
University of the Pacific University of the Pacific 

Scholarly Commons Scholarly Commons 

University of the Pacific Theses and 
Dissertations University Libraries 

1956 

Ascidicolous copepods of Dillon Beach, California Ascidicolous copepods of Dillon Beach, California 

David Horace Montgomery 
University of the Pacific 

Follow this and additional works at: https://scholarlycommons.pacific.edu/uop_etds 

 Part of the Zoology Commons 

Recommended Citation Recommended Citation 
Montgomery, David Horace. (1956). Ascidicolous copepods of Dillon Beach, California. University of the 
Pacific, Thesis. https://scholarlycommons.pacific.edu/uop_etds/1311 

This Thesis is brought to you for free and open access by the University Libraries at Scholarly Commons. It has 
been accepted for inclusion in University of the Pacific Theses and Dissertations by an authorized administrator of 
Scholarly Commons. For more information, please contact mgibney@pacific.edu. 

https://scholarlycommons.pacific.edu/
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/uop_etds
https://scholarlycommons.pacific.edu/libraries
https://scholarlycommons.pacific.edu/uop_etds?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1311&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/81?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1311&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarlycommons.pacific.edu/uop_etds/1311?utm_source=scholarlycommons.pacific.edu%2Fuop_etds%2F1311&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:mgibney@pacific.edu


.ASCIDICOLOUS COPEPODH 

1\ Thonls 

Pres ented to 

The Pnculty of tho Dcport;ilont of :&oology 

College of t ho Pacific 

In Pnrtinl Ful lf.il buont 

of tho Roqu:lremonto for tho Degr ee 

Mo.stor of Arts 

~-..__. ___ 
by 

Da.v i.d Hol'twc t.!ontcomcn"y ... 
Juno l HGG 



.i'lOKNOV/LT .DGEMh;NTS 

rrhG Wl'~it e:r• .is deeply indebted to Dr . Al den :~ . Uoblo, 

Director of t he l"6Wif:tc Ma:t.>ine St a t i on, Dillon Beuch , Cal:tf-

oz•n:tn , f.'or constant encouragement nnd :J.nvnlttable hel p :J.n the 

co110oti on, pr opar•at i on tJ.nd present a tion of this mater:tal . 

H0 wishos a lso to acJ{nowledge t he nss:lstunc e g:i.ven by Dr· • 

Don ald L. Lehmann, Collogo of tho Pactf1c , :tn the collection 

of speo:tmens , and Ur . Don~~ld h . Gilc ~~, College o:f.' ·the Pacli 'ic , 

for i mplt.-ment:tng t ho progr•on1 by h is discovE)ry of a parasitized 

COl'llP01.U1d aiJCidian. 

Iilo:t ... a id ln the tedious job of l:i.b1~ ory rosee.rch~ t h$nks 

mus t l•e 0x·cendocl ·co !n:r•zs. r~11o1yn E. LcBtlr'ron , B:toloc;y Library, 

Univers i t y o:f Go.l1forn:tu at Bor kel oy , and 1tfl's . :Josephine 

Nor t on; :Cntelllibrar y Lend:tng D:lvls:ton of the snlile inst:tt;u-

t: ~LOn , Th.o writer i s nl~1 0 apprco:tat :tve of the nss :J,st ~nce, 

lib 11 i h · 1 .fo J.D P"U] L :r.·l.l r~ , nn·.t vors:tty of' · crf.l .. y g. vcn ~Y nw:1. o.~. r . "' .. • ~~~ v. .... 

Wt.lshlng ton , nn.d oi.' Dr , ()]. , Delrunal"O Debouttev11l o , UniVO!.'­

s:l to de Pnr:tn t Lt1borutory .AJ:>ago, Ban.·yuls-sur-IJc~r , Frunc e , 

Corl"espondt~nc e w:l t h Dr . R. V. G-otto , que(>ns Uni vorb lty , Bel .. 

f ast , Ireland , h~:.w a l s o beon vory hel pful . 



TABI£ OF COU1~NTS 

nr.rRODUCTIOU ~t • • • 0 • • • . . . ' . t • • • • 1 

l:IT.3'.PORY OP RE81~/!HCH ON ASCI DICOI,OUS GOP!i:PODS • • • • • • • 2 

TAXOHOhiY OF' ~CH.G J~SCIDIOOLOUS COPEPODS • • • • • • • • • 5 

• • • • • . . • • • • • • • • • 13 Key to tho !i'runi l i e s 

Wi!THODS AUD PROCEDURE • o o II ... . . • • • • . . . .. Jo 
Collections • !I • • • • • • • t • 0 ~ • • • l G 

Laboratol"'Y r.reolmiquos -. • • • • • • • • • , • 

CQi,lPOUND AND SOLI1'.Ar?Y ASCIDI J\NS • , • • • • • • • • 

• • • 17 

• 21 

PREE- L:CVING AND PARASITIC COPTIPODS • . ~ . . • • 

lJESCHil~(' IONS OF Pt·RA:J I'.rl~S 

Entcrocol id #1 • • • 

Ent erocol:td ""#2 ~ • • 

• • • • • • 

• • • • • • 

• • • • • • 

• • • 

.. . . . . 

0 • • • • 

• • • • • 25 

• • • • • 25 

• • 28 

Uotodolph:yid • • • • • • 

Unident ified Copepod • • 

• • • t • • • • • • • • • 29 

. ; . " . • • • • • • • • • 33 

DI SCUSSION • • II • • • • • • • • • • • . . . . • • • • 35 

• • • • • • • • • • • • • • • • • . " 38 s m,fr.'11'\RY. • • • • , 

L:tTBRA'l'Ullli CITBD • • • • • ; . . • • • i • • • • • • • • • 39 

EXl' Ll\N!lT IOH OY PLN.rES . . ' • • • • • • 0 • • • • • • • 41 



iii 

TABLES • • - • • • • . . . . . . . ~ . • • • • • • • • • 16 

Distr:tbut:i.on of Parns:t tos • • • • II) • • • • • • • 46 

Incidence nnd sitos of Infecti ons • • • • • • • • iJ{l 

PLATES •• • • • • • • • • • • • • • • • • • • • • • • • 18 

1. Entorocolid tJ:l • • • • • • • • • • • • • • • • 18 

2 . Entcrocolld t~2 • • • • • • • • • • • • • • • • 49 

Hotodclphyid • • • • • • ~ . . • • • • • • • 50 

4. Unidentif:ted Cop epoU. • • • • • • • • • • • • • 51 

5. Collection aroa , Dillon Deoch , California • ~ 

G. Generalized zooid of co1~1pound osc:t<lhm • • • • 

7 . FTo0-l1ving Copopod • • • • • • • • • • • • • 54 



r:r.rnoDuc'rrou 

'."lorlt on t ho copopodn p ornsit izi nc osc:ldi~ms hnn boon 

r el c\'l:iivoly oxt cnsivo i n Etu •opo , l osa so on t ho LOat Coas t 

of t he Uni t ed ~t~~too nnd n c3lic i b l c on tho wost Co ust. oi' 

t his work , a mnjor portion ho.s b oon conc c!•nod with tho noli .. 

tar y aoci<ll ru1.s , whil e tho colon i a l or cox:lpm.md fomns have boon 

l nr 13ol y n ce l cc't o<l. Th o nppo.r ont l nclr. of intol:>{Jnt i n cope .. 

pods p or us itizillG coi~tpotm<l nscid i o.nr. r.Ioy b e attl~ibu·cod to 

t ho smallness of tho animals , t h ei r us oocint i ono with both 

zooi<ls nnd t ho colon :l.o.l nlD'Gl"i :x v1h i ch mak os <lls s cc tion di ffi ­

cul t , vncl t ho chaoti c conui t ion of their t nxonoay . Tho 

wr i tCl .... hun hero attorap t ed a CO!:lpil ntlon of b as ic lmor1l cdgo 

conc Cl..,ni116 t he nsc :td l colous copopods, and he has descri b ed 

op ocies colloctotl at D:tll on Hooch , Cnlif orni u . Tazonoiaic 

confusion px•ovonto idont:lf.iont i ons beyond t hose of fam:t l:i.os , 

but the vn•iter hop os t hat ·cllo l" oaul ts of h :i.s of f ol"ta may 

ot :i.mul ::.t o ac1c1i 1~1onol s t u <li <1s on the Much .. n ocl octocl nocicli­

colous oop opods of t he Po.c lfic Coas t . 



HISTORY OF RESEARCH ON ASCIDICOLOUS COPEPODS 

l~ong the an~als studied by man, one of the most fas­

cinatine groups is the class Copepoda. Free-living and para­

sitic, ranging f'rom microscopic size to several inches in 

length, assuming great diversity of form and habitnt, they 

offer a challenge to the student of zoology. 

A major classification of the Copepoda segregates the 

animals into those of the r.ree-living species and those that 

are parasitic, semi-parasitic or cormnensal vrith a variety 

of hosts or, in some cases, with a specific host. Copepoda 

have been round in various associations with practically 

every lmown marine invertebrate, with many marine and .fresh­

water fishes,_ and in some .cases wi·th s.uch unlikely host·s ns 

the lowly Porifera (Topsent, 1928). 

Of the parasitic groups perhaps none assumes body 

shapes more dissimilar to their .free-livinG relatives than 

do the ascidicolous copepods. They make ·their homes in the 

branchial sacs and stomachs of' ascidian zooids; they burrow 

nnd nove throughout the test of a colony; they riddle both 

the colony tests and zooids with their bodies and eggs until 

survival of the colony seems threatened, although no work 

ha.s been done on. the pathology of these in.fectionse. 



Hesonroh on tho osc :tdicolou~ copopocls b egan with t ho 

work of Con t il (1820 ) ml<l Allman (1017 ). rr.horoll (1850, 18GO ), 

Cl aus ( 18G4 ) , nos s o (1804- 70 ) ru1cl Ducholz (180£) ) made Olll"1y 

contr:tbu t:tons . B1•ndy (1878 ) publiohc<l o. throe- vol ume t l"ont­

iso on t he free nnd s om:t- puras :l.tic copepo<ls of t he British 

Isl es which included pol"t1.ons on tho uoc:tdiooJ.ou~ copepods ; 

nn<l KE)r s ohner (18?9 ) f o l lowod t h i s with n publica tion on t h o 

llotodol phy:todno. 'l'ho WOl "k of Cnnu (1800- 02 } nwrlwd tho advent 

of more col:lpi•ohenoi ve Vlol"k on tho us c i dicoles . Ot hers in t ho 

s~1mo doc a llc who di<l much to erect nov1 tnxono.ni c e r oups in t h e 

field r;oro Aurivill:lus (1802- 87 ), Gionbrocllt (1 882 ), Thomp ... 

s on (1888 ), 

W:t-th t ho t urn o f t ho c entur y ocholars i n l•'!•tmc o boe;an 

a period of 1 ... csoorch t hat rtns t;o la~t unt i l 1000 . 'rh:ts l u ... 

vost. iGOtion was hcudod by such mon ns Chott on ( 1908-~4 ) at 

Lnborut or 1o /I:N \BO worll:i'n.c vii th UJ.:>oment ( 1009 ) nncl IIm:•tmt 

{ 19C2 ). Their wor lts wet•o confined to t ho nso i<licolou~l cope ... 

