j>ho.stoiiia^   and   this   gives   them   a   very   decided
resemblance   to   the   upper   surface   of   dividing   amphibian   eggs.
Gronross   (1890)   (see   Hertwig's   Handbuch)   gives   a   series   of   hgures
for   the   eggs   of   Tritons   to   which   the   tigures   above   noted   show   very
striking   resemblances.   The   Tritons   have   eggs   with   relatively   large
amounts   of   yolk   and   in   them   the   segmentation   approaches   the   mero-
blastic   condition.   The   text   figure   reproduces   some   of   the   more   strik-

ing  forms   to   which   reference   will   be   made.   The   resemblance   is   so

striking   that   no   extended   comparison   is   called   for.   With   Gronross's
fig.   a.,   compare   fig.   10,   Plate   V,   and   also   Henneguy's   (1888)   fig.   39.
They   are   almost   identical.   For   a   figure   which   almost   duplicates   his
figs,   h   and   c,   see   fig.   13   on   the   next   plate.   Among   drawings   not
included   in   the   plates   is   one   almost   identical   with   his   fig.   d.   Again,
figs,   e   and   f   are   very   similar   to   fig.   9.   The   comparison   might   be
extended   further,   l)ut   this   is   sutficient   to   show   the   very   striking   simi-

larity  between   these   two   forms.   That   we   have   here   an   analogous
segmentation   is   beyond   question.      The   segmentation   in   the   pipefish
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egg-   in   the   l)hist()d(M-ni.s   in   question   is   equatorial   or   at   least   approaches
very   close   thereto,   and   it   seems   hardly   going   too   far   to   say   that   such
pipefish   blastoderms   as   tigs.   10,   11,   1-1,   18,   20,   there?   is   a   reversion   to   a
tj'pe   of   segmentation   essentially   like   that   of   Amphibia.

thirty-t\v(>-cellp:d  stage.

Normal   types   of   this   stage,   as   shown   in   tig.   23,   Plate   VI,   were   found
to   make   up   about   30   per   cent   of   one   lot   of   eggs,   and   were   noted   spar-
ingh^   in   all   others.   Fig.   23   is   plainly   a   derivative   of   forms   like   figs.
1()   and   IT,   and,   while   it   may   be   called   normal,   is   noticeably   diti'erent
from   Wilson's   tigures   of   the   same   stage   for   Serranus   (tigs.   6,   8,   9,
and   10).   No   section   of   this   stage   will   be   given.   Its   internal   struc-

ture  will   l)e   made   clear   by   reference   to   tig.   40,   Plate   VII,   a   sixteen-
celled   blastoderm   ready   to   divide   into   thirty-two.   The   two   central
cells   will   divide   horizontally,   the   two   lateral   ones   by   an   oblique   plane
resulting   in   six   surface   and   two   interior   cells.   (Compare   Wilson's
fig.   18.)

Fig.   4tt,   Plate   VIII,   is   a   section   from   a   flat-topped   abrupt-edged   blas-
toderm,  drawn   with   the   same   magnitication   as   the   others.   It   serves

to   show   the   inequalities   in   the   size   of   the   blastoderms.   The   peri-
pheral  cells   are   very   nuich   flattened   above,   though   retaining   their

rounded   forms   ])elow.   To   the   right   the   sectioji   cuts   the   point   of   a
sixth   cell.   The   segmentation   cavity   {s.   c.)   is   partially   fllled   with
cells.   The   larger   and   lower   cell   seems   to   have   been   cut   ofl'   from   the
central   periblast   {c.   p.),   from   which   it   is   separated   by   a   cell   wall   so
delicate   that   the   oil   inunersion   oidy   will   detect   it.   It   is   like   the   peri-

blast  in   that   its   periphery   contains   many   yolk   granules.
Fig.   24,   Plate   VI,   is   an   arched   type,   with   the   highest   point   rather

nearer   the   lower   side.   The   twenty-seven   outer   cells   are   in   three
tiers,   and   while   the   second   is   pretty"   sharph"   marked   ofl'   from   the   flrst
there   is   but   little   difi'erence   in   level   between   it   and   the   third   tier.

There   is   here   noticeable   a   symmetry   comparable   to   that   in   flgs.   7   and
8.   The   plane   1  —  1   in   all   probability   represents   the   flrst,   2  —  2   the   sec-

ond line  of   division  referable  to  flg.   4.
A   central   section   through   tig.   24   in   the   plane   a  —  h   is   shown   in   flg.

50,   Plate   VIII.   The   peripheral   cells   form   an   arch   with   the   highest
point   slightly   to   one   side,   and   inclose   a   segmentation   cavity   which   is
almost   filled   with   cells.   The   two   smaller   cells   have   been   cut   ofl'   from
the   yjeripheral   ones,   the   larger   probably   from   one   of   its   fellows.   The
periblast   is   thick   and   yolky.   A   more   pronounced   large-ended   type
is   fig.   51.   Here   the   segmentation   cavity   is   somew^hat   eccentric,   and,
as   in   the   preceding,   the   thick   end   ovei'hangs   the   base.   The   spacious
segmentation   cavity   (.v.   c.)   contains   one   cell   which   abuts   on   a   curious
tongue   of   protoplasm   from   a   partially   segmented   region   on   the   left.

Fig,   25,   Plate   VI,   is   a   typical   high-piled   blastoderm,   whose   cells   are
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arranged   in   three   laj^er.s,   lis   highest   cell   is   slightl}'   eccentrically
placed,   and   one   of   the   axes   of   the   blastoderm   is   somewhat   longer
than   the   other.   Fig.   52,   Plate   VIII,   is   a   central   section   through   a
similar   but   slighth'   older   blastoderm.   The   marginal   cells   are   sharply
marked   ofl'   from   the   outer   periblast   {<>.   ]>.).   The   arch   is   high   and
round.   On   the   left,   two   cells   ai-e   imperfectly   separated,   and   a   tongue
of   protoplasm,   from   Avhich   a   cell   has   been   cut   off,   projects   into   the
large   segmentation   cavit}'.   The   periblast,   torn   otf   at   the   right,   is   in
the   center   reduced   to   a   mere   film   of   protoplasm   with   much   3'olk
adiierent   })elow,   thus   giving   it   the   breadth   as   drawn.

