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The primary purpese of this research is’ ha further

greater relianee en larval atruetur@s in ascidian taxonamy.

v"marphelagical studies on larval ascidiaﬁs and ta -gneourage ‘g———{}
This may neeesﬁitate some revisions in current elassifiean

tion, but it is hoped that such revisions will Lead €0 a
better understanding of the group. Some genersl considerw
ations of aaaidians ara here included for the benefit of
those who may not be familiar with them. All specimens used
in this study waravﬁalieetad at the Pacific Marine Station -
: area at ﬁillmn Beach Galifarnia, during June, July, and

August of 1957,
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METHODS AND PROGEDURES

A““iﬁianﬁ We”e ¢¢1lected, when pessibl&, from their —
natural anvirunments during Low tid@s.' Most ah@r@-eas@ ’

colonies were fennd to be nnhealthy and accasi@nﬂl éeﬁerie»

ranmn yreve!mea identif wam.am 6p&e&mans Wﬂ!’@ I‘WIIBVESG.
aar@fully, paakad in fresh algae, ‘and placwd iﬁ plastia or
sanvas- canﬁainersﬁ_ Gontracted zoolds thus remainad
healthier than when placed in sea water which aften beeame
warm and conﬁaminated before the eelenieﬁ reaahed the

labaratory‘ Colonies were placed in fresh, exygenated seq

'.water-with a mlnimal losas sf bimes It was foand that

_ﬁalaniea lived longest when placed in at 1@&5% 50 times - E—

ﬂheir volume of sea water at tamparatures appraaahing ﬁhase
of their natural habitats. | a |
Larvae were ab&ained by either allswing ‘them to

zamerga ﬁaturally frcm the aault or by rupturing the atrial
‘¢avity of the adult with probes. The second method was
employed for most colleetions because it required less time

and produced larvae of a wider range of development.
_-Galonias:zhath¢%e’ta be preaarvadfwerajfirsﬁ relaxed

in a solution of k4 grams of megnesium chloride per 500 ml of —

ses water, About 1‘2 imﬁrs latér they were ‘ﬁmr;afemd to 5%



 formalin, Eeaausa‘af ﬁhe large péreenﬁagéfaf'water in the

test, thﬁ fermalin was. veplaaed at 1aaat anca after 2h hours

@na;mz.ng 01 nssm.n-nm.xaa 33&18 am J.arvae W&& ﬂ9ﬁ$8*

1sary to reveal many of the abruetures. Most’ bialagiaal dyes
 have sbreng affinitiaa fer y@lk material which is abundaat
,in daveleping aacidmana. Gelasnin Blue B dye, whan ‘used ag
ouﬁlined balow, hawever, avaiﬁa eclcring the yolk and hence
}élaarly differ@nﬁiahea structuras which would otherwise b@
abseured. Tha f@llawing prae@dure wag f@und to be most
effaetivag
1; 3peaimena ware ramevad frem fixaﬁiva and W&ﬁh@d
o in.é tc 8 ehangas of distilled water.
24 1They ware atainad in Celestin Blue B for é ta 2%
 hours or over nights The staining salution was
»mada by bringing to & beil L grams of 1ran alum,
100 ml af distilled water and 2 mk of sulfuria
iacid, Whila the solutian was bailing, 1 gramn af
_@alastin Blue B was addad& It was then aaolaé |
 and 10 ml.eaah af l@ﬁ% abhyl alaahal and eanaenm
ﬁratad glya@rina wara added.
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The spaeimens were washad in!diatilled water far ‘

'ﬁﬁeral ehangaa until the Wat¢r eimained aleav,:»
| l"" » b' . : pod
o sive 1mm$waians in 35%; 56% ‘end 79% alaghal-fqr-

‘l dahydraﬁxan was acaump*isha :by auacasw

. a@aut l@ minuﬁas each.

