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INTRODUCTION 

One of the major develouments resulting from the requirements of World War II 
has been the eX1'.)loitation of ~reviously unused sources of protein food. A most 
astonishing as~ect of this ~rogram has been the rise in the use of oceazrnout 
(Zoarces anguillaris),also known locally as eel~out, conger eel, conga eel, wolf
fish, ling, lingcod and muttonfish. Although this fish has been sold on the New 
York market in small ouantities for at least 50 years, its commercial irrg;iortance was 
negligible until 1943 "(Market Mews Ser.vice Reports, 1942-43). 

No recei~ts of oceaJIOout wete reported from any of the markets in 1942. From 
February thro~ A~ril 1943, 217,855 pounds were received at Gloucester and Boston, 
Mass., and Portland, Main~. From Mey to October, landings were negligible, In 
November a~d December, an additional 7,235 pounds were landed at the same ports. 
At New Bedford·, Mass., 3,279, 129 pouzrls were brought in during 1943. In addition, 
numerous s:na.11 la.'ndings were ma.de at various other ports from Ca~e Yay, N. J., to 
Portland, Maine, and for the most part, such landings have not been included in the 
official statistics. . ... . 

Total recei~ts of this fish on the New York City market for 1943 were 830,333 
nounds. During the first three months of 1944 the rec~ipts in New York City were 
1,572,089 ~ounds. The yalue, calculated at three cents per ~ound, w~s $57,163 
(see .4.mendment 27 to VPR 418 ,. Fishery Market News Report No. 68 1 1944). Table l 
surima.rizes market statistics regarding oceanpout landings in 1943. 

Al~hough this rise of the oceanpout was sudden and spectacular to commercial 
importance in the United States, this should not be construed to indicate that it 
had not received consideration elsewhere as a food source. The European S"Oe.cies 
have been found regularly for yea.rs in continental markets. ~ simi~r suecies . 
long has been used as food by the Chinese. Furthermore, the nossibility of 
increasing the use of the oceanpout as food had r ecei ved the serious consideration 
of the Canadians during and immediately following ~orld ~ar I (Clemens, 1920). 

To date fishing ouerations for the oc~annout have been r ostricted to the 
inshore waters of northeastern United States and southeastern Canada. In 1918, 
catches were '11ade from Block Island to }Tova Scoti.a (Clemens, 1920). The pr~sent 
fishing grouzrls ·extend from Ocean City, M. J. to Portland., Maine. From January 
through March the fish are caught 30 to 50 miles off shore, but as the weather 
moderates the best fishing is found further inshore. The season lasts from October 
to May of the. following year. 

Des:l)it e the derrand for this fish as food, it b.ecame a1'.marent early in 1943 
that because of a protozoan inf~ction in its flesh, the oceazmout fishery might 
undergo a decline which would be as meteoric as its rise. The ~arasite., 

· Ichtltvos:jjo:rid.il.lll1. SI).(?) (N'igrelli, 1943; Fischthal, 1944) :produces a l esion which 
is not only objectionable aesthetically, but if it were nroved to be toxic, it 
would become a de£inite ~ublic health meP.ac e. According°ly, the Technological 
Laboratory at College Park, Md., in cooperation with. the Office of the Oo.ordinatoi· 
of Fisheries, undertook studies to det~rnin~ the ' iricidence of infection, the 

1 



spread of the parasite to fillets of non-infected fish, toxicity of parasitized 
fish, and related problems. This paper reports the data found. 

· LITERATURE 

The genus Ichthyosporidium was first designated by CaUllery and Mesnil (1905 b). 
They described two species found in marine fishes, Ichthyospor:i.dium gastrophilum and 
Ichthyosporidium phymogenes. The fomer· was restricted to· the digestive >tract of 
Motella mustella and Li;earis vulgaris; the latter occurred · in the subcutaneous 
tissue between the skin and muscle of Crenilabrus melops. Fbur. years later, 
Robertson (190~} reported a species of Ichthyosporidium which caused a fatal disease 
in seatrout, The same author also described a similar infection of haddock. Be
cause her fi~dings closely resembled those seen in parasitized Zoarces, copies of 
the drawings have been included in this report (figs.land 2}. 

