
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



§rr:UDIES_ ON THE FLORA AND FA!lt¥\ OF THE BOVINE Rm�l 

A Thesis Subm1 tted for' the Degree of 

Doctor of Philosophy 

in the 

ft'assey Un! vera! ty ot Yamt'ltl tu 

by 

R.T.J. Clarke 

January I 1964 



------- ----- --

ACKNOV1LEDGEMENTS Rt'e1tl_ 

I am indebted to my two supervisors, Dr J. C. HatJke am 

Or A. T. JO�JW, Plant Chemistry Division, D.S.I.R.j for tbelr 

help ani encouragement. 

I also wish to thank 

1 .  The Department of Scientific and IDiustr1a.l Research for 

granting me leave on full salary. 

2. Dr r�. P. Bryant# United States Departmant of Agriculture, 

Eeltsville, Marylam, tor details of the dry-ice box for 

culture storage and tor the L34 strain of Ram1bacteri�. 
3. Dr o. IAlb1nsKy, lJn1vers1ty of Manitoba, l'l1nn.1peg, tor 

comments on the identificat10n of the e1l1ates. 

4. Dr R. \11. Bailey for the analyses of total soluble sugars 

of forage materials. 

5. r·ll' A. C. Glenday for the statistical analyses of the ciliate 

counting mthod. 

6. {.'l1ss 14. Soulaby for the photographs of the "camera lucida" 

drawings of e111ates. 

7 .  Dr B. H. Maqard" ROfaett Research Institute, Aberoeen,9 for 

mny helpful discussions. 



PREFACE 

1 • THE RUMEN CILIATES 

CONTENTS - . 

A. ID§N:tIFICATION OF SPECIES 

Introduction 

14.:.\ ter1ala and Methods 

Results 

Discuss10n 

B. OOCmmENCE . AND POPUIATION DENSITY 

Introduction 

M:tterials am Methods 

Exper1!Ental and Results 

Disoussion 

c. SEA,SOliAL VARIA�ION IN EPmmm1 

Introduction 

}.� terials ani Methods 

E.�per1mental am Results 

Discussion 

2,. THE CULTURE OF St»1E Rm1EN CILIATES ::! F 1 . • 

Introduction 

�aterials and Methods 

E."lper.1mental am Results 

(a) The Cu1 ture of 011gotr1chs 

(b) The CuI ture of Holotrichs 

Discussion 

]age 
1 

7 

1 1  

1 4  

40 

45 
47 
48 
49 

57 
59 
59 
62 

66 
68 

71 

T7 
78 



3. T� .. ISOLA�I.PiY, IDEl-lTIFICATlorI ill'ID CHAi¥\CTERISTICS OF 

SOVlE RUlJIEN BACTERIA ... . . 

Introduction 

�bter1als am. I�thcx:l 

Exper1mntal am Results 

Discussion 

4. �OMETRIC STUDIES$,QIi 1t,U'MEN ACTIVITY 

110 

Intr<Xluet1011 12-0 

�Ja.ter1als am M-ethoos 123 

Exper.1melltal am Resul ta 125 

A. Experimnts \'J1 th l'lhale �n liquor 125 

B. E..�per1ma.nt8 with fiaact10mted rut:1'eD liquor 135 
Discussion 143 

REFERENCES 157 

PLATES 189 



PREFACE 

T'le rum1na.nt I 1n contrast to other herbivores" has a 

stomach of four compartments to enable digestion of plant 

fibre to be carried out. In the ruroon, the first am largest 

of these canpartmnts, there 1s established a. large an:l di verae 

population of protozoa aIXl bacteria., all active to SeIOO degree 

in degrading complex carbohydrate material am in converting 

plant nitrogen into mlcrob1al protein.. Ingested food Is 

l"l!Sta1ned am is brok--en dQjn to a fine consistency before 1 t 

passes further down the intestinal traet. The mln produets 

of this microbial activity 1n the �n are the volatIle acids, 

a.cetic" propion1c am buty'Pie" u4c'rob1a.l protein anda.D11On1a. 

The existence of volat1le tattyac1ds as the em-pro:1uets 
of fermntat10n 1n the :rwrr:an was t1rat demonstrated by 

Tappe1ner 1n 1883" but their importance tiaS not rea,lized Wlt11 

their absorption from the l"\lnIeD was demonstrated nearly 60 
years later (l-bAnally am Pb1111pson� 1942; B.urcroft, 14cAnally 

and Ph1111pson, 1944). Acetic, propion1c and butyric acids 

are invariably present am h1ghep acids occur un1er 80100 

dietary comlt1ons. These acids contribute up to about 7a1> of 

the total energy requirements of the animal (Camll am 

Iiungate. 1954). acetic acid being concerned in the synthesis 

of millt fat (Gee Kle1ber et al •• 1952)" ani propionic acid 

being nninly glucogenic (Reid.t 1950; rTcClymont" 1951). The 

precise IOOtabol1c function of butyr1e acid bas not been elucidated 

a.lthough it haa been shown to be non-glucogenic (Ann1aon et al., 
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Zuntz (1891) was the first to suggest that rumen micro

ol"'gan1sms might convert the non-protein n1trogen of plants to 

microbial p..1trogen wl'l..1ch tfould be available to the host (see 
�1c:rlaught ani Smith, 1947) ani the conversion of plant protein 

to p...uDSn m1erobial protein was demonstrated by NcDorald (1948, 
1954). 'll1e bacteria ani protozoa. of the l"UlOOn are DQ'i kn�n 

to convert plant nitrogen to microbial protein am amnonia.; 

the a:nmGn1a is absorbed 1nto the liver, 5Clifi re-entGr1ng the 

:ru.tren as sall vary urea, aId the mierob1al protein is degraded 

further dCMn the alJ.urJntaP:1 tract. Well er � Pilgrim and Grey 
(1962) est1mted that. in sheep on a t"heaten hay rat1on� 60-80% 
of the d1etary plant nitrogen, not 1noluding the sma.ll amount 

that my be converted to soluble nitrogen" is cOllver-ted to 

microbial n1 trcgen. 

A great deal of work has ncu been carried out on val"iOUS 

aspects of rumen mtabol1:sm by physiologists" nutrit1on1atsJ 

biochemists, bacteriologists aM Pl'Otozoologiate. Unfortunately .. 

much of ttd.s work has been performed withwt considering the 

place of the results in the t1bole field of �n IOOtaboliam 

am function. The act1v1ty of the mcrob1al population has. 

been neglected too often by physiologists am nutritionists .. 

and only 11m1ted knowledge has been obtained of the r-eal role, 
in the animl" of the neny ru»:en bacteria which have been isolated 

and studied. Exiat1ft.g k:no\11edge needs to be organised and 
unified to clarify relationships and to enable the construction 
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of a comprehensive theory of rumen function (Doetaeh, 1957). 

Bryant (1959) and Hungate (1960) have both stated that 

most of the abtmiant am s1gn1.f1cant ruJle:D bacteria have been 

isolated altbough many less important types still have to be 
studied. The ebamcterisa tlon of mny of the isolated. strains 

is st1ll incomplete. As Hwlgate (1960, p357) po1nted out .. 

u The  axeuie cult1vation, ldentit1catloo; ani elll.merat1on 'of 

baeter1a 1n a natllral habitat lNoh a.s the l'\l!len 18 extremly 
tim-eonwm1ng. It 1s 11 ttle wcmer that most eco1og1.ea.l 

investigations are restricted to a few components of the total 
flora. Developmnt of methods pel'Eltt1.ng mpld and accumte 

identU1catlan would tremeooously stimulate ecological studies It 

The fluoreaoent anti-body tecbn1que holds prom1se tor rapid 
ident1fication am eJJl.lmeHl,t,lon (BobsOD am i4:um" 1957) but 
has not yet been developed to the point of usefUlness 1n the 

solution of rumen ecolcg1eal problems.o 

The l"lI.Dim o1l1ate protozoa. prev10ualy thought ot as 

pasoongers (�r and Harries. 1947) are llCRi known to be of 

s1gn1f1ca.nce 1n food tm.nsformti,ons in the I'U1reft (Oxforo� 

1955) even though isolated J\uninants b.ave been reared 1n their 

absence (see Powxlen am H1bbs" 1949, 1950). Gut1errez (1955) 

conservatively est1lr8ted that protozoa my pePt'orm 2� of the 
total fermntat1ve act1v1ty in the rtlIEn. 

Tbe study of the 'b1ochemlstry of the �n ell1ates has 

not advanced as tar or as rapidly as studies on the �n 

bacteria" research be1ng hampered by the difficulty in grow1ng 
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the cil1ates in pure culture. Only a. few cultures have 'been 

estabUshed since Hungate's first successful attempt in 1942 

(HlJ.ngate, 1942), and nOne of these cultures has been tree of 

bacteria. Aa a result of this laek of pure eultu.res most 

b1001 em1cal studies have been carried out on walfbed suspena10ns 

prepared from. rumn liquor. SCE. of this work has been 

simpl.1tled by the establlshJoont of pure or nearly pure popula t10ns 

of single apec1es or genera of cl11ates 1n isolated an;lnals 

(see Fad1e. 1959; Abou Akkada am RowaN .. 1960). Because of 

the d1fficulty of obta1n1ng suapensions of s1:ngle apee1es of 

e1l1ates it ls obv'1oualy des1ra.ble that pure eult:ure,s of l'Ul"len 

protozoa be established. Axenic clones should be the ul t1m9.te 

a1m. although the work of Colemn (1962) suggests tr.t2.t fluch 

cultures are not feasible. 

In Net� Zealam, the d atlc ruminant is in an envlronment 

different from that for �th1eh it has ,evolved. New Zealand 

fa.rm1ng prac tlce ls based almoat entirely on the feeding of 

pasture am only relatively smll amounts of hay aoo silage 
are fed. The solublecarbohydmte level of this pasture 1,8 low 

throughout the year while the prote1n level is high, and 1n 

excess of an1mal requ1rements (Jobns, 1955a). Tb!:! 'type of 

diet is in dJ.rect eontmst l'J1th the h1gh--f1bre diet with which 

the rwn:tna.nt is capable of dealing" am could X'Csul t in a run¥3n 

population different from those founl in other countrie,s. 

A considerable amount of wopk has been c�ed out in 
this eoun�J on rumen lOOtabol1sm and funct1.on$ well of it 1n 
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connection· vl1 tb bloat researcb, but the st-udy or the rumen 

microbial population llas been largely negleoted. Those studies 

that have 'been DBde have 1mleated that Be'l'l Zealaal rum1m.nts 

my harbour rumen [>opulat1ons different in 60100 respects fran 

those fOt.l.Dl overseas. E..R1q1n1w'n., an ollgot:r:1ei1 e111ate, VJQ'S 

aha1D by OxfOZld (195&) to be prevalent iD Ne� Zea.la.n1 cows 

UDier certain eom1t1ons but 1s rare· am foutrl only 1n la:; 

numbers 1n cattle overseas. Clarke am d1 r�rrna (1961) demon

stm too the existence of El yeast population in the rumB of New 

Zealan:i cattle but a a:t.m2lar l'WI'.eD flom has DO·t been foum in 

otber countries,. Investigations of the role of lactic aoid as· 

a matabo11c .1ntermdiate in the ruman have also 1M1:eated a 

different position 1n this eOUDtry. In EDgland# l3a.leh a.m 
BaiJam (1957) showed that only tmees ot lactio acid, lesa than 

1 mg./100 ml. rumen l1quo::P$ occurred in tbe rumn of an1Jzals 

on a variety of groin-free d1ets" am Jaya.aunya. ani Htmgata 
(1959) in the United States, fOUD1 less than 0.001116 (w/v) 1n 

the rumen of a steer on a high gra,1D N.tion. In this countFy 
lactic acid hae been Sbafll to reach about 18 mg./100 ml. �n 

liquor 1n cows on a diet o£ fresh red cl� (H9,p..ga.ns Johns am 

ItlUey, 1959). 
Thus, in spite of the large amount of rt.U.OOn re search 

already carried out in other countries, it 1s neeessa.I7 for us 

to mke oo.s1c studies on the l'Ul'IJaD population of our domaatie 

rumimnt.s. The present work was undertalmn to establish the 

sim11ar1 ties am differences 1n the flore. and faUl"a of cattle 
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in tb1s country am overseas, and t·o provide a bas1.s for more 

advanced ecological studies. Thls thesis, therefore re�s 
the results of the fol.ladJlg studies: (a) 1dent1t1cst1on of 

the cl11atepl'Otoaoa" (b) estimt10n of protozoal populat1ons� 
(c) 13olat1on am characterisation of laeter1a responsible 

tor some lmportant ruJreD feactloos" (d.) �tric est1mtlon 

of �n fermentation activity . A section OD the �1th of 

e111atea 10 pure oulture la a100 1ncluded. 

The worIt has been d1v1ded into seveml sections but SQlI) 

ot the d1vi81ons" espee1ally those comernad w1tb the cil1ate 

popalat1on" aft sQUmihatart1tleJ.al aD.i IlSVe been created 

DeRly to cla.rl17 the expePimental approach am the resul ta. 

This has mde the dIscussions difficult to arrange am bas 
led to repetlt19D 10 UOIl'ra places. 
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1 • THE .RtJflEN ClLIAXES 

A.  mEllTlFICATION OF SPEeDS 

Introduet1on 

Protozoa. occur 1n the intestinal tmcts of many animals, 

but those fOUDi in the first stomach ot l'umm.nts a!ld in the 

gut of the \lJood-ea.ting roach C£YPtocercua ptUlCtulatua am ot 

wood-eating tem1tes" eL"lib1t a genuine symbiotiC relationsh1p 

'With their hosts (Hungate. 1955). These 1ntest1ml Pl"Otozoa 

convert cellulose" aDi othep complex dietary materials to 

substances which are available to the bost. The symb10nts of 

the term1 tea and the roach are flagellates and as they may 

constitute up to one th1Pdof the total we1ght of the host 

(Katzln and K1rby, 1939) are relatively more important to theu 

hosts than are the rumn protozoa to theirs. 

The protozoa of ruminants are .m1nly cil1atas, the 

flagellates constituting only an 1ns1gn1t1cant proportl.on of 
-

the total population (eee Baeker, Schulz and EDlDeraon, 1929; 

Warner" 1962b). The two main group,s of c111atea, looa.ely named 

holotnchs am ol1gotr1chs" are not closely related and belong 

to two Subclasses ot the Class Ciliata \'11 thin the Subphylum 

Cil1ophora. Table 1 illustrates the position of the families 

of ruminant ciliate protozoa \,11thin the classifica.tion of 

Corl1ss (1961). 
The protozoa ot the rumen \llers first discovered by Gruby 

and Delafom in 184:;. Several reports of their occurrence in 

L 



CL A SS: Cl LlA TA 

ORDER 

THIGMOTRICHIDA 

I 
HOLOTRICHA 

-{CYRTOPHORINA 
GYMNOSTOMA TI DA 

RHABDOPHORI NA 

CHONOTRICHI DA I 
SUCTORIDA IBUETSCHLlI DAEI 
APOSTOMATIDA 

ASTOMATIDA 
IS OTRICH IDAE 

TRICHOSTOMATIDA 

HYMENOSTOMATIDA 
BLEPHA ROCOR YTHIDAE 

PERITRICHI DA 

"HOLOTRICHS" 

I I 
SPI R OT R ICHA 

ORDER 

HETEROTRICHIDA 

OLl GOTRICH I DA 

ODONTOSTOMA TIDA 

HYPOTRICH IDA 

I OPHRYOSCOLECIDAEli ENTODIN10MORPHIDA 

"OLlGOTRICHS" 

J TINTINNIDA 

TABLE 1. T HE FA MILIES OF RUMEN CILI ATE PROTOZO A WITHIN T HE 

SCHEME O F  CORLlSS (1961). 
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hay were sh�1n to be 6ITOneOl.lS (see Htmga te, 1955) ar.d they 

are now ImotJn to be transmitted 1."l saliv<? (WCke� an:l liz1ung, 

1929), a.m to be restricted to the rumell habitat. 

Although the ��n c11iatea are not f��Cdl1Ving and are 

not found in animals otl-er than rum1nnnts" there 1s consider

able variation in the composition of the population in 

d.ifferont ruminant species. Some eil1ates are founl in l1la!'lY . 

types of host tJh11e others are more restricted in habitat 

(Dogiel, 192'7).
· Differences in feed and leas noticeable 

differences in the rume't:), enviromoont a.ffect the composition 

of the population.. There are also reg1onaJ. differences in 

the genera of protozoa in the rumen of sheep tr.at are not 
solely the result of dif'ferenees in the diet of the animals 
(Colem-m, 1963). Fo� a.ll these reasons the qualitative amlysis 

of the popula tlon in a�rum1na.flt species in a particular 

environment is of interest. 

Since the initIal observation on the oeeul�nee of l�n 

c11i<lte2 in 1843 �y Oraby am Delafom# mny papex-s have been 
published on the composition of the protozoan fauna. of ruminants. 
Sl'1..arp (1914) gave a complete review of l"IJorir; in the period 

1843-1914 and also gave tl1e first detailed account of the 
orga.nisa.tion of a. rumen cil.L.1.te. 

Some of the more important t'Jorlc since 1914 has included 

studies on tl e fauna of goo.ts (Ferb r and Fedol�'Ja., 1929; 
Das-Gupta, 1935), yalm (Doe;iel.1 19J4)� she,ep (Ferber and 

. Fedo�w." 1929; Bush and Kofo1d., 1948)" and antelopes (Buisson, 
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1921�; Dog1el" 1932). Various bovine species were studied by 

Kofoid and ytlcLennan (1930, 1932, 1933; �s indi�us), Koto1d 

and Christ.enson (1934; Bos gaurus), Beeker and Talbo't (1927. 

domestic cattle) and Buisson (1923; domestic eattle). The 

comprehensive monograph of Dogiel (1927) deals \'JitIl' the 

oph�Joscolec1d c1l1ates of cattle, sheep, goats" eamels# deer, 

reindeer and antelope from Asia and Africa. r�re :recently" 

Lubinsky has published on some entod1n1a of sheep and goats 

from Pakistan (Lubinsk¥, 1951a) and on the ophryoscolecids 

of the Arctic reindeer (Lub1nsky" 1958a,b). The only observa

tions on the fauna of ruminants in New Zealand are those of 

Oxford (1958a, 1959) on domestic cattle. General accounts of 

the rumen eiliates have been written by Ma��old (1929, 1933), 

Oxford (1955) and Hungate (1955). 
No agreement has been reached on the taxonomy of the 

rumen c11ia'tes. The main disputes have concerned tbe generic 

structure of the group enclosed under DiQlodin1� (Schuberg, 
1888)" and the stability of eertain characteristics commonly 

used to delineate species rank. Dogiel (1927) created many 

sub-genera in the genus �1plod-*nil.U! and freely used the It forma!� 

division to denote sub-specific types. Kofoid and MaeLennan 

(1932) created sevel�l ne\"J genera and species eliminating the 
tf f� 

orma If ranl{ of Dogie 1 (1 92'7), and were f 011 et'led by Bba tia 

( 1936) • Oxford (1955) follOtrJed rJhngold (1929) in ignoring sub

genera within D1plod1n1�. 

Morphological variation has often been observed in 
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cultures am preparatIons of ruu.en c111a:tes. (Poljansky am 

...>trell{ow, 1934; Hungate, 1942), am saoo characteristics used 

to denote species rank are UDioubtedly enviromEntally plast1e 
(see Iub1nsky. 1957a). The use of eaudal sp1mt1.on 13 a 

notable example. Poljansky am Strelkow ( 1934) silt'Med that 

caudal spina tion 'i/1QS ve'1?Y variable in olones of lSDt,,0o1D\um 
cauda� am demonstrated that the diet of tr� host influenced 

the degree of sp1nat!on in tl'!..e ciliate populat1on1.n vivo. 

In sp1 te of the taxoncm1c 1naecumclea wb1ch occur when 
uniue n sp11tt1ng1t is carried cat, the resulting classification 

my still be of considerable value. T!'d.3 a.pplies to the 

() lass:.f.f1ea t:1on of Kofo1d am liieIenm.n (1930, 1932, 1933) 

which although tak�onomdcally inaccurate, ie lucid and easy 

to apply. 

In this section the oll1ates of the �n ot the New 

Zealand dcmest1e cw (:eoa tatUaus L.) are briefly described. 
The ollgotncha are classified according to Kofo1d am �hcLetman 

( 1930" 1932.. 1933), wbJ.le the helot.r:i.cha are claa.s1f1edaecoro1ng 
to tbe or:tgiml authorities. 

The l'tlllen contents of fOUl" �n-fJ.atulated CO$'�S ¥lere 

ey�. The cows were stall-fed on either fresh red clover 
(f£1t,011wa. . Rm te�e L.) or grass hay from �iOD'lay to Friday 
1110 lust vs. On saturday ani Sunday the animals were turned out 
to pasture. 



1-1tll:len contentr; t'JCt"e reooveJ t��rouch -tl e flstula am 

3t,1�iood thxll()ugh gauze into 0.11 equal vol� of 1 Q;t (v Iv) 
ro�l:1n. Af'tSl:" f'umt.1on for ') hr. the protozoo. wel� \'voahed 

free of f'ormldeh::,- le am plant mtel'ial 'uy c ntrifUging and 

sU1!lpcnsion in tap �'w.ter, art] atained for 10 min. in. 0.:>% (\�/v) 
m:;tl"'yl green. The protozoa were then wa,31lOd t'i.'iicc by 
cent:r1tug11'1.g. f.mst examill:ltions were de (lj.:k.�tl�/ Oll this 

mterlal. 

SOEil3 P!� XU'a t10ns 'i:Jere mounted 1n 50;j (v Iv) nqucooB 

glYCCI�l. S{;:elct;al plates were SOt:lJetioos ej?",rmdood after stain

ing \!Jith ehlor-z1oo ... 1c.x11dc.. A fe�j propamt1.o:.n,s. VJel"'tG stained 

with �tLyl green, rapidly dehJ""droted &.00 clea�""C.1 with gr'aded 

solutions 0.1" alconol and xylol, ru� mount J in Eupar"'d.l. 
Unstained protozoa were examined by dart;:-field micI1:>aeopy. 

Tqrmi1101o£Ql 
The tel�ology ueed here t;J1th :r'"..;1garrJ to the orientation 

of the c111ates 10 expla1ned by the following extract from 

LubillSky (195&$ p820}:" 
r! If the ob8e:r�er orien�'1.tee the opi'll�oocolecid ciliates 

t'iith their oral ems away frora him, tC\-;a,l:do 12 o'iclook a.r� 

with th.'le micI*Onuoleu� situated to the left of the macronucleus. 

he will D.lt'Jaya l'Ulve the hOlllOlogotW body surfaces d!l'Octed 

ta.1iarua 11i.�, the 'left oiae' of �tqi!nl� and tbc 'right side' 

of the ligher OphJr.�o3co10cid(.1.e by Dogj.ol's ter-minology • 

. " . "" .. " ... "" ... " .. ".. This side l'i111 be ca.lled the upper sides a 

tel�which de�?tco its position in relation to the obse�ver 
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ani whioh li..as notl lng to do wl th the concept of dorsall ty am. 

vantrallty. The opposite body ajJle will be terrood tel. er 

alde, am the la.teral sides, the right ani left s1des.'� 
The relation of this system of term1nology to tbe systems 

of earl1,er workew ls sbown in Table 2 which llil taken trom 

Table 2.* ��t1on ofbod¥ aides ot the oRhFlOieole� 
e11.1ates 

- -
l�onenclature of Eberle1n, Nomenclature of Stein, 

Proposed Dogial, am Kofo1d Schuberg and &1saon 
t�O'I:l'ren-
clature FOl? For Higher For For E1gher 

Entad:! mum C-enem Ent<Xlinium Genera 
Uppe'r s1de Left side Right side Ventral side Dorsal side 
!.aiel' side 1l1ght side Left side Dorsal side Ventral side 

Right aJ.de Dorsal side Ventrel side Left side B1ght side 

!eft side Ve,ntral side Dorsal side Right side left side -. 
� from Lub1nsky (1958a) 

The 'nomeoolatul� of the various strt!cturea used 1n the 

,> identification of the clliate ia ahowD 1n Plate 1 .  

The lOOasuremnta used were as follows. I.engthwas mea3lJI1eo 

from the anterior tip of the body to the aml open;i.ng am. tiidth 
f"rem right to left side of the body at the 'Qi1dest point. The 

length of the macronucleus was the sbortest d1staooe bebleen 

the antGr--lor am posterIor tips and the 1�1dth was measured at 

the widest pOint. In the genua !21)2.1e;liDi'YDl the length of the 

macronucleus ua,a measured par"allel to the long axis of the 

mloleus. 
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The cla3s1tiea tj,on used to generic level was that of 

Corllss (1961). Kofo1d and MaeIerman (1930$ 1932; 1933) l:3ere 

followed, as far as possible, in the 1dent1f1oat1on of species. 

Results 

Species belonging to eight genera of the Family Ophryo
seole,c1dae Stein (1859) (Order: Entoo1n10m0rph:.1da Ee1chena� 

(Corl1ss" 19(1» were fO'UId in the preparations of rum.9n liquor 

which were examined. Four genera of holotrichs belong1rlg to 

two Orders ani three Families were ident1fied. 

Descriptions of the species identified are g1 van below. 

The descriptions of the 1D11vidual speclea have been kept as 

sbort as wa.s considered consistent tJ1th accurate identification. 

Eecause of the difficulty of 1dentifying mmy entod1n1a, the 

descriptions of ,'®t<Xi1nium species teul to 00 more complete 

than those of many of the higher oph�oscoleo1ds. Synonyms 
according to Dogiel (1927) have been included in the descriptions 

to facilitate recogn1tion of the specie,s. The measur-ements of 
the cl1�ates are given in microns (JU). 
CLASS;,: CILIATA Perty (1852) 
SUB-CLASS: HOLOTRICHA Stein (1859) 
,ORDER: 
Frumy: .. . 
GElftJs: 

GY.MNOSTO�\TIDA Eutschli (1889) 

BUETSCHLIIDAE Poehe (1913) 
Ibetsch�a Schuber-g (1888) 

Slrall, more or less Qv'oid in shape; anteJ:"ior end 

truncated; mouth at anterior end; bcdJl sur:raoe l.m1formly 
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oovered \'11 th cilia; nuoleus roughly spherical. 

�9.ttechl1a E@rva Sehuberg (1888) 
Plate 2# Figure 4 

The anterior eM of the body la truncated. The mouth is 

in tl"...e middle of the anterior end anti leads into a conical 

p�..arynx:. 
The masurements of 10 spee1mana are sumnrized in Table 3. 

M ± (JP-I' (j2 

Length 46.9 + 1.6 ... + 5.2 -

!tl1dtb 24.7 ± 0.8 + 2.6 
L/W mt104 

-

1.91 ± 0.08 + 0.26 --

1 • � ± st..anlard error of mean. 

2. Stan:iaro deviation. 

3. Coeffioient of va:r1.ation. 

4. Ratio of body length to width. 

C V a!.3 ' . .,0 

11.1 
10.5 
13.6 

�E1h TRIClIOST(»1ATmA �tsch11 (1889) 
tAMILX: ISOTRICliD>AE Eutschl1 (1887) 
�&: �Q.t.r19ha. Stein (1859) 

L:lm1ts of 
Variation 

38 - 57 
22 - 30 

1.58 - 2.38 

Body ovoid and f'lattened; surface eove� :1.11 c1l1a in 

,ongitudinal roitlS; mouth at or near em w�oh is to rear 

uring locomotion; many contmet11e vaouole • 
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:ts.o.J;:r1cr:,a illt�st1r41i� �tciD. ('1859) 
Plate 2" FiL-uro ;2 

The mouth lies in an indentation -wt1ch is laterolp and 

Table 4. 

• iI: 

.Lenctli-
Hldth 

Dimensions of Isotrictn inteatinnliu IN • •  tnarr 

r"t 
>� ........... 

{--

108.8 
61 .. 8 

cr II 

+ 6.2 -
+ - 3.3 

(j C.v .�j 
. . 

+ '19.7 'H3.1 ... 

+ 10.L� 'i6.6 -
Lft1 ratio 1;76 + 0.03 ± 0.1 :;.7 -. --

. A,�Qt..:r1clla pros tom. .,te.in (1859) 
Plate 2, Figure � 

Likdts of Va:t'iation 
89 - 149 
"6 "1' - - '78 , J 

1.6;) - 1�93 . . 

The mouth lie� near the end �lP..iC.l is to the rear during 

locomotion. 

Table , . Dirne1)$ions of Isotricba prostorna 
, . 

?I! + er �q 0 -

Length 133.8 + .- - + 16.9 :;I . ;> - -
1.\;ri.::1tli 6'1.4 + 2.2 • 6.9 -i7" ... -
1!�� ratio 2.03 + 0.10 + - o �·o .�"') , --

�m3: £a s.ytric ba, Schubcr-p; (1888) 
A single species. 

CV ' -. ./v 

12.(( 
1 ;).3 

4 (' 1 l ill"'; 
. 

Limits of 
Variation 

113 ... ' 165 
51 - 73 

1.69 "" 2.55 
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Da.sytr1C�& rumina;nt1um Schubel.� ( 1888) 
Pla te 2, F1gurc 1 

Similar to Isot�1c.h? but smaller ani w1 tb the cilia 

arranged in longitud1nal sp1rals . The mout is at the end which 

is to the rea.r during locomotIon. There is a single contractile 

vacuole . 

The mea.surements of 1 0  spec1mens are SUfiIilarized 1n Table 6 .  

Table 6. D1mens1c:ms of Dasytrieha ruminant1um 

�1 ± o- M  0- C V d • .f'J 
-

Length 57 . 5  ± 2 . 5 + 7 .9 -
13 .8 

WIdth 27 .4 ± 0.8 + 2 .4 8.8 -

L�J ratio 2 . 1 1  ± 0.01 ± 0 .21 9.9  

FArgLY: BLEPHAROCORYTHIDAE Hslung ( 1930) 
GENUS : Cb,aron Jameson ( 1 925 )  

Limits of 
Variation 

46 - 73 
22 - :;0 

1 .70 - 2 .70 

Body lancet shaped.; anterior end has lmob-Ulm pI�jectlon; 
posterior end tapered to a blunt point; cilia at each em , the 

posterior c1118. being plainly divided into t'tjo disti..flct bw¥11ea; 

mouth slightly to rear of anterior tip;: mcronueleus oval to 

spherical; a single contractile vacuole . 

Cbaron..egui Hs1ung ( 1 930) 
Pla te 2. F1gure 5 

Tlle body 1s lancet sbaped and has a knob projecting 
a:nterlorly . The mouth is a triangular opening on one side o ,r 
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the anterior project1on.  The mouth area is surrounded by three 

zones of cll1a . There are til0 posterior tufts or cilia on 

eitber side of the anus . Tbe macronucleus is elongated. . There 
"" 

1s a single contractile vacuole . This species 1s larger than 

C � ve.ntrieul1 Jamson ( 1 925 ) .  

The dimnsions of 1 0  apee1.l12ns are at.mIlllrized 1n Table 1 .  

Table 1 .  I?1mns1og of Charon equ1 

M t o- r4 () C .V.% L1m:1.ts of 
VariatiQn 

Lansth 38 .3 + 1 .6 - + 5 .2 - 1 3 .6 33 - 45 
�J1dth 1 4 .8 + 0.5 ± 1 .6 10.8 13  - 18 -
L/'.� Ratio 2 .59 ± 0.04 + 0 . 1 2  4 .6 2 .41 - 2 .75 -

§,UB-GLASS : spmtnRICBA Bltscb11 ( 1889) 
ORDER: - ENTODINIC»1ORPHIDA Re1chenow ( 1 929; in Dofle1n am 

Re1ehenow" 1 929) 
FArmy: OPHRYOSCOLECIDAE Stein ( 1859) 

GENUS : §Qt<Xi1n1um Stein ( 1 859) 
A single membranalle zone; no skeletal plates;  one 

c ontractIle vacuole; nuclei au:l caudal spinat10n variable . 

Entod,1AAWl! b1eoneayynt l{ofo1d and �oIennan ( 1930) 

PIa te 3" , Figure 7 
! The b , � is Slightly elongated . The mcronQ.cleus is rod-

like and lies on the extr-eme right of the body . The micronucleus 
lies on the left of the anterior half of' the macronucleus . 1"00 
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va.cuole lies on tbe upper side of the mac:ronueleus irm'ooldia tely 

adjacent to;f and a.nterior to the micronucleus . 

There la a small cauda.l lobe on t}'1..e le£t side . A t the 

level of the posterior em of the maerormcleus" the emoplasm1c 

sac leaves the right bcXly side , am there . 1s an anteriorly 

directed bulge in the sag between the nucleus and the rectum. 
The area posterior to tv-!s 'bulge� on the right or the rectum. 

1s conca.ve on both the upper am lower surfaces . This b1coneav1ty 

is very obvious even when the organ1sm is v1etliled from the upper 

or lcxlJer sides . 

'l'he masurements of 10 spec1.Dana are sutDlr'1zed 1n Table 8. 

1'able 8.  �ns1QD§,..2.f Entod1n1um b1concavum 
-

�I ± 0- I,I (J c .v Limits of 
Variation 

Length 44 .8 + 1 .5 ! , 4 .8 10 .7 AlO - 51  -
l'I1dth 30 .5 ... 0.6 + , 1 .8 5 .9 27 - 32 - -
L/W ratio 1 .46 ± 0.03 ... 0. 1 1 1.5 1 .33 - 1 .59 1 -
L. mere 25 .3 + 1 .2 + } .7 14 .6 20 - 30 

mercl� 
- -

. t'l .  6 .7 + 0 . 1 ... 0 .4 6 .0 5 - 8 ... -

1 .  Length or macronu.eleus . 
2 .  W1d th 0::.' mcronucleus . 

Ent�lW' lQ!ll!1nue.l.ea tUtn Dop.J.el (1 �5 ) 
Pla te :; . ?.lgu.ra 2 

The lJooy 1a ellipsoidal \111 th Cl single I' left !I ca.udal lobe . 

The macronuc leus extend s for nearly the full length of the 
bcdy and follow's the contour of the rigbt side . Its ant.erior 
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em is wider than the posterior end . The micronucleus lies on 

the left of the anterior quarter of the mcromcleua . The 

contractile vaeuole lies Bl1ghtly anterior to the micronucleus . 
The neasu:renenta of 10 specimens a..re s�zed in Table 9.  

Table 9 .  D.ns1ons.of Entod1n1um long1nucleatum 

Length 
W1dth 

LJ\1 atl0 
L. macro 
w .  mero 

�1 ± 0- M () C .V .% Limits of 
Variation 

48.8 + 1 .8 - ± 5 .6 1 1 .5 43 - 59 
35 . 1 '" 0 .6 t 1 .9 5 .4 32 - 38 ... 
1 .39 .. 0.06 ... ± 0 . 1 9 13 .7 1 .13 - 1 .69 
44 .4 + 1 .8 - t 5 .7 1 2 .8 38 ... 51 

7.3 t 0 .2 ± 0.7  9.6 7 - 9 

lmtg;11n1um b1ca£1mtut9 De. Cu.rW.a. ( 19111.) 

