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IITTRODUCTION

Work on the copepods peorasitizing ascidlans has been
reiatively extensive in Burope, less so on the Last Coast
of the United 3tetes and negligible on the West Coast, 0f
thils work, a major portion has beon concerned with the solie
tary ascidlans,while the colonlal or compound forms have heon
largely neglected, The apperent lack of interest in copoe
pods parasltizing compound ascidisns may be attributed to
the smallness of the animals, thelr assccisbions with both
zooids and the colonlal matrix which mekes disscetion dAlffi-

cult, =nd the chaotic conditlion Ofiﬁh?;p_tgxgnmig,,_ﬁhef———~'

' writer‘hnh“ﬁérbrﬁﬁtéﬁﬁﬁéd_a.compilntion of basle knowledge
concerning the aseldicolous copopods, snd he has described
gpecles collected &t D1llon Beach, Californla, Taxononilc
confusion prevents identillcations beyond those of famllies,
but the wﬁiter hopes that the results of his offorts may
stimulate additlonal étudios on the mucheneglected ascidi-

colous copopods of the Pecific Coast,




HISTORY OF RESEARCH ON ASCIDICOLOUS COPEPODS

Zmong the animals studied by man, one of the most fas-
cinating groups 1s the class Copepoda. Free-living and para-
sitic, ranging from microscopic size to several inches 1n
length, assuning great diversity of form and habitat, they
offer a challenge to the student of zoology.

A major classification of the Copepoda segregates the
animals into those of the free-living specles and those that
are parasitic, semi-parasitic or commensal with a variety
of hosts or, in some cases, with a specific host. Copepods
have been found in various asscoclatlons with practically
every known marine invertebrate, with many merine and fresh-

water fishes, and in some cases with such unlikely hosts as

the lowly Porifera (Topsent, 1928).

0f 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 zoolds; they burrow
and move 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

has been done on the pathology of these infectlons.
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Research on the ascldlcolous copepods began with the
work of Costa (1829) and Allman (1847). Thorell (1859,18060),
Claus (1864), Hesse (1864-78) end Bucholz (1869) made carly
contributlions, Brady (1878) published a three-voluue treat-
lse on the Irec and seml-parasitic copepods of the British
Isles which Included portions on the ascldicolous copepods,
and Kepsochner (1879) followed this with a publicabion on the
Hotodelphyiodae, The work of Canu (1890-92) marked the advent
of more comprchensive vork on the ascidicoles, Others in the
game decade who did much to erect new texononic groups in the
fileld were Aurlivillius (1882-87), Gloshrecht (1882), Thompw
gon (1883),

With the turn of t?e_cpnpu?y_qphglgrg in France began
a éefiédiof ;eéeér;h Phat was to last until 1950, This Ine
vestigabtlon was headed by suech men as Chotton (1900-24) at
Toboratorle Arago working with Drement (1900) and Illarant
(1922), Their works were confined to the ascldicolous copo=
pods end they dld much toward clarifying the taxononic pos=-
ition of many of the groups, Homman (1906), bBrian (19005),
Peata (1909), Scott (1901-07) and Glesbrecht (1O01) contrib-
uted findings. Probebly the firat comprchensive coupllation
of such rescarch was attenpted by sSers (1921), Thils work,
monumental in scope, was published sbout the same time thab
Schellenberg (1921) published a like study of the Hotodelphye

1dae, vogether with koys to the genora, ab the Berlin muscwils



several genera wore Incorrectly assigned positions in the
Tomily, an error that only lately has been corrected. Wilson
(1052) published o monogreph on the copepods of the Voods
Hole Region of lHassachusttta, The 1940's brought to the fore
the work of such mon as Barnerd (1948), Cepart (1941), Gurney
(1945), Heegaard (1947), Wicholls (1944), Peavso (1947) and
Sewell (1949)¢ Lang (1946-49) published articles which
cleared away much of the "deadwood" snd tried Lo consolidate
the groups Vork in the current decade is being carried on by
Lang (in press), Gotbto (1952+56), Greinger (1950), Illg |
(1981-56), stock (L950-51), Lindberg (1952) and Deboubbteville

(in press) of the Laboretorle Arago, Chatton's succeasor,

Barller works somebimes laocked acourabe measurencnbs

and many times btended to place more anphasis on general oube

1ine end color than on exact deseriptions and measurements,
It is the morphological detall of appendapes upon whileh copew

pod c¢lassification 18 now largely based,



TAXQOHOMY OF THR ASCIDICOLOUS COPLPODS

The btaxonomlc picbure of the ascidicolous copepods roe-
mains confused and, in order to achicve gsome clurification,
& review of tazononie literature ls here presentoed, Darly
reports merely lumped these copepods under a general hoadw
ing of Ascidicolidae, Sometimes the designablon was usged
in a broad sense to cover all ascidicolous copepoda; sSOMoO=
times 1t was used as a true faonily Including all copepods

without dorsal brood pouchs,

Thorell (1859) dilfferentlated the Copepoda into throe
groups on the basis of mouth parts: Gnathostoma, those with

true mandibles; Siphonostona, those with sucking mouth porks;

ﬁagéiibétmna, those with indefilnlte mandibular shructures,
tnathostomna and Poecilostoma were further divided into four
fomilies, two of whilch were directly concerned with the
ageldicoles, These families were: Calanidae, Gyclopildae,
Hotodelphyldae and Duprovidae, The femlly lotodelphyldae,
concorned wilth ascldicolous copepods, was split into two
sub-fanilieas tolbodelnhyinae verse snd Ascldlicolinae, The
gonera listed under YNotodelphyinae veraes included Bobachus
Thorell, Doropypus NOB, Gunenotophorus Costa, Hotodelphys

Alluen, and Hobopterophorus Costa, Under the sub-fanily

Aseidicolinae waes & single genus, Ascidicola OB,




Buproridae, also concerned with ascidlcolous copepods, had

but a slingle genua, DBuprorus Thorell.

