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I N'l'RO OOCTI Oil 

Oaterta,gia c1rouao1nota, a paraaitio nanatode ot aheep, 

kDown oolleotiYely with the o. trituroata, the smaller trioho-

at:roagylea. and aeYeral other 110rma ot tbt g8JlU• Oate:rtasia, aa 

the "brcnm hair 1101"118 ot aheep•, baa held a :ra \her obaoure poei t i on 

i n the evaluation ot the iaportanoe ot the aheep and goat paraai t••. 

Th1a tact and their amall aize aooount tor the eluaive paat ot tbia 

neJ~awde. The atatua ot eoonoaio importance, howYer, to which o. 
ciroumcinota haa now riaen, not only in this state, but ln the 

western aeotion ot the united Statu, Europe, Nn Zealand, and 

uatralia, autt1oea aa an explanation tor turther reaearohea 

bMring on the claaaitioati on, anatomical organizati on ud oyto• 

logical atudy ot tbia paraai te. 

1'h1a paper deale quite briefly with the anatomy ot the 

female Oatertagia cirouacinota, and aoMwhat mre in detai l with 

the ohangea obeerYed in the daTelop!Mnt ot the serm cella trom t he 

primordial atage through the tirat cleaT ge diTilion. 



am E or u '1'ER 1-URE 

York &D4 Naplea~ne (1) g1Te a very brief description 

ot ~he genua Oatar1ag1a and only mention the varioua apeciea and 

their hoa~a. Ranaoa (2) giTea a mor• detailed description or the 

anato~ ot both male and tamale Oa~artagia oiroumoincta. 

fiUilaaJ'J or the chroJDOsoae nwnber ot panai Uo nematodes 

trc:ua ilaon•a (3) !a!..Q.!!!.!!. O.Telopent and Heredity is included 

i n the unpublished worka ot Holden and neadaraon. 

The original paper• ot warda ( 4) , Ooldami th (e) , 

Homedea ( & ) , GUlick ( 7), ·and Sohliap ( 8) •re raad ln their 

entirety. 'l'hoae or GUlick and Schliep were the only onea dealing 

wi th o8genea1a; howeTer, both papera brought out det$ila atr1ktngly 

similar to tboae ob&erTed in Ostertagia otrcuaoinota. 



PROO l!:IXJRi: 

thode !( ob,ain1ns •R•oimena 

Senr-1 ah .. p known to be besYily tnteatad wi t.h Oa\eJ>-

tyia were alaughterecl troa t1JU to t1• and the abomaaua os-
tour~ a~o•ob h••41at.ely opened and ftahed with phyeiologloa l 

N.lt aolut1on at •oOo. 'the reeidue ne axad.ne4 tor lidng 

.-on~~~ which were ti"tUlltaned by mMDe or a at•l needle to tNeh 

Mlt eoluUon. The boaaewa •• turthes- ut~~~~in.O. a,a herewith 

deaor1 bed. 1 t waa placed ta. a 8&et'Wml• a appara we wt th the 

mucoaa resting on a aorean. TM WOI'Jd were n.ahe4 down into the 

tuDnel, drawn ott d plAced in tnah aalt aolut1on. 't'he be t 

apeoi.Jitaa weN aeoured ill thle wa:r. Fimlly, the t~~ooea waa 

oaretully exaaiaed under a binoeular mioroaoope uct worau atill 

olinalng to tbe wall we:n pioY.ed orr with a needle. Great care 

••• • ken to aeleot only oater!a61a olroumqinota. I t might be 

here llote4 that it aa obaenect \o b4t 111paotioal -., put ll.Ore 

thu t1Ye or aix wonu i n oa.e wat4)h slaaa ; it too nuJDOroua tbey 

knot \h811JaelYea together in auob way aa to Jl*ka them almost 

iapoa 1 le to eep&rate .ad t herefore or l i ttle Yala. ao 1ad1Y1dual 

epeo1mena . 

