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PREFACE

The muminant, in contrast to other herbivores, has a
stomach of four compartments to enable digestlon of plant
fibre to be carried out., In the rumen, the first and largest
of these campartments, therec 1s established a large and diverse
population of protozoa and bacterda, all active to some degree
in degrading camplex carbohydrete material and in converting
plant nitrogen into microblal protein. Ingested food 1is
retadned and 1s broien down to a fine consistency before 1t
passes further down the intcstinal tract. The main products
of this mlcroblal activity in the rmmen are the volatile acids,
acetlc, proplonic and butyric, microblal protein and ammonia.

The existence of volatile fatty aclds as the end-products
of fermentation in the rumcn was first demonstrated by
Tappeiner in 1883, but thelr importance was not realized until
their absorption from the rumen was demonstrated nearly 60
years later (McAnally and Phillipson, 1942; Barcroft, lkAnally
and Phillipson, 1944). Acetle, propionic and butyric acids
arc invarilably present and higher acids cccur under some
dictary comiitions. These acids contrlbute up to about 707 of
the total energy requirements of the animel (Carroll and
Hungate, 1954), acetic acid being concerned in the synthesis
of milk fat (see Kleiber et al., 1952), and propionic acid
being meinly glucogenic (Reid, 1950; MceClymont, 1951). The
precise metabolic function of butyrie acid has not been elucidated
although it has been shown to be non-glucogenic (Annlson et al.,



1963) .
Zuntz (1391) was the first to suggest that rumcn micro-

organisnms might convert the non-protein nitregen of plants to
mierobial nitrogen which would be avallable to the host (see
Meliought and Smith, 1997) and the comversion of plant protein
to rumen microbilal protein was demonstrated by MeDonald (1948,
1954), The bacteria apd protozoa of the rumen are noW nown
to convert plant nitregen to microbial protein and ammonias;
the ammonia 1s abaorbed into the liver, scie re-cntering the
rucen as salivary urea, and the microblal proteln 1ls degraded
further down the allmentary tract. Weller, Pllgrim and Gray
(1962) estimated that, in sheep on a wheaten hay ration, 60-807
of the dietary plant nitrogen, not including the smell amount
that may be converted to soluble nitrogen, is couverted to
microbial nitrogen.

A grecat deal of work has now been carried ocut on various
aspects of rumen metabolism by physiclogists, mutritionists,
biochemists, bacteriologlsts arxd protozoologlsis. Unfortunately,
mech of this work has been performed without considering the
place of the results in the whole filcld of rumen metabollsm
and function. The activity of the microbial population haa
been neglected too often by physiologlets and mutritlonists,
and only limited knowledge has been obtained of the real role,
in the animml, of the meny rumen bacterla which have been isolated
and studled. Existing lmowledge needs to be organised and
undfled to clarify relationships and to enable the constructilon
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of a comprchensive theory of rumen function (Doetsech, 1957).
Bryant (1959) and Hungate (1960) have both stated that
most of the aburdant and significant rumen bacteria have been
isclated although many leas important types still have to be
studled, The charecterisation of many of the isolated strains
is st1ll incomplete. A3 Bungate (1960, p357) pointed ocut,
"The axenie cultivation, identification, and emumeration of
bacteria in a natural habitat sueh as the rumen 18 extremely
tine-conmrming., It 1s 1little wonder that most ecological
investigations are restricted to a few components of the total
flora, Development of methods permitting repld and accurate
identification would tremendously stimulate ceologlical studles,

The fluorescent anti-body technlque holds prumise for rapid
identification and emmeration (Hobson and Mamnn, 1957) but

has not yet been developed to the peint of usefulness in the
solution of rumen ecolegical problems.”

The rumen ciliate protozoa, previcusly thought of as
passengers (Baker and Harriss, 1947) are nou known to be of
significance in food transformations in the rumen (Ozford,
1955) even though isolated ruminants have been reared in their
absence (see Pounden and Hibbs, 1949, 1950). Gutierrez (1955)
conservatively estimated that protozoa mey perform 20% of the
total fermentative activity in the r™umen.

The study of the biochemistry of the rumen ciliates has
not advanced as far or as rapldly as studies on the rumen
bacterla, research belng hampered by the difficulty in graowing
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the clliates in pure culture. Only a few cultures have been
established since Hungate's £irst successful attempt in 1542
(Hungate, 1942), amd nope of these cultures has been free of
bacteria. A3 a2 result of thls lack of pure cultures most
biochemical studies have been carried out on washed suspensions
prepared from rumen ligquor. Some of this work has been
simplified by the establishment of pure or nearly pure populations
of slngle speccies or genera of clliates in isolated animels
(see Eadle, 1959; Abou Akknda and Howard, 196C). Because of
the difficulty of obtalning suspensions of single species of
clliiates it 1s obvicusly desirable that pure cultures of rumen
protozoa be established. Axenie clonmes should be thc ultimate
aim although the work of Colemen (1962) suggpests that such
culturcs are net feasible,

In New Zealamd, the domestic ruminant 1s in an environment
different from that for which i1t has evolved. Neu Zealand
farming practice is based almost entirely on the feeding of
pasture and only relatively small amounts of hay and silage
are fed. The soluble carbohydrate level of this pasture 1s low
throughout the year while the protein level is high, and &in
ezcess of animal requirements (Johns, 19532). This type of
diet is in direct contrast with the high-fibre diet with which
the ruminant 13 capable of dealing, and could result in 2 runen
population different from those fourxl in other countries.

A considerable amount of work has been carrled out in

thls country on rumen metabolism anxd function, mich of 1t in
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connection with bloat research, but the study of the rumen
‘microbial population has been largely neglected. Those studles
that have been made have indicated that Neu Zealand rumirants
my harbour rumen populations different in somc respects froo
those found overseas. Epidinium, an oligotrich elliate, was
shown by Oxford (19582) to be prevalent in New Zealand cows
under certain comditicns but is rare and found only in low
mmbers in cattle overseas. Clarke and di Memma (1961) demon-
strated the existence of a yeast population in the rumen of HNew
Zealani cattle but a similar rumen flora has not been found in
other countries. Investigations of the role of lactic acid as
a metabolic intermediate in the rumen have 2lso indicated a
different position in this country. In Englond, Baleh and
Rowland (1957) showed that only traces of lactie acid, less than
1 mg./100 ml. rumen liguor, occurred in the rumcn of animels
on 2 variety of grein-free diets, and Jayasuriya anxi Hungate
(1959) 1n the United States, found less than 0.0011% (w/v) in
the rumen of a steer on a high grein retiom. In this country
lactic 2ecid has been shown to reach about 18 mg./100 mi. rumen
liquor in cows on a dlet of fresh red eclover (Mangan, Johns and
Biley, 1959).