Plate 3. Figures 3, 4 
The body is nearly c1roular when viewed from the uppe:l? 

side but 113 flattened am twisted latera1.ly. There are three 

oaudal lobes . The r1ght am left sides "f: the body are neal.?ly 

in the sane plane . To the left of the mid-line of the body 

there aZ�8es a rib l>lhieh termlmtes in a lobe in a plane above 

that of the rest at the body. The sh..ape am size of tl11s rib 

aIXi the caudal lobes my vary cons1derably in different 

1001v1duals . In SOlOO spec:1�ns the tw1s.ting of the body is 

different. ani the right side of the b<X1y ani the rib lie 1n the 

upper plane . The mcronueleus is elongat� and relatively short , 

a.nd lies aga.inst the right side at the extl�m anterior of the 
body . The vacuole lies near the upper surface adjacent to the 
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micronuc leus . 

The �surem3nts ot' 1 0  specimens are SUlTlltu1.zed in Table 1 0 .  

'1'able 1 0 .  DyPgns10ns of Entoo1nium b1carinatum 

M ± () �1 0 C V d L1m1ts of 
• .rr) Variation 

Length 33 . ( ± 1 . 5 ... 4 .6 - 1 1 .9 32 - 46 
�11dth 37 . rr ± 1 .5 l' 4 .8 1 2 .7 30 - 46 

L/W ratIo I 
8 .7 0 . 95 - 1 .23 1 .03 ... 0.03 ± 0 .09 -

L. macro 23 .6 ± 1 .5 ± 4 .8 20.4 14 - 30 
w . macro 7 .8 ... 0.2 + 0 .6 ... - 7.7 7 - 9 

l!.:'ntod1nium rowratum P1orent1n1 ( 1889 ) 
Syn . &ltod1nium roatmtum forma rostratum Dog1el ( 1 927)  

Plate 3.  Figure 6 . 
The body 1s elongate , trl1th the right surface convex and 

the left surface nearly flat . Tbe left surface ems in Cl spine 
which curves to the right . The right surfaee terminates in a 
shorter, broader sp1ne . The macronucleus is elongate am the 

micronucleus lies on the left of its mid-seotion . The vacuole is 

directly anterior to tbe mcronucleu.a . 

The maasurements of 1 0  .spec1mt!ns are sl.l1llt!erized in Table 1 1 . 

Ta.ble 1 ') .  121mens1ons of Entod1n1um rostrat'1.!1n 
-

+ () C .V .% LUdts of r·1 - (f M  Variation 

length 45 .4 ± 1 .6 ± 5 . 1  1 1 .2 35 - 54 
14'idth 24 .3 ± 0 . 9  ± 2 .8 1 1 .5 1 9  - 27 
L/W ratio 1 .87 ± 0 . 05 + 0 . 1 6 8 . 5  1 . 70 - 2 .23 -
L .  macro 28 .4 ± 1 .6 ± 4 ,9 1 7 .3 1 9  - 38 
1'1 . mero 4 .9 ± O.1 ± 0 .3 6 . 1  4 - 5 
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'I'h1s organ1sm was at first classif1ed as E . p1sc ... .lcu1um. 

Kofoid and rllacIennan ( 1 930 ) , but Iub1nsky (pers . CODIIl. )  suggested 

that as the left caudal spine was strongly curved, it was better 

classified as £:.! rostratum. However� on the l::w11s of the size 

lOOasurementa C£ tte  specimens examined here , E, rostrat'u}p (Doglel, 

1 927, Kctold and �cIennan, 1 930 )  am E. Q1sc1culum ( Koto1d 

am MacLennan, 1 930 ) ,  am in spite of the ab.sence of the 

anterior projection fOUDi in many spee1mens of E . p1sc1cull!!, 

this organism m.y well be E .  p1sclculum Kofo1d am MaoIenmn . 

The measurements of this organism, E, ro�tT�tum and 

. E!, D1sc1c1.11:ym are eompareq. 1n Table 1 2 .  

Table 1 2 . D1p@ns1Qn8 Q.{ Entodinium roatratum !M E .  pisc1culum 
, 

E! ros�rat:um El 2isc�culJJm 
�tod1n1um Ko.fold am Kofo1d and sp . Dogiel, 1927 I-hcLennan, !tia.c Iennan# 

1 930 1 930 

length 45(35-54) 37(21-51 ) 37(28-41 ) 41(:;8-58 ) 
Width 24 ( 1 9-27) 17 ( 13-23 ) 20( 1 8-21 ) 24 (22-29) 

L/W ratio 1 .87 2 . 1 8  1 .lW 1 . 98 
( 1  .10-2 .23 ) ( 1 . 1 5- 1 . 52 )  ( 1 .76-2 .38 ) 

!mod1n1um 1nd1cY}l! Kofo1d am r·1a,c!£lnnan ( i  930) 

Plate 3" F1gure 5 
The body is oblong . There are three caudal spines, one 

each on the left , right am upper surfaces . The rec tum opens 

tbrO"tlgh a slit-like anus in the base of the upper spine . The 
macronucleus is small and lie s at the anterior end of the l�ht 
side . The micronuc leus lies near the m1ddle of the macr-onucleus 
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in a depression 1n the uppeJt side . The vacuole Usa on the 

upper side of the body .. anterior to the mcromwleua . 

The Easurements of 1 0  spec;tmens are GIJBlM.r1zed in 1'able 13 . 

Table 1:; . D1myAAN of Entod1D1um :1lxlJ.cum 

Utngth 
Width 

LtV rat1.Q 
L. mere 
w .  macro 

M ± 6"" M () C .V.� 

38.9 + 1' .5 + 4 .7 12. 1  - -
29.6 ± 0 .8 t 2 .4 8 . 1 
1 .32 + 0.05 + 0 . 1 5  1 1 .4 - ... 
27.3 t 1 .5 .. 4 .9 - 1 7 .9 

5 .0 + 0 .0 + 0 .0 0 .0 .- .. 

EDtOOln1um ov1muzl Dog1el ( 1 921) 
Plate :;, Figure' 1 

L1m1ts of 
Val"!at.1on 

32 - 46 
27 - 35 

1 .07 - 1 .48 
1 9 - 38 
5 ' - 5 

The body i.s a regular oval w1 th a flattened anterior et-tle b 
JIBCromeleua 1a l;ODg and. rod-11ke,. aId extems trom the anterior 
aM along thllee-quariiers of the r:lght side . The va.cuole l1es 
sl1ghtly to the lett of the mcronucleus� ne-ar the upper surface . 

1 4 .  

Table 1 4 .  DWns10ns or Entod1n1um ov1mllll 

M+ () M  () C .V .'to . L1m1ta or ... Va.r1a.t1011 

Length 59.8 ± 1 .6 + 4 .9 8 .2 51 - 65 .. 
�adth 35 .0 t 1. 9  :!' 2 .5 7. 1 32 - 38 

L;W ratio 1 .70 ± 0.03 + 0.09 ... 5 .3 1 .59 - 1 .84 
L. maoro 42 .9 t 1 .2 + 3 .7 8 .6 38 - 49 -
w .  macro 10 . 1  t 4 .7 + 1 .5 1 4  .. 9 8 - 1 1  -
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GENUS : Epid1n:i.1lIll Craw ley ( 1 923 )  

Body elongate aai twisted arouoi the main axis; two 

membranelle zones, the left zone behind the anterior em of the 

body; min skeletal complex composed of tbree tl'liated plates; 

mcromcleus straight ani e�onga.te ; two contraotile vacuo1es; 

up to five oaudal spines . 

Ep1d1n1um cauciatum F1orent1n1 ( 1889) 

Syn. ER1d1n1um ecauda tym fOl'llB caudatym Dog1el ( 1 927) 

Plate 4. Figure 1 
The body 1s elongate ani tapered poster1o�ly . There is 

a single, right, caudal sp1� . 
The measurements of 1 () spec1D=ns are sunJl:e.rJ.zed in Table 1 5 .  

Table 1 5 .  PJmns19ns of Ep1d1n1um eaudatum 

M± () � () C .V .% 

length 124 .5 .. 2 .7 + 8 .4 6 .7 ... -
Width 49. 1  + 1.6 ± 5 .2 1 0 .6 -
L/il ratio 2 .55 ± 0 .08 + 0.24 9.4 -
L. macro 54 .0 ± 2 .3 + 1 .2 13 .4 -
w .  macro 1 4 .4 t 0 .5 ± 1 .6 1 1 . 1  

Epid1giyl b1caudatum Sharp ( 1 914 )  

L1m1ts of 
Variation 

1 13 - 138 

38 - 54 
2 .30 - 3 . 13 

43 - 65 
12  - 1 6  

Syn. Ep1d1n;J.1m1 eeaudatum fOrsB b1caudatum. Dogiel ( 1 927) 

Plate 4#  Figure 2 

The body is elonga.te am tapered poster1orly . There are 

two caudal spinesJ a large right spine and a smaller left 

spine . 
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The diDmaions of the only spec1mn seen du:r1ng the 

suw�J are given in Table 16 . 
'Dable 1 6 .  .�1am;Aom of Ep1d1n1U1Jl blcauaatWll 

Iangth 1 13 

Widtb 59 

L/W m�10 1 .99 

L. mero 57 
w .  mae.a 1 4  

IpWn1wa _ tncawlatYm Sharp ( 1 914)  

Syn. Ee1ct1D1um eeG.\1datum .foma tJ1.gaud§.tym Dog1el ( 1 921) 

The body 18 elongate am tapered postel"1orly. There are 

three spinesJ one right, ODe left" am one on the UPPEW sUPtace .  
The masurementa of 1 0  spee1EDS are SUJIIlBl"1zed in 'rable 11 4  

Table 1 7 .  pjJ!mWM of Epldln1um tr1eaudatum 

+ 0- .  () C .V.� L1m1ts of M - Variation 

lengtb 123.2 ! 4 .5 + - 1 4 .2 1 1 .5 91 - 138 
W.ldth 53 .,9 + 1 .9 + - - 6.0  1 1 . 1 49 - 57 

L/W ratio 2 . 1 6  + · 0.04 - !, O. 1 2  5.6 1 .97 - 2 .• 31 
L. _ero 65 .6 ± 4 .0 + 12 .8 19.5 51 - 89 -
w .  mcro 14 .8  1: 0.2 + 0.6 4 . 1  14 - 16  .-

EJij.d1,rdma gua.gri.a�ataa Sharp ( 19'14 )  
Syn.. EQ1d1n1um eeaugatum forma sruadrlca:!.ld.atum Dog1el ( 1927) 

Plate 4 , Figure 4 
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The body 1s elongate and tapered posterlorly . Tbere are 
four spines; one right, one left, aJ¥i ttfO lateral spines on 

the upper or lower surfaces . 

± l1 M  () C .V $  L1m1ts of 
Var:1at1.on 

lAlngth 1 28 .9 + 4 .:; + 14 .0 1 0.9 1 05 - 1 51 - -
Width 62 . 1  + 1 .9 + 5 .9 9 .5 51 - 10 - -
L/W ratio 2 .07 + 0.06 + 0 . 1 8  8 .7 1 .78 - 2 .43 - -
L. mero 73 .6 + 3 .9 ± 1 2 .4 - 1 6 .8 59 - 89 

w .  macro 16.  t ... 0 .6 + 2 .0 1 2  .. 4 14 - 19  - -

Epld1n1um oon1,eaydatym Awer1nzew ani illta1'cua ( 1 91 ll )  
Syn .  Ee1d1n1ya eaaugatum forma cattaDeQi Dog1el ( 1 927 )  

Plate 4 ,  Figure :3 

1 8 .  

Tb body is eloagate em tapered postertorly . There are 
f'lve caudal spines . The poa1.t1 of the three lateral sp1nes 

la variable. Sate individual have one spine on the upper 

sur'taae am two OD tr� lOt'ler surtaee but in other spec1Dms the 

pOslt1ons Qf the sp1nes are .reveztsed . 
� ueasurements of 1 0  spec1mens are sunmrar1zed 1n 'n:t.ble 19.  

M ± o M () C .V .tJ, L1m1ts of 
Var.1.atlon 

�ngth 1 15 .8 � 4 .2 :t 13 .' 1 1 .5 1 00  - 1 46  
Width 54 .8 ± 1 .8 ± 5 .8 1 0 .6 49 - 67 

• •  Continued over 
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Table 1 9 .  Continued • •  

III ± (J r.1 () 

L/W rat10 2 . 1 1 + 0 . 04 + 0 . 13 -
L. macro 69.7 ± 3 .8 + 1 2 .0 -
1>1 .  m.cro 1 4 .8 ± 0.5 ± 1 •. 6 

C .V .% L1m1ts of 
Variat10n 

6.2 1 .94 - 2 .4:.; 
1 7 .2 54 - 92 
1 0 .8 1 1  - 16 

GENUS : Ostracod1.n1um Dogiel, emrned Kofo1d and Ma.cIenna.n ( 1 932 )  
Two mmbranelle ZODeS; a broad skeletal plate beneath the 

upper surface, often bem.1ng on the left ta"lard the 10frler 
side ; two to six contract1le vaeuoles beneath the left surface . 

Ostraeod1n1um n@JI!DOsum Ra1111et ( 1890 ) 

Syn. Ostracod1n1um dentatum Dogiel ( 1 921 )  

Pla te 5 .  Figure 4 
The body 1s rectangular and, relatively ahort . The skeletal 

plate narrows towards the posteriQr of the body. There are 

three 'contract1le vacuole,s ani two caudal lobes . The right 

lobe ls hollowed on the left aide . 
The measurements of 1 0  specimens are 5\l.1Imar1zed in Table 20 . 

Table 20 . Dimensions of" Ostmcod1n1um :manJl1Osum 

fJl ± 0- 14 0 C .V .]!; L1m1ts of 
Va r1a.t ion 

length 94 . 1  + 2 .2 - ± 6 .9 7 .3 89 - 1 08 
W1dth 56 .9 ± 1 .4 ± 4 .3 7 .6 5 1  - 65 
L/W ratio 1 .66 ± 0 . 02 ± 0 .05 3 . 1  1 .56 . - 1 .14 
L .  mcro 57 . 0  * 1 .5 :J: 4 .8 8 .4 51 - 65 
W .  macro 1 1 .6 4- 0 .4 ± 1 .3 ... 1 1 .2 1 1  - 1 4  
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Oatmeod1n1;um dl10bum Dog1el ( 1927) 

Syn . Ostmcod1m", gbtus'P form dUoblg Dog1el ( 1927) 
Plate 5.. Figure 3 

The body ls IIIOre ell1pso1.dal than that or- 0. BpJllDOsum. 
The skeletal plate Da1'1'GIIlS towards the posterior. There are 

five eoatract1le vacuole,a . The two caudal lobes a.ppear s1m1la.r 

to thoae et 0. P!iYPP'UII!: but the right lobe 18 not 8S SOOOP

shaped . 

. . 
R .. 0- .  () - c .v .% Lim1ts of 

Variation 

�ngth 1 05.7 .. 1 .2 ... 3 .1 3 .5 1 03 - 1 13 - -
WIdth 60 .5 ... 1 .6 ... 4 .9 8 . 1  54 - 65 - -
L/W rat10 1 .,76 + 0 .05 + 0 . 1 5 8 .5 1 .54 ... 2 .00 . - -
L. macro 63 .4 .+ 0.8 +. 2 .6 4 . 1  59 - 61 - -
w .  macro 1 1 .6- + 0.2 +. 0 .5 4 .3 1 1  ... 1 2 ... -

OstraeoJ1P1Ym rugolor1catum Kofo1d � �'1e.e·Ientml ( 1 932 ) 
Pia te 5. Figure 5 

The body la e�ongate aM somewhat rectangular. The left 
edge of the skeletal plate tUl"llB and exten::1s a eonsidemble 

d1.etaD::e UDier the lower s.1de of the bo:iy . There are three 

contractile vacuole. '* Tbe sIngle caudal lobe le a eont1r.rua,t1on 

of the r1ght surface and la flattened to mke the posterior em 

appear !'Ol.lUied . 

The measurements of 1 0 speo�ns are s'lltI'I1arized 1n Tabie 22 .  
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Table 22 .  1?1Dms10!!! of Oatracocl1n1 . rugoloricatuJa 

M ± er N  () C .v .%  I4m1ts of 
Va1"1a.t1on 

Length 1 02 .8 ± 3 .8 + 1 2 . 0  1 1 .7 78 - 1 1 6 - -
W1.dth 60.7 ! 2 .8 t 8 .9 1 4 .1 51 - 78 
L/fiI rat10 1 .71 + 0.03 + 0. 1 0  5 .8 1 .45 - 1 .95 - -
L . • m.cro 60 .3 + .2.4  + 1.1 1 2 .8 49 - 78 .. .. 
w .  maCft 1 2 .4 + 0 .• 4 + t .4 1 1 .3 1 1  - 1 4  - -

I{ofo1d and MacLerman ( 1 932� p138 )  stated " Tbe  skeletal 

plate extends laterally fl'om the macronucleus to the ventral s1de 

ot the body ." In none of the spec1mens exmrdned was, tb1B 

observed; the plate a.lways tape'red towards the posteri.or em 
of the body . 

GENUS: Eud1e�od1n1um Dog1.el-.. emmded Kofo1d and MacIeJ!lDUl ( 1 932 ) 

A single apecus . 

Eudiplod1n1ym pnp:gl1 Fiorent1D1 ( 1889) 

Plate 1 ;  Plate 5, Figure .2 

The body ls large and roughly tr1angula.r" am has two 

membmnelle Z0De8 . The macronucleus has a large hook on the 

left at the ante-rlor- em . . There 1B a 51ng.le Darr'OW skeletal 

plate . There are two eontmct11e vaeuole3 . 
'l'he measurement of 1 0  specimens are suxnuarized in Table 23 . 

All ot the spec1mens exam1ned had a pronounced right caudal 

lobe tapering to a relatively sharp po.1nt traa a brOad base . 

This lobe is not 1nd1eated in the drawings of either Do.g1el 
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( 1 927 )  or Kotoid ani ttlcLennan ( 1 932 ) .  

Table 23 . Diloons1oDs of Eud1plod1n1um maggi1 

+ () C .V .% L1m1ta of M - () »1 Variation 

Length 1 67 .6 + 6 .2 + 1 9 .5 1 1 .6 1 49 - 1 95-
- .. 

Width 1 14 .4 + .3 .5 + 1 0 . 9  9 .5 1 03 - 135 - -
L/W mt1.o 1 .47 ... 0 . 03 0 . 1 1 7 .5 1 .34 - 1 .66 -
L.  mac ro  86.9 + 5 .' -. + 1 6 . 7  - 1 9 .2 59 - 1 16 

W .  macro 27.6  + 1 .1 + - - 5 .4 1 9 .6 22 - 3 8  

GENUS : Matad1n1u;m Awerinz . am r-iltafooa ( 1 91 4  ) 

Body large am heavy; two m!Dbre.nelle zones and two 

c ontractile vacuoles;  two akeletal plates, SOlWlt1mes fused at 

their posterior ends ;  meronucleus large am elongated with tt'lO 
or three lobes on the left side . 

fi1eta.d1n;lym J!@Sl1Wa Awerinzew and rautafowa ( 1 91 4 )  

Syn. Eud1plod1n1UIA mdlum form md1um Dog1el ( 1 921 )  

Plate 5# F1gure 1 

The two skeletal plates are not fused . The macronucleus 
has three lobee . The pos tenor end of tbe b<Xly is rounded . 

The measurements of 1 0  specimens arc summarized in Table 24 4 

Table 24 . Dimp§lona or Metad1n1um medium 

It1 ± " M  () C .V .'% 

Length 1 94 .7 + 6.9 - + 21 . 9  - 1 1 .3 

�J1dth 1 09 .3 + 4 . 1  + 1 2 .9 1 1 .8 - -

Limits of 
Variation 

-1 62 - 230 
86 - 132 

Continued over • •  
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Table 24 . Continued • •  

1-1 ± (f f4 rr C .V .% L1mits of 
Variation 

� ratio 1 .79 ± 0 .04 + 0 . 1 2  6.7 1 .63 - 2 .00 ... 

L. _ero 1 1 7.0 + 5 .6 ... 1 7 . 6 1 5 .0 89 - 1 43 - -

W .  mc1'O 20.2 + 0.'13 + 2 .3 1 1 .4 16  - 23 

14eta4�n1ulIl tauncum Dog1el am FedorcMa ( 1 925 )  

Syn. :Eu.dialoQ.1p1UJa JPi1um fOrE tauneum Doglel ( 1 927 ) 

Tb1.8 species 1s s1m1lar to fil. .dlum� but the skeletal 

plates are fUsed poateriorly . The posterior lobe of the ECro

nuoleus 1s relat1velY SDBll . 

The dimensions of the two 8.peCSmeUS, seen are snnmarized 

In Table 25 . 

Length 

Width 

L;V ratio 

L. mere 

,., .  macro 

1 91 ,  216 

91. 1 1 9 

1 .98. 1 .82 

1 13,  132 

1 9, 1 9  

[,ENUS: D1plodln1um Sehuberg, emeDied Crawley, enended Dog1el, 
emended Kofoid am MaeLemnn ( 1 932) 

'.l\'lO membranelle zones; no skel.etal plates; macronucl.eus 

flaS anter1oI- third bent to right at angle of 30-90°: two 

e ontrac tl1e vacuoles . All species have a longitudinal 
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cut1culal' fold, whi.ch my be ineonsp1cuous, on the upper left 

body side . 

D1plooin1um memcanthum Dogj.el ( 1 927 )  

Syn. MOplod1n;1um dentlculatum tOJlSB monacanthum 

Dog!.el ( 1 927) 

Plate 6, Figure 1 
The body 18 relatively short am heavy" am s11ghtly 

tapered poster1orly . '!'here 1 a simgl , SIlBll, right spine . 
The ueasUNJDent of 20 speciEna are s'_rized 111 Table 26. 

Table 26. D1ppus3:opa of D1plod1n1_ monaeanthum 

M ± 0- 14  r;- e .v Jf, L.1mits of 
Variat10n 

length 75 .4 + 1 . 1 + 5 . 1  6 .8 67 - 84 - -
W1dth 49.8 ± 0.8 + 3 .7 1.4 43 - 54 -
L/W mt10 1 .62 + 0.04 - + 0 . 1 7 - 1 0.5 1 .35 - 1 .69 
L. meN }6.6 ... 1 .0 + 4.5 1 2 .3 30 - 46 - -
W .  macro 20. 1  + 1 .8 .. 5 .8 28 .9 16  - 24 .' -

RUlod.1R1um diacanthum Dog1el ( 1 927) 

Sl7!l. �U!plod1n1um den�eulatum forma sUp.eanthum 
Dog1el ( 1 927) 

Plate 6. Figure 2 

S1m1lar t,o D,. fJlQI!!can1(hum but w:1th two eaudal sp1nes. one 

on the right am one OD the left . 

'flle d1l2rans1ona ot 1 0  specimens are sUIfloo.r1zed 1n Table 
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Table 27. D1menslsm,s of D1plod1n1um dlacanthum 

Length 
Width 
L/W ratio 
L. macro 
w .  macro 

H t  a- il1  

78 .2 + 3 . 1  -
52.8 + 1 . 4 -

1 .48 + 0.04 -
38.9  + 2 .6 -

20.9  + 1 .0 -

0 C .V .'% 

-+ 9.9 12.1 -
+ 4 .3 8 . 1  -

+ 0 . 1 2  8 . 1  -

+ 8 . 1  20.8 -
+ 3 .2 - 1 5 .3 

L1m1ts of 
Variation 

62 - 89 

46 - 62 
1 .3 1 - 1 .65 

27 - 51 

16 - 24 

DiPlmiNg t1'13eythum DogJ.el ( 1 927) 

Syn. Apoplod1nium dentieula.tum f'Ol'llB . tF1acanthg 
Dog1el ( 1 927) 

Plate 6, Figure :; 
S1m11ar to D. diaeaptlnUg but with a th1rd sp11le on the 

upper surface . 
'file <i1.Ens1ODS o£ 1 0  Spec.tmeDB are su't1ll¥lrJ.zed in Table 28 . 

Table 28. D1D3H1ons ot D1plod1n1um t1'1aeanthum 

g ± (J M  U c .v.'/; 

length 14 ;.0 + 1 .6 ... 4 .9 6.6  - -
Width 49.5 + - 1 .0 +- , . 1  - 6.3 

L1m1ts of 
Variation 

65 - 81 
46 - 54 

L/W rat10 1 .49 + 0.04 + 0 . 1 2  8·. 1 1 .33 - 1 .65 .- ... 
L. mere 38. 1  .+ 0.8 + 2 .5 6.5  }5 - 40 - -
W .  macro 1 9 .2 .. 0.6 ... 1 .8 9.4 16  - 22 - -

D1plod1n1UJ! temcanth'WD; Dogiel ( 1 921) 

Syn. Apop).od1n:\Y!! dent1culgtym fOrul ���raca.nthUB1 
Dog1el ( 1 927) 

Pla te 6 1  Figure II 
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Similar to D .  mol'lR:capthum but with four caudal sp1ne s ,  one 

on each body surface . 

The measurements of 1 0  spee1Ens are s'UliIiBr1zed in Table 29 . 

Table 29 . D:J.mens1ons of' D1plod1n1um tetre.canthum 

length 

Width 
L/W ratio 

L. macro 

W .  mere 

M ± 0"" M 

78 .8 + 2 .8 -
52 .4 + 1 .7 -
1 .51  + 0 . 05 -
41 .6 + 1 .9 -
21 . 1  + 1 . 1 -

(J 

+ 8 .8 -
+ 5 .4 - \ 
+ 0 . 1 1  -
... 6 . " -
+ 3 .6 -

C .V .% L1m1ts ot 
Va.r1a.tIon 

1 1 .2 62 - 89 

1 0 .3 40 - 59 

1 1 .3 1 .41 - 1 .65 

1 4 .7 27 - 51 
1 7 . 1  1 4  - 24 

PiplOO1n1um D§Dta.canthum Dog1el ( 1 92.7) 

Syn . .@.poplog1n1um denticulatum form �nta,eaAtht1m 
Dogj.el ( 1 927)  

Plata 6, Figure 5 

S!''1'Jtlla:r to De tet.m9JUlthum but with five caudal spines . 
The fifth ap1De 1s on either the upper or l�ler body surr-aee . 

The dimensions of 1 0  specimens are snnDll"1zed in Table 30 . 

Table 30. �1pmsJ.9D§ ... of. D1plod1n1um pentacanthum 

+ () " V 6!. L1m1ts of M _. (J" r>1 " .  .11) Variation 
length 78 .0 ... 2 .2 - ± 6 .8 8 .7 67 - 89 

Width 51 .9 + 1 . 1 - ± 3 .4 6 .6 46 - 57 

L/W ratio 1 .5 1  + 0 •. 03 + 0 . 1 0  6 .6 1 ,24 - 1 .65 - -
L. mcro 36 .5 + 1 .7 + 5 .4 1 4 .8 27 - 46 - -

\'1 . macro 20.5 + 0 . 9  + 2 .8 13 .7 1 6  - ?4 - -
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D1RlodWU.1U an1sa.capthW! � ·Cunha ( 1914 )  
Syn. Jt.no.ulod1niUDl dent1.culatum fol'llll an1sacytt-.um 

Dog1el ( 1 921) 

Plate 6.  Figure 6 

S1milar to '!?" R§ntaeapthum but w1th s1x caudal spines .' 

The're are t\-10 spine,s on each of the upper am lower suJ"faces . 
The d1menslou of 1 0 speciMua are sumner1z'ed 1B Table 31 . 

Table '1 . DiEna10ns of ntploc11n1UJ1l amsaea.nthum 

s t a M () C .V .� L1m1ts, of 
, Va.r!atJ.on 

Lel'lgth 73 . 1  ... 1 .9 + 6.0 8 .2 65 - 86 .. -
Width · 50.4 .f- 1 .8 - + 5 .6 1 1 . 1 - 35 - 57 
L,N ratio 1 .46 .. 0 . 07 ... 0 .21  14 .4 1 .28 - 1 .85 - -
L. zero 36.4 + 1 .6 + 4 .9 13 .5 30 - 43 - -
w .  mON 1 9 .5 ... 0 .79 + 2 .5 1 2 .8 1 5  - 22 - -

GEl{US I Eod1n1ue Koro1d and zP.acLennan ( 1 932 )  

'lWo membmne lle zonas on the same level; no skeletal 

plates,; two contractIle vaeuolesl mePOnUCleus elongate . 

Eodlp1um lol?§tum Kofo1d and MacLemvm ( 1932) 
Plate 1, FiguN 5 

The bodY' 1s ell1pso1dal am· has a smJ.l posterior lobe . 

The anterior vacuole lies 1n a depzaeaa10n o£ the macronuoleus .  

The posterior vacuole lies a.t the poster1.or" aD:! of the macro-

nucleus . 

32 .  
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Ta.ble 32 . DJ.mgns1ons of Eodin1um lobatum 

M t o M  (J C .v .% 

length 45 .8 + 1 .6 - + 4 .9 - 1 0 . 7  

Width 26 . 9  + 0 . 9  + 2 .8 1 0.4 ... -

L/I rat10 1 .70 + 0 . 05  + 0 . 1 6  9.4 .. -

L .. mero 27 . 1  .. 1 .7 + 5 .4 24 .4 - -

W .  mero 6. 1 + 0 .3 + 1 . 1 1 8 .0 - -

Eod1n1g b11pl)osua Dog1el ( 1 927) 

L1m1ta of 
Variat10n 

40 - 59 
24 - 32 

1 .48 - 2 . 04  
22 - :;8 

5 - 8 

Syu. Anoplcd1p1U11 postervea1culatum. fOJ'llB 
b11obel!lP Dog1el ( 1 92;1) 

Plate 7. F1guJre 6 

The body 1.s stouter than that of E.! lo])atum. There are two 

caudal lobes; the right lobe vanes between a lobe and a short 
spine . 

The measurements of 1 0  spec1mans are StDIEBr1zed iD Table 33 . 

Table 33 . D1D3l)!1ona of Eod1n1wa 1?11obosum 

M t (f' ll er c .v.1o 
-

length 42 .2 + 1 .:; + 4 .0 9 . 5 - -

Width 31 . 0  ... 0 . 9  + 2 . 9 9.4 - -
L/W ratio 1 .31 ... 0 .03 + 0 . 1 0  7.3 ... -

L.  JECro 28. 1  ... 1 . 1 + 3 .4 1 2 . 1  - -, 
W .  macro 5 .6 + 0 .2 + 0 . 5  8 .9  - -

L1a1ts of 
Variation 

38 - 51  

2 7  - 35 

1 .23 - 1 .50 

24 - 32 

5 - 6 

Eo41n1um postervesloulatum Dog1el ( 1 927) 

Syn. D1plod.J.n1um posterves19ulatum Dogiel ( 1 927) 

Plate 1, Figure 7 
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S1m1J.ar to E.r lobatum, but w1th the posterior em smoothly 

rounded . 

The dimns10ns of 1 0  spec1a3ns are 

Table 34 .  Dimensions of Eod1n1W11 postervee1eulatum 

.1 ± O- M  0 c .v .fo L1milts of 
Vanat:1on 

length 52 .8 + 1 .0 :! , .2 6 . 1  49 - 57 -
\11dth 30.9 .. 0 .5 - ± 1 .7 5 .5 27 '- '5 
L/W mtJ.o 1 .7 1  -r 0 .04 + 0 . 1 1 6 .4 1 .54 - 1 .89 - .-

L. mcro 28 .9 ± 0.8 ± 2 .4 8 .3 24 - 32 
�1 .  mcro 1 0 .0 ± 0.5 ... 1 .7 1 1.0 6 - 1,2 -

GENUS: Eremoplastron Koto1d an:i f>heLelUlan ( 1 932 ) 

Two membra.nelle ZOlWB,; mercnucleus tr1aDglll.ar or rod

like; a singl Dal'TOW skeletal plate; two contractile vacuolea . 

Eremoplaatron roatratum F1orent1n1 ( 1889) 
Syn. Eud1plod1n1um rostmtum Dog1el ( 1927) 

Plate 7, Figure 4 
The body 1s relatively long am has ona large caudal 

spine . The m1eronuc leus Ues in tlle middle of tr.e left edge 
of the macronucleus . 

The measuremnts of 1 0  spec1mns are SUJlllnl."1zed 1n 

Table 35 . 
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Table 35 . Dimensions of Eramoplaatron rostra tum 

f<i + o- M  U C .v .% 
-

Length 52 .6 + 1 .8 ± 5 .8 1 1 .0 -

�i1dth 29.0  + 0 .7 ± 1 .8 6.2 -

Lj\I ratio 1 .81  .;.. 0.04 + 0 . 1 2  6 .6 - -

L.  cro 26 .2 ± 1 .3 + 4 .2 1 6 .0 -

w .  cro 7-.4 ,} 0 ., + 0.9 1 2 .2 

sp1.ne 1 
... -

L. 1,7 .2 ! 0 .1 ! 2 . 1  1 2 .2 

1 .  Isngth of spine . 

E£!!l!Oplaatron bovls Dogiel ( 1 921) 

L1m1ts of 
Variation 

43 .. 59 

27 - ,0 
1 .59 - 1 .97 

22 - ,0 
6 - 8 

16  - 22 

Syn-. Apoplod1n1um mglectum form bov1s Dog1el ( 1921)  
Plate 1. F1gure 1 

The bodY' 1s recta.ngula.r to ellipsoidal .. There 1s a small 

caudal lobe . The m1eronueleus lies 1n the middle of the left 

edge ot the naeronucleus . 

The measuremnta ·or 1 0  specimens are SUBMrized in Table 

36 . 

Table 36 .  Dimensions of Eremoplastron bovis I 

Length 

Width 
L/W rat10 

L. zero 
11 .  mero 

f4 ± O- 14 

84 .5 + 2 .5 - -

47 .5 + 1 .5 -

1 .79 + 0 .05 -
-42 .9 + 1 .8 ... 

1, .4 + 0 .3 -

er C .V .% 

+ 8.0 9 .5 -

± 4 .8 1 0 . 1  

± 0 . 1 6  8 .9 

+ 5 .6 - 13 . 1  
+ 1 . 1 8 .2 -

L1m1ts of Variation 
13 - 94 
38 - 51  

1 .59 - 2 .00 

35 ... 51 

1 1  - 14  



- 39 -

Eremoplastron brev.1sQinum �Cofo1d and Y4acLennan ( 1 932 ) 

Pla te 711 F1gure 2 

The body 113 ellipsoidal w1 th two ohort cauda.l spines . The 

mcronuc leus 1s rod-shaped . Tbe emoplasmie sac extends into 
the base of the left spine . 