Canu (1892) believed that a major characteristic of
the main divisions In the Copepoda should be the placanent
and nuaber of the genital pores on the female, Uslng these
as oriteria, he divided the group into two primary divisionsd
Honoporodelnhya, whose feaunales had but a single, ventral,
genital pore, and Ulporodelphya, where the femalos possessed
two ventral pores, The latter group was then divided into
Ascldicolides, Cyclopldes, Celanides and Hevpactlcides. Only
one divislion, the iAscidlcolides, is noteworthy here, and under

this Canu listed the following generas Aganthaner Canu,

iplostome Cenu, Donnicrills Canu, Doroixys Kerschner, Doro-

pypus, inberocola van Beneden, Inberopsis Aurivillus, Guneno-

tééﬁ&fﬁéiéﬂﬁ Hotodelnhys «

Brady (1873) listed the familles: ~Artotrogldae, Celun-
idee, Corycaeidae, Cyclopldae, Herpacticildae, lisophriidae,
Notodelphyidee and Sapphrinidae, Ille further divided liotodels
phyidae into the sub-familics: Ascidlcolinae, Doropyginae,
and Notodelphylinse, The Doropyginac posaessed the genera of

Dotachus, Uoropysus and Hobopberophorug, Ascldlcola was

listed under Ascldicolinae, while lotodelphyinae had one

genus, iHobvodelohys,

dors (1921) and Schellenberg (1921-02) independently
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asgembled compilations of previous publications, While 3ars
dealt with all the Crustacae of Norway, Schellenberg's work
wag concerned oxcluslvely with the nobtodelphids, Some overw-
lopping of generle placement occurred, which might have been

avoided hed pars! publication been printed earlier,

Sers made a major chenge in the then exlsting tagonomle
structure, Glesbrecht (1882) had split the Copepode into two
sub=orders, Podoplea snd Gymnoplea, Under the Podoplea he
had Listed a tribe Mmphsrthrandia, containling the familiecs
Hotodelphyloda, and Monstrillolde, Sars believed that scve
eral morphologlcal inconalstoneles within the Amphathrandia
demanded the elovation of both the lotodelphyoida and the
Monstrilloida to the ranks of sub-orders, Ile bolleved,
furthernore, thet ccologleal end life-hlstory differcncos
éﬁoaidib; i;oé;ﬁgrgéua i; taxonouic thinking.

Sars! gcheme of classification established the loto=
delphyoida and Honstrillolde as sub~orders, Under lotodole
phyolda he listed slx familles, sowme old, some new, Those
were: Ascldicolidee, Dotryllophilidae, Buproridee, Doropyg-
1dae, Interocolidae and Hobtodelphyldae, Generic brealt-down

18 as follows: Asenbthaner, Iotodelphys under lotodelphyidaes

Buprorus under Buproridec; Ascidicola under Aseldicolidaoe;

Bobryllophilidae ineluded Botryllophilus lesae, Pheropypua,

Sars and Sehilzooroctus furivillus, IEnterocollidae included

nberocole, Cryptopodus Hesse and Ilycophilug liesse, while




the largest group was that of Doropygldac, containing Dote

achus,  Doropypus, Doropygopsis Sars, Doropygella Sara,

Gunentophorus, Pochypypsus Sars end Hotopberophorud,

The above taxonomie arrangement 1s In marked contrast
to that of Schellenberg, who establiched a alngle f&nily,
Notodelphyidae, contelining the aub-fanllies Notodelphyinae
and Aacidicolinae, Schollenbery included under Notodelphyilnae

the genera: Bomnlerille, Bobtachus, Campopera Schelloenborg,

Doroixys, Doropyius, Guaenvophorus, ILonchldlopsls van hoffen,

Ophioseldes llease, Paranotodelnhys Schellenberp, lotodelplyy

opgls Schellenbory and Hotoplerophorus, The Ascldicolinae

ineluded Ascldicole, &plostona, Botryilophilus, interocola

and Iycophilug,

 wWilson{1952) followed Baps' soheme of classification
but, when dealing with asoidicoles, included nany genera not
perasitic in ascldlens, Under sub-order Hotodelphyoldae heo
liasted not only all the fore«going and many uore parasitic

in ascidiens, but such abberent genera asi Ive, parasitic in

Balenaplossus; Leminpe, whose host was an aleyonarion; Neprl-

cola, parasitlic on annelids; Lomentlcola, a nudibranch pora-

agite,

Leng (1948) presented the letest and uioat logleal dl-
vision, at leanst Yo family, o agroed with Glesbrecht that

the Copevnoda should be divided into Podopleas and Gymnoplea



but thought thet a thrid and fourth sub=orders were necosg-

ary, The Platycoplidae, for Instence, were regarded as having

branched off a main stem belfore Podoplea and Gyunoplea, and
the family iMisophriidae and ita allies were uniqﬁe in the
pogsession of & heavt, Lahg felt that these dilstinctilons de=-

manded elevations of the families to order ranls,

Lang and Sars both ubllized mouth parta as basic taxo=
nomic criterla as originally proposed by Thorell. Since,
however, complebe agreement seemed lmpossible anong investle
pgators as to the Interpretation of mouth parts, Long distine
gulshed betweon the Poecllostoma and Gnethosboma by the
atrucbure of the male anbennule, s considered the occur-

rence of a non-prchensile entennule a primitive characterio=-

tlc end so placed those animale with the Poeollostoma, The

_Gﬁaéhoéfoma pogases prehensile antennules, that 1ls, entennu-
les used for c¢lasping., The Enterocolldae are thus placed
with the Pooecllostones because of the reduced mouth barta
and non-prehengile antennules of the male; indlcating that
thoy may have had a common root in the Poecllostoma, The

following is a representation of Lang's clasailication

concept,

COPLPODA
Progymmonlea Gymnoplea Propodoplea Podoplea
Harpactolda Cyolopolda
Cyelopolda Cyelopolda Cyelopolda

snathoatoma giphonostona voecilostoma
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The sub-gection Cyclopoida gnathostoma was then divid-
ed into two tribess Cyclopoida gnathostoma cyclopinidiflormes,
free-living forms lacklng a dorsal brood pouch, constivubed
one group and Cyelopoida gnathostoma notodelphyldifroues,
those possessing a dorsal brood pouch, and paragsitic on
asoidiana,.the other. The Cyclopoida gnathostoma notodelphy-
1diformes were further split intq subwtribes: lotodelphyide
imorpha, wlth a brood bouch end the fifth peir of legs placed
ventrally; Ascidicollidimorpha, without a brood pouch and with
fifth legs dorsal opr dovaolaterals The relatlonshlps of

the Cyclopolda gnathostona are presented bolow,

Gyelopolda gnathogtona Cyelopolda gnathostoma
notvodelnityidifornes cyclopinidiformes
Hotodelphyidimorpha Aseldicolidinorpha
Hot;;;;;hyidae oo 23 7 ﬁscid;;;lidae
Doropygldae Botryllophilidae
Buproridae

The Cyclopoida poecllostoma are divided into Cyclop=
olda poecllostoma lichomolgidiformes and Cyclopolde poceil=-
ostoma enterocolidiformes, The schome rogarding the Cyclop=

olda poecilostoma 1s shown as followa,
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%(clopoida noecllostoma Cyelopoida poeclloatoma
ichomolpldifornes enterocolidiiorines
| J
Lichmonmlgidimorpha Interocolidinorpha
v y
LAchmontlgidae Interocolidae