Thus, in spite of the large amount of rumen research
alrcady carried out in other countries, 1t 19 necessary for us
to mke basic studies on the rumen population of cur domestic
fuminants. The prescent work was undertaken to establish the
similarities and differences in the flora and faums of cattle



in this country and overseas, and to provide a basis for nore
advanced ecological studies, This f;msis, therefore yeports
'the results of the following studles: (a) identification of
the clliate protozoe, (b) estimation of protozoal populations,
(c) isolation and characterisation of bacteria responsible
for some igportant rumen reacticns, (d) mavometric cstimation
of rumen fermentation sctivity. A section on the growth of
clliates in pure culture 13 also included.

Tre work has been divided into several sections but scme
of the divisions, especlally those concerned with the ciliate
population, are sowewhat artificlal and have been created
merely to clarify the experimental approach and the results.
This has made the discussions difficult to arrange amd has
led to repetltion in somc places.
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\. THE RUMEN CILIATES

A, IDENTIFICATION OF SPECIES
roductl

Protozoa occur in the intestinal tracts of many animmls,
but those found in the first stomach of ruminants and in the
gut of the wood-ecating roach Cryptocercus punctulatus and of
wood-eating termites, exhiblt a gemuine symbiotic relationship
with thelr hosts (Hungate, 1955). These intestin2l protozoa
convert cellulose, and other complex dletary materials to
substances which are avallable to the hogt. The symblonts of
the termites and the roach are flagellates anl as they may
constitute up to one third of the total welght of the host
(Xatzin and Kirby, 1939) are relatively more important to their
hosts than are the rumen protozoa to thelrs.

The protozoa of ruminants are mainly ciliates, the
flagellates constituting only an insignificant proportion of
the total population (see Becler, Schulz and Emmerson, 1929;
Warmer, 1962b). The two m2in groups of clliates, loosely named
holotrichs and oligotrichs, are not closely related and belong
to two Subclasses of the Class Clliata within the Subphylum
Ciliophora. Table 1 1llustrates the poslition of the famllies
of ruminant clllate protozca within the classification of
Corliss (1961).

The protozoa of the rmmen were first dlscovered by Gruby

and Delafond in 1843, Several reports of their occurrence in




CLASS : CILIATA

I I
HOLOTRICHA SPIROTRICHA

ORDER | l ORDER
L THIGMOTRICHIDA HETEROTRICHIDA-
CYRTOPHORINA
—GYMNOSTOMATIDA—[ OLIGOTRICHIDAA
RHABDOPHORINA
L. CHONOTRICHIDA | ODONTOSTOMATIDA
[ I
- SUC TORIDA [BUETSCHLIIDAE] HYPOTRICHIDA-
L APOSTOMATIDA [OPHRYOSCOLECIDAE] ENTODINIOMORPHIDA-
L ASTOMATIDA | TINTINNIDA -

HISOTRICHIDAE]|

—TRICHOSTOMAT IDA —

HBLEPHAROCORYTHIDAE |

—HYMENOSTOMATIDA

—~PERITRICHIDA s

"HOLOTRICHS" "OLIGOTRICHS"

TABLE 1. THE FAMILIES OF RUMEN CILIATE PROTOZOA WITHIN THE
SCHEME OF CORLISS (1961).
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hay were shown to be erroneous (See Hungpte, 1955) amd they
are now kmown to be transmitted in szaliva (Becker apd Hsiung,
1929), and to be restricted to the rumen habltat.

Although the rumen clliates are not frec-1lving and are
not found in andmnls other than ruminents, there ls consider-
able variation 1n the composition of the populatlon in
gifferent ruminant species. Some clliates are found in mny
types of host while others are more restricted in habitat
(Dogiel, 1927). Differences in feed and less noticeable
differences in the vumen cnvironment affect the composition
of the population. There are also regiomal differences in
the genera of protezoa in the rumen of sheep that are not
solely the result of differences in the dlet of the animals
(Coleman, 1963). For 2ll these reasons the gualltative ahalysis
of the population in any mumlnent specics in a particular
cnvironment is of interest.

Since tre Initlal observation on the occurrence of rumcn
eillictes in 1843 by Gruby and Delafond, mny papers have been
publishred on the composition of the protozaan fauna of ruminants,
Snarp (1914) gave a complete review of work in the period
1643-1914 and also gave the flrst deteiled account of the
organisatlon of a rumen cilliate.

Somc of the more important wori since 1914 has included
studles on the fauns of goats (Ferber and Fedorowa, 19293
Das-Cupta, 1935), yaks (Dociel, 1934), sheep (Ferber and
‘Fedoroua, 1929; DBush and Kofoid, 1948), and antelopes (Buisson,
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1924; Dogiel, 1932). Various bovine specles were studied by
Kofold and Maclennan (1930, 1932, 1933; Bos indicus), Kofoid

and Christenson (1934; Bos gaurus), Becker and Talbot (1927;
domestic cattle) and Buisson (1923; domestlc cattle). The
comprehensive monograph of Doglel (1927) deals with the
ophryoscoleclid clliates of cattle, sheep, goats, camels, deepr,
reindeer and antelopc from Asia and Africa. More recently,
Lubinsky has published on some entodlnla of sheep and goats
from Pakistaﬁ (Lubinslky, 1957a) and on the ophryoscolecids

of the Arctie reindeer (Iubinsky, 19582,b). The only observa-
tions on the faunz of ruminants in New Zealand are those of
Oxford (1953a, 1959) on domestic cattle., General accounts of
the rumen cillates have been wrltten by Mangold (1929, 1933),
Oxford (1955) and Hungate (1955).

N¢ agreement has been reached on the taxonowy of the
runen ciliates. The main disputes have concerned the generic
structure of the group enclosed under Diplodinium (Schuberg,
1888), and the stabllity of certain characteristics commonly
used to delineate species rank. Dogiel (1927) created many
sub~genera in the gemus Diplodinium and freely used the "forma”
division to denove sub=-speciflc types. Kofoilid and Maclennan
(1932) created several new genera and speeles eliminating the
"forma" rank of Doglel (1927), and were followed by Bnatia
(1936). Oxford (1955) followed Mongold (1929) in ignoring sub-
genera within Diplodinlum,

Horphological variation has often been observed in



cultures and prepevetions of rumen ciliates (Poljansky amd
Strelkow, 1934; Hungnte, 1942), and some characteristics used
to denote species rank are undoubtedly envirommentally plastic
(sce Ifubinsky, 1957a). The use of caudal spimction 1s a
notable example. Poljansky and Strelkou (1934) showed that
caudal spimation was very veriable in clones of Egtodinium
caudatum, and demonstrated that the diet of the host influenced
the degree of spimtion in the ciliate population in vivo.