The measurements of 1 0  spec1mens are sutlmanzed 1n Table 37 . 

i'able 37 . DinJaQsions oi Eremoplastron brevispinum 

M t () M () C .V .% L1m1ta ef 
Va,riat1on 

Length 80 .7 + 2.,8 ... 1. 1 8 .8 73 - 92 - -
W1dth 51 . 1  ... 0 .8 - + 2 .4 4 .7 49 - 54 -
L/tf mtio 1 .S8 + 0 . 03 + 0.08 5 . 1,  1 .49 - 1 .74 - -
L. macro 40. 1  + 1 .6 + 5 .2 13.0 32 - 49 - -
W .  mcro 1 2 .2 .. 0 . 7 - + 2 .3 1 8 .9 8 - 1 4  - -

�o,plaatr.gn mono1obum Dog1el (192"r) 
Syn. ;Eygielodl!l1wa neglectum forma monolobum Dog1el ( 1 921) 

Plate 7, Figure 3 

The body 113 ovoid to roughly sphe�1eal . There 1 s  a 

rrominent right lobe" am an inconspIcuous short lobe on the 

Left . The macronualeus 1s a thiok rod . 

The JOOasurements of 1 0  s pecimens are summarized in Table :;8 . 

M ± (f 14 () C .V <o� Limits of 
VariatIon 

Length 55 .3 + 1 .2 - + 3 .7 6 .7 49 .. 59 -
\tlidtb 38 .6 + 0 . 7  -+ 2 .2 5 .7 35 - 40 

Ccntinue-d over • •  
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Table 38 . Cont1m1ed • •  

M ± 6" M  (f C .v S  L1mita of 
Variation 

L/W rat10 1 .43 + 0.04 + 0 . 1 2  8 .4 1 .22 - 1 .55 - -

L. macro 23 .2 + 0 .9 + 2.9 12 .5 1 9  - 21 - -

W .  macro 1 0 . 1  + 0 .3 + 0 .9  8.9 8 - 1 1  . - -

Discussion 

The system of classifIcation of the ol1gotri.erus developed 

bJ' Kotoid am rt.\clennan ( 1 930 _ 1 932. 1933 )  am· Kofo1d au:l 

Christenson ( 1 934 ),  aD1 used here :l Is probably the moat usetul 

scheme available at present . The'se authors removed the sub
genera. created w1th1n the genus DIplod1n1um by Dog1el ( 1 921 ) ,  

am oreated specIes of � of the aub-speeles . ID view of 

the varlat1,on wlth1D clones of certa1D ol1gotr1chs noticed by 

Poljansky am Strelkow ( 1 934),  Hungate ( 1 942 )� the present 

author (see later) am · others. their class1t1caUon 1s 

obv10Wlly taU! ty in plaoes" but remains a useful am pract1c.al 

system·. 

Ideas on the pbyl�ogenet1c relationships of the rumen 

cll1ates bave changed s1noe the first taxonomic studies 'tiara 

made . Many new c111ates have been discovered ani techn1ques 

have bean improved. am aa a result, the taxo� of the rumen 

cil1ates , particularly the ollgotrichs. :18 in urgent need of 

revision. Several systems of e lass1t1cat1on of the ol1gotr1eha 

are in current use" notably those of Dog1el ( 1- 927 ) .  l+b.ngold 
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( 1 929) aDl Kofold am �1acLennan ( 1 930. 1 932. 1 934 )"  am tbe use 

of these various systems has led to cons1demb1e confusion. 

Furtber d1ff1cul tus have ar1sen wl th the d1sQ0l1ery of DSW 

species" aDi �llth DeW ,  l.solated observations OD taxOl'lGly by 

authors such 8S Wertheim ( 1 935a. b ) .  Kl'ascheD!tmSkQ1l ( 1 955 ) 'ar¥i 

Zlelyk ( 1 961 ) .  Because of this lack of oN-er Deny wol!'ke wl th 

the rumeJl cll1ates have failed to establl b fu].ly the ldel'lt1ty 

of the orgaJl1sms they were s�y1J3g . It any studtes oa the 

ruJDeD e1l1ate. are to be fully appreciated by other workers in 

the tleld, it 1s important that the naE of the ell1a.te used 1.s 

fully docUEnted . 

hlb1naky 1n the UD1veralty ot ftmltoba" la at present 

revising the tax� of the rumen ol1gotr1cha . Be has .all"eady 

published on intra-specific forms of SCE entodlD1a. (Lub1ns�. 

1 957a ) am on the filum of the catladlan re1meer (Lub1nslQr" 

1 95&, b).  am has cons.1�ered evolut1o� traMs an:i ecaparat1ve 

morphology wlthm the Opbryoscoleei.dae (Lub1nalQr# 1957b. e .. d ) .  

The taum Ident1fied in the four eows examined here 1s a 

typical selection of tbe cll1ates f'0UDi 1Jl l'\UI1na.nts elsewhere . 

No new spec1e were foum whicb 1s DOt surp:r1siDg 1n view of 

the fact that l'umtnants were introduced to this country ODly 

a centUPy ago .  The occunence ot Charop eguJ. 1n tb bov1J1e 
. 

rumen 1s of interest, especially as it my const.1tute up to 1 2%  

of the c111ates . This 1s the first reported oceurreuee of this 

c iliate outside the colon ot the horse (Hs1ung" 1 930) .. although 

Jameson ( 1 925 ) town the veJ!'9 s1m11ar Clla1:2n ventric;uU 1D the 
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rumen ot ,eattle anci sheep in EnglaDd . This 18 alao the f'ust 

report of the occu.:rrenee ot a c1.l1ate iD both a rum'mnt am 

a mono-gast1"1c an'mal . The re la t1vely high popula tlon or 

latschlAA (:; .4� ) in one cow Is also worthy ot note . S1Dee 

Schuberg t:t.rst described this organi.8Bl 1n 1888 it has been 

reported on only a f: occasions . Kofo1d am Ma.cIeumn ( 1 933 ) 

reported the occas1onal oecl1!"J!Ience of th1s ell1ate 1B 1!2.l 
1l1ilc,us. am Sharp ( 1914 )  1lIp11e:i that it oecurred 10 cattle 

in CalUornla. Backer a.Di Talbot ( 1 927 )  d1d Dot t1Di it iD 

arsy of' 26 cattle 1.n IcJwa. am 1t was DOt foum by Kelo1d aDd 

ChristeDSOD ( 1 934 )  in a single specillen of Boa AAurus. 

The cauposit1on of the fauna. depeni1Dg as it does 011 

the diet of �he host. cannot be critically compared with that 

ot rmu:tnants elsewhere . Even 1D this eountry the .fauna ot 

rum1mnta Ul'Jloubtedly varies between areaa� althougb .it 1s 

probably c<alpOSed mainly ,of the spec1e descnbed here . The 

general s1m:llarl ty of the f'aum in d1ttereat types or bov1ne 

the world over 1.8 ab in Table 39 wbere the fauna. of .!2!. 
19iicus am B. pUNS are � witb the fauna or cattle 

studied heN . It 1.s obv1.oua that EntocllD1", spp. COJIIDOnly 

c onstitute a large proportioD of the populat,1on,. 
The absellCG of IEJlben ot' the geaem POl.:viJl&Ylt£gg Dogj.el 

( 1 927)  am Ophr:roscolex Stein ( 1 858).·  not CCBlilQD in Dos 1DUCUS 
or B. saurus" but CCIIIDOD in some c1rcumstances 1n othep 

countries ( see Ead1e" 1962a .. b),  1,0 worthy of note . These 
organisms are also absent from sheep am the examina. t10n of the 
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Table 39 . Approximate perc entage generi,c c omposition of c111ate s 

1n Bos 1nd1cus , B .  gaurus and New Ze�land cattle 

Boa lndlcus Boa �urua N .Z .  cattle Kofo1d and Kofo1d am (lema Mean of 4 c Ol'J a l'hcLerman Christenson from Table 40 ( 1 930, 1 932 , 1 933 ) ( 1 934 )  

Entggia;1um 38 52 30 

Eod1n1um + + 5 

Eremo!2lastron 6 + 24 

�!21dimum 1 3 1 5 

Eud1elod1n1um 3 3 2 

�tad1n1um 2 2 + 
Ostracodln1um 3 6 2 

Di!21odin1um 9 1 2  l! 
El:ltroJ2lastron 1 - -

Oph�oscolex + - ... 

Polyplastron - - -

Holotrichs 
. 

38 21  1 7  

+ = less than 1% 

- = not present 

fauna of our non-dome sticated ruminant s ,  goats ,  deer, cl�is 

and thar .. for the se two genera alone ,  apart from the other 

recognized genera not found 1n New Zealand (Enoploplastron 

Kofo1d and Mac Lennan ( 1 932 ) ..  Elytroplastron Kofoid and 

�1a.cIenna.n ( 1 932 ) "  Epiplastron Kofoid ani :[\i9.cLennan ( 1 932 ) and 
D1ploplastron Dogie l and Fedorowa ( 1 925 » , ifi well warranted . 

Most of the wild ruminants feed on mter1als ve!!'y different from 

those utilized by our sheep and cattle and may well harb Our 

different cil�ate populat1ons . 
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The �ta �:ed !-le:t'e of S(IE of the speoimens 

of both bolot1'1chs am ol1gotnchs d1ffw sUgbtly t those 

NCOl:RCled by otben . !1'hee dUterences are small bovleveJ!# ani 

are probably s. norm! CQDSe� ot dj.ffereDt diet am env1 ... 

&mtal coul1t10D8 (see IubJ.nsky ( 1 95'7a » . 
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B .  OCCURRENCE AND POPULATION DEjJSIT,jl 
Introduction , 

Only a few authors have mde quantitative analyses of 

�n ciliate populatlona. in cattle although there ls a cons1der

able l1terature on the fauna of ehEH3p . Aofoid and I"ilcLennan 

( 1 930, 1 932" 1 933 ) am Kofcld aDl Cbristenson ( 1 934 )  gave only 

the percentage compos1 tiOD of the fauna of Bps 1g;!1eus am 

Bt"...&aurus %'espect1vely . Backer ani Ta-loot ( 1 927 )  did no,t 

estimte the c111ates 1n the cattle they examined . 

Up to t110 million ciliate a per gram of l"U!Jlen contents of 

both cattle and sheep have been reported, but Oxtoro ( 1 955 ) 

pointed out that because of the methods of counting used fe\'J such 

counts {iere l1kely to be accur'ate and discussed the dUfloult1ea 

involved in obta1n1ng an accurate c ount .  S1nee 1 955, however, 

much work has been carried out on counting te,chniques ,  am 

statistical analysis has sh<*n that present-day techniques are 

capable of y1elding. very accurate results (Pliolr and Somers, 

1 956; Boyne, Ead1e and Ra1tt, 1 957; Purser ani IJJo1r .. , 1 959; 

�1a.rner. 1 962b ) . 

Sampling from the rumen 1s difficult and , unless great care 

is talten 1n obtaining the sample of �Il contents, the c1liate 

c aunts.. however accurate the counting technique , may not gi vs 

a true indication of the rumen population. Cona:1derable 

stratification of feed material occurs in the rumen of cattle 

( Pearson am Smith" 1 943; Smith et al . ,  1 956 ) and mlres the 

sampling procedure difficult if c0111pa.rable samples are required 
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on different ocaas1ons . Difflcul tie.s also arise if the rumen 

material ls sleved or strained to remove large particles of 

plant material . large organisms are easily trapped 1n the mat 

of plant debris even if the pore size of the straining material 

ls large enough to alloti their passage . 

The errors arising from stratificat10n of the ingesta 

can be m:ln1m1zed if the antma.l ls on a strict feed1ng re� 
and if the sample 1s always removed at the S3l'1Ill time relative 

to the time of feeding. from the same pos1 tJ.on ill the rumen. 

A standaro sampling t� also el1m1nates errors that m:J.ght arise 

if the number ot c l11ates varies throughout the day . Purser 

am 1401r ( 1 959) atxl Nottle ( 1 956 ) have demonstrated a d:lurnal 

cycle for Entod1n1um am Purser ( 1961 ) reported a cycle for 

holotricbs in sheep. 

Oxford ( 1 955 )  cOl1IOOnted on the value of protozoa counts 

am said that ( p575 ) " S1ne<e only certa1n k:1n:ia of rumen ell1ates . 

seem to· have intense tel'lJentat1ve activity the differential 
. 

count may be rather more important than t.he total count • • • • • •  n 

Both holotriohs and ol1got�hs have now been shown to be 

active .fermenters and the first part or this statement can 

perhap's be disputed. but the different1al count oertainly remains 

a MOst useful assessment ot the rumen population in most 

circumstances . The differential eount is easier to perform than 

the total count provided that large organisms . are not lost during 

removal of plant mterial from the sample . 

Information on the c ompositIon and size of the rumen 

c1liate population in six c ow s  ls giv en in this seetion. 
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D1£ferent1al counts of Ep1dln1Ul1 species are presented separately 

in the rollowing section . 

fin ter1als am Ibthocls 

The cows used (numbers 294. 90� 3S, 30, 29� 2 )  \l1e-re 
rumen-rlstulated. and stall-fed. Monday to Friday inclusive. 

on either fresh red clover (Trifolium pratense L . ) ,  grass hay, 

or red clover hay . On Saturday and Sumay the animals were 

turne<l out to pasture . An.1mls 29 and 30 we·re 1dent1 COol twillS . 

All samples we're taken before the morning fead after over ... 

night starvat10n ( 16-1 7  hr. ) .  About one litre o£ rumen contents 

1-laS removed through the fistula from about six inches below the 
surface of the 1rlgesta and strained through gauze .  The sample 
was shaken to sus pend. settled protozoa, ani 1 00  ml .  was mixed 

w1 th an equal volume ' of 1 ($ (v Iv ) formalin . Th1.s suspension was 
furthe� diluted , wrually by the add! tioD of 1 0  ml .  to 50-100 ml .  
of 5% (v/v)  formalin conta,1D1ng O .o57t methyl green. Occasionally 

the protozoa were ceutr1fuged from the first f<mm.l1n preparat10n 

and resuape:nded in O .05� aqueous meth-yl green. 

,qount1pg cell. The c ounting cell was ba..Bed on that used by 

Adam ( 1 951 ) aIXl on the )1a.cMlster eelworm cell, a.nd was eonstr-u.cted 

fl':>QD1 glas s mic,roscope s.11des a.s described by Bo"Jlle. Eadie and 
Ba1tt ( 1 957 ) .  The c,ell was 1 mm. de.ep am held appro..'t1:mtely 

1 ml .  of fluid . The sample l'Jas added rapidly from a wide-mouth 

1 ml . aerological pipette to ensure an even distribut10n of 
protozoa and to min1m.ize the fortTa tlon of air bubbles . 
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flat-haW £.9£ total xg.uata .  The proto·goo, 1n 20 fields were C0U!1ted. 

the fl · lds being re.n.iaDly se lected 1rl tour rws of five acre . 

the sl1de . T"lle eell ttruJ. ref1lled tor the du1;)Uca te c.ount wbJ..cb 

daily count, the protozoa 1n. 80 fiel s ere COlmted am the 

totala s�� . 
tPth.gltor d1UerentJAl c W�_,.. A aamplo 1n fOlml1n a  

centrl..fuged an:l auspeDled in tOl'BBI1D oonta'ntng o.0s;5 nethyl 
D a desel'i.bed above . The cll1ates tie ted uu:le� a. 

cover glaas � the PN'remtl ·1th mU vam1sh . 
500 elUate tJ<are 1dent1.f1ed in each sample . 

Experimental and H@gul� 

'file cl1stributJ. of the cU1ate genem in four cows 1s 

abown in 'l'able 40 . The :1dent1.eal tw1ns� 29 am. 30" . "ere used 
to assess the t· of tauna-cbange oocurt.� l"l1th a ahaJlge of 
d,1et . Both CCU8 weN ampled when e.stabllshed QIl a diet of 

tresh Nd clover arxl ye sampled SCCODl t1me two eeL after 

the diet had been ch&nged to grasa tay. The 1�3ult'8 are 
inCluded 1n Table 40. '.ale distr1but1on of t ol1gotr1oh pee1ea 
111 the � four cows. on the same r� oocaa1ons. le ahwD 1n 

Table 41 . 
Total count of � protozoa wel mde on 16"{ occasions 

between Nov�r, 1 959�· anl Decomber .. 1960. C 294 tmS 

sampled until September. 1 960, but as this ard..m.l was not 
available after that date cow 90 waa used until the eM of the 
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eXllel'1ment . Fraa Novem.ber, 1 959 to �ily, 1 960  1nelus1ve, am iD 

November am December, 1960, the COilS were stall fed on fresh 

red clover. Fl'om June to October" 1960. 1naluslve. both eClrl8 

were fed. OD red e lover hay .  

The results of the total COtDlts, a meaD tota.1s tor eacb 

moDth. are given 1n Table 42 . .'l'he counts ranged frca 1 . 1 x 105 
to 1 .9 x 106/ 111 . l'UE1l l1qucn-. Table 43 shale tl mean totals 

for the two cows ' the two dle'ts . 

In 00 tOMP am Novembe'., 1 961 , ep1d1J11al .eusj>eoslcms 

could DOt be obtained tram rumen liquor by the raathod of Oxford 

( 1 958a.) • Tbe total population of ollgotr1chs appeared to be 

norual but ep1d1n1a could not be separated 1n large numbers, 

the fet'J obtained being sluggish ani 1Daet1ve . A sh rt series 

of counts a.s ca.rr1ed out to establish the size of the ep1d1.Q1al 

population. Tota.l protozoa were alao est1mated . The total 

ciliate populat1OD was fOl.U¥i to be a.bno�lly low as were the 

numbers of ,Sd1Jl1um. 'Tbe results ·  are shown in 'fable 44 .  

D1seu6alog 

The erron attae�..ed to the method tor mak1ng total. counts 

were similar to tbose found by Boyae.. Eadle SDi Ra! tt ( 1 957 ) .  

The method of count.1Dg used, together with a �thod. ut111z.tng 

1 0  samples from the ardml .instead of' two. am u1th five fields 

counted at each filling of the cell instead of' 20, \iere statJ.st1c 

ally analysed . The analyses showed , for both methods. that 

dilut10n and sampling of the initial diluted suspension d1d not 
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Table 40. D1�trJ.but1on or c1.l1ate �.KeJWra. in four cows as a 

QQ;rgenta&e of the total cl11a t�,-* 

Cow : 294 35 29 30 29 - 30 
Genus Diet : Grass Hay Fresh Clover Grass Hay 

Dat�: 9.8 .62 1 1 .9.62 26.2 .63 1 .6 .63 

Enliod1n.1.ym 32 .6 33 .6 35 .4 1 9 .0 8 .0 24- .2 

Eodin1um 9.4 5 .8 1 .6 4 .4 14 .4 1 2 .8 

EJmQOplast19J! 27 .� 25 .8 22 .4 2 1 .4 23 .2 32 .4 

Ep1d1ll1J1! 0 . 9  1 2 .0 22 .0 25 .4 6 .4 3 .4 
Eud121,2S!1Jl1um 1 .9 1 .0 2 .2 2 .0 3 . 0 4 . 0 

��tagln1um 0.2 0 .2 - 0 .6 0 .8 0 .4 

Ost.:reeod1n1J.p 3 .4 2 .6 1 .2 2 .. 2 4 .. 2 3 .6 

D,1Rlodip1um. 1 2 .5 3 .2 - 0 .2 - 0 .4 

Itlotr1.c l1.a 6 .0 7 . 6 , 4 .2 4 .2 1 .6 5 .4 

Das:v;t.rlcha 5 .5 1 .8 1 0 .8 1 7 .2 23 .2 9 .6 

@tsQhl1a 0 .2 O �2 0 .2 3 .4 2 .4 0 .6 

Charon 0 .2 0 .2 - - 1 2 .8 3 .2 

* 500 e111ates ldent1fied 
... :: Not seen during, the count . 
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Table 41 . Spee1es of gDr-t£Voseolec1d e1Uaten in four C�'1S aEl 

a percentage of the total ol1gotricbs* 

£mie . . 

9J'Ran1m D1etl 
Date : 

iiDtfJS.1lld.um Q�.m�m 
E. l;4g2m8.YJlm E. bigil!3.oeU El 

10Pf'.,1rmc
;Le§.tum 

E. �l'X!1g!!! E: l'OSm EE�tum 
E. 12S2S1t!ilm§.�Yli� EremqpJa.l�iI!2U bQ.i�s 

�: �  ti· £2a� Ym �;LI!lgS1n1lH! m��1 
�:tag.Wum Pl4&WD 
II. !ii�glll 
ia�um �udatum El 

�!gauq5itum El trJ.gi!l!�t. El 
q.uatir1!iwlatum 

El 

oawi&eauda�'WD 
03·t�t.��Ull mmmollH!! Q: drob� ' . 
0 •. ��Olongs1aY! D1el-1p1.um IIOmCEtllthum D. d1acanthum ,. 
n. trtacaDti'ium 
D!I tetmcgthum 
D �D.taca.lthum, n! an1saea.n�hum 

294 

Grass 
9 .8 .62 

6 .8 
18 .8 
6.4 1 .4 
0 .8 
2 .8 
6 .8 2 .8 
1 .0 

20.8 8 .4 
3 .0 
1 .0 
2 .2 
0 .2 
0.2 
0 .4 
0.2 
0.2 
0 . 6 
0 .2 0.8 
0 .6 
2 .4 
4 .4 0 .6 
2 .6 1 .4 
0 .6 
1 .. 6 

of. 500 c1lia tee identified 

}5 

Hay 
1 1 . 9 .62 

2 .6 
19.6 
3 .4 
2 .4 
3 .4 
8 .4 
2 .8 
3 .0  
0.2  

18 .0  
6 .4 
5 .2 
3 .4 
1 .2 
0.2 

-

4 .6 
-

0.2 
6.0  
2 .6 0.6 
1 .0 
1 .4 
2 .8 0.2 

-

0.2  
0 .2 

-

- = Not seen during the eaunt . 

29 30 29 30 
Fresh Clover Grass Hay 

26 .2 .63 1 .6.63 
3 .4 3 .0 1 .6 4 .0 

20..0 1.4 .8 3 .2 14.8 
1 .2 2 .0 1 .6 3 .2 
c· 8 2 .4 4 .0 3 .4 :;) . 
2 .8 1 .6 2 .4 2.0 
6 .2 0 .2 2 .4 2 .2 
1 .0 4.2 1 6 .8 8 .6 
0 .8 1 .� 2 .4 5 .2 

- - 1 .6 1 .6 
1 0 .0 1 1 .2 16.0 1 4 .8 
6 .2 '7 .4 1 5 .2 2 .8 
6 .0 4 .6 8 .8 1 1 .2 
4 .8 4 .6 4 .8 1 2 .0 
3 .·2 3 .2 4 .6 4 .6 

- 0.2 0 .8 0 .4 
- - - -

1} .6 18 .6 4 .0 0 .8 
0 .6 - 1 .6 ... 

1 .4 1 .4 0 .8 1 .2 
8 .0 1 2 .0 3 .2 .2 .6 
3 .6 3 .6 - -

0 .8 2 .0 2 .0 2 .0 
0 .4 1 .4 0 .8 1 .4 
0.2 0 .2 1 .4 0 .8 

- 0 .2 - -
- - - 0.4 
- - - -
- - - -
- - - -
- - - -



Month 

November, 1 959 
Deoember 
January, '1 960 
February 
Ma.rch 
April 

May 
June 
July 
August 
Se ptember 
October 

November 
Deoember 

All totals BJIIe X 1 0-5/ ml .  rumen liquor 

�Sllal� CiMAtgg 
Diet COt.'l 2Q4 OOW 90 .' 

Fresh c lover 3 .7 ... 

., ;S ., -

n 8 .9 -

" 1 1 .4 -

" 9 . 1 -

It .- -

n 3 .8 ... 

Clover hay 2 .5 -
" 2 ., -

" 2 ., -

It 2 .4 2 .2 
ft - 2 .2 

Fro ah Q lover .. 2 . 1 

" - 2 .3 
n - 2 .4 

-

Cow 

2 .7 
a .5 
2 . 1 

6 .3 
4 .0  

2 .8 
1 .9 

"1 .6 
1 .4 

1 . 1 

" " 

Ii�U�i 
294 CotJ 90 

- 5 .8 .... 

- li .ll. ... 

-1 6 .4 -

-1 9 . �( -

- 1 3 . 9 -

- -

- 4 .9 -
- 3 .5 ... 

... 2 .8 -

- 3 .2 -

- 4 .0 1 ., - 3 .6 
- 1 .8 .... 2 .5 
... 1 .9 - 2 .4 

- 1 .9 - 2 . �r 

- 1 .8 - 2 .8 

B21 21: C�! 
Cow 294 Cow 90 

1 2  0 

1 2  0 
1 0  0 

1 0  0 

1 6  0 

0 0 

1 8  0 
21  0 

1 1  0 
23 0 

1 8  1 1  

0 1 1  

0 7 

0 1 4  
0 1 2  
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'l"'able 43 . ��an �rs of protozoa i.n two cows on f.I'esh clover 
and clover ��y d1ets 

C�J 22.1 Cow .2Q 
November� 1959 to September to 

September, 1 960 December, 1 960 

Mean No .Lml . lJean No_.Lml . 

X 1 0-5 No . of Counts X -5 No .  of Counts 1 0  

Clover 7 .3 78 3 .3 33 

Hay 2.4 79 2.2 22 

Table 44 . ED1din1a W total c111ates in C Oli  2 during October 

� November, 1961 

All f;1gures are X 1 0-5/ 1Dl .  rumen liquor. Figures in 

brackets a.re percentages of total a1l1ates . 

Date No . of Ep1d1n1a No . or C1lia tea 
-

2 . 1 0.61 0 . 1 0  (9 ) 1 . 1 
:; . 1 0 �61 0 . 1 8 ( 1 2) 1 .5 
6 . 1 1 .61 0 . 1 7  (9)  1 .9 
8 . 1 1 .61 0 .09 ( 1 0)  0 .9  

13 . 1 1 .61 0.06 (7) 0 .9  
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contribute aJ'lY e1.'TOr . In the 1 0  eample :l 5 field mthod the 

m1n source of varia t10n was in the count 1 tself' • The difference 

between samples oontributed an appreciable amount to the total 

variance . Partly because of stratifica.tion in the rumen of 

ca ttle there 1.s an uneven distribution of protozoa., am tbe 

concentration in any one spot changeo with t� because of the 

normal cburning action of the l'UJ'aa1l .  Both of tbese phcll()B)Sm my 

oause considerable variation in duplicate samples unless 

relatively large sallt'les are talten (e .g . #  1 1 . ) .  Boyne , Ead1e 

am Ra.1tt ( 1 957)  found t�..at in a sheep on a eonstant diet, day

to-day differences in the population were greater than difteremes 

throughout the l!'UJYeD at any one time an:l. the variations re:rult1l'lg 

from technique . This situation my not hold for cattle as tl1re 

1s more stratification in the i"Umen of cattle than in sheep, 

and hence a greater possibility of variation in the c1liate 

population in different areas (Wa.rner .. 1962b) . 
The total populat1on of e111ates varied considerably" the 

highest recorded count ( °1 . 97 x 1 06/ tOll being over 20 times as 
great as the loweat count ( 0 . 9 x 1 oS I ml . ) .  In the two coos 
exam' ned over 14 months there were more o1.l1ates present trih1.1e 
the an1Bals were feed.1ng on fre sb elov r than 011 c lover hay J 

altbough the mean count fo ... cow 294 on fresh o lover 1s exe.ggerated 
by the relatIvely few high counts reoorded in the late �r of 

1960 .  As the C Oll.."lting IOOthoo wa.s reasonably accurate these high 

c ounts recorded in early 1 960 l'Jere presumably genuine . The 

c iliate population in the rumen does seem to be a.ble to l-eaeh 
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6 1 ... 2 x 1 0  /m.l . rt11En liquor. 

There are few f1gures available for the cll.1ate populat.1ons 

of cattle. moat of the counts 18 the literature being concerned 
ltJ1th sheep. W1.nogradowa-Fedorowa am Winogrodoff ( 1 929) am 

Qu1nn, Burroughs am Cbristiansen ( �1962·) reported up to 1 1  o'� 000 
nm 100# 000 cil1ates/ml.  respeotively 1n the rum:;n of cattle . 

Put� Gut1errez am Davis ( 1 961 ) :reported only 30"OOO/ml. in 

calves . 

The increase, in eJ.11ate numbers \'Jhen the antmal eha�;es 

from a llay diet to a diet of fvesh ,clover cannot be ascr1bed 

solely to an 1nerease 111 one type of eiliate as, might be expected . 

The population. of Eg1d1n1um does rise but the 1ncFeaee ls not 

great .  The c'hange In diet causas an 1mrease of most of the 

ciliate genera . Cows on diets of hay am fresh fom.ge have a 

similar intake en a dry weight has,ls SQ 1 t 1s bEml to e�plaJ.n 

the population increase following El chai;1ge from bay to f".£lash 

clover mlle�s the lncrease iD eerta1Jl oonstltuents of the: clover 
1.S flign1f1cant tort all of the species . 

'ibe quant1tative exam:tmt1on of the c1l1ate genem aha:led 

that three gene m of oligotrieha, Entod1n1 .. , E.mmR:1a.$.tron am. 

Ep1d1n1.� mske up the bulk of the ollgotl�eh population (Table 
40) • Elltod1a1M@ and �moplastron constituted fa1rly constant 
proportiOns of the total 1rreapeet1.ve of tbe two diets tested, 

but Ep1qj.A1um increased, m1nly at the expense of �l.A1� when 

the host ' s  d1et t'3as ci:anged fran grass hay to fresh clover. 

Iiolotpichs averaged 21% ( 1 2-40) of the total population, too 
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proportion be1ng 1niepeDient of die t . The increase in Dasytrie!,!1 
ani the a,ce� decrease in Entqd1D1ys 1n cow 29 on 1 June 

1 96::; eaxmot be expla1ned . 
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c .  SEASONAL VARIATION IN EPIDINIUJJ4 

Introduction 

Ep1d1D1um Crawley ( 1 923 ) ,  a large ol1.gotr1eb c1liate . was 

described by Dogiel ( 1 927 )  frail :l"UIED contents of sheep, cattle # 

reiDieer, ca.aals am goats in Asia aIXl Africa, but was apparently 

more common in cattle than 1n the o,t er a.n1m?ls . � other 

authors have described E.R,1d1n1um from bovine rumen c·ontente .  

Oxford ( 1 95& )  toun;l it to be c n 1n cattle in N.E.  Scotland 
but never encountered it in sheep . The genua has a w1de 

geograpbical distribution in a number of l'umin;ults but does no,t 

seem to. occur in J.a.I.tge lltmlbers . Gut1errez am navis ( 1962 ) 
though" _de cultural stud1es tf1th ep1d1nia from a cow in which 
it was the Qnly large ell.1ate . 

The occUft'enCe et Ep1d1D1Ul! in the rwren of New Zealatxi 

eat-tIe am sheep was first recogn1z.e'd by Oxford ( 1 958a ) . During 

studies on the culture am metabollsm of these cll1ates. Oxford 

confirmsd that they did not seem to ingest oel1-1.11oae f1b.rea 

(Dog1el" 1 9Z1 ) .  but 1ngested plant starch (Wb1l'laky. 1 957b ) .  ani 

showed that the� 1nges.tec1 llhole � dam.ged chloroplasts of red 

clover (Trifolium pratenae L. ) .  

Bloat 1..8 a. d1sease characterized hy exeess1ve foamlng of 
the rumen contents and by retent1.on of �s in the �n" am in 

:tle-\1 Zealand occurs when fresh forage l especially red clover� is 
fed (30008, 1 954 ) . l'iangan ( 1 959) demonstrated that clover 
chloroplasts* v-lh1ch c ontain a high coneentl�tion of 11p1ds {lie1sh, 
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1939) "  have ant1foaLling properties,  a.n1 suggested toot they 

might play a part in the a.etiology of bloat . The ingestion of 

�bole chloroplaats by ep1<Unia 't\iould l<x�er the lip1d eoneentration 
in rumen liQUor aDl o ould  effectively lower the ant1for:tJlljng 

potential . 

Fresh clover I the best fomge for provoldng the onset of 

bloat, is characterised by a :relatively high starch content 

(!alley, 1 9500 ) .  Grass contains re la t1vely little starch befol"e 

tihe fl,owering stage 1s reached ( Pero1val, 1 952; &:dley, 1 958c ) .  

Because the amount of starch in clover ea.n vary fraa tima to 

�1me, (Ba11eYI 1 958c ), and beoause Ep1d1n1wa ingesta clover 

�tareh grains ( Oxford, 1 95& ) ,  B9.iley considered toot changes in 

�he starch 1n clover might result in changes in the epid1n1al 

�opulation. a.Di suggested (lhilay, 1 95&, p8}2 ) that !tAn 
Lnvest1gat1on into the relationShip of ep1d1n1a activity 1n the 

!'UIDeD aDi the changes in the amount of starch 1n clover in 

!'elation to bloat seems wo.l"thwtdle . ft 

The observation of Oxford ( 1 95&, 1 959) that Ep,!dWUU) limB 

the predom1mnt ol1gotr1cll in cows fed on tresh red clover a:01 

�ba. t .it became less than dominant when. gm.ss or' bay lJaG red 

.lso suggested that this e1l1a.te might :1nfluence the onaet of 
Iloot . 

Ep1d1n1a and total c111ates were c ounted to detenrlne the 

elat1ve numbers in cOt'1S fed on f'real1 c lover am clover hay, aui 
;0 asses,s l;'1hether they might play a part in the aetiology of 
1100 t by virtue of an 1.ncrease in numbers . The NSul ta of these 
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counts with an aml.ys1s of the numbers Qf epidin1a. present on 

days l'lhen bloat did, am did not occur are reported in th.1s 

section . 

Fw the two COWS$. 294, 90, used during the period November, 

1 959 to December, 1 960, the feeding regj.me was as described in 

the previous section. Cw 2 \'188 .fed on fresh red clover during 
tbe sampling period . 

The preparation of samples and the counting teohnique 

t'iere also as already deSCribed . 

Experimental am. Results 

The populatlona of Ep1d1m,Um, as both total ep1d1D1a and 

percentages of the total ciliate populations in cows 294 am 90 

during the period Novembe�, 1 959 to December., 1 960, are shown 

in Table 45 . Table 46 shows the mean totals of ep1d1n1a 1n the 

two c ows on fresh clover am clove.r hay diets for the same 
period . ·The population f1gures tor �1n;tyJa on ttbloat" days 
are given 1n Table 47 . � means of the counts ,of " bloat" and 
lInon-bloat" daya are shown 1n Table 48. The mean for fl non';bloat" 

days 1s the mean of the appropriate epid1n1al counts t1h1le the 

CCMS were on. a diet of fresh clover. " m·oat" and "non-bloat" 

days are days on \'lhich bloat did, and d1d not � oc cur, respectively, 

as measured by visual observa t10n (J olms , 1 954 ) • 
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Table 45 . �4eM .1J9.ntlll¥,. tota,l,e 91." ep..1d�n1a ..-1n .tbe �n nOt: cows 9.0, 29.4 

All totals are X " 0-5 / ml .  rt.m1etl liquor . Figures in 

brac kets are percGlltages of to esl oiliate' s .  