The following is a llat of genera encountered in the

literature to date,

rgnathoner Canu 1802
Asecldicola Thorell 1859
Aplopodus Hesgo 1869
Adranesiua lieaso 1865
Amompsyllug Sarsg 1921
Botachua Thorell 1859
Bonnierilla Canu 18901
Botryllophilus Hesse 1864
Promentia Chatton & Brement 19156
Blakeanus Wilson 1921
Buprorus Thorell 1859
Canpopers schellenberg 1921
Cryptopodus = Hewse == —1H0G
—— Dorolxys Kerschner 1879
Doropysells sars 1921
Dorapysopals gars 1981
Doropypus Thorell 18569
Dysgenopsyllus Hicholls 1044
Interocola van Deneden 1860
nterocolldes Chatton & Harant 1022
Entoropsls Aurdivillus 18385
Gonlodelphys Buchholtz 1869
Gunentophorus Conta 1840
llsplosacecus Chatbon & Ierant 198
TTaplostomides Chatton & Iarant 1084
Haploatomella Chatton & Haprant 1984
Haploasbtoma Canu 1386
ypogastrion ilson 19%
Iiypnoticus Willson 1924
Lequerya Chatton & Hearant 1924
Lichomolgldes Gotto 1964
Lichomolius Thorell 1860
Linchidiopsis Van hoffon 1917
Iygephilus llesoe 18656
liyeophilus Hesso 1365
arcodina /ilson 19C4

Hotodelphyopsals 3chellenberg 1921




Hotodelphys Allman 1847
Hotopterophoroldes Schellenberg 1921
Hotopterophorus Coata 1829
Ooneldes Chatton & Broment 1916
Ophloscides Heaae 1864
Pachynesthus flesso 1876
Pachiypysus Sors 100

Paranotodelphys Schellenberg 1921
Platythorex Hesse 1866
Podolabils Honse 1864
Polyoon Hesse 1876
Paeudonotodelphys Gurney 1927
PLeropypus Sars 1921
dchizoprocbus Marivillus 1885
Scolecimorpha Sars 1926
Tranestona Wilson 1924
Ustina Illg 1961
“oanelopus Calmen 1908

Hames of several genera in the sbove llst are newly

)
L 2]

eateblished to replace those rendored invalld by prilor usage,

They ere: Iypnoticus (lypnodes) (Hesse 180G5) Wilson 1924,

Iponastrion (Gestrodes) (liesse 18656) Wilson 1024, Harcodina

—(Nercodes ) (Hesse 1865) Wilson 1924, ond iﬁ*ﬁnﬁa_ﬁdmz; f.f_q—al;stoma)

(Canu 18806) Villson 1924,



ERY T0 THE FAMILIES OF ASCIDICOLOUS COPRPLPODS

1. fAntemules of male not always prehensile; conmaensals)
dorsal brood sae or bth palr of legs pleced dorsally or
{iorsolgtarﬂllyuicoocd-cnOol-Qooo'oncucoootonuwoo--oculgg

1, Antennules of male always prehensile; free-livings no
doraal brood sac, Hth palr of legs venbral, “
sessevsessssssOyclopoids gnathostoma cyelopoidiniformes,

2y Dorsal brood gac; 5th palr of legs ventral,ssseesassaesd

2, Lacking dorsel brood sac; external ovisacs; bth pair of
1.(3[3-33 doraal or lLaterodorfel.isecsrnsavsssrsnscsnsnssgnand

b, lead usually well defined; anvennae ghort, atout, Jjolnbs
reduced in number; 4 enterlor pairs of legs poorly devow
loped; 5th pair of legs rudimentoryesscseessovassssssasd

5. Head not well defined, fused wibth lst thoraclc segmnents
antennae moderate size, many setaceous jolnts; antennule
prehensile, c¢nding in strong claw, smaller than antennaj
body cyelopold; tall uanQAentod, 4 anterior palrs of

_ legs cyclopold; adapted for swimming; Sth leg very small,
biar’tlculﬂtﬁ. LR R B L S N B B B RR R RN B N N R oMQT01)}.‘;{1})1{:;:1.1:}!“\}_:

4, 1 or 2 free ovisacs on dorsal surface of abdomen; btail
¢f 4 or varying nuiboer of segments; antennse ghort, vhilclks
4 anterior poirs of leogs Very roducel,cssssavsesssvnnssd

4, Antennae very miall; anbtennules not prehoengile, bi-ariic-
ulate; body shape vermliorm, faintly segmented; tall
noorly developed; 4 snberior palrs of lega lmporfectly
developed, raml rudimentary; Sth pair of legs £ short,
lateral lappets, when present; caudal remi anall, gluple,
bladelikeQ-ocio-o-naoct.-ooncyo--o---a-oc-onEﬂl‘?j}EROCOLIDf\‘ﬁ

5. Antennules nob prehensile, body shape segmented, anterilor
and posterior sectlons shavply dnllmited, 4 anterior pailr
of Lega more or less reduced; bHth palr of legs modified
support f'or ovisac; caudal rani cnd in strong, claw-like
S”—Lneuuou--00.1‘0-;..-.-0.0-uoorqc|ccco, Or.ERYI.JLOl}i‘:ILIUJ{\.}.Z‘r
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Antennules slender, prehensile; body shepe slender, verne
1form; anterlior ond nosterior scetions not delimited;

6th pelr of legs modified inbo large lamellae covering
genital arcaj ceudel ramil slaple, lacking CloWisseasess
.Oclloi-.oatolaoo.o-hlo‘00--ot-'a-o-nu-..--ao-"'}-'-;CI.i)ICOLED?.a

Mtennules prohensile, ending in clewy body shape curved
ventrally, compressed, sharp delimiting of anterior snd
posterior sectlons; tall 4-segmented; caudal reanl with
fow or lacking sotae, may have NOoKS.ees s e« DOROPYGIDAE

Imtenmules not prehensile, ermed with siuple spines; body
shape short, stoul, unsegmented, merely head and trunl;
tall not distinguishable or sbsent; caudsl ranl sbsent
03? ru(linlentmlitﬁiil.lltiD!..'.OD'.llt'i!.tBUPRORIDf\l};