In spite of the texonomic imaccurncles which oceur when
undue "splitting” 1s earried cut, the resulting classification
my still be of considereble value. This applies to the
classification of Kofold and Mhelennan (1930, 19352, 1933)
which although taxonomically imaccurnte, io lucid amd easy
to apply.

In this section the clliates of the rumen of the New
Zealand damestic cow (Bog taurus L.) are briefly deseribed.

The oligotrichs are clasgified according to Kofold and lhclennan
(1930, 1932, 1933), while the hclotrichs are classified according
to the originnl authorities.

s} 13 Methods

The Tumen contents of four rumen-~-filstulated cows were
cxamined. The cows were stall-fed on either fresh red clover
(Trifolium pratense L.) or grass hay frae Monday to Friday

inclusive. On Saturday and Sumday the animals were turncd out
to pasture.



funen contents vere removed btorousgh the flgtula awd
stroincd thyough gouze lnto an cqual volume of 10Y (v/v)
formnlin. After fixcation for 2 hr. the protozen were wazhed
free of formaldehyde and plant mterial Ly centrifuging axd
suspenslon in tap water, and stained for 10 min., in 0.5% (w/)
methyl green., The protezoa were then washed twicce by
centrifuging, lost cxeminetilons were mede diyectly oa this
mterial,

Some proparetions werc mounted in 50% {(v/A) agucous
glycerol. Sucletal plates were sopetlmes exnmiscd after staln-
ing with chlor-zinc~liodlidec. A few prosaraticns verc cteincd
with mothyl green, ropidly dehydrated and cleared with graded
solutions of aleonol and xylol, and mounted 1n Euparel.
Unatained protozoa were cxamined by darice-ficld microscopy.
Terminology

The terminology usced here wilth regard to the oricntation
of the clliates 1s explained by the follouwing cxtract from
Lublnsky (1958a, pS20):-

¥If the observer orisntates the ophryoscoleeid ciliates
with theldr oral cpids away from him, towards 12 o'clock and
uwlth the micromucleus situated to the left of the macromclcus,
he will aluays have the homologous body surfaces diracted

tosards him, the "left side! of Entodiniupm and the Yeight side?

of the higher Ophryoscolecidae by Doglells tewminology.
cesvsvssevesnsas. 'Tnls side wlll be ealled the upper side; a

tern which denotes its posltion in relatlon o the cobserver



ard uwhich has nothing to do with the conecept of dorsality and

ventrality.

The opposite body side will be termed the lawer

side, and the lateral sides, the right and left sides.”

The relation of this systom of terminology to the systems

of earlier workers is shown in Table 2 which is taken from
Lubinsky (1958a).

Table 2.% tion of gldes of the lec
glliates
Nomenclaturc of Eberlein, Homenclature of Stein,
;?z'oposed Dogicl, and Kofold Schuberg and Buisson
cnen-
clature For For Higher For For iligher
Entodinium Genera Entodinium Genera
Upper slde | left side Right side Ventral side | Dorsal side
Lower slde | Right side left side Dorzal side | Ventral side
Right side | Dorsal side | Ventral sidel Ieft side Right side
left side | Ventral side | Dorsal side | Right side Left side

% from Lubinsky (1958a)

The nomenclature of the various structures used in the

. 1dentification of the ciliates 1s shown in Plate 1.

The measurensnts used were as follous.

length was measured

from the anterior tlip of the body to the anol opening and width

from right to left side of the body at the widest point.

The

length of the macromcleus was the shorte3dt dlstance between

the anterior ard posterior tips and the width was measured at

the widest point.

In the gerus Diplodiniun the length of the

Rcromcleus was peasured paralliel to the long axds of the

nuclcua.
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The classification used to generde level was that of
Corliss (1961). Xofoild and Meelenman (1930, 1932, 1933) uwere
followed, a3 far as possible, in the identification of species.

Reg &8

Specles belonging to eight gencre of the Family Ophryo-
scolecidae Stein (1859) (Order: Entodinicmorphida Reichenow
(Corliss, 1961)) were found in the preparations of rumen liguor
which were examined, Four genera of holotrichs belonglng to
two Orders and three Families werc identified,

Descriptions of the gpecies identifled are given belou.
The descriptions of the individual species have been kept as
short as was considered consistent wlth accurate ldentification.
Because of the difficulty of identifying manmy entodinle; the
descriptions of Eptodinium specles temd to be more complete
than thbse of many of the higher ophryoscoleclds, Synomyms
according to Doglel (1927) have been included in the descriptions
to facilitate recognition of the speclez. The wmeasuremcnts of
the clliates are given in microns ( /u).

CLASS: CILIATA Perty (1852)
SUB=-CLASS: HOLOTRICHA Stein (1859)

QORDER: GYMNOSTOMATIDA Butschli (1883)
FAMILY: BUETSCHLIIDAE Poche (1913)
GENUS: Buetschlla Schuberg (1888)

Small, more or less oveid in shape; anterdor end

truncated; mnouth at anterlor end; v surface uniformly



covered with cllia; nucleus roughly sphevical.

Buetschlia parva Sehuberg (1888)
Plate 2, Figure 4
The anteriocr eni of the body 18 truncated. The mouth 13
i the middle of the anterlior end and leads into a conieal
pharynx,
The measurements of 10 specimens arc summrized in Table 3.

Table 3. Dimepnsions of Buetschlia parva
ntgou g* | ews | Bmis of
Width 24,7 + 0.8 + 2.0 10.5 22 - 30
LA rat1o” | 1.91 4 0,08 | & 0.26 | 13.6 | 1.58 - 2.38

1. Mean ¢ stamdard error of mean.
2. Standard deviation.

5. Coefficient of vardation.

4. Ratio of body length to width,

JRDER:  TRICHOSTOMATIDA Butschii (1889)
FAMILY: ISOTRICHIDAE Butschii (1887)
IENUS:  Isotrieha Stein (1859)
Body ovold and flattened; surface covered in cilia in
ongitudinal rous; mouth at or near end which is to rear

uring locomotlon; many contracitlle vacuolies.



Plate 2, Floure 2

The mouth lies in an 1ndentation whdch is laterml, amxd
foruard of the end which i3 to the rear during locomotion.

The measurements of 10 specimens are summerized in Table 4.,

Table 4, Dimensions of Isotricha intestiraliis

‘ 'k 35 17 37' mi.ﬁ.tfs Of

M=o a Edtlem Variation
Lenpth 108.8 + 6.2 + 13.7 18.1 89 - 149
Width 61.8 + 3.3 3 10.4 6.8 56 - 78
LM ratio .76 + 0,03 + 0.1 5e¥ 1.65 - 1,93

Isotricha prostome Stein (1859)
Piate 2, Figure 2
The mouth lics near the cend which is to the rear during

locomotion.