liatological Taobn1que 

Several t1x1ng g~nta nd "' r1oua -tho(! a ot r bins were 

ueed 4ur1n the oouree or t .b1a work . The bee' reeul u were ob-

tained by quiokl y but carefUlly drawing otr the lt solution 
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tl"C* the woraa in a watch e;laaa ancl i~:~~~Mdiately pouring hot 

carnoy' a over tbell. Very good apeciuena '"'" alao obtained t.rom 

the uae or Fl.e.S.11g'a (atrong) t1x1118 tluid. Other th:ing ag•t• 

ea;ployed (•ith Taeyill.(; auooeaa.) were hot ~Of; alcohol, hot BOU:in•a 

t1xat1ve, hot •curie chloride, and bot water. SeYeral tairly 

atrai.gbt apec1•n• were obtained by 1amera1ng the wnu 

1ndh·1du.ally in tbe tising aa:en t. th1r4 •tho4 uaed, but w1 th 

l1"le Mtooeaa, 1a aa follows: cme wont at a tlme •• removed 

troll the salt aol.utio..n, atra1ghteae4 out on a oovar al aa an.d 

then coYered q11lokly 1t1 th the hot tixi~ apat . 

ror the moat P~trt tb4t woru •n ti.xe4 1_.41• tely 

after being reooYered from tbe aheep. Utlli&atlon ot nother 

118tbo4 oonab\ed in the 1noub-lt1on ot a4ult wol'IU at 3'1.5°o. in 

Ringer'• .olution. l'our woru troa th1e lot were 1'1xed eYery 

hour rrom '1 P •• until IS •• ~ obeclt the poaa1b1l1ty or de• 

Yelopmenta.l etagea oocur1ng in oyol ... 

se•enty per cent ethyl loohol waa •ployed aa a 

a to ring sent. 

P1'0JI 7Qt: alcohol, the nematodes wen tl'tUleterre4 to 

dia:Phanol, n4 a.llowed to st n4 f'rcm two to twelve hours. Six 

houra were sufficient to prevent di s tortion ot tiaauea wbile 

aeot1on1ng. 

Zirkle's ( Q) method ot dabydratiq plant Uaaue wi til 

the use ot butyl alcohol waa utilized 1n dahydftlting OaterQgia 



with moditioationa: tbe lower tirat two 1lutiona in the aeriea 

••H omi~tted and ieo·b~tyl alcohol waa added a:ti the top. Thua 

tbe worru n!"e tnnaterred trom the diaph&nol directly into ~ 

dilution, and they were allo•·ed to stay in eaoh vial 30 Jllinutea 

1natead of one hour. amall amount of Eo•in waa added to the 

tirat 9fY,C alcohol in order to g1Ye the worll8 a *raoeable amount 

of oolor. 

bout .0 whole mount• were made. 'l1le ataina ueed were 

Paat G:r .. n, Cry11tal Violet, ED~tln, oeto-Oal'lline, and lel.atield' a 

HatmOto:xyUn. Seweral worma weJ;>e olMred and IIOU.Dted in glycerine 

w1 thout being atained. 'I'M beat whole mounta were obtained froa 

t .be uae ot Delafield • a ha.otoxyl1n. 

The prooeaa of embedd ing worms tor aeot1oning employed 

tbe uae 9f' '\brae grad•• ot paraffin; aott (~o-62oc.), ae41ua 

( es0 -ee0c.) and har4 ( rsa0 -Ml°C.). Infiltration wUh aott paratttn 

waa ~·t •ucoeeatully aoco~pl1ehe4 by tilling a amall Yial halt 

tull or aott parattin and then coYering it with iso-butyl alcohol 

into which the lfOrmB were transferred by mean• of' a pipette f'roa 

the teo-butyl alcohol bath. The Yial waa thea placed in a 

paraffin oven. Attar the paraffin melted, thua allowing the 

Ostertagia to come in coniaet with dilute pe.rattin, they were 

tranaterred a811lin by uae of' the pipette i nto a Y1al ot melted soft 

paratt1n. The worma were allowed to stand two or three hours in 

each grade of' paraffin and finally embedded in the hard parattin. 
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Seotiou were out 5 and 7 micron• thick, t1xe4 on elidee 

tollow1ns the ueua.l method «nd allow4 to dry 24 houra beto~ 

ata1niq. .\bout 100 WOl"hl were out; the long1tucl1nal aectiona · 

proved to be aore 1ntol'l.lat1ve tor 'thh study thaD. the oro .. 

aeot1ona . 