IEATHODS AND PROCEDURE

Collectlion Data

Collection of specilmens was concenbrated during the
perlod frmy July 30 through August 25, 1965, Sincoe the labw
ter date collections have been made at least once a monbh to
the preaent times ALl collectlons were baken in Morin Caounty,
Callifornlay The majoriby of wave-cast spociumens were found
on the heach at the ares known bo Pacifiic Marine Station
studenltis as Second Sled Noad (Plate 5), Other loose gpecimens
were recovered from the beach below Perch Rock and the waber

near rPellican Points Atbached forms wero taken from the area

around Castle Rock, Dodega Jebly, Porch Rock and the whorf

pilings at Marshall's and Villcioh's havbors (Table I). Soli=-

tary ascildlans such as Styela monberoyensis were taken from

the Castle Roek areas Ageldia ceratodes and (lona inteétinalis

were dredpged from Tomanles Bay, IHo enterocolids or notodelw
phyids were found in solitary forms, but two female bobtryl-

lophillids were encountered,

fhe inltial collection was of one Amarouciun callforne

icum colony cnerusted on a stipe of Fucug spe. Subsequent

collections werc made along the beach where the supply was
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plentiful even during high tides, The collectlons covered
a nunbey of ascidian gonera (Table 1l). However, it was felb
that data procured in such a manner might he Invalid because
of the possibility of ebnormal infeotlons acquired while
drifting or in a peortlally necrotic atate, Consoquently,
collectliona were made bobth of attached and drifting forms
of the same specles, Comparisons revesled ldentlcal para-

aitic conditlona.

Enterocollid parasites were found durdng the entlre colle
ection periods Thelr nunbers lnercesed during late August
and early Septeaaber, and then declined sharply in October
though the numbers of ascldliansg collected remained the same,
During the labber pert of August, however, infections had

8o inereased thet 1t whgippp§ib1qAtg,@xamine-aJeoiony .o o o

the £leld with a 10x hand lens and percelve parasites under

the transporent teste.

The notodelphylds were Lirst encountered August 20,
1955, Hiss Jane VWeatfall, of the Unlversity of Californila

at Berkeley, brought in a wave~cast specimen of fmarouciun

golidum, It was very hoavily perasltized with notodelphyids

in ell stages of development, Thercalfter untll carly October
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notodelphyids woere encountered in large nwibers, The first
collection in Hovember and subsequent collections, however,

falled to revesl any infectionsg,

Collection of the unidentifled paraglte was begun
Mugust 18, 19656 (Plate 4, fig &)y Heretofore the writer may

have mistaken these copepods for the nubrient maspes encount-~

ered In the ascldian, Syncolnwn pear-fustls. The paraéitea
woere very much In evidence unbil early October whoen the ine-
cidence of infection took a sharp drop (Table 2)., None was

found after Hovember.

Loboratory Technilgues

One of the major problems faced in the leboratory was
the exbtraction of zoolds from colony maases without damage
elther to the fragile zoold or the smaller paraslte withiln,
Light (1954) advised the use of forceps to pull gently the
zoolds from the tests This was tried, found o work well for
zoolds without a post-abdomen, bubt was Inadequate for the ro-

moval of Amarouclum spp. zoolds, whoere the post-abdomen makes

up two=-thirds of the total body length (Plate 6). Furthor-
more, the wave-cast specimens were partially disintegrated

and the pulling only served to break many zoolds, In some

agseidions (e.g., Polyelinum planua) with a tough test, the

method was useless,
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A second method was the squeezing of the entire colony
in a bowl of soa wotere, Ib was found that permltting the cole
onles to remaln in areated aquaria for two to three hours
before asqueezing hastened the liberatlon process, The change
from the natural habitat to the confincs of the aguaerium
gecmed to loosen the test surrounding the individuel zoolds,
The time required for loosoning, however, variled with 4aiff-

orent 8 pecles. Jmaroucium spp, were easlly cxtrected alber

a half~hour, whilec the test of Polyclinua spp. end ysuodyboes

lobetus roslasted any sort of action up to twenby-four hours,

After comparison of thwe above nethods a mass-renoval
tecimique was evolved, The specluens were placed in agquaria

and allowed to remaln for from one to eipght hours, Aftggfghg_,

_#99!931&1_hﬁst_had—loosenﬁa‘éﬁffiéiéﬁﬁiﬁ,réhé_Qpecimen vas
washed In filtered sea water and gently squeeged into a
bowl conteining filtercd sea wator, Flltered sen water was
used to eliminobte chances of other non-=ascldicolous copes=

pods belng nisassociated with a given speciecs of ascldlan,

Pressurc wag oxerted on the colony from all sldes, and
the zoolds litorally "popped" from the colony test, Danage
to some zoolds wes unavoidable but, with practice, the writor
was able to lower the incidence of injury, The colony was
checkoed from time bo time with 2 hand lena, As many as fifty

anell culbure dishes contolning flltered sea weter were
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placed on a bables After the mass of liberated zoolds and
parasites was allowed to seltle, four or five drops of the
material were placed in each of the culture dishes, The un=
avoidable maghing of ascidlan bestes and the atbendant voew
leanse of sperm, the breaking down of the colonilal matrix and
the fregmentation of somo of the zoolds necessitated limit-
ing the anmount placed in each dishs Dilution of the mags with
sea wabter provided the obgerver with a clear view of zoolds,

copepods, mites, amphipods and other organisms present.

In some colonles, where the parasibes could be soeen
with the hend lens or naked eye, thin slices were mede, both
parallel and perpéndicular to the long axis of the colony,
These gectlong were bhen examined under transmitted and rew
floeted lightsy The oonbragh of the relabiyvely opsque body
mags of the parasite with the treansparent zZoolds facilibabed
detecbion and removal, Parassites could then be eaglly rew-
moved with a probe. Although some parasites were damaged by
the glicing, the method proved invalusble for cursory exs

amination of the colony end observaltion of parasites within

the canalas,

Parvasites found free in the wabter were placed apart
from those ablll within the colony or zoold, so that the
patterns of behavior could be observed, The animals were also

segregated according tot (1) family, (2) posgession of abtl-



ached ogg capsules, (3) stage of development and (4) sox,

Abtempbs were made to rear the nauplili of all groups,
but wilthout success, Bither leboratory conditions were ini-
mleal to normal development or some enviromuental factor was
laciting, Hauplil seldom lived longer than twenty-Lfour hours

md no molts were observed,

Most preserved specimeng were fixed in Bouln's with ses
woter, According to Dr, Illg, iles Patrica Dudley, Unlversity
of Vashington reports thot Douln's 1s very good for sectlon-
Ing bubt recomends short fixzatlion of one to a few hours,
beflore tra§3ferance to aleohol, For killing and fixing any
small crustacean Grey (19564) states, ™t ls however mmch
easler to ldentifly apecimens 1f thelr appoendoges are properly
gsoread-out, and the wrlter kills crusbacesns ﬁiﬁhéf ﬁiﬂhi_
weal: aleohol or chloroform, & few drops of which are sprink-
led on the surface of the water, After droppling Yo the bottom
they will be found to be flexible, ond amay then be u“ranged
more or less in the order requived, and 95% alcohol caule
loualy dropped on then until they hoave stiffened into posit-
lone Such specimens mey then be tronsferred to a tube of 959
aleohol whore they will retain the required shape uatll nced-
ed for mounting.," Illg reports excellent results with the
nbove method, and further caubtlons sgeinst xylol, toluol,
and other deeleohollzers which render material destined for

dissectlion too brittle for nanipulation,



COIPOUIID AND SOLITARY ASCIDIANS

Vano lome (1945) divides the ascidiens morphologically
into btwo groupat +the solitary and compound ascldisns, Tie
colonial or compound forms reproduce both sexually and by
budding. The solltary or simple forms, whioh are usually
mach lerger than the individuals of 2 colony, normally do
not bud, |