Fig.   53   shows   a   structure   by   no   means   uncommon   in   the   egg   of
Slphontonid.   It   is   a   thirty-two-celled   stage   in   which   no   periblast   has
yet   been   formed.   The   cells   are   in   two   layers,   the   long   cell   on   the
upper   right   is   nearly   ready   to   divide,   and   underneath   the   whole   is   a
thick   layer   of   protoplasm   in   which   three   vertical   cell   walls   extend
downward   and   are   lost.   Later   transverse   walls   will   appear   and   cut
these   cells   out   of   the   syncytium,   finally   leaving   a   periblast   layer
below.   There   is   a   very   small   segmentation   cavity   (.s.   c.)   and   the   large
cell   to   the   right   has   a   vacuole   (v.).   Ziegler   (1882,   fig.   2)   figures   an
almost   identical   structure   for   the   salmon.   Kowalewski   (1886,   figs.   1
and   2)   portra3"S   essentially   the   same   conditions   in   the   goldfish.   Hoff-

mann  (1888,   figs.   6   and   *J,   especiall}')   describes   a   similar   structure   in
the   salmon   germ.   And   latest   of   all   His   (1898,   figs.   7   and   10)   confirms
the   figures   and   descriptions   of   the   earlier   workers   on   the   Salmonoids.

Fig.   26,   Plate   VI,   is   a   very   interesting   divided   blastodei'm   of   this
stage   with   eighteen   cells   in   one   division   and   fourteen   in   the   other.
Such   structures   have   been   met   wnth   occasionally   in   stages   of   from
sixteen   to   sixty-four   cells,   but   especially   a])Ound   in   the   eggs   from   one
fish.   Out   of   twenty   of   these   eggs   killed   in   picro-acetic,   five   were   like
the   one   figured.   That   these   wei'e   not   artefacts   is   shown   ))y   the   fact
that   eggs   of   the   same   lot   killed   in   formalin   also   contained   divided
blastoderms,   the   numbers   of   which   were   unfortunately   not   noted.
In   each   division   a   segmentation   cavity   exists,   and   the   line   of   separa-

tion  is   broad   and   definite   down   to   the   periblast.   These   points   are
brought   out   very   definitely   in   fig.   5-1,   Plate   VIII,   a   section   through   a
similar   but   older   blastoderm.   In   the   left   half   there   is   a   small   segmen-

tation  cavity   (.v.   c.  );   on   the   right,   however,   there   is   none.   There   is
no   pei-iblast.   Cells   have   been   cut   out   of   the   mass   of   protoplasm,
leaving   a   thick   germ   basis   in   which   are   found   vertical   cell   walls   and
a   number   of   vacuoles   (/'.),   and   which   is   filled   below   with   fragments   of
yolk.   Fig.   55,   Plate   IX,   is   a   divided   sixty-four-celled   stage   of   the
thick-ended   type.   The   furrow   between   the   two   parts   is   here   not   so
wide.   In   other   blastoderms   this   may   swell   out   to   a   vesicle   at   the
bottom   or   be   reduced   to   a   mere   line,   as   in   the   two-celled   stages   above.
There   is   a   segmentation   cavity   in   each   portion^   but   there   is   no   distinct
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periblast,   the   basal   layer   of   protoplasm   being   thick   with   a   large   vacu-
ole  and   full   of   ,yolk   in   its   lower   part.   In   some   cases,   where   the   plane

of   separation   is   reduced   to   a   line,   the   cells   are   drawn   out   into   long
points   toward   the   base   as   if   a   fine   thread,   used   to   separate   the   parts,
had   elongated   the   cells   downward.

The   only   reference   to   such   peculiar   conditions   as   shown   in   these
fig-ures   is   found   in   a   short   section   on   Coregonus   in   Ej'cleshymer's
paper   on   Amblystoma   (1895,   fig.   35   and   others).   This   writer   thinks,
however,   that   these   divided   blastoderms   do   not   result   in   double
embryos.   The   same   seems   to   hold   true   for   the   pipefishes   of   Beaufort,
for   although   thousands   of   eggs   and   larva?   and   hundreds   of   adults,
alive   or   preserved,   have   been   examined,   only   two   apparent   cases   of
deformation   have   been   found   b}'   the   writer.   The   literature   of   these
fishes   contains   but   few   references   to   abnormalities.   M.   Malm   (1862)
describes   a   SyngnathuK   with   two   caudals.   Ryder   (1884)   reports   a
>Si/ngnat/tu«   with   two   anals.   However,   Rathke   (1837)   reports   in   the
Syngnathida?   of   the   Black   Sea   many   abnormalities   of   the   snout,   eyes,
and   tail,   duo.   he   thinks,   to   retardation   of   development.

A   fair   example   of   the   late   stages   of   segmentation   is   shown   in
fig.   27,   Plate   VI.   Here   the   thirty-eight   cells   are   in   three   tiers,   with
one   cell   high   alcove   all.   There   is   an   elongation   in   one   axis,   possibly
a   derivation   of   the   condition   found   in   the   eight-celled   stage,   and   a
curiousl}'   regular   arrangement   of   certain   cells.   On   the   whole,   how-

ever,  the   segmentation   is   very   irregular,   and   it   becomes   more   so   later;
finally   all   trace   of   symmetr}^   is   lost,   and   the   blastoderms   become
almost   circular   in   outline.   No   surface   views   of   later   stages   will   be
given,   since,   as   the   cells   grow   smaller,   the   blastoderms   approach   more
and   more   the   ordinary   teleostean   form.

STAGE  OF  SIXTY-FOUR   CELLS.

Artificial   fertilization   being   impossible   in   Slphodonta^   one   can   not
divide   late   material   into   stages   by   hours,   and   the   greatly   var3ang
shapes   of   the   blastoderms   make   it   impracticable   to   classif}'   sections
by   the   number   of   rows   of   cells   in   each,   as   some   writers   do,   so   it
becomes   necessarj-   to   devise   an   arbitrary   scheme.   This   scheme   is   to
count   the   peripheral   cells   in   the   central   section   of   a   blastoderm,   then,
assuming   a   like   number   in   a   section   at   right   angles   to   this,   by   squai'ing
this   number   the   approximate   number   of   surface   cells   is   found.   The
size   of   the   cells   serves   as   a   check   to   this.

Fig.   5«),   Plate   IX,   with   eight   peripheral   cells,   is   from   a   normal   type
of   the   sixty-four   celled   stage.   The   central   periblast   (c'.y>.)   is   thick
and   yolky,   and   at   the   right   is   a   cell   not   yet   cut   off   from   it.   The
segmentation   cavity   (.s-.   c.)   is   filled   with   cells,   some   of   which   are   ready
to   divide.

Fig.   57   is   derived   from   a   flat   ])lastoderm   of   the   preceding   stage,
and,   by   comparison   with   figs.   45   and   47,   Plate   VIII,   is   seen   to   have

1
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undergone   considerable   division   in   horizontal   planes,   as   is   shown   b}'
the   number   of   cells   tilling   the   segmentation   cavity.   The   large   nuclei
are   in   the   spireme   stage,   and   in   the   left   marginal   cell   there   are   two
large   vacuoles.