I,lonth Diet 
-... 

l'-lovember'11 1 959 Fresh o lover 
December tf 

JnnuaryJj '1 960 It 

Febl�tary tl 

r.1arch rt 

April " 

Illay t1 

June Clover hay 
July' tt 

AUe�3t « 

Septenlber n 

October n 

Fresh c loVer 
November n 

Dec ember ., 

�t..ql_ Ep1d1n1a 
Cow 294 Cow go 

1 .1 (45 )  -

1 . 1 (34 ) -

2 .5 (28 )  -

;i .5 (3 1 ) -

3 .6 (40 ) -

- ... 

1 .0 (26 )  -

0 .8 (33 ) -

0 .8 (31t ) -

0.8  (33 ) -

0 .7 (29) 0 .7 (3 1 ) 
- 0 .8 (:,6 ) 
- 0 .8 (39 ) 
- 0 . 9 (;i7) 
- 0 .7 (30 ) 

Range No, of I 

C�l 291+ Cc:Pil 90 Cow 294 

0 .,9 - 1 . 9 - 1 2  
0 . 7 - "1 .5 ... 1 2  
0 .6 .. 5 . 6 .. 1 0  
'I . 6  .. 4 .9 .. 1 0  
1 c· . :; - 6 . 0 - 1 6  

- .. 0 
0 .7 - 1 

' I . q - 1 8  

0 .6 .. 1 .2 - 2 1  
o C" . ;; - 1 . 0 - 1 1  
o h . • ::> - 1 . 2 - �3 
O .l� - 1 . 1  0 .4 - 1 . �) 1 8  

- O . �  .. 1 . 2 0 
- 0 .7 - 1 . 0 0 

- 0 . 1  - 1 . 1  0 
- 0 .5 - 0.9  0 

COynt� 
Cow go 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

1 1 
1 1  

7 
1 4  
1 2  
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Table 46. fi!M totals, of eD1dWA in CONe 294.. go, OD fresh 

olover aM •. cloye, hay diets for the period Hovepber. 
1959 to Re!embS!r" 1@ 

All totals are X 10-5/ w. rumen liquor . 

CC'N � Cm.! 9.2 
K1an Range No. of ReaD Bange No. ot 
Total Couats Total Count8 

Clover 2 .2 0.7 - 6.0 78 0 .8 0 .5 - 1 . 1 3} 
Hay 0.8 0.4 - 1 .2 79 0 .8 0 .4 - 1 .5 22 

Table 41. Nwnben of e,pJ..dJ.n1EL1a cms 294. 90, b;et'O!§ feed1ng. 
on 9a¥§ on which bloaj; ocaumg 

All total.a ,are X 1 0-5/ al .  rumen liquor. 

,eg! 294 CQ! 99 
Date No. of Ep1d1n1a. Date NCf). Q:f Ep1d1n1a 

1 1  ... 1 1 .59 1 .3 17. 1 0.60 0 .7 
1 2 . 1 1 .59 1 .6 2 . 1 1 .60 1 . 1 
13 . 1 1 .59 1 .6 4 0.,8 
15  0 .9 9 O·K 20 1 .2 10 0. .  
25 1 .2 14  1· .0 
26 1 .6 

1 8 0 .7 
21 1 .  29 o .� 30 1 Q 1 . 1 2 .60 o • ..... 
1�  . 1 2 .59 1 .0 :1 0.6 

1 .2 5 0 ., 21 0 .7 � 0 .. , 

2:; O·l 0.9 
16 .2 .60 1 .  9 0 .5 
1 1 3 .5 1 2  0 •.. 6 
1 8 .2 .60 2 .5 13 0 .6 

14  0.7 
1 5  0 .6 
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Table 48 . I�an eoupts of eoid:J.nAA sm " bloattf am tl1lQ.n-bloat" 

days . Figures in brackets are mnabers of' counts . 

Totals are X 1 0-5/ 211'. rumen l1quor 

Cw 294 Coo 90 

Bloat 1 .5 ( 16)  0 .8 ( 1 8 )  

Non-blOat 2 .3 (62 ) 0 .8 ( 15 )  

D1scussion 

The observation of Old.'oro ( 1 958a )  that ED!d1n1um my beCOJlle 

the dom1mnt oligotr1ch in cows rad on fresh red c lover is 

largely upheld by the %'eaul ts descr1bed hex-e . The counts 

carried out over a penod of 14 months showed tha t epid1n1a 

constituted up to 55% of the total ciliate population although 

the mean monthly figure vas considerably lwer. The proportions 

of the other oligotrichs were not determined during these counts . 

Tbe more detailed estimations of the fauna of cows 29 am }O on 

a red clover diet (Table 40) ah�ied that ,g;..n1a1mUDl constituted 

� am 259& of the total population, but that Entod1n1um, aDd 

EremoRlastron were present in a1m1lar ox- greater mambers . In C(.X4J 

29 on 26 February 1 963. Entod1n1.um am Epldin:lwn constItuted 35% 

am 2� of the population respectively. It appears that ER1di�l.Dl! 
may. on occasions. be the dom:tnant ollgotF'1ch, am in fact the 

dominant c:1l.1ate . :l.n ewa on a d1et of f'resh red c lover. but 

t�..at on Som:l occasions Entod1nium am EremqDla§:tI:Pn my be present 
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in similar or greater numbers . 

Oxford ' s ( 1 95&, 1 959) observation toot ER191nt:um was 

SOft'llt1Es d,om1nant. was apparently based on observations of 
ciliates collected by settl1ng in a buffer solution. Only a 

small pel"Centag� of the entod,1n1a TtJa s collected dur1ng this 

procedure am the numbers of ep1d1n1a were probably over-ast1mated . 

It would not be possible to as,seas whether apparent ehaDgea 1n 
the population of' EQ1d1!l1um were the result of either an actual 

change. or a. change in the popula t10n of othel" oligotr1eha .  
On the oth� ha.ni .. ep1d1,nla In I"'Ul'iWl llqucr from a hay-fed cOtf,l 

often cannot be collected by settling. The ep1d1n1a 11'1 cows fed 

on grass hay are relatively de'r/o1d of plant starcb grains and 

storage material. awl are apparently not heavy enough to settl.e 

rapidly under gravity . 

There appears to be no ;juat1.t1catlGD. tor aaS1rm:tng that 

bloat is caused by removal ot ehloroplast-eontalned ant1-foam1ng 

mter1als by increased numben of ep1d1n1a. These e111ates nay 

certainly 1oo'reaae 1n ,numbers when. the bost chaDgea from a clover 

ha.y diet to one of .treeh c.lover# but the COl.mts mde before· 

feedJ.ng on days when bloat occurred were not higher than those 

recorded on "non-bloatft days . Thls Is re£leeted in the mean 

counts for tlbloat" and "non-bloat rlays in 1.Iable 48. The . mean 

figure for epid1n1a in cow 294 on n non-bloat" days is higher 
than that for "bloat" days . This mY' be partly because of the 

high total counts recorded at this t� . Bloat occurred on only 
two of the days. when these high counts \iere recorded ( 1 7  February 



- 64 -

1 960 � 3 .5 x 105; 18  February 1 960  � 2 .5 X 105) . Ep1d1n1a may 
remove llp1ds by ingesting whole chlol?Oplaats . am hence 1ncrease 

the rooming potential of rumen llquor # but they certa1nly do not 

play a mjor pa.pt in the aet101og;y of bloat by virtue of an 

inCrease in �rs at the t1Joo when bloat occuz-s . 

The suggestion of B!U.ley ( 1 95& )  that ep1d1n1al activity 

in the rumen m:1ght be related to the amount of starch 111 clover 

seems well fou.rned . In the late spring ani ea.ply Sl.'IJ!IDel!' of 1 961 ,  

when the weather was ver.1 hot and drought conditions prevailed. 

ep1d1n1a contributed only about 1 0%  of the ciliate population 

(Table 44 ) .  During this period the stareh content of the clover 

was probably abnorma.lly 1(14 (B .  W .  Pal1ey, pars . eonm. ) .  
S1m1la.rly the numbers of ep1d1n1a found in c oraa feedblg on fresh 

c lover. good qual1ty c lover hay and grass hay weJle of the SatE 

order as the starch oontent of these materials . Grass hay, tiJ:l..1eb 
is ve'I!"Y 1CM 1n ata.reh# supported Cl populat1.on aonta1n1ng only a 

few percent or e p1d1n1a" while clover hay end fresh c lover .. 

which eonta1a greater amounts of ,;,tarch (R. W. 1h1ley, pers . 

CODll. )  supported populatlons eontain1ng up to 4CYj am 55% 
ep1d1nia. res.peetlvely . 

The di9t of the an1.mal :f.nfluel'lCes the total ciliate popula

t10n a.s well as that of the ep1d1n1a . The total population 

1.nereaaed when the e«i6 were fed on fresh red clover following 

cl-over hay # and the mean totals for fresh clover were higher than 

those for c lover hay (Table 4.3 ) .  Sim1larly .. during the hot dry 
\'Jeather in late 1 961 ,  the decreaae in epidin1a was accOllltxlnied 
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by El decrease in the total cil1a.te population. There have been 

mny reports of protozoal population ehaJlges follCMing dietary 

changes by the host . McMry aM Backer ( 1 930)  demonstrated a 

ten-told lncrea:ae � protozoa to 2 x 106 / ml .  FUmn liquor in 

goats .follow'ing the aAd1 t.1on of starch am protein to a diet of 
bay. Van der t1a th ( 1 942)  t'cn.Jl¥l El seasonal var1at1.on in the 

population of protozoa. in sheep . W1ntep gras supported loS/ m • •  

while the population 1JlCreaaed to about 5 x 105/ ml.  when too 

sheep grazed S\.JDID.'al' grass . 
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2 .  M CULTURE OF sa·m PJJI4EN CILIATES 

IntrcxlBct10n 

Inves-t1gat1ons into the bIochemistry of rt.IlED protozoa 
have been hampered �J the lack or pure cultures and most stud1ea 

have been mde cm washed BUspensions prepared from l'WED 'cont.ent,s . 

Studies have been conf1nad to those e1llates which. through same 
dIetary or env1ro�ntal factor, have been dORdnant , or pre sent 

in large numbers, in El part1cular animl ( see Fad1e and Oxford .. 

1 957; Eadle , 1 959; Abou Akkada am Howaro .. 1 960 ) . As a result 

of this limitatIon, the bIochem1stry of mn.v rumen ell1ates has 

yet to be investigated . 
ID order to mke preparations of single species of �n 

c111ates ava1lable tor biochemical studies. mny attempts have 

been made to grow them in yltl,2. The attempts Bade befON 1 929 . 
tliere rev1etled by Beeker" Sehultz and Euma�son ( 1 929) . S1me then 

unsuceefH:Jful attempts tOI eu.lt'Ul."e ollgotnehs have been made by 
many iiorkers including ltlrgol1n ( 1 930). Westpbal ( 1 934 ) .  Sugden 

( 1 953 ) .. Oxford ( 1 95& )  am Quirm" Burrougha am Christiansen 

( 1962 ) .  The estab11shlmnt of a cul.tUl'e requirea the maintenance 
of an increasing population of c 111ates .  A decrease 1n m.u:abers 

resul t1ng in the total. loss of the c1l1a.tes 1:mplles a failure to 

meet all the cul.tu.-vaal requiremellts even ir th1.s lOBS occurs after 

a period of several . weeks . Colem.n ( 1 960) demonstrated that SOIle 

dietary treatmnta my result in the death of protozoa. in 
cultures after nearly 50 days . The a.chievement of Kan1,atsu am 
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TakahaslU. ( 1 956; see alao 1 955a. b )  in ma.1nta1n1ng !ntod,11UY!! 
spp . for 30 days " wi th some d1 v1sion, did not fulfil all the 

requ.1rementa of a. true culture . 

The only successfUl attempts at maintaining �n o11go

trichs ,1n v1t£<{ were those of HuDgate ( 1 942. 1 943 ) "  Colema.n 

( 1 958, 1 960 )  ani Gut1errez aM Davis ( 1 962 ) .  Hungate cultured 

Eud1J?,.lod1nium neglectum (Dogiel, 1 927; Eremoplastron spp . ,  Kofoid 
an::l f.hcLennan. 1 932 )  for 22 months (Hungate, 1 942 ) .  and exteDied 

the technique (Hungate# . 1 943 )  to the cultul'e 01' Eud1pIod1n1ym 

magg1!, PolyplaatrOX\ mult1veslculatU$, D1elod1n1wn dentatum ( see 

Kofo1d and MacL!nna.n, 1 932 ) am Entod1n1um caudatum. Colema.n 

( 1 958, 1 960 ) cultured Entod1n1um spp . ,  princIpally E. caudatum" 
for over 18  months aBl Gut1erTez and Davis ( 1 962 )  m1ntained 

Epid1!l1ym eeaudatUl'A Crawley ( 1 923 )  for six months • 

AccordIng to Sugden aDd O"Aford ( 1 952),  the1rs was the first 

published attempt to na1nta1n holotrich rumen ciliates In vItro . 
They minta1ned holotT1cha, wIth divis1on, for one month . 

Subsequent a ttempta by other tiorkers have not been a.s successful . 

Gut1errez ( 1 955" 1 958) minta1ned isotrichs for only 4 and 6 

days , but was able to cul tUN !2i.sxtrlcba. �nt.1ym for 2 l$J'eeks 

(Gutlerrez and Hungate .. 1 957 ) .  Qu.1nn" Burroughs and Christ1ansen 
( 1 9(2 )  maintained holotr1cha for 7 days on a defined D3dIum !n e.  

cont1nuous culture apparatus . 

ThIs section describes the successful cultivation of a 

range of rumen o11gotrlehs an:! the establishment of a cl.one of 

one species . Unsucce ssful attempts to cuI t1vate holotrichs are 
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also reported . 

Materials am fs'1athods 

Media: 

Basal salt solution. The basal solut1on was modified from those 

of O'A:ford ( 1 95& ) aDi Coleman ( 1 958 ) ,  aDi contained (g./l . ) :  

�lIP04' 0 .5;  �P04' 1 .0; NaCl; 3 .0; }igS04 :�O, 0 . 1 }  CaC12, 

0 .008; sodium acetate ,3H20, 1 .8 .  Freeze-dried, clarif'1ed ru:men 

liquor, 1 .4-2 .8 g . ,  or fresh c larified rumen liquor, 1 00-200 tal . ,  

was added . The freeze-dried or fresh rumen liquor was SOI'JEt1mes 

autoclaved \-11th the basal solution in 1 1 .  screw-eapped bottles . 

NaHC03, 1 .0 B . ,  and Na2S.9�O, 0 . 1  g .  or cysteine-He]., 1 .0 g .  

were added just before use . 

Dried grass . Freshly cut perennial ryegrass (Lol1um perenne. L. ) 
or ahort rotation ryegrass ( Lo11um perenne x La mult1,florum, 1, , )  
was dried at 55° for 2 days (Coleman, 1 958 ) . After grimlng in 

a ball m1ll for 6 hr. the finely divided grass tlaa passed through 

a. 1 00  mesh 6l:perture 1 52 jl) sieve . 
Rice starch . Starch \.jas prepared from riee by the method of 

Wbelan ( 1 955 ) .  
Case1p. Casein (B.D .H . )  was dlsaol ved in 1 li NaOH. After 

adjusting to pH 7 .4 am ill tering through g.la.s3 \Vool" the solution 

was freeze-dried . 

Cellulose . Finely d1 vided cellulose was prepared from absorbent .. 
c otton wool . The eotton was digested with 1 0  N HCl for 24 br . JJ 
washed , and ground in a ball mill for 96 ,1r . The 5uspensi.on of 
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cellulose particles was freeze-dried . 
Rumen liquor . Clarified rumen liquor was obtained by c entl�fUg

ing fre sh rumen liquor at 1 0� OOO g .  tor 30 min . �1e clear 

s olution was freeze-dried, autoclaved with the basal solution 

or stored for up to one week at -250 • The rumen llquor was 
obJGa1ned from c ow s  feed1ng on either fresh red clover or red 

clover hay . 

Cultu.re s 

Inocula . Protozoa. were prepared by the me 'thod of Oxford ( 1 95&) ,  
but us1ng the salt solut1on described above, fNDl the rumen 

11quo'r of a c ow  feeding on fresh red clover . The suspension 

c onta1ned the holotriohs, Iaotricha, Dasytr1cha.. and B.letscblia , 

and species of the following oligotrlch genera ( see Kofo1d and 

I�eLennan, 1 930, 1 932, 1 933 ) : Entodin1.� EodIn1um, Eremoplastron" 

EpId1n1um, p;ud1plod1n1u.m, �tadin1um, Ostrac od1n1ty!, Diplodin1um . 
The bulk of the o11gotr1chs consisted of Entod1n1um (20,%) ,  
Eremoplas t1"on (3afo ) # Ep1dIn1ty! (35% ) and EudIplod1n1um ( 1 0% ) . 

The other ol1gotricbs were present 1n 10". numbers . 

,Culture s .  The protozoa were grown in glass-stoppered oonical 

fla6�� ( 1 00 rol . ) filled with the basal medium and appropriate 

substrate materials .  The flasks were gassed for 3 min . with CO2 

b efore addition of the Inooulum, and were briefly gassed when any 

addItion or transfer was made . 

New substrate was added every 24 hr .  Every 24 or 48 hr . 

the protozoa were transferred by carefully decanting the bulk of 

the supernatant fluid and pouring the residue 1nto a Bell flask 
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containing fresh JOOdium ani 6ubatrate . 

CIa1 cul.t1;1..res apd eylt.uJ:!;ls of s1pgle species .  Cultures of 

sIngle spec1.es am olonal eultu:res were init1ated with cells 

is'olated by using a. a1.eroseope am m1crop1pette . In order t-o 

facil1tate the1r i,solat1on the eU1ate,s l'l1ere immobilized with 

0 . 1% s,oo!um ba,%'b1tone . Provided that the protozoa were not 

exposed to the barb1tone tor JZJr.)N than 3-4 min. they revived 

aat1sf'aetor1l.y when pla.ced 1n ,fresh BSdium. The cultures were 
started In 5 Ill . coD1cal fiaska an:i ere tra.naferred to larger 

flasks as the population ot cll1ates increased . 

lam":-:.�e:ale. cultures . An apparatus was des1gned to produce 

batcbes of protozoa suitable for mstabo11e stucl1es ar.rl e� 

experiment,s . A 5 1 .  carboy tJltb a flat bottom am fitted with a. 

,siphon overflC»l adjusted to m1nta1n a llqUid vol'l.iBa of 2 1 .  

was used as the growth vessel . C01'lBtant temperature was m1ntain

ed by �rs1ng the growth vessel in a. thermoatat1eally 

controlled water batb . �ah basal medium, at room tempemture � 

was cont1nuously added (900 ml .�. ) with a perlstaltie pump 
( S1gmamotor Inc . " M1ddleport# H.Y. " U.S.A . )  governed 'tlith a 

Revco \1 Zeromax" speedchanger (ZerolInX Co. "  M1rmesota. V.S .A . ) .  
The system was flushed w1tb C02 before inoculation am after eaeh 

addition of substmte which was DBde m.nual1y every 24 hr. " the 

amounts being 1ne:r:eased as protozoal numbers inCreased . At the 

em of the grotith per1<Xi the protozoa ltJere :ree overed by low-speed 

oentrifugat1on. ' 
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,merosCQOO tectul.J.gue 
The protozoa. tlJel'e identified ani c ounted  using the 

technique descri bed in Sections 1 and 2 .  

A .  THE CULTURE OF OLIGO'I'RICHS 

Prel;l.m;l,mr;v HJi!!£im!nts 
M':my unsucceasf'\11 attempts were made to culture the n 

ol1gotr1chs berore a suc cessful cul tare was esta.bUshed in 

September 6 1 962 .  Early attempt . el'G based on the methec1s of 

Oxford. ( 1 95&') am Colemn ( 1 958 )  us1ng oJJ.gotnch protozoa 

prepared by the method of Oxford ( 1 958e.) ani the clover starch

green mter1al substrate of Oxford ( 1 95& ) .  NODe of the c111atea 
in any of these cultures surv:1 ved fo:p longer than 5 da.ys . In 

subsequent exper1Ioonta protozoa were p-repa.red �y the sam method 

but were not freed of bacteria O� holotr1,ohs by 1neubatlon w.ith 

antibiotics Or mannoae . The protozoa in these cultures survived 

for 8-9 days .  In the exper1D;nta 1Dned1ately precedIng the 

successful eatab11sblDant of a culture. the basal saJ.t solutJ.oD 

a�ady described was substituted fort the butter solutions of 

Oxford ( 1 95&) run Colemn ( 1958) _ ani 2()j� fresh rumen l1.quor � 

clarified by centrifUgatlon, aa added . Some of' the e.1l1ates 

in these cultures surv1ved for 1 4 days . 

The same con:i1tlons were used iD tbe next expe�nt 
untJ.l the 13th da.y when the clover starch-green material as 
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replaced \'J1th perennial ryegraas dried at 55° a.n1 g:tJ'Ou.nd to pass 

thrOUgh a 100 mesh sieve . At the time of the addition of the 

ariac} grass there were only a.bOut 1 0  organisms surviving 1n a 

s1:ngle tlask. By the 17tb day there were 60-1 00  cells present, 

a.ni the number had 1nereaaed to 5-6,,000 by the 20th day . This 

culture has been ma.1nta..1ned tor 1 4  months and 1s JlQ!i a. � 

cul ture of Ep1d1D1um ecaudatym (Fiorent1n1 1889) . 

gQ§el!Va.t19J1s on cultU1'$3_s. 

Dried srasa . Established cultures from �h1ch grass was ani tted 

died w1 thin 1 0  days . The gmss could not be replaced by a 

freeze-dried aqueous extract of .fresb grass �.  although in the 

presence of this extract a few protozoa. pel?S1sted Tor over 20 days • 

.J:Y.� starch am CG.llulo§§. Cultures \'J1thout starch persisted 

1rnef1n1tely provided that grass or easein was present, but the 

c111ates ere never � .  The replacement of riee starch 

with ee·l1ulose resulted 1D cultures conta1n1ng minly !Udlplod1n

ill!} DNiSll am Eo1d1n1ym spp . w1th a few EremoRlastron bovls . 

The other cillates died w1th1n 1 0  days . 

Casein. Sodium caseinate (4 mg./l00 ml . ) was added to some 

cultures am, over a perlod of several weeks, these cultures 
produced more organisms than those w1 thout casein. There was 

l1ttle short-tera difference . These ,'ere visual observat1ons and 

no counts were made . Sodl ease1nate, D1.fco (Nutrose ),  4 mg./ 

100 ml . .. caused death or the c1l1ates within 4 days . 
�A 11gu0I!. Rumen llquor was aBsential for the growth and 
survival of' the clllatea; cultures \'1l.thout it survived less than 
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1 0  days .  Freshly prepared and freeze-dried rw:rran liquor were 

equally benef'ic1a1 . RuDen liquor autoolaved \11 th the basal 

solution caused gradual loss of the cll1ates over penods of up 

to 60 days . No effect was a.pparent 1n the f'1rs.t 20 days, but 

after this per100 there was a gmdual decrease 11'1 the number 
of cells . Rumsn llquor autoe laved undiluted caused dea. th ot 

the protozoa within 30 m1n. o£ its addition to the d1 . • 

Yeast Elttract" D1fco, 5 JIg./l 00 ml • •  or Casamno a.c1ds " 

D1tco, 5' mg ./1OO 1Dl . "  added as a replacEment far the rutl'eD 
llquor> caused death of the c1l1ates .1th1n 2 hr. 

Snt1�1ot1e.8 . Te�e1n (Qx:ytetPaeycl1ne ) 11 v1onwcl.D.., pen1e11lln 

G, K benzyl pen1cl1l1n, neOltlY'Cin sulpha.te� streptomycin sulphate 

am aehr'01Jr3c1D all kllled the oil1ates 1n 2-24 l�. when added 

to the culture.s at a £1na.l eoncentrat1on � 50 jlS-/ml . 
Achromyoin. 5 �./ml., contNlled baoterial growth, but only 
for a. few· hours .. At various lower concentrations the other 

ant1b1otics weN not toxic ; but they either did not hlh1b1t 

bacterial growth or were effoot.1ve :fox- shcrt period's only. 
Chloramphem.co.l# 50 � ./mJ. . , had no obnous effect on the olUates 
but bacterial gl'(Mth was not supp.res·sed e..�h t;Q warmnt 1 ts. 
use . Higher ooncentrations were rapidly tox:1o . 

All the cultures have been maintained without the benefit 
of antibiotics .  Bacterial growth caused only a slight turbidity 

in tit..8 cultures unless the starch �3 above 0.25 �./mJ.. 
0l;;l;dat1,on-:t:!lduat.lo,!l potential.. After gasSing_ but before 

inoculat1.0D, the redox potential of the culture fluid was 



... 74 -

approximately -280 mV . After 1noculat1.on am incubation for 

48 hr. the potential bad dropped to apProD,mtely -410 mV. 

Rq.,;t2S of d1v1s1on. Division times were obtalnJad by calculating 

the 1'1'UlDber of divisions occurr1.ng in a given penod from the 

rntmber of c1l1ates produced . Ho �th curves were made for 
the cultures .  One culture w1th 'easein, dried grass and rice 

starch ( 1 0  ag. ) had a Dean dlvisl,OD time of approxirlBtely 21 hr. ;  

500, 000 protozoa being produced in 8 days from an inoculum of 

1 , 000 cella . On another oecaa1on a s1m.tlar eul ture had a mean 

divis10n tim of 1 5  hr. over a 9 day penoo . 

Teohnique for m1atatQ1m eulture� 
The f1nal tecbnique used for routinely ma1nta1l11ng cul.tur-ea 

of the ciliates was a.s j;'Qllows .  t.fu.e protozQa were gl."Ottin in 

1 00  ml. glass-stoppered conical flasks . The substrate 'NaB 

suspemed in distilled. water ani 1 ml. uaii added to t e basal 

mad±·· in each :rlask� No a.nti.biot1o s were added .  The flasks 

were thorougbl.y gassed wl tb CO2 before add! t10n of the inoculum .. 

an:1 when any addit.1on or transfer was mde .  

The substrate miXture oontained caseln (as sodium casein

ate ), 4 mg . ,  dried gras,s , 5 � . �  and riee starch, lQ-20 mg .  

The aJID'U:llt of starch \faS va.r1ed aocording to the number of 

ol11ates 1n the culture and the type of ell.1ate being cultured . 

ER1d1Q1um spp,. were found to me'tabo,llze more starch than 

Eremonlastron spp. Additions of substrate were wde every 24 

hl? Every 48 hr . the protozoa were tra..Tlsf'erred by carefully 
decanting the bulk of the su:pcrnatant fluid and pouring the 
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residue into a new flask containing fNsh m3dium a.a:i subatmte . 
Unless care 'JaS taken in the 1J'l1t1al am £1ml decantat1ons, a 
cOIlS1derable DUf4be:r of p.roto�_ were lost . During routlDe culture 

the loss ot these prot02CQ temed to keep the numbers constant 

in spite of the eont1mled d1via101l of the organ1sms . 

Cultul"eli established 

Ee1din1um eea.-udatum (Florent1n1, 1 889) has been mainta..1ned 

for 14  montb . The foll��1ng add! t!onal ol1Jotnche were Jia1n

ta1ned in mixed culture for over 1x months# but were lost 
following a change to autoclaved rumen liquor: EremeplasQ!2n 
hov1a (Dog1el. 1 927), �Rla&.troJl brev1s.R1nHm (Ko�old SDi 
�bcIennan� 1 932),  !Utod!n1UU\ low.J.miCl�a.tlfe. (Dogrel, 1 925 ) ,  

�todin1!ii! annum (Dogiel, 1 927 ), EuQ.1pl!XUp:1um mgg1.1 (F1oND

t1n1, 1889) . 

Addit10nal mixed cultures of the above c111ateo tog·ether 

\�1th Eremop].astron mODe.lobum (Dog1el, 1 927)  am �um 
b1cgnea!Yl! (Kofo1d 8Di )hcLermm, 1930) t-aere maintained fo 
several. months" most of the cl1iate spec1ea gradually disappearing 

unt1l after 1 0  months onl.y EJ)1d1p1.up! am Ex;.emgpla.!tr<m app . 

A clone of: §rempp].a3trgn bov1s was m,1nta1ned f·or five 

months before it was accidentally contart.dnated . 1th ep1dJ.n1a . 

The clone was grown f a single cell 16010. too. after sod1:wa 
barbJ.tone treatment . 

lilor.Qholog1cal varia tioD. 

Considerable morphological variation took place 1n the 
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cul turea over Cl period ot several months .  

The mixed cultures originally contained only the 1 -5 spilled 

m.em'bers of the " ca1ldatumtJ group of ep1din1a, but, after five 

months none of the ep1d1D1a exhibited ca.udal S.P1na.t101l. The 

pure culture of an Ep1d1n1u:m. species lthich has been cultured tor 
14  months eontaJ.ns the progeJ.W of 1&1d1n1ym, eaudatum, Et b1'e,aud.,f:l.-

.tYm" E. trica.uda tum, E. guadr1,cauda tU'Pl and El panioaudatum ( see 

Koto1d am Ma.cIA;nnan� 1 9;;3 ) . Itlona of the cells in this cul tuN, 

n(lq have caudal spines so the culture 1s presumably of E;pld1n1um 

eca1tpa� (Fiorent1D1, 1889 ) . ' Variation 1n the shape ot the body 
also took place . The ep1d1n1a, origimlly had the long tapered 
body typioal of the neeaudatunf group but fonas with the shortened 

appearance ' or the fthamtum/(l group of Schulze ( 1 924 )  were aeon 

evident . 

The clone of ErE,poplastrgn b.ov1.s also obe.:nged in cha.1'acter. 

Ong1nally started with a single cell D38sur1llg about 45 x 80 jJ_ 
the clone developed forms Ea,auring 30-50 f1 x 55-go j1.t with 
Var-cf1ng type,s or caudal lobes . The,se new forms were a1m1la1' to 

.$£§!lOI2laPtron bov1s;, E, monqlo'i!y!Q am E. :bEex1sR1Ru1a. 
J.ame-scale culture 

The large-scale a.ppamtus was used on two ocoasions to 

prepare batches of cells suitable for biochemioal studies . �o 

to three gm. (wet wt-_ ) o£ mixed o11gotr1chs were graND in 1 2  days" 

from an inoculum 01: 2-5,000 0011s on the first occasion. A 

sacon:! batch ' was grown with an inoculum trom the �moRlaat.rou 
];!ovi§. clone, one gm. (wet \'lft . )  of cells being produoed in nine 
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days from an inoculum of 56 000 cella . This preparation was 

used for a study of the earbo�rases of' the organism (BUley 
am Clarke, 1 963 ) . 

B .  THE CULTURE OF HOUYrRICHS 
All of the attempts to uainta1n bol,otric'hs in vitro were 

unsuccessful . In the most successful attempt the protozoa 

surv1 ved ror only seven days . 
Preliminary experiments \"ere based on the method devised 

fo·r oligotr1ch culture" with appropriate changes in the carbo

hydrate substmtes . In moat ·exper1m9nts� 0.01 -0 . 1% glucose or 

suerose tiere used 1n plaoe of rice starch ( see Qx£ord� 1955) ,  
ani dried grass,. 5 � _ #  aDi ca&e� 4 � . ,  were added as with the 

ollgotriehs . 

In sozrs experiments grass was omitted and was replaced 

with the equ1val.ent amount of a freeze-dried# eold-water' extract 

of fresb grass .. Attempts were also made to grow the bolotr1oha 

in media w1th a soluble sugar and rumen l1quor. but without grass 

aoo casein. In these cultures both the holotricha and the 

ollgotnchs died 'Ni thin seven days .. In cultures containing dried 

gross the ol1gotricba a.�ways outlived the holotnchs . 

In cultures with 0 . 196 glueo.se, death or the holotrichs 

usually resulted from bttnst1ng of tbe cella (Sugden am Oltford,. 
1 952 ) .  When the concentrat1on of soluble sugars was not 

suf'f1clent to cause the cella to burst,  the protozoa ste.adi.1y 

deo,1ined in numbers . D1 v1.aion �Jas never seen after the thirCi 
day of Incubatlon � 



- '78 .. 

D1s.$:U.U!slon 

A • OLIGC1l'RICHS 

The comlt1ona of culture described r..ere differed in 

various aspects from those described by Hul'lgate ( 1 942. 1 94.3 ), 

Colemaa ( 1 958, 1 960 )  and Gut:1errez ,am Dane ( 1962 ) . 

Rumen liquor was an obligate requirement for the gl"OWth of 

. the c1llatsa . Coleman ( 1 958  .. 1 960 )  al 0 foun:l rumen liquor to 

be esse'!lt1al� but Hungate ( 1 942, 1 943 ), am Gut1errez am !)avis 

( 1962)  were able to ma1ntain their all1ates 1n its abseuce . 

Hungate ( 1 942 )  showed tba. t ground, dried grass replaced the 1'l1.men 

liquor satisfactorily am rout1ne.ly added 40 mg .  of grass to 
every 100 ml .  of Ed1um.. Gut1errez ani Dav1s ( 1 962) added only 
3 mg .  of alfalfa to 1 00  ml .  of medium 1n the absence of l"t.lDa1l 

llquor \ib1le the cul tUNs of Coleman ( 1 958 )  c ontaiaed 52 mg .  of 

grass per 1 00  ml .  of medium am still bad a requ1re1nent for 

ru.men liquor . Obviously, 1n spite of the supposed s1m1larlty 

in the metabol18 of l."UIDBn c1l1ates the world over" the protozoa. . 

in SQIIe situations have different requirements . Further work is 

needed. to show whether rumen liquor am grass provide growth 

faeto�s or whether they satisfy a complex nitrogen requirement . 

Further d1ff"erenees involve the tox1city of autoclaved 

ruED liquor am. the effect 01' mterials such as yeast ,extract 

am peptone . Coleman ( 1 960) i"0UDi autoclave(} rumen liquor to be 

sa t1sfaetory # but the autoclaved rt.UDan liquor used in this study 

was rapidly lethal although dilution of the ;rume'n liquor \'111 th 
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the salt solution before autoclav1Dg reduced tbe toxic1ty 
considerably. With this preparatlon of �n l1qu()r the death 

of the c1l1atea r:aay have been the rasul t of some essential factor 
being destroyed during the autoela.v1ng . 

The D1foo PlWuets# .Ba.cto SCJdj.tm1 Case1m.te, 13eeto Yeast 

Extract, .agi Ba.eto ca.samtno Acids . were also rapidly lethal to the 

c1l1a tes� even in low concentra. tj,.ODS . Hungate ( 1 942 )  used 

similar CODCer!trations of beef extreet and. peptcDe in bis early 

eul tu:res w1 th V1U'iable e:ffec ta on the' protozoa. . 
The need for ant1b1oties 1n cultures appaPently depends 

on the other e0Jl11tlons of culture . Coleman ( 1958, 1960) used 

chloramphenicol to suppress some of the bacteria 1n his cultures 
am found that the c1l1ate populat1.on dropped l'"hen it was omitted 

but Hungate ( 1 942� 1943 )  and Gut1errez a.ncl Davis ( 1962) did not 
find ant1b1ot1es essentJal . 