Sollbary eacidlons are typicelly sac-llke organieng,
ronging from less then an inch to two or three inches In
diemetor and covered with a tough protective tunlc usually

referred bo as the test, The inner orgens ore completely

__surrounded by o membranecous tigsue or mmntle, which makecs
nosaible the removal of the entive body from 1ts tesb, Vithe
in the sec-like body 1s a spacious cavity, very delicate in
appearance, which 1s the pharyngoal or resplratory portlon
of the gut, It 1s termed the brenchial ssc, On the ventral
agpect of the branchlal sac¢ 1la found the endoatyle, o cill-
ated structure that moves the food posteriorly into the
egophagus. The sbtomach, intestine and rectua form a U-shaped
tube terminating in the etriwa, Two openings In the test

permit the flow of wator into the pharynx and oub of the

abrium, These openings ore termed the oral or branchlal apw
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erture and the atrial eperbure, respectively, The branchial
aperature marks the amberlor end of the body, while the abtyial

indicates the dorsal side,

The colonlal forms consist of many individuels, called
zoolds, olustered bogether In a comaon mass, They are lme-
bedded in a mabrixy secreted by the individuals, with the
abrial aporiures of Individusls opening in common cloacal
cavities or canals which run through the colony best, con-
neeting with large surface oponings, the comuon cloagal aper-
tures, The morphology of the Individual zoold 1s esgentially
the same as that of the solltary escldlen, with thoe difference
that the body mass is divided into disbtinet reglons: the
thorax, abdomen, and in the ISyncoldae, the post-ubdomen,

which 1s a long tube containing the gonads and part of bthe

éirculatori_éﬁahem fPlate éf; The heart of the aseldiong

tubuler in form, is situated in the posterlor portion of the
body and 1s eble to reverse the direction of the blood flow,
go that blood vesscls serve as both arteries and veins, In

the Syncoldee the heert is situated at the very bip of the

post~abdonien,



FREB-LIVING AND PARASITIC COPEPODS

In a comparigon of free-living and parasitic copepods,
one is impressed by the degeneration of the appendogess ‘The
swinuing eppoendages are more or less reduced to gtuups which
may be incapable of locomotive function. The splncs are ree
duced In number end size, The thoraclc appendages are os-
neelally abberent. The body segments arve enlarged, in some
specles, The progregsive chenge, cgpeelally in the ascidi-
colous copepods, 1a from a swinmming mode of locomobion toe
ward a feebly crawling one, Indeed, some foxmg sean to be
immoblles This is especlally true in the female specimens,
whilch spend moat of thely life cyelos within the host, abe
gorbing food particles from the steady stresm of water, It
might be algnificant that the size of the individuel ascidian
cen be correlated with the locomotor functlon of the Temalels
appendages, lMembers of the Doropygildae snd the Botrylliphil-
1dae inhablt the larger, solitary ascldians, while the Intero=
colidae frequent the goolds and test of the compound forms,
The thoracic appendeges on the Botrylliphilidae seom almost
normal when compared with those of Cyolops, (Plate 7) while

the same atructures in the Enberocolidae geem capable only

of crawling.
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The shapes of the body segments seem to follow an
intraphylatic change Irom the conditlon in Cyclops Uo that
of the Enterocolidae snd then bo that of the notodelphyids
and the dodopyglds where some thoracle gegments are expanded
to form a dorsal brood pouch not found In the other ascidi-

colous copepods, (Plake 3, fig 3),

The appavent degeneration of the swimming appendages
of the Interocolidae when compared with those of Doropygidse
- may be correlated with the heblts of the Doropygldae, which
are able to move about freely in the fnirly large branchisl
gac of the solitary ascidlans, while the enberocolids inhabit
the narrow cloacal cenals and viscera of the compound specles,
Iong, arned appendages would be a liability in this gituation,

In some notodelphyids the swinmming appendages are reduced to

mere fiéps of tissue, seemingly incapable of any locomotlon,

(Plate 3, fig 2)e



DESCRIPTTION OF PARASITES

Interocolld ile (Plabo 1)

Body length 149 mme, width Q438 s, Body color milky
white with brown intestine and red oviducts, Houplil bright
red with rod eyespots, letasome four-gegmented dovsally.

(g 1.)s Urosome with bluntly lobed caudel vami,crmed

with one latereal seba and one spine each, curved posterlorly
(Fig 8)e First to fourth legs bear medilan, biramous loboes
0,069 mm, long, united with a curved diglbiform ramus 0,07 um,

long armed with two claws, once apicel, one proximally antorior

(Flg 4)e Pifth legs located dorsolaterally acar fourth palr,

__ pounded lobes buarlng aplcel seto. ntennules 6.Q7lnn. long,
ghort, thiclk, boarling several setee, Antonnao 0,00 ume loug,
hree-jointed, with short apicsl splne (I'ig 5). Palred ovie
ducts lateral and perallel to medlan intestine, Ixternael
ovigsacs 0,6 wm, long attached latorally, posterior to £ifth

log (Mg 2),

Thls enlmel, like¢ others of the same group, occupiled
the canals throushout the colony test. Vhen dissected out
and placed In a culture dish, the animel was cepable of some
forward movement on an uncven surface, but locoumobion was

sreatly retarded,
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Several animals were dissectoed oub of colonles and
placed near or on the exhalent openings. When placed over
two centimeters away from an exhalent opening they maede
clawing motlons and finally collapsed on the surface of
the test, Otherwlse they entered the opening at onceo
and progressed into bhe center of the test, Lowing the ogg
casos behind them, They seemed to have no difficulty passing
through the canals, even though at times the egg capsules,
guite firmly atbached to tho genltal segment, werc longer
than the animel itself, 1In some cases, however, a slight
pregsure on the test of the colony was enough to sever the
enimal from the egg capsules. This scblon was only observed
where the developing nauplil had roached a stage where the
eyespol, Internal structures ond appendages were vislble,
Bge capsulesin early stepges of development were retalned
in spite of pressure, Nauplil were observed hatching both
in enlture dishes and within the test, When habched in the

test, nauplii lmmedlabtely wmoved off through the canals,

Mninals were also found in the goolds, Ilere they occu=
pied any of several places: post-abdomen, branchlal séc, In-
tegbine and atriun, They were found in all stages of develop-
ment including fully mabure parasibes wilth egg cepsules. In
such cases the parasilte and egp cases filled the entlre post=
abdomen, Specimens developing in the branchial sac pro=

jected egp casedy out of the atrisl aperture, whille those
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Inhebiting the atrium projected then from the atrial open-

ing.