,Destaining in aeid alamhal was aarried auﬁ in the

6s

 szl1ewing mannaraﬂ

“&peeimens were plas&d in a syracuse watahglaaaﬂ

and a mixtur& of 20 ml, af 70%

’drop of e@naanﬁrated hyér@ehle'_e:aeid wag
adde&~: If hha saluti@n baeam& d@eply a&lerad
by @xtraeted aya, it was replaced With & frash

faolnﬁimn, but the acid e@gtent waa.n9ﬁ |

'inér@ased uﬁiéas'aﬁegﬁaﬁa*difféfantiatian

eould not be obbained in ana baur‘é time,  The
i$trangth of the acid in alcehsl a@matimas was
7deubled at equally laag iﬁﬁervals of yime in
stubharn caBes. Frﬁquent_gbaagvatians unday

}’1ﬂt~magni£iaaﬁians were*ﬁéeéséé?y'ﬁ@Adeﬁ@rmine

‘when the deaﬁaining was aampleﬁe, _
When bhe specimen was properly. aésﬁained, dahyn

a.dratman was completed by first w&ahing out the -
aaid in 2 or 3 changes of 80% alaehal‘ xf.ﬁh@ o

gpecimen was to be ateveé,,iny;nauﬁral,alﬁahai

_ahal and one.
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wag used, ?ha spaaimﬁn was. ﬁhen immarsed in

95%. and l@ﬂ% alochol for 10 minutes ‘each. A
sounterstain of diluﬁa Eosin was used teo lighﬁly
tinge the test wi%hauﬁ @bscuring~intarnal details.
A second ahange @f’iﬁ# % a&eahal was used for

about 30 minuteg to insure camplata dehydratian.

1

Immersion of the &paeimen in a 5@*50 mixtura of

| 11‘6? aleohol and 1@6% xylel fer 30 minuxas was

9.

The

dons to start raplaeamemt of the alcahal with
xylol, AR
?hafapaéimeﬁg wer@'ﬁlﬁaféa inf1®@% xy1é1 for at
least one hour, At this point the results of the

destaining were ev&luatad and, if necessary, ‘the
specimen was return&d o 76% sleohol and further
.dastainadc ‘

aaplaaement af tha xylal with balﬁam was aee@mm
piishaa by immaraing the spacim@n 4in a mixture of

_ene part. thick balsam to niﬁe parts of l@@% xylel

and allowing the xylel to evaporate without the
aid of heat until the balsam was of mounting
consisb@ney. |

finished $lides ravaale& masﬁ 9f th@ 3ﬂru¢turaa

in lmght blue Qubline with a light pink background .




_ GENERAL GONSIDERATIONS

Ascidians are members of the phylum Ghordata, subs

S H?m@hbraata”tﬁﬁﬁiaata}g'eiaésﬁkééiﬁiéﬁééw“=Ths"aauiﬁ*

é-a@ns@iéueﬁ31y7aispaéy“ehofaaﬁé'ahs§é¢%ér@atiés'

@ zr&e»aw1mmzng e larve ;%a&;@le} elaarly aemanstraﬁea
hraa basie features of ehﬁr&atas“ a hall@w darsal
" aord, branchial gil& slit&, neteehard¢
© The firab of the’ three maiﬁ aéult body f@rms raeag»
;zed and used fer elassifieaﬁian purposes is the h@lﬁ&@*
/atmua type (Plave 1, fig. 1)+ The zoodd is mar% or less
flattenad and glabular with ﬁhe braneh&al aiphan at ﬂh@ “
‘antgriar end. and~the aﬁrial siphen mi@Way'an %he-daraal
si&é. This nype i8 ssmetime& aalled simple or s@litary

- because ef the lack of buéding ané emnseqnann absanae af

marph@lagiaal a@nnectiams, cher h@l@samataus aseidians are
gonnacted: by shalena and are ealled ‘social,. ?his sanditian
is the result of budding; with tha maintenanae ef indivi&ual
~taats. | o

| Tha‘é@ééna.is"ﬁha‘m@rasamatéusitypa and consists of a
thgrax‘and‘a3pﬁat@ridfzabd@meﬂ‘(?lata x;‘fig.'ai, Thé -

'branahial siphen pssihion is the same as in tha haloaamateaa

‘type bub the atrial ai§hon is mare anteri@r‘ The abdomen

usually eenﬁaina the stomach, aasaphagua, haarﬁ, and ganads.




' These zaaida e faun& growing in celonieajwithin 8 uamman

'tast matrix and: are referre& to as cemp@un fi@ianagf:“

| Th@ third graup, 2lEo marasemataus; ia,}_fﬁé& £ﬁ§"'

-syneiaid ty?e and tha aaeida vesemble tha ‘second group but |

hava a pasﬁnabdemen (?laté I, fig, 3)* This p&at»ab@éman

~ animals are also ¢

:heare* ?he branehial and aﬁrial siphaus'arle@und close

ﬁ@gaﬁh@r aﬁ ﬁh@ antari@r end and,‘mnaeed, they are aomatim@s

'diffiault ta di“ting&i&h., Like the m@rmacmat@us typa, aheae

‘@mbeddad ina eemmen matrlxq,;?‘

?he maat aenspicuaus structuras of adult aaciﬁiana

ara ;ndieated belaw.