Ratber than be1Dg es,ul'lt1al fOl- naJ.nta:J.tdng the cl11atee 

1n an active state 6' e.nt1blotlcs may only :help to .1ner-ease the 

total yield . Thus Colemu ( 1960), using chlorampben1col. eul.tured 

entod1trlal populat1ons et 30"OOO/ml . .. wher�s in the present 'Wol"lt" 

"'Jithout ant1b:1otles. the c1liates reached only 2;J500/ml..,  am 

Gut1eft�z and Dav!s ( 1 962) am 11mJga.te ( 1942)  achieved po:pulat1ons 
of only 'l ,200/ml. 

The size of the e111ates be:1ng cu�tured probably determ:1nes 

the f'1ral por)ulat1on level to 80Jle Gxtent . It has been observed 

in the preaant· work tha.t thel"'e is a hlgh mortallty rate Q1lJlllg 

c.11iatea in a thick layer on the bottom of a fla.sk aDi the 
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population 18 lim1ted by the area in wbich the protozoa. settle . 

Entod1n1a are, in general" amller than the other ollgotr1eha. 

am can a.ttain a higher density/un1t area. by vutue 01' their 

mrall size . ThJ.a my be one reason why Col.enan ( 1 960) was able 
to culture 30#000 entod1n1a/mJ,. Some of tbe organ1sms cultured 
here, and those cul,tured, 'by Hlmga;te, am Gut1ell'T'e.z am lle.'V'i..s" 

are oonsiderably larger tr.a.n most entod1nia. . 

Coleman ( 1 � )  was unsuccessful 1n his attempts at maintain

ing axenic oultures of entod1ma am" a.lso considering the 

demonstration by Gut1errez am Dav1s ( 1,959) of ingestion ot 

bacteria by lQt,911A1J.g am BLRl.2Sl1at.ym. 1 t now appears that 

bacteria are essential for the gra'1tb of at least fJ� of the 

�n c1l1atas . I�t!tabo11c studies w1 th wa.shed suspensions of 

protozoa" anl with prot·ozoa from baoteria-contaln1ng cultures, 
have requ.1.r0d the use of aat�b1ot1es to :ruppress bacterIal 
activ1ty. Haiever, s.t.nce the development by Ea.11ey am Howard 

( 1 962)  et a speoific method for d1sruptiDg protozoa.,. v1 thout 

d1sraptlon of a.ssociated bacteria. lactena-fitee preparations of 

rumen cil1at&s are no longer necesaary for' enzylle studies. although 

they are stl11 required for mnomatric investigations . 

Nany attempts were mde to establish cultures from single 

cells am smll numbers of cells follooing treatJOOnt of the 
protozoa 't'llth s-od1um barb1tone, but only one of the cultures was 
successful. The barb1tone d1d not seem to have any adverse 
effect on the protozoa ani recovery of the cells uas complete in 
all cases . Within 1 0  min .. of pla.ciw. the ce-111 or cella. in the 
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culture tlaak the eil1ates became motile ani appeared t,o be 

normal . �ae failure of most of the attempts was probably the 

result of' the dl£t1.cult1es involved 1n ban:i11ng smll numbers of 

cella . It was d1£f1cult to traIlS.fer a few e1liatea 1Dto fresh 

med.ium. because or the ease w:i,th which the orsanisms were lost 1n 
the grass debris . 

Morphologica.l var1at1on in c ul turea I even short-te 

culture-s � of rumen c111atA� 1ma lcmg been established . Poljansky 

ani Strelkow ( 1 934 ) showed that clonel! of ]SrQg?Rlastrgp b11o:qg 

developed forms a1m1la:r to �af.1J;nm �1s aDl, !s l!9BololNm. 
and that the sp1mt10ll o'f &ltgdl1J!;qm eaudat:w! was variable . 
Ifungate ( 1 942 )  also noUced variation 1n eul tures of J:rep)gRlastlOD 

spp . (Eyga.e1oi1D1um qe&lee�um) s1m1lar to the vaFJ.atlon of 

!Dmoplast;tyA bovls noticed 1n this study . The loss or change 
in the ce.udal ap1na.t1&n of Ep;1d1n1.u1q as ahQ-JD here, was also 

noticed by Gutle1Tez and ])avis ( 1 962 ) . r;iorphological var1a. t10n 

haa also been demonstrated ill v1vQ. Polja.nsky am StNl.kcw ( 1 938 )  

sh€X'led a cbaDge 1n the sp1nat1on of £iJ1tgg1n1um caupa,tu1I when 
the host f s ai-et was changed . 

This morphological variabi11 ty is a �iel?ful. arg'U1OOnt 

against the dlv1a1.on of composite group,s of protozoa. into apee1ea .  

a s  carned out by Kofoid am ft:l.oIerman ( 1 932# 1 93} ) .  Dog1el ( 1 927 )  
classified the n ecaudatum" group of Ep19:Wl!Pl as fa, of' the 
single spec;1es Ee1d�n1lU!_�yaA,datwq (F.1orent1n1; 1 889) but Kofold 

am It'leLeIl1'BD ( 1 933 ) split the group into aepara. te speci.e.s . 

Thus Ep1d1n1um ecaudatum (F1orent1n1, 1 889 )  fo:m-e. ,picauda1a;m 
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( Sharp" 1 91 4 )  became E, b1.e.audatum (Sharp" 1 914 ) .  A similar 

situation e7..1sts with ER1dln1wn rnmtym (Schulze , 1 924 )  .. (Kofoid 
am lila.e�l1J'lan.. 1 933 ) .  Dog.1el ( 1 92,'7 ) only gave this organism. 
" fo'fDBu rank \�lthin the species Et eca.udatum" a. decision supported 
by the foftlS ot th1s organism which develoPt-� 1n nul ture's 

conta1n:l:ng only the "' eeaudatumft group . The �.R.la§tX'On group 

of Kcfold and iBeIenDaB. ( 1 932 )  also cOnsists of sev-era.l speeies 

or:t.g1na.lly placed 1n one species by Dogiel ( 1927) . Further 
w.ork on the estab11stment of' clones of ruJEn c11iates 1s 

lJS.rranted solely fraA the taxon.om1c v1miJpoint . The stu.dy of 

var1a.tlon in such cultures would uMoubtedly clar:1fy phylogenet-1c 

, relat1onsh1ps within the grouP . 

The large-scale apparatus was useful for prOOucJ.ng batches 
of metabollcally active ciliate·s ( see BaUey and Clarke" 1 963 ) .  

W1th a min1D1UJ1 of effort 1.t was not difficult to produce several 

gmms ot cells .. a. lengt� a.Di tiE-ecmsum.1.ng task using 1 00  111 . 

flasks as culture vessels . Much work ha still to be ca.rr1ed 

out on the b1ochem1stry of the :ruuen ol1gotr:1chs" am the 

abillty to produce relatively large batches of ·cells of pure 
strains will be useful . 

B. HOl6mUC1'lS 
The �n holotriehs have proved to 'be more difficult to 

culture than the ollgotrlcha . Tbe.1r abl11ty to use 3·o1uble 

sugars (Oxford, 1 951 ; f49.sson am Oxford " 1 95"1 ) suggests that 
they m:1ght be cultured more easily than the o11gotrlchs . Ha.'Icver, 

their lack of a mecr.tan1sm for st.opping the accumulation of 
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storage po.lysaccharide in the pre.sence of an excess of rap1.dly

feroontable substrate and their teooency to burst as a. result 

of oYe'r-acCll1'l1nlat1on (Sugden am Oxford, 1 952; Gut1errez, 1 955 ) " 

11m1ts the amount of substrata tl".at can be provided . 

The successful use of a grass extract by Sugden aa:l 

Oxford ( 1 952 ) tor ' maintaining both genera of holotnch for a 

month suggests that the holotrieb requ1rements a.re at lea.st as 

c'omplex a.s those of the ollgotnchs . Da�JLtr1cha 1s unable to.· 
1ngea,t starch gmnuloa ( Sugden a.Di Oxford , 1 952 ) am 1B probably 
unable to 1ngest grass part1.ele . This o�.n1.sm y have an 

obllgate requirement tor a gra 8 extract" which w.111 have to be 

provided in eul turea • Isotr1eha;. cm the other haul" can ingest 
snall staroh grains (Sugden am OKford" 1 952 )  am should be 

able to inge,st grass partJ.cles prov1ded they are smll enough . 

The failure to supply certain types of bacteria may be 

tbe reasOD for the llDSUccessful attempts at culture . lsotr1e!)a 
2,roatom (Gut1ePrez, 1 958) and Dasytr1eha. It.mre,nt1.UB (Gut1errez 

ani Hungate. 1 957 )  have been shOllin to ingest only certa1n types 

of bae'teria. ani the baoteria. they requ1re may not be foum, or 
may not grow#- UDier the cooo1 t10ns of culture so far l.tSed . 

A considerable amount of work has been done on the bioonem

ist:t"y of the holotr1ehs eepeo1ally s:1.me separate genera p..B.ve 
been kept isolated in sheep treated by tbe metbod Qf Fad1e am 

Oxford ( 1 957) ( sGe Howaro, 1 959a� b ) . The ma.1ntG.nance of' these 

organisms in culture wouldl however, greatly simplify wbat work 
remains� especially with regard to their nutr1t1oml requirements . 
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The cultures of rwoo,n protozoa already established have 

all been relatively crude from a biochemical V1el'ipoint . Apart 

from the need to culture bolotr1ehs am to develop techniques to 

cope with the more difficult of the ol1gotF.lcha. the next. steps 

must be towards the develo nt of cbemcally-def1Ded urad1a .  

An effect1ve fully-def1ned Ed1um of the type used by Qu1nn., 

Burrougbs a.tri Chr1st1ansen ( 1 962)  I'AlSt be possible . SUch a 

Ed1.um developed for rumen e111ates 1» this cOUDtry ttlould have 

to be based on the composition ot �n liquor am on t�..e 

eompo's1t1.on of fresh gl'ass and clover ( see Eathurst" 1 953; 

F'erguscm am Terry, 1 954) In the absence of a fully synthetic 

md1um a ohem1eally-def1ned supplement that could replaoe grass 
i'lould s.1mpl11'y the actual cultural. techn1ques am t'lould lead to 

cleaner cultures . 
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3 . THE ISOIATION", D>E!ltllICATION �. ClJb.�CTERlSTICS 
OF SOME RUMEI� BACTERIA I 

IntroductiOn ... 

The %'UIDen is an ideal habitat tor the grow.th ot bacteria . 

Ae,rooos are restricted because of the lr:lCk Of ax.ygen. but tbe 

constant eoni1Uons of pH". tempe.ra.ture � moJ.sture aul anaerob1o

s1s;, ani a. sem:J.-eontiDuous food sup.ply encourage a large and 
diverse population of amerobea .  Assum1ng eom.tant physical 

con11.tlons� the flora. depends ()J1. the type am. am ount  of food 

enter1ng the rumen. EncteJ'1a capable et degrading eOl,ilplex 

carbohydmtes ,  soluble sugars., protein$, organic ac1da, l1pida 

and many other feed. mter1als are toUDi, their quantity am typ.e 
depend1ng on the diet of the host . The �1nc1pa.1 Etabol1c 
products of tl11s complicated baete.r1a.l system are carbon dioxide " 

metl".ane" ani volat11e fatty aa1ds . Otber ern-products of norml 
metabolism such a,s hydrogen, an:i formic" lactic am succln1e 

acids'I are merely produced as intermediates and are metabol1.zed 
in tu.rn. 

The real advances in the bacteriology of the rumen have 
been made since the 1 940 I a "(-lhen the importance of thEl1 FLllla1en 

volatile tatty ac ids was reaUz"d and Hungatre ( 1.9411, 1 950).1 
S1jpeateljn ( 1 9486 1951 ) and Gall, Stark am Loo� 11 ( 1 91�7) 

published mthodftJ of cultivating rumen anaerobe!!: . Tbe method� 
used sJ.nce then, and the many species o£ bacteria isolated" have 
been reviewed by Bryant ( 1 959) .  



Physical epm1.t1ons of eu.l.t.ure 

The redox potential of rumen fluid 1s of the order of 
-}oo mV to -400 mV a.t pH 7 (Horn� Smpp and Gall,- 1 955; Hungate •. 

1 960, B9.1dwln and Emery. 1 960 ) although rd.gher values have been 

reported (Broberg, 1 957) . Various nrethoos have beell employed 

to attaJ.n low redox potent1als 1n culture � .• but _at 

lior�s now use the method of Hungate (1950) .. together wItb 

various reducing agents sucb as sodium sulphide " eyste1ne-HC1, 

th1og1ycolla.te and ascorbic acid ( see Br'tJaDt, 1959 ) .  Ox1dat1on
r<..-"duct1on 1mlcators are alao used to ensure that a le. Eh is 

m1nta1ned . Reaazurln (Eo' . pH 6.867, -42 mV, ".rWigg, 1945 )  is 
most commonly utilized bu.t indigo carmine (Eo· ' pH 711 -123 mV) 
a.m ba.nzyl viologen . (Eo t # pfI 71: -359 mV) have alao been used. in 

stud1ea 011 �be more anaerobic speoies . Sm1th and H'lUlgate ( 1 958)  

found that benzyl v1ologen bad to be deeolouri.zed to al�ow 

gl'OWth oi,ij Methanobact@r1WA ru,tgant1\.U'1l, and 'used Escherichia eol� 
to lower the redox: potential ot the medium. before inoculat1on. 

1-1ed1a are usua�ly adjusted to pH 6.8-'1.2 before 1n.oculat1on. 
The temperatUl."e of incubat100 1s that of the �n .. 39°. 

The tw-o min techn1quea of 1solation employed are enrich

ment culture using a llqu1d mad1um., ani direct isolation OD a 
solid medium. The enrichment technique ls of little value 

apart from being a useful mathod for isolat1ng a speclf1e 
organism. Direct isolation \'1ith a selective or non-selective 
substrata has the advantag,e of allON1ng e�rotlon of the 
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isolated organism. l·lJ1aronnn1pulat1v9 techniques have been used 

to isolate viable bacteria directly from l?'i..UEn content.s ( Ingram  
am. McGaughey" 1 948,; Purdom" 1 963 )  but have mther llm1ted 
applieat1.on. 

Many cultm:e JOOd1a have been used (see Bt'yant .. 1 959) . 

The most generally useful medium consists of a m1neral aalts 

solution buf'fered li1th phosphate am containing the fSubstrats 6 

a source of' n1 trogen, a reducing agent ani rumen liquor, together 

with an oxidation-reduction indicator (see Bungate, 1 950) . 

Rumen liquor :1a not requ1red by many rumen oo.cteria in v1tl.o, 

but since acme important rutlen bacteria require 1 t as a. SOUl!'Ce 

of grortith fa.ctors not ord1mrily ava1.lable in such prepamt10M 

as yeast extract, it is usually advIsable to add it during the 

isolation and prel:lBdnary studies . For 1nforwlt1on on the rumen 

liquor grcwlth factor requ1rems:n.ts of 8·ome rumen bacteria se·e 

Al11aon, Bryant ani Doetacb ( 1 958),  Wegner ani Foster ( 1 960), 

BrtJaDt eW Robinson ( 1 961 ,  1 962 ) ,  Caldwell" Bryant and WhIte 

( 1 962 ) ,  alld Allison am. BJ:ayant ( 1 963 ) .  

Cr1terA! (Of! trne rumen mctgr1a.+ 

It 1s important to verify that spec.1es of bae ter.ia 

studied t<i1th re.gard to rt.lJ'OOD ferroontation ·are actually �t1oml 

in the l'\.UJ¥3n am are not xzerely passengers . ElsdeIl am 

P:tdll1paon ( 1 948 )  am Gall and Huhtanen ( 1 951 ) �iere among the 

first to present cr1teI�1a for determin1ng the signifioance of 

l�n organisms . The essential cri teria. are disoussed in the 

follCl'ling extract from Bryant ( 1 959, p1 26) . 
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n Probably the most important criteria that can be used 
a.re that the organ1sm be sbown to g�� in t�..e X».l!1m1 ani that 

it have a mtabo11sm compatible 11th the reactlona OOCUl"Plng 
a.n:i the environment preae.nt in the rt.meD. The numbers of a 

g1 ven species present in the I't.UOOI1 as compared to its l'lUl'Dbers 

in the feed am. water c on�d J along �llth similar aata on 
other species �J1ng out the same reactions. � probably 

the best criteria tor us at the present time . The �r1cal 

criterion alone can establish toot an. organism is grow1!'lg in 

the 11'llED am , therefore" that the protoplasm synthesized 1a 

available to the hoat . 

While other criteria are of relatively little value in 
the absence of the numerical cr1te��1on the reverse 1s alao true . 

The orga.n1sm should · be able to attaek substmtes p1�sent 1n 

the rumen. These are not neces88.�ly mteP.lala present in 

the feed but my lnelude hydrolytic products of feed const:t.tuents 

such as eellulo·se , starch, and prote.in" ancl fermentation 

products such as organic ae1d awl hydrogen. It is also poss1ble 

that considerable amounts of substrate are available in the 

form of sl..1ma alX1 cellular c onst1.tuents of organisE that die 

in the rum::;n. Fermentation products should be compatible t'i1th 
those preaent in the �n or metabolized therein. However$ 

some species of ruJ'lJm bacteria, which present evidence 1ni1oates 
to be of c onsiderable s1gn:U'1canae, produce in vitrg lareQ 

amounts of ethanol ( Bryant and Sm9.11, 1 956a ; Bryant et al . ,.  

1 958b), �ih1ch does not appear to be present or metabolized in 
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the rumen � usual cODlitions . The production of ethanol 

. by these cultures is prooobly due to· the artificial emr�nt 

( see MQOIE.w am Hungate ( 1963 )  - author' s note ) am a study 

of factors affecting its production might lead to new knowledge 
of interactions occurring in tbe l"t.1DZn. Culturel eharacteristics 
such as Eh, pH, am temperature rang.-e of �\1th ot the pu:lC'e 
oultuN as well as nutritional requirements. should be eompatJ.bl 

with the env1romaent present 1n the ru.nml. Also the � IBY 

c ontain  aubstaDcea that inhibit the growth of species that 

might OthsN1se be able to tunetJ.Oll (Garner, !tluhrer am PfaD1er .. 

1 954; Hofl"W'ld et al • •  1 951 ) .° 

liBcteri§ attac-k1ng aRm £gJD9n rumP mlootretes 
AccOl'd1ng to Hungate ( 1 960.. p356) :  ttY.retabQ11c processes 

such as fibre digestion, starch hydrolysis .. protein degradatIon" 

hydrolys1-s of urea; production of a.cetic , propionic � butyric ... 

lact.i.o " formic " am suec1n;1c acids, metp..am , hydrogen ani 
carbon d1orlcle ; and c onversion of r·Ol'JIate" lactate, 6uac1mte� 
carbon d1o:dde and hydrogen, all known to occur in the rt1lD9n", 

have been damorwtrated in at least one of the pu:re baoterial 
cultures �" 

The range of bacteria respons1ble for tbe above reactions 

compr1.se many $[�o1es of more than 20 genera . r�ny new organ
isms have been described and new genera created for rumn 

bacteria include Ruminocoocus ( SljpestelJn. 1948),  Butyr1v1brio 

(Br"iant and Small. ·1 956b).  Suce1n1v1brlo (B'fYant ani SnBll, 

1 95(0)" Suec.1n;tmona� (Bryant et al . ,  195&) an.1 ltlchQos.Q1ra 
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(Bryant am SJw.ll, 1 9500) . The spec1.es ot: rtJEn bact,eria were 

described U1Xler genera by Bryant ( 1 959) . Oxford ( 1,958b )  aM 

Bryant ( 1960# 1963 )  listed s aoo of the more 1mf):ortant bacteria 

t'l1th the subatrates they attack and Illmgate ( 1 963 )  discuss,ed 

the tae teria in their role of symb1onts . 
Hungate ( 196,0)  is of the op1n1on that most of the 

important J."UDaD bacter:J.a have 'been isolated and given, at 

least, an 1n1tial eharQeter:l.zat1oD, although he admits that 

SCBl of the lees abundant types have atUl to be isolated . He 

also noted (Ii1mgate . 1 960 ) that the axentc cult1vation,. identi

ficatIon" am e�mtlon of ruwn baoteria 1a extremely t1me

comrum1ng am toot .. as a result . most ecological investigations 
have been restr1e ted to a few components of the total flora . 

The only rumen bacteria to be chnra.-cter1zed 1n !lIetIl Zealanl 

are StreRtocoecus bov1s (Bailey am Oxford. 1 958) ,  Iaetobc:\q111B!l 
.Q1f1dWl (Clarke� 1959) am ClQstr1d1Wfl b1f'e� (Clarke, 
1 961 ) .  A B,e,ss�toa�l1ke organism desoribed by Jam1e.aoD am 

Loftu8 ( 1 958)  \<la3 not gram j,n culture. 

This section reports the results of prel1m1mu-y inveSt1gsi
Uons of' the more 1mportant bacterial members of the rwoon flom . 

rJJater1al§ pnd �thod8 

If,i<>l&\t1on of bacteria 
Rumen contents � ere removed from a rtJlren-f1atulated CCWJ 

am strained through gauze into a 250 ml .  conical fla s!!. When 
full the flask was stoppel� and placed 1n an incubator at 
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39° • This sample \�aB used to, inoculate media within one hour 

of removal fiaoJn the antma 1 .  

All attempts to isolate bacteria ye-re mda UDiep ameFobic 

oonditions �J tl"� rrethod of Hungate ( 1 950) . Serial tenfold 

dilutions of the rumen liquor were made in dilution flu1d 

(g ./l . :  �HP04' 1 .5; �P04" 1 .5J c'Yote1na .... HC1, 1 .0) 

I'eOOZ'urin, 0 . 01 ) ater:Lllzed by autoolav1ng . One ml .  of each 

dilution was added to 5 ml .  of tl e a,ppropr1a,te agaJ- med1 in 

25 ml. Trident vials (Jo.tmsen alii Jorgensen, Ltd . ,  LoDdcm) . The 

vials were tightly olosed with sterile rubber stoppers, rolled 

UIXler a stream of cold water until the agar had 8ol1d1.fled� am 

1ncubated at 39° . 

After 1 .... ? days, colonies repreaelltat:1ve ot those appear1ng 
were p1cked art into d1lut1on fluid" dIluted serially and 
cultured In roll-robes . This procedure "Jam wpeated until the 
eul tures were considered to be pure as Judged by microscopic 

ex.am1nat1on. 

The whole operation of medium d1spenaUlg. dilution am 

transfer was caw1cd rut in a stream of axygen-free CO2 • Oxygen 

t'JQS removed by pass.1ng cylInder- gas over reduced coppeJII turnings 

at 600° . Resazurin (Eo' pH O .681� -42 mv. ) or 1Dl1go carm1ne 

(Eo' pH 7, -123 mw. ) was added to all med1a# a�oept whe»e other-

wise indIcated, and gassing was carried out untIl the indicator 

was eolourless . 

Media 
B:lsal medium. Tbe basal rood1um consisted of (g ./l . ) �Hp04' 1 .0; 
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�P04 ' 1 . 0; NaCl, 2 . 0 ;  cys teine -Hel,  1 .0 }  Bacto-Tryptose , 

2 .0 ;  re sazurin, 0 . 0 1 , or indigo carmine , 0 . 005; in 20% (v/v )  
c larified rumen liquor . The required substrate wa s added to 

this medium. Agar (Davis , N .Z . )  was added when required . 

Rumen flu1d-gluc ose-cellobiose agar . Rumen fluid-gluc ose

c ellobiose agar (R .G . C .A .). was prepared a.s described by Bryant 

and Burkey ( 1 953 ) . 

Clarified rumen l1guor . Clarified rumen liquor l1"as prepared by 

centrifuging strained rumen content s at 1 0, 000 g f'or 30 min . 

The resultant c lear supernate was dIspensed in 20 ml .  amounts 

in 1 oz . screw-topped bottles and autoc laved . 

Ca sein . Ca sein was used a s  either casein ( B .D .H . )  or sodium 

ca seinate (D1fc o; Nutrose ) .  

Cytopla smic proteIn . Prepara tions of' cytoplasmic protein were 

made £ram red c lover ( Trifolium pratense , L . )  by the method of' 

Lyttleton ( 1 956 ) .  

Sallvarx muc oprotein . Solutions of muc oprotein were prepared 

from bovine saliva by the method of Lyttleton ( 1 960 ) . 

Xylan . Xylan wa s prepared from wheat flour by the method of 

Howard ( 1 957 ) . 

Pec tin . Pec tin ( Grade 40 ) was obtaIned from British Drug House s 

Ltd . 

Cellulose . Absorbent cotton wool was degraded by immersion in 

1 0  N HCl for 24 hr . The re sulting slurry was washed free of 

chloride and ground tor 96 hr . in a ball mill . r.l'he product was 

freeze -dried after removal of the bulk of the water by evapora-
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Ident1tlcat1oA of isolates 
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The rout1Da tests .for identification were based ,on those 

rec�med by Ske1'rlml ( 1 959) . FlDal ldent1f1eaUon was based 

l'there possible OD Bergey t s  f,iBmaal (Breed et al . ,.  1 957 ) . 

All soluble carbohydrates were sterilized by f11tmt1o.m: 

through a porosity 5/3 glass sinter" am were stored in zg 
(w/v ) solutions at -250 • Insoluble carbOhydrates \�ere steril1.zed 

by autoclaving at 1 0  lb./l 0 min. All of the pentosea ani 
hexooea used" with the exeept1.an of arabinose. were the D-1m�rs . 

As the methods tc>r teat1ng n1 tra te reduction. ani hydrogen 

su1pb1de am indole productj,on all involved a eolo-r:i!11etr1c reac

tion. cultures for the'se teats were grown in the absence of an 

oxidation-reduction 1Di.1ca.tw. Hydrogen sulphide production 

was tested by the method of Pomeroy ( 1 936) . Ultrate reduction 

was determ1ned· by est1E.t1ng n1trite by the mthod of �e8 ani 

Qua.stel ( 1 946) . 

Prgseryat1gn of e�ltulea 
'&lhere possible cul t-ures. for stook were kept as stab-

cul tures in the refrigerator or a dry-ice bait at -700 • Transfers 
were wde as required . A ttempts were also made to p:reserva 

aom eul turea by freeze-drying . 
OUltures for f·el'!1Wlta t.19J;t am1ZaiE! 

Cultures for fe.rmantat1on analysis iie:re grolm in round-
. bottom flasks closed \,11th a rubber stopper. When an anal.ys1s of 
gas evolution or consumption was requiri...� the culture was grown 
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in the appamtus first l.lSOO by Elsden am described by Johns 

( 1 94�) ani gassing was carried out tq1th oxygen-free nitrogen . 

Was,hed:,,,ell auseens1,gmt 

Calls wore harveoted from young cultures by �-1gh-speed 

centrtrugat1.on am were wasbed twice with phosphate buffer (r:1/1 5, 
pH 6 . 8 )  conta1ning 0.01% sodium sulphide . The fiml suspension 
flas incubated ti1th the substrata under anaerobic com.lt1ona in 

Cl 50 ml .  conical flask. 

AmlYtleal mthods 

Glucose . The fermntat101l md1um was treated l'z1th ZnS04 ani 

NaOH to remove protein am glucose was dete:md.Ded in the 

clar1f1ed solut1on by the color1metr1c mthod of Nelson ( 1 944 ) it 

GIYS§l'91 . Glycerol waa detem1Ded by the perioda. te/ehr<.aotrop1e 

acid method of lambept a.D1 Neish ( 1950) . No attempt was made 

to correc t for the smll amounts of' glucose in SQIE of the 
fermntat10n solutions . A solutlon of glycerol was stamaro1zed 

by titration with pencda.te (Ne1ah, 1 950 ) . 

lactic acid . Lact1e ac1d was determ1ned by the calorimetric 

method of Blrker and racm ( 1 941 ) .  

SuociIf' c a.cid . Succinic acid was determ1nad by d1�f'erence af"ter 

measuring the la.ct1e ac1d in the mixed lactate/auec1nate 

fraction from a Cel1te column (S\>11m .aM Utter. 1 957) . 
Ethanol . Ethanol was measured by the d1ffusion method of Comay 

( 1 957)  using potassium d1chror.Ete to oxidise the alcohol to 

acetic acid (vl1nn1ck.., 1 942 ) .  Excess dichrollBte was t1trated 

with standard th1oaulpl"..ate . 
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YQlat11e acids . Total volatile acids were ds·teH'l1ned by 
t1tration following steam-d1st11lat.1on in a r�brkham ( 1 942 )  

apparatus . Two ml. of the sample together with 8 g .  MgS04 
( Olmstead J mu taker am DudeD. 1 929) aI¥l 1 ml. 1 ON �SOl� were 

added to the a.pparatus aJXl steam-d1st111ed . Two ucces31ve 

80 ml .  port10lls of d.istillate were c,ollected a.u:1 titrated with 

standard (0 .01-0.04 N) NaOn in a stream o£ CO2-free a1r 1th 

phenol red as 1D'licator . The seeODi sample ot distillate _s 

used as a control to correct for laot1c acid 18 the or1g1ml. 

sample (larkIar J 1 957) . 

The individual a.cids J from acetic to val.ene # were 

determined on the gas-liquid chrom.tograph of James am 1-1art.in 

( 1 952) .  l3ebentc ae1d usually .replaced stearic �1d 111 tbe 

column pack1ng� am. ethyl eellosolve (B.P.  137°) was used 1n 

the vapour jacket . Samples of the evaporated steam-dlst1llate 

wero added to the column as aqueous soluti,ons of tile sodium 

salts ., One drop of the solution was added to a 2 : 1  (wf,a ) 

mL"!ture of Cell te 545 am NaRS04 In a Teflon boat which was 

s11d into the end or the col:wnn (Elsden, pera . CO!IIB. ) .  
Formic acid could not be determ.1.ned sat.1sfaetonly by the 

above method as it . as not ·completely separated from acetic 
acid . Its pl:'esence in fe:r::mentation solutions was shown by 

paper chromatography using ethylam1ne/n-butanol am a ninhydrin 
spray reagent (Bt.tmess am K:1ng, 1958)  am it VJas IOOasured after 

column chromatography on Cel1te (SWim ani Utter, 1 951) .; When 
formic acid was present 1t was subtrac ted :from the aeet1e acid 
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rouni by gas-liquid chrouatography . 

Hydrolysis of protein . Fzaote1n hyJl'Olysis was determined. after 

precipitation 1th trichloracet1c acid ,  by the biuret mthoo 

of Gomall, Iardaw11l aDi Davld ( 1 949) "  ·or by the llolin 
tyros1De method (Spies, 1 951) . 

Fifty-six strains of bacteria belonging to eleven epecies 

and ten gem·m were isola.ted and identified . Thirty-three of 

the stra1na were anaerob1c , the reminder being facultat1ve 

anaerobes . The stm.1ns isolated are described below un:ler the 

headinga 01: the substrate5 used f'or the1.r lsola t1on. A SUDI!Ill'-y 

of their characteriatica is given in Table 49. All strains 
were lIWDbered am given the prefix PC .  In the descriptions 

following, the prefix ha.s been dropped a.nd the atra,iD number 

quoted . 

Case1n 
Stmins 1 -4  were obtained. frem two cows, one on a diet 

·of fresh red clover ard the other on grass hay • The medium used. 

was the basal medium with 0 .5% (w/v) sodium ca.3e1mte � with 

resazurin as redox 1D:11catop . The organisms were j.solated · in 

numbeps from 2 x 1 06 - 2  x 1 08/ml. 1'U1lBn liquor. Gro\'fth was 

m9.Jd..mum when the iM1cator 1'laa decolouriz�-d but vlas st.111 apprec -

1able \'1hen the medi.um waa allghtly pink. 

In liquid medium the organism grew' as grom-posj.t1ve coo.e1, 



0.5-0.7;U in d1amate.r, in pairs, clumps ani ahort chains . 

solid medium theN li'.lere fewer chains of ae·ll . liuDen llquor 

was not :requ1Ped tor grfoMth and was replaceable '\11 th 0.01% 

Ea,cto-Yeast Extract . 

Glucose , mItoaa , ma.nnose " sucrose. lae toae jJ fructose " 

cellobiose , galact.ose . raffinose and starcb w·ere te;rmented to a 

fiml pH of 4 .4-4 .7.  Xylose , arabinose, glycero1lJ rhamnose, 

loos1 to! and dulc·1 tol were not fe·:f!fJented . Gels tin was DOt 

11qu.ef1ed� L:ldole was not produced am nitrate was not reduced . 
In:!. tla.l grooth on the casein medium was poor am casein waa not 
degraded . 

Lactic acid accounted for 60-80% of the em -producta. from 

glucose . No gas was produced . 

Strains 1 # 2" :; an1 4 'Were ldent11'1ed as variants ot 
.S.t..N,;Qtocoocus bOtl!, .  

Organimn 5 tma bolated OR the case.in tlledlum from a hay

fed eow at a. c oncentrat1on of 105 /ml. l'UfOOn liquor. It 'l!Jas a 

gram-pos1 t1ve . non-spor1ng pleO!BOX'Oh1o bae1.11us. 1 .0-1 .,2 Jl x 
1 .5-4 .5 Jl" which grew slightly in the presence of air. �nt 

g�th was obta1.ned when resazur1n waa dee olour1z.ed .. 