The   high-arched   type   of   this   stage   is   shown   in   fig.   58,   a   derivative
of   a   structure   like   tig.   58,   Plate   Vlll.   The   surface   falls   steeply   into
the   outer   periblast   {<>.   />.),   the   cells   are   all   rounded   and   have   small
nuclei.   Very   interesting   are   the   two   cells   which   are   incompletely   cut
off   from   the   central   periblast   [e.   p.).   Scattered   yolk   granules   are
found   in   some   of   the   cells.   The   mitotic   figures   indicate   that   division
into   the   next   stage   has   begun.

In   fig.   59   we   have   an   example   of   the   thick-ended   type.   The   section
is   slightly   to   one   side   of   the   center,   and   shows   one   cell   just   free   and
another   not   yet   cut   out   from   the   thick   yolky   periblast.   Note   the   vacu-

oles  which   help   to   delimit   cells.   In   the   central   section   the   small   segmen-
tation  cavity   {s.   c.)   becomes   somewhat   larger.   The   outer   cells   are

flattened   on   the   exterior,   and   the   whole   structure   is   very   like   fig.   55.

STAGE  OF  ONE-HUNDRED-TWENTY-EIGHT  SURFACE  CELLS.

The   normal   gently   arched   type   is   represented   in   tig.   60,   a   nearly
central   section   of   a   blastoderm   of   this   stage.   The   central   periblast
(c.jk)   is   here   thick   and   fairly   well   delimited   from   the   3'olk   below.   Of
especial   interest   are   the   cells   in   the   act   of   being   cut   out   of   it   into   the
segmentation   cavitv.   Very   notal)le   is   the   agency   of   vacuoles   (v.)   in
this   process.   The   cell   next   to   the   right   marginal   cell   has   in   its   lower
part   a   nucleus,   the   first   met   with   in   the   periblast   region.

Fig.   61   is   an   example   of   the   fiat-arched   type.   The   central   periph-
eral  cells,   like   those   of   the   preceding   stage,   have   undergone   more

division   than   their   fellows.   The   periblast   at   the   left   is   reduced   to   a
mere   line;   at   the   right   it   is   thicker   and   so   tilled   with   yolk   that   one
can   tind   no   line   of   separation   save   where   the   whole   has   come   away
from   the   yolk.

The   round-arched   type   finds   a   good   illustration   in   fig.   62.   There
are   three   points   of   interest   in   this   section:   the   presence   of   vacuoles,
which   help   to   separate   the   right   marginal   cell   from   the   ^^Rand;"'   the
cell   near   the   center   still   adherent   to   the   central   periblast,   and.   with   its
neighbors,   having   some   yolk   particles   in   it;   and   two   pairs   of   neigh-

boring  cells   with   spindles   at   right   angles   to   each   other.   These   last
illustrate   the   exceedingly   irregular   segmentation   in   the   pipefish   Qgg.

Fig.   63   is   a   nearly   central   section   through   a   blastoderm   intermedi-
ate  between   the   normal   and   the   thick-ended   types.   It   is   sharply

marked   off   from   the   outer   periblast,   which   it   overhangs   on   the   right.
The   segmentation   cavity   is   reduced   to   the   interstices   between   the
cells.   All   alo   g   the   germ   basis,   in   all   the   sections,   cells   are   being-
cut   out   and   the   periblast   la3^er   left   behind.      An   especially   interesting
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case   of   this   is   found   in   the   very   center.   Some   cells   show   mitotic
figures,   and   in   others   tliere   are   beside   the   nuclei   small   solidl}^   staining
round   bodies   of   unknown   function.

Fig.   64,   derived   from   tig.   59,   is   a   line   example   of   its   type.   It   is   very
flat   and   the   segmentation   cavity   is   very   much   reduced.   The   periblast,
perfectly   free   from   yolk   and   as   distinct   below   as   above,   has   a   layer   of
cells   cut   out   of   it   and   at   the   left   a   nucleus   under   the   marginal   cell   and
clearly   derived   from   it.   At   one   point   near   the   center   the   periblast   is
reduced   to   a   mere   line.   This   figure,   which   is   typical   for   the   whole
blastoderm,   is   remarkably   like   His's   (1898)   flg.   10   for   the   brook   trout.

STAGE   OP  TWO-HUNDRED-FIFTY-SIX   SX'RFACE  CELLS.

The   normal   type   blastoderm   of   this   stage   is   shown   in   iig.   65.   The
cells   lying   near   the   upper   surface   are   considerably   smaller   than   those
in   the   lower   parts   nearer   the   periblast.   To   right   and   left   are   furrows
with   dilatations   helping   to   cut   cells   out   of   the   periblast,   and   at   the
center   are   cells   nearlj^   free   from   it.

Fig.   66   is   plainlj^   a   derivative   of   fig.   63   in   its   general   outline   and   in
the   reentrant   angles   which   separate   its   outer   periblast   {o.   p.)   from   the
marginal   cells.   The   periblast   is   somewhat   sunken   in   the   yolk   and   free
from   cells   throughout   the   whole   blastoderm.   The   segmentation   cavity
is,   because   of   this   depression,   large   and   is   only   partly   filled   with   cells.
Neighboring   sections   show   the   upper   surface   to   be   as   flat   as   that   in
fig-61.

The   third   type   is   shown   in   fig.   67   from   a   nearly   central   section.
There   is   a   very   noticeable   difference   in   the   size   of   the   blastomeres,
some   being   fully   three   times   as   large   as   others.   Here   again   are   cells
being   cut   out   of   the   basal   periblast.   They   are   in   all   stages   from
rounded   buds   to   a   completely   cut-out   cell.   Neighboring   sections   show
muclei   in   each   of   these.   At   the   right   are   two   cells   connected   by   a
stout   protoplasmic   bridge.

Fig.   68,   Plate   X,   is   a   good   example   of   the   rounded   type.   The
spacious   segmentation   cavity   is   loosely   filled   with   rounded   cells.   The
periblast   is   throughout   the   blastoderm   in   the   form   of   two   thick   pads
in   the   '"''Rand''''   region,   but   in   the   center   it   is   very   thin   and   obscured
with   yolk.   Nowhere   in   the   whole   blastoderm   are   cells   being   budded
off'   from   it.   In   the   peripheral   cells   there   are,   even   in   this   advanced
stage,   two   cases   of   protoplasmic   bridges.

A   nearly   horizontal   section   through   such   a   blastoderm   as   fig.   68   is
shown   in   fig.   69.   This   is   introduced   to   show   the   arrangement   of   cells
in   horizontal   plane.   There   is   here   a   closer   aggregation   of   cells   to
the   periphery,   the   inner   row   being   a   derivative   of   the   outer,   while   in
the   center   the   cells   are   more   scattering.