Atrial siyhent Bxlt for sea watar, fecal pelleta, gamehes,
| larvaa, metabolic wastes, L

 3laﬁder ae&la: Scatt&rad spicule fbrmlng cells ambedded in

the tegte
Brain, Rasi&nal ganglion from. 1arval matamerphasia.
Eranahial‘saﬁ (pnaryng;albp@nah}: Large respiratory and
~ food concentrating sac connecting the branchisl
-a;bhéniwith.ghg digéative;$y$t®m; It is perforated
by"numerous pores which permit the fiéwﬁéf water into

the axriumﬁ

i Branahial aiphan*' Entry forr sea waver and faﬁd-,
,ﬁ,[ Qigegbiyﬁ &yakgm; @esophagu&; sﬁamaeh, inteatine, reabum,

and anus.



Endostyles An é1¢ngated, grooved, food-concentrating device -

on the ventral floor of the branchial sac. It adds -

strength to the sac and produces & mucus blanket - —
which catches food particles. ‘This ‘blanket then is

drawn into ﬁhéfé@saphagus and &igeéﬁédfﬁlang with the Bt
food. | e

Gonadst Qvari&s(agd,ﬁaatea; the animals being hermaphroditic.
Mantlet ?hin &embféﬁé enclosing the entire body of the FR—
animaly | ,
Btigmatat ?hg;perﬁarationé of the branchisl sac, -
“Subneural gland (dorsal tubercle): mﬁié»iéftﬁéﬁght'ta‘ba
exoering in function, o |
Tentacles: Sensory devices which ald iﬁgr@@g}%%ing the ;i_____
entry and flow of sea water. e i:«“ .f | :
Test {tunic): 'Pr@teéﬁivﬁ body covering secreted by the ”
mentle. 5?hé’méin component of the b ﬁﬁis tuniein;
a eampéun&féiééély related ﬁe\agilulﬁaggv,ln compound
ascidiens this test forms ﬁheamatrixfin§Whieh the

zoolds are embedded.

Most ascidian life cycles involve & freesswimming

larval stage called é’tadp@la, which sooner: 5_§ter attaches T
itself to the substrate and metamorphosed into the sessile

adult: The larva is a dual organism ma&e»a@ﬁéﬁ;iérvkl



shrustures and adulﬁ aﬁrua%ures in variens stagea of early .

development (Piahe I, fig¢ L}, but it is theught that the

larval systen funetiana only until the eaneantratien of
metabolic waatea ﬁriggers matamﬁrphasia. Tha moat conspice
 uous larval sﬁrua@urea are listed belawz . - —
Adhesive gﬁpillae (suakars}z Structuraa that aonaentrate the

adheslve aubatana& at the autariar and af the larva

for proper aﬁtaehmant. They are absarheé.during the .

latter part af metamorphosis. |

- Ampullae (adhesive glanda)z Muauanpreduaiﬁgaéﬁlérgamanﬁa of —
the anneriar parﬁian of the manﬁle whieh supply the o '
adhesive matarial for attachment. |

Dorsal nerve card*' Hallew nerve cord which lies dorsal to —
the naﬁgahard and, except for the ggnglien which
per&i&t$7in tha'aéulb; is aba@rbad‘dﬁriﬂg,meuam¢rpha¢
sls. | |

Eyespot: A light-sensitive structure in hhé larva that -
becomes a nerve ganglion in the aduit.‘i

- Notochord: A structure of about forty cells which extends

| grom inside the animal body down the tall. It is
withdrawn into the test during metamorphosis by
nusecle banés and ahserhad; probably by §haga¢yﬁ@si$- S
(Grave, 1935).

-ﬁtatwliﬁh (otolith)s A balancing organ which degenerates
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- and combines with the eyesput te farm a ganglion
between the siphons of the adulta,”¢e

Tall musele bandss Longitu&inal muscles whiah‘provide for
the swimming action of the 1arva1 taml and then . -
cantract to pull the natochoré into the~tesﬁ during

metamerphosis,l Th@y are absorbsd with the tall.