The majority of specimens were found in the tip of
The post~abdomen, Thils region, nesr the heart, was probably
a rich source of nourilstment, Forty-soven females, when
subjected to a strong beanm of Light, clawed thelr ways
out of the post-sbdomens or branchial gacs, Speclmeng
ept in the dark did not exhibit such a neéativo photo=
troplesm, This averaslon to lisght was not as pronounced in
the other enterocolids,'but females still clawed thelr way
out of the zoold, They sometlmes bLook the egg cases with
them, and somebimes dotached the cages, moved to the poster-

ior end of the abdomen and clawed thelr way oul,

= This aetlion of rvupturing the zoold's body to gain
exlit was observed repeatedly, Imerging interocolld ;1
secemed to be acceolerated by the strong light, but the other
enterocollds reacted indifferently., Over one hundred zoolds
wore found wilth mature ogg capsules Iin the post-abdomen ox
branchlal cavibty. These oggs were observed ﬁatching within
the zoold, and the nauplil left the host through the atrial
and oreal aportures.‘ Hlatehing was obsorved within the pogte
abdomen, and the nauplil left the host zoold and ndved off

through the canels, Mo males were encountered,
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Interocolid #2. (Plate 2)

Body 2424 mm, long, 0,45 mm, wide, curved dorsally,
vermifori in appearance (Fig 1). Color opégue white with rede
dish spots throughout medlan avea, Oviduets purple; nauplil
lavender with red eye-spots, Ilebasome unaegmented dorsally,
urogsome not defined (Fig 1l). Caudal raml 0,07 mm, long, dige-
itiform, boaring two long, aplcal spines (Fig 4). First leg
closely eapplied to mouth pavts, 0,07 mm, long, one-jointed,
biramouas with very short antcriof claw and bluntly pointed
posterlor lobe (Fig 3). Second to Lifth legs biramous, anbtw
erior raml 0,006 mm, long, clawlike; posterlor raml 0,01 mm,
long, rounded lobe united with median, biramous lobed laminae
0,02 m, long. (Mg 2)s Oviducta dorsal and parallel to
medlon Inbesbines — = = = —= —

This form, like enterocolid #l, was encounbtered in the
cloacal canals and zoolds, A few animais were encountvered in
the antriun and brénohial cavlity, The size of the meture anl-
mel was, in wmost cases, smaller than the dlameter of the
canals, and locomotlon was limitéd to the action of the legs,
Iocomotlon was not as rapid aa in §#1, This animal was found
moat frequently in the post-abdomen in developmental stages,
mabure individuals occupying the canals, Abbachment of the
exboynal egy capsules was rather tenuous, IFemales were ob=

gerved clawlng thelr way out of zoolds, Indifferent to light,
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Aslde Lrom these characterilstles, they resembled enterocolld

#1 in movement and hablts, Ho males were encountered,

Hotodelphyld, (Plate &)

Dody somewhat compressed leberally, curving venbrally;
2450 mm, long, 1.25 mus thick (Fig 1). Oolor pettern varied;
some with brown intestine speckled with gold, lime green ovie
duets and bright green nauplil with red eyeaspots; obhers
with bright purple intestine, yellow oviducts and nauplil,
Other portions of body always milky white., NMebagome unsege
nented dorgally, forming a brood pouch for eggs (Fig )y Uro-
some Cthreewseguented, wlth two ceaudal rami, Coudal rani 0,15
mme long, low, rounded lobes, ormed with wvery short hook or -
spine, (Pig &), First three palrs of legs 0,9 mmy long, Ve

__gheped, f£labby in appeevance, covered with setae (Pig 2),

Pourth palr also Veshoped, one-thlrd amaller, Fifth leg
minute or ebaent, Oviducts exbend full length of body, labt-
eral and parallel bto median intesbine, Bgg alze progressively
larger toward posterior end, with eggs emerging inbto brood

pouchs Large unidentlfled red aphere In anal regilon,

Pemale nobtodelphyids were found inhabiting the cloacal
eanals and zooids of the three local species of Amaroucium,
The animalg were found In bthree definlte locatlong through-
oub the colony: in cavibles on the surface, in the common

cloacal canals deep in the test, and in the post abdomen of
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of the indlvidual zooids, The mature forms were found only
in the surface cavities, the Immabure specimens within the

canals, and early developmental stages in the zoolds,

The mature speclaeng were covered by a thin gheet of
the test and were easily reatoved, The animals did not scem
to have any portlculer orientatlon to the hoat as regards
the canal opening into the gsurface cavity. The only motlon
observed was a slow flexion of the body and perilstalitic

mobtions of the put,

The immature apecimens wero closely surrounded by the
walls of the common cloacal canals, Mue to the lack of setae
or apines, 1t la difflcult to undersband how these anluals
con dig thelr owvn canals, elthough they wmay possess enzynes
Phat ainplify the tasl, ’Foéﬁié“ﬁdﬁdneﬁtfﬁizdhéh the één;iéi
seens Lo be accomplished by pregsure of the body and rudi-
mentary appendages egainat the wells of the cenal, It was
noted that the lmmature speclmens were more active thon tho
surfsce-inhabiting forms., They did not seem to be able to
crawl along the flat surface of a culture dish, but the move-
menba of body {lexion were more vigorous and rasid than in
the mebture anlmals, Organs in the jJjuvenlle spocluens

were developing, the oviducts appearing as thin green lines,

The gut was the only lerge, conspleuous organ in the body,



Developmental steges above that of the nauplius were
found in the zoolds, Jpecimens were found in all segments
of the post-abdomen, In direct contrast with the antérocolids,
these animals were not found Iin the branchial sac or atomach,
The characteristic dorsasl brood pouch ldentified these de-
velopmental forms as belonging to the notodelphylds, Hove-
ment In these smaller animals was very rapid due, epparently,

to rapid flexlon of the body.