Although Caullery and Meanil described the parasites as found in the fish and 
the 'aeeompanying pathology, it was not until 1914 that the life cycle of one specie~ 
Ichthyosporidium giganteum, was worked out by SWarczewaky (·fig. 3, Kudo, 1~39}. 
This species is infectious for Crenilabrus melops. The same investigator also de
scribed Ichthyosporidium hertwigi which paraaitizes the gills of Crenilabrus paro. . . . 

Wen1on (1926} makes the following statement regarding the genus: 11The genus, 
Ichthyosporidium, Caullery et mesnil (1905}, includes several species which irrfect 
fish. As in the case of the Microsporidiida, white nsdules are produced in the . · 
tissues and on the gills and these are seen to consist of an encapsulated multinu
clea~e plasmodium in which occur ovoid spores." 

Kudo (1939} defines the genus as fol:lows :· ·"Genus Ichthyosporidium Caullery et 
Meanil. In fish; often looked upon as Mieroaporidia, as the organism develops into 
large bodies in body .muscles, connactive tissue or gills, which appear as conspic
uou!3 11cysts11 which are surrounded by a thick wall and contain numerous spores." 

It would seem from the above literature that this genus is closely related to 
other protozoan genera, especially to the Microsporidia and Haploaporidia. However, 
there seems to be E()me confusion as to the exact nature of the pirasite, some 
work'ers. considering it to be a fungus (Plehn, 1924}. Fish (1934} has carefully 
r eviewed the literature regarding this controversy but does not commit himself to 
either the protozoan or'tungus classification, although h& apparently favors the 
latter. Failure to obs&rve hyphae in the lesions in Zoarces lead to the. acceptance 
of the protozoan hypothesis. 

SCOPE OF INVESTIGATION 

The problem of this particular parasitism of Zoarcea was first •observed by 
Herrington and others in 1943, but there was no simple answer ),mmediately available. 
Little was known of either the fish or the .parasite, and tliere was an urgent demand 
for a rapid solution in ths interest of the fishery. In order to meet this exigency 
a program was fomulated which ii;icluded the- investigations listed below: 
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Pa,thologr of the Para.sitized Fish 

This was investigated in order to obtain information a.s to how the uarasite 
inJ'lµ'ed the host and to procure ptlssible clues as to the manner ·of its iforead in the 
host" tis sues. · · 

A r anid s inn;>le method had to be devie ed for determining the 'T)resence of lesions 
in oceall")out. Fortunat ely, the fish was being marketed as fillets. ~ 'ethods of 
candling already had been develop ed for· detecting ~ion lunmi in rosefish fillets 
(Firth, ?J'igrelli, Herrington, a.nd Bearse, 1939} ·md it merely remained to modify the 
technic for a'O'T)lication to field studies . 

Inci~enc P of Infection . 

It was necessary t o obtain information as to the extent of the ~arasitiam in 
the various ar eas wh~rs commerc ial C"'.tches were being made. This i7ould not only 
indicate areas of h eavy and ligb~ infestation but would also yield data regarding 
the r elative imnortanc ~ o~ the entire nroblem. 

Sn~ PO.d of Lesiqns in Excised Tissue 
. . 

It had b een unoffi cially reodrtPd (Wharton, 1943) that the indiv.idua.l lesions 
continued to increas e i n size and undergo !legenera.tion in filll'l.ts under the usual 
condi ti.ens of· storage·. It was furth~r. reiJorted that non-infect.ed· flesh could be
coMe pa.r·asitized from contact with co..,+.wninated cutting tables., knives, or: other 
objects, nnd that such fillet s would develo~ lesions during storage. It was neces
sary, therefore, to investi~nte these claims under con~rolled conditions. 