pods nnd t hoy d :td rnu.ob. t ow·ard clar l f yin.[:; )lihc taxono~:d.c pos ­

:ttion of many of t ho c roups , llor·man (190 G) ~ Br :to.n (190!5 ) ~ 

Post a ( 1H09 ), Scott {1001- 0 '1') nnd Giesbr echt (1 \JOl ) contr~b­

u t e<l find:lnc;3 . Probably tho f iJ.>st co1:1prehonc1vo o omp l l ntion 

of such x•os cnr ch nus a ttonptecl by s or s ( 1£>~~1 ) . 'l'h i s worl~ , 

moml.r.u::n.t t"' l in ccopo , \'WS publ ishc<l about tho s umo tii;lO t bnt 

Schollenborc (1021 ) pub l i s hed a like ot udy of t lw :rot oclol phy­

lda o, t oe; ot her w1 t h koyu t o t ho c;onorn , nt t ho Berlin rLmscum. 
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Sev er•ol g~nera wore 1ncoi1rectly osaignod po[:;l. tions in th0 

fami l y , m'l 01"'!'0!" that Ol'lly l Utely has be en COI'l"Gc ·ced. V/ ~tl$(>ll 

( 19;:>~ ) published o. monograph on the copepods of the Woods 

Hol o Hog1on of MassnchustJ-t;ts . 1J!hc 1940 I s brought ~0 t ho :Core 

t ho work of such mon as Burnard (1940 ), Capart (J.g11 ) ; Gurney 

( 1945 ) , IIeegnnrd ( UM7 ), Nicholls ( 19111} , l)oars o ( 194? ) ond 

Sewell ( UH9 ). Lang ( 1945..;.49 ) published urt :J.clos \1bich 

c loarecl away lUUc h of the 11<1ee.clwood 11 and tri ed to consolidate 

t ho group . Wox>k in the c'l.;trrcnt <locadc is beinG cwr:ied on by 

Lang ( :i.n press ), Gotto ( 1952 ... 5G ), Gra inger· (1050 ) ~ :tllg 

(195l-S5), Stock (1950- 51), Lind'borg (1952 ) und Dobouttoville 

( in preos ) of tho I,abo:t•e:borie} At> ago , Ch£~tton ' s successOl"'• 

Earlier wol"'lcs sometimes l o.clccd occurat0 mousuroment s 

and nu:my t:l.mon tondod to pl ace nlOl"C cmphns:ts on g eneral out­

l:i.nc} and color• t hnn on oxuo·t doacriptions nnd tn E.mSUl"oments ~ 

It :ts tho mol'T>hologica l detn:ll of nppcmdo.ges upon which cop e­

pod clusoj.:f.'icnti on ls now l~u~gcly bus<.H'.i • 



Tt.XOU01lY Of.' TIL. f\SC IDICOLOUS COPLPODS 

Tho t axonomic pictUl, O of tho nscidicolous cor>opods l"'O ... 

mains confuood and, in orcler t o a chieve sorao clarification, 

n rov1.o\! of t nzono. t:i.c li t ernturo is ho:t.~ c ln'one-atod. ..,arly 

:t"cports r.t01~o1y l umped t hese copopods under o son or ul hood­

inc of 1\.oc i dicol:ldao . So;ilot imos tho dos:tgn£\tion wns usD<.l 

in o. broc.d a onso to cov(Jr nll n:;;cidlcoloua copopods ; some­

t imes it \'las usocl on a truo f'a:11ily 1ncluuins rtll co11vpo<ls 

withou t do:rr; al bl~ood pouchs . 

'l'hore.ll (18S9) difforontiot od the Copopoda into throe 

r.;roups on tho bus is of u outh pnrts : Gn athos toma , t hose rli th 

true 1uan<lihlos ; Siphonooto~ao , t hose ·nit h sllCl{inc uouth ports; 

Po ocilostomn , tho::; c r:l t h indefiu:l to mnndlbul r.r o1iructuron • . 

Gnnt hostomn r.n<.l Poocilostomn woro further divided j_nto foUl" 

fum:l l os , two of r:hich \'10!'0 dlrectlJ conc or nocl w:tt h tho 

usc:tdicolcs . These fom~.lios \Tero: Cnl an:t<lno, 0)'cloy;i doo, 

Uotodcl')hyidn0 nnd Bupro'?idno . Th0 f ami ly llotodolphyl dnc , 

concornocl \'li1Gh nrJc1cUcolous oopopocln , v-:as s p J.l t; into t\'10 

oub- :f'nmllios ~ Hotodel)hyi n ou VC;rt~o untl .1\ocldicolinue ,. 'l1hO 

tjOnor{\ lls tod undcx~ Hotodol :1ilYi rwe VCl'' C.O i ncluclod .JlQ..S?..o;;;...c;;.;l;;;;1l~l3;;.. 

Thorell, Dox•o::.urs~s HOB, Gunono·i;gl?JlOl"tW Co::>tn, !l9~o.lphyE_ 

Allr.wn , vnd Jlo·~o£'?2!..<2£.~2r~s Contn. Un<lor tho sub- f'runily 

.1\nclclicol:J.no.o \'IHS C.\ sin~lo [;CUUG , £,;:.qcidicola HOD. 



Bu}?roi•idno, nlso concor•ned wi t h ascidlcolO\.\S copopodo , hou 

but u slrl,slo c;onua , ~rox>un Thorell . 

Ctmu (1892) bol:lovod t lwt n ma.jor choro.ctol":i.stic o£ 

the mn:tn <livisiono :tn t ho Copopodo. ohoul<l b e the p l a oa.aont 

and nW'lbor of tho coni t a l pores on tho femal e . Uol ng those 
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as ct'i toria , he divided tho cr oup int o t1t1o rn•:lr.wry <livisioa:J : 

r.!onoporoclcl phyn , who oo fEmwlos h:~d but u sin.r;lo , vont:r•a l , 

r;onit nl pore, nnd Diporodolphya, .whero t he fonwles p oos onsed 

t wo vontrnl pores . Tho l nttcr group \'/GO t hen eli vidccl into 

.f\oc1dicolides , Gyclopi<lcs , Colnnido~; nncl Harpnctic:l.doo • only 

one eli v i sion , the j\scidicolidcs, is notuworthy hero, nnd under 

t his Conu list ed tho foJ.lo\'ll:r..c [;<:mor n : ~ Canu , 

l•P,lo~~ Conu , Bonn:i.c;l"llle. Cnnu, lJol"'oix:z:s. KCl"Schn or , 122!.Q.-

12JLVW , ~.:ntcrocola von Doncc1on~ E~te.:rops:ts_ Auri-villus , Gunono ­

tophorus t'n<l 1•fotqd fJ+J?lll.[. 

Urady (10?0 ) lis t ed tho f tu.lll:i.os t ~~rtotrogi<lno, Cnl an-

id:~ e , Corycuoidno, Cyclop i <lao, liGrpactici<lnc: , j,iisophr:l.:t<lao, 

~Iotodolphy:tuno nn<l Sapphrinitl.ac . IIo :ru.rthor di v:tdcd ITotodol .. 

ph,yidae into the oub - f' Dmilloa : Ascidicolin~lo , J'A:>ropywinno, 

a.n d No todclphyina o. 'lhe Doropyc;:tnoo posso~1sod the coner a of 

Dotnoh us , Doropygv.o and No"i.iOl)tOl'ophoruo ~ Asc:'!.d icola was 

llstod unuur Asoid:tcolin'"' e , while Uotoclol pllyinoo had one 

'3P:t~s ( 19~~1 ) and ~1chollenbore; (lm~l-: 2 ) l n<.lependontly 



annc·,nblod co:·1pil ut ions of prov:.touo pub l icn.t ions • ~Jh~.lc ·1 m:"~ a 

dealt u l t h al l tho Cr us t nc no of' Nor v.ray , Sch ollonl>ol"g •o work 

was concer ned oxc l tw i vQl y w1:llh t ho not;odcl phidc-; . Bomo over ... 

l app:tn[!; o:t gon~)l" :l c p l ac ement ocCUl'l~od , wh :tch m:t~.;;ht h a ve been 

avoi ded hod nora t publi c nt.lon b oon pr :t nt c<l onr l icn". 
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sm~s •·mdo a mcl jor cll[lna o in tho t hon exiotlnc; tn~:onomlo 

s ~cructuro , Giesbl."ocht ( 1882 ) h ad spl:t t t ho Coper>odn into · ·two 

sub - order s , Po<lopl on Dn<l Gy{rU1op l on . Undor the Podopl e3 h e 

had l :l.st o<l n tl~ibo 1\nlphnrthr an<lia , cont a i n i nG tho f' €llll:tlion 

Uoto<lel phy:toda, ond Mon::Jt r:i.lloid n . Stu' s b ol iov e<l tha t ~ov­

er al !rlOl?!>holoc; i cal incomJis t onc ios w1t h :1n t h o lit'l!_.)l u:d.ihrnn<liu 

denwndod t h o olCV!;It i on o£ bo·th t llo Uot odol::>hyoi da nn d t ho 

Monstr i l l oidu to tho r~mks oi' nub ··or der n. He b oli ovod , 

f tu"th crmoro, 'th nt ooolo(.!;lCt,tl on d l ifo- h i s tory <li1'fel~onc oo 

s houl d bo i ncor por•nt ed ln tnxono~aic t h1nk:lnr; . 

Snr o ' ochcmo of olcwoi.i'lc a t :J.on t)stabllsho<l t h e !Toto"'! 

<l t)l phyoida ond IJonstr:l l loidn a s sul> - orucr•s . Under Hotodol­

phyohlil h o l iot od o:tx ftuni l :tos , eomo old , nome now. 'l'hoso 

woi•o : J\ncidicoliclao, J3o'trylloph :ll:lclae , Dupror:tdne, DoropyG­

hlnc, Entorocol idao nnd Uo-todel phy i dae . Gcn er1.c br onlc- dovm 

is v.u f ollowp : [!C'~tJl}.ill.l..2!:' .Notoq91~ und. .-l " Notodel phy:tdno ; 

np.Eror u,s u.ndor Btlprol' idne ; As c i dic ol n under Aoc1<1icoli <lno ; 

Botr y l lophil1<lno includ ed :qotrxllophilu~ IIosae , ,rt crol2:Y.(11.W, 

Snrs nn<l ~~-212!'.2~ \ur:tv i. l luo . :tn t ol"ocol i dao i nclu ded 

[!l·~ oroco~q_, Q~.;:>pog~ Hcos c nnd J_](c.QI?hiluo Iiocwo, wh:l l o 
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t ho l nr eoct croup wno t hot of Doropyciuac, cont~dnin3 pot-

to ·thnt of Schellenb er g, who ost ~lb11ohoc.l n s:tnsl o f o.m:tly ~ 

Uo"tiodol phyidao, cont a ining t ho ::n.tb -fom:l.l:los Notoclolphy :tntt() 

and /lsc id:tcol inno . Schollcnbcr rs i ncluc.lcd un<lor Notodol phy:tnno 

t h e s enern: P-Qnn 1er:1Jj&, Ds>tnohus 1 9~'1EC?J22!'..£ Scholl cnbor•g , 

Doroi:x:::z:s , 1~1"9\?~, StYI1.0-~.~9J2llor•uo , J.~nchidiopol,o vun hoff on , 

..Q:2h5:.qE.~:t.5-~ IIosso, ~llnotodolf2J!Y.£ Schollonb Cl:·c , ligtq,.4e l ph;[·­

opsis Schollonb oz•c an <l IJotop~.~_ropho~. 1'he Asoldlooli n no 

i ncluded lls c:tclloola , Al:>l,9~~or~.~' JlQ.E"';)JJlopl~, • o~;ll"i:i crocolu 

end gly9P.l\~.luo • 

WiJ.non (1008 ) f ollOYiOd St"ll .. s ' s che~no of clous i ficntion 

but , vrhcn dcnlin!s r:lt h an oi <l:lcolt)f.l , :tncluded 1anny goner a not~ 

poNlsi tic in nac:t<liono . Un<lor uub -ordol:' Uotodelphyo ldac h o 

l lnt ed not only all t ho f' orc ... c;o il1[ ... nnd llu.my :. tol"O p;;4r nsltic 

i n o.s c~Ld :lnns , but such al>bor cnt gono1•a. t.UJ : Iv~, pP..rnsi"tlc in 

!3~\lag~r-~lossJ.~S) ~l?P~, whose h o s t \7os on n.J.cyono.r i nn; !!£tl ... 

co1n , pnrnsitic on onnoLi.<la ; Iomontt coln , a nw.lib l"Hncll pm•a--
s i t o . 