Fig.   TO   is   from   a   blastoderm   intermediate   between   those   from   which
figs.   65   and   67,   Plate   IX,   are   taken.      Neighboring   sections   are   more
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like   tig'.   65.   Some   of   the   outer   cells   show   a   teiideney   to   elongate   and
are   somewhat   smaller   than   the   interior   ones.   Both   marginal   pads
are   nucleated,   and   in   one   a   cell   wall   is   cutting   downward.   While   the
peril)last   has   cells   resting   on   it   and   even   depressing   it,   nowhere   in   the
blastoderm   is   there   any   evidence   that   they   have   been   budded   oli'.

ST.\GE    WITH    KIVE-HUNDRED-TWEI.VE    CELLS   ON    THE   SURFACE.

Fig.   71,   the   normal   type,   is   very   similar   to   the   preceding   figure.
Here   the   cells   are   pretty   uniform   in   size,   and   those   on   the   surface   are
noticeably   elongated,   some   being   di-awn   out   in   tine   thread-like   con-

nections— the  beginning  of   the  ^''DeckscJuc/if^   of   the  Germans.   kSome
of   the   nuclei   are   in   process   of   division   by   mitosis,   but   the   majority
stain   solidly.   The   outer   thickenings   of   the   periblast   are   nucleated,
the   ba.sal   portion   is   thin,   yolky,   and   totally   devoid   of   either   nuclei   or
cells.

The   rounded   type   is   finely   shown   in   fig.   72.   The   surface   cells   are
slightly   flattened   and   only   occasionally   pointed,   and   one   on   the   right
is   l)inucleate.   The   blastomeres   are   by   no   means   uniform   in   size,   and
on   the   right   is   a   giant   cell   with   a   proportionate   nucleus.   All   the
nuclei   stain   solidly.   The   periblast   is   very   thick,   and,   while   laden   with
3'olk   fragments,   is   fairly   distinct   below.   There   are   two   nuclei   in   the
periblast.   One   is   in   a   thickening   out   of   which   a   cell   will   probably   be
formed.      Near   })y   are   cells   which   seem   to   have   been   recently   cut   out.

Fig.   73   is   an   excellent   illustration   of   the   flat   type.   The   blastomeres
are   very   uniform   in   size   and   distribution,   and   are   especially   notewor-

thy  for   the   large   number   of   dividing   nuclei,   with   spindles   at   all   angles.
The   chief   interest,   however,   centers   in   the   periblast,   which   is   thick
and   possesses   many   yolk   granules,   but   is   perfectly   distinct.   In   it   to
the   right   is   a   nucleus   dividing   by   mitosis   with   a   spindle   considerably
longer   than   those   in   the   blastomeres.   On   the   left   the   section   cuts
through   a   chromatin   bundle   at   right   angles   to   the   spindle.   At   the
extreme   left   is   found,   for   the   first   time,   a   nucleus   in   the   outer   peri-

blast.  The   central   periblast   in   this   blastoderm   is   very   rich   in   nuclei
dividing   by   mitosis.   A   cursor}^   examination   showed   one   vertical   and
eight   horizontal   ones.   Another   blastoderm,   of   the   same   lot   and
stage,   contains,   in   its   periblast,   thirty-three   oblique   spindles   at   all
angles   from   nearl}-   vertical   to   nearly   horizontal,   twenty  -nine   lying
horizontally,   and   seven   standing   in   a   vertical   position.   In   all,   sixty-
nine   spindles   were   counted   (none   twice).   There   are   a   very   few   solidly
staining   nuclei,   but   a   great   number   are   cut,   as   above,   through   the
chromatin   masses,   and   these   are   not   counted.   There   can   l)e   no   doubt
that   the   spindles   stand   in   all   positions.

The   last   type   of   this   stage   is   tig.   74.   The   cells   are   not   uniform   in
size,   and   many   are   twice   as   large   as   the   small   ones.   Most   of   the
nuclei   stain   solidly,   but   some   contain   spindles.      Two   binucleate   cells
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are   present,   the   one   in   the   periphery   being-   very   large.   This   con-
dition  is   far   from   rare   in   this   and   later   stages.   Some   thirty   cases

have   been   particularly   noted.   The   periblast   is   very   thick,   yolky,   and
distinct.   It   contains   several   nuclei,   and   a   cell   is   either   being   cut   out
of   or   is   in   process   of   uniting   with   the   periblast.   In   other   sections
similar   conditions   are   found.   The   reentrant   angle,   between   the   outer
periblast   and   the   '■'•Rand'^   in   this   and   tig.   78,   recalls   the   like   in   figs.   63
and   m,   Plate   IX,   and   fig.   47,   Plate   VIII,   and   in   His's   figures   for   the
Salmonoids   referred   to   above.

STAGE  OF  ONE  THOUSAND-TWENTY-FOUR  SURFACE  CELLS.

Fig.   75   represents   the   normal   type   and   presents   several   points   of
interest.   The   surface   cells   show   a   considera})le   flattening,   and   adjacent
to   them   are   other   cells   with   their   bases   generally   at   right   angles   to
the   former,   making   the   outer   layer   in   places   two   cells   thick.   The
inner   cells   show   a   tendency   to   run   together   in   threes   and   fours.   The
chief   interest,   however,   centers   in   the   periblast.   This   is   notably   free
from   yolk   and   is   drawn   exactly   as   it   appears.   Nuclei   are   scattered
very   freely   throughout   its   entire   extent   in   all   sections,   and   nearly
surround   the   large   vacuole   to   the   right   of   the   center.   At   the   left   a
large   cell,   which   has   recently   been   cut   out   of   the   ''   Band,^''   is   dividing
by   mitosis.   A   large   number   of   cells   rest   on   and   -mdent   the   periblast,
and   are   either   being   cut   out   of   or   added   to   this   layer.   The   close   jux-

taposition of  these  cells  to  nuclei  in  the  periblast  would  seem  to  lead
to   the   former   conclusion.

The   second   type   is   represented   in   fig.   76,   which,   judging   by   the
number   of   cells   in   the   periphery   and   by   their   size,   is   from   a   blastoderm
slightly   younger   than   the   preceding.   The   periblast   is   sunken   deeply
into   the   yolk,   and   has   thus   nearly   doubled   the   segmentation   cavity,
which   is   sparingly   filled   with   scattered   cells.   The   thick   periblast   is
so   obscured   with   yolk   that   no   nuclei   could   be   found.   It   is   here   free
from   cells,   but   nearby   sections   show   a   condition   in   this   respect   like
the   preceding   figure.   In   the   '■'Bechckicht,'"   near   the   center,   is   a
binucleate   cell,   while   its   neighbor   has   a   spindle.

