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Oystor Rosaarch b_m-&tory 
Nn Jo "~ioulturnl E~p0rim nt flt£lt1~ 

and 
DGpte of Zool gy

Rutgors State University of Nm, Jerseye 

( Prepared for 4th Anntc.\l. Martnli't1 Conf'eromr ... 3tmo 22°23 9 1962) 

Field, tray and laboratory otudios pr~viously reported ~w 
the D3lacare Bay Ct?ea havo all lx;en continuGdi: although omphMiB 
on w.riotm aapactn of tho \i"Oll'k has changed. 

Io 

By tar the most impor~nt dcvalopmont in this maoa iD the GJJI'ing
planting of approximately 1669000 bU8h ls of meed oysters on the 
planted grwnds. Five grOUO~ ot those vorG ~ampled routim:JJ, 
oztce a month f'oll<fll1ng plrultf.n8c Uttoxplainsci (non-predation)
mortaliey W"aa lCT4=U n lly under 2$ 1DODthly'--fr0r:1 June through 
Novemboro Tho plants have nm, boGn k ted attar un 'WlllOtmlly fine 
~Otting and fattening soasono Yi lda of high quality 01 ters 
veire excslwntl avoi.-agimt slightly better than bushel r~ bu.sh l 
turnouto Dr11 s t1er nctive £\.nt! destroyed as high az 1~ of th0 
oyaterB monthly t ~ak or seasw. At the monthl;r ~ mpling, collea... 
t1ons of oytltors frc:: aeh grwnd w rG tu far hiatol 1o~l 
S'tueyci Th9SO h&vo lxi0n work~d up tm-o-aeh OV$ulb3r f~ ~ cm 
grmma and~ to to, only ona, oystel!' poai'd.va tar "iGX" has bi>Go 
f'9ilnd in the pr,ing of 11 61 plmit c 

G:i.7ounds \oJith old surv:lvinfl oy-ators ot ttw 195'8 plnnting, nn.& 
er thc- oxperimontal pl,mtings of 195'9 m.-~ till ttndlftl' stua,-o In 
spite or th'9 l<nf L"'lcidence or r ~X" :f.n tho llffifG'l" stocks th5rG is 
evid0nco of nubatantial fUJ~t etf 171'6X" in ths old r tookso 
Det mild 6. sa iption of tho la70ls o inf etion durinZ th eppr,.rent
d el1n or th Dalawfll?a Bay pid filic w1J..l :wa1t f'urther vork....ttp 
or th~ b~y ~a.Bpl a eollact d¢ 

In 960 lthough mot..lity le;vel had 
xperim ntsl plentinga of oyaters on thG 1 3 d gr0ll!ld d.ll 

cont1n.wt2 'lmdi_minisbsa at op!zc0tic l wlB 1n otU.; tray t~..?kn at 
tho c Sh~6 In 1961 thi~ situation ehang d BegirJ:?ling vith 
~ JaroG Riwr atook imported in Octob~r of 1960, all int?oductiono 
nv 112d uaglig:1.blG "fl X" mort litios to d.at J"o. Riv-or sto~kci 

poi- d n A ~uct anCl Sep mb r of 1960 b ., inf ~t do App.i:'tic1abla 
de th tha August p ts occurred 11 .and wint 1960e6l 
and avy 11 c-ver the 1961 stmi!llSr s ptsmb r 1? wt h.ad 

.L 
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tts f~sf; 11.savy kill in JVJ.10p 196l.o Monthly imports of StlSetcJ,rl;!bl.0 
J~.I.'t<DB Riw.r ctooks ~e'Y.'0 re])Oated ~on Much to Septemb0r in 1961 
(courtesy {Jf! Dro Anc'i:t'0ws, Virginia Inatitut0 or Marina Seioncos)J
end vrriau..tJ other lmor.n stt.r.leoptiblo stocks from uppa? ~lave.re Bl\yp 
the Pavos:tnk: River ond Long Icland S.und wore &lso breught ino 
RCllt9 of' theDe tEl.. yet sho--,m opizootic levela of kill 1n sharp 
Cm'!t?:Mt to tbs rosults obtoinad with similar importations ill 
19;9 and 19600 _ 

Older t'l's.y ctccko continued to diQ at a low l.eval 1n sprillg
an1 o~ly S'tJll!ln$r and at an appraeiabl.l' higmi> level in leta stmJJar 
and f'~llo Apporentl.y much of this lette,.r, kill my ba eorr0lat0cl 
vith ll,,~Yfflli<'Jl??4 intsetion. 