M_~thods of Eliminating Parasites 

The prob·lem of whether· it was necessary t o discard entire fish which showed 
evidence of n~ra.si tism or only · 'those uortions which rbowc>d. l esions hA.d to be con
sidered. Ae.sthetica.lly, it w:is desir~ble t o cut out any gross lesions, following 
the same technic ~s that used in the rosefi sh indust~J. If it were sho\7?1, however, 
that even the clean areas of infected fish were toxic, then the entire fish would 
have ta be discarded. The answer to this rested U-:Jo~ the findings regarding the 
toxicity of infected s'riecimens'. · 

: ~ t Toxicity Studies 

It had been rumored 'that parnsitized oceanpout ' were toxic when eaten. · This had 
bePn spread ' to anoint where one large retailer ~.ad refused to make any further 
purchasf>s of the fish . The emei:-imental evidenc.e U"T)On which these. rumors ,w·ere · ··· 
based wa~ rather flimsy. In one case, t~ree dogs had bePn fed some o~ the uarasit" 
ized fish. Two of them bad shown evidence of a mild gastro enteritis following the· 
meal. As there had been no previous COn~roll~d feedings P..nd IlO attemots had been 
made to free these aniw.als of intestinal ~arasites ~rior to the test meal, the 
results are of doubtful value. In addition to these feeding tee ts, one fis_h ~ad 
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been eaten by a workman who comnlained of a gastro-intestinal disturbance the d~ 
following its ingestion. Again, no controls were available and, in this ~articular 
cnse, it was not known whether or not the fish was parasi ti zed. This presumptive 
evidence of toxicity, however, made it necessary to co:nduct feeding tests under 
controlled conditions. 

Pathology 

The nathology of infected fish was studied grossly and_microsconically by t~e 
usual methods. Sections for histo~athological exrunin'l.tion were stain~d by Mallory's 
method. 

' ... 
Detection of Parasitic Lesions 

Following the methods develoned for ~arasitism in rosefish, a portable cnn
dling device was built.!/. This consisted of a wooden box, 18 inches long, 6 inches 
wide, and 6 inches dee->. ·· The box housed four 50-watt bulbs mounted directly over a 
~olished metal reflector which rested on the bottom. The to~ consisted of a window 
of frosted glass. A cover was nrovided to protect the glass in transit. Ventilat
ing holes were bored in the sides to prevent overheating. The entire assembly, 
with 25 feet of extension cord, weighed eight pounds and could easily be carried 
and set u~ in the field. 

Fillets were placed u"1on the glass slirfo.ce and examined by transmitted light. 
It v.us nece·ssary to examine both sides of the strip of flesh in order to detect 
lesions l to 5 millimeters in diameter. Very careful observations were neces~ary 
in the case of the3e small lesions since they were frequently embedded in the 
·tissue and were not readily seen by the casual observer. Larger lesions, over 10 mm. 
in diameter, were easily detected without candling. 

Th.e boats were met at the dock and the captains interviewed as to where the 
catch wae made and a:rv other ~ertinent inf ormntion. The catch was followed to the 
nrocessing nlant and the .nunib Pr of fish in the haul determined by actuo.l count. As 
-the fi'llets came from the cutters, they were candled and records made of all fish 
showing evidence of uarasitism. Field studies were arranged to ~ermit determina.~ion 
of the sex of the narasitized fish • 

.where. it was not possible to cover an entire catch or when too many boats 
landed fish simultaneously, the cantains were interviewed and sa.Ml"lles were sent to 
the College Park Laboratory for ex'B.mina.tion. Such sannles consisted of 100 nounds 
of round·fish. Fillets were cut and candled and the meat used for fil.rther e;peri
ments. 

1/ The authors wish to exnress their il!:JI>reciation to l.~r. Walter Rust of the labora
tory staff for designing and building this piece of equipment. 
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Snread. of Lesions 

Two types of exneriments were conducted to etudy the growth of parasitic 
l esions. Individual leeions were obs ~rved over a neriod of storage for changes in 
size, a~n~arance, and consistency. Tr~nsmission exneriments were conducted by ~lac
ing non-infected fillets in direct contact ~1th infected flesh and by following 
changes in each fillet during n :neriod of storage.. The conditions of storage were 
comparable to those used· in com1nercial cold storage. 

Toxicity Tests · 

Toxicity tests were conducted by f eeding pnrnsitized fish to newly WPaned 
kittens and nigs. The animals were conditioned by elminating int estinal parasites 
and by allowing the animals to become in good nhysical condition prior to starting 
the feeding tests. The amounts of ocea.w:iout fed always exceeded the quantity which 
might be consumed by a human. This w~s done to ~ennit ruzy- toxic f actor to have 
a.nrrile onportu.~ity to act u~on the animals. Control animals r eceived equal quanti
ties of non-parasitized fish. 