The dimensions of 10 specimens ave summmrized in Tavle 5,

Table 5. Dimcnsions of Isotriclia prostonk

%i i 4 d H ;-I{ Limiti’x Of
Length 133.8 1 5.3 ¢ 16.9 12,9 113 - 165
Width 67.4 + 2.2 + 6.9 10,3 51 ~ T3
LA ratlo | 2.03 ¢ 0.10 + 0.30 4L | 1.69 - 2.55

N

iU3: Dasytricha Schubers (1388)
f single species.
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Dagytricha ruminantium Schuberg (18588)
Plate 2, Figure 1

Similar to Isotricha but smeller amd with the cilia
arranzed in lonzitudlpal splrels. The mouth 1s at the end which

18 to the rear durdng locomotion. There 13 a single contractile

vacuole.
The peasurements of 10 specimens are summrized in Table 6.

Table 6., Dimensions of Dasytricha ruminantium

+ y ~ | Ldmits of

n=on o CVa? | yapiation

Length 57.5 ¢ 2.5 + 7.9 13.8 4o - T3
LA ratio | 2.11 + 0.07 | + 0.21 9.9 | 1.70 - 2.70

FANILY: BLEPHAROCORYTHIDAE Hsiung (1930)
GENUS: Charon Jameson (1925)

Body lancet shaped; anterior end has lmobe-lilie projection;
posterior end tapered to a blunt point; cilia at each end, the
poaterior cillia being plainly divided into tuo distinct bundles;
nouth slightly to reay of anterlor tip; mrcromecleus oval to

spherical; a single contractile vacuole,

Charon equi Hsiung (1930)
Plate 2, Figure 5

The body 1s lancet shaped and has & knob projecting
anteriorly. The mouth 1s a trlangular opening on one side of
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the anterior projection. The mouth area 13 surrcunxied by three
zopes of cllia. There are two posterior tufts of cilia on
either side of the amus. The macromucleus is elongated. There
is a sinéle contractile vacuole., This speeies 1s larger than

€. ventriculi Jameson (1925).
The dimensions of 10 specimens are suzmmrized in Table 7.

Table 7. Dimensions of Charon equi
Mo o S || pambee
Length 38.3 + 1.6 + 5.2 13,6 33 - 45
Width 14.8 + 0.5 + 1.6 10.8 13 - 18

SUB-CLASS: SPIROTRICHA Putsenli (1889)
ORDER: ENTODINIOMORPHIDA Reichenow (1929; in Doflein and
Reichenow, 1929)
FAMILY: OPHRYOSCOLECIDAE Stein (1859)
GENUS: Entodinium Stein (1859)
A single membrenclle zone; no skeletal plates; onec

contraetile vacuole; nuclel anmd caudal spinotion variable.

Entodinium biconcavum Kofold and MacIlennen (1930)
| Plate 3, figure 7
The bcég is slightly clongated. The meromicleus is rod-
like and lies on the extreme right of the body. The micromecleus

lies on the left of the anterior half of the macromucleus, The
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vacuole lies on the upper side of the macromicleus immediately
adjacent to, and anterlior tc the micromcleus,

There is a small caudal lobe on the left slde. At the
level of the posterior end of the macromicleus, the emdoplasmic
sac leaves the right body side, and there 12 an anteriorly
directed bulge in the sac between the nucleus and the rectum,

The area postericr to this bulge, on the right of the rectum,

is concave on both the upper and lower surfaces. Thls biconcavity
1s very obvious even when the organism 1s viewed from the upper
or lower sides.

The measurements of 10 specimens are summrized in Table 8,

Table 8. Dimensions of Entodinium biconcavum

M¥on o cuE | e
Length 44.8 + 1.5 +.4%.8 10.7 Lo - 51
Width 30.5 + 0.6 + 1.8 5.9 27T - 22
LA ratio | 1.46 ¢ 0.03 + 0.11 TS 133 - 1.59
L. mcro' | 25.3 + 1,2 + 3.7 14,6 20 - 30
|w. merd® | 6.7 + 0.1 + 0.4 6.0 | 5- 8

1. Iength of moeromcleus.

2. UWidth of mmcromecleus.

Entodinium longimucleatum Doglel (1925)
Plate 3, Figurc 2
The body 18 ellipsoidal with a single, left, caudal lobe,
The macromicleus extends for nearly the full length of the

body and follows the contour of the right slde. Its anterior
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end 1s wider than the posterior end. The micromucleus lies on
the left of the anterdor quarter of the mcromicleus. The
contractile vacuole lies alightly anterior to the mlcrorcleus.

The measurements of 10 speclmens are summrized in Table 9.

Table 9. Dimensions of Entodinium longimucleatum
+ o Iimits of
LR o €V | Variation
Length 48.8 + 1.8 + 5.6 1.5 43 - 59
Width 35.1 ¢ 0.6 + 1.9 54 32 - 38
LM ratio 1.39 ¢ 0,06 + 0.19 13.7 1.13 - 1.69
L. macro 44,4 +1.8 + 5.7 12.8 38 - 51
Wo EBGI’O 7.3 'if 002 t 007 | 9.6 7 d 9
Entodinium bicerinatum Da Cunha (191%)

Plate 3, Figures 3, 4

The body 1s nearly circular when viewed from the uppesr
side but is flattemed and twisted laterally. There are three
caudal loves. The right and left sides of the body are ncarly
in the same plane. 7o the left of the mid~line of the body
there arises a ¥ib which termimates in a 1lobe in a plane above
that of the rest of the body. The shape ard slze of this rib
and the caudal lobes may vary considerably in different
individuals. In some specirens the twisting of the body is
different, and the right side of the body amd the rilb lie in the
upper plane. The macromucleus 18 elongated and relatively short,
and lies agalnst the right side at the extreme anterior of the

bedy. The vacuole lies near the upper surface adjacent to the



micronicleus.,

The weasurements of 10 speclmens are summ:ized 1n Table 10.

Table 10. Dimensions of Entodinium bilcarinatum

mton G | emg | mcno
Length 30.7 + 145 + 4.6 11.9 32 - 46
Width 3Tef 145 + 4.8 12,7 30 - 46
LM ratio | 1.03 ¢ 0.03 | + 0.09 8.7 | 0.95 - 1.23
L. macro 236 ¢ 15 + 4.8 20.4 14 - 30
¥. mcro 7.8 % 0.2 + 0.6 T7 T= 9

Entodinium rostratum Florentini (1889)
Syn. Entodinium rostretum forma rostratum Doglel (1927)
Plate 3, Figure ©

The bady 13 elongate, wlith the right surface convex and
the left surface nearly flat. The left surface ends in a spinc
which curves to the right. The right surfaee terminates in a
shorter, broader spine. The macronucleus is clongate and the
micronucleus lies on the left of i1ts mld-section. The vacuole 183
directly anterior to the mmeromucleus,