Reproductlive processea in the female were especlally
noteworthy, The cggs emerged from the oviduets Into the
dorsal brood pouch. Dovelopment of the naupliuvs within the
ege continued until the eyespot, internal structures and
appendages began to appear, The brood sac contained, on an
average, fifty to sevenbty-{ive eggs at a time, U?oq_cgmf
ﬁlétibﬁiof_ihtarﬁ&i_dévéloém;néiﬁﬁeinéﬁﬁiii rupbured the
thin membreane of the ogg and moved freely about In the brood
gac, A8 far as could be observed, the nauplil behaved ag do
all bypicel nauplii, Ilocomotlon was In an anterior to post-
erior direction, along the interlor, ventral surface, With-
in a period of not less than four hours, observed 1in over
thirty such patterns of behavlor, the nauplil clustered atb
the posterior end of the sac, Durlng this activity the mni-
mal had continued to slow, methodlical flexion of 1its body,
This flexlion, flrst venbrally, then dorsally, becane nore
rapid, The urosome, at the height of the venbral Llexlon,

showed a tendency to bend sharply in a dorsal directlon,
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Whon a majority of the nauplil had gathered in the
posberlior vortion of the sac, flexlon became very rapld md
finally, with a convulsive Jerk thoe urosome was folded
sharply up agalingt the ventral surface of the body. A
pore appeered at the junction of the metasome and urosome
and the hatched nauplil were ejected, They were ejected
in groups of five, ten and twenty at a time untll aluost
all the hatched nauplll had been relensed., Several hetched
naunlili that were in the anterlor end of the sae at the time
of release moved immedlately to the pore when releasec oc-
curred, The anlmel then straightoned 1ts body and reswacd
flexion, The nﬁmber of unhatehed nauplil ejected with the
hatched ones was amalls Development of these nauplii cone

tinued, ¢nd enother release was observed seven hours laterp,

This curious process was viewed with some scepticism
at firat, for it wes thought that, perhaps, the transition
from natural habltat to laboratory conditions might have up-
seb the dellcate mechanlems of hatching and release, However,
the following facts shed some light on the valldity of the
Interpretation. In over thirty specimens possessing mature
neuplii in the brood sac, hatehing was obsérved within a per-
tod of I{rom three bo seven hours after removal Irom the ascild-
lan, EBEight specimens went through the gsme orocess Wmile

atill within the surface cavity, the nauplll belng released
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into the cavity and lmmedlately scuttling out of aight into
the common cloacal pasgages, Horeover, gpeclmens were ox-
amined In the fleld and the nauplil could be seen dashing
baek and forth in the sac. The release of the young was
always followed by a perilod of slow body f{lexlon bef'ore the

next release, Gray (1933) observed nunbers of lycophllus

rogsovula laying eggs in groups of two and three, The eggs
were unhatched, This method of egg-laying and release of
young {rom a brood pouch is markedly atypileal of the majorilty

of copepods which bear external ovlsacs,

It 18 signilficent that this aneclea of notodelphyid,
unlike the enterococollds, apparenbly prefers to devosit young
in the surface cavitles, rather than lay eggs in the zoolds

A reason for thla seems eévident, The nauplil, upon release

bmnédidﬁeiywcﬁtér_tﬂ@ cioécul canals, apparéntly in search
of a host zoold, While nauplil of other copepods mature
within the zoolds and then leay eggs within 1bs body, this
notodelphyid atbainsg such size that it would rupture the
zooid before it (the parasite) ceme to moburity. Ho meles

were oncountercd,

Unidentifled Copepod: (Flate 4.)

One porasite not identified to Lamlly was a white, am-
orvhous form 2,56 mm, long, usually assoclated with Amavouc-

itum s8pp. (Fig 3), devold of ldenbifisble structures, The



entire mags wes lrregularly ovoild in form, with many pro-
jecting lobes, The body mass was more or less filled with
developing eggs., Falred egp capsules weore atbtached to one
end o£ the animal, This anlimal was found in all sizes, from
a small white mass withoub egg capsules, to the fully formed
animal with palred egg cases (Fig 2). After the egg capsules

gbtalned full size thoe glze of the animal seomed_to decreaso,

The animal occupled a poslition across tho sbtomach of
the zoold, projecting into the atrium, although a few anl-
mals were found in the atrlium nroper. Bach was covered with
a thin fold of tuniec, easily dissected out, except for the
point of atbachment to the egg capsule (Fig 1). At this
polint dilssection was luposslble, Thoe egg cases projected
Into the atrium, and thence Into the branchlal sac; when
fully developed they £iiled the branchisl savity, Hatéhed,

tho neupllil emerged from the branchial aperture,

This animal was found 1in greot nuabers during the mid-
dle of August, 19556, It becane go widespread among Amarouc-
ilum gpp. that the surface of the colony secmed to Lo speckled

with white. Uo males were encountered,



DIBCUSSION

The life history of an ascidicolous copepod is a diffl-
cult thing bto demonstrate., The sbsence of males, failuve to
resr nauplil and ebsence of soveral steges In the 1life higs

tory clroiul the pleture,

Calman (1908) believed thet enterocolid nauplil ac-
tlvely swem from one host Yo another in dlgenination of ine
Tectlons, ' Development was belleved Lo occur wilthin the zooid
and, when sexually mature, the female left the zoolid,; mated
and returned to a hoét goolds The eggs were presuned to beo
olthoer left in capsules in the branchlal cavity of the age

c¢ldian until hetehed or sbendoned In the cloacal canals,

The writer encountered enterocolids fre¢ in the canals,
In the branchial sac of zoolds, bthe stomach and post~abdomen,
Hatehlng was observed in all cases, The nauplii, without ex~
copbilon, seemed unable to swim except for short, abortlve
jerks through the water, bub were able to scuttle over the
surface of the colony Lo an excurrcent openings There they
would descend into the common cloacal can@dls, presumably to
geck oub a host zoold, Developmentbal stages boetween nauplius

and Immature individuals were not found,
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Enterocolld females were observed btearing tholyr way

through the walls of the post~abdomen, with and without egg
capguless Such action may bo the result of laboratory condi-
tions, or it may be a2 nommel procedure, HNeny zoolds were en=
countered with egg cases within the post-abdomen and brenchial
gacs yet no females wero present, Bither the female tore her
way out and the zoold regenerated the tigsue, or she forced
her way through the abrlel aperture, leaving the ogge behind,
Enberocolid females were observed bowing egg cases through
the colony canals, yet developmental stages were found only

within the zoold.