alt Gree~. Del~t1eld'a ba..a~xylin and Re1denha1a•a 

1rob• lull ha-toxylill wen Ulployed aa et&iu . ·~ aolu~ion of 

•1denhatn•e rro~ed the cle~st detin1t1on ot ohromat1u 

•terial. '!'he procedure uaed 1a e.a t'ollowa: trot! the drylng oven, 

al14ee wen ru.n thJ?OUgh no Jare ot xylene. t1ve minutae in e ch, 

in. order to cUaaol've and removtt the pa:r4t't1!l . 1l'OIIl the xylene 

t aY were ·run dolm: a. series ot ethyl aloohola (1~. 1~, g . , 

8Qlt, 7~, ~. e.n4 35 ) into t 11 water, standing two ta1nutu tn 

eaoh j r, th.a mo~ted. in a ~ .s. eolution or 1ron•alum tor 20 

m.1nutea , wa_ahed ta l'Wlning tap· tr11ter 16 mintttee a,Dd ata1ned tor 

l hour. 

, ollow1ng t he ata1uing. t l"• •114" were l'\Ul t brou(dl 

thrM c~H ot n ter, deetained tn a 8!\t\U'tlted a ueoua p1or1o 

acU aolution, llowd \o waab tor 16 minut.a nd th• run baak 

up the aeriea; ene IIJ1nute in each ot the lo"~ aloohola , 0 lllinu,tu 

1n QM, 10 m1nutea 1n e4cb or the abaolutee ud !S. ll.linut.a in 

each or tbe xylenea. Great oare ••• taken to itlaure tbol'Ough de-

hydration before mounting; several dl'O:pa ot n-butyl loohol were 

dded to the absolute lcohol .a truter remover, and the xylene 
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batha were ohangeCl whenever tbe el1ghteat amaunt or D'ilkyneaa 

!appeared . '!'he elide• were mounte4 in balRJI all ueual. 

Painter'• aniline oil .-thod or dehydration before 

embedcUng wu uaed wh• l.,.ing' • fixing tluid wu eplo;yed but 

tbta aetbOd waa not rCNnd to be a a • Uat•o'<try 111 1rkle' e 

raetho4 ooording to the teohrltque employed tn tbia 1\udy. 

aori;ation .!!! 1'-.le lleproCtuoUve Syat• 

Obee~t1ou and l!*l•ur•cta •• in tbia labor tory 

ada little to naaa•e a .. oription or tamale oeteJ'tagta otroumoincta . 

u 1D typ1oCll or pa:raaitea, the reproductive aptem 1a well de-

Yelo,pe4 ud tUle the greatest part or the body oa:YUJ. The gens 

tube wae obaened to ~.lake 1 te appearance juat below the cUatal 

end ot the oeeophagus , the d1a~anae from the 0e110phague beins 

nearly oonatant in · ll *>1'118; b.onver, not a.lwa.ya do .. the t1ret 

· ppeel'EUlce ot t his 'tUbe indica te ita or1 in , • eho1111 1n 11gun 20, 

but rath.eJO t. · tip or loop one aide or which terminate• a ahort 

.dtetanoe le,tsrally ud oaud lly. Hw:aaroue other 1rregul ritiee 

diatort the ·poe1Uon of t he 1nteat1ne eo t . t the no l rel.! t1Yt 

poe1 tiona or the i. t a tine md ovary Clltlnot be 4.etonnined . 

· trthermore, one booomea oon:flus&d in attcpting to traoe \bt de• 

Telop t ot the e sa · t hroue)'l one or ·thtt loope, both tl"'OD eeotiona 

and trom whole mounta . The serm tub• or ovaries re connected 

1 th the amphidelph uteri by short OTiduot I:Uld Wl enl rae4 

po:rtlon, the ee1n l reoept cle (Figure 21) 'Which mergea .into the 
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utel'\la. The ute.ri tU"e united to tbe wagin. by a nasoular orljeotor. 