The measuremcnts of 10 specimens are summerized in Table i1,

Table 11. Dimensions of Entodinium rostratum

mtgn o tve | ATSopI
Length 45.4 + 1.6 + 5.1 11.2 35 - 54
Width 24.3 + 0.9 + 2.8 1.5 19 - 27
LA ratio 1.87 + 0.05 + 0.16 8.5 1,70 - 2,23
L. mcro 28.4 + 1.6 + 4.9 17.3 19 - 38
W, macro 4.9 + 0.1 + 0.3 6.1 4 - 5
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This organism was at first classifled as E, pisciculum
Kofoid and loelemman (1930), but ILubinsky (pers. cosm.) suggested

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

classified as E, rostratum.

llowever, on the basls of the size

measurements of tre specimens ezamined here, E, rostretum (Dogiel,
1927, Kofoid and Maclemman, 1930) and E,. pisciculum (Xofoid
and Maclennan, 1930), and in spite of the absence of the

anterior projection found in many specimens of E, pisciculum,

this organism mry well be E. plsciculum Kofold and Maelenman,

The measurements of this organism, E, rostratum and
E, pisciculum are campared in Table 12,

Table 12. Dimensions of Entodinium rostratum apd E. pisciculum
E. rostratum E, pisciculum
asldile Kofoid and | Rofoid and
pe Doglcl, 1927 | MocLemman, | Maclenman,
1930 1930
length 45(35-54) 37(27-51) 37(28-41) 47(38-58)
Width 24(19-27) 17(13-23) | 20{18-21) 2l (22-29)
L/ ratio 1.87 2.18 1 .80 1.98
(1.70-2.23) (1.15-1,52) |  (1.76-2.38)
Entodinium indicum Kofold amd Maclenran (1930)

The body is oblong.
each on the left, right and upper surfaces.
through a slit-1ile amis in the base of the upper spine.

Plate 3, Figure 5

There are three caudal spines, one

The rectum opens

The

macromnucleus is smull and lies at the anterior end of the right

side,

The micronucleus lies near the middle of the macromucleus
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in a depression in the upper side. The vacuole 1lies on the
upper side of the body, anterior to the meeromecleus.
The measurements of 10 specimens are summsrized in Table i35.

Table 13. Dimensions of Entodinium lndicum

mton o Cali || s, B
Length 38.9 + 1.5 + 4.7 12.1 32 - 46
Width 29.6 + 0.8 + 2.4 8.1 27 - 35

L. macro 27.3 + 1.5 + 4.9 17.9 19 - 38
V. macro 5.0 ¢+ 0.0 + 0.0 0.0 S 3
Entodinium ovimum Dogiel (1927)

Plate 3, Figure 1
The body 1s a regular oval with a flattened anterior al. Te
mercmcleus 1s l‘ozg and rod-like, and extends from the anterior
end along three-quarters of the right side. The vacuole lies
slightly to the left of the macromicleus, ncar tiue upper surface,
The measurements of 10 specimens are summarized in Table 14,

Table 14, Dimensions of Entodinium ovimm

ut o u | el | S T
Length 59.8 + 1.6 + 4.9 8.2 51 - 65
width 35.0 + 7.9 + 2.5 T.1 32 - 38
LA ratio | 1.70 + .03 | + 0.09 5.3 | 1.59 - 1.84
L. macro k2,9 + 1,2 + 3.7 8.6 38 - 49
W, mero | 10.1 # 4.7 + 1.5 14.9 8 - 1
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GENUS: Epidinium Crewley (1923)

Body elongate and twisted around the masin axis; two
membranclle zones, the left zone behimd the anterior end of the
body; main skeletal complex composed of three twisted plates;
mcromicleus stralght and elongate; two contractile vacuoles;
up to five caudal spines.

Epidinium caudatum Plorentini (1889)
Syn. Epidinium ecaudatum forma caudatum Doglel (1927)
Plate 4, Figure 1
The body 1s elongate and tapered posteriorly. There 1s
a single, right, caudal spine.

The measurements of 10 speclmens arc summrrized in Table 15,

Table 15. Dimensions of Epidinium caudatum
+ limits of
= o g Cove? Variation
Iength 124.5 ¢ 2.7 + 8.4 6.7 113 - 138
Width 49,1 + 1.6 + 5.2 10.6 38 - 54
LA retio | 2,55 + 0.08 + 0.24 9.4 2.30 - 3.13
L. maero 54,0 + 2.3 + 7.2 15.4 43 - 65
¥W. macro 4.4 + 0.5 + 1.6 111 12 - 16

Epidinfum bicaudatum Sharp (1914)

Syn. Epidinium ecaudatum forwa bicaudatum Dogiel (1927)
Plate 4, Figure 2

The body 1s elongate and tapered posterlorly. There are
two caudal splnes; a large right splne and a smaller left

spine.
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The dimensions of the only speclmen seen during the
survey are given in Table 106,

Table 16. Dimensions of Epidinium bicaudatum

Iength 113
Width 59
LN ratio 1.99
L. macro 57
¥W. macro 14
~ Epidipium tricaudatum Sharp (1914)
Syn. Epidinium ecoudatum forma tricaudatum Dogiel (1927)

The body 18 elongate and tapered posteriorly. There are
three spines; one right, one left, and cne on the upper surface.
The measurements of 10 specimens are summarized in Table 17,

Table 17. Dimensions of Epidinium tricaudatum

Mton o Gl | RTUOSh

length 123.2 + 4.5 + 14,2 11.5 97 - 138

Width 53.9 + 1.9 + 6.0 11.1 b9 - 57

L/W ratio 2.16 1-0.04 + 0.12 5.6 197 = 2.37

L. mecro 65.6 + 4.0 + 12.8 19.5 51 - 89

!W' mcm 14.8 1’ 002 i’ 0.6 L'.‘ 11& -] 16
Epidinium quadricaudatum Sherp (1914)

Syn. Epidinium ecaudatum forma guadricaudatum Dogiel (1927)
Plate 4, Figure 4
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The body 18 elongate and tapered posteriorly. There are
four spines; one right, one left, and two lateral spines on
the upper or lower surfaces.

The dimensions of 10 specimens are sumerized in Table 18.

Table 18. Dimensions of Epidinium quadricaudatum

+ Limits of
S R 0 CVe® | Yartation

Length 128.9 + 4.3 + 14.0 10.9 | 105 - 151
width 62.1 + 1.9 + 5.9 9.5 51 - T0O
LA ratio | 2.07 + 0,06 | # 0.18 8.7 |1.78 ~ 2,43
L. macro 3.6 + 3.9 + 12.4 16.8 59 - 89
Epidinium parvicaudatum Awerinzew and Mutafowa (1914)
Syn. Epidinium ecaudatum forma cattameci Doglel (1927)

Plate 4, Figure 3
The body 1s elongate and tapered posteriorly. There are
five caudal spines. The position of the three lateral spines
13 variable. Sore individuals have one z3pine on the upper
surface and two on the lower surface but in other specimens the
positions of the apines are reversed,
The measurenments of 10 specimens are summylzed in Table 1G.