Celman's ldea of a free-swinming neuplius sbtage may be
accepbed, ab least tenbatively, but the act of the female

leaving the zoold for fertilizatlon is uncertaln, Porhaps

the male enbers tﬁé_mooid.f This is_hot as igbredible as 1t
may seemy in view of the spinilferous appendeges of the males
A few males weore encountered, thrust heed-first into the at-‘

rial aperture of The zoolds,

The notodelphylds present a leas uncertain life hlstory.
The nauplius asoeks a host zoold and developnent proceeda, Ab
& certaln stage, apparently limibted by size, the female leaves
the host zoold and proceeds Lo a surface caviby of the col-
ony through the cloacal canals, Hatehed nauplill geck out the

cloacel canals snd disapposr into the colony. These processes



a7
were observed by the writer although no male notodelphids

were encountered,

Another question is the degrec of parasliism or com-
niengalism exhibited by these snimals, Irady (1878) believed
they areo not true parasites because they hﬂﬁe no suctorial
apparatus, move freely sboubt within the host and do not ate
tach themselves to the host tlssue, Sars (1921) thought that
they were more like commensals since they did not feed on
the host's juices bub on the particles of food brought in by
the currents of waber, Calman (1908) observed thet zoolds
containing parasites had well developed gonads, indicating

that no "verasitic castration" of the host had occurred,

The writer observed zoolds simllar to those seen by
Calman, Tn all cases the 53011&;;18 w(:}re not atrophied, and
geaned fully functional, None of the specles examined was
attached to the host's tissue, Unless evidence ghowing
injury to the host is revealed, it 1s doubtful that thoese

enimals are Lrue perasites,



SUMHARY

Specimens of parasitic copepods were collected from
both compound and solltary ascidlans in the area of Dillon
Beach, California, Descriptions and line drawlngs were made
of several species, and a key to the foamilies of ascldlcolous
copepods was constructed, Tables were propared of the occur=
rence, location and incidence of Infectlion of these cope«
poda, The history of rvesecarch on ascldlcolous copepods
was reviewed, a2s was the taxonomie structure of the group,
Discussion was limited to peassible schomes of 1life hise

tories and the placement of these animals in parasibilc

or commensal reletionships, <l i
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Plate 1,

1, ¥nterocolid #1, mature female, lateral view, 5Bx,
b} ] ]

2e Ovigerous female, dorssl view, 17,5x,

b, Caudal rami, dorsal view, 2106x.
4, S8econd leg, lateral view, 210X,

5, Iead, dorsal view, 50x.



Plate 2,

1, Enterocolid #2, female, ventral view, 17.5x,
2+ Second leg, lateral view, 215z,

5, First leg, lateral view, 215x,

4, Caudal remi, lateral view, 215x,

Plate 3.
1., Hotodelphyid, female, lateral view, 17,0X,
2, Second pair of legs, lateral view, G0x,

3, OCaudal sectlon of ovigerous female, lateral view, 17,0x.

Plate 4,
1. DPoint of atbachment, unldentlified parasite, 50x,

Rs Zoold of Amaroucium solidum with pereslte, 10x,

5, Unidentified parasite, 50x,

—Pplate B,

Collectlion avea, Dillon Beach, California,

Plate_ﬁ.

Diagram of generalized compound ascidian wlth post-abdoumen,

Plate 7,

Diagram of genoraligzed cyclopoid copepod,

Drawings of parasites were nade with the ald of &

camera lucida and reduced one-hall,



Paragite

Enterocolid #1

il L

Enterocolid #8

1] 1]

1 iH

'ﬁétodeiﬁﬁyid
#® 1]

Bobryllophllid

Unidentified
conepod

Hote:

October 1, 1955,

TABLE T

Hogt

Amaroueciwn solidun

As californicun

Ae golidum
Distaplia, ap.

budistoma ritterd

Sigililinarias
: 7&%}1& LS D nis

Ay californicum

ﬁ& golidum
A_scidia c.eratodes_

8s pulohre

As californicun

Ay 8olidum

DISTRIBUTION OF PARASITES

Location
Pelican Point
Tomales Point

2nd 8led Road
Bodega Jouby

“nd Sled Road
Tomoles Point
Pelican Point
end Sled Hoad
Bodepa Jdetty
Znd Sled Road
Vilisdibch's
Bodega Jobby
lst_@;ﬁd Road
Pellcan Point
and 8led Road

2nd 5led Road

Dredged, Tomales Doy

PTomales Point

2nd Sled Road

2nd Sled Road

All parasites were collected from June 26, 19585 to



. Enterocolid # 2

TABIE II

INCIDENCE AND 3ITES OF INFECTIONH

Number of Huuber of hosts
Parasites (colonies)

Enterocolld j 1

Amarouciuwm 8ppe

266 33
Distaplle Sppe.
3 1
S5igillinaeria sp,
a 3 3

Ludlstona sp,

{5 3
(%] S T

Amarouclum spp.

66 8
Distaplia 8pp.

42 4
Budistoma sp,

1 1
Hotodelphyld fmarouclwn spp.
59 8
Unidentified Amapoueciumn 8vp.
G4 4

Sigillinaria sp.
4 - i

Position in
jlost,

Cloacal canals
Zooid post~-abdomen
Zoold intestine
Branchial sax
Atrium

Zoold post-abdomen
Abrium
Branchial sac

Cloacal cenals
Zoold post=-abdomen
Branchlal sac

Branchiial

gae

Cloacal canals
Zoold post-abdomen
Atriunm

Zoold post-abdomen
Branchial sac

Cloacal cenals

Surface cavities
Cloacal canals
Zoold poat-abdomen

Abrium
Stomach aresa

Stomach areca
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Plate 3
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Plate 4
Inidentified Copapod
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oral aperture
oral siphon

= H

atrial languet
dorsal ganglion (brain)

nevral gland
atrial aperture
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wiinre ndevt
“ // rectum
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\ ko
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Diagram of gonorallz;d

pericardium and heart

compound

ascidian zodid with a postabdomen,

Plate 6
Generalizel Zo

old
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. —Diagram of

Cyclops (altered from
Sissw, F, Deut,). 1, first
‘antenna; 2, second an-
‘tenna; 3, mandibles; 4,
| first maxilla; 5, maxilliped;
16, 7, 8, 9, the first four
' pairs of thoracic legs, each
leg being composed of a
basal piece, the protopod,
and two terminal pieces.
the exopod and endopod;
10, the fifth pair of
thoracic legs; 11, recepta-
culum seminis, in the first
abdominal segment; 12,
abdomen; 13, furca.

Plate 7
Freee-llving Copepod



The explaination of plates gives 16 X and the plate give
30 X as the magnafication of thig zooid.

I doubt both because 30 X would make the zooid thorax an
abdomen about 4 mm long where as 15 X would meke this .
meagsurement about 8 mm, Both are above the size limits |
of thig gpecies and further this is an immature zooid
becauge of the lack of a post-abdomen which makes the
meagurements that mich more over the size of ,
Amaroucium solidum,

R.C. Haugsten

Y

———— .+ e e
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