Fig.   77   is   from   a   rounded   blastoderm   of   about   the   same   stage   as   the
preceding.   A   ''  Dechschichf   can   hardly   be   spoken   of   here,   for   the
outer   cells   are   nearly   all   round.   The   segmentation   cavity   is   reduced
to   the   small   interstices   between   the   cells.   The   greatly   thickened   peri-

blast  is   full   of   large   vacuoles,   and   abounds   in   nuclei   in   all   the   sections,
and   near   the   center   seems   to   be   budding   off   cells.   In   the   left   '^Rand^''
there   is   a   mitotic   figure   fully   twice   as   large   as   any   in   the   blastomeres.

No   better   illustration   of   the   lens-shaped   blastoderm   so   characteristic
of   late   Teleost   segmentation   than   fig.   78   can   be   given.   It   probably
has   been   derived   from   a   form   like   the   preceding   by   the   pressure   of
the   cells   against   the   eggshell,   causing   the   periblast   to   be   depressed.
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Thus   the   segmentation   cavity   has   been   enlarged   and   the   cells   are   more
scattered   than   in   the   preceding.   The   cells   are   grouped   in   twos,
threes,   and   fours.   The   thick   periblast   has   several   nuclei   in   the   rest-

ing  condition.   There   is   a   well   defined   '"epidermic   stratum,"   as   the
English   writers   term   the   outer   layer   of   cells.

Fig.   79   represents   the   last   type   of   this   stage,   and   need   detain   us
but   for   a   few   moments.   Its   outer   cells   are   flattened   and   unequal   in
size,   and   the   interior   cells   are   the   largest   of   all.   The   periblast   is   very
thick,   3'olky,   and   indented   from   below   by   large   vacuoles.   On   the
left   a   large   cell   has   been   cut   out   of   the   ''^Rmid^''   and   at   the   right   a   cell
indents   the   perildast,   while   in   the   center   cells   seem   to   be   in   process
of   formation   from   the   basal   layer.   This   blastoderm   is   closelv   related
to   that   illustrated   in   section   by   tig.   74.

Fio-.   SO   is   a   horizontal   section   through   some   such   blastoderm   as
that   illustrated   in   vertical   section   in   tig.   78,   Plate   X.   It   shows   the
loose   arrangement   of   the   interior   cells,   and   the   drawn   out   cells   of   the
'''Dccl'incJiicht."'   This   was   broken   at   several   points   in   the   process   of
sectioning.

L.\TEST  STAGES  OF  SEGMENTATION.

From   this   time   on   it   is   not   profitable   and   is   hardly   possible   to
follow   the   segmentation,   but   some   figures   may   be   introduced   to   show
the   course   of   development.

Fig.   SI,   Plate   XI,   is   probably   a   descendant   of   a   form   like   fig.   70,
Plate   X.   There   is   an   ''  eindermic   stratum,*"   the   cells   are   loosely
scattered   in   the   large   segmentation   cavity.   The   periblast   is   quite   dis-

tinct,  free   from   yolk,   and   has   a   good   many   nuclei.   Just   across   the
border   from   one   of   these   nuclei   is   a   cell,   in   another   place   a   cell   lies   in
a   depression   in   the   periblast.

Fig.   82   is   another   type   with   '''Decksc/iic/tt^"'   with   cells   fairly   closel}^
crowded   in   the   segmentation   cavit}^,   and   with   a   very   thin   periblast
out   of   which   cells   are   being   budded   or   into   which   they   lose   them-
.selves.   At   one   or   two   places   the   periblast   is   reduced   to   the   thickness
of   a   cell   wall,   and   in   neigh])oring   sections   nuclei   abound   in   it.   In   the
left   outer   periblast   two   tripolar   spindles   are   found.   These   have   been
noticed   occasionally   in   other   sections.

Fig.   83   is   the   typical   Teleost   late   lens-shaped   blastoderm.   It   closely
resembles   Fusari's   (1890)   fig.   9   for   C?'isticeps,   and   is   almost   a   duplicate
of   Samassa's   (1890)   fig.   3   for   the   salmon   in   corresponding   stages.
The   depression   of   the   blastoderm   into   the   yolk   is   probably   due   to
pressure   against   the   eggshell.   In   the   highest   part   of   the   epidermic
stratum   is   a   very   large   cell,   and   in   the   right   '""Rand''''   a   giant   nucleus,
which   is   separated   from   the   neighboring   cell   by   hardly   more   than   the
cell   wall.   At   the   left   a   cell   has   been   cut   out   of   the   '''Rand.''''   The   thin

periblast   has   resting   on   it   many   cells,   neither   the   origin   nor   the   fate
of   which   can   safely   be   passed   upon.
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EARLY  STAGES  PBEPARATORY  TO  INVAGINATION.

Fig.   84   is   a   normal   U'pe   in   which   the   cells   are   beginning   to   move
away   from   the   peribla.st,   to   crowd   together   in   the   upper   part   of   the
blastoderm,   and   to   leave   a   subgerminal   cavity   (,s,   g.   e.)   between   them
and   the   periblast.   The   line   marked   ,/'   is,   in   this   and   the   following
sections,   the   lower   limit   of   the   cells.   The   outermost   cells   of   the   blasto-

derm  have   flattened   until   the}'   make   a   very   thin   skin-like   la3^er.   The
periblast   is   comparatively   free   from   3^olk   granules   and   is   here   drawn
after   nature   instead   of   semi-diagrammatically.

The   second   type   is   represented   in   tig.   85.   The   cells   are   densely
crowded,   the   periblast   depressed,   and   the   subgerminal   cavity   {s.   g.   c.)
is   very   large.   The   periblast   is   very   thick   and   yolk-laden,   and   so
heavily   stained   that   onl}'   one   nucleus   could   be   made   out.

Fig.   86   illustrates   the   thick-ended   tj^pe.   In   this   section   the   cells
are   not   so   closely   crowded   as   in   the   preceding,   but   a   distinct   subger-

minal  cavity   is   formed.   The   very   distinct   periblast   contains   many
large   nuclei,   and   on   the   left   is   separated   from   the   blastoderm   by   a
sharp   reentrant   angle.   A   very   large   binucleate   cell   is   .shown,   and
nearby   two   others   are   found.   On   the   left   is   shown   a   cell   of   ordinary
size.

Fig.   87   represents   the   high-arched   type   like   fig.   83,   which   has   begun
to   flatten   out   in   preparation   for   the   next   stage.   This   flattening   is
probably   responsible   for   the   small   subgerminal   cavity.   The   periblast
has   many   large   nuclei.   Two   blastomeres   shown   indicate   the   size   of
the   cells   at   this   stage.