Lane ( J.D-:1:8 ) prcoont od tho l ot ont an<l .:1o~.1 t l ot;:tc n l lU .. 

vlslon , nt lcn::J t to f nm:tl:J . llo ncroocl with Gi oobrccht t hct 

t he Copepoda ohoul cl be <li v illc.<l i nto l'oclopl oo Dnd Gymnoplo~\ 
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but thought thv.t a tllrid and foU:(>th sub·ordors were nocoss-

nry. The Platycopi:tdao, for :tnstunoe, wc·x·c :t•esm•clod as having 

branched off a main st~m boforo Podopleo and Gylanoploa~ and 

·bhe t'runily I.Iisophriidac o.nd it;o nll:tos wore unique :tn the 

possession of' n heart . Lm1g felt that these d1st1nct:Lons de-

man<led elevo.t:tons of tho fruni lloa to Ql"'clor rnnks . 

Lung and St:n•o both ut:ll:i.z0d mouth po.l"ts ns. basic taxo .. 

nom1.c oriter1.a as ovie;inr-tlly propo~ed by Thoroll . Since, 

howovo:r·, complete ng1~eemen'; seemod :llnpom·dh~Lo ru11ong :tnvesti-

gators us to tho lntcrprctat;lon of' mov.th portia, !Jetng (list:tn­

gulahcd bdiweon the Pooc:i.J.ontoma {.'.nd GnRthootoma by tho 

structure of ·the male nntofl .. nul e • I-b cons idcrocl t ho oc.cu:P-

r enee of a non-prehcns:i.lo ~ntermule a pr-iml t1 vc characterisw• 

tic and no pl ac od t hose a.nimul~~ \\•:lth t he Poeollo ~rtomt·h The 

Gnatihof:~toma posses prehcns:tle r.ntannu.lor;, that iH, :n1tonnu-

l es usetl for clasping . 1l'ho Entorocol:tdao aro t hus plRcod 

wl.t.h tho Pooc:tlostomos b ecause o:t tho rocluccd mouth :port13 

o.nd non-prehenslle antonnul es of tho malo, lnd:J.cot:tn&; thot 

t hoy muy hc ve had a col1n..'1on root in the rooc:J.lo~tioma. The 

followinG is f.l. r.prooentntion of Lang ' s clussif:lostion 

cone opt . 

PrO..f1'DEll<ll?J....£.g_ 

Harpnctoido. 

Cy clopoida 
gnnthostoma 

Cyclopo:tcla 
niphonostoma 

Cyclopoida 

Cy clopoilla 
po(:)cilostomo 
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The sub- sect:ton Cyclopoida gno.thostoma was then clivid--

ed into 'Cv10 tribe$ . Cyulopoid& e;nat hostoma cyclopln:ldif'ormes , 

froo ... livine; forms lncldne; u dol'sal broo<.l pouch, constituted 

one f:.>Toup ru1.d Cyclopoiut=l gn nthostomu notodolphyidifroracs 1 

thOfH3 possoosine; a doroal bl"ood pouch, un<.l parasitic on 

asc:i.dio.ns , thu other. . r.rho Cyclopo:i.do gnathos·t;onw notodelphy-

idifor•mt"> O wel"O further spl:i.t lnto sul>-trlbcz: 1Iotodclphyid-
. 

it'llorpha , w:tth a brood pouch ond ·Gho fifth pair of lec;s p laced 

vontrully; Ascidicoll<limo:r.'pha ~ w:J.thout n bl"ood pouch and -rd;th 

fifth legs dol'nul Ol" dOl''t~oln.teral . ~L'he Pclnt:lonships oi' 

·tho Cyclopoida e;nuthootol•la are prcsontcd bulon. 

No"liodolphy :td:tmorphn 

?Totodelphyidne 

Doropygid.t.H> 

y;yclop~q_ znntllqstoma 
£Y...tl.Qp ~n.:1 d :t.f Ol"r.lOS 

Aocld:l.colidi Jorpha 

flo c i.dicolidao 

Dotryllophilidoe 

The Cyclopoida p oec:tlostoma nro clividcd :lnto Cyclop­

oiua poec:i.lostoma licb.omolgicllforr,1cn nnd Cyclopo:lcln pooc:ll-

ostoma outerocolid:.lfOl'l'llOS . rrhe s chomo rogtwdine tho Cyclop ... 

oidR pocc:llontomn is shown as follm·m . 



C..¥clopoi_dp. l~oucllostioma 
~.J. oh omolE;,iuJlormon 

~ 
Li chmo,nl g :ldimorphs. 

f 
Lichmoml~ldc.w 
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£1-c.~ J?.£C~1~~ 
oritorocorfdiformcp 

~ 
Ent urocolid:L.ilol1Jhn 

t 
L'ntorocolidao 

Tho 1'ol1owinc :i.e n l:t :-.:; t of conor a oncounto1•od in the 

lito1~nture to dntc , 

;.gn ut haner Canu lOOf~ 
1\sc:tdiooln '.Phoroll 1059 
Aplopodus Hosao 1869 
Adronoaius IIcnoo 18Gu 
Al'llo;·;tpsyllus S(l!'S 1081 
Bot o.chus '11horoll 18G9 
13onnic:t~l11n Canu 1801 
Botl."yll oph:l.lu::> IIesso 1864 
13re:nonti n Chat t on e~ nrmacnt 1815 
Bl okounus \Jll ::~on 1921 
Buprorun 'rhor oll 1059 
Cronpopor v. ~)chcllenb cr·g 1921 
Cryptopodus Ilosao 1065 
DoroixyD Ker schner 18?9 
Dor opyt;oll n Sors 1981 
Doropyc;op n :t s Snrs 1021 
Doropyr.;us Thm:>cll 1059 
Dys3onopsylluo Ui.cholls 19411: 
r :ntcJ.--ocoln V!ill nonedon 1860 
Entorocolldes Chatt on t~ IInr nnt 1922 
.~.;:n.i; oropsls Au :r•l villus 1085 
Gonio<lolphys Buchh.oltz 1869 
Guncntophol't:ts Co s t u 1040 
IIo.plosuccus Chat ton (~ IIor an.t 1924 
Hnplontomiclcs Chat ton C; narant 1024 
IInplostomoJ.ln Chat ton .... l!m"' o.nt 10~4 c..: 
Hnploutoma Canu 188G 
IIypoenstl~ion \'ll l rmn 1934 
Hypnot:tcus Vlllcon 10~J1 

Loq~1erra Chat t on & Itar:.mt 192 4 
L:tchomolgidon Gotto 19f)4 
Licho . .Jol gus Tb.oroll l8GO 
Linchldiopsis Vnn hoffon 1917 
Lygephiluc IIosDO 10G5 
IIycophilun Jics~o 1805 
Unrcodina i'/:i.loon 1924 
Uotodelphyopntfl '3chollcnbol"·~~ 1081 



Uotoclc.:lphy~ 
notoptorophoroidos 
lTotoptOl~ophorun 
Oonoldcs 
Ophioao:t<los 
Pachynonthun 
Puchypyt;uo 
Purtmotodolpl1Ys 
Platythorox 
I>oclolabio 
Polyoon 
Pseudonotodolphys 
Pt eropyeuo 
~)chi zoproctus 
Scolcc:tmorpha 
Tranestoma 
Ustinn 
zanclopus 

Allmnn 
~3chollonb0rg 
Costr.1 
Ch nttion t: I3l~omont 
Ilosoo 
Hesse 
~iars 

~;cholJ. onburs 
Hosoo 
nonce 
1Ic::H1e 
Gurnoy 
~1ars 
J\urlv:lllus 
Sal."S 
\JilfJOn 
Illg 
Cal mun 

1 8'17 
1921 
10::!9 
unu 
10()~1 
lQ~"/8 

1m31 
1921 
l OGO 
18G1 
18 '78 
192r/ 
1921 
1885 
1026 
1024 
1051 
l OOB 

NrunGs of s ovcrnl ()OnGl"O in tho obovo 1:1.s t sro newly 
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oat nbl:tshod to roplt>co t hose r en<lc.po<l invnlitl l>y pr:J.or U8 ago , 

They ar o ; l£D:?.r..ot:.~R:.W. (~~) (I!os:Jc 1GG5 ) \'lilnon 1921 , 

IJi1J?OJ30.S"ti•1.o21 (Cl-as tl"OC!.S'!) (Bosso 10GB ) \Jiloon 19f~1 , ~o.d;J..,~~ 

(~~) ( HOr!SO 18G5 ) Wilson 10: ~ 1 , onc.l ri'1'anos~qrua (~l)los'Gom~) 

( Cru.1u l GOG) \'l:ll3on 10!'~4 . 



IUS'¥. TO rrm.; 1;11ANILIE~> OP ASCIDICOLOU:J COP~. eODS 

1 . Ant onnul es of nule not a l wnys prohens:tJ.0; commensal s; 
dorsal brood. uno or 5t h pnlr or l ogs p l a c ed dora nl l y o:r 

13 

t1orsol~~ ·tet'nlly . ..... .. . . . .. li • • • . .. . . .. ... .. . .... .... .. " • ••• 2 

1. Ant -ennul os of mal e a l ways pr•oh enci lG J froo - living ; T.l.O 
<lors :' l brood Pf:IO, !)th p e il' of lce;s von t r ul • 
• • • • • • • • • • • ~ •• _O;zo_!<;>J?_ql da £;Q.Q.~.ho~.t9!n~ .2121·9.DO.l§}.ltlfo~~· 

2 . Dors nl b:r•ood s ac; 5t h p ni r of l egs vent r al .............. 0 

2 ,. r ... nold ng cJ.o:rne.l brood s ao 1 oxt ornu1 ovis uos; 5t h pnir o:r 
legs dors al or lo.t crodol .. s al ••......• • ••.. . .•...•• ,. •• , • •'· 

3 , He ad U:}Ually well defined; o.n·iionnne ohort ~ s t out , jo:i.n to 
J:> eduoed i n number; 4 antr:n~lor puirs of' legs poorly <.lovo ... 
lop ed; 5t h pni !' of l egs rudi mentary .. ......... o •••••• • •• 6 

o. He ad not; v:ol l def:i.n e <l.t f us ed w:t t h 1 s t t.h Ol"::lc ic rJegmen "iJ; 
nntenn no modernto f3ize , lnany set ac eous joi nt s ; untennulo 
:t;)X' Oh ennilc , ending :'i.n s t ronc claw, mnnllor t han t"\nt onna; 
b ody cyclopo i d ; t ail G- ::1 oep~mt ed ; 4 nnt erior po.i:Ps of 
l egs cyc J.0pold , n.dnpt od for svT:ll!Ll1li ng ; 5t h leg ver·y sm~ll, 
b i nrticul nt o •• • • • • •• • • •• • • • •• • • •• ••• • • • ••• J:TO'l'ODli! LPIIY.IDAl.: 