IIIo H!MW9U.-§.tJ.7,ffqr\ 

Ao 5)>~~-1;J>P~~ = 1-f J'~x, 

~MSxn inc:idenco t1as mol'l3.tared in tray ota~lm from fall 2960 
through 1961 by frai,h smew tecbniqm as well &UJ examination vf 
pr~s~rvod ticsttoo 

Gopws frcm st00lro 1nt!'odttced 1n At:P.gUBt and 8optembsf'9 860 
flxhibite~ infS0otione GS high as 100$ tbi'C11ffh £'all and l:Jintm, &ml 
summer of 11 61. ~lwse stoolw olso experienced cono:1derabl$ mOFt&lity
O'i,1'8:fl the po~j.cd. 

On.perB at old sU?rivorc 1n 11 61 ?an from 2; .. ;07& !nfoatod 
from Fobrw:iryc.Jul.y in contx,a t to rAS high as 83~ 1n q6o fGl- tho 
0 film' ,Pfll'1000 

Gapoi"s of speing 11 61 imports, h~YOl'J! ~af28e batwo0n O = 2;%
infacted fac tho pot=1od ot Jacy-Oeto~ c 'Xhlm 18 in sharp contttut 
tr.rS;~ ~svious yse.Ps of O5'9 &nd 160 W~lSrG infoction in ga~a fa: 
thi~ psr1od we~o 8; • 100;:~o 

Examil'.Lt:it1on of living snmpl0s of OJn>ing 1161 1mPO?-t8 rova&locl 
infection lovols botwosn O and 20% tar JU!y...Ootob~ wlre1:>0ns 
1noidenCE}fl as high e.s ;o O 7<Yt t·mro sha.Jn by o1m1lar stooks in 
11 (!'9 Q?J.d "60, 

FI>osh rncarri..netiou end eulturo of gapers indi~ate .P.t~~~W.m-A 
~o oo of mnj~ impwtruwe in latv summer-4'e.ll @~t&.Utla~ trq 
atookBo"""" Old stocks running as high ac lOO--% infeat0d in gt;P3rfl
xam:tnGd mid noii iml)Ol'ts as: high a.a 37$. 

~ticm ~ samples of living cyoters shO'ticd "rqcrnlle.l. 
di~eas©u (Mackin) in oonsidGrable abWldanoa in now imports 1n 
llovemb~r, 06@ with an &ssociatsd weakening of <?1'St0rsa Living samples
of spring imports also shot11 l'ttJ high 1ni!1dsna6 (80 ° loo,$) in July 
.qnd August with &!most c&mpletG absonc~ by September-Octobero 
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SEARCH FOR ANOTHER HOST OF MSX 

\ Victor Sprague 

Chesapeake Biological Laboratory 

INTRODUCTION 

There are several conspicuous gaps in our knowledge of MSX which seriously 
i mpede progress in work with this impo!tant par.asite of oysters. Some of them 
are as follows: 

1. An ini'ective stage, or stage which seems suited for the )fu.,ction of 
initiating the infection in a new individual (oyster oL,possible 
alternat e host), has not been recognized. 

2. Although MSX looks like a haplosporidian, the spore, a stage of de
cisive importance in identification, has not been demonstrated. 

3. Atterepts to transmit the infection from one oyster to antther have 
be-=n conspicuously unsuccessful and there is no clue as t,) the mode 
o: transmission. 

4. The method of dispersal is complet el y mysterious. 

5. Distribution seems to tave some r el ation to salinity, but we do not 
know whether salinity is a primary factor or onl y incidental to some 
more basic factor, 

Undouot.edly, all per·sons working with HSX have given much thought to 
developing the~~ies adeqw:.te to E.::pltin the mysteries. Keeping in mind the 
principle that tte best thecry is the sir,1plest one which will e~rplain the 
facts, 2nd clai."ling no r..-:mcpoly on a::-iy theory, He at Chesapeake Biological 
Laborato!"'J favor the idea -c,hat rl.SX is a typical haplosporidian normal to 
another hos:-.~ uCCU!"ring sor.-~times in oysters but being usually incapable of 
developing to t he spore st.age in thio t'Jl!latnral host~ On the basis of this 
theory we would c:-:pe::t t·1e ,n~oblem::; listed above to be solved aJ;proximately 
as follows! 