Table 19. Dimensions of Epidinium parvicaudatum
+ Limits of

e« Contimmed over
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Table 19, Contimed ..
= B Iimits of
MIoHm O |87& | veriotiecn
LA retio | 2,11 + 0,04 | +£0.13 | 6.2 [ 1,94 - 2.43
L. mnero 69.7 + 3.8 + 12.0 17.2 54 - 92
GENU3: Ostracodinium Doglel, emended Kofold and Maclenman (1932)

Two membranelle zones; a broad skeletal plate beneath the
upper surface, often bending on the left towards the lower

side; two to six contractile vacuoles bencath the left surface.

Ostracodinium mammosum Railliet (1890)

Syn. Ostracodinium dentatum Doglel (1927)
Plate 5, Figure 4

The body 18 rectangulayr and relatively short. The skeletal

plate narrows towards the posterior of the body. There are

thiee contractile vacucles and two cawial lobes,

lobe 1s hollowed on the left side.

The right

The measurements of 10 specimens are summarized in Table 20,

Table 20. Dimensions of Ostracodinium mammosum

+ i 7 @ Iimits of

M=ol g CVe | Vaplation

Length 94,1 4 2,2 + 6.9 a2 89 - 108
Width 56.9 + 1.4 + 4.3 7.6 51 - 65
LA ratio | 1,66 + 0.02 + 0.05 Bal 1.56. - 1.74
L. macro 5700 + 105 b 2 uo8 8!1“ 51 - 65
V., macro 1.6 + 0.4 + 1.5 11.2 1 - 14
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Ostracodinium dilobum Dogiel (1927)
Syn. Ostracodinium obtugsum forma dilobum Doglel (1927)
Plate 5, Figure 3

The body 1s more ellipsoldal than that of O, mammosum.
The skeletal plate marrows towards the posterior. There are
five contractile vacuoles. The two caudal lobes appear similar
to those of O, mammosum but the right lobe 1s not as scoop-
shaped.

The measurements of 10 specimens are summrized in Table 21,

Table 21. Dimensions of Ostracodinium dilobum

+ Iimlts of

W= g C.Ve% VYariation

Iength 105.7 ¢ 1.2 + 3.7 3¢5 105 - 113
L/N ratio 1.76 + 0.05 + 0,15 8.5 1.54 - 2,00
L. mero 63.4 + 0.8 + 2.6 4.1 59 - 67
W. macro 11.6 + 0.2 + 0.5 4.3 1M - 12
Ostrecodinium rugoloricatum Kofeid and Meclemman (1932)

Plate 5, Figure 5
The body is elongate and somewhat rectangular, The left
edge of the skeletal plate turns and extexis a considerable

distance unxier the lower side of the body. There are three
contractile vacuoles. The single caudal lobe 1s a continuation
of the right surface and 13 flattened to meke the poaterior emd
appear rounded,

The measuraements of 10 specimens are summarized in Table 22.
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Table 22. Dimensions of Ostracodinium rugoloricatum
nion o oG | SamtE e
Length 102.8 + 3.8 + 12,0 1.7 78 - 116
L/M ratio 1.71 £ 0.03 | #0.10 5.8 1.45 - 1,95
L. macro 60.3 ¢ 2.4 + 7.7 12.8 b9 - T8

Kofold and Meclemnan (1932, p138) stated "The skeletal
plate extends laterally from the macronucleus to the ventral side
of the body." In nome of the specimens examined was this
observed; the plate always tapered towards the posterior emd
of the body, '

GENUS: Eudiplodinium Doglel, emended Kofold and Meclemman (1932)
A single species,
Eudiplodinium mapggii Florentini (1889)
Plate 1; Plate 5, Figure 2
The body 1s large and roughly triangular, and has two
membranelle zones. The macronucleus has a large hook on the
left at the anterior exdd. There 1s a single marrow skeletal

plate. There are two contractile vacuoles.,

The measurements of 10 specimens are summarized in Table 23.
All of the specimens examined had a proncunced right caudal

lobe tapering to a relatively sharp point fram a broad base.
This lobe 1s not indicated in the drawings of either Doglel
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(1927) or Kofoid and Maelennman (1932).

Table 25. Dipemaiops of Endiplodinium magpil

Mo o C.V.P %a"‘;;iiggigg
Length 167.6 + 6.2 + 19,5 11.6 149 - 195
Width 114.4 + 3.5 + 10.9 945 103 = 135
L/¥ ratio | 1,47 + 0,03 0.1 TS5 | 134 - 1,66
L. macro 86.9 % 5.3 + 16,7 19.2 59 - 116
W, macro 27.6 + 1.7 + 5.4 19.6 22 - 38

GENUS: Metadinium Averinzew and Mutafouwa (1914)

Body large and heavy; wo membranclle zones and two
contractile vacuoles; tﬁo sleletal plates, sometimes fused at
their posterlor ends; mecromicleus large and elongated with tuwo
or three lobes on the left side.

| Metadinium medium Awerinzew and Mutafowa (1914)

Syn. Eudiplodinium medium forma medium Doglel (1927)
Plate 5, Flgure 1

The two skeletal plates are not fused. The macronucleus
has three lobes. The posterlor end of the body 1s rounded,
The measurements of 10 specimens arc summmrized in Table 24,

Table 24, Dimensions of Metadinium medium

nigwn i e || e
| Length 194.7 + 6.9 +21.9 11.3 162 = 230
Width 109.3 + 4.1 + 12.9 11.8 86 - 132

Continued over ..
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Table 24, Contimied ..

mtom o C.v.% | pamits of
LM ratio 1.79 + 0.04 | + 0.12 6.7 1.63 - 2,00
L. macro | 117.0 + 5.6 + 17.6 15.0 89 - 143 |
Hc macro 20.2 + OO'B + 2.3 11.“ 16 - 23

Metadinium tauricum Doglel and Fedorowa (1925)

Sya. Eudipl ium forma tauricum Dogiel (1927)
This species 1s similar to M, medium, but the skeletal

plates are fused posteriorly. The posterior lobe of the macro-
nucieus 1is relatively small.

The dimecnsions of the two specimens scen are summrized
in Table 25, |

Table 25. Dimensions of Metadinium tauricum
Length 191, 216
Width 97, 119
LM ratio 1,98, 1.82
L. mecro 113, 132
W. macro 19, 19

GENUS: Dipledinium Schuberg, emended Crawley, emended Doglel,
emended Kofoid and Maclenman (1932)
Two membranceclle zones; no skeletal plates; macronucleus
nas anterior third bent to right at angle of 50-9003 two
sontractile vacuoles. All specles have a longltudinal
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cuticular fold, which may be inconspicucus, on the upper left
body side.