LATE  STAGES  PREPARATORY  TO  INVAGINATION.

Of   these   only   two   will   be   shown.   Fig.   88   is   the   normal   teleost
structure   for   this   stage.   The   cells   are   all   closely   crowded   into   a   high-
arched   band,   having   a   large   subgerminal   cavity   {s.   g.   c.)   below.   The
periblast   is   here   filled   with   3'olk   and   contains   many   flattened   nuclei.
The   blastoderm   has   begun   to   spread   out   over   the   yolk,   and   the   section
in   fig.   88   is   25   per   cent   longer   than   that   in   fig.   84.

Whether   the   slight   difl'erence   in   shape   of   fig.   89   in   comparison   with
fig.   88   is   due   to   contraction   caused   by   the   killing   fluid   or   whether   it
is   due   to   descent   from   a   form   like   fig.   86   would   be   hard   to   decide.
Possibly   the   latter   idea   is   correct.   The   periblast   is   filled   with   yolk
fragments,   and   the   nuclei   are   very   much   flattened.

VII.   THE   PERIBLAST.

The   origin   of   this   layer,   together   with   man}'   of   its   peculiarities   of
structure,   has   been   noted   in   the   descriptions   of   the   plates.   It   is   not
my   intention   to   go   now   into   any   extended   discussion   of   its   formation
and   fate.      However,   it   will   be   well   to   describe   briefly   the   various
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modes   of   its   formation   in   other   Teleosts,   and   to   show   under   which   of
these   cksses   the   pipefish   egg   falls,   and   finally   to   giv^e   references   to   a
few   of   the   more   valuable   papers   on   this   subject.

In   Teleosts   the   periblast   layer   seems   to   be   formed   after   three   types:
(1).   In   eggs,   in   which   the   tirst   furrow   cuts   through   to   the   yolk,   the

periblast   is   formed   by   a   thin   protoplasmic   sheet   extending   inward
from   the   '"''   Band.^'   Henneguy   (18S8,   lig.   63)   shows   this   very   plainly
for   the   trout.

(2).   In   eggs,   in   which   there   is   no   layei"   of   oil   drops   under   the   germ-
disk,   or   those   in   whicli   the   protoplasmic   mass   separates   sharply   from
the   yolk,   the   periblast   is   formed   when   the   inner   ends   of   the   cells   in
the   four   and   eight   celled   stages   are   cut   out   and   lifted   from   the   under-

lying  thin   protoplasmic   sheet.   This   is   the   mode   of   formation   in   Ser-
ranus   (Wilson,   1801),   Ctenolabrus   (Agassiz   and   Whitman,   1885),   and
Belone   (Kopsch,   19U1).

(3).   In   eggs   in   which   there   is   an   imperfect   separation   of   germ   disk
and   yolk,   or   in   which   there   is   a   layer   of   oil   drops   under   the   blasto-
disk,   the   central   periblast   has   a   very   peculiar   mode   of   origin.   Cells
are   cut   out   of   the   protoplasmic   disk   in   successive   layers   from   above
downward   and   the   central   periblast   is   the   renmant   of   blastodisk   left
when   this   process   has   ended.   The   explanation   for   this   is   that   the
protoplasm   continues   to   flow   out   of   the   yolk   into   the   germ   disk   until
segmentation   has   progressed   some   distance.   Kupfl'er   (1868)   noticed
that   the   germ   disk   was   not   fully   formed   in   a   European   Syngnathus
until   after   the   four-  celled   stage.   This   formation   for   the   central   peri-

blast  is   described   by   most   workers   on   the   Salmonoids,   notably   by
Zeigler   (1882),   and   Hoflmann   (1888),   for   the   salmon,   and   latest   of   all
by   His   (1898)   for   the   salmon   and   trout.   Kowalewski   (1886)   found
essentially   the   same   formation   in   Cdrassius   and   I*(//(/acanthit.s.

The   central   periblast   nuclei,   in   types   1   and   2,   originate   by   divi-
sion  of   the   ''Rand''''   nuclei   and   migrate   centralwards   in   this   layer.

In   Type   3   they   are   the   direct   descendants   of   the   segmentation
cells.

In   Sijdio.sfo/ita   forldpe   there   are   found   the   two   methods   of   central
periblast   formation   described   in   Types   2   and   3   above.   In   figs.   10,
45,   46,   47,   48,   and   52   for   the   eight   and   sixteen-celled   stages,   there   is
shown   a   mode   of   formation   for   the   periblast   which   negatives   the
idea   that   from   it   there   could   ever   come   any   ""after-segmentation."
On   the   other   hand,   in   figs.   53,   54,   55,   68,   59,   60,   61,   and   62,   the   central
periblast   is   the   protoplasmic   remnant   of   the   primary   germ   disk,   left
after   all   the   blastoderm   cells   have   been   cut   out   of   it.   It   is   well   to

note   here   that   a   migration   of   nuclei   into   the   marginal   region   and   the
formation   of   a   "wreath"   by   the   disappearance   of   cell   walls   has,
because   of   the   opacity   of   the   Qg^^   not   been   seen   in   the   pipefish.
Whether   it   takes   place   or   not   I   can   not   say.
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The   difficult   (juestion,   whether,   in   the   egg   of   the   pipehsh,   cells   are
budded   oil'   from   the   central   periblast   and   added   to   the   blastomeres,
can   not   here   be   taken   up.   However,   this   would   seem   to   be   a   legiti-

mate  consequence   of   such   a   mode   of   cell   formation   as   that   shown   in
Type   3   above,   and   apparently   finds   conlirmation   in   hgs,   75,   77,   79,
and   82,   in   which   a   perfectly   definite   periblast   laj^er   has   been   formed.
If   these   figures   are   compared   with   His's   (1898)   tigs.   10   and   12,   this
matter   will   be   made   clearer.

For   a   fuller   discussion   of   the   origin   of   the   periblast   and   its   nuclei,
and   of   the   fate   of   the   latter,   the   reader   is   referred   to   Brook   (1887),
Kowalewski   (1886),   Hoffmann   (1888),   Fusari   (1890),   Berent   (1896),
Zeigler   (1887   and   1896),   His   (1898),   and   Hertwig   (1903).

At   this   point,   the   work   on   the   development   of   the   pipefish   will   have
to   rest.   It   has   been   the   intention   of   the   writer   to   carry   it   further,   at
least   to   the   closure   of   the   blastopore,   and   for   this   purpose   the   sections
have   been   cut,   but   the   difficulties   met   with   have   caused   so   many
delays   that   it   has   been   impossible   to   complete   it.