Du.ring il.nd following the f ePding tests the nnirnn.ls wer e carefully observed for 
al'.\Y' evidence of gastro~intestirnl disturbance. Eady temperatures were taken regu
larly in order ~ossibly to detect less obvious toxic effects. Stools were examined 
for excessive mucus, blood, etc. At the end of the feeding tests, the animals were 
destroyed and cnreful natholo~icnl examinations were made of the individua.l teat 
a.nimnls, 

RESULTS 

Pathology of Parasitized Fish 

The l esions nroduced by this parasite of the ocea nnout are usually loc~tcd in 
the anterior third of the t!IUsculature, a lthough they !!lay be scattered throughout 
the entire l ength of the fish. They are most likely to be located next to the 
sninal column, but there is no regularity in this res:'lect. They- vary in size from 
less than one millimeter t o ~n ar ea involving a lmost one-fourth of the muscle tissue 
on one side of the fish. Fither one or both sides of the fish mi:cy- be infected a.nd 
in some cases multi~le lesions may be seen s c~ttered throughout all of the r:ru.scles. 

In t he early stages the l esions are usually firm and challcy' white. Individual 
"cysts" are arranged parallel with the muscle fibers. Older lesions vnry from a 
cream color to rusty brown and nre firm. l-fore advanced lesions are soft and c~se
oue and when very advanced become semi-fluid 11nus 11 nockets. Figure 4 shows moder
ately advanced, extensive lesions in two s~ecimens of oceanpout. 

In none of the fish exo.mined thus far has it bepn ~ossible to det ect the 
diseas e by examining the round fish. Only by skinning the s~ecimen and cutting 
into the fl esh can the lesions be seen. The viscera do not a~~ear to be infected. 

Histol ogically, the lesions a.,.,near to be heavy-walled "cysts" surrounded by 
connecti-ve tissue. Tuch 11 cyst11 is filled with numerous sporo, lasms. In older 
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lesions the s,,ororyla.sms are ln.rger and mu.ltinuclee.te. A.t this stnge, the 11cyst 11 

aT)'?arently runtures and the individual snor0'7:>1a.sms snread out into the surrounding 
tissues where they, too, runture, releasing nu.~erous snore-like bodies. The rup
tured 11cysts 11 su;pryurate and anr>arently break-down cotn'lletely, leaving very little of 
the internal structure intact, excent for a .few occasional s~oro~lasms. 

Al tho~ microscopic examination reveals forms which r es emble those seen by 
Robertson (1909), there wa s no evidence of hy:r)hae as renort~d by Plehn (1924) or 
Fish (1934). When stained by Mallory's method the para.~i te·s aTJT.>ear as red or . 
reddish-brown units, a staining r eaction which is charncteristic of the nrotozoa. 
Characteristic microscopic fields are shown in figure 5. 

p~cction of Lesions in Fillets 

Fischthal (1944) founi tha.t car eful candling was necessary to detect naraaitism 
in the fillets which he examined. In this investigation there was little difficulty 
in detecting lesions 10 mm. and over in diamet er, although it .was necessary to exa
mine the fillets very closely on both sides in the case of the smnllef lesions. 
Recandling of comnercially candl~d fish revenled that about 60 .nerc ent qf the nara
sitized fillets had been overlooked. In one grou:o of 31 fillets ~acked for consumer 
use, all by 2 showed evidence of narnsitism when r e-candled in the lnbor~tory. This 
wns an extreme case, but it indicat es the extent to which infected fish may reach the 
market vrith the narasites .!!!. situ. A ver:r auPerficia.l survey of the oceannout for 
sale in two retail stores r eveal ed t ho.t the consumer occasiona lly mis being sold 
fi~~ which exhibited large lesions , r endi1y detectable without candling. 

!E~}~ence of Parasitism 

Field studies were conducted during March, ~ril, :ind Hay of lg43. An exani
nation was made of several thousand sp ecimens of oceannout caught in the wat ers from 
Ca,,e May, l-T. J., to the northerl,y tin of Cane Cod, Mass. The T>ercent age of fish 
which were ~arasitized varied from 4 to 38 d<n'ending u~on the location of the catch~ 
As the field observ~tions have not been continued, it is not known whether the 
values for any given area nre constant or merely indicat e the incidence of ryarasi
tism at the time of sa.mr:>ling. 