(FigUre 28). The vagina ia looate4 in tba latter one-third ot tu 
worm and •7 or •Y not be pi"'teotecl by a tlap. An. •ttempt ••• 

•de \o cleterailla whether t..Uea beariaa vulva tlapa displayed 

4il7 41tt•renoe in ohromoeolle oou.cta f'l"OII t.m:a1ea 1fb1oh were de.-o14 

ot YUl•• tl.apa. n.o&uae or the di ttioul'tly enooutere4 1a obta ining 

autt1o1ant material ot both typN 1t wae btpoaalbla to ooapl•t• 

thia ooapariaoa. Tba ohro=oaqma number or t oae apeo1mana havi ftg 

tla:pa ta the mamber noorded in t h1a paper. 



fJ Oopneab 

eentraU.zed li\loleue • the chrOmatin • terial beiJ18 ao oloeely 

p&cked toge\her al to give ao 1naight into a pJ."!!bable chromosome 

number. It w•• i~eaible tn this study to tollow the d1v1aion 

or the tam oella aa reported 'by other o'bae"en ~ take place 

in theae early atagel or o3genea1a. 

material or the ooconia tak" on the ~ppe.arance o:r the lept.otene 

and diploteile ••g•• (.Pigut"ea 3 ud -6) in p:re~ration tor the 

41 Ti81oa which follow• . (see FigQn 6). I a di vi•ion, bore again 

lU ahown in ficure 6 n.a obaervttd in aevera.l aeo,ions at th1a 

at&ge. Suoh t. atnoture haa been reported by other obaarverl to 

be tragment~Uon of nuclear lllltarial 'Vthich ocoua befo_.e diviaion 

acme number. 

oboytee o~ the tiret order are very •i~lar to the oSgonia 

in general appearanoe a.• will be noticed when oo~ring Pigurea I 

and 7. These o8uytee inoreaee in eize , their nuclear material 

appears , preceding the divia i on which reeulta in ~he f ormation of 
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the ·aeconda.ry oOoytea. 
It The oooytee of tbe eeeond ord.er reaemble the .fully de-

Yelo~d egga except that they are ati ;1.1 retained in their con-

aecutive arrancemeet in the lower portion ot the ova~ and have a 

netaagular rather than an ell1t~t1oal ahape (compare Jigul'e 10 with 

r1au.n lo). 

more act1Ye, they fra&~~~nt in a very Qhar acter1at1c ra.ehion, the 

nuoleo~1 of'ten appariag to be nouola,ed ( •" 11gu~n~ 11). The 

diminuti on ia f'ollowed by a reorgan1-.t1on and oondeaaat1on or 

the nucleoli, &nd with that the appearance tor the tiret t1 .. ot 

def'inite chroDaUn atrande. (Figure 12&). Tbe nuoleolua become• 

paler and t he chromatin etra~da condenee to tol'll alx well defined 

bi v lent obromoeomea (Jigure 12b). ·~bivalent abromo•~• 

41v14e to f'o:nt twal'n!l as ahown 1n ?1gure l2o. (The eevanl dark 

ataining bodies are bite or ch~•tin tra~t• not yet abaorbed). 

T.ba preaence or. the haploid nu.b«r of c txro.o•~• and the position 

ot the oell in tbe ov ry indicate that the egg 18 ready f'or 

rert1lbat1on. ·OU.liok and So·hliep both etate that the ohrornoeomee 

are present i n their haplo i d nubw at the till'& of' the tirat 

direction division (f'o~tion of' polar body). ln tbt• study, it 

was obserTe4 that a e the egg llPPl!'Odohea the. aea1aal receptacle 

t he chrOmoeo•• are agin preaent ae eix te,rade ('figure 1:5); 

however, i n t hi a etudy a. e in Schliep' e, tbl que•tion ot how the 
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tuaion ot the twelve individual ohromoaomea to tor. these tetrads 

occurred could not be decided. 

Quli.olt report• that at the entrance ot a apera into the 

oytoplaa ot the egg, the egg auoleua JDOvea "•• it by repulsion" 

to the dhtal a_pez ot the egg and theJ>e gh•• r1ae to the tirat 

direction diviaion. lt w. • not poaslble in thia study to dete~ne 

the introduction ot a. ape .. into the oytoplaam ot the egg; however, 

1 t w s observed that tNa nucleus or an egg in the s•iul reoeptiole 

had aasumed ita position in one end or the egg (rigure l• and 19), 

and that ita eix tetrada eplit into their •novalat hal vee thus 

1Ting r1ae to a polar body colltaining aiz dia4a (rtgure 15). 