The   Q,gg   of   the   pipefish   is   very   different   from   most   other   teleostean
eggs   in   the   form   of   its   segmentation   and   the   dual   origin   of   its   peri-

blast,  together   with   the   "after-segmentation"   of   cells   therefrom.   So
marked   are   these   differences   that   it   seems   proper   to   say   that   the
figures   in   this   paper   are   representative   of   the   sections   of   a   thousand
or   more   eggs,   obtained   from   thirt^^-three   fishes   during   three   summers.

The   slides   containing   the   sections   from   which   these   figures   were
drawn   have   been   presented   to   the   U.   S.   National   Museum.
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MAGNIFICATION.

Fig.  1,  Plate  V,  X  38;  all  other  surface  views  X  73.
All  sections  X  114.

REFERENCE    LETTERS    USED    IN   THE    FIGUEES.

a-b,  c-d.  Planes  in  which  were  cut  sections  shown  in  Plates  VII  and  VIII.
b.  Bud.

c.  p.  Central  periblast.
d.  h.   ^  ̂Dis'que  hulleu.r."

0.  In  fig.  20,  furrows  not  visible  in  fig.  21.
0.  p.  Outer  periblast.
]).  b.  Protoplasmic  bridge.
s.  c.  Segmentation  cavity,

s.  g.  c.  Sub-germinal  cavity.
V.  Vacuole.

ves.  Vesicle.
X.  Lower  limit  of  cells  in  figs.  84-88.

Plate   V.

Fig.  1.  Egg  in  shell,  blastodisc  resting  on  ''dlsque  huileux"  which  covers  the  upper
third  of  the  yolk.

2.  Two-celled  stage,  blastomeres  equal.
3.  Two-celled  stage,  blastomeres  unequal,  vacuole  in  plane  of  division.
4.  Four-celled  stage,  regular,  segmentation  cavity  present.
5.  Irregular  4-blastomere  stage.
6.  Four-blastomere  stage,  reniform,  segmentation  cavity  absent.
7.  Normal  8-celled  blastoderm.
8.  Eight-blastomere  stage,  slightly  irregular.
9.  Irregular  8-celled  blastoderm.

10.  Eight-celled  blastoderm  formed  by  equatorial  furrow.     Cells  4—4.
11.  Irregular  8-celled  blastoderm  with  equatorial  furrow.     Cells  2-6.
12.  As  above.     Two  upper  cells  smaller  and  shifted  to  one  end.

Plate   VI.

13.  Irregular  8-celled  blastoderm,  with  one  cell  in  center.
14.  Seven-celled  blastoderm,  equatorial  furrow  cutting  off  3  upper  cells.
15.  View  of  same  from  below,  vertical  furrows  only  visible.
16.  Normal  16-celled  stage,  cells  on  one  level.
17.  Normal  16-celled  stage,  central  cells  slightly  raised.
18.  Irregular  16-celled  stage.     Cells  in  two  layers,  blastoderm  thicker  at  loyver

edge.
19.  Irregular  16-celled  blastoderm.     Cells  in  two  layers,  blastoderm  highest  in

center.
20.  Irregular  12-celled  stage,  derived  from  a  form  like  fig.  14.
21.  View  of  same  blastoderm  from  below,  showing  small  segmentation  cavity.
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Fig.  22.  View  from  below  of  a  high-arched  16-celled  stage,  showing  9  cells  in  the
first  tier,  6  in  the  second,  and  1  keystone,  together  with  the  large  seg-

mentation cavity.
23.  Nearly  normal  82-celled  blastoderm.
24.  Irregular  27-celled  blastoderm.     Cells  in  three  tiers,  blastoderm  thickest  at

lower  edge.
25.  Irregular  28-celled  stage.     Cells  in  three  tiers,  blastoderm  highest  in  center.
26.  Divided  32-celled  blastoderm,  14  cells  in  smaller,  18  in  larger  division,  both

resting  on  a  common  protoplasmic  basis.
27.  Later  stage,  with  38  cells,  showing  the  growing  irregularity  of  the  segmenta-

tion.
Plate   VII.

28.  Section  through  germ  disc,  5  hours  in  water.     Below  the  dotted  line  yolk
and  protoplasm  are  mixed.

29.  Section  through  germ  disc,   11  hours  and  20  minutes  in  water,    showing
formation  of  buds.

30.  Section  through  germ  disc  262  hours  in  water.
31.  Section  through  germ  disc  36-48  hours  in  pouch.
32.  Section  through  center  of  1-celled  stage  like  fig.  1,  Plate  V.
33.  Section  through  2-celled  stage.     Protoplasmic  fibrils  at  right  angles  to  the

plane  of  the  furrow.
34.  Stage  of  2  cells,  section  through  a-h  of  fig.  2.
35.  Irregular  2-celled  stage,  section  through  a-h  of  fig.   3,   showing  vesicle  at

base  of  furrow.
36.  Two-celled  stage,  furrow  taking  form  of  narrow  cleft.
37.   Furrow  of  2-celled  stage  formed  by  breaking  down  of  walls    of    vesicles

lying  in  a  vertical  series.
38.  Horizontal  section  through  4-blastomere  stage  of  fig.  4.
39.  Stage  of  8  cells,  section  through  plane  a-h  of  fig.  7.
40.  Stage  of  8  into  16  cells,  section  through  c-d  of  fig.  7.
41.  Eight-celled  stage,  section  at  right  angles  to  long  axis  of  such  stages  as  figs.

7  and  8,  showing  protoplasmic  bridge.
42.  Stage  of  8  cells,  section  in  plane  a-h  of  fig.  10.

Platk   VIII.

43.  Eight-celled  stage,  section  through  a-h  of  fig.   12  showing  a  protoplasmic
bridge.

44.  Sixteen-celled  stage,  section  in  plane  a-h  of  fig.  17.
45.  Stage  of  16  cells,  section  through  plane  a-h  of  fig.  16.
46.  Stage  of  16  cells,  section  in  plane  a-h  of  fig.  18.
47.  Sixteen-celled  stage,  section  through  blastoderm  like  fig.  19.
48.  High-arched  16-celled  stage,  section  through  l)lastoderm  like  fig.   22,  with

large  segmentation  cavity.
49.  Stage  of  32  cells,  section  through  a  blastoderm  like  fig.  23.
50.  vStage  of  32  cells,  high-arched  tyi)e,  section  is  through  a-h  of  fig.  24.
51.  Stage  of  32  cells,  thick-ended  type  with  lai'ge  segmentation  cavity  and  thin

central  periblast.
52.  Stage  of  32  cells,  section  through  a  high-arched  blastoderm  similar  to  fig.  25.
53.  Thirty-two-celled  stage.     No  penblast;  two  tiers  of  cells  cut  out  of  a  solid

mass  of  protoplasm.
54.  Divided  32-  to  64-celled  stage.     No  periblast;  basal  protoplasm  thick,  with

many  vacuoles,  and  having  cell  walls  cutting  down  into  it.
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Fig. 55.