Only glucose, sucrose and f'ruetose \icre fermanted . lactose, 

mltoae, xylose. arab1nose !} galactose, cellob1ose� raffinose,. 

starch, num1tol. inositol, dulc:ttoJ. .. rhamnoee and lactic acid 

l�ere not fermented . Gelat.in was liquefied . n1trate was not 

reducooJ ani hydrogen sulphide and indole were not produced. 
casein was not attacked . Propionic acid was the 'min product 
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I'Jl 
.5 

� .... m 
Specie·a Q) :::- Ul 

.... ::J 0 Cl m 0 
t! 0 0-,Q 0 0 
"" s:: tt.t J tQ 

1 2 3 4 5 6 7 
Glucose + + ... ... + ..- ... + + - - <I- + - ... + 
Galactose + + - - ... + ... {o- .... - .. + .... - + -

l-hltose + .. - ... + + + + ... - - + + - + + 
Xylose - + - - + + ... + + - - + + -

Arabinose - + - - + + ... + + + .. + - "I" + .... 
Lactose ... .. - - + + - - - ... - + .. - + + 
Sucrose + + ... + + ... ... + +- + - + + + 

I'D ltiumose ... + .. •. .. .. - ... ... + - + ... .. - -

Fructose + T + - ... ... .. ... ... ... + - + + 
D:lun11tol - ... ;- + - - .. - - - ... , + .. 
Cellobiose ... + - - .;- + +- - .. + + + ... - "" + 
meUbiose 4- - - .+ 
Glycerol - - - - - ... - - et - - + + - - ... 
Starc.!1 ... .. ... - .. ... .. + + - - .... - + 
Cellulose ... - + ..,. .. .. -

Pe·ct1n ... ... ... .. - -

Xylan - - ... ... .. + .. -

Lact1c a.cid - + - .. - ... - + + - -

Gelatin. - - .. - - .. + + + - - - - - + 
Casein - - - .. - .... - ... ... 
Subliltmt�* G G L G L G C C G G L G G 
Formate + - ... + + + + C!l 

.;,.) Acetate ... + + + + + + + + Il:) Propionate + + ... +- - - -

Butyrate - - - + .+ - - -

Higher ac1ds ... - - - - -

lactate + - + ... .. ... + ... + + 
Succinate - + .. - + 

�ii Ethanol - - - .. ... - + 
Gas + + + + + .. - - + + + 

*' G, glueose l L, lac tic acid .; C ,  collobiose 

• • •  Continued over 



2 .  n 8, 1 4 ,  53-56 
3 .  Stm1n 5 
4 .  Strains 50-51 

5 . ft 36., 44-46 

6 .  Strain 43 

7 .  n 47 

of glucose fermentat1on .  
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The organism W:l S' 1dentif1ed ·as a variety of Corypebacter-

1um aenes . 

Strains 20. 21 were isolated on the case1n mad;J.um from 

two c w s  on a. diet of grass hay . Both llere gram-positive , 

obl1ga te anaerobes and oc·cuITed 1n numbers from 1 05-107 /ml . 

rt..mJ:iln llquor. In llquid md.1a there t�ere curved rods a.n:i 

spirals of up to six coils, O .2-0 .S;U x 3-12JU • . 

Glucose". lactose , sucrose , maltose , xylose _ arabinose , 

cellob.1oS6 , fructose , galac tose , melibiose am mnnitol were 
ferroonted . Starch, ce llulos6 , mannoae ., glycerol and lactio acid 

t'Jere not fermented . Ni tra te was reduced to n1 tr1 te • ID:101e 

ani hydrogen sul�h1do were not produced . gelatin was not lique
fied ani easein �las not degllQded . Rumen liquor was essent1al 

for g�uth and could not be .replaced by ye.ast ·extract or by 

ace tio " propionic , n-valeric , iso-valeric and i so-butyric acIds . 

Enq.-:-products from glucose 1nc luded succ1Die , lactic " 

formic and acetic acid s . No ethanol was produced . Suec1n1c 
acid \'las equivalent to 25-30% of the ca.rbon in the fermented 

l '  '( 
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glucose . The en:1 -products founj accounted for 7'2$6 of the 
glucose used . �� gas was produced but the amount was not 

maasured . 
These bac tena were identified as species of :Borrelia 

s1m1lar to tl10se deacllibed by Bryant ( 1 952 ) .  

Clover e)lto.;elaam1c erotein 

!Bc teria '"{:I n" ani 9 were obtained from two cows on a 

diet of fresh red clover. The md1um used waa the basal medium 

iJlth resazurin am 1 5fo  (v/v )  cytoplasmic protein solution fl10m 

red clover. 

The three strains \'lcre 1dentif1ed as vanants of' .. �trepto

,c,.9£cus bov1,a . 

Sa.11van mucoprote1n 

Bacter1a. 1 0-1 5 .. from three cows. 'VJere isolated on the 

basal JOOd.1um w1 th reaazur1a and 3% ( v/v) mucoproteUi a,olution 

and were 1dentUled as ,§tre'ptocoocus �:!f! vartanto . 

C:asein am glucos� 

Five bacter1a., 52-56 from four e ow a ,  were isolated on the 
basal med�um \,11th casein. am 0.5% gluoose . Four ·of the o�n

lams _ 53-56, d1d not degrade casein am were identified as 

�pt'oeOCCUB bov1s .  
Strain 52 was an ana.e�b1e spor1ng organism s1tn11ar to 

Cloatr1d1tpU b1fernEntans (Clarke, 1 961 ) .  Grot"lth on the gluc ose 

am casein medium was rapid and cooked JOOat mdium was quicltly 
degl:uded •. 
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Glycerol. 
'l'hree bacteria.., 16, 1 9  a.n:1 22, were isolated on the basal 

md1um with resazurin am 0.5% (l1/V) glycerol frail three e ows . 

All were gmm-poa1t1ve obligate anaerobes ani occurred in 

numbers from 4 x 1 06 - 6 x 1 07/ml. runen l!q,\1or. In liquid 

m3d1um the cells Nere rod-shaped or curved an;l occurred singly 

am in pa;.1rs.t t>Jlth a few ShOlwt chains· . The eells lOOaa:ured 0 ,,8-

1 ,,6 f1 x 2 .91". Rumen liquor was not es·sent1a.l for gl'Qith, a.D.i 

c ould be replaced with yeast extract . 

Glueose� laotose " &ucroae , mltocG, xylose. starch� 

cellobiose , a.rabinoue, fructose am. galactose vJe;pe :re�nted by 

all three stra.:1ns . Strain 22 also termenCcd glycerol and lactic 

acid . Cellulose , POrJtin" mel1blos.e , Dll.tm06e and DlnDttol were 
not £er.u.ented . Hydrogen sulphide was preduced . Gela.t1D was not 

l1quefieci. and 1Diole was not produc'ed " N1tiJ"Q,te liSoS not reduced 

to nitrite . 

::£1le eDi-products prexiueed from elueose by strains 16 am 

'1 9 were CO2 am ac.et1e.t. propl.On1� am laatic acids in the mo� 
ratio 3 :5 :6.  'I'mcea of auccin16 alX1 but�c acids aDi ethanol 

. were also producod by strain 1 9. Strain 22 p?oduced approx1:mtely 
equal amounts of acetic and propionic ac1df5, toegher with Ho 

little CO2 al1U a trace of butyr1c ac1d� from lactic acid • . 

Strains 1 6  am 1 9  \-<Jere identified as �lenomo!las rumimn

t1um, and strain 22 as S. :r"ellal!t�UlD. var, laet11yt1caa 

(Brya.nt» 1 956 ) . 
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Rlm.le1l fluid :&luc os.e-ce lloblose . .md1um 

Strain 36 was the only bacteria characterized from this 

Ed1um, although bl0 other strains resembling Streptoooc·cu.s 

bovis and Lactobacillus b1f1dus were isolated . -

The Ort;am.sm was a motile � gram-nega t1 ve, eurved rcx1 ,  

0.5 jl x 1 .5-7 .0;U' l'l11th l'Olll'Xled ems . It occurTed single, in 

pairs am 1n short cha1Ds . Ru.man liquor oould be replaced 1n 
the ood1um by yeast extract . 

Glucose, galee tose, JIBl toae, cellobiose, 3UCrose, xylose 

arabinose ,. fructose, xylan_ stal'Ch, cellulose ani pec tin were 

ferroonted . Itmnose .. mnn1tol, laetoa6 a.m glycerol were not 

fel'lD3nted . Gelatin was hydrolysed am casein ws degraded . 
H.'Ydrogen sulph1ce am 1Biole were not produced, am mtrate tias 

not reduced to nitrite . 

Em-products or the fermantat1.on of glucose were formiC , 

acet1c , butyric ani lactIc acids in the molar roti.o of �: 1 :2 : 1 . 
Ethanol ani gas were not produced . The organism was identified 

as Butmv1bno f1l>£1.solvens (Bryant am Sm.ll, 1 956b) . 

J;lla.n 

Four bacteria, 43-46, were 1solated on �d:f.a eonta1n1ng 
whea t flour xylan (0 .5% )  as sole earboh;ydm to SQurce . The four 

stro1ns were sJ.m1lar to strain 36, BuW1v1brl0 f1br1sQlvell6 .. 
but strain 43 did not ferment cellulose and cellobiose or degrade 
casein. All the stmina except 43, which was from Cl c �  fed on 

fresh red clover, t'lere isolated from cows on a diet of grese hay . 
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Cellulose .... WM . 

Four stm1na of eellulol.yt1e bacteria were isolated in 

six attempts" 32-34 f"rom a coo fed on gms·s hay a.m 35 fl'Om a 
cow fed on fresh red clover. The mad1um WJed was the basal 

�d1 \11th reaazur1n ani with enough cellulose to give a faintly 

turbid suspens1on. Only eolomcas surrounded by a clear zone 111 

the eellul.ose partic lea were removed tor purlt1cat10 am chamC,e 

terizat1on. 'lWo attempts to Isolate bacteria at an Eh wbere 

indigo-carmine as decolourized did not yield any colon1e • 

All the organisms t�ere Don-motile, gr9m-poSl t1ve cocci. 

0.6 Jl x 1 .6�, ooet11'TJ.ng single" 1n pain. ani ooeaslonal 'short 

cha1ns . There were 104_1 06 cells/ml. . �n l1quor. liumn liquor 
�.ma required for grcvth 1n the absenae of iso-valeric acid (50 � 
/ml . ) • Yeast extract could not satisfy the re.qu1rement . 

All four strains fermnted arab1nose aw eel-lob1ose . In 

addition, 32-34 fe�nted laetos,e. eucroae and OODnOse,. am 35 
fomented fructose . Glucose •. galac tose, mltoae .. Enn1�ol, 

xylose, glycerol, starch and peet1n. were not felEnted . 

In the fermentatioo of cellob1oss, stre.1.ns· 32-34 proiueed 

fox-mc # acet1e am lactic ae.1ds; ethanol am gas .. Succ1n1c, 

propionic and bu1Tj'rie acids were not forrood .  The proportions 
of the variou3 em-products var1ed eons1dersbl.y in different 

cuI tures • The gas proiuced tlaS 80-90% CO2 • These organisms 

were ident1fied aa variants of fWp!1nQ2oocus albufJ (Hungate. 1 957 ) .  

Strain 35 was identified as fiuminegqeeus tlavefaciel¥b 

( S1j pesteijnl 1 951 ) .  The endwprodueta of the fermentation of 
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cellobiose �ere formic . acetic and succinic acids in the mo� 

ratio 1 :3 :2 ..  Ve1!'y llttle gas was fOrEd . 

Starch 

Organ1ams 37-42, 47,1 weN isolated on the 'basal madlum 

wi th O.2}b soluble sta.1tch am resazUP1n. All 'i'IOre isolated from 

eCMS OD El. diet of fresh red clover. 

Stmins 37-39 were 1dentU'1ed as vanants of Iactobao111u8 

:QU14y@. In young cultures the cella WG%'e mon-mot11e. gram

pos1t1ve rods" stm1ght or slightly CUl?Ved .. 0 .4-0.8 jl x 1 .8 .... 

7 .0 )l. �lf'1 older cultures there \\1ere � olub. branched aM 

Y-forms . TheN were 1 05-101 eell$/ml .  �n l1CjUw . 

Glucose .. lactose. sucrose, mltooo, xylose, cellobiose .. 

ml1b1ose" arabinose" mnnose. frue tose" galaetose a.ni glycerol 
were feBented . �tol was not fe�nted . li1tmte iflas reduced 

to n1 tr1 te aDi hydrogen sulphide was produced, . , Oela tin was not 

l1quet!.ed am 1ldole was not produced . 
Form1c .. acetic am lactic acids au:i ethanol were p�uced 

from glucose 111 the molar rat,!o 1 :4 : 10 :3 .  
Strains 40-42 were classified as variants of Streptococ� 

bov1s . 
Strain 41 was s1m1lar to ButmvJ=bDo f1br1�olvens stm.1n 

36, but did not fe�nt fructose Q!l degrade casein. 

I.a.et1c ae.1Q .. 

Organisms 1 7.J 30 ani 31 were isolated on the basal md.1um 
1"11th 1 .0% (v/v)  70;� sooium lactate at an OJtygen tension where 
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the resazurin was still slightly p1nk. The three stm1ns e!'e 

all smll gram-nega t1ve cocci . They did not f'ersoont soluble 

sugars but rapidly fe:rm;;nted laotic acid to volatile aeids arD 

gas . They ere ident1.f1ed as Ve1l1oQllla. .. alealesca'ns ( syn. 
v. gazogepee) (Johna, 1951a ) .  

'1'1;0 1solationa were mde from COVia feeding OIl fresb red 

clover . These stre1ns , 48 am 49, were isolated witb 1'e9.-3.zurin 

f"ully decolor1zed, am were ldeDtU.1ed as S�le!'!Ql!O!@s �t .. 

1um v:ar . J4:c t11xt1oafl,. 
Organi.ams 61 18, 2}-t29 fI ere isolated .from two CC*J8 OB a 

d:1et of grass hay s ov-er a pel"'100 of 1l1ne montha .. All the a.trains 

except 29 were isolated w1 th reaa� deoolor1zed . Stra.1n 29 
was obta1ned using il¥l1go-carm1ne but subsequently grew sa tis
fae tartly wl to re sazur1D  decolor1zecl . 

All 0f the isolates were ctU"Ved rods ,,�d.th roUllded. ems" 
0 .3-0.8 jl x 0 .9-4.3?_ occurr1ng single �ilth El few 1n pairs .  In 

older cultures some of' the cells " ere slightly club-shaped . No 

branc}:l...1ng cells were seen . 'roo cells were gram-positive for the 

fj,rst 1 8  hr. but in older cultures the staining be,oa.ue irregular. 
Iium':3n liquor' was essent1al for grotfth ani oould not be replaoed 
by yeast extract, by mixtures Of the aoids aeetio$ �rop1on1c, 
n-valeric, iso-valeric ani 1so-butyric" or by a steam di3t1�late 
of rumen liquor .  

Glucose, mltose , lac tose , fructose ani glycerol wers 

fermnted but the fermentation of lactose was slcm . Sucrose, 
�Jlosa, cellobiose , arabinose, &.>alac tose , mnnoae , mff1nl).ae, 
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mannitol" staX"Ch, dulcItol, inos1tol and rhamnose t4ere not 

fermnted . Hydrogen sulphide was pro:iueed . Gela tin 'Was not 

liquefied and imole was not produced . Nitrate was not reduced 

to nitrite . 

None of t.�e stra1ns were easily maintained aa stook 
cultures am the em-products of the fermentation of glucose 

am lac Ue acid were not complete·ly determined before tbe organ

isms were lost . Only acetic and butyric acids were demonstrated 

in lactate culture-a. but products other than volatile acids 

were not determined . lactic acid was produced from glucose . 

The laolates did not show branching but were otherwise 

sim.1lar to Rsyg1p!et�l'1um ap . isolated by Bryant et al . ( 1 958c ) 

am iJeN CClIIq.)ared '91th strain L34 obtained . .from Dr M. P .  Bryant . 

Aa the branching of cells of �ctenum L34 appeared to be 

a stabl , cbara.eter1at1c evIdent in both young an:! old cultures 

am on both 11.qu1d am sol1d media. 1solates 6,. 1 8  aDi 23-29 

"W"Sl'e classified as Butmbactenum sp . s1m1lar to Be, rettge.ri 

Prevot (Breed et al . .  1 957 ) . 

The e-m"products of tbe ferEntation of lactate by But;gz;.1.

baote£1um rettgeri have been shown to be minly a.cetic ani 

butyric acids plus carbon dJ.ox.1de (Earlmr" y� aDi Haas,  1 945; 

Pine am l3arke�# 1 954 ) .  Glucose ls f'ernented to m1nly lactlc� 

ae-etic ani butyric acids plus carbon di()1(...1de ( Pine/t Haas and 
larker, 1 954 ) .  

Bryant et al . ( 1 958c ) did not determine the products of 
lc'lctate fermentation by Ram1bacter1ym L34, but found formiC , 

--------
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a.cetic am lactic acids Ttlere produced from glucose . L34, 
obtained from Or Bryant, was grown on the basal JOO<iium with 

e�tber glucose or lactic ac1d , and the acid1c end-products were 

amlyaed . From lactic acid the organism pro1ueed approximately 

aquimolar a.mcnmts of acetic ani butyr1.c acids equivalent to 

about 70Jb of the laotate-carbon tabol1zed . Acetic, butyric 

and lactic, acids were produced tl'<D glucose i acetic. an1 butyr2.e 

in the molar ratJ.o 3 : 1 "  and accounting for 40J' ot the glucose 

carbon . A small but UJ¥leterm1Ded 8.IIOUnt of carbol'l dl,oxide was 

produced f'rom both glucose aDi lactic ac1d . From the e res.ults 
1. t \-las evident that the metaboUsm of .lact1e acid am glucose 

by L34 1s very similar to that of' Butyt1baeter1um rettm£&sI both 

organ1.sms producing the same em-products from both ot the 
8ubatra. tea .  

Two pathways for the formt1on of prop1on1c acid from 

lactate have been demonstrated with pure cultures of rumen 

bacteria. The �Jell-known d1earboxy11e acid pathl'Jay has been 

shown to occur in propiOnibacteria, Ve111o�lla alcal�&cens 

Cv:. sazogenea, Johns, 1 951 b )  am Selen�s (Bryant , 1 956 .). ,  ani 

the so-called llon-mn:iom1zing patbway, through acrylate to prop

ionate , has been demonstrated in Peptoat1'eptocooeU3 eladen11 

( !.add and walker., 1 959) . Eald�j1n, kJood am &Dergy ( 1962 )  111 tbe 

United Sta tea I showed tha·t in eows on various diets, 70-90% of 

the propionate formed from lactate was produaed by the ae�late 

pathway. Pt elsden11 has not been isolated 1n tlUs country and 
even if the ramomizing pathway Is the maN prevalent, proplon1-
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bacteria, Ve1110nella ani Selenomonas are not present in la.rge 

numbers in the 1"UIleD. It 1s possible that other lactate-utiliz

ing bacteria B'lFlY be 1mpor�t unler �1 Zealani eondi.t1ona . For 

this reason, because of the eurre'nt interest in, the fate of the 

�JO .m1n metabolic 1:nte d1ates, la.etate (Jayaauriya am Hu:ngate. 

1 959; Inldw1n, Wood and &Bery, 1 962, 1 963 )  am suce1nate 

(Blackburn am Hungate, 1 963 ) ,  1n the l"UJOOn ani because of the 

s1m1lar1t.1es between. !g3.:m1bactenum am Bu1i;2l1baeter1um rettg,ep:1� 

aome additional atud1e on. the fer.mentat1an of lactio acid by 

Bam:J,baCterium were carried out . 

B. rettgeri has a requirement for lipoic acid ( thJ.octic 

acid .  BR factor; Kline and Barke:r, 1 950; nine et al • .; 1 952) 

in the decomposition of laotic acid (Kline .. P1ne am :Barker, 

1 963 ) .  the organlsm being unable to attaek lactate 1n the abaence 
of: the growth factor .  KUne , Pine and lhrker ( 1 9(3 )  showed that 

the taotw was oot required for growth on gluc ose but tt-� t lactate

adapted cells gre\*J better when l1poic acid was prov1ded . Le ss 

lactic a.cid \faa produced by glucose ·cultures 1n the presence of 

llpoic acid . Both lactate-adapted and glueose-adapted cells u.sed 

both the lactic ao1d am the glucose in a lactate/glucose culture 

conta1n1ng lipo1e acid . !actio acid was produced from pyruvate .  

only 1n the absence of lipoic acid . 
Experiments were carried out to test the effect of l1poic 

acid on the fermantatlon of lactic acid by ... R;;_�mt ..... · _ba ___ c .... tG;;;,;;ri ........ um..,.· L34 . 
Two culture-lines of L34 were established; L34/g. was cultured 

in glucose msd1um. and L34/1 . was adapted to lactate . Lipoic 
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aoid (60/lg./100 ml . )  tllas. ShOWll to have no effect on lactate 
fermentat10n by L31�/g . or L34/1. ,  iD cultures with glucose or 

lac t1c acicl or in cultures w1 th botb aubstra tea add • Yeast 

e�ttra.ct (Difeo)" 11'1 the concentmt1on used by K11De , Pine ani 

Rlrker ( 1963) "  alao bad no et,fect .  

Because L34 could not be gPOWB 1n the abs nee of rt.men 
liquor, expel"J.mnts were earr.1ed out t'f1 th washed suspensi.cns ·O-f 

cella fX'Om both lact1c acid ani glucose Ed1a . The cells were 
incubated tJ.'OOer anaerobic con:11t1ona tor periols of' up to 18  hr. 
�l1th lactic acid" am with and w1thout added lipoio acid . In 

all experiments tbe rate oi: decomposition or lact.1e aeid as 

lOt'l $ but there was no' de·tectable 1Dcrease in utilisation in the 

presence of lipo1c. acid .  

An ax�lrlent whe:ve L34 Vias grown u1 th soctlum p"ft\lva te 

(0 .5%) a.a substrata in the preaeoo,€\ of �n liquor ani added 

11.po3.e a.c.1d. provj.ded more evidence that l1poic acid was not 

required. for lactate-deoomposit1oD,. !aotio acid 'la prOOuced 

h'om P'S:"'!UVate even in the presame of added l1po1c aoid . Batn:1-
�cte�um re.ttser1 pJitOduees lactic acJ.d fr p�te only in 

the absence of ll.po1e acid . 

The poss1b1.l.1ty that L:;4 could only uae one sterao-1.s r 

of lactic ae1d� am that it prolueed the other isomer from 

glueose� \ias tested by gl'0\'11ng the organism on bQth D(  - ) - a.m 

L( +)-ca.la1um lactate . Growth on the two i.somenc forms was 

s1m:1lar after 24 and 48 �.r • .t al though there tlaS slightly hea.vier 

groiath on the D ( - ) isomr after 72 br. 
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Several attempts to obtain further isolates of Sltm, ... 

bacter1u;a from the rt.lEn ere unsuccessful . CultlU'es fj,6N 

prepared from the l'Unen Uquor of both C Ol'lS and sheep on d1ets 

ot bay am concentrates .  On two oeeasJ.ona lipoic acid was added 
to one ot a double series of cul turea of :rur£en liquor dUuti� 

but did not cause aD increase in the number of laetate·-utJ.11zera 

isolated, am did not emb!,e J3utmOOcterium to be 130lated . 

Discussion 

The 56 strains of baeter1a. isolated aId characterized 

were all typical rtlD3n bacteria and rep.reaented moat of the types 

that attack the CODDOll rutoon subatrate . The important rumn 

ba.oteria attac Jd.ng these substratea . together �i1th the baetena 

isolated in th1s atudy are ahCMn in Table 50. The surprising 

resul t was the sml.l m.11Iiber of gmm-nega tlve organ1sms 1so1a:ted . 

All tbe bacteria with the exception of But;yr1vlbr1o .f1br1s-01v!ms 

au1 Vel.lloDS1la gazoge1l@s were gmm-pos1t1ve, although many of 

the 1solates quickly changed to gram-negat1ve as the culture aged . 

No Bactero1de� species were isolated . As Blctero1tles have been 

ah�m' to carry out ' Beveml important ruEn reactions (Bryant, 

1 959 )  .. am a. s  gram-negative bacteria. constitute a lal'ge propo-rt

ien of the rumen flora as sh�n1 by microscopic examination, the 

fallure to isolate them was prObably the result of an inadequate 

te·crdlique . All are obligate anaerobes am my not have gPOWD 
un:lar the redox conditions used for most of the iaolations . 

The other genera. \'ihich were not toun:i counonly mJ .. ..e up 
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onl;y- a smll percentage of the total bac"cer1al population. 
Eubactal!um.. Lac.hnQSQira...L Cl11o})a.cteaum .. . SuoeinOtaOMg am 
f!uc.q1n"ov11<r12 bave not been shown to be important �:n becteria 

'\.ll')j.er all c0Di1 t10DS as have most of the more CC'JlltJmOI1 geDera . 

iJhny of these lesser k:notlD baetsl'ia are probably present in the 
rtmen o£ coos in this country ruxl are ou�rod and outgrown 

in oul tures by the more rmmerous types .  Tb isolation of the 

less C01lDOU rumen anaerobeB is often largely a tter of cl:1anee 

unless selective mdia can be used .  A large number of colonies 

£ram s  culture need to be p1cked otf and cultured to eDsure 

too t a bacterium occurring iD 1<1111 munbers 1s obtained . 

The o1�gen tension 111 the DIld1: obviously influences 
the types of bacteria isolated . Attempts to isolate lactate

decompoo1ng bacteria by neans· o£ ahake-tubes_ without gaasirlg 
or using reducing agents .• always resulted 1n an ove�belm:lng 
g� th of Ve1119m,.lla a.loalescens . ID cultures which 1ncorpo�-

a ted a reducing agent and wbieh had been thoroughly gaas.e<l to 
reduce resazUl'in, V, ale ale se ens failed to gJ'a!I ar¥l Selenomoms 

!£lSOO;Dt1lB! var- . ,lactilxt1clW aDi a. ��:1j;)ac:te#um species. were 

isolated . This technique of select1.cm by varyins tbe redox 

potential of the medium. was also used by Sm1th and Hungate ( 1 958 ) 

to 1 sola te !�than�ba.q!..er1um rum:i.mnt1u:m ani is \' orthy of � 

extens1ve application. It 1s possible that m:my ruman bacteria 

only graN or lOOtabollze over a. restric ted range ot Eh . 

Several of the bacteria isolated, �oeOQcus spp • •  

Bu.txr1baeterium sp _ and Bo�lia. ap . , required ruman liquor for 
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Table 50.. §gp l\JlPJl.Jitc�"1a aJiLt.r£1r_���te.!. 
+ So ttaeked by SOI'1l1 or all st� 

.. not attacked 

* apee1es 10 Jated 1n tb1s study 

lIUInOOJIO 111 bm.ek.eta are retereme3 gj.VEm below . 
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( °1 )  Bryant and Doetach .. 1954; (2 ) Hw:lgate81 1 951J (3 ) S1jpest�Jn. 
1 951 ; (4 ) Htu:lgate. 1944; (5)  BJ.oyant n.m �l# 1956b; 
(6) Doo tsch et al.,  1957) (1) �t et al.$  19:X�aJ (8) Gut1e� 

rez et al. ,  1 959b; ( 9 )  Haml1n ani llungate� 1956; ( 1.0) Gut1en-ez 
et al ." 1 959a,; ( 1 1 ) Gut1errez, 1 953- ( 12 )  �.;ant .. 1 956; 

• • •  Continued over 
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. ( 13 )  Elsden et al . ,  1 956,; ( 1 4 )  Johns, 1 951 ; ( 1 5 )  Clarke" 

1 961 ; ( 1 6 )  Hungatel 1 950; ( 1 7 )  BryaDt# 1 952; ( 1 8 )  Bryant, 

1 959; ( 1 9 )  �JaDt et al . , 1 958cJ (20) Clarke# 1 959; 

(21 ) �Qnt and Small, 1 956aJ (22) G1bbons and Doetsch# 1 959; 

(23 ) Hobson ani Nann.. 1 96 1 . 

growth . Various workers have shown that this requirement can 

be met by the addition of pure eompoUDl5 . Thus Bryant am 

Robinson ( 1 962 ) am Caldwell .. Bryant and White ( 1 962 ) shONed 

that !leme or some other porphyr1n3 could re.place the rumn liquor 

requirement ot l3e.cteroides rmdp1cola subsp. rum1n1eola,. ani 

Bryant and Doetsch ( '} 955 ) demonstrated that Ea.ctero1des sueoino

genes requires e1 ther isobutyrio, isovaleric or 2-met-byl butyric 

acids, together with a C5-Ca straight chain saturated acid, 1n 
the absence of certain amino acids . Wagnera and Foster ( 1 9511' 

1 9(0) ah�led that a large n:umber of �n bacteria require one 

or more of the volatile aCids, n-valene . iso-valeric , iso

butyric and 2-mthyl butyrj!.J tor gPOVJth . Ac·etate 1s also 

important in the wt-r1t:1on of some rumen bacteria (Bryant and 

Bob1nson" 1962 )  alld has been ShO\<lD to 1Dcr-ease the grotfth of 

soroo strains of' Selen!?lll.C?l!ls ruminant,ltm (Hobson a.Ai �hnn, 1 961 ;  

Hobson_ Me..nn and Smith" 1 963 ) .  Both the Ru:m:1nocoocus spP . 
studied here grew ell when iso-valerie acid was used to replace 
rwooD liquor 1n the nnd1uta. .Al11son, B'�.}ant and Dootsch ( 1962)  
8h��ed that Rllm1noooc�us f'lavetac 1eM incorporates this acid 

into leue .1ne a.s it has a I1m1ted ability to incorporate exogenous 

brancbed-chain amino acids and to synthesize the iso-propyl 
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group to'tlIli in these amino acids . 1i'l.c tero1des sucoinogenes 

has been shown to incorporate iso-butyric and valeric acids into 

phospholipId (Wegner and Foster, 1· 963 ) .  

None of the acids, acetic , propionic , n-valeric . iso

valeric or iso-butyric. , or yeast extract, or a. mL"tture of groTtlth 

fac tors satisfied the requirements of the �rre11a or Eut¥!i� 
bacterium spec1es . Ne! ther 2-nethyl butyr1e acid nor heme \'Jcro 

tested . BI".;ant ( 1 960 )  alao noted that Borrelia spp . require 

certain grcMth factors foun.1 in !"Ul'Ban liquor . 

Apart from Clostr-ldium. b1fementan.§, which probably Is 

only of minor importance in the rumen, no proteolytic bacteria 

\'Jere isolated on casein. Both bovine aal1var-.r mucoprotein am 

c lover cytoplasm1c protein \'iere also used as substrates for 

proteolytic bacteria lllithout succe s s . Proteolytic stra..1ns of 

Butxr1yibr19 f1br1so1vens were isolated on a glucose-cellobiose 

medium. 

Iilany of . the attempts to isolate proteolytic anaerobes from 

the rumen have been unsucceaaful (Appleby" 1 955; Gl1roy" 1 957 ; 

Hunt am r'loore " 1 958; Blac�tburn am Hobson" 1 960b )  I the organ

isms isolated being facultative anaerobes . Blackburn and Hobson 

( 1 g60b ) ,  basing their obaervat1ons on the proteolYSiS occurring 

1n preparations of whole and frac tlonated �n c ontents (Black
burn and Hobson" 1 96oa" c ) , suggested that the proteolytic 

orgsn1sm:s then 1solated r�presented only a fraction of' the 

proteolytic bac teria of the rumen, and since then many pl�teolytic 

anaerobes have been isolated . Blaclcburn and Hobson ( 1 962 )  ShO\lled 
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that proteolyt1c ac tIvity t'las distr1buted over a t'11de range of 

rumen bacteria . Th1s wor <: \'1a8 extended by Abou Aklmda am 

Blackburn ( 1 963 )  who found proteolytic rumen isolates of Blct{ar
cides §Ull¥lcQh1lu6, B. rum1n1cola. SelenomQnaa, Butyrtv1br1Q, 

Bacillus , Eubacterium. Clostridium and gram-positive cocci . 

Similar results were obtained by Fulghum am �loore ( 1 963 )  who 

isolated several amerob1c proteolyt1c bacteria ani estimated 

that these organisms aecounted for 38% of the total count on 

glucose -cellob1ose agar . The organisms isolated , Butmv1br1o, 

3ucc1n1v�br1o, Se lenomo.paa, Borrel1a and Bacteroldes� are all 

organisms \"ihlch can use substrates other than protein� and i t  

1 s  nOt'1 apparent that there my be no important rtllOOn bacteria 

si.m1la.r to the e lassical putrefact1ve bacteria run capable of 

existing on protein as sole n1trogen and carbon source . 

In spite of' the large number o.f proteolytic anaerobes now 

known to be active in the rumen a c ,ons1derable proportion of 

tbe total proteolysIs c ould be carried out by the faoultative 

anaerobes I in the same tIny aa the euryone Streptoeooeu§ bov1s 

is ac tive 1n the degradat10n of starch . Also, in view of the 

protozoa shown to be capable of protein degmdation (W111iams .. 

Cr'Utlerrez and Doetaeh,. 1 960; W11l1ams . Davi s, Doetach and 
Gut1er:rez ,  1 961 .;  Gutierrez and ])avis ,  1 962; Abou Aklm.da and 

HO\'Jard, 1 962; Wr1ght .. Clarlre and Howaro , unpublished ) , the 

rumen cil1ates could c ontribute apprecIably . 

There ls, pel'haps, no need to look furthe r for proteolytic 

bac teria in the :ruJOOD .  .But .. 'VJilllbr10 and B:lctero1.des are nearly 
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always pre sent 1n the rumen of sheep and cattle and their 

activity, together \'J1th that of the facultative anaerobes aai 

ciliate protozoa, sbould be great enot.:gh to account for most,  

if not all , of the observed proteolyt1c activity . 

The breakdown of cellulose 1n the rumen 1s apparently 

carried out ma1n1y by Rum1noc oc cuG if Bac teroides sucainogenes 

(Bryant and Doetech. " 954 ) 115 really absent . A re  intens1ve 

search for this organ1sm is wa.rranted . 

Even though the an1me.ls used in thi.s investigation were 

not on hlgh-stal"Ch diets, the few types of starch utilizing 

bacteria 1solated was unexpeoted . Streptoooo.cua bov1s� lacto

baoillus b;1f1dus-J Selenomonas ruminantiu,m and Butyrt vibrio 

t1br:l.solvens l.tJere the .miD starch-utilizers isolated . Bscter

aides rum.1.n:1cola, ,B. fll!l12Ph11uS and Succ1nomonas a.mylolyj;;1ca .. 0.11 

of t'lh1eh have been shown to be active starch fe:rmenters (Bryant, 

1 959) were not found . Th� pre sence of Butfflv1brl0 f1br1aolvenB 

may account tor a considerable proportion of the bao terial 

fermentation ao tiv1ty in the rumen. Bryant and Small ( 1 95�) 
noted that Eu�lr1v1bFio are of wide distribution and usually 

occur 1n large numbers l and stated ( 1 9500, p20 ) t.hat " they are 

of considerable importance 1n the breakdwrl or fibrous eonstitu

ents o·f ea ttle feed as shown by the ab111 ty of some strains t·o 
digest cellulose , and most stra1ns digest xylan • • • • • • • • • • • • • •  

Also, the genus ButIDv1brio ur:noubtedly c ontributes to the 

breakdown ot starch and prote.in in the ruman . 

Cultural studies suggest that tius genua produces a large 
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portion of the butyric acid found in the rumen . W1111e otber 

organisms produc1ng this acid have been isolated. they l'l.ave never 

been found 1n numbers approaching the numbers of Jllt;n:1v1l?r1o .tt 
The ma.1n lactate-re�nters appear to be Selenomona,9, 

rum1nantlum am Ve1110nella alcalesceqq as Peptoatreptococcus 

elsden11 'RIaS not isolated . ButWbae.te,rium is probably important 

a.s a lactate-fermenter only iD certa1n circumstances . It was 
isolated over a period of several months from �J,O 00\13 8  on a diet 

of grass hay, but c ould not be obtained from other animals on a 

variety of diets . 