With the completion or the tirat and aeoond direction 

d1via1ona the egg eo•• to lie ill the uterua. !be egg 18 

characterized by the pre .. noe or t.o reticulated nuclei lying 

vet')' cloae to eaob other. ( Jigure 1&).. .,ollow1Jl8 the reatia.g 

atage ot tu rertiliud egg (l'icure 17), the ob.ro•Ua reaolvea 

itaelt into individual ohromoao.ea and the aohro.atio tisure or 

the tirat cleavage div1aidD. 1• ro~ed. (Figure 18). 
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D WSlONS 

1. The Pt"il!iord1al germ cella ariee t the t1p ot t he 

·~ tube whiob liea Juat poaterior to the oeaophagqa. 

a. '!'be period ot growth tollow1n& MCh atage in the 

develof8Gt or the egg ia aooompan1e4 by a traP~Dtat1on ot th• 

ohi"'•t1n - teria.l berore did.aion take• plaoe. 

3 . O~tin atru4e ake tbe1r tirat ppe :ranee 111 

the aeoond ry o&cytea. 

• · TM ohl'o tiD. a\randa oon4enae to tora ah: b1Yalact 

ohl'oltoeomea ol' tetrad•. 

o. The a1x tetra4a aplit to tom twelve 1nd1v1c1ual 

ohromoeoaea then tuae \o torm a1x b1valenu wh1ob are preaent 

when \he tt6IJ eate:ra tlw aeainal recepta.ole. Jf • a 2M : 12 

e. - e egga remain in one-celled ataae uat1l t hey 

reaob tM aemiaal reoep'kole where tert1lizat1on tak .. ple.oe; 

h:ae41a tel:t thttrMtter, that 1• to ay. ill the uterua. they 

be in t 1r olev• di.v1a1oua . 
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DESCRIPTI ON O'P' PL!11TES 

Plate I 

Camera lucid~ drawing• with a magn1tio tion ot l700x. 

figure 1. Three primordial germ oella aa they are 

srouped in the tip ot the gem tube. 

Figure 2. 08gonia in the "reet1ng atage". 

Jigur•8 ua 4. Nuclei or o8gon.1a ahowing o}lromatin 

Jlflter1al in leptoten.e and diplotene atage•• 

Pi gun :s. o3sonia with ohroaUn material pulled apart 

into two masea. 
.. 

Oogonia with obroMtin • tel"ial completely 

trag~~onte4. 

Figure 7. olo,.ttaa or tbe r1rat ord.- in "reat1ng atage". 

:Jigure a. 
Pigure ~· . 

atagett · (only nuclw• 81ld a portion or tur1'0Ulld1J18 oy~pla• a bon). 

rigure 11. Nuoleua or Moondary oocyte ahowing the 

nuoleolua tras-ent1DS• 

J i gure 12a. Ohro•tin atranda betore oond•aation. 

f igure l2b. 03oyte ahowi ns e1E bivalent ohromoaomea. 

Figure 12c. Nucleus ot an oao~e ot the aeoond order 

ehowing eleven monovalent ohromoaomea. 

Figure 13. Ovari an egg i n aemi nal reoept&cle. Chromo- . 
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eomea again present aa six tetraaa • 

. Figure 14. Portion or OYQ<r ian egg allowing the nucleus 

lying ia one end or cytoplasm. 

tigure 15. Portion or egg ahOwina the formation ot a 

polar body, 

:rtgure 16. Ovarian egg ahowiug the two pro-nuclei juat 

before tuaion. 

riaure 17. 

rtsure 1.8. 

J'ertiliz•d egg 1n reatiq e~ge. 

t\Ohroatio tigure showing met&pb4ae atage ot 

the tira'C oleaYap diviaion. 

Pla\e I 'l 

Photomiorograpba 

P'igur• .lQ. Portion ot OYar1an egg ·ahowi!lg the nuoleua 

lying in one end ot the oywpla••· Z'120. 

figure 20. section trom the anter i or portion ·ot a 

feJMle Ostertagia oit"OUJIQinota ahcnring the origin ot a gel'lll tube. x80e 

Plgure 21 . A aeoUon from the latter balt ot a: teale 

Oe.tertagia ctrouaoincta allowing the aettd.nal receptacle. Note the 

centralized nuclei or the egga 1n the oviduct (to lett or aeminal 

receptacle}. xao. 
Figure 22. Ovijector show:tng an egg just before emission. 

xao. 
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