Yolk: Nutrients abtained frmm the egg,

M@tamer hesms ', _
-~ Gaswell Grave (1935) wrote: -

The aseldian 1arva is a dual organism, the actlon
system of the larva being quite separate from the action
gysten of the ascidiozooid, the former exercising an
inhibiting effect on the growth and differentiation of .
the latter throughout the free-swimming period, the
inhibition ceasing upon the occurrence of tha disrup~‘
tive phasa of metamorphosis. -

Metamarphesia advances’ by three stagas. (a) changes
in the adaptive responses of the larva to light and
gravity; (b) the attachment of the larva to the surface
of some foreign object; {¢) the disruptive phase during
which the entlra larval action ayst@m is desﬁroy&d. o

Swimming activity causes the produetion and concens
tration of some metabelic product in the larval tissues
that 1is sssential to the inductlon of metamorphesis.~

This 1nvalves ab&orpti@n of tail structures, papillae,

ampullae, and most of the yolk, Genver&ely, it involves:
growth and differentiation of the branchial sac and related
organs, nurinélmetgmérphesis the test thiekana and a
general body rotation of asbout 90 degrees of arc results

(Trason, 1957). The branchial siphon moves from perpendice



A | 1L
ular to the main larval axis to the antéri@%fgpd of the main
adult axis. | Lo R
In bhe lab@ratary, mature larvae removed £ram the
aduls were seen t@ swim at ance ané riae tw the surfaaa in
ghort spurts¢; Surface ‘eontact seemed o initiate a short

’r@at peried in which the 1arva alowlv began te sink. This

eI

patbern was repsated aevaral times fellewed by much longer

| swimming perieda of 30 to 90 secan&s* The usual pathway
during these lenger perieda wes near the surface but some
larvae suddenly attaahed themselves to the side or bottom of
the @antainerg Gther$ W@ﬁlé rest for successively longer
periadé and fiﬁéily:start metamorphosis without attvachment.
Free»swimmiﬁg ﬁimé befdre attachment ranged from 30 seconds
up to several Héurs‘ The time reqnirad for matamarphasis
showed similar variation, with limits of 30 ‘minutes to about

60 hours, dependiﬂg on the species an@‘enviganmantal varia~ .

tions, Partial metamorphosis of thaaggiarﬁééltﬁat did not
attach SQameﬁ-ﬁb’réQﬁira less time, bﬁt naa¢0ﬁ§ré11ed

experinents w¢éé‘éahdueted to test'thig_phaﬁaa

- 8PECIES DESCRIPTIONS
For a general description of the adults and their
distribution one is referred to Van Name (1945): North and

South American A

2LitLd ‘The following data on eleven
species are aeﬁfined to the writer's cbservations which
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either modify or add to previous reports.

. gun Rittar and Farsyﬁh. 1917 7
Adulﬁﬁ up ts five mm.in length and enclosed in a | D —

reddish brown test were collected. The larvae dmsplay well
develeped, in~line, adheaive papillae and globular ampullae.

%0 the —
mantle, but those found between the papillae are on longer
stalks and there are usually two in number, The concave
endostyle is ébéut;@nawhalf its length away from the bran-
chial siphon., Two branchial sacs, eaeh~wiﬁh-six primary
glll alits per row, are present but thase open lﬁt@ one
dorsal branchmal siphan. ?he averaga nmtoeherd 1ength ia
G?gmm.(()?émm.ml@rnm)g o » N —

gmggggm1m~ un solidum. Riﬁtar>and ?arsyth, 917 | |
| Tha g00id thorax is 340 mm, in length (2'8 mm.te 3 1 mm)
and the abdomen 1,5 mm‘(l§#7'mm‘39'l‘59'mmé#f’Thﬁ_tﬁﬁﬁ is %;ﬂw;m

greyish white to dull yellow. The adhesive papillae are in
a raw and undiffarentiated, with ampullae simmlar ta A* ggLr

pum buﬁ nore numareu&. The concave @ndeshyle, brane-

gﬂugm but thera are ten primary gill sl&bs per row and ﬁhe |
averapge netechard is anly 069 mm. {0 61 mm.to 0.72 mm} l@ng.