The metabolism of lac t1c acid and glucose by .Ram1baeW�1tw.!, 

L34 \'JaB shown to be very s,1m1lar to that of �tn'lbacter1lUP 
l;'ett.g�.tl. both organisms producing aeet1c ani butyr1c acIds from 

both of' the substmtes .. in add1tJ.cn to lactic acid from glucose . 

Bryant et al . ( 1 958c )  were in error in Cl t trlbut1ng formic acid 
production to L34 . The f·ew analyses made on the em-products 

produced by !3Utmba,aterJ.um strain 1 8  indicated its s'milar1ty 
\'Jith L34 and B. rettSE:r� . 

The lack of response to lipoic ae1ci by cultures of L34 my 

have been the result of the preseme o.f rur.ooIl liquor in the 

�dlum. L1poie ac1d partic1pates 1n mny Ci... -keto acid oxidation 

systems (Reed� 1 9(0),  and occurs, largely in association with 
prote1ns$ 1n a large l'lumber o£ tissues . It has been found in 

chloroplast prepare t10ns of green plants ( Calvinso 1 954 )  and is 

present in many miCloao-Organisms and an1ma.l tiesues (Reed et al . ,  

1 951 J Gunaalus" Struglia an:l OtKane" 1952 ) .  It i s  unlikely that 
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1 t 1s not available in I't.llEn liquor . The produc t10n of lac tic 

acid during the fermentation of p�nrcate sugge sts however, tp�t 

L34 does not require l1poic acid for the reduction of lac tate . 

In the presence of lipoic acid Bt rett.s,eri d�s not produce lactic 

acid from pyruvate . 'r'ne studies with wa shed suspens10ns conflrmd 

the lack of response to lipoic aCid;, although the rate ot' uti.ll

sat10n of lactate was too low to draw any firm conclus1ons . 

Further stud1es on Butyr1bacter1um fr<& l."'W1en l1quor would 

be worth wb1le . The organ! my be important in the (lecompoa1-

t10n of lac ta te 1J1 the· rumen under SOD! circumstances # ani is· of 

interest because 01' its produet1on of butyr1c acid . The COl1I!lOl'1 

rwEn lac tate -ut1lizers c onvert lactic a.cid to propionate . 

most of the bacteria. obtained in pure culture were 

difficult to ne1ntain witbout frequent sub-culturing . Som 

strains survived well at -700 but lack of a suita.ble supply of 

dry-ice aDi an efficient storage chest usually reaulted in the 

loss of these cultures . None of the oblJ.gate anaarobea tested 

survived lyophilization. The labour involved in ma1nta1n1ng 

oulture s ,  even when adequate s torage facilities are ava11able_ 

can be excess! ve # am 1s one of the main factors -contributing to 

the tediousness of culture is·olat1oD am characterization. 

The analysis of fermentation solutions is not straightfon1ard 

when �n liquor 1s incorporated in the culture tred1um. All 

determinat10ns of the fermentation end -products have to be made 
by difference, a.n:! substances introduced \'J1th the ruroon l1quor 
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are often fOr!OOnted along \i1 th the aubstrate unler investigation .. 

If sufficient cells can be prepared then 't'Jashed suspensions are 

to be rec OllIl)anded in such circumstances . 

The analys�a of formic acid in the preaence of other 

fermentation products was founl to be d1f:r1eult .  f.'1ost et£m1aal ' 

methods of eat1m.t1on ( Grant, 1 947, 1948; Perlin, 1 954)  were 
not satisfactory because of the presence of interfering substances . 

lactic acid an:i phenol red, both pres,ent in the neutralIzed 

distIllate follcm1ng steam-dIat11lat1on. were shown to interfere 
"-11tb the method of Pe:rlln ( 1 954 )  which involves oxidation ef' 

formate with lead tetra-acetate . The column chromatography 

methods of &ed1ng am Yale ( 1 951 ) .ani 51�1m am Utter ( 1 957) are 

too time-consuming tor routine analysis a1X1 a precise ebem1eal 
Ethod would be BlO'l'e suitable . The method based on that of Plr1e 

( 1946) and involving a grov1Jootr1c estimt10n of the CO2 
released from formic acid 'by E:fICurU acetate ls apparently 

sat1stact(}ry 1n the presence of other fSrnEntati.on materials 

(Dr R. D. Batt, peru . conm. ) , but \\Jas not tested . 

Succinic acid was not determ1ned quantitatively .  The best 

methods available, both uUl1zblg Sluec!n1c dehydrogenase, a.re 

those oT Krebs ( 1 937 ) am Rodgel� ( 1 961 ) . Ne! ther of these 

xoothods is really convenient for routine analy'sls of suee1na te 

as both procedures are very lengthy. 
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4 .  IMJ."\lOOlETRIC STUDIES ON R'm.mN ACTIVITY . ' .. . 

Intr<Xiuc t1<m 

Hungate ( 1 960, p359) in d1s.cUS31ng the microbial ecology 

of the ruman stated : " The  most difficult aspec t of the ecolog

ical amlys1s of a habitat 1& to obtain quantitative 1nfor.mat1on 

on the extent of the .ac tivities .  A complete analysis should 

inc lude not only a measurement of the total activity' but also 

the act1vity of ea.ch component step . The degree of success and 

completeness in an ecological analys1s can be neasured by the 

degree to vih1ch the algebra.1c sum of' the activities of the 
compOOOl'l,t parts eq.uals tbe integra too aotivi ty of the whole . 

The meaauremnt of total activIty ia thus essential for a complete 

analysis . For many habitats this Easur-e�nt is cl1fflcult� but 

for the rumen 1t 1a relatively easy ." 

The meaaureEnt of fe�nta.t1on aetivIty in the rumen has 

� applications other than that of providing ecological 

information. Walter ( 1 952 ) !3uggested that it 1s useful for 

evaluating rations am studying trlC effects of antibiotic s and 

tberapeutic agents , as well as for pI.aov1ding general lnfo:mat:1on 

on rum1nant d1gea.t1on .  The method has been used t o  compare the 

fe�lltation rates in bloated ani nornnl cattle (H�a.te Qt al,. b 
1 955; Fletcher and Hafez , 1 960 )  and to study the fate of fOrmlte 
(Carrell am Hungate .. 1 955 ) and lactate in the rumen (Jayasur1ya 
and Hungate, 1 959) and the effects of antibiotic s on the rumen 

rl�a and fauna (Hungate, Fletcher and Dye�, 1 955 ) . 
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Pour methoos have been used for masuriDg the a.ctivity 

of the rutJen m1crob1ota . The tirst roothoo used was tr..a t of 

:F.Brcrof't, McAna.l.ly ar¥i Ph1111pson ( 1 944 ) uho measured the 

volatile acid cc:mtent of the bloodstream 01' the hoat" am 

coupled this \'J1th the rate of flow of the blood to obta1D an 

estimate of the total productiQn of fatty acids in the JlIWIi'm .  

The secom E,thod involves .meaaurcment ot the total Ethane 

formed in the l"UJDfS1l by ferm9ntat1on, ani 1laB used by ll'w'lgate 
9t al. ( 1960) . 

The other t't'JO netbods entail in vitro meaSUl'Oment,s OD 

rumn contents . The zero t.1me rate .method of Carroll and Hurlgate 
(1954)  involves JOOasurement of the change ill concentre. t10n of 

eitber substrate or product ,  or- both, in a sample 01" l'IJIIlen 

liquor 1ncubated in vitro, :immediately after removal from the 
animal . The mnometr.1c _thod . first used by \4la.l tar ( 1 952 ) and 

I4eBee ( 1953)  uses the total gas product1on .tram 1ncubated �n 

contents as a. lEasUl'e of the t'otal fe.rmantat1on aet1vlty. �he 

zero time rate method is 1'l1Ol"e precise tban the mnoraatric method 

but ia more tim-consuming, (Hungate et al . .. 196oa ) .  
VaFlous methods ha.ve been used to as,t1mate r'Ul'len act1v1.ty 

mno�trieaUy. Walter: ( 1 952 )  ,QOO Me� (1953 ) both used 

standard warburg equipment capable of measuring the gas evolved 
from a. 1 -2 ml .  sample of �n l1qu.o�.. In view o£ the hetero

genous natlWe of rumn contents# larger samples are really 

requj.red . This was realized by Hungate et al. ( 1 955. 1 959. 

1 960) and Ph1111ps et al . ( 1 960) tl¥ho modified the technique to 
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permit the use of larger samplos of rwoon liquor . Their technique 

utilized 1 60  ml .  &UlOlOOtr1e vessels capable of holding samples 
of at least 1 0  g .  �rc'llY3 as used in the stan:iaJ:d Warburg 

manometers to perm1t mea surement of the :u.u:age amount of gas 

produced . Conrad et al . ( 1 958)  used 35 ml. .  samples of �n 

liquor . Boda am JQbna ( 1 962 )  used even l.a.I*ger samples am 

measured the gas evolut1.on from 1 00-200 mJ. .  of l'U.1'.En liquor . 
£.float of the methods used have involved dilut10n of the 

sample witb an inorganic solutiQ . Th1z dilution of the l�n 

content,s. as li'Ullgate ( 1960, 1>300) po1nted out" 'tmod1f1es cODlit

ions from those ln the I't!Jlen, chiefly 1n the direction of a more 

rapid a.n:i longer ual,llta1ned aeUv1ty 18 Vitro, s1nee the 

fe:t'nl.entat1011 products aN diluted . It The fermentatJ.on my also 

be reduced because ot 1nh!b1t1on of act1vj,ty f'oll<7N1ng the 

sudden eha.."lge of envlr�nt ani beeau.se of the lnh1b1 tory 
effec.t of substances such aa reducing agents whj.ch have been added . 

lt1here Bubstrates have been a.dd.er! to the rumn contents 

tutier 1nvastigat1,on. the mter1ala used nave usually been mrltedly 
d.ifi:erent .from. norwt.l d1e� substances . Most experiments have 

been carried out \fi.th mter1nls s:u.eh as soluble sugars" ao�uble 

starcb, prepared cellulose an-l oven-d:r1ed rorage , thus oontri

buting £"lll�her to t..t-w a.rt1.f1c:1allty of the system. 

In the present work a matbod s1milar to those of :Boda 

ani J olma ( 1 962)  and Conrad et al . ( 1 953)  was devised to cner

c oma  theae IJ.m1tat1ona . Tlda sec tJ.on r-e ports the results of 
manometr1c studies on the fe�ntat1on actlv1Jey of whole ancl 
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fractiona ted rumn liquor �er varlOlW con:l1 t1ons . 

Materials 

Rulgn 11guor. 

�ter1al6 am l\llethods 

............. 0 liquor was obtained from � ... fi5tulated 

cows . �..e aninnla were stall-fed on fresh red clover l'I,)'i,fol1ty! 
omtense L. ) .  red clover hay Ol' grass hay, between 8 .30 am alii 

4 PI21I. and were starved overnight . WheD the anjmla ere fed on 

pasture, they were starved overn1gbt after be1ng taken from the 

pasture a.t 4 pm. �le8 were always taken just before the 

mcrralng feed 80 as to wtaIXlaro1ze the activity of the JiI\.IlleD 

contents .  The sample was tali:en from �1ately 'bel the 
fistula. at a depth of 6-1 2  in. The r'U11.eD contents were stm1ned 
through gauze into a quart milk bOttle . and the sample wa. 

transferred to an incubator a.t 39° am used ltJ1tl'dn 1 hr. 

CloV§ll? sluioe . Clover juice was obta.1Ded by extracting fresh red 

c lo-\fer in a " Proteasft Extraction ·Plant (E . H. r.entall & Co . Ltd . , 

Iraldon, Englam ) .  It was strained through cheesecloth. divided 
into 25 ml. pol'1;101'1s in 1 oz . screw-capped bottles , ani :frozen 

at -250 until requ1red . 

Ity:egmss juice . Juice trom perennial ryegrasa (Loliumye:renne 

L. ) l'lClS extracted am stored UD:ier the saJlJ3 eon:i1t1.oDS aa the 
clover juice . 
Clover r1bm. This was the fibrous rresj.due fl'(Jm tl'� proceas1ng 
of fresh red clover in the " ProtessR extractor . 

BtlffeJ!. tor sulWtmi!e cont.rol .  As fresh c lover juice was in the 
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pH mnge 5 .6-5 .8, pbosphate buffer, M/15_pIi 5.7..t was used to 

replace clover juice in flasks without substmte . 

Soluble sugar�. Solutions of glucose. galaetose. sucrose am 
maltose were 0.2 in M/1 5 phosphate buffer, pH 5 .7 .  

ClM1f1ml lUmen l1quor. Fresh rumen l1quor wa centrUuged at 
1_ speed 1n a Nfrigerated centrifuge to remove large plant 

ter1al am protozoa . 'lba super:r.&.te was then esntr1tuged. at 

1 0 .000 g tor 30 min .  Tbe fl l1qt1OJl prcnuced as elear am 

pmetJ.eally fJ.'llee of bacteria .  

J4ethS!i§ 
�tn9 tecbn1SI!1S!S . Fel'llEntat1oa expe-r1ments liare cal'r1ed 

out 1n 1 50 ml. .  Warburg-type flasks shaken 1n a 'Water bath e. t 

39°.. $as evolved was collected in 200 1Dl .  �ters, w1:th 

levell1Bg bulbs eon..l'\eCted to the flasks with 4 ft . of thick

vlalled butyl rubber tub1ng. The IllUlGIEtSN \tIara filled w1 tb 

distilled water eonta' rdng o..Ol� safran1n. During equll1bration 
the flasks l1eli'e gassed w1 th 9� �/5t� C02 . 

Each flask oontained 40 ml .  ot whole or traetiomted rtJJl.tan 

l.1quor. The .substra te # or buffe:r # ( 10 ml . )  was 1n1t1a.lly placed 

in a 81dearm. The durat:Son of each expe:r1%Dant was usually 1 hr. 

Volatile aeids.. Total volatile acids liere dateI.S1Bed by steam.

d1st:11latlon" f'ollCMoo by t1tration with 0 . 02 N NaOH ( see 

previous section) .  

Arelys1s of the individual acids 1n ·the ateam.-d1st.11late 

\'las carried out using a gas-llquid chronBtogmph w1th an auto

mt1c titrat10n detee tor .  
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Iact1-Q ACld. lactic acid was determined by the �thod of et tner 

Fre1demnn am Groaser ( 1933 ) or Eilrker am S�ra.on ( 1 941 ) .  

Totel soluble @ygars . The total soluble sugars ( soluble in 

� (v/v ) ethanol ) 1n hay am pasture samples \-/ere IOOasured by 
Dr R.  W .  Bliley using the toothed of Fe. th ( 1 958) .  

A .  i;i{mu:MENTS W1:.rH WHOlE RmD LIQUOR 
l11.q p,qrmab111ty of various tub#S to COe 

In the prel1mInary mIlOEtriC eJcperioonts th1n-walled 

rubber tubing was used to connect the flasks am mnoneters . 

Tbere l'laS c ons1derable loss of gas from this sys.tem and an 

experiment lies carried out to determ1ne the most sat1afaetory 

t"Ublng .  

Severa.l types of rubber a.l¥1 plast.1:o tub1Dg were used to 

o onneat empty flasks alii sm�ters � lI1hi.ab were' then flusbed 

�.1th CO2, sealed rux1 left at atmospheric. p.reSSlll'e tor severa.� 

hours . There was considerable lo a of gas through thin-walled 

rubber am plast10· tub1ngs but only a slight loss through tb1ek
walled tublDg . The results are shown 1n Tabl.e 51 . In all 

subsequent experiments butyl rubber tubing was used to oonnect 
the llWlOEtera . 

Tile effect of treatment of sample on fermenta�ion ra� 

The preca.utions nece ssary to maintain JmX1mum activity ill 
rumen liquor af'ter removal from the animal were determined by 

subj ecting samples of rtmJeD l1quo� to various treatlOOnts before 



- 1 26 -

'rable 5 1 . �Hl1Cab111ty of various .,tui:l1,ng to COe 

Type of tubing 

nubber 
Rubber 
Silicone 
Poly-ifinyl cLloride 
Polyethylene 
Butyl rubber 

Dimensions . ( 1n. ) 
Bore Wall 

0 .25 0 .06 

0 .22 0 . 1 6 

0 . 09 0 . 06  

0 . 22 0 . 06 

0 .22 0 .06 

0 .09 0 . 1 6  

Gas. lost at ntmoSPheriC�:ressure 
(m.l ./rt . ur . ) 

8 .0 
1 . 5 
'7 . 0 

7 . 5 
8 .0 
'1 .3 

measurement of their fermentat1ve ability . 

Flask fer!Entat1ona 'l�ere carr:ted out \,ii th clover juice 
( 1 0  ml . ) as substrate am with rumen liquor (40 ml . ) treated 

( 1 ) Tbe rumen l1quor was added to the flasks as quickly as 

possible \+11 th the usual precautions to mJ.ntain anaerobiosis � 

am the flasks were gassed w1th �/C02 . 
(2 ) As ( 1 ) It but the flasks �lere not gassed .. 

(3 ) The rumen liquor was c ooled to room temperature ( 1 8° )  on 

the bench bcf'ore it \:las added to t,he flaslC5 and gassed . 

(4 ) The rumen liquor \'las vigorously aemted by bubbling f:or 

5 min. before it was added to the flasKs and ga�sed . 

Provided .ths t the flaal{s \tle:re gas sed a t the beginning of the 

experiment and precautions we re t�n to avoid extensive aeration 
of the rumen liquor prior to Ijassing; the fer-mentat1on ac tivity 
was not affec too by hamling . 
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Table 52 . Ef'fec t of trea tlOOpt? of rt.mlen l.1guor m tbe. 

fermentation rate 

1 • Control-all � .  Flasks 3 .  Cooled 4 . A(ilmted 
precautions not gas ed am gassed an1 gassed 

r�u . gas in 
60 ·ndn. }9 24 38 36 

Gassing and tlle oxidation-reduction potential of rumen liquor 
Rumen 11quol" \lJaa added to a flask \�1 th the usual pr-ecaut

ions to exclude air. The flask was then shaken in air tor 0!'lC 

min. ani gassed . The ox1dation-reduction potential was JOOasured 
with a Beelanan .pH Eeter ( r4cdel 76) oofore am during gassing 

which waa carried out with the N2/CO� dellvered just above the 

surface of the liquid as if via a a1de-arm.. Intermittent sr-.aldng 

\,1a.S applied dur1ng the gaasUlg . The NSul ts of two eJtperiments 

are shown in Table 53 . 

Table 53 . Effect of e;asa1w" on oxida.tion-reduction potent1.al 
of rwron 11gyOl" 

Results given in negative m1111volts 

l3efol'e Flask shaken Flask gassed with �C02 for (min. ) ahatcLng 
in n1r 1 min. in air 1 3 4 5 8 1 0 1 2  

350 220 280 350 370 390 400 400 400 
370 260 280 340 370 370 380 390 390 

AS Cl m:ln1mum potential was reached afte� gassIng for 8-1 0 

min. 6  flasks l!lere gas sed for 1 0  min . ,  with shaldng, in 0.11 
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subsequent e�l:per1ment6 . 

A sample of rt.m'en liquor left staming on the bench in a 

flask maintained a. potential of -320 mV at the sUP.faee, for 1 0  
mill. The haD111ng of rumen liquor duriDg sampling and transfer 

is apparently only auff1c1ent to lC*Jer the redox potent1a.l 

slightly . 

Dally var-lat1Sm ot fel'Entatlon rate 

Day-to-day variat10n of the rate of fel'BEntat1on of clover 

juice was demonatra ted . on samples of ru.nr=n l.1quor taken on 

week days from cow 2 before feeding on red clover hay. The 

anim 1 was also fed clover hay on Saturdays and Suztlays, but 

samples of rumen liquor were not taken. The m te of fermantat10n 

was tested by the usual method . 

The :results are shown in Table 54 .  The day-to-day varia

t10n was +5� of the EaB recorded rate of 29 .6 ml ./nr. frcm 40 -

ml .  �n liquor. 

Table 54 .  Da1�i1 ,fersantat1on rate of clover juice 
Rum9n Uquor from CCAtI 2 on clover hay diet 

Day : Tburs . Fri .  Mon. Tue s . Wed . Tburs .  Fri . Tues .  Wed . Thura . 

ml .  gas 
Inr .  25 . 27 32 34 3 1  29 30 

�ffect pt diet o� the rat� of fermentat10n of c��er ju1e� 

25 

The effect of the diet of the hOGt on the activity of the 
�n flora am fauna towaros clover juice \�as studied over a 
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perio:l of eight · nths . From June , 1 961 to Janua.ry .. 1 962, eOt� 

2 was stall-fed on grass hay, clover hay" or fresh red elov·er� or 

was fed on mixed e lover-ryegmsa pasture . Feed1ng was carried 

out fram 8 .30 am to 4 .00 pm, alJi the amual tlas s�ed overn1ght . 
�n 11.quor samples l ere taken befON feeding . The feeding 

sequence used over the period June to November, 1961 , uas grass 

hay, clover bay,. grass hay6 pasture � grass bay" fresh clover. The 

experimental tJork lvas cU.seont1nued between No",ember, 1961 am mid

January, 1 962 .  During thIs period the an'm.,l was ted on fresh 

clover OP pasture . From. mid-January r-re�h red clover was aga1n 
.fed . 

The reaul ts of the nanomatric experiments for the whole 

pen.od are shown in Figure 1 .  It 1.s important to realise that the 
rete determ1l'led on any one day is actually influenced IT! the diet 
or the prevj.ou$ days, am that it bears no relation to the d1e't 

of the day OB which .i. t was recorded . The f1guPe . has been dra:tiD. 

to stress this po1nt . 
Determina t10na of total soluble sugars \1Jel'e made on 

representative samples of the graBS am. clover bay and pasture 

fed dur1.ng the exper1�ntal periGld . No determ:1mtiollS lVe.re carried 

out on. the t.reah red elover but the total soluble sugars of leaf 
and stem �loul.d 'probably constitute 16-2a1b of the dry we1ght 

(Ba1,ley. 1 958b) ., 

The mean figures fop gas evoluUon by rumen liquor, for 

the four diets .  together w! th the total soluble sugar concentm t10ns 
for samples of those diets are 8h�'n in Table 55 . 
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Table 55 . Dietary soluble sy.gars and fermentation rate 

Diet I ��an gas evolved 
(ml ./hr .  ) 

Total soluble sugars of 
dietary ma. ter1al (% dry wt . )  

Gr-ass r�y 1 6  4 .8 
Clover hay 30 5 .2 
fiJixed pas ture 56 1 6 . 9 

Fresh clover 52 1 6-20 (Bailey, 1 958b ) 

�rmentation of soluble sugar� 

As previ ous w orkers have used s oluble sugars a s  substrate s 

for measurement of rumen ac tivity (WaIter" 1 952; McBee , 1 953 ) "  

gluc ose " galactose , malto:se and sucrose wer-e occasionally 

c ompared with the clover Juice substrate . 1 0  rol .  of a 0 . 2  M 

solution or each sugar was used per flask. Sucrose and gluc ose 
caused the mos t  ac tive fermentations but the gas evolved was 

always · 1e33  than that evolved from clover juice • .  'l'he re sults 

are shown in Table 56 . 

Table 56 . Gas evolut19l1,.from c love��juice and so�uble . sugars 

\ ; 
Diet 

r---
C lover hay 

n 
u 
n 

Groa n  hay 
u 
n 
" 

Mixed 
Pas ture tf 

--l. 

Clover 

34 
3 1  
29 
49  
1 5  
13  
22 
20 

48 
68 

.: . t.l Ul.C C 
�s evolved {ml .Lbr. ) 
Gluccse Sucrose: GD. lac tose Pft,al tose 

1 8  1 9  8 7 22 1 1  14 1 6  
20 22 1 1 9 

'1 2 
9 5 
8 2 

5 2 1 

1 8  2 1  8 
23 22 1 2  8 
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Fe�n..tat1.Q1l of c lover r-1b� 
E..�per1mants were earrled out to compa.re t·he rotes of 

.fermentation or :fibre with those tor the ferE"lltation of Juice . 
Conrad et al . ( 1 958)  am Boda ani Johna ( 1 962 )  reached different 

conc lusions regarolDg the relative rate3 . 

The Warburg-type flasks were used an::l the fibre was Ttie1ghed 
am poked into the flaaks so that it was s1tt1:ng on top of the 

centre well . After gassing and equ111bmt100 it was miXed with 

the 1"�n l1quor by shaking. In each e:;'tper1ment urMauhed ribre 

�las compared with fibl'e wasbed in 'tlarll am co-ld water am 'fI'llth 

clover ju3.ce . Tbe rumen 11quo� waa f:rom a cow feeding on fresh 

red c lover. Different batcOOJ of f1bre wew used f071 eael1 

exper.1ment .. The reaul te of f'Otlr exper1uants are sham 111 

�ble 57 . 

Table 57 . gas evolution ·rran clover f'1pre am Mc�. 
Gas# ml./hr; fibre" 2g . ;  ju1ce� 10  ml . ;  rU1JJaD 
liquor, l.O ml .  

Pibre 1 Fibre 2 Fibre :; Juice 
- -

38 14  1 2  39 
34 9 9 }6 
7" 1 1  1 0  32 
25 6 4 25 

1 .  Untreated :fibre 
2 .  Fibre \�aahed 1 � hr. in cold 1'Ulm1ng i'la.ter 

3 . Fib-re "'lasbed in two · chatlges of water at 45° 
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�tC. 1nf.luengcw.,of ... intak$L, on ,the :rer1UOntat�gn ilffi-te 
As a high basa.l fe�nta.t1on rate might result in. an 

il!Joodiate , rapid ut11.1zat1on of added Sllbstrate; the total foro 

intake of an an1ma..l on any one day might be e;q)ceted to influence 

the fe.rurmtat1on ratelt before feeding" OD the day following . 
11'000 pro.sent during all or moot of the overn1gbt s'tc:1.na t10n 

per:1od would keep the �n population at a. 111gb level. of aotual. 
or potential Etabo11c activity . St1batrete added under these 

con:ilt1c:Jml eould be more rapidly fermented tilall substra te added 

to the :&'t.mDn 11.quor of a e Wboa8 ruam l as devoid of food 

material fo." moat of the over.n1ght starvation periorl . This 

theol?y was tested by comparing the rates of fenJentat.1on &1 own 

in Figure 1 with the food 1ntalrea f01' the preceding days but no 

correlation was faun1 . The a.nf.m9.1 ' s  intalre of .foo:1 bore no 
relation to the .fe�ntat1on rate on �£ :rOl�CM1ng day. 

Hungate et, al . ( 1 959) f"oun'l tha mt10a of tbe 't'le:1ght ,of 

rumen contents to body weight of different :r�um1nant species did 
not 1nol�ae w1 th deereas;;l.ng body size as might be expected if 

the energy requ1remnts of nnmm.ls corresponi approx1m.tely to 
the � power of theJ.r l-'l'e.1ght and it the rumn f.erment:a t:lon supplies 
the mjor part of these requirements in ruminants . Tbey suggested 

that� in sm�l rmnjnanta the tota� fermentation should be grea'1;er" 
in proportion to their- v-te1ght, than in la.:rgel· ones" ani that the 

demn:i for extra. energy could be �t by greater food consumption 

am a. greatep fermentation rate per unit Qf dry mtter. 
The difference in fermentation rates between two an1L�s 
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1 70 
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C OW 1 71 1b .  
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2 
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"Ias studied in a series or expe�nts on the identical tw1.n 

c ow s ,  1 am 2 . This pair of' t\d.ns \ia.S selec ted because at 

the time of the experiment "  cow 1 wa.s considerably smaller 

than 1 ts twin, bad a smiler rumen volume 11 and usually had the 

higher 1nta.1m . After overnight starvation the rumn contents 

of cow 1 alttJays appeared to be the least frothy of the twol 

suggesting that the fermentation of ingested foodstuff was the 

more complete . 

The 1ntake of fresh rei elover by the 'ttiO cows i ,a.S masured 

am the rate of fermentatlcm of c lovep juioe determ1ned on six 

occasions . Table 58 shows the gas produced 1n each expe�nt 

am the intake of fresh clover on the preceding day. COCi 1 

usually had the h1gher intake_ and always had a higher fermenta

tion rate . On two occasions the p:NXluetion of volatile acid,s 

was also measured . In both experiment.s the level of volatile 

ac ids 1n the rumen llquor of cow. 1 ,  before the add! t10n of 

aubstrate, liaa lower than that in cow 2 but was higher after 

1 hr .  Figure 2 shows the gas am volat1le acid produced in one 

of the experiments . 

B .  EXPERIMENTS WITH FBACTIONATED RU!.iEN LIQUOR 
Estimates of the contributions of tp� bacteria and protozoa 

to the total rumen ferIOOntation have indicated . tl't.at the protozoa 

are re sponsible for about 20% of the total activity (Bungate� 

1 960 ) . These est1mates have been derived m:L1nly from fIgures 

for tr� metabolic ac tivity of single cells in v1tr,Q (Gut1errez� 
1 955 ) • 
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Table 58 . Gas evolutiop from clover r1u1ee by runJan liquor 

from C Ot'/ S . 1 and 2 c01n2Sred. t�1th 1ntalte of fresh 

clover on Ereced1pg daU 

Co\'i 1 Cow 2 

Date Gas Intake Gas Intake ml77fi'r. Ib .�et wt . mJ..i'hr. Ib .7'Wet wt . 

1 0 . 1 .62 52 90 46 71 

1 1 . 1 .62 51  67 39 70 

1.2 . 1 .62 50 85 45 86 
1 6 . 1 .62 52 n .r .  48 n.r. 
1 7 . 1 .62 49 96 42 82 
1 8 . 1 .62 52 71 44 65 

n .r. := not recorded 

Experiments were carried out to assess the activity of 

the bac terial and protozoal fract10ns of rumen liquor . The 
mnometr1c system was the same as previously des,cnbed . anr.l 

c lover juice was used as 3Ubstrate . The lOOthods of preparing 

the fmetlons are described w1th the appropriate expel*1ment�s .  

The effec t of the suspe1Xiing med1um on l2£21<02oa1 activ1t:v: 
fhnometrie experiments were car:ried out w1 th prot02oa 

suspeDied in both Oxford ' s ( 1 95& ) ani Coleman' s ( 1 958) buffers . 

These prel1m1na.ry exper1nEnts 6h�ied that protozoa suspemed in 

the buffer of Oxfo.rd had a lOtier fe�ntat1on l�te than 

protozoa in Colennn' s buffer . Further \'l1ork wa.s carried out to 

determ:lne the cause of this efreet .  

Mixed protozoa were pre pared from tbe rIlIOOn liquor of a 

clover-fed cow by the method of (fAforo ( 1 95& )  using Coler.Eu f El 
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( 1 958)  buffer with 0 .02% sodium sulphide . Equal vol'UlEs o£ 

the �'1aahed protozoa suspension lflere centrifuged" and the protozoa. 
tJere auapeDied 1n c larified rtlmaB liquor, Colomnl s buffer witb 

0 .02% socU.um sulph1de , and a m1xture of buffer and rtJ.fOOD liquor 

( 1  : 1 ) • The suspens10ns were added to the large ltJaFburg flasks 

and their rate of fermenta tion of c lover juice determined . 

itbaSurel'Ents were mde of gas evolution an.l volatile acid am 

lactic ae1d production. The results of one experiment are given 

in Table 59 . The suspension of protozoa in rumen liquor 

produced more gas and a.cids than the other two suspens1ons . 
The amounts ot: end -prOOucta, produced by the buffer/:t't.lIIell liquor 
su,�pena1on were not appreciably lower but repeated experiments 

confirmed tbe d1fferenoe . 

Cysteine-HCl a.nd sodium sulph1de 'V!ere compared as reducing 

agents in Coleman I, s buffer .  The C oui! tions of the experiment 

'Here the SalDa a.s before but cysteine-lIel (0 .  1% ) was used to 

replace sodlum sulph1de in one preparation of buffer., The 

results of one exper:1ment are shown in Table 60. i!lore em

prooucts were produced by the protozoa in the cysteine buffe� 

than by those in the buf'fer w1 th sodium sulphide . 

The effects of t\!lO levels of aoi1um sulphld,e and cyste1na
Hel were compared w1 th �n liquor in a series of experiments . 

Equal numbers Qi' protozoa. 'fIiere suspenied in Coleme.n t s buffer -
\'Jith 0 .01% or O .O� sodium sulphide or cysteine --HC1 , or iD 

clarified �n liquor. The results are 8h�In in Table 61 . 
The protozoa in the cysteine buffer had a. fermanta t10n rate very 
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'lable 59 . EOO-x:!r,pductp of .the fermentatiol1 01 clovel� juice !2Y 
protozoa S1l8INrried in various IOOdia 

I-b2S"lt Runen liquor EUffeF,/Rwoon liquor 

Gas (IDl. )  1 9 .5 29 26 
V .F .A  • (m. mol ./l00 ml . ) 1 .3 1 . 9 1 .8 
I.8ct1c ac id (m. mol ./l oo  ml . ) 0 .95 1 .02 0.98 

-a- Colemn' s ( 1 958 ) buffer with 0 .02% sodium sulphide . 

Table 60 . Erxi-pw,uc..ts of the tenoontat!on of e lov9.re"luice mz 

,prgtozoa. 1.n ColeJ!Wl' S L 1958} bpffer w1th eyste..im, 
q,'I! sod�um sllleh1de 

lb2S (0 .02% ) Cysteine-HCI ( 0 . 1% )  

Gas (ml . )  1 6  26 
V .11 eA .  
(m. mol ./l 00 ua . ) 1 . 1 1 .9 

lactic acid 
(m. mol ./l 00  ml. ) 1 .02 1 . 5'7 

similar t<.> those in the �n liquor and both preparations showed 

higher activity than the sulphide suspension . The protozoa in 

the buffer with O.oe% sodium sulphide produced only 60-70% of 
, 

t le gas and vola tile acids pl.--oduced by the �n liquor suspens

ion.  There l,as a 4-8% reduction in gas and volatile acids in 
the presence of 0 .01% sulphide . Lactic acid production wa s 

slightly decrea.sed in both the systems \"vl th sodium sulphide . 
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I.:awer concentrations of sodium sulphide were not tested as 

c oncentrations less than 0 .01% did not give suffic iently good 

Table 61 . �m-R�ucts of tbe fel'BZntat:ton of clovep j�C_C by 
JLtQ�.2zoa. s.usk!!?nled in various mala 

Em ... 
products 
prrouc·ed 
in 60 mn. 

Gas (ml. )  1 .  

2 .  

3 .  

Volatile 1 .  
acids 2 .  (m. mole ) 

:; . 

lactic 1 .  
acid 2 .  (m. mole ) 

3 .  

Protozoa SU3�Died in 
Colem.n t s 1 958 ) 

buffer i'J1th 
§£iU:�. aUl�� 
O . 01� o . 