1. In tl:-e ncrmd. hos · a spore ·would oe COiiLrnonl7 present, a11d it would be 
lmmm a ptior..,_ to be ..:n ini'ective stag~ • 

The r.iorpholor;-1 of the ;1 ore wculc~ p:-o\'id3 the basis i'or classifi.... 
catio:1. 

w~ th ·'.:.h9 s;>or•~ a1:ai:L2.bJ.,1 it ~:1ould be po:rnible 'co in.feet oysters in 
the lab::-:.~at.,o_ r ~ 

rhe r,,..e~.od ?i' rli.i:per:.,al .-1on1d be f.cu:1d to t·elate to the habits md 
m2thod:J o~ Cs:·_::,-:.1 e'!' 1~: _ no1-,;, he::.·~. 

4. 
I 

l 

5. The geog_ Cf!.l d.i!:T-rl l:..-..n.ion cf the no:r-n:al hos"L uould be .found t,o be 
a ba$iC l:.11•_t,it.3 fa.:-:)!" :n li,t.. i":iU::2.ca rt' the paras ite, e.lthou.gh noT.i 
ncces",:-•j :r-- the ~n1,· ,.'!I.:. 
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I f tHe theory supported here is the simplest one that ·will accou.11.t for 
the facts or, conversely, is not contradicted by know-n facts, finding the 
supposed other host seems to be a matter of critical importance to the pro
gress of some of the major phases of the }1SX research. This theory is, 
therefore, bei ng presented i n some detail at this time for the primary pur
pose of provoking further thought and discussion as to its merits . If this 
theory cannot be eliminated on a priori grounds and no better one is in view, 
a vigorous effort t o find MSX in another host seems fully warranted. 

METHOD OF APPROACH 

Since ther e are hundreds of species of organisms associated with oyster 
beds , i t is highly desi rable to limit the problem by having a knowledge of 
which organisms are most likely t o be hosts of Haplosporidia and concentrating 
ef forts on them. To provide such inror mation t he appended list of Haplospordia, 
wit h host and habi tat, has been compiled . Appended, also, is a list of appro
priat e references . The list is believed te i nclude most of the known Haplo
spori diid.ae , the f amily which MSX seems most cl osely to r esemble. 

Of the more t han t hirt y species of Hapl osporidiidea listed here, most are 
i n molluscs and annelids. Few are in Crustacea , Nemertea, 'I'unicata and Insecta . 
These groups of org3Jlisms, in appr oxi matel y this or der, may be the ones on 
which ef f orts might most profi t ably be c oncentrat ed. There is no i mplica-
t i on, however, t ha t others should be neglectedo 

Af t er colle cting such organisms, especially f r om areas where oysters are 
commonly infected with !-IBX, there are a t l east twc gener !ll procedures which can 
be f ol lowed. These a ra examin:1t i on of the suspected host organi sms and ....n
fection experirrents . Both cw, and probably better should, be carried out 
a t t he same time. 

Examining the suspected organisms could be made i nt o an impossibly l arge 
task, e specially if one should undert ~ ce indescr iminately to secti on great 
numbers of them Hithcut employing f irst a s c:..·eening process. Screening can 
be done by means of gross inspection and ~resh smears. Fortunatel y , i t has 
been noted that marr,1 of the R~plosporidii dae shew g:..~oss s i gn:i · of their p:-e
sence ~ They J?1.ay ccuse gi·ossly visibl e hj-pe!'trophy of the a ffected or gans 
and, most likely, tte millions of spores, -typicc.lly brown in c olor, wi ll cause 
striking discolo~ati.on of tbe same organs, 