Dogiel (1927)
Plate 6, Figure 1

The body i1s relatively short and heavy, and slightly
tapered posteriorly. There 1s a single, smnll, right aspine.
The measurements of 20 specimens are summrized in Table 26,

Table 26. Dimensions of Diplodinium monacanthum

mtonm o C.VH %ﬁgﬁi‘gﬁ
Length 4 + 1.1 . 6.8 67 - 84
Width 49.8 ¢+ 0.8 . Toh 43 - 54

1+ 14+ M4 M I
C = RS
®
O WUl = =3 =
=~

Lo mcm 36.6 i‘ 1.0 ° 12.3 30 (e u6
W. macro 20.1 + 1.8 o 28.9 16 - 24
Diplodinium diacanthum Doglel (1927)

Syn. Anoplodinium denticulatum forma diacanthum
Dogiel (1927)

Plate 6, Figure 2
Similar to D, momacanthum but with two caudal spines, onc
on the right and one on the left.
The dimensiona of 10 specimens are summrized in Table
27.
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Table 27. Dimensions of Diplodinium diacanthum
mtoun o cwvg | imbsel
Length 78.2 + 3.1 + 2.9 12.7 62 - 89
Width 52.8 + 1.4 + 4.3 8.1 46 - 62
L. macro 3809 t 2.6 t 8.1 20.8 27 -, 51
W. macro 20.9 ¢+ 1.0 + 3.2 153 16 - 24
Diplodinium triacanthum Dogiel (1927)

Syn. Anoplodinium denticulatum forma triacanthum

upper surface.,

The dimensions of 10 specimens are summrized in Table 28,

Doglel (1927)

Plate 6, Figure 3
Similar to D, diacanthum but with a third spine on the

Teble 28. Dimensions of Diplodintum triacanthum
misu B giorly | sEeavo el
Length T4.0 + 1.6 + 4.9 6.6 65 - 81
width 49.5 + 1.0 + 3.1 6.3 46 - Sk
L. macro 38.1 i- 0.8 i’ 205 605 35 = 40
W, mcro 19.2 ¢ 0.6 + 1.8 9.4 16 - 22
Dipl tetracanthum Doglel (1927)

Syn. Anoplodinium denticulatum formm tetrgcanthum

Dogicl (1927)

Plate 6, Plgure 4
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Similar to D. monacanthum but with four caudal spines, one

on each body surface.

The measuremcnts of 10 specimens are summrized in Table 29,

Table 29. Dimensions of Diplodinium tetracanthum

uiowu o C.V.% %gﬁigiigg
Length 78.8 + 2.8 + 8.8 11.2 62 - 89
Width 52.4 + 1.7 + S.b 10.3 50 - 59
LM patio | 1.51 + 0.05 | 2 0.7 | 11.3 | 1,41 = 1,65
L, mecro 816 + 1.9 + 6.1 4.7 27 - 51
W. macro 21,1 # 1.1 + 3.6 17.1 14 - 24

Diplodinium pentacanthum Dogiel (1927)

Syn. Anoplodinium depticulatum fcrma pentacanthum
Dogiel (1927)

Plate 6, Figure 5
Similar to D, tetracanthum but with five caudal spines.
The £ifth spine 1s on either the upper or lower body surface.
The dimensions of 10 specimehs are summmrized in Table 30.

Table 30. Dimensions of Diplodinium pentacanthum
+ Ny Iimits of
M - oM O— v.Vu" Va!’iati(m
Hidth 51.9 + 1.1 + 3.4 6.6 o - 57
LM ratio 1.51 + 0.03 + 0.10 6.6 1.24 = 1,65
L. macro 36.5 + 1.7 + 5.4 14,8 27 - 46
w‘o Dracro 20.5-'!‘ 0.9 -"" 2.8 15.7 16 = 2"}
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Diplodinium anisacantbum Da Cunha (1914)

Syn. Anoplodinium denticulatum forme apisacanthum
Dogiel (1927)

Plate 6, Figure ©
Similar to D, pentacanthum but with six caudal spines.
There are two splnes on each of the upper and lcwer surfaces.
The dimensaiona of 10 specimens are summrized in Table 31,

Table 31. Dimensions of Diplodintum anisacanthum

nton g | €¥% | SeEsser
Length 5.1 + 1.9 + 6.0 8.2 65 - 86
Width 50.4 + 1.8 + 5.6 1.1 55 = 57
LN ratio | 1.46 + 0,07 | #0.21 | 4.4 |1.28 - 1.85
L. mecro 36.4 + 1.6 + 4.9 13.5 30 - 43
W. mcro 19.5 £ 0.79 | £+ 2.5 12.8 15 = 22

GENUS: Eodinium Kofold ani Faclennan (1932)

“wo membronelle zones on the same level; no skeletal
plates; two contractile vacuoles; macrdanucleus elongate,

Eodinium lobatum Kofold and Maclennanm (1932)
Plate 7, Figure 5

The body 1s ellipsoidal and has a small posterior lobe.
The anterior vacuocle lies in a depression of the macromucleus,
The posterior vacuole lies at the poaterior end of the macro-
nucleus,

The measurements of 10 gpecimens are summarized in Table
32,



.

Table 32, Dimensions of Eodinium lobatum

stom | o | ows| pmmer
Length 45.8 + 1.6 | +4.9 | 10.7 40 - 59
LN mtio 1070 i’ 0.05 t 0.16 904 1.48 = 2.0“'
Lo |maCTro 27.1 i 1.7 t 5.4 24.4 22 b 38
W. macro 6.1 + 0.3 + 1.1 18.0 5~ 8
Eodinium bilobosum Doglel (1927)

Syn. Anoplodinium postervesiculatum forma
bilobosum Dogiel (1927)

Plate 7, Pigure 6
The body is stouter than that of E, lobatum. There are two

caudal lobes; the right lobe varies between a lobe and a short
891&0
The measurements of 10 specimens are summrized in Table 33,

Table 33. Dimensions of Eodinium bilobogum
Hiom a e | o
Width 31.0 + 0.9 + 2.9 9.4 27 - 35
LN mtio 1.37 t 0003 t 0010 7.3 1.23 (- 1.50
L. macro 28.1 + 1.1, + 3.4 12.1 24 - 32
W.mero | 5.6 %0.2 + 0.5 8.9 5= O

Eodinlum postervesiculatum Doglel (1927)
um Dogiel (1927)
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Similar to E, lobatum, but with the posterior end smoothly
rounded .
The dimensions of 10 specimens are summrized in Table 34,

Table 34. Dimegz_s' ions of Eodinium postervesiculatum

mntocn o | ey | Mok o
Length 52.8 + 1.0 $ 3.2 6.1 49 - 57
Width 30,9 + 0.5 3 il 5.5 27 - 35
LM ratio 1.71 + 0.04 + 0.11 6.4 | 1.54 - 1,89
L. macro 28.9 + 0.8 + 2.4 8.3 24 - 32
GENUS: Eremoplastron Kofold and Maclemman (1932)

Two membranelle zones; macromucleus triangular or rode
like; a single narrow skeletal plate; two contractile vacuoles.