30 22 
31 20 
24 1 7  

2 .9 2 ·.3 
2 .9 2 .0 

1 .9 1 .2 

0 .96 0.87 
0 .74 0 .69 
0 .51 0 .50 

£ls�ei� HCl 
0 . 1 

32 
33 
26 

3 .0 
3 . 1  

1 .9 

1 .05 
0 .88 

0.54 

Protozoa suspen.led 
in clarified rutOOn 

liquor 

30 
32 

26 

3 .0 
3 .0 

1 .8 

0.98 
0 .87 
0.61 

The potentj.ala of three .swspenslona as used 1n the expen
ments in Taple 61 were lOOasured to determine �1]hetber the 

111111bitory effeet of sodium· sulphide was the result of a higher 
oxidation-reduction (redox ) potential . The usual precautions 
to exa lude oxygen were ta1 en aDd the �aau:.l'eIOOnts were mde iI i th 

D. Beclm:ln pH meter ( �lodel 76 ) .  The redox potential of the 
cys teine pre pal'a tion (-31 0 mV) was higher than the sodium. sulphide 



aDd ruIlED liquor auspensJ.ons \,1h1ch were t )a  sam (-350 mV) . 
The reduced fermentation rete L'"l the suspensions ill th soo.:1um 

sulpp..ide was obv1ously not the result of lass redue111g 00001 t10na • 

In all later exper1.mnts the buffer c ontained 0 .01% sodium 

sulph1de . 

Exper1ml1ts to check the inertness of the clarU1ed �n 

l1.quor ah�Jed t(l..at no gas was evolved when the r'llIEn liquor as 

incubated with clover ju:lce . 
:Jibe. ,.�ontr1b'qt1on of the bac tel'ia an:1 RrotoZo,a to the total 
fe_�nta1f1en 

Tl'le gas production from clover juice by the protozoal am 

bacterial tractions of �n contents was determined with the 

�tr1e apparatus . 'nlO mtboos of f'ract1onat1on of the 

J."l..mEll liquor ,£j�re used . In BOW exper�nta the protozoa were 

oentrifUged e.t 10\'� speed. from 1 00  ml .  of �n liquor. washed 

once wlth Colemn' s ( 1 958)  buffer, ani BWlpcmecl in 100 ml .  of 

clarif1.ed rutnen liquor . The supernate , conta1n1ng all the 

ba,cteria from the or1g1na.l 1 00  1nl ." "Ins m.de to 100 ml .  'fi'11th 

cla.rif'led rumen liquOl<». In the sec on::1 Ethod . 1 00  ml .  of' �n 

liquor t?Jas centrifuged at loo speed for 2 min. The top 50 ml .  

of liquid was carefully removed . T}-I.13 .froct1on contained all 

the bacteria from 50 ml. of rwoon liquor except those few 

sedimnted \�1th the protozoa . The reEddual traction of 50 ml .  

contained the bacteria fram 50 ml .  ani the protozoa. from 1 00 ml .  

of rumen liquor . The calculation of the gas evolved by the 
Pl"'OtOZoo. was wde aeeord1ne; to the equatIon 

p A B 
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if/here A = gas evolved by bacteria/protozoa fft:l.OIl 
B � gas evolved by bacterial fraction 
p = gas evolved by protozoa. 

This calcula.t1on mkes the reasomble assumption that 
. I the oo.cteria. sed1:mented \·j!t.l1 the Pl�tozoa 0. fet1 in numbep am. 

do riot contribute sig:n1.f1cantly to the feIDSntat1pn. 

The results of e.xper�nts ua1ng both of tt ae methods 

a.re given in Table 62 . Rcgaroless of the d.1et 0 the host .. the 

protozoa produoed from 1�2-5't% of the total gas ueed . The 

percentage of the total gas produo t10n by the prftozoa 1n the 

.mthc:xl USlllg a combined bac teria/protozoo. f'mc tiJm was not higher I 
tiw.n that in the other zoothod as m1eht be expec ted if the 

assump tion a.bout sed:1J.lEnte--i bacteria. mdc :in the i calculat10n 
t'Jel� :ioo orree t • I 

'1:"JO :further oxperiments where carbcn diOXfe was liberated 

from the l'\.UOOll liquor before aw after ferIll9ntatjion wit! H�S04" 
gave 39,1b ani 4� for the protozool con'cribut1on to the gas 
pro:iuctlon. 

The amotl.."'lts of volatlle a.e.1da produced by the t-wo fractions 
�jC.re alao in agreement with the gas production, although the 

percentage acid from the Pl�tozoa.l frac tions t'las a little r-1gher I 

tban the percentage gas.. The .reaul ts of dete�m t10ns on 

volatile acid production carried out on t! e .f1I'rt four olover 
bay experiments in rrab1e 62 are shown 1.n Table (53 . 

I 
I 
I 
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r:i.able 62 . Gas evolved from c1.ov!9r ,;I,-1::1-ce bil the Ql?{)t.ozoo ,an:;, 
roe teria of' rwoo.n liguor (ml.1r�. ) 

- - - ._. -- - - --- l?1e� of C(1{'J 
.. - - ---- --- - - --�-" , - -

Greas Hay Clover Hay F-res 1 Clover 

Unf'l'UC tiom too 14  23 24 30-i .. 2j* 22'f� 44 
Prot0200. 7 1 5  13 1 4  9 9 20 
Ee.-cteria 6 1 2  1 1  14  13 12  23 
Rec ombined 1 2  23 29 4.2 
v'" Total gas by jO 54 56 5l• 50 41 43 47 protozoa. j 
* v�thod utilizing a bacteria/protozoa fr-o.ct1on 

Table 63 . Volatile ao1.ds . .prOOucGd from clwer juice. by the 

P.£qtoz.oo am. bacteria of rwren liquor (m. mole/lOO 
.m!. ) 

tlJhole Itumen �tozoa fucteria qA Total Acid L1quop I' 

2 . 1  1 .2 1 . 0 54 
2 . 0 1 .2 0 .. 9 57 

2 . 4 1 .4 1 .0 5, 1 tj 

'1 . 8 1 . 0 64 

TLe effect of lithium on tl1e protozoo 

\-J11i10 r·1r .1. J .  Ulyatt was invest1gat:1ng the uae of lithium 

compounds as " mrlr:ell1ft subotances for cotirnting rum.s;n volUlOO, 
the inertness of lithium touards the rwron m:1;.crobial population 
tinS checlred mnometrically . 



- 143 -

E::'tperiments were conduc ted l\i1th �n llquor aW c lover juice . 
It r�3 rou.m tl"at L1+ (250;US./ml . ) . added ae either L1.Cl or 

Lti04 .1�O# caused a reduction in the .ferm..mtat1on em-products 

of about 1 qi6 • Furthel� expe1'"1D.1nts \tith n liquor d1 vided 
into baetel"1al am protozoal. fmct10na ShQ\1ed that llttJ..um 
ra.:luoed the fo:r:mntat1on t"ate of the protozoa. am tha.t the baet .. 
eria W� unaffected .  No t"urther eX{,)er-J.ments tiara carried out . 

t''iore complete experimental evidence of the �..j,b1tory effect is 

to be preoontGd by Ulyatt (peps . e • ) • 

The mnc::D3tne mthoo of eat1mlt1J)g ruman act1vlty used 

in this study dJ-ffered 1n scma aspects fro tbose used by otber 
�10rkers (see Walter. 1 952.; 1-�Eee" 1 953; Hungate et al- ,  1955.-
1 960),  but proved to be reliable am gave reproiuc1ble %'eaul ta . 

�te et al . ( 1 955, '1 960) alae used toJazibu,rg-type tersoontatio, 
flaal� eapable of bamli:rJe PlJU2D samples of 10  g .  or mo�, but 

measU1"'ed the amount.s of gas evol vad :I. tb merew.,,- mnaooters . 

The constant-pressure manoJOOteI'tl, used here perm.1tted the n:easure
ment of large quant1t3.ea of gas, were accurate., and were less 

complicated . The only \,1eaknesa 1n the sYstem was the IlOOQ to 

c onneot the flasks and ma.nomte�s w1th flexible tubing . Both 

rubber am SOJOO types of plastic tubing trJerG sbOl'.Jn to be pe�able 
to CO�D but the use of th1ak-l'lalled butyl rubber tubing all�Jed c. , 

only Cl amll amount of gas to eacape . As the eAf)er1menta liJel'e 

c Qooucted over a short period am as each axperimsnt contained 
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adequate control-a to compensate for dUferemes bet""illeen each 

trea�nt.., the loss of gas (5  ml ./hr. at atmospheric pressure 

from an atmosphere of pure CO2 ) \,las not considered significant . 
The aathoos o£ haD:lliDg, the samples am gassing the flasks 

\'lere also satisfactory . The reducing e0Di1t1ons 1n the system 

were comparable to those 1n the �n� and the ferEntatl.on 

activ1tY '.fla.s of the same order as that found by other workers 

( see Soda ani Johna . 1962) . 
Only a. few attempts were made to lOOasure th total gas 

proiuct1on, 1nclud:1ng t.J'l.at from the bicarbonate of rumen liquor$ 

by terminating the exper1mnts with the addlt�on o£ acid . 

Prel1!Jd.mry tr1a.ls of th13 techmque demonstrated the impossibil

ity o:f obta1n1.ng quanUtat1ve gas release , espeoj.al�y \'11th runen 

l1quor from pasture am clover-fed cows. because o;f the copious 

foruatlon or a very stable foam. The foam pr«luced during the 

nornBl cours'e o£ f'el'lOO'ntat1.on did not 1nterfe.re with gas evolution 

prov1ded tllat the flasks were vigorously shaken. Only compara

tive results \'leJte requh"'ed ani. as Hungate ( 1 955 ) stated" all 

o£ the fel't&Sntation products cause an 1nCrease in gas pressure .. 
the acids produced Uberat1ng carbon diOl':1de from the bicarbonate 

oi: rurtten lJ.quOr' . 

Clo"..rer juioe was used aB substrata for the f'ermantat1OM 

to e11mi.nate. the �se of UlOl"e art1f1c1al substmtes . lfuere 

aubstrates have to be added to fermentationa 1n. vitro they should 

be mterials o losely resembling or s1m11axa to those eaten by 
the al'l.-.1ml . Soluble sugars , soluble starch ani hemicellulose 
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l'lere used by Wal tel' ( 1 952 ) ,  au1 I�I3ee ( 1 953 ) used glucose, 
cellulose and hemioe11uloiJe . Even though the feflOOnta t10n of 

these pure mter1.als has been ShOb"ll to vary w1 th the hoat t 8 

diet, there can be 11.ttle correlation between th fe�ntat-1cm 
of these mter1a1:J �. vitro am the a.ot1v1 t",f of the whole l'IJ.D&n 

populat-1,Qn., iD yJ."9. towards JlOrmiU dietary mter:ials . The use 

of more " mturaltt substratea such as fresh plant ju1ee am 

fibre I as used, by Conrad i� al . I ( 1 958 )  aai Boda  ani Jobns ( 1962) $ 

gives r.eault8 with more d1.reet appllca.t1on to tbe te�tj.O!l, 
,1n vlvo, .• 

The amlys1s, of the i"ermntatlfln o.f clover ju:1ee car.t':1ed 

out over a period ot severa1 1lO11tha on � l1qu'W from a 

single c ow  on So .  series of diets (F1g. 1 )  save resul ta, :i1milar 
to those expeeted .  Th.e materials :1n tl"le juiee ot e].,ov-er.. probably 
soluble sugara and stareh... constitute the bull{ of the rapidly 

fermentable s.ubstrata 1n the fresh plant and the fe.2."!leutat1tm 

rates fOUl'ld top each d1et bo-re. a direct relat10n to the 801ubl.:e 

:rugar content of tha.t dlet .. GPl'-SS- ha�' ·contaJ.ned the lowest level 

of soluble sugare ot the four diet,s used ('lable 55) and 
consistently pro1uced a l't.lI!'ell population with a poor abil1ty 
to ferment the soluble 'const1'tttents ,of c lover juice .  Tile fillely
divided plant mtaI"1al present ln the ju1ce 1mB llU'ioubted.ly 
eff.1c1e�t;l.y fermented, 'but the em-,roducts would only be 

produced at a relat1vely �low. rate . The e lover' bay ueed uur1D,g 
the expe�nt eonta1ned more soluble sugars tban the grass bay 
am resulted 1n a l"UIlC!l population that fermented clover juic.e 
at a faster rate . 
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The run:r31l liquor obtained liii"l11e the a:n1nal was on the 

pasture am fresh c10ver diet.s produced the moat vigorous 

fermantat1ons, the rates for pas,ture being l'l..1ghel!' than the rates 

for most ot the c lover samplea . The low response to clover 
juice by the rum:m liquor f the e�: when fed on c lover "m.s 

probably the result of tile drought com1tiOll3 prevailing at the 

t1.rDa . The soluble sugar am starcb contents o£ the clover were 

probably low during tbi,8 period (n. • DUIay', pe" . 0 . )  • 

The sudden nae in the fel'lOOntat1on mte in late January, 1962# 
must have been tbe result of an increase ·in the �p1dly fernent

able const1tuent$ of olover. The weather \'1aS warm Qver the 

whole � Ja.nuary however, a.n:l there was no mrkecl change 1fl the 
ra1:nfal�. pa.ttem dur1ng the last week ot the month . ia1n total

l1ng 3 .60 in. fell on 5 days prior to 1 5  January 1962.  There 

was no further rain until 22 January, 1 .  15  in. tall1ng m :; days 
betroeen tben and the em ot the month . 

Data on the ,opulat1.on changes which follatJ a dietary 
change ean abo be obtained from F--1� 1 .  It only the rapidly 

feftEntable eonat1tuents of the diet are considered .. then tbe 
fOUF dJ.etary mter1als used 'my be l1s·ted in the order of 
increasing eomplex.ity, grasa bay. clover hay, am pasture D.lXl 

fresh clover-. In Figure 1 it can be seen the. t tilllO to toup <lays 

ar-e reqUired for tr...e microbial po.pulat1on to reach n:ex1mum 
eff.1c1ency in fers:ooDthlg a. more compleJt diet . A c�e ot diet 

in tt>..e other direction. from complex to less complex, causee an 

1l'.anediate drop in the fermentation rote . Henoe , in this ease , 
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the fermentation rate �.1ately dropped on cbang1ng the diet 

from pasture to clover hay $ or fr-cm· elovep hay to grass hay. 
Obviously# a Challg9 to a. diet poorer in a papt1:o'Ul.ar cotlSt1tuent 

does not require an 1l'lcrease 1n the !>OVulation attaeldng that 

C omrtJ. tuent .  The existing population 1s more than suff1cJ.ent 

to cope w1 th that portJ.OD of: the new diet .  The ada.:ptlon of the 

flora am fauna to the more resistant materials follaw1ng a. 

dietary ch.a.nge m1gbt, of C�# take longer than the two to fOtlr' 

days required f·Ol' easily fermantable mter-1a.ls . 
The amount of food eaten b'lJ the wm1 md no effect on 

the fermentat10D of clover .juice on the' tollowUlg day. 'I'he 

easily f'enoontable mter1als lllould have cUsa.ppeared holD the 

rwoon after oveJf'.tl1ght atawaUOI'1 and the m.1.ero-orga.m1S1lJ8 cODCelnled 

\,11th the fsrusotat1on would not be fully active metabo11oally. 

S1m1la.rly the befoN-feeding ferumtatioa re. te could Rot be 
expee·ted to C OPl"e late wj.tll the sub.sequent .fe::m.EDtat1on 1n y1vo .• 

It 1.8 important toot observations such as tbese are made 

on s�le a.n�mls" tm'l that the termenta"'1on :rates of a group 

of an1nals are not d1reetly canpared . Hungate et al . ( 1 955 ) 
£oum 1\0 c orrola.t1on betli'een tbe bett>re-.teed1ng rate a.ni the 
subsequent bloa.t1ng of a series o£ an1ml.s. but 1£ bloat was 

related to too fermentation rate then animal variation ,eould 

1nva.lidate any analyai.s made by comparing too ratee fOr! 
d1ffel'ent animals .  

The .nngn1 tud.e of the fermentation ot" clover juice by �n 
,liquor from tbe oow feeding on pasture or fresh clover \'*l;S 
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a1m1lar to that foUDi by Boda am Johlm ( 1 g62 ) .  In this inveat1-

gat1.on* 0 .7-1 .2 ml .  of gas per minute were pr<X1uced from 40 ml .  
of rumen liquor aDi 1 0  ml. .  of clover juice . Boda am Jolms 

( 1962).  using a s1m1lu ratio of l'U!len llquor and clover juice. 
obf;a1ned 0.7 nIl. ..  of gas per minute fl"Om 40 ml .  of rumn 11.quor, 

from the sane cow (No. 2 )  used in tl'de 1nvest1gat:lon. 

Conrad §3t al . ( 1 958)  obtained very loo yields of .gas �rom 
the fermntat:Lon ot a.lfalfa ju:1(U; ( 1 .8 ml,.fo.r. from 35 ml .  of 

�D liquor am 5 g .  alfalfa. juice ) .  Their oonclu31an that 

the plant substances repomdble for the 1n1t1al mpid gas 

produet1on obtained with green alf'al.fa were c losely Clss:> c1ated 
w1 th the fj.bre f'mc t1.on a.n::1 not w1 th the Juice, waa baaed on 

this lw tel'Jlentat1011 rate eanpared with tr.at for fibre . Bod.a. 

am Jchns ( 1 962) contllQd1cted th1a statement and fOUDi tile 

initial mp1d gas production tlas associated with the plant Juice . 
The experiments carried out here also demonatmte that the 
mp'ldly fermentable _teriala of c lov61? are closely assoc:tated 

with the ;Juice fm.-ct1on. 

C()Jtftld et al . ( 1958) based their conclusions on results 
from an1m.ls fed on 1 11> . of gmin and 12-16 �b. o£ hay daily . 

Frua the results shown here 1.n Figure 1 ,  the m1crob1al population 
in the1r an1m1s w ould not be adapted to ferment the alfalfa 

juee at a m:Lumum rete . If X't1SICD liquor from alfalfa-fed 

a.n1ma�s had been used the amount of g'as produced �rom the juice 
would have been considerably increased, arA d1:f'ferent conc. lusions 

might have been reached .  This was suggested by l30da am JOMS 
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( 1 962, P 196) \'1 0 said tra t n 1 t is probable tp..B. t t�..e pg.Ftlcular 
I food;Lng regime can modify the � microbial population 

sufficiently to cl'l..ange the relative capacity of the mere-organ

:lams to terEnt plant fibre ." 

�la.lter ( 1 952 )  not1ced a s1m1J.a.� ef:fect .  A sheep fed on 

out straw had de,creased abillty to fe�nt glucose am starch 

compared with its ab�11ty when OD a diet which included barl�. 

Furt er evidence a supplied by Freer am Campl1llg ( 1963 )  who 

showed that c otton thread , BU3,al¥ied m the rumen" wa not cUgested 
by cows on a dJ-et of concentrates . The thread was rapidly 

digested by cows on diets of hay and d,ried gPaSS .  

'The resul ta f rom  the fermentatIon of soluble sugars are 

of little value 'except for comparison with the results of other 

worlrera . Walter ( 1952 ) _  for example. also £otmi that more gas 
was uauall.y evol.ved from aucr'Q than glucooo" ani that gas 

p;rOOue�ion was gl'ea.test fl� plant ma,ter1al (alfal.fa_ pwSUllllbly 

fresh) • The work of McBe-<= ( 1953) cannot be co.mpared aa v.,e 

reported gaa evolut:J.Ol"l as ohanges in pressure 111 the EJ:lC1lr'Y 

mnometers . 

In the expe.ri.l'oonts lv1th the ld,ent1eal t\'iin cows, 1 and 2 ,  

c ow  1 \'las shown t o  have a '  greater rate of fermentation than .its 

t.�,I1n" and usually had the greater intake • This 13 in ae.aoroance 

with the observation or Hungate et al . ( 1 959) that an increased 

intake ani a smaller rtlllBn must result in an 1ncrea:3ed termenta. t-

10n rate per unit of dry matter . Cow 1 eertainly had a. smaller 
:rroman than cow 2 at the time of the experiment . Boda a.nd Jo;hns 
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( 1962 )  hCMever. tourxl that cOti 2 bad the higher :fermentation 

rate . 

The 1nh.1b1tory effee t  of sodium sulphide on the runEn 

c il1ates wa.s unexpected cone1der1ng tbe wide use of this sub
stance as a reducing agent 1n preparat10ns of ruman protozoa . 
Ttl.e failure of saoo attempts to eulture rmoon ciliates my r..ave 

been the result or- sodium sulphide to..1(iei ty • 0Kf0l'd ( 1 95& ) 11 

for example . used O .O� $Odium sulphide 1n his experiments on 
the culture of ep1d1n1a and the c ll1ates survived for only eight 
4ays . 

trJbere sodium ,sulphide 1s used as the reducing agent 1n 

ll)3tabo11e studies on the :rumen protozoa, care must be t?ken to 

use 0 .01% or less . Several workers have used ooncentrations 1n 

excess of th1s . Abou Akkac1a. ani Howe.ro ( 1 960, 1 962 )  used 0 .02% 
8-od1 sulphide 1n their studies on the metabolism of Entod1nium, 

and also in studies on the decomposi t10n of pectic substances 

by r'Ul'OOn c11iates (Abou Akkada ani Uoward, 1 961 ) . 

The contribution of the protozoa to the production of 

volat1le acids in the rumen (50-65% ) was two to three t1.JlEs 

that -calculated by Gut1errez ( 1 955 ) frool observat1ons on the 

fermenta t10D of glucose by \'1ashed 3uapensJ.ons of holQtr1chs . 

The f1gures for the production of acid were supported by the 

s1m1lar figures obtained by measuring gas evolution . 

The calculation of Gutierrez ( 1 955 ) on tbe total volatile 

acids produced by Das;rtr1cha and Isotr1cb.a are not applicable 

to the rwoon protozoa of the c ow s  used in tl'11a st udy .  Gut1.e rre z 
est1Be.ted that# 1n 1 00  kg . of rull'en c ontents , "'(7 IDg o  of ac1d 
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would be �ueoo in 24 lw. by a comentmt100 of � 1sotJr.i.eb/ 
ml . !I ani that om daeytric /ml. ould pllOiluce 2 .0 nig .  of ae� • 

Us� P.lBm c ounts of 3,000 isotricl am 5,,, 000 dasytrlchs/ml . 
he caleulatc-d that 240 g . of felDmtati " a.e1ds were produe . 

by the holotriohs' eacb day. The sa1'.!B nEthol of calculation 
appl1ed to the bol.�lcb populaUOWl of the ciover-foo e:eua 

examined 1n t s stwy (30-50,,000 ClasytF1eh '/ml.; 15-25,000 
-

lootr1ci'lsfinl . ) suggests ti1at the bolotr:1ooa alooo:_ prod . e up 
to 3 kg . of acid every 24 hr. bBumt�__ as did Gu.t1.�2_ that 

the ollsotr1ehs altlough c;JUtnumbenng t..� holotri-c only � 
an equal �t or oo.1d" thGD the total protozoal eontnbutlon 

to volatile acid prcxluet10a 1n the rumen 15 6 kg. If the 
. 
l:acte.r1a prcduc.e an equal (}UB;llt1ty, toon 12 kg .• of f'ermmtat1on 
00.1<1 :1.a ��ooed in the rutlED eV-0f!9 24 lW. T.b1s figure 18 out 

of all pro O�lOD to the 2 .2 kg of ae1d � by Amsby am 
mou.l too ( 1925)  am Cal'roll am llU1l61ltc ( 1954). am to the avemge 

px'O'iootLon. � tot.Ur lactatlng 0. ·S est1matod at 4.;; kg .• ll"'$ 
Hungate. � ani S!msen ( 1 961 ) .  The �ucUOn f1guwa ·of 

2 .}5 � mt"l/hr./1sotr1ch am 0.62. � dVhr./daa�rtr1eh g1ven. by 
Gut1cl�Z ( 1.955 ) are ob"V'1oualy faJ' too gmat for the proto�oal 

populat1ona encOUllterod here . It should be noted tl1at Gut!errez 

obtained b1s est1mtea of the fexventat:1on abll:J.ty of the holo

tl?1obs from emogeoous te:r!OOlltationa am not trota tile t�ta.t

loos or so�uble sugars . 

Further work on the activ1ty of a-1nr�e spee1e.a of pJ?O'tOZCl6 
should be earned out (see �te, 1960) . 'l�,)Gro should be a 
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reasonable oorrela.tion between the s'Ul'1I'nat1on of the contributions 

by indiv1dual protozoa and the c ontribution calculated by 
obaerving the protozoa as a iihole . An::! wor!t 01" this nature 

would need to be a.ocompen1ed by an investigation of the actual 
produotion of fermentation ac:J.ds in the :r!Unlen under the appropn
ate d1etapy c om! t1.ons • 
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Studies were made on tJ:"t.e composition am ·B1ze of the 

baeter1a� am protczoal popula.t1Oll3 in the l\"UIOOU of !iaw Zeal2J¥i 

O af S  am lDallOEtr1c exper1ments tfere carried out OD t1 e 

activity of the-se organisms in l"l.UDim llquo· . Sttr..'dlaa were 

also mde on the in v.1t%!2 cultlvat10n of rwren ciUate • 

1 • The fauta of the four cows exam.1ned was m1nly composed 

of a. seleotion of c1l1ates s1m1lar to tbose in rum1na.nts 
e lsewhere . Ro new specie were toUDi but the holotr1ohs 

Cbargn jiU1 Hsi.ung aDi D&etsehlia pa.rya Schuberg \'Iere touai 1n 

all of the an1ml.a . c • .  egu1 had not previously been described 

outside the colon of the horse and 1s the first cil1ate to be 
fOUDl 1n both a rum1mmt am a mono-gastrie an1El . In one cow 

it .constituted 13% of the total ell1ate population. Ba parya 

bas only been reported on a few occasions . The rest ·of the 
holotrioh population l'iaS composed of s.peeies of ,1g;otrio!1g am 

pPos!ltr1cha. .  
The o11gotr1eh population consisted of Entoo1nium$ 

�Q5t1n1um, Ere1BOpla,atro�. E,p1Sl,WU1P.. �udlelcd1n1umjl I'4atadin1\!l, 
,Os��od;1n1um am D1plod1SUl1l (a.ll according to Kef·oid aDl 
�l:\elel'll»Ul) • 

2 .  The total Jl1.lmber of c1l1atea present in the rumn va.ried 

between 1 .  1 X 105 am 1 .9 X 1 06 /ml .  over a period of 14  month • 

The mean total for two cows on a diet of fresh red clover 
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ti'a:1�o11Ulll I2rot� L. ) was 5 .4 x 105 jmJ..  rumn liquor . The 

mean for the same two CCtiS on a diet of clover hay was 2 .3 X 

1 05/ml. The dominant oligotricha in two cows eating fresh 

c lover were Ent.Qd,;mum" Ep1(iWur.t1 and �"pla.stron. Ol1gotr1chs 

constituted Iran 75-85% of the population. In four CCMS on D. 

diet of grass hay the dominant ol1gotrichs were Entod1n1um, 

Eremoelaat£PD am Eod1n1u�. Ol1gotr1cru; constituted 6O-8� of 

the total population. 

Ep1d1n1ym sometimes be� the domtmnt c1liate 1n the 

rumen o,f cowo on eo d.1et of' fresh red clover but intgd1nium am 

�s.tron 'Were often present in s1m:llar ,or greater numbers . 

T!'l..ere flaB no relation between the numbers of ep1ain.1.a in the 
�n am the OCCUl"l'ellCe of bloat# althOUgh the numbers increased 

as dietary starch increased . 

3 . Va.rious ol1gotr1ch protozoa Wel'6 cultured iD yitl"O# S� of 

them for the f1rst t • E!!J!ORlastron,bcPl18. Et brevls,p1ny!!, 

intooJa1UJ1 1om1mw� �. q\fm§� E. b�egmaywa aD'i Eud!
J:>lod1ll1uzn �, were m1ntaJ.ned in m.1xed culture ... with dlv1s1on, 
for over six months am Ep1�1n1um eeaudatum �as grown in pure 

culture tOl!' over 14  months . A clone of Eremop�8t:ron :bev1, was 
established after 1solat.1on O-r a single cell 1tmDobi11zed ltl1 th 
sodium barb! tone . Considerable mort') 101ogical var�1. t10n was 

not1e.ed in these cultures . A ttempta to eu1 ture holQtriehs were 

unsuocessful. 

The e111ates were gI'Otm in a m:tnerol salts mdJ.um 'With 

I'U.1XBn liquor, dried grass ani rice starcb . Sodium sulphide 
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(0.01% ) wa.s added as a reducing agent atld ail" wan replaced 

with CO2 • No ant1biotics were added . 

Sodium sulphide was sh<Mn to 1llh1-b1 t the · metabol1 of 

�n cUiates . Gas am. vola. tile acids tlere reduced by' 30-40% 
ltlhen the protczoa. were sus.peDicd in o .02!6 aod1 sulphide . 

There was a 4-8% reduction In the pres.enee of 0 .01% sulphide . 

4 .  Anaerobic and euPyod.c bacteria were isolated from the 

rumen 0 , media with the following substrctes : protein, 
cellulose •. xyla.n; starch. glyc.-erol# lactic a.c1d� glucose . 

cellob1ose . The org,&n1a 1sola. tea were all s1m21ar to prev
.1ously isolated �Il bacteria . A c�ad rod producing butyric 

acid from lactate . • am similar to Pam1bacter1ym., was classified 
as wtmaeterlum sl> . No EaCftsrl'Oldes spp .  oould be isolated . 

J!!tYElv11ti£1,o ,f1b;r1'-9l:Y§U. was 18018 ted on several occasions 

and is poss1bly respons1ble for a. considerable proportion of 

the activlty aga1nst cellulose, hem-cellulose, starch .. pectin 

and protein. The only Q·ther proteolyt.1e orgall1.sm isolated was 

Cl2§,:ta1dlum. b!tel?!!AW-M. Othe-r geD31"S isolated T.iere �treR,to .. 

coocus. Sele�s# CO£91¥i!baeteI1;.�, Rum:lnqcoocu" Iactobac11lu!_ 
Ve111one1l& and Bo:vrel1a • 

5 .  Studies on the fel�ntatlon activity of ru:am liquor were 

mde using a la�e-aeale matlooetl"1c �'thod .. All cxper.1ments 

were carried out with rumn liquor removed from the an1ml 

before feeding after overnigbt starvation . Clover juice was 

uaoolly used as substrata . The rote o;f fern.entat1on varied 
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fran day to day am depeIXled on the diet of the host . Hay dJ.ets 
produced a flora and fauna. with poor a.bil1ty to foment the 

easily t'el'lOOntable const1 tuents of c lover juice . 

6 .  ManoIOOtric experiments wi th �n liquor ctlvided into 

bacterial ani �rot;)zoal fmctlons sh(1.� the prot'"..,ozoa to be 

reapOM-1ble for about 40-65% of the gas and volatile acid 

produced from clover Juice 1n one hour. 
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PLA4fES 1 -7 

All figures are fraB upper views of whole mounts stained 
\: 1th IOOth111 green and dro'L'ID with a. Ze1ss D1'a.tiUJg Attac·hment . 
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PLATE 1 

Seg1-d1as�t10 View of Eudlplod1n1um alMll 

F1orent1n1 (1889) from the yP�r Sl,de 

� mmtmanellee; Jh uembrawlle zone ; s. 1nner lip; 

s., outer lip; L ooaopbagusJ L skeletDJ. plate ; ......If., ecto

plasm; Jl, eDioplasm; .1, 'bouniary l.ayerJ .cl, rectum atn 

anus; .b caudal lobe ; b lateJlal eutieular groove; 
m.. contractile vacuole; .11- mcronueleus J ,2., mlcronueleu.s; 

.£, excretory pore ; .,S.. outer furrot-IJ J E.� operculum. 
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Dasn£ichS nuq.1J"@l!tlus Sehuberg ( 1 888) 
.Isotricha. Weat1ml1.s Stein ( 1859 ) 

.IsQtt1,cba prgstonp Stein ( 1 859 ) 
BuetscbUa QaFi1!:. Sehuberg ( 1888) 

C)la!'p!l egy;t Hs1ung ( 1930 ) 
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Fig . 2 
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Ent,Pd1n1� �1num Dog1el ( 1927 )  

¥.ntod1n1um J.omlWCt� Dogiel ( 1 925 )  
I§qt9d1nium b1earimtum Da Cunba ( 1 914 ) 
Ent001n1um b1oartmt1pll Da. Cunha ( 1 914)  

Eptg;U.n1um yplcym Koto1d. a.n:1 l<hcLenrrm ( 19}O)  
£!at.OSl:1D1um rostra tym norent1n1 ( 1889) 
Entg;U..ntum 'Q1¥�X!s1B l{ofoj.d ani IvhcLennan 

( 1930) 
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PIA'l'E 4 

Ep1d!D1UlB cauda tum Fiorent1n1 ( 1889)  

EpJ.sl1n1um b1ca\lda tym Sb!l.rp ( 1 914 )  

E.p1d1n1um pg,meaudat;um Awel'inZew am 
Mutafawa. ( 1 914)  

El4AAn1um Q!¥¥1r1cauda tum Sharp ( 1 914 )  
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�btArl1n1ym oodium Awerinzew aM Mutafowa. 

( 1 914 ) 

�RlodW1m �1i Florent1n1 ( 1889) 
Oatmcoo1Q1m! d11qb,ym Dogie� ( 1 927 ) 

.Ostmcod� .. fIPRI!Q§Y!l Ra1�liet ( 1 890) 

Ostme� M,oloricatumJ{oto1d am 
ItlcI.etman ( 1 932 ) 
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Fig. 1 
fig. 2 

Fig. 3 

Fig .  4 
Pig . 5 

F1g . 6 
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PIATE 6 . e 

D1Rlod1n1ym monocanthum Dog1el ( 1  m )  
P.�elg;i1.n1j!lm d:1acanthym Dog1el ( 1927) 
D!Qlqc11D1;um tWcantp,WU Dog1el ( 1 927) 
DlplodU\1:um te�thum Dog1el ( 1.927) 
D1plod,1n1um pentac!m,thym Dogiel ( 1 927)' 

D1Rlgrllp1ym ap;13aCqthym da Cunba. ( 1 914 )  
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Fig . 1 
Fig . 2 

Fig . 3 
Fig . 4 
Fig . 5 

Fig . 6 

P'lg •. 7 
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PLATE 7 

Eremo2las�;t'gp bov1$ Dog.1el ( 1. 921) 
E;l'WQQRlastr..o,n prev1sp!mR Kofo1d a.Di 

Mac.Iennan ( 1 932 ) 
Ere1'l!!l?ilastrml monoloby.m Dog1el ( 1921) 
EremoPlaotron roatratum F1orent1n1 ( 1889) 
Eod1n1um lobi.\tum Koto1d ani I,hcLemnn ( 1 932 )  

Eod1n1um b1.1oboy Dogiel ( 1 9'2.7) 

Eod� posteroyes:1cula:tYm Dog1el ( 1 927) 
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