4 11 1 or 2 free ovis a.cs on. dor s al sur f ac e of abdomen; t ail 
of 1 or var ying numb(>r of segments ; nntonnao nhort , t h:lck ; 
4 unt er:tal" p(drs oi' l ogs vory l' Oduced • • , •• ~ . .. .... . . ., •• ~ 5 

4 . An1iennue v0ry omo.ll ; ant ennul e s not p l" 0he:nsile , bl- m•tlc­
ul o.t o ; body shop0 vermlform, fttintly e ugmont ed ; t ai l 
p ooJ?ly dovolopod ; ·1. &n i;el.'•:tor pn:trs o.f l ersa l l:lpcr•f'oc t1y­
d ev el op o<l, r o.m:l r udir:tent ar y ; 5t h pe.ir of l (~gs ~; short , 
l at er al luppoi~ ~~, when pr e s ent ; co.udnl X'mn:t smo.ll, ~:lmplo > 
b lud<.~l:tke • •••••••••••••••••••••••••••••••••• Eirrt:noc OLIDJU . .; 

G. An t ennul os no t vrehonsll e ; body shn})O s egmonte<l _, ::m ti oY.:tor 
and post 0l' ior s eot:l.ons sharpl y U(;)llm:.t t od ; ~ o.nt or i or pni r 
of l egs uorc or l e s s rodu.ced; 5t h pu:Ll"' of l og o mod:lf':t.e<l 
support for ovlsnc; c audal Pnmi on <l l n s t !•one; , clnw-lUre 
s p i n es ••• . .••••••.•.••• • •••.•••. • .••••• , D01i1HYLLOPHILIDAi~ 
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5 . Antonnulcs s l ondcl•, pl' ehcnoilo; body ohapo GJ.cnuor, v cr m­
ifOl"m; :.mtor :tor nnd !)ODt cl~ior s0ct:tono not delimited; 
Gt h po.:i.l" of l ogs :..locl1f i od into .Lt-:\rgc l amellae covering 
e;oni t ul or en ; c~mdal r r..u.ni sl .. lplo , l a c1<:inc claw • • • ••• • •• 
• • • • • • • • • • • .. • • • • • • • • • • • • • • • . • • . • . • .. • • • • . • • • J\:>CI1)! COLj~D.A..i:~ 

G. 1\ntonnul c :J prohonnil e; , on<lin:; in claw ; body shnpo CtU'ved 
vontrnl ly , compressed, olwrp dolimi til'l[.', of nnt orior :md 
pootoriol' sectlons; tnil 4- so(71lont od; cnu<lnl re.rli w:tth 
f0\·1 oP l a ckinG soto.e, moy hnvo hoolrs • ••• •.• •• • DOilOPYGIDlJ!; 

6 . /.ntonnulos not prollonsilo , nr•mod wit ll si~aplo sp:lnoo; body 
f$hapo 3hort , stout, unoovuont od, mer el y hvod ancl trunl\: ; 
t oi l not dintin~~uishatlo or nbscnt; c m.~<lnl x•ruui nbscnt 
Ol" rudiment ar y • • •• •• • • ••• • •• • ••• •• •• • • • •• ••• BUPnon IDAl~ 



r,lillri'HODS AND PHOCE!Dtn1E 

Collc ct:i.q_n Dt'\to. 

Col._l """' 4· 1· on o.·~. S')C>O • ' t ~, J • h ov v .. 1. "' :wwn.s r:ran concon.,;ra ov.. c~nx•:t.ng t e 

por:tod fr•om July ~50 tlu,oue;h August 2o, :WG5. Since tho l at­

ter duto collecti ons h i'.V0 boon made nt least once n month to 

i;hc Pl'CS Emt t:tmo , All c~ollcci.;iona ue:t"o taken in Uorin County , 

Califo>."'n1.a .. Tho maj ority of \'HlVEi··c ant; spoo:tm(;mn W0l"'O found 

on the beach nt t ho u:rou knovrn to l' o.c:U':tc t!o.rlno s t at i on 

student ~; as Second Sl ed Hoad ( Pl ot e 5 ) . Ot her loose spooimonn 

wore r•ecoverod i.'Pom ·tho bench be1otl l'(~roh Hock an<l the r:ator 

n car Pelican Po:lnt . Attached formo wox•o t aken from tho or eo. 

around Co.E.>tlo Rock , l3oclcga Jetty , POI' Ch Hock and the wharf 

pili ngs nt ft1£.u>allo.l l 1 s o.nd Vil:loich ' s hnrbo~<'s ( 1.l'abl c I ). Soli­

t £U'Y asc:td i ans such a s ,Stycl a mon~£._OlL2,~Si~ we:t"O t o.ken i'rom . 
·lihe Castle noel<: orea. Asci<lia c eratiocles 8.nd C:tona 1.nteotinal;ls 

~~ ...... --·--.........-- .. - • . 'II' ----~ ..... -~-. 

wore dredc;ed from Tomole!'~ Bny. Ho ontorocol:t<ls or n.otoclol ­

phyid~~ 'i/0'1.'0 found in solitary forms, but t wo i'emro.lo l.wtx•y l­

lophili<ls wore encount cl"ed ,. 

Tho :l.ni tlnJ. collecti on wo.s of one /un~L'i.?oucitun cnllforn-....... ~ .. ~--- _ ..,.., ........ ~~ 

icura colony cn cl"Ustcd on n otipe of ~<l'-l~. sp. ~1ubsoquvnt 

colloct ion:3 wcl'C made a lonG the beach where the su:'}ply vrns 
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plent:!.ful oven dttrin[S high t :tdos . ~l'ho coll ections covorocl 

a number of nnc i<lio.n goner a (Table 1 ) . IIorTovor , it was fel t 

thnt d o:tu p rocured in f.mch n mann er Jtli ght bo inval S.d l>ocausc 

of t he poso;tbl11 t y 0f nbnor.;.anl infcot::l.ons a oquil'•ocl \'Jll:tlo 

dr i :Ctine or :tn n portial ly necrotic stuto. Con~oqucntly , 

colloct:tons .. r1cre . . made both of attnchcd nnd drift i l'l[; fol"ms 

of tho omue sp oo:1.0s . Compar:J.aons l' cvenlod idont i cal para-

sit:tc cond:ltlons. 

b'ntc:rocoll<l porus:t t es wor>o f otmd U.Ul":tng the ontil'o coll-

oct:lon p uP:tod . Tho:h" nu..abera i norcnsE:cl c.luring l nte Auaust 

and on.rly Scptcrabor , and ·then docl:i.nocl s hnr p J;y in October 

t hough tho nUl:lbora of os ciclians coll ected rc~nn1nod tho smno . 

Dlr i ne t ho l nttoi' part of August , howovor, inf oct:lons h nd 

oo :Lncroasod t hct it \H'l S p onslblo to ox.nmino a oolony~ln 

t ho fi(Jld with n lOx hnncl l enl:l nnd porc oive pnl"noi·teo under 

The notodolphy:tde woro f'j.rst oncountoro<l J\.u[iust 20 , 

lOGS . ~.nos J uno \'JorJtfalJ.. , of t ho Un:t V6l"Oi t y of' California 

ot Bel"kol oy , brought in o vwvo-caot spec imen of: £qnar ou.Q1U!t! 

nolidum . It wno vory hon vi ly pcrns:ttizod with notodc l phyi ds 

t n all s t ngoo of' dovol opmont . IJ.'horoof·t cr until oo.:.."ly October 



notoclel pllyids wel"e encountered i n l &rge m.unber s . Tho fi:rst 

collec tion in No vember ~nd subs equent collcct:tona , howev er, 

fa1.led to reveal any infections ~ 

Col lect i on of t he uni denti fied pal~~aite was begun 

August 18, 1955 ( Plate 4; fig 3) . Herotoforto tho writer may 

have mistaken those copcpods for the nutrient masnes cnoount ... 

ered in t h¢ uac;ld:tant ~ncoiAunt pa:ruf'ustia.. Th0 pa!l~sitcs 

wer e v ery much 1.n evidenc e unt i l e arly October whon the in ... 

cidel'l,Ce of infection t oolt a shtlrp clrop (Tabl e 2 ). None was 

found after November~ 

~aborotor;r :rechniguOE. 

One of the 1uo.jor probl ems fac ed in tho l aboratory VlflS 

t he extraction of zoo-:tds from colony masses w:l.thout damage 

oi ther to the frugile zooid or tho omuller puro.si te within. 

Li ght (1954) advised t h e uso of forcops to pull gently t he 

zooids from the test. Th:ls vms tri ed , found to work well for 

z;oo:t ds without n pos·c ... nbclomen1 but wus inadequate fot• tho r o­

moval of .Amm?ouc i\ml spp . zoo ids, where t he post-abdoraon malces -
up two ... t hircle of the total body l ength (Pl at e 6 ). Further­

more, the wave-cas Jc specimens were partially disintcgr atod 

~md the pulling only served to break muny zoo:t<la . In some 

as oidi o.ns ( e -e . ,Polyclinum Et.~UJ;n ) with a tough teot , the 

method was useless . 
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A s econd met h od Yras t he squoezin[~ of tho entire colony 

i n n bm·Jl of soo. wnt or . It raw f ound thut pcl"'.n:lttin(; tho col ... 

onion to romuin i n aroa tod aquarin f or t wo to Uu"'oo hotu•s 

bcforo oquooz in[; has t oned the libc~rution !'roces n. '11hc chcnse 

from t ho n nt urnl hnb:ltnt t~o t he confinoo o f the nqu m"ium 

soomcd to loosen tho t (;fJ t surround:i.n.,; t ho individual zoolds .• 

'l'ho t ime l:"'oquired for loooonin{J, hoYFOvor , Vm"'io<l \'Ji th diff­

Ol"ont s peo:les . ~nroucium s ·pp . wcx•o onsil y extracted :1ft er 

a llulf ... houl" , '.'lhllc tho 'vent of Pol:£_£1~d spp . nnd ~s·\;odytos 

lob o.tus :roslnt cd any SOl"'t of nc t .ton up to t \'Icnt y-four hom"'n . 

: :rtor co!.lpnrison. of tho above mot hods n maos-rc1:1ova1 

t echnique wo.e evolved . Tho op coir:tcns wore p l ac ed in uqunria 

nnd allowed t o :.."'craoln f or from ono to oicht hotu•s . ACtor tho 

ooloni$1 tout had loosened sui'fic :tontl y , the spec imen r1os 

uno hod ~.n f 1.1 t ercel s en watt-l:' und r:;ontly s quoozod. into a 

bo\',tl contnininc fil t crod son wnt or . 1-'iltcro<l ocu nat or wns 

used to elin innto chnnc oo of othor non- asoi<licolouo c opo­

podo b cin6 uisus soc:t~ted with a c ivon spooios or asc:tc1:lo.n, 

Prosouro \la s o;cortod on t ho colony i'l' OlJ all Didoa , u ncl 

the zooid s litcrnlly 11poppodn f r om the col ony t os t . Dmnugo 

t o so.ac zoo ids was uno.voldnblo but, wi t h prnct:tco , t ho writ or 

WUS ablO to l OW Cl ' tho i n oidonc o of injury • ri'hc COlony \'lOS 

chcc~:ocl fro·ul t ime to til1tc wl th o. h::.md l cnn . fi.S many l1S fift y 

tJclnll 01.1.lturc diohos contn1nin~; f':lltored oen vul.t er wore 
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placed on a t able. A:t:ter t he mass of liberated zooids 1;1p.d 

parasites was alJ.owed to S{:)ttle; fot\r or five drops of' the 

me.tel"ial wer-e p l aced in ench of t he culture dishes 11 The un ... 

avoidable mashing of ascidian tes tes and the at·t;en.dant :t> ~ ... 

l<Hl$ e of sperm~ tho bl?ealt i;ng down of the colonial matrix and 

the fragmentation of aomo of' t he zooids necess;i.tated limit ... 

ing the amount placed in each d1sh, Dilut:i.on of t he masa w:i.th 

sea vrater provided t he obse:r?vm.-. vlith a cl~ur view of ~ooids , 

copepods~. mi:tes ,. muph:tpods and other organisms presen-t . 