,V33 Ngme, 19h5f
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~ The zoolds collected are not as long as those de~
seribed by Van Name. The aéﬁasive papillae are very similar .
to A« golidum but the ampullae are elubeshaped and number E—
from 30 to 36, @he araas batwean the. papillae each have twuﬂ

ampullae whieh are mueh loﬁg&r. The canaave andeasyle .
extends to hhﬂ ﬁina‘la branahial simhcm _and & rsa are f

primary gill slits par yow, The average notochord ength is
0,85 mm, (0,78 Tt $0 0,92 mm) ¢ | N EE—

} ,[1; m_Van Nama, 19&5
The zaamd thorax ia ¢7 . lang (G;é mm.ﬁw ¢75 mm),
'ﬁhe abdomen is Q 9 . 1@ng {0, 79 mm.ta 0695 mmd, and the

\ .

‘ pastwabdeman @f various lengths; Tha stomach has ane or twe
mera ridge& ﬁhan ﬁhesa deaaribad by Van Name. Aa expacneé,
hhe adheaaV$ @apillae and am@ullae ragemble those of A. o
Vi The endaatyla teuches the singla ‘branchial amghmn |

bﬁt’o 18 QQ&'I’V@X aﬂé na% 9039&‘?@; Th&x‘& ax‘a $i;)g primaw gill ' o -
slits per row and an avaraga natwahard lerighh of 1.06 mm. =
(3»98 tim. 0 1433 mund o 5  |

_ fustis (ﬁiﬁtar and Faraynh) 191?
aalenias up to 80 mm. in 1ength and 25’mm in diameter

were eellaeted, The ovary is siﬁaaﬁad dn the anﬁeriar par~ —
tion of the poat-abdomen whila uhe @ashea are leeabed in the

p¢st¢riar end, Van Name states that tha ovary ia @mb@d&ed

in the testes which fill the pastwa%damen, but tha writer



1
was unable to“v@viry ﬁhe sbatement ., Passibly these are
younger zeaids and the testeg have not yet grawn to full
size. Ritter and_Forsybh (1917) show an ‘oval mass at the
anterior end of the post-abdomen which contains both ovary

- and testes.

The adhesive papillae are well developad as in

Amaroucium H”jiyin}}tai but the ampullae are almost all
raund and barne at the end of stalks. There are four
primary gill 5lits-in.aaeh row and two brﬁnéhi&l siphona,
The right siphon is in line with the atrial siphon and the
aﬁelith; but the left siphcn is off t@~the,sia§;JfThe noto=
¢hord averages 1.2 mm. (1.1 mm.to 1,28 mn) in length.

ia pulchra IRitter), 1901
Tha adults fit the deseription given by Van Name

exgept that the testes extend to the pasﬁergex,tzp of the
post-abdomen and leave little room for the heart, The
colonies are not of "inversely conical or capitate (in)
form"* as are those déseribed and shown by Ritter (1901) but
are shert; fat.and;clﬁbmahaped; Ritterts férmAmay have been
due to erawding of the colonies, The 1n~1ine adhesive papile
lag have a large, clear anterior end with a'few large
granyles in the stalk. The areas between the papillae each
eontain one thiek clubeshaped ampulla_and‘twa or three

large, spherical ampullae. There are one or two club-shaped,



. geveral large spherical, and six or eight small stalked

extends to the branchial siphon, 'Ther$ﬁaré?£nur.prima$y

15

ampullaa outside @f the areas. The endosgylewla.aeneave and

gill slits pervraﬁ_and the notochord has & length of 0.90 mm.
(0477 mm. 0 0.95 mn). | , B

Didemnum garnulenty Ritter and'?erayth,<I9i?r I
The colonies and zooids collected conform to Ritter '
and Forsyth's description, but the spicule size is from

0,010 mm. to 0,032 mm.with an average of 0.021 mm. The
writer agrees with Van Name that Ritter and Forsyth may have

misplaced a déﬁimgl.pciﬁt. The adhesive,paﬁiiiae.ef the

larvas are almﬁaﬁfww@hrﬁam shaped and are .in & row, Bighteen

- or twenty capitate ampullae attach to the mantle ‘extension e

Whieh’pro&aeea,ﬁhehyapillaa« No atrial~siphén@is svident
and there is anly ohe immature branahial siﬁhens The eye~
spot and otolith ar@,wgll formed, but other adult structures
are undifferentiated. There are four primary gill slits in
each ef the three rows on»one side of the branchial Bac.