The lowest incidence ni.s obeerved off the southern shore of New J ersey and 
increased in the more northerly wat er. Extensive sam~ling in the area from the 
eastern end of Long Island to Nantucket showed that pnrasitized fish compris ed from 
~ to 38 ,,ercent of those examined, the ~eater nu.~ber of infected fish being ta.ken 
from the deener water (fig. 6). The areas of lowest infecti.on were thos e adjacent 
to B.lock Island and in Huskeget Chn.nnel. 

It is difficult to attach much significance to a single field satrMling. Dur
ing 1944, no field determinations were ma.de but it ~as reported by several dealers 
who handled large quantities of oceanpout that the numb er of infected fish was mu.ch 
lower than in 1943. If this is tl"\le, it mey be that the "Oarnsite dienlays a cyclic 
·infection :pattern but sufficient data are not available, -at nresent, to make a 
reliable interoretation. 
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~ correlation seemed to exist b etween the size of the lesion and th~ degree of 
infection. In a.rea.s where the' incidence .of narasi tism ranged from 27 to 33 'Oerc'ent, 
the majority o"'f the lesions were 15 mm. or over in diameter, whereas in areas where 
the incidence WaB below 27 p erc"ent t moat of the le dons were under 15 mm. It was 
also ·abser:ved that' in ·zones of hig'h incidence, multi'ple lesi~ns :were nresent in most 
of the narasitized fish,but single lesions ~redoiniIBted in .snecimens taken from 
waters where the' lower incidence "Qrevailen. · · · 

. A~~a:rently the degree of infection was also correlated with the age of the fish 
(see Clemens, 1920, regarding age). Of one catch of small oceannout (12 to 16 
inches; 5 to 7 years old) taken f~om Ipswich Bay, only 5 percent were ~arasitized. 
None of these exhibited large, localized lesions but all showed Tm.I.ltiple, miliary 
foci scattered throughout the mu~cle. In suecimene ranging ~rom 16 to· 18. inches 
(7 to 10 years old), the infection incidence was 14 'Jerc,,mt; for thos'e 0ver'·this 
size (lo to · 20 years old), it was 25 ~ercent. 

The sex of each fish was determined in most 'cases but th.ere was no al)l)arent 
difference in the degree of :parasitism between se.xes. However·, individual catches 
occasionally showed a higher parasitic incidence · in one or the other of the sexes. 

Sor.~~d of Lesions in Fillets 

The results obtained in the exneriments that were conducted to determine the 
increases in areas of ·lesions in fillets clearly show that even with careful can~ 
dling and yroper storage, l esions will continue to develo~. The data also indicate 
tha.t flesh whicll ~:oueared to be normal U'pon candling may develo:P lesions during 
storage. 

... .: n • • 

The data in tapie 2 show the results obtained when ~illets containing a single 
lesion ea'Ch are· stored at 8° F. ·From 48 to 70 nercent ·of the leUons showed a 
definite increase in size when held in storage from 4 td 14 days. Degeneration, 
i.e., di~coloration and suu~uration, occurred in from on€"third to one-fourth of the 
fillets. ·In a preliminary emeriment not recorded in the table, fillets containing 
milia.ey 'lesions were stored for 14 days at the same tem.>era:.tur·e as those mentioned. 
Of 4o such fillets, 10 developed 11 sores11 which: were readily discerni'ble without 
candling.; 

Three storage. e~eriments were conducted with fillets which had. been carefully 
candled and from which all visible lesions had been removed by cutting-them out of 
the ~eat. These were held at 8° and 4o° F. and examined at intervals throughout a 
ueriod of 7 to 10 d!lYs. The· data ih .table 3 show that desnite the care taken to 
remove all of the infected areas· which could be locatea with the· candling device, 
evidences of parasitism anu~red after. the firs~ d13¥ of st~rage ani th~ number of 
filleh showing such manifestations increR.sed with the 'Oeriod of. -storage. ' By. the 
end of one week nearly all of the fillets exhibited narasitic lesions when examined 
by candling! 