Eremoplastrop rostratum Florentini (1889)
Syn. Eudipledinium rostratum Dogiel (1927)
Plate 7, Figure 4

The body is relatively long and has one large caudal
spine. The micromcleus lies in the mlddle of the lelft edge
of the macronucleus.

The measurements of 10 specimens are summirized in

Table 35.
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Table 35. Dimensions of Eremoplastron rostratum

M+o M o ETE| yonsidre
Length 52.6 + 1.8 + 5.8 11.0 43 - 59
Vidth 29.0 + 0.7 | + 1.8 6.2 27 - 30
LA ratio | 1.81 +0.04 | $+0.12 | 6.6 | 1.59 - 1.97
L.meero | 26.2 +1.3 | +4.2 | 16.0 22 - 30
¥. macro T.4 + 0.3 + 0.9 12.2 6 - 8
L. spine' | 17.2 + 0.7 | # 2.1 12,2 16 - 22

1. Ilength of spine.

Eremoplastron bovis Doglel (1927)
Syn. Anoplodinium neglectum forsm bovis Doglel (1927)

Plate 7, Figure 1
The body 18 rectangular to ellipsoldal. There 1s a smell

caudal lobe. The micramicleus lies in the middle of the left
edge of the macromcleus.

The measurements of 10 specimens are summmrized in Table
356.

Table 36. Dimensions of Eremoplastron bovis

2o u a c.vg | Varlstion
Length 84.5 + 2.5 + 8.0 9.5 T - %
uidth 47.5 + 1.5 + 4.8 10.1 38 - 51
LM ratio | 1.79 + 0.05 | + 0.16 8.9 | 1.59 - 2.00
L. macro 42,9 + 1.8 + 5.6 135.1 35 -« 51
W. macro 13.4 + 0.3 + 1.1 8.2 11 - 14
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Eremoplastron brevispinum Xofold and Maclenman (1932)
Plate 7, FPigure 2
The body 1s ellipscidal with two short caudal apines. The
meronucleus 13 rod-shaped. The endoplacmle sa¢ extends into
the base of the left spine.

The measurements of 10 specimens are summarized in Table 37.

Table 37. Dimensions of Eremoplastron brevisplmum

) 4 Limits cf
B=an a C.V.% Variation
Length 80.7 + 2.8 + T 8.8 D -9
Width 51.1 + 0.8 + 2.4 4.7 49 - 5h
L/ ratio | 1.58 + 0.03 | + 0.08 5.1 | 1.49 = 1.74
L. maero 14'001 i‘ 106 i 5.2 13.0 32 - 149
W, maecro 12.2 + 0.7 + 2.3 13.9 8 - 14
Eremoplastron monolobum Doglel (i927)
Syn. Eudiplodinium neglectum forma monolobum Deglel (1927)

Plate 7, Figure 3
The body 18 ovoild to roughly spherical. There is a

pominent right lobe, and an inconsplcuous short lobe on the
eft. The macronucleus 1s a thick rod.

The measurements of 10 cpecimens are swmmarized in Table 38,

‘able 38. Dimensions of Eremoplastron monolobum

Mton o did | o
Length 55.3 £ 1.2 + 3.7 6.7 49 - 59
width 38.6 + 0.7 + 2,2 5.7 35 = 40

Ccntinued over ..



Table 38. Contimued ..

miEgH o EME | e of
LA ratio | 1.43 + 0,04 | # 0.12 8ot | 1,22 = 1,55
L. macro 23.2 i 0.9 t 2.9 12.5 19 - 27
U. macro 1001 i' 003 i’ 009 809 8 - 11 :
Discussion

The system of classification of the oligotrichs developed
by Kofoid and Maclennan (1930, 1932, 1933) and Kofoid amd
Christenson (1934), and used here, 18 probably the most useful
scheme avallable at present. These authors removed the sub-
genera created within the genus Diplodinium by Doglel (1927),
and created species of many of the sub-specles. In view of
the variation within clones of certaim oligotrichs noticed by
Poljansky and Strelkow (1934), Hungate (1942), the present
author (see- later) and others, their classification is
obviously faulty in places, but remmins a useful and practical
system. |

Ideas on the phylogenetic relationships of the rumen
clliates have changed since the first taxonomie studies were
made. Many new clliates have been discovered and techniques
have been improved, and a8 a result, the taxomomy of tlf;e ™umen
clllates, particularly the oligotrichs, is in urgent need of
rovision. Several systems of classificaticn of the oligotrichs
are in current use, notably those of Doglel (1927), Mangold



(1929) and Xofold and Meclennan (1930, 1932, 1934), and the use
of these various systems has led to considerable comnfusion.
Further difficulties have arisen with the discovery of ncw
species, and with neuw, isolated observations om taxonomy by
authors such as Wertheim (1935a, b), Krascheninntiew (1955) amd
Zielyk (1961). Because of this lack of order meny workers with
the rumen ciliates have falled to establish fully the identity
of the organisms they were studying. If any studies on the
rumen ciliates are to be fully appreciated by other workers in
the field, it is important that the mame of the ciliate used is
fully documented.

Lubinsky in the University of Manitoba, 13 at present
revising the taxomomy of the rumen oligotrichs. He has already
published on intra-specifiec forms of some cntodinia (Lubinsky,
1957a) and on the fauma of the Camadian reindeer (Lubinsky,
1958a, b), and has considered evolutiomary trends and camparative
morphology within the Ophryoscolecidae (Lubinsky, 1957b, ¢, d).

The fauna identified in the four cows examined here is a
typical selection of the ciliates fournxi in ruminants elsewhere.
No ncu species were found which 1s not surprising in view of
the fact that rumimants were introduced to this country only
& century ago. The occurrence of Charon e@;. in the bovine
rumen 1s of interest, especially as it may constitute up to 12%
of the cillates. This i1s the first reported occurrence of this
ciliate outside the colon of the horse (Hsiung, 1930), although
Jameson (1925) found the very similar Charon ventricull in the
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rumen of cattle and sheep in England. This 18 also the first
report of the oceurrence of a ciliate in both a rumimant and
a mono-gastric animsl, The relatively high population of
Buetschlia (3.4%) in one cow 1s also worthy of note. Since
Schuberg first described this organism in 1885 it has been
reported on only a few occasions. Kofoid and Maclemnman (1933)
reported the occasional occuerence of this ciliate in Bog
indicus, and Sharp (1914) implied that it oceurred