Plate   IX.

Divided  thick-ended  32  to  64-celled  type  of  blastoderm.  The  spUt  is  here  a
narrow  vertical   cleft.   Cell   walls  are  pushing  into  the  hasal  layer  which

has  large  vacuoles.
56.  Stage  of  64  cells.     Section  through  a  normal  or  gently  arche.l  type.     One

cell   not   yet   free   from   central   periblast.   ^
57.  Stage  of  64  cells.     Type  with  flat  surface  and  aV)rupt  edges.     In uclei  are  very

large   and   in   spireme   stage.   .,   ,      ^   ,
58    Same  stage.     High-arched  type.     Cells  still  connected  to  periblast  layer.
59^  Section  through  thick-ended  blastoderm  of  64-celled  stage.     No  distinct  cen-

tral   periblast.   .   .   .   ,.   ^
60.  Stage  of  128  surface  cells.     Normal  type  with  7  cells  m  process  of  formation

from  basal  layer  of  protoplasm.
61    Second  type  of  128-celle<l  stage.     Central  periblast  laden  with  yolk.
62"  High-arched  type  of  this  stage.     Mitotic  spindles  stand  at  all  angles  to  each

other,  and  vacuoles  aid  in  cutting  out  the  cell  to  right.
63  Fourth  type  of  128-celled  stage.     Cells  are  being  cut  out  ot  the  basal  syncy-

■       tium,  the  -Rand-  is  separated  from  the  outer  periblast  by  a  sharp  re-en-
trant angle.     Many  of  the  darkly  stained  nuclei  have  beside  them  solidly

stained  bodies  of  unknown  function.
64  A  section  through  another  thick-ende.l  blastoderm  of  this  stage.     There  is

no  central  periblast;  cells  have  been  cut  out  of  the  syncytium
65  Normal  tvpe  of  256-celled  stage.     The  nuclei  all  stain  solidly,  cells  are  being

cutoff  from  the  periblast,  the  "AW/"  is  nucleated.     This  is  the  earliest
stage   with   nuclei   in   central   periblast.   ,      ,      „   ,

66.  Stage  of  256  surface  cells,  second  type.     -Ramr  sharply  marke.l  off  trom
the   outer   periblast.   ■      ^u     i   ,coi

67.  Same  stage,  third  type,  showing  cells  in  process  of  formation  in  the  basal

svncytium.   _
Plate   X.

68.  High-arched  type  of  this  stage,  with  solidly  stained  nuclei-periblast  wholly
free   from   cells.   .i     i.     f      .k;^i,   fl.r

69.  Horizontal  section  through  blastoderm  of  same  stage  as  that  ot  ^^hIch  fig.
68  is  a  vertical  section.

70    Vertical  section  through  blastoderm  intermediate  between  figs.  *^''>/indb7
7i:  Stage  of  512  surface  cells,  normal  type.  Surface  cells  show  a  notable  elon-

gation,  some   forming   "bridges."   .          ,u^,„,^i^;
72.  Hfgh-arched  type  of  this  stage.  The  cells  are  of  unequal  sizes,  the  nuclei

stain  solidly,  the  periblast  is  nucleate.l  and  in  process  of  budding  off  cells.
73    Same  stage,  flat-topped,  abrupt-edged  type.     The  "i^«»rf"  is  ot   peculiar

tin  mass  while  on  the  right  a  whole  spindle  is  shown.
74.  512-celled   stage,    fourth  type.      -Rand-   and  thick   perib  ast   nucleated.

Some  cells  with  mitotic  figures,  but  most  nuclei  stam  solidly.
75    Stage  of  1,024  cells  on  surface,  normal  type.     Outer  cells  flattening  to  form
"-      an  epid;rmic  stratum  which  is  at  places  two-layered.     Many  nudei  and

vacuoles  are  found  in  the  periblast,  out  ot  which  a  number  of  cells  are

76.   SamTstage;   second   tyge.      The   periblast   is   sunken   in   ^^e   yolk,   ^^   th«
blastonu^res   only   sparingly   fill   the   segmentation   cavity   thus   enlarged.
The  nuclei  are  in  the  spireme  stage  and  a  - Declschicht     is  preserit.

77.  High-arched  type  of  this  stage.     The  thick  periblast  is  vacuolated  and  has
a  giant  spindle  at  the  left
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Fig.  78.  Section  froai  a  blastoderm  like  fig.  77,  but  with  periblast  deeply  sunk  in  the
yolk,  thus  greatly  enlarging  the  segmentation  cavity.

79.  1,024-blastomere  stage,  fourth  type.     A.  ^^DcckschicJd"  is  forming  and  the
periblast  is  giving  rise  to  cells.

Plate   XI.

80.  Horizontal  section  tiirough  a  blastoderm  of  the  same  stage  as  fig.  78.     Epi-
dermic stratum  very  definite  and  in  part  two-layered,

81.  Late  stage  of   segmentation.     Section    from    a    blastoderm    intermediate
between  the  gently  arched  and  the  thick-ended  types.     Blastomeres  scat-

tered in  the  large  segmentation  cavity  caused  by  the  down-sunken  periblast.
82.  Late    segmentation    stage,    round-arched  type.     Epidermic  layer  present.

Many  cells  resting  on  periblast  and  probably  formed  from  it.     The  left
outer  i>eriblast  shows  two  multipolar  spindles.

83.  Section  through  late  lens-shaped  blastula.    The  ''DeckscJiidd"  is  two-layered,
and  the  periblast,  which  has  no  forming  cells,  is  deeply  sunken.

84.  Outline  section  of  normal   type  late  blastoderm.     The  cells  have  moved
upward,  forming  a  compact  mass,  the  lower  limit  of  which  is  marked  x  x,
and  having  a  large  subgerminal  cavity.     Giant  nuclei  in  periblast.  •

85.  Late  blastoderm,  second  type,  showing  same  structures  as  fig.  84.     Periblast
much  sunken.

86.  Same  stage,  thick-ended   type.     Periblast  is   thin   and   multinucleate.     A
large  binucleate  cell  is  shown.

87.  Same  stage  and  structures  as  above  from  a  blastoderm  like  fig.  83.     Many
resting  nuclei  in  periblast.

88.  Normal  type  blastoderm  spreading  over  yolk  preparatory  to  the  beginning  of
invagination.

89.  Section  from  a  ])lastoderm  similar  to  the  above  save  for  a  slight  variation  in
shape.
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Fig.  10 Fig,   11

Segmentation  of  Pipefish  Eggs.
For  explanation  of  plate  see  page  497.
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