To det.ermine. the.' "?Qssib.:ilit~ of conta.'llinatir,g· normal flesh by co~t~·ct ~'th 
inf P.cted mater~l, individual test fillets, which show~d no evidence o1 narasitism, 
were nlaced in direct contact with narasitized fillets and each resi:>ective nnir was 
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wrapped in pEtrchment pE1per. An eaua.l number of pairs of apparently non~infected. 
i'illets were ~tored under iden~Jc~l · conditions, as controls. The temperE!~ur.e of 
storage was 8 · F·. in all cases. In the first experiment, 10 such pairs and. an 
eaual number of- controls.were ~ept for a period of one· week. At the end of thls 
time, there wer'e lesions in 2 of J;he 10 test fillets a.nd. in 4 of the 20 controls. 
A second experiment ui:;ing 25 pairs of fill ets was conducted ( seP. table 4). 'These 
were examined periodic~lly over a period of 7 days. Althol]8h leBions did app~ar in 
the control series, the· degree of pRrasiti~I!l in the test filleh WftB much hi~hAr. 

·Toxici t;v Studies 

The rP.sults of the feeding tei:; ts employing · cats and. pi~s indicate thA.t there. 
is vPry little, if any, .d,angpr to their heA.lth in ea.ting ocra.npout pP.ra.siti7.Pd with 
Ic:1t~·;·o,r- •oridi'::n. Six ypung c::tts, d.ivided into two group s of- two P-nd. four each, 
showed no evidence of E!n~ ill effects when fed large qua.ntiti~s of raw and cooked 
(boiled for 30 mins.) diseasr.d fish, respectively. The fish ration was supple
mented with reconstituted dried whole milk in all CFISP.s, and the animals were main
tained, on the fish-milk diet for a two-weeki; test period, At the· end of th~tj time 
they were destroyed, ond a careful post-mortem eXE\.l'lina tion was lllc"l.d.e ·of them-I. The 
gross pathology and histology of reprf'\sentati~1e tissues were norme.l in every respect. 

Throughout the fe ediru; tests., body tPmperftturPs of the c11.ts werA taken regu
larly, E1nd in· no case wa.s an abnormal vP.lue obtPined. Obs Prv?tion of tha nnimals 
during and following AP.ch tf>st meE!l fa.iled to r evP..!'11 any inc1ic11tion of ~Rstro-in
tf"stinP.l rUstres_s; vomiting fl.nd diA.rrhea were absent in every cRse. 

In addition to the fef!ding expRriments with ca.ts, six pigs. each weighing 
~ba,ut 60 pounds, were sub,1ected to a similar experiment. These were. d.i vid.ed. into 
three groups of two animais each. Group ~ne received a single nE1ily feeding of 
two ·pounds of uncooked parasi ti7.ec'I. fillets with a regular ~ra.in ration. Group two 
received the same · diet except that the fillets hRd been boiled for ~O minutes. 
Group three was fed raw fill~ts of non-parasitizen oceanpout with the grein supple
ment. The test ffled.ings WPre given daily for ' a. period of 5 na~ E1fter which the 
Rnimals werf! returned to a normal grRin ration for four WE'!eks. :Body tempPrFi.turf:is 
were ta.ken periodically throughout the tests. a.1'd, as with the cats, observEL~ions 
were made for evidences of any ga.stro-intestinal di stress. The ElnimPls beh~ved 
normE1.lly in all respects. Post-mortem exr.minations r evealed only normal tissues 
in evAry ca.se. 

The findings regarding both thP cat.and. _pig feeding tests were summArized M 
follows: 1'Post-mortP.m examinations nnd histolo~icfl.l sttirly of reorr>s1:mtBti ve tissues 
did not reveal thi:> ·presence of EtnY pF1.thologi~al chflnge' attributflble to thP- fish 
feedings 11 (Coburn, 1944). · 

.,. 