The average notochord length 1s 1.17 mm (0,92 mm. to 1,30 mmds

“Q;ggﬁgmﬁ (R&tter), 1900

The golonies and zoaids closely conform to the -

description given by Van Name;, even to the point that some

colonies were found growing on bivalves shells,
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The most sbriking feature of bhe nadpales is the |
ringsshaped ampulla that enelasas the adhasive papillee
stalks: This riﬁg is cannectad t@ the mantle by several
stalks (Flate II, fig. 8). .Muci~earmine‘(Maysr) was used on
these larvae, but no differential staining was ahown, The

endostyle is dé#seavsﬁtrallggplaaad and does not quite reach

the single mmmx siphon, Four rows of hine primary gill
glite are faund on eaeh side @f the branchial gac, Average
notochord 1&ngth is l.?h mm. (1,36 ma.to 1,82 mmJ¢

; ; 4 Banaraft, 1899
The colonies are all flat and encrusting with no

evidence @f‘hé&ds.férminga ~?h¢ve‘ave tw@fﬁbWSLafuhhin'aiub»
- shaped ampullae, one on each side of ﬁha.papiiiée sﬁaiké and
extending darso*ventrally;-‘Bﬂﬁw@ea the inaliﬂé,papillae
there is feﬁnd a clunp of three to six largéﬁvelubsg v&he
slightly convex endostyle extends to the branchial siphon ’
and lies almost parallel to the larval longitudinal axis,
There are six primary gill slite per row and the notochord
average length is 0,99 mm. (0.9 mwm. to 1.11 mu),

The zooids conform to van'ﬁamefé*déééripﬂian"eXQépt

for the measurements. éema individuals measured 120 mm. from

the branchial siphon end of the test to the test basé; while
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éxpanded aa@ids remavsd frem bhe taest maaaured up to 100 mn.

in length. The writer is mat gure whetherﬂv* ame measured

th@ taat or the zeoiﬁ buh in either case ‘the' ‘gpecimens
cellectad at Eillﬁn Eaach were mueh 1arger. Alﬁheugh

eammonly aalleated fram varieus aubstrates,valmest all indi~

Two instead of one dorsal tﬁbékq@gngperhure”aré

préﬁeﬁt aﬁdtaaﬁh'is=ih'ﬁhe shépe”cf a‘leﬁteﬁ‘C} Tﬁa'épen
. parta ef the G'a are. l&teral, not anteriawpaateriar. The
- Jarval bady test. averag&d 0. 138 mm. (04 132 Thm; t@ 6.1&0 mmj
L in 1ength and ‘the notochord aVeraged_a.g,a_,a i
1 6.&1 ). The adult of this species is by fa‘ﬂtha 1&rgeab |
ineluded in tha aﬁudy, bu% the larvae are much ‘the smallest‘

o ?hs papillaa and ampullae ara aambine& intm @n@ 1ump feund

 on the anterior end -

of ‘the mantla. Thera 19 one branehial |
aiphan and about five gill slits in the sin, & row per azde
éf the branehmal sac. Ne endastyla, haarﬁ, inﬁeatina, or
T;' ayaapat are discarnibls, but a stamaeh is @Viﬂeﬁt. The

| notochord extends to the otelith eavity. |

An undescribed species of the family Diszonidae was

engountered in large numbers. No effort’ is made here to
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B name the specias beeauaa it was leavnad that De. Donald P,

Abbett of the Hapkins Marina sbatien Was praparing 2 manu-
aaript on tha subjaetg .

The ealanie$ conaiat of numerous clubs cennasuad at
their bases by stolons, Bach club contains 25 to 75 zooids.,

ALl colonies are orange and free of encrusting sand except

for an oecasiaﬁaliaana~cap which may cover the most anterior
portion of théjélub;;lrhe elub_1@hgﬁh,averagasfabeaﬁ'35.mm.
but ﬁame raachﬁédvmmoV  o | |

The merasamaﬁous zoolds lie in systems perpendzcular
to tha 1engitudinal axis of the club wath the atrial aiphana
antering a common eloaea. The atrial aiphans ef some are
apen on the left sid@ af the siphon, smme ma the right side,
and some open enly ta the front (Plana V, fig; h)» The
position of the zoaid relaﬁiva 46 the c@mmon elcaa& deter-
mines. whieh side of the siphon ia OpeEn, Tha g@n&da are on
the left side af the uheressed 1ntaatinal leap, The
branchial sac ha% f@ur rOWS af gtigmata ané twwlve simple
branchial tentacles,  f' | ' 