!n oome colonie s, v1here the pa.l"na i tes could be seen 

with tho hnnd l 0ns 01~ naked eyo., t hin s lic E;Js were mo.do ;! both 

pa;; .. all el and pevpen.dicu,lar ·to the long a.x:ts o.f the colony. 

These sections we;r•e t hen exarn.1ned under transmitted and re ... 

fleeted lights . The contrast of the relatively op~que body 

mass of t he paras ite ·with the trnnsparent zoo:tcls f ac:tlitated 

detect i on and romovnl . Parasites could ·then be easily l:IO"­

moved vdt h a probe. Although some pwe.s:ltes wer e dm.o.o.ged by 

the slicing, tho method pP.oved invaluable fQ~ cursory ~x­

ruu1na.t:ton of t he colony ~.md obseJ: .. v·a tion of pa:rasi tes w:lthin 

t he canals. 

Parasites found free in the watol .. were pl o.c ecl a;pe~t 

from t hose st1ill within the colony or zooid; so that the 

pattex~ns of behavior coul<l be observcvd. The an:llno.ls were a lso 

segrega ted e.coo:t"dh'l$ to; (1 ) ;family , (2 ) possession of o:l:i t -
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ach ed egg onp sul c s , (3 ) s·iinco o1' development cmd (4 ) oex . 

Attc·mpts W(...:r"O mado to r om" t he 110U!,)l :t i of nll Gr oups , 

but wi t hout succes s . l~:lthcr l abor a tor y c on<l:tt i ons wcl"e :tni ­

n:t cul to no1~mal d £>volopmcnt or some onvi:l."omu<:mt ol f cc t ol" was 

l ook :tnc; . Nnup l i i n ol dom 11 vod lonf.jOl" t hem twenty - f our hours 

ancl no molto wore obs erved. 

Hoot pr os or vod spoc i :ncns vroro f:lxecl :tn Bou:ln ' s w:lt h ooa 

wotor . Aocordi.ng to Dx). I l l g , rtlos Po.tl":J.oo. Dudl ey , Unl vors t ty 

of Wash l nc ton r oports t h nt ilou:ln ' s is v or•y c ood f ox• sect:t on ­

in£~ but r ocommon<ls shor t f'lXt:\t lon of one to u few hours , 

b cfo ro t r ans f el' Onoe t o al cohol. F'or k ill:"Lnc and f:l xinc; ru:ry 

smel l cr us t nconn Gr ay ( 10S4 ) s t nt oG, 11 lt is how over r:tu ch 

oaoiol" to :t<.lr.mt i fy s p oc imons i f t h o:l.r npp cndnc;cs nro pr oporly 

s :)r0f1cl ou-t , nnd tho \'Jr :l. t er 1dlls crustnc oan n oi t hor with 

'.'/Oak alcohol or olllorof or m. , a for~ dr•op :J of' wlli ch ar c sp r•i nk­

l ed on t h e surf'a c o of t h e wc.t or . Af·tor dropp ing )~o t~10 bottom 

t hey will b o f ou nd to be f l exi bl e , nnd may t hon b t': u...,:.•angod 

more or l os s :J.n tho Ol"d er r oqulrod , and 95j; olcohol c aut­

iously dr opped on t hen until they hnve s t i ff on ed i n 'i.;o posit• 

:ton . Su ch s p ecit•wns J:wy t hen b e t r ansf er r e d t o a t ubo of 95~ 

nlcohol whor e t hoy wil l r•ot::1in t h o l"equir cd shap e un t i l nood­

od for mo1.mtinc; . 11 IlJ.r; r•c.:por ts oxc e:U.ont ro~n.tJ:t o yJ:tt h the 

0 bovo nwthod , nnd f urt her c uu:l:i:lons nga:i.not ;cylol, ·0olu.ol, 

an<l other cloul ooholi zor s wh i ch r en d er mo:t er in1 d es t ined f o r 

d lssec 'c:l.on too britt l e f or Lumipul r;l t i on , 



COJ.1POU1TD l.HD SOLITJ~l1Y U3CIDIAH~.> 

Van, lTm;w (1H45 ) <11 vi<.loa tho n~ c:t<lions mor~)holot~icolly 

in 'Go t \'IO e;roups : the soli t c:ry on<.l compound aocld:lans . rl'ln 

ooloninl or oomr>ouncl fol'lllG r eproduce both so:~unlly and by 

bucl<ling . Tho soli tu:r·y or siL1p1 ~..~ f orr.w , u h :lo!1 Pro uounlly 

1:1uoh l !JI'&;or t han tho indi v:tdunls of :) colony , nort.mlly <.lo 

not bud. 

Soli t ::1r.y anc id:tnno uro t ypically ooc- lik o orgnniou n, 

rnnelnc fron lO[;Q t hm1 :m inch to two or throo inches in 

cUrunot 0r n.nd covorod n i th o t ough protect! ve tun1c uouully 

ref'o-rre<l to as tho t eet . 1fho innel~ orgens o.ro COlill)lctcly 

SUJ:' l .. oundod by u membl?-anooua tis tJuo or mttntlo , wl:l.tch~nru.rcs 

nos ~Jtb lo t ho r omovnl of tho on tiro body fro1a 1-tr~ t 0nt . With .. 

:tn t ho s o.c-J.:U<e body is a opnc ious cnv:i.ty , VOl'Y c.lolto n.to in 

nppenronoo, wh i ch io t he phm;•ync;onl or rospix•ntiol"Y portlon 

of t ho GUt . It in lvormod the br•s:;nch i nl snc . On the ventral 

nspoct of tho bronchl nl 3nc io .found tho endoGtylc , o. ciJ.1-

r> tod st:s:>ucturo t hat Ltovos t ho food postcr:torl:r into the 

esophncus . 1i'hc otoii1UCll , intos tino c:mu rcct u.lt\ for.il n u .. ohapod 

tube torm:..na t:i.nc. in the ntl"ium. Tvto opon:J.ncs in tho teat 

por~.li t the flo\'/ of' wet or into the phnr;yn .. -x oncl out of tho 

ntr:t u.:-11 . ~l'b.ono 01><.minr.:;c nro t or'ln<.,d t~he Ol' Dl or branchinl ap-



.22 

ortm"O and the atrie.l ap~·rtm?e~ l:'espectl vely , r.Phe bl"Pnch1a1 

apersrbu,re marks the antot~iol" end ot th~ body 1 while the atl?.:lal 

:lndica-tes the dorsal side. 

The colonial ;t'o~ms conaist of mo,ny individualfJ? c.a.;LL~d 

zoo:tcls ,. clustered together :tn n C<;>l:11l1lon raas:s ~ They ore i m ... 

bedded in a nu:rcrix~ secreted by the individuals , with ·the 

e.tr:tal aportu:t"GS of :tnd:tvidualN opening in common cl oacal. 

Cfitvities or canals wlu.ch run through tho colony te~rt , con-· 

noct:tng with large surfac o openings, ·the common oloacnl apo1 ...... 

tt.wes . ThE:J morphology of the ind:l'V'idual zooid is essentially 

the same as thut of the aolitary a.sQ~.d;tan, v-Jith tho dif'i'erence 

that the body mass is d:i.V':tded into distinct r egions: tho 

t horax., abdomen., and in the Synco:tdue ~ the post..oabdomen, 

Which is ~\ long tul.)O containing the gonads atld pu!"t of the 

circulat ory system (Pl a t e 6 ) • The heart of tho asc:tdian~~. 

t ubular i n for1n, is situated :tn the po.s:r!;erloi' portion of the 

body and i s able t o r•everse the d:trecYb:loll of the bl ood flow , 

so tha.t blood vensols serve a.s bot h arteries ru1d ve.ins 411 In 

the Synoo:ldae the hem:>t :ts ai-tmated at the very ·i;ip of tho 

post- abdomen,. 



FREE- IJIVINQ AND PARASITIC COI'EPODS 

In a c~nparison of free-living ond parasitic copepods , 

ono ia impressed by th0 degeneration of' the uppondo.gos . Tho 

swlrll."ll:lng o.ppondngEm nre mor~ or l E)ss veduce<;l to stumps which 

may be incapable of locomotive function. '1\ho op ine s nre re­

duced :ln. number and sizo, Tho thoracic o.ppondngos ure es ... 

poeinlly abbe:rent ~ The body segu1onts :11 .. 0 enl ar ged, in oome 

species . The progressive change, eopeciolly ln the as c1d1 ... 

colous copepods) is from u sw:tnnning modo of locomoti on to­

word. a f'eobly crawling one . Indeed, some fol.,..ms seem to be 

:l.rmnobile. Thir; is especio.lly true in the femule speo:lm.ens t 

whioil. spend most of their l:tfe cycles wi th:b1 the host, ab­

sorbing food paX'tlales from the steady str eam of water , It 

mi cht be significant that the size of the individual o.soidinn 

can be oorrolatecl wi'l:~h the locomotor fu.nction of the :female 's 

appendages. Members of the Doropygi du0 and the l3o-t;rylliphil­

:ldae 1nhab:lt i:ihc l~re;er , solitary ascidinns , while tho E'ntoro-­

colidae frequent t he zoo:l.c.ls ond test oi' the compound forms . 

Tho tho~ucic appendages on the Dotrylli philidao seem a~nost 

normal when con1purcd w:tth those or g::r,clp.Jl~, (Pltrce ? ) while· 

tho omne structures in tho Enterocol:J.doe seem co.publo only 
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Tho shapes of t he body segmonts s 0cm to f'ollow an 

:tntraphylot:tc cht1ng~ fr•om the oond:tt1.on in C.~QJ.o.Fs. to tho.t 

of t he Ent oroco11dae and thon t o thnt of the no.todol phyids 

and the dodopygids w11ere some thoracic segments or o expanded 

to fOl"'ln a dorsol brood p ouch not f ound in t he other nscidi ­

colous copepods . (Plato 31 fig 3) ~ 

The apparent degeneration of th0 sw1ntning appendages 

of the b'ntor ocolidao when compar ed with t hose of Doropyg:i.dae 

may be corl"<::>la t ed wit h t he l?.t:tb:tta of ·i.iho Doropygi·dno , ·whi ch 

Ol"O able to move ~1bout freel y in. th0 fn:l.rly l ar ge bv o.n.c hi e.l 

sac of t h o solitary a s c idians , tJh ile the ent erooolids inhubi t 

the n arrow oloac nl canals ru.1d vis c evo. of' the compound species . 