E_/ The post-mortem exruninP.tions were conducted by Dr. Don R. Coburn, Veterim:iriA.n 
in charge of the Pat1u::ent Wildlife Disea.l!e ReseRrch LP..borF1.tor?", - He P.lso supE'r
vised the feedi~ tests on the"pigs flnd mP.d.e the ?Ost-mortem eXAmiDFltion on 
them. 
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DISCUSSION 

Clemens (1920) ~~ined a large number of oceal!T.loU.t from the same area for 
:oarasites. He .reported .that only a few worms were :present in the flesh. ··The E"xten
sive damage to the host which we have observed 'Olus the above observation indicate 
th:-.t ~cb.\h;-:o.Si).CR.di:iptaay b·e a recent na.rasite of this fish. The infection ts. to_o ·. 
obvious to have been overlooked b1 Clemens and a well established -oarasite ~oul~be 
more adaptable in its ~ehavior in the host. -

The portal of entry of the -oarasi te is not kr.own but since it is a.n inf eaticpi 
of the deep muscle and no ext ernal evidence of parasitism is seen, it ie doubtf~l 
that it gains entrance through the skin. Caullery and Mesnil (1905 a) described 
closely related genera in the annelid worm.a. Since these wonns constitute ~art of 
the diet of Zoarces, it may be that they serve as the :')rimary source of th.e Jnf ec
tion. If this is true, one might expect the viscera to be ~arasitized but this 
does not apoear to be the case. · · 

From a strict~v practical viewpoint it is almost i1II'9ossible to eli minate the 
parasite from fillets, at ~resent. Should the high incidence of infection continue, 
normal fillets are certain to beeome contam.inated during :orocessing, and etorage 
will permit the organism to develop. It is true, of course, that in nonP. of the 
eXDeriments was the fish subjected to quick freezing, nor were they held at 
extremely low temperatures. It m~y be that a commercial quick-freezing type of 
treatment might have held the ~arasite in check or killed it, However, the condi
tions held during the course of the experiments were probably superior to those 
emoloyed in ulants that do not nroduce frozen fish, and the results reflect what 
mai be ~ected · in'orainary conmercial practice. 

l • .An-Ic1itlr•gfole~~dip.n p:irasi te of the oceanpout (Zoa.rcPs anguillari.13) has be.en 
studied in rega~ ~ t e. !ollo\71.ng: ~athology of the ~arasitized~sh, methods of 
detecting lesions, incidenc~ . of infection, spread of lesions in fillets, methods of 
eliminating ·1esipns from fillets and toxicity of parasitized fish. 

2. The incidencP of. ~bvious parasitism in ocearl"')oUt caught in the.North 
Atlantic waters of the United States in 1943 v~ried froM 4 to 38 ~ercent d1roending 
unon the location. 1 

3. Lesions a~~ea.r to ·continue tb increase in size ~-:id. number in fillets 
stored at go F. for two or more d~s. Normal a~nearing ocPa?l1)out fleeh developed 
evidences of narasitism after contact with infected fillets. 

4. Feeding tests with cats and ~igs revealed no indication of toxi~ity from 
the. ingestion of ~arasitized oceanpout. 
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;: Table 1. Landing~- of Oceanpout During 1943 

- . 

?Jew Bedford Gloucester, Boston 
• '2 and Portland 
Month ... 

Pounds Value Pounds Value. 

January 
: 

6,940 t144.oo 
Feb ru.a._17 395,197 15,459.00 12,230 $570.00 
Ma rch · 9sa,4oo 27,798.00 33,315 1,287.00" 
A'T)ril 1,42 ,377 49,432.00 43,220 '765.00 
).fey - 369,215 7,224.oo 19,090 303.00 
Ju.he 

• July 
August 
15ente.mber 
October l,o45 63.00 
}Tovember --615 16.oo ) 
December . 52 2.00 ) 7,235 232.00 

?Jote:~Total recei'T)ts 'on ~ew York market: 830,333 lbs. 

'fable 2. Changes in the Size of Individual ·Parasitic 
Lesions in Ocearrnout Fillets Stored at 8° F. 

• I 

!Tumber . Average ' Average 
Lesions Lesions Exoeri- of fillets Period size of 

ment \Vi th of size of 
lesio~s 

showing showing 

Fo. single storage initial n.fter increase · 'degener11tion!/ 

lesion l f'sions storage in size during storage 

Days l'i lli- Milli- Percent PercPnt 
meter meter 

l 46 ~ 4 . 10 x 16 13 x 19 48 33 

2 31 9 16 x 10 70 

3 38 14 12 x 14 14 x 32 58 24 

];/ Discoloration and 0,,us 11 fonna.tion. 
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J-Tumber of 
lesion-
free .. 
fillets 

25 

25 

25 

Test fillets.!/ 

Control fillets 

.!/ Lesion-free 

Table 3. 