Spores can be easil:, detzcted by mi.crcacopid e.x;iminat i on of f r e sh smears 
without any k:L-id of tr-eatmsnt., Although t11ere are many sporozoan spore3 
which can not r~adily be assjgned to their proper t,a;wnomic group, the 
chances ar e that opores of Hanlosporidiid'.le w-5..11 be easi ly recognized aa such 
by anyone reason~bly fai~ilia~ ~~th the S?oro~o~. The l antern s l i des of spor es 
of H.aplospo1idit1.m ~t>. shown at this time illustrate t ypi oaJ_ spores of thi s 
genus . Spo!·es of ot.?Jer speci':3s i.n this and r'3luted genera are vari ations of 
t he same basic m.i'.'Hctu.i•e. Ths esse-:1tia.l featu!'es a:'e a single ~,nore or less 
spherical spo:-opld.s,.1. 0nclor;ed by a t:1ic!c s1v~ll. There ma;v be an openi~g at 
one end f or CDr.:.?._Je of th-.; s )cro0-,lasm and this may u~ covered by a l id o!" 
oper culu:m. There m~y be loll,: .?j;)penda~es. There ar e never polar capsules or 
polar filaments as in the Gni~~o;ipci•idia, this bein'$ the characteri stic £or 
which th8 grm.1;-> wes rv~.rr.ed HaplMpc,·5.dis. 11 Ha!)lo11 is .from the Greek word 
for 11 sj_mple, 11 
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Plasmodial. stages should be recognizable i n fresh smears with addition 
of met nylene blue to show up structural detail, a method which Rutgers 
Uniirersit.y workers have shoi-m to be quite reliable for demonstrating MSX. 
After this screening process with gross inspections and fresh sr.1ears, then 
i·t would seem to be the proper time to concentrate on preparing and study
ing sectioned materials. 

At the same time, crude infection experiments can be carried on oy hold
ing oysters together in the same aqua.tiq with any or all of the various organ
i sms beii."'1.g investigated as possible other hosts of MSX. When and if infections 
arise i..'"1 the oysters and/or possible stages of MSX are found in the other hosts 
by w~c~oscopic examination, the experiments can be appropriately refined and 
possibly some conclusive evidence can be obtained. 

PRELIMINARY STUDIES AT CHESAPEAKE BIOLOGICAL LABORATORY 

We hava examined about 1 to 50 of each of the following organisms, listed 
appr oxi~.at ely in decreasing order of number examined: Serpulids, Eury
panopeus, Branchiodontes, Nassarius, Mytilus edulus, Crepidula, Anemia, 
Laevicardi um, amphipods, Lyonsia, Panopeus, Rhithropanopeus, Eu.pl eura, Neanthes, 
Urosalpinx, M-.ta, Arca, Molgula, Stylochus, nudibranchs, anemones, Ensis., 
Vrulinia, Polydora, Cliona, Microciona, Leptosynapta, nematodes. Nothing re
sembling a hsplosporician was found, although various other parasites (gre
garines, Hicrosporidia, ·crematodes , ciliates) were seen. 

In August, 1961, n crude i nfection experiment was set up at Publio Lmd
ing and another at Solomons .. lfaalth;:r oysters were placed in aquaria with 
various other orga::lisms, especial2.y serpulids, from areas where MSX i s lmown 

1t o occu:.~ o Th;:i:; :fa ::. the::e a r e no positive results to report. 

Re.::e,rtlyP we h~-..-e c!irected spc~ial at t ention to t,wtilus edu..lus, host of 
Haplospo::-idium myt.:i..J.cvu:n. Field~ J.92h. The parasite, ·living in the-egg of its 
host, has c. sirlifng~e:nb:.::::-::,2 to !151, as j udged by Fiel d 1s rather akatch;r 
illestrations. We tr.:!.::ic this i ~ t'1e :,est lead we have ~1ad and we p2.an to 
purs1·3 it ;.,-:i.go1·oi::l..y, a1·;;.hou~_;1 ,..!.·:-.:1:;es of f i nding t he parasi te tl:i:J lat~ i :i 
the season (c.!·cly Novem'.Jr-1.·) ar~ no·t Bood because most, of the rrr.issels have 
completed sp ..-:ni:i:;. ifa a:·o f:udii'!g .:,. f,w mus:,el s with sorr.e eggs and have 
adc9cl thi3 1:;o::.:.u:;c -t.o t..he c:::'~!'i. ·e~t!!.l a<r.t'..:U'ia. 