The badles of these large 1arvaa avarage 1 26 mm .
(6@92 mm.to 1. 38 mn) in length exclusive of the tail, and
the natachard averages 142 mm, {10 mm. %a 1, 52 mm) in length,
The test has papillae pores ﬁhraugh which bh@ well devalapaé
papillae can be extended and retracted. The papillaa are



not in a row, but two are plaead anterioulaﬁarally and ane'
ventrawme&ially. The triangular arrangemant eaa, upaa
attachmenﬁ, draw the larvats ventral side to thﬁ subaﬁrat@
and thus metamerphasis éees not @nﬁail a ﬁull 9‘ éegree o
r@ﬁatiaﬁ of the animal bady. The ampulla@ are ‘reduced to
~enlargamaats of the papillae stalk with twn er threa réunded
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' "prajectiens at hhe sbalk base, Tha l&rga diam@ter af the

stalk auggaats the incerparatian of ampullae tiasu@ within H
it The inbestine er@ss@s the G@SQ@h&gﬂ% &md h&$ an alofis
gated inteshiﬁal gland on tha lafﬁ siée. Tha braﬂehial sag
' ha& four raws of sﬁigmaﬁa on aach sid@ With alaven primary
gill glits per raw, six branchial taaﬁael&s Qn th@ singlev
branahial siphon, and thr@e darsal languats par aida. The'
concave sndostyle lies almaat at right angles to tha larval

_ agigx'
"~ﬁxsaﬁ3$fam-Axn's@mcnaéiﬂmsé-;.

, The camparatively faw species studied 1n uhis rapavt
are. inadequate fcr swaaping ganeralimatians, buﬁ hh@y suggast
one aigﬂifieant conelusien. Larval ﬁtructures appear ﬁa be
as disninct and taxenomically raliabla a& are thase of the
aﬁult.‘ Indeed; some larval f@aﬁnr@s are 1@&& variable than
adult ones. It would th@rafara seen advisaﬁl@ to insmrpaw R

rabe larval structures in taxonumia arrangements whieh
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heretofore hﬁve‘§aegwbasad almost exclusively on adult
morphology, _ o .>"“' "’

- Two ef the mest valuable 1arval strua%uras are the
adhesive papillaa-ané,the &mgullae,whi¢h, whgagpbserved in
-ﬁhevactivaly»SWimming.iarva;.ara»quiﬁe‘ecnétan£ in size and

shepe, The papillam are either in a rew or form a triangle

and, hefore attachment, they are either wall éefined and

marou Lifornicun or glandular and
uﬁﬁ@veltpad as in:@igg;g ia ¢ , ,_" Also during the
fraawﬁwimming periad the ampullae are guite’ ‘characteristic
8,*tméjtl”

and, as in lobatug, sometimes are very distine-

tive, The immature adult structures found in the larvae,
with the exception of tbe‘gilliglits and the number of

branehial-siph@nagrare*hat,a$ ﬁ&araétaﬁisﬁi@;andrdapanéableq-

It is the writer's opinion that adult merphology and

the larval structures mentioned in thé'pﬁeaediﬁg‘paragraph,

_ together. with prmpartiemal measur@menﬁs,are sufficient fcr '

ela3$ifieaﬁion %a g@mus and; in most cases; to gpecles.

 $u@h a unified: ayﬁtem af elassificatian wmuld avaid the typa

of difficulyy @neeunﬁared in the ﬁaubl& claamifiaacien of
some of the caa;anﬁeratas;and‘tramatadeaa«vlt;ia ‘hoped that
these studies may lead to a complete cmalatienef larval
and adult features in ascidian taxonomy, -



SUMMARY

An aa&aunt ﬁf tha aelleeﬁian, preservaci@n,sand
staining teehniquea for ascidians is preaenf_”

, The three
vasic adult types and a generalized larva are described,
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General met&m@ﬁé&aéis,an& behavior patterns during the free-

i i B

swinming period are reported as they were observed in the

laboratory. Tha'aﬁu$t$ and larvae of the eleven species

‘studied, including a new species of tha‘fémii#?niazanidaé,

are deseribed. This study indicates that larvae ahonld be

‘ysed as an 1ntegral part of ascidian taxenamy.
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- All drawings exvept those of the aempa&ite figures on
Plates I and I were made with the aid of a e |

2k

| EXPLANATION OF PLATES

‘amera 1uaiéa.

The larval talls are not figured in their:énﬁirahy, but

'measurements of notochords from bedy bests to posterior ends

are given; these measurements are ﬁakén1£?6m4£ikéd animals,
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