Temnf.ra- · 
ture of. 
storage 

. 

OF. 
4o 

g 

g 

Table 4. 

!iftunber : 
fillets 
eT!IT) loy ed 

25 

50 

Develt>'Oment of Parasitic Manifest:it·ions 
lesiUns. in Fillets Initially .Freed of 

Mumber of fillets showing lesions 
0 l 2 3 

day day fueys deys 

.. 0 :-· 5 9 

0 3 7 

0 2 9 .. 11. . 

: .. ·· .... 

Transfer of Parasitic Lesions from 
Infected to Fon-infected ocea~out 
fillets. 

after 
5 . 

days 

12 

13 

16 

TeMpera- !lumber of fillets showing 
ture of __ .._ __ after sto.rage 
storage l ' 2 . 3 5 

o F. day days deys days 

8 6 14 22. 24 

EL .. l 3 13 . ... 

fillet in contact with parasiti~ed fillet~ 

' . 
. ' 

11 

storn~e 
7 

deys 

21 

24 

22 

lesions 

7 
days 

24 
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Pla. tes I and II 

(Copied from Robertson, 1908} 

Fig. l, Shows a medium sizPd Ic.'1tli.;.·oO""loridium enclosed in a nest of 
connective tissue, the protoplasm is vacuclated towards the . 
centre. Through an error in drawing, the nuclei have been made 
too small. 

Fig. 2. IchtJi.:-·o!noridiUM ':tl. th homogeneous protoplasm, and large evenly 
distributed nuclei. 

Fig. 3. Parasite issuing from its cyst. The nuclei are arranged towards 
the centre of the animal. The protoplasm shows vacuoles. 

Fig. 4 and 5. Di vision of the nuclei. 

Fig. 6. Group of young individuals. 

Fig. 7. Exit of parasite from its cyst. 

Fig. a. Ab~ndoned cyst filled with connective tissue. 

Fig. 9 and 10 illustrate the breaking up of an individual into reproductive 
bodies. 

Fig. 11. Shows tho r esults of this breaking up process. Tea young 
individuals have alrAady begun to grow. 

Fig. 12. Section through a nonulc with one of tho large worm-like 
individuals. It has been cut in several placP.s, thus giving 
the appearance of sevPrnl separate cr~atures. 
At P a stage in the process of plasmotomy may be seen. 

Fig. 13. 1",arly stage in the exit of one of these large forms from the cyst. 
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Plate III 

Life c:~clo of Ic htlrou:..oridi u:i giganteum 
(after Kudo) 

Fig. 1 - 5 Schizogony 
The amoebulae grow and their nuclei multiply forming plasrnodia. 
The plasmodia divide into smaller bodies while the nuclei 
continue to divide. 

Fig. 6-13 Sporogony 
The nuclei become paired (6-7) and the nuclear membranes 
disappear (8). The plasmodia break up into numberous small 
bodies, each of which contains one set of paired nuclei (9). 
This is tho sporont (10} which develops into 2 spores by 
further differentiation (11-13). 
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Plate IV 

Ichthyosporidian lesions in ocAanpout. 

The fish have been skinned and the outer muscle layer 
removed. The lesions appear as white areas in the anterior 
part of the specimens. 



Plate IV 
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Pl~te V 

Stages in the Development of Ichthyo§?oridium in the Oceanpout 

A. Early stage. (200 X} 
The parasites (dnrk, round bodies) are scattered between the muscle 
fibers. This stage corresponds to #l in Figure 3, 

B. Cyst (200 X) 
The plasmodia multiply and are multinucleato, The mass is walled off 
by connective tissues forming a cyst. 

c. "Ripe" cyst (200 X) 
The plasmodia have ruptured releasing the sporonts within the cyst wall. 

D. Advanced cyst. 
The connective tissue wall has ruptured roleasing the sporonts which 
develop into plasmodia, completing the cycle. 

E. Resting stage of sporont (500 X) 

F. Ruptured and advanced sporonts (500 X} 
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Plate VI 

Map showing the percent incidence of IchtJri..;:-os· .. :; ridi '"ln 
infection in oceanpout caught in the area from Long 
Island to Nantucket in March, April and May of 1943. 
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