GEiii!:L!\.r. Dl.SC;JSSION 

?:'1e :._s ~ of p..,:,::t;:: ·.cs c.p!)~n.d: :: inc:.:ic.3G orgm:iG!l'!-1 uhich the authors 
a5signed to z.e.,.:iru :...'" ·~he l;"..plc;:pi;r:tu.:i.d:-;2. There is :'10 irrplicati oI!_, 
hmro-.,,·er, t.!1~ i:, •.·:c p::-0:::,,.... ,~ i:Tri;~r cc?'!~.d::::-s ~r.?.i., c:!.ll ~~o ts p::'oper!y !)laced 
as to ger.us. '"'=: tb'.; oo~:.-~:•..::.ry1 ·.h-:::,:,,:: {\rn ~ort."\in re::,~1•vai.."'io~s. For e~::arn::>le, 

D"'h"r -.r. 1 .....~ _, • .,,.,. ,..t.. ·1 O")·~ ,..,.,,.,, ~ . ·,.,, 'h_'l::,V- dJ..<1 ---o~ •1.... ., ... spores -" "' t"'"'Ir o Sp • - . ••-J .. ,,,,,,;,, ••••·••~ ... •~' .J,o, .~,.a.. ----J 1· ). . ... • "' V :t -1,,,v - --~ - - " 

ma·~erin.l sti.'.die:l. 1t ,:cr1: thc:-cfo1·0, ~; c.nly f::ovi.<lionalJ.y conuldered as a 
species of ·1~:,:i.o:,p<,:.'icl'll•.1n, U.. { ccnJ.d, ;-j_t.:1 a-; much rens!)n, be assignad ~., 
t he s2.me g!:.:1 ·.,1:: . Li!:~i\ j_,;,~, fri I{. rr;rt.·i:_~_,n-\a FiEld n? sp~rc seems t.o have bce:1 
observect, f.'ie}.d t..:.rsU!'r),4 ,~ert iii-: ~-:, '?v.:-:·Zi..1 -5 1 •,•J-u1.;.n ' '3 called i;pore!3 but th1 
f i gures and t:1asC!"J.~- t~o~·!JJ c:' thi;:<;a s;;... uc (.~i.: c~ a'l;'e com;,J...~-ca1y unconvi.!lcing. 
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He either used the term tt sporen in a very loose and non-technical :sense or 
figured the spores very poorly, £or the objects he regarded as spores we:ro 
almost c'3Ttainly nothing but nuclei of t he plasmodium., similar to cei"t.ain 
nuclear si:.e.gas in MSX which one by wish thinking might be tempted to design.a~ 
as sporeso T1:e:raf.{';1•e, it is not cert'.lin that. H. iey-tilovu.m is in t he l'ight 
genus. It is possible there is an U.."lrecognized group of parasites related t o 
Haplospo:1.dim L-ut inthout spores. It is mo~e pla~sible, however, t o G'~?poss 
"t,hat spores in ooms species simply have not been demonstrated. 

In review:Ll'lg the literature, i·~ also see:msd evident that there is so 
much structu:;:-al difference in sparer; of species assigned to genus Haplosporldium 
that some species s:iould be removsG to other generao This, however, i s a mat.te:r 
for more detailed treatment at another timso For our present pu.-rpose it is 
sufficient ·to .1.ote that ?1SX and s;,ecies previously assigned to Haplospo-..id:1.1dae 
all c.ppear to be closely relatedo 

· I i' ow se::!.r~!:3J should revaal. 'Gl'l..at MSX is identical. with a typical 
haplosporiclian, co1qlete l::lth spores, and normally occuri.ng in another hos--i, 
a m.unbe:r of o"..ll" problems might be s ol.,.ed in about the manner already indic.'.lt3do 
On th'3 other h:md, if it devslops that certain heplosporidian°1ike pm-asiteo!}. 
including H&1 arid :,ossibly Hcplospo;f'id.ium 51;.o Dehome and £!o 5ri:1.J..ovum Field,!) 
really have no spo~es then we ere dealing w:i.tt a new group of parasites w~d 
rJIUst deal also td:th some new proble:::s ::alative to such matters as ir1f"ecti va 
stage, mod~ of ·::.z-an,::m.issio!l a;1cl means of dispersalo n. ~-1ould9 in any event» 
be a great ste? for--i:~.a.:.•d if l:10 o:lly kne-w whether we are dealin3 1-dth new prC?P 
sites and new p:l".:,blz,1s o:· merely with psculia:: ma."'lifesta.tions of bot.tar 
lmown cases of p~•2.si·c.is:n., 
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.