I.ong , ~l:>nled appendagC:Js would be a. liobi11.ty ;in this o1tua tion, 

In some notodolphy i ds ·chc ~.nvitmninr; appendages ure reduc ed to 

more fl a!-1a of t:tssuo, soemincly i nc upo.bl <> of any locomotion. 

(Flute 3 , fig 2 ) . 

' 
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l 1Lsonn)lrron oF Pf'Hl.~ITI*3 
• 

Body l ength 1 . 9 mm . , ttidt h Q . 38 llll:l . Body color l:lillry 

wh :i t o with brown h1tos-tinG and t•ocl ov:luuc·bs • Hnupl:/.1 br:i.t;ht 

(Pi G l . ) . Uroso::nc wit h bluntly lobed cuuunl Pfltni , urmcd 

w1:i;h one 1nterol soto end. onu cp ino ouch , eul"VC<.l pootoriorly 

(Pic 0 ). Vir::;t ·i:;o t'olU'"th logs l>onr ~~wd:ton, bil' arno ufJ lob en 

o.05J 111m . lons , united with o curved dlGitif'or.r.l ramus o.or; 111m . 

1on_r~ a r med w:l t h t\·to clG.\'W, one Oi' :lcnl , one prox imally untoriol~ 

(P i t; ·1) . Fifth l ee;o located <lorsoloticr al ly nom" fourth puir , 

r onnded l ob co -u·ea.:t>inG np:lco.l oo~li o. . /lntennul oo 0 . 0 "1 uun. long , 

short, t h ioL:, 'bom .. :ltl['; s cvur ul ootcw. 1\ntonnno o . o~j 1.1.m . louc , 

t hroo-jointod, wi"i:;h s ho1 .. t apic nl opin0 (Pi e 5 ) . Pa:trod ovi ... 

ducts l a. t ornl nnd pt)rallel to 1ao<linn :i.nt:cst ine. ...Jxt or:nnl 

ovis ncs 0 •. 6 .tm. lone ut t nchod J.o.to:r.nlly , postor:lor to fif·lih 

leg (Pi g 2) . 

Tll:ln nniw:~l , ll~:o o thora of tho G Pl:lO gr•oup , occupied 

t he c on nls throu:~:hout t ho colony t eot . \·!hen diss ected out 

nnd pl ncecl in a c ul turo dish , tho :.:m:tmol was Ct1pabl o of nomo 

f'orwnru mo"~romont on on un<.Jvcn surf :..1c o, but loco)aoticm wa:3 

greatly r ot ardod . 



Severnl animals woz•o dias9cto<1 out o1' colon:tos and 

plac ed ncar or on tho exhalent opon1.ngs • Vlhon placed o ver 

tv1o c ont:l.mclters away from an ex.holont opf.)nlng the~r mode 

clnvllng motiono and f'innlly collapsed on the surface of 

the tos t , Otherwise they en·corod tho opcnin[; nt onco 
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and progl'•es~1ed into ·bhe center of tho tost , 'bowing the egg 

cnsos behind t hem, 'rhcJI· oocmod to have no difficulty pi-lasing 

through Jche cm1nls., even though at times the ee;e; cnpsuloo , 
'• 

quito firmly attached to 'iih0 eonital segmon)c , '\'/0!'0 longor 

·chan tho onlmal itself . In some cc.won, hor10vor , a slight 

pro~1suro on tho t ost of the colony '''ns onouch to aevor ih.e 

an:tmal from tho ogg capsules ~ 'rh:ts a c·bj_on vrno only obs eJ•ved 

vrhorc tho developinG nnupl:t:t hncl roached u st age where tho 

eyespot, internal structu.rcs o.nt'l. appendages wo~o visible , 

Egg c apsules- in early stacos of dovoJ.oplnent\'10:t'O re"tErined 

in spite of presouro , lfnuplli w~re observed hatching both 

in ct.ll·turo dishes and wi th:tn tho tost . Whon hv.tchcd in tho 

tost , naupll:i i llnned:tatcly moved off through the cnnals . 

Animals v1ere also found in tho zoo:lcls . Here thoy occu ... 

pled any of several p l nc 0s: poot ... abdomen, br>nnchlol sac , :ln.­

tcstlno Hnd utrium. 1llfley rre:t•c found in all stages oi' develop-

mont including fully mntu1,e parasites with egg capsules , In 

such cases the p~1rasite an<l egg c a:Jor; filled tho cntir'o post-

ubdomon. Specimens developing in tho bt>anchial sac pl'"'o .. 

j oote<.l oeG c o.sos out of tho ntrinl uportu:r'o , \'lll:l.lo those 



inhnb:i.ting the atrium proj ected them f rom the crtr:tnl opon-

ing . 

The mu jol"ity of spec:tmonn were found in the tip of' 

tho post• obdomen . This region, near the heart, was pl,obnb ly 

a rich souroo of nour:J.shmont . Porty- sovon fomeles , when 

sub j acted to a s tl"ong b oara of lie;h t , clawed tlwir ways 

out of the post- abdomens or brcmch ial s ~os . Spec:tn10ns 
\ 

k ept in the d arl:: did not o::r •. hibi t su.ch a nosoti ve photo-

troplsm~ 'rhis nvel" r:.don to liGht r1as not o.o pronounced in 

t he other ontel"ocolltls , but fema l es still a l owed t ho:tr way 

out of tho zooid. Thoy somotimeo took tho ems co.ses with 

t hem, ond somet:unes dotuched the c asas , moved to tho poster­

ior ond of tho nbdo:non and c l o.vrecl their '<1D.Y out . 

Th in acti on of rupturinG tho zooid ' s body ·to ()nin 

ex:l. t was observed repeat edly. l!.:merg:tng J~ntorocolicl ?¥1 

seemed to bo nccolor~ted by the strong l iGht , but tho other 

ontorooolids r eacted :tnd.:lfforon"tly . Over ono htmdrod zoo ids 

wore found with mature ogg capsules in t he post- abdomen or 

branch i a l e n vi ty . ~rhos a eggs wc1, o observed hatching within 

t he zoo1d, nnd the naupll i l eft t he host th.rour;h t he atrial 

and oral npcrturos . IIatchll:'lB was obEh:.;r vcd wi·th.in tho p ost ­

abdomen, and tho naupl i l l eft the host zoo1.d and radvod off' 

through tho c anals . No mnloo wore encountered. 
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Ent erocg.lid 1/.2 .. ( Pl a t o 2 ) 

Body 2 . 24 mm. lone: , 0 . 40 nun. w:J.do , CUJ:>vcd do~sally, 

ver m1f oJ:>m in app en.rance (Pic 1 ). Colo!' opaeu~ whj.to with red­

dish spots th~our)1out medi an a.t•oa . Oviduct s purp l e ; ncn~pl:I.i 

l aven der vii t h l"ed eye- spo ts . I.1ot osomo tmt:;egmontied dor s ally , 

urosome not dofin~:td (J?i e; 1 ). Caudal rami 0 . 07 rum . lone; , dig-

1 t lfor:m, beari ng tv1o l ong , up icnl spin os (Fi g 4 ) . Fi rst l og 

closely applied t o mout h pnl."'ts , o.o7 mm. long , ono- jointod, 

b i r runous wlth very s hort ant erior c l e.\'/ and bluntly point ed 

pos t m":tor l obe (Pi g 3 ) . s ocon<.l ·co f i f t h l oe;s blr amous , ant ... 

erior r,umi o.oo6 nun. long, cln.wl ike ; pos t or :tor rrunl 0 .01 mm . 

l onG, rounded lobe un:ttod Yl:'l. t h llted ian1 b1.r amouD lobed l alllinao 

0 . 02 rom. lon(j . {I•':tg 2 ) . Oviduct s dorsnl anl1 pur nll ol t o 

mGdinn intGst:lnc. 

r.t'h i s f orm, l ilirc cntcrocolid //1 , was encount ered i n tho 

c loac al c&nal s o.nd :1wol ds . A few ani mal a \'Tor e enc ount ered 1n 

tho nntrium ~U'lcl bl~~nohial c uvi t y ~ The s ize of' the mat ul"O unl -­

n:w.l VJns , i n tHost ens eo , smaller t han the dlumet or of t he 

c anal s , and l ocomot ion was limited t o tho action of t he l ogs . 

Locomotion wun not as l"ap:t d as :tn //1 . Thi s animal was found 

moot f r equently i n the pos t ... abdomen .i n devel opment al .st oges , 

mat ure 1.ndi v iclunl s occupying t ho canal EJ. Attachment of the 

ext ot>nnl eeG capsul es \las r a t her tenuous . I"emul 0s v1ere ob ... 

se1~vcd clawi~s the ir way out of ~woids , :tndiffcr ont to l i Gh t . 
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Aside from t he.se ohuracteristics , they resembled enterocoli d 

lf.l in m.ovetnel'lt and habits , No males were encountered. 

Body somewhat compressed latt~ralJ.y , cttr~Ving v·entrally; 

2 . 50 :mm. long , 1 . 25 lmn. ·th:Lck (Fia; l ). Color patt ern va~ied; 

some with b J?QWl l i trb.cstine s peoltled with gold :~ lima green ovi­

dttets and b'~lght gr~on nuupl i i with rod ey~spots; crbb.<?J?.s 

w:i.th brlght pwplc tntestine, y ellow ov:l,ducts ond naupl:t:t. 

Other portlons of' body al ways miJ.lcy white" Metasoro.e unseg ... 

mentod d(.>rSally, formi-ng a brood pouci1 f~or eggs (Fi g 9 ). Uro­

some threo ... segmentiad~ with two caudal r.>arrli ~ Caudal l?fmti. 0 -.15 

uun, long " l ow# rounded lobes ,.. tlJ.'Ttled with V¢1.'Y short hook or · 

spine" (Fi g 3) • li1irst th:t>ee pairs of legs 0 . 9 mm. long~ v ... 

ahailill.i, flabb;L :tn. appearanc~ covered \'ti_t h setae {Pig 21~ 

F'oUl"~vh pa:lZ? nlso v ... sho.ped., one-third smaller . Fifth l t1g 

minute or P-bsent*' Ov;\.<:lucts extend .full l ength of pody1 lat­

e~al and p~rNlllel to median intestine. Egg siz~ p:r•og:r.~cssively 

l arger i;owo.rd poster:l.or end·1 w:t"th egga emovg:tng lnto brood 

pouch~ Lm•go tm:i.(;1ontif1od r ed s phel"" O :tn nnal Pegion., 

Female notodel phy:tds wel:le found inhabiting the cloo.c, a l 

canals and zoo:tds of ·the throe local species of ft .. maE~2.i't~ · 

The an:lnwJ.3 VTere found in ·lJJ:1,re~ def:J.n i te locntlons t hrough­

out the colony : :ln. cavities on ·che ~Ul"foc o, :l.n ·t;he coramon 

cloo.oal cc.nO:ls deep 1.n the t e s t , and in the post ahdoraen of 



of the lndividuul zooids . Tho mature forms woro found only 

tn tho surface cnvltios, the imnwturo specimens withi n the 

cnnnls , un<.l early doveloputental stages in tho zooi<.ls . 