Provisional List of Species of Haplosporidiidne Caullery et Mesnils 1905 
Host 

Species Name Classification Habit<'-t 
Haplosporidium C. et M., 1899 

1. H. heterocirri C. et M., 1905 
2. ff. scolopli C. et M. , 1905 
3. H. marcnouxi C. et M., 1905 
4. R. potar.ri.llae C. et M., 1905 
5. Fi. sp . C. et M., 1905 
6. it. caulleryi Mercier et Poisson, 1922 
7. H. sp. Dehorne, 1935 
B. H. vejdovskyi c. et M., 1905 
9.. H~ limnodrila Granata, 1913 

10. H. cernosvitovi Jirovec, 193, 
11~ R. aulodri l i Jirovec, 1940 
12. H. chitonis Lankester, 1885) 

13. B. dent ali Arvy, 1950 
14. H. tapetis Vilela, 1950 
15. H. mytilovum Field, 1924 
16. H. pickford:[ Barrow, 1961 
17. Tsso) H. sp. Wood and Andrews (undescribed)
18. H. sp.- - 11 11 n II 

19. H. bayeri Weiser, 1947 
20. H. ecdyonur:i s Weiser, 1947 
21, H. typographi Weiser, 1954 
22. H. periplanetae GeorgeVitch, 1953 
23. H. aselli Pfugfelder, 1948 
24. H. gammari Van Ryckeghem, 1929 
25. H. sp. Sprngue, 1954 
26. H. nemertis Debaisieux, 1919 
27. H. ascidiarum Duboscq et Harrant, 1923 

Urosporidium c. et M., 190~ 
28. u. fuliginosum C. et M., 1905 

Heterocirrus viridi s Annelida Marine 
Scoloplos mullr>ri. II , Aricidae ti 

Salmacina dysteri \l Serpulidae " Pota,mill:.i torelli II , Sabellidae :1 

Polymnia nes1densis II , Terebellidae " Nereilcpas fucata II II 

Nereis diversicolor II Nereidae II 

Mes0nchytraeus flavus II Enchytrneidae Fresh water 
Limnodrilus udekemianus It , ~ Tubificidae It 11 
Opistocys·ta flagellmn 11 , n II 

Aulodrilus pleuriseta II 

Chit~n fascicularis and Molluscc..:. ' Marin:-
Craspedochilus cinereus lt" Dentaliurn II " Tapes d~cussn.tus ti II 
Myhlus edulus It a 
Holiosoma, Physa, Lymnea 11 

Ii'rEish nat.e!'
Crassostrea virginica Ir Hru.·2nc

II II rt ,, 
Cleon rufultu~ (larva) Ins0ct~, Ephemeroptera F''f'c sh w~t.c:::-
Ecdyonurus venosus (larv:i) u II 

Ips typographus II ColeopteraJ 

Biatta orientalis 11 , rrthopt~ra Land
Asellus aquatiaus Crust~cea, Isopodu Fresh wat(jr
Gammarus pulex 11 , AJnphipoda 
Panopeus herbsti 11 , DDcapoda MarineLineus bilineatus NemertHa 11 

Parascidia 8lAgans and Chordat~, Tunicata ll
.11.maroucium pr'oliferu~ 

Syllis gracilis Annelida~ Syllidae lt 

:4-Ilurosporictium Caullery et Chappellier, 19ft 
29. A. pel seneeri C. etc., l906 Cercaria lutea (in~ Trematoda 

trunculus-Y- ti 

Haplosporidiidae of undetermined genus30. A haplosporidian hypcrparasite, 
~¼ickin and Loesch, 1955 

; 31. Buceph11lus (in oysters) r1 
IIA haplosoridian hyperparasite, M. and L.

32. 1955 Sporocysts(in Donax: Vari abilis 11A hapl osporidian hyperparasi te . , Guytnot , ti
l.9L13 SI)·Jrcq·..,ts(in ~~ c ::i.nrlirln \ 11 
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