Tho mnturc spoc:tmons were covered by a t hin sheet of 

the teat and were e asily rer.1ovo<.1. 1l'ho animals di<.1 not s eom 

to havo tmy par'tlculCll"' orientation to the host (\:J reeords 

the canal opening into the surface c avity . 'l'he only Motion 

obscl"V0d was a slor1 flE>x:lon of ·the body und perist altic 

motions or the gut . 
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'rho :tmrao tul"e s p ecimens wo:t'O olos0ly Sill"l"'oundod by the 

walls of tho common cloacal c anals . JJuc to the lacl~ of setae 

or sp:lnco , it in diff1.cult to undorstund how tho:~o t1n1mols 

c on c.Uc t heir O\"Jn oimnls , ol t houch they may possess on~ymcs 

·that a impl:lf'y t he t l:'lolc . Foobl o move>Jno.nt throu(5h tho canals 

800'.i:'!ls t~o bo acco;:npl:l3he<l hy prossu1.,0 of: tho body r.tnd rud:t­

~aontary appendoges o.r.;u1.nst tho wnlln of tho cnnnl . It \'!!\~ 

noted thot tho immntu:t"o er.)ocimons were mol"O nctivo them. 'cho 

sul"face-:lnllnbitinc forms . 'rhcy <.l i <.J. not soom to be able to 

crawl olong the flnt ot.n:~ruc o of n cul turo <lish, bu;[j the move-· 

monts of body flexion w oro mol"e v:te;o1?ous und rn lid them. in 

t he mature an .. lC\ls . Organs in tho juvon:tle cpoc:tmons 

woro develop i n[; , the oviducts nppenrine no t l dn c roon linoo . 

The gut VHH3 tho only lt)ree, cono:)icuous organ ln the body . 



Developmental stages above that of tho nnuplius were 

fo~md in the zoo:tds • Specimens were found in all s esments 
. 
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of tho post-abdomen. I n d:troc·c contrnst w :t-i;h t h o ontorooolids , 

these an:l•nnls we1~o not f ound ln the bro.nohiol s ac or :rcomo.ch. 

The charo.ctorlstic dol~s nl brood pouch identified those de-

vc l opment al fo!'ms ns bolong ina to tho notodel!)l1Yids . r.1ove-· 

ment :ln tho::Jc small er ani mals wua very r ap id <.lue, apparently , 

to rapid fl exion or the body. 

Reproduotlve processes in the f emal e wore osp oc:tally 

notovro:t~thy . Tho eggs emerg ed from t h o oviducts into the 

<lor s ol broo<l pouch. Development of the n aup llt1.s within t ho 

O(m Continue d Ullt:tl the OJ. OSpot, in·ternal structures and 

oppendngos began to appear. . r1'ho ln ... ood sue cont ldnod, on an 

av oro.g o, fifty to ::w venty-five egcs Rt t1 t jJlte . Upon cm:1-

p lot ion of :l.nto1~nal d evelopment tho nauplii l'~Upturo<l the 

thin membrane of t ho egg nncl moved fre e ly t~.bou·t in t h e bl~ood 

sac. ll.s far as could be observed, -'ch c nouplii b ehaved us do 

al l t~yp ico.l nnuplii . Loooraotion woo :tn ~n ~nterior to po at:­

er :J.or dir~ction, along tho :tnter:l.o1 ... , ventrlll surface ., \Ji t h ­

:tn o p eriod of not l as s t han f our hour s , observed ln over 

t h irt y such p atterns of bohav:tor, tho tHlU:ll Ll clustered a.t 

t he posto1•:tor end oi' t he sac , Dl.winc; t h1s acti v.lty the en:l ­

mnl h nd continuoc.1 to s l ow, methodica l flexion of its bo<ly . 

This f l cx:ton , fir at ventrally , t h en dor sally , b oomrw more 

rnp i<l . The urosome , a t t ho ho:l.[) lt of the v ent r a l flox:J.on , 

showed a tendency to b ond shl\l"'p l y i n n dors ol cl:lroct i on . 



Whc::m n ma jorit y of the nauplli ha<l gat hered in tho 

po!J"borior portion of the 8ac, fl exion occnme vory rap :td cmd 

finally , with u convuls:lvo .jerk tho urosome was folded 

shJU'})l y up ag~"lin3t tho ventra.:!.. ou.rfnc e of t ho body. A 

pore appeared at tho junction of the met ~.nome and urosomo 

und th0 ha tched nauplii vrore e joctcd. 'l'hoy were ejected 

in Gr oup s of f:tvc , ten o.ncl t wenty o:t o. t :i.iUO unt :I. l oJ.l.lont 

all t he hatched nuup li5. had been r el e o.sed. Several hatched 

n auplii that were in t ho antor :l.or end or t he s~w crt 1:be t:tmo 

of rel e ase moved immediately to tho p o1'' 0 v1hen r ol co.rJo oc .. 

currod.. The an:llUal t hen st.ra i e lrtcnecl 1 ts body nnd :t'0St1rlt cd 

fl exion . ~~ho numb el"' of t.mhntched naupl ll e j ccted wi tll tho 

hatched onea wo.s smull . Development of those no.up ll:l. con­

t:tnuod , end nnothm• J~oloane wo.s observed seven hours l a t 0r . 

This CU!'lous Pl"oceos was vi owed \'/l t h s ome scep t:tc:i.sm 

at first , f or it wus t hought t hat , perhaps , t he trans:J:c;i.on 

fl"'om nat ural hab:ttnt to J. a.borutory cond:i.tiono mi ght have up ­

set t ho delicate mechanisms of hotch:tng and relouoc . Ho·aov er , 

t ho following facts shod some light on t he v o.li<lH;y of the 

:tnter pr> et at t on. In over t hirt y sp ecimens possessing wo.turo 

n o.upl1i :tn tho brood ::;ac, h a tching wus obsdrved w:tthin o. por­

lod of from throo 'to s even hou1~s nf·t <.~r r•omovo.l from the asc:ld­

iun. E1.ght s pecimens went through tho s nrac !Jroccss \'h1.le 

s·i;:tll vd.t hin tho surface c o.v:tty _, the no.uplii bcin£5 ro1 0usod 



into tho cavity and :tm.mc<.li atoly scuttling out of s:tgh·t; into 

t he connnon cloacal pass ages . Mm:•oovor J Sl>ec:tmons \'Jero ox-

illllinod in the :C' iol<l nn <.1 the nnupl il could be s oon dat:~hinc; 

b a cl-: o.nd i'o:r•t h in t he sac. 'l'he releas e of t he young wns 

always followed by a pet~iod oi' s low body f l exion before t h o 

next release . Gr ay ( 19~53 ) observed ntunbcl"'B of Ii~9.0I?hil;!lfi!. 

roso:v-u.lu l ayl ne; eeGs in gr oups of t wo un<l t hree. Tho eggs 

v;er e unha tch od . This met hod oi' egg- l aying and release of 

you.nc from u brood pouch is mm"ltodly o.typionl of ·the ~najorlJcy 

of oop cpods whlch bear ex·t ernul ov1sl.lcs . 

It is slcn:lf icont t hat t h i s s occlcn of' notodcl phyid, 

unlike t h o entoPocol i<l::J , UPl.Hlr ently nr cf ers 'Go do~)o s :t t young 

:i.n t he surf ne e c o vi t1.os , :r•uth er t hnn l ny e[_l;gn 1.n t h o zoold .· 

A rom;<;>n f or t h 1s s ct:ll:t r-; evident. . 'l'h o nauplii, upon rel ena o 

l mmedint ol y ent er tho cloac a l c nnals , n~Jrwrently i n s enrch 

of a h os t zooid . While n au;Jlii of otho;r> cop ep od$ mature 

with in t he zooids nnd t h en l oy C(:;GS w:tth in its body, this 

notodel phyid attains ouch uize that it would ruptuPe the 

~ooid boforo it ( the p~n·usito ) c run<:l to maturity . Ho mul es 

were encounter ed . 

One pnr osite not identified to f amily VHl S a \'Jh:tte , Olll·· 

or···)houo :C o1~m 2 . 56 1nm . lonB , usually as sociat ed with lunarouc -· -·---
~ s pp . (Fi g 3 ), devo:td of Identifiable stl,nc"ttu•es . Tho 
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onti1")e mass was 1rrogultu•ly ovoid in form, with many pro 

j eo tine; lobes . The body moss was moro ol" leos filled with 

developing eggs . l:'oirod ogc c apsules wore attached to ono 

end of the Hn:tmal . This aniluol wns found in all sizes , from 

e. small wh ito llHlSs without egg c opsuloo , to the f'v.lly for.med 

a.n:tmal wj_th pu1rcc1 egg cases (Fie; 2) . .After tho 636 capsulos 

ntta:tnod full size the s:lzo o:t the un:tmo.l seOliled to decrease . 

Tho animal oocup:led a pos it:lon across tho s tomach of 

tho zooid , projeot:tng into the otr:lum, al though n few ani ­

mals were fcnmd in the ntl"ium :)repel"' . Each vHuJ covered w:i.th 

a t hin fold of tuni c , easily dissected out , oxcopt f'or tho 

point of nttnclnnont to the 0[';[5 C 8 !)SUlO (Fig 1 ) • 1\'c t his 

point diD8cctlon was ilnposalblo . Tho egg Cclsos pro j cc'cod 

into tho otrlum, und t henc e into the brtmoh i ul sew; when 

fully develop ed ·t;hoy f:tllcd the hranchiol cavity . Unt chod , 

tho nuupll:l emer ged from tho bronchinl nportm•e . 

•.rh :is ani mal w ao foun<.l :tn e;root numb cl'S during t ho mid­

cllo of .August, 195t) . It bec ome so w:tdespr cnd runone 1\morouo­

itun s pp . that the s urface of 'che colony seemed to bo speckl ed 

with wh:tte. No J'liolos wore encountered. 



DISCUSSION 

The l :l1'0 hist or y of nn o.sc idlcolous copepocl i s a cliff :t­

cu l t 'thing tio c1emonntl'~ ate . 'rh.c absenc e of molos , fai l u.t>e to 

rear naupl l:t and nbDenoe of s ovoral stuges :tn t he l i fo his ... 

to:t>y c l ou d t he pictu:t•o. 

Ctlllttan (1908 ) bel:teved th~1t entorocolld naupl ii a.c ... 

·t:tvoly swwm fro1n one host to another• in u:i.aomination of in .. 

f'ec·t; :lons . · Devclopr.aont was bol5.evccl. to oocw v;:J.th:ln tho zooid 

ctnd• when aeA.'Uully mn·Gure, 'tho felilalo l e:rt the zoo:l<l, ma·ced 

and returned to a host zooid ~ The eggs vTel"0 presumed to be 

e1.t h01 ... l eft in Cf..\psul os in the ht~tmohial c o.v:tty of t he as ... 

cid:tan unt:i.l hatched or abandon('}d in tho cloacal canuls. 

The WJ:~iter encountered enttn~ocol:lds freo :tn tho canals , 

i n the branchial sue of zooids , the stomach ~1nd post-.ab domen.. 

Ho.tch:tng was obseJ;->ved in all oases . lJ.'h.o naup l i:t , w:l t hout ex .. 

oopuion , se~ed unable t o swj~ except f or shor t , abort ive 

j er ka t hrough the wat ex> ;, but w<n,.o o.bl e to scu t tl e ovor t ho 

surface of the col ony t o an excur ront opening . Thoro t hey 

would des c end int o the common cloac al c anals ~ prosunu.1bly t o 

seek out a hos t zoo:l.d. Developmental stages bctv!oen naupliu s 

and imrtlature i n<li v:lduals wm:-e not found , 
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Entel,oColi<l f'emalos we:re observed tear-ir-18 t hciJ.."" way 

t hrott.gh the wnlls of the post-abdomen, with and w:lthout egg 

c apaulos . Such e.etion may po the rosult of laboratory con<li­

t:tona 11 or it may be o. normal pJ:>ocodure . :Many zoo ids ·wm"e on­

countered with oge cns es within tho pos·b··abdomon and brunchial 

SAc; yet no females were pJ:~es eni; .. Either the female tore her 

way out and the zooid rcgenora.ted the tissue, or ehe forced 

her way th:J:'1ouc;h the atrlo.l ape:r.t;ure , lonvlng tho oggs boh lnd. 

Ente1~ooolid fe1nnlea were observed towing ogg oases through 

the colony canols , yet developmental s t uges r1ero found only 

within the zooid. 

Galman ' s idon of' a freo- cw:lnunine naupltus s ·li ~ge may be 

o.oc optcd, at l enst 'centat5.vely , bu·t tho act of the female 

l ofJ.ving t he zooid for fel"tilizaJcion is uncerttdn .. l'orhops 

tho mal e estntors t h e zooid.. This is not as incredible as :lt 

may seem, in v:tew of tho spin:J.forous appendages o:r the mo.le. 

A feYt mulea woro encountered~ t brus·t hee.d-first into t he o.t­

r1ol up~r·tu.re of the zoo:tds . 

The notodelphyids present a less uncertain life his·cory. 

The nuupliua seeks a host ~ooi<l and development proceeds • .A.t 

a certain stage, apparently limit ed b'y size , tho female lot:wes 

t he host zooi<l ond procoeds to n surface cavity of the col­

ony through tho cloacal oan.als "' Hatched no.upl l i seel~: out 'the 

oloe.ov.l canals and d:J.so.pperu;> into the colony . These processes 



were observed by ·i;ho \Vriter al though no m8.le notodt)lphids 

we~o encountered. 
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Another quos-t:lon is tho dogre0 of pm•usitism or com ... 

monsalism exhibited by those animals . Brady (18?8 ) believed 

t hey nrc uot true parasites bocunso t hey ho.ve no suctorial 

a.pparatua ~ move freely about within tho hor;t ru1.d do not at­

tach themselvos to t,he host tis suo. Sara {1921 ) thought that 

they ttero mox•e like commensals sln.ce they did not feod on 

·the host •s juices but on tho pfu~ticlcs of food bl')ought :tn by 

tho cu1')ronts of water . Cannan (1908 ) obsel: .. vod that zooids 

containing po.r oaites had well developed gonads, :tndica·tlne 

that no '1parosi tic cn.strut;ion" of the host had occtl!'red. 

•rhe writel~ observed zooids simil ar to thoso soon by' 

Calman. In all cases the gonads y;ere not atz.opb.lc<l , a..'1d 

seemed fully functional . None of ·tho species examined was 

ntt~ached to the host t s tissue. Unl es s cvidoncc e howing 

injury to tho host :ls rovealed, it is doubtful that tho~w 

antmals nre true par a3itos . 



SUftlMAHY 

Specimens of parssit:tc copepods were collected from 

both compound and solitory o.sc:ldlans in thG oi•ea of' Dillon 

Beach , Cnlifo:t•n:tn . Descriptions and llnt-) dro.vlinga nere made 

of sovo:re.l species, and a key to tlw fomilies of nscl<licolous 

copepo<ls was constructed . Tabl es ttero proparcd of the occur­

rcnco, locnt:ton ond lncidenco of j_nfoct:ton of those copo­

pods . 'l'hc history of. r es carch on ascid:tcolous oopepods 

was rovlewed , as \'IV.S tho taxonomic structure oi' tho group . 

Discussion was l:tm:ttcd to posslblo schomos of l ifo h:ts ­

tor:t0s G.nd tho p l occ:ucnt of those an:lro.nls in porasi tic 

or commensal rolu'Glonships . 
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Al>brov:l. nt i ons 

A. • • • •• • , . .• At t o.cbmcn t a:L"ea o f age: c npsule . 

l3a . • ••••• •• • J3l~anchi tll opor.tr~:r c . 

Be ........ . .. Brunch:lul c o.v:lty . 

Bp . • ••• • • • •• B:r>ood pouch . 

gc . • • • • • •• • • Ee;g c o.p::ml G of !1arno1 t o. 

l~s . • , ••••••• Esophagus . 

Int . . •...••• Int est i ne . 

)~a •• , • • •••• • Lat era l app endage . 

N ••• • • •• .••• naupl J.us . 

ov. ····~· · ·· Oviduct . 

P ••• • ••• • ••• Parasi t e . 

st . . ....... •· :-)t o:anoh . 

u. • •... , . .•• Ul.,O:Jome . 

Pl ate 1 . 
~~~ 

1 . Ent or ocolid 1;~2 , mnture fomul a , l a t er a l v i ow, :.)5x . 

2.1 . Caudal r a:·n:t , dorsal v:t e\t , 2 l bx. 

4 . Second l og , l ut cr ol v iew , f?.l 5x. 

5 . Head , dol"$ a l v:L ew, 50x . 
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Pl at e 2 . 

1 . ~nto~ocolid #2 , femal e , ventrul view, 17 . 5x. 

2 . Second l eg , l a t eral vl ew , 215x. 

3 . P:trst l og , l nternl v:tcw, 215x. 

4 . Caudal rrunl, l at eral v iew, 215x • 

Pluto 3 . 

1 . lfotodclphyid , female , l at CJ."al vic\·1 , 1'7. f>x. 

2 . s econd pair of logs, l ut orul vi~w , 50x. 

5 . caudal soctJ.on of ovigerous f'omalc , l ot orul v :tov1 , 1? . 5x. 

Pluto 4 . 

1 . Point of at·0achmcnt , unldontifiod. parasite , 50x. 

2 . Zoo:l.d of' fE.np~_s>ucium ooli<lun~ with !)OPLwl to , l !Jx. 

3 . Unid0nt:J.fied parns i to, 30x. 

Plat o 5 . 

Collcct1on area , Dillon Beac11 , California . 

Pluto G. 

Diagr am of Bener.al:lzod c ompound nsc l dinn \'lith pofjt- ubdomon. 

Plato ? . 

Diagr am oi' gonol""'alizod cyclopoid copopod. 

Dl''rwdngs of parasites were mndo \ti th tho old of a 

camera l uo:ldn and reduced ono- hali'. 
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Entcrobol:i.d //1 

" II 

Entorocol:i.d /12 
II II 

II 

II II 

Notodelphyid 

II 

Bc,-~r.ylloph:llid 

Unidentified 
cop opocl 

II 

II 

TlH3LE I 

DisrrRilJU'"fiOH OF PAHASITES 

Host; 

l\i'I'H:U."ouc 3.mn soJ.:tdt.un ........... ........_;;.,.;.__ . 

A culi;fo:t}nicum 
·-~ f I ' 

A. po_lidwn 

Di.stapJ,:Lu, sp . 

}.;udiotomu rltteri 

§.:f.F,i1J.lnuri a 
Aegunli-~rph~~ 

A. oaliforn1.cum .......__....-.:..;;;.;-......,_ __ _ 
A. solidum 

Asoidia cerntodos -
~ pul chra 

A. culif ornimun 

!£.o~"b1on 

Pol:lonn Point 
Toma l es Poin·b 
2nd Sl ed Road 
Bodega J ett y 

2nd Sled Ro ud 
Tontnl es Point 
Pol:tca.n Poin·c 

2nd. Sled Ro!1d 

Bodega J" otty 
2nd Slod Road 
V:llisi'bch ' s 

Bodega J o:Gty 

lst Slecl Road 

Pelican Polnt 
2nd tiled Road 

~nd :ned Ro o.d 

Dredged, r.eomnles Boy 

'l'omnJ.on Point 

2n<.l Sl ed Hoad 

2nd Sled Road 

Not<:): All pm.,asites v1ere oollocted f 1•om Jmw 26, 1955 t o 

October 1 , •1955. 



Numb er of 
Pm•as:tt os - - ""-

250 

3 

G 

Entor ocolid 

GG 

1 

59 

Unidentifie d 
-~ 

G4 

4 

J l, 2 
1( • 

TABLJ.:; II 

number of ho s t s 
( cqloni.es J 

Alnnrouc ium spp . --
11 

Dl~~tal)lia spp . 

1 

sp . 

1 

EudJ.stoma sp . 
-~y 

.t'~mm"ouc lura SPl>• 

8 

Distaplia s pp . 

1 

Eudistornu sp . 

1 

flJ1Hl!'OUCiU .1 s pp . 

8 

.[!illfY::, o uc i um Sl>P • 

4 

1 

Position in 
no st . 

Cloacal c anols 
Zooid p os·i; - abdo1aon 
Zooid int estine 
Branchial snx 
At r ium 

Zoo i d post- abdomen 
Atrium 
13J:•anch inl sac 

Cloacal c anals 
Zooid pont - abdomen 
Branchial sac 

13rnnch:lal s nc 

Cl oacol c::mnls 
Zooid post .... abdomen 
Atrium 

Zooid post- abdomen 
Branchial s nc 

Clo nc nl c r:rml s 

Sm•f'ac e cavi tlos 
Cloac a l c anuls 
Zoo i d po ~1t-abdonen 

i\t:r•ium 
Sto~uuch nron 

Stomach D.!' <Al 
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Pl a t e 1 

Enteroco11d # 1 
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PlAte i 

&lt~roeo11d 111 2 



I 
• 

Plate 3 
Notodelphy1d 
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Pl~te 4 
Urd.dentltl e4 OOp ~()4 

P. 
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0 no.uticd miles 
Sce~le 1:30,000 

5 A H 0 

/ :·•> .. . 
··· ·.: 

Dillon BMoh and "1o1n1ty 

Plate 5 
Oolleot1on Ar'ea 
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oral a perture 
oral siphon 
atrial languet 
dorsal ganglion (brain) 
ne ural gland 
atr ial aperture 

tentacles 
pharynx 

~ atrium 
stigmata 

~ dorsal languet ... 
endastyle 
anus 

rectum 

esopha gus 
e picardium 

z 
stomach ... 

I 
g 
ID 
c( Intestine 

oviduct 

common spermatic duct 

ovary 

1'>--------- testes 

+------- - pericardium and heart 

---------- ··---· . .. ··~ ---· - .. - ~--- ··--·---~------ ·- --- ·-·-·· 
Dia gram a f generali zed compound 

a ac idian zaold wi th a po atabdomen. 

Plate 6 

General1z ed Zooid 



1 

~-+~5 

h'hL----+"'--6 

I.J.4loL--7 
11---+!--. 8 

,--....:~~ 

~~to 

-Diagram of 
Cyclops (altered from 

· Sussw. F. Deut.). I, first 
; antenna; 2, second an­
; tenna; 3, mandibles; 4. I first maxilla; 5, maxilliped; 
! 6, 7, 8, 9, the first four 

I
, pairs of thoracic legs. each 
leg being composed of a 
basal piece, the protopod. 
and two terminal pieces. 
the exopod and endopod; 
:r o, the fifth pair of 
thoracic legs; I I, recepta­
culum seminis, in the first 
abdominal segment; 12, 

abdomen; 13, furca. 

Plate 1 
Free-11 v1ng Oop ® Od 



The explaination of pl a t es gives 15 X and the pl ate give 
30 X as the magnafica tion of this zooid. 
I doubt both because 30 X would make the zooid thorax an 
abdomen about 4 mm long where a s 15 X would make this 
mea surement about 8 mm. Both are above the size limits 
of this species and further this 1 s an imma·ture zooid 
because of the l ack of a post-abdomen which makes the 
measur ements that much more over the size of 

, lt.mn.roucium solidum~! 

R. C. Haugsten 

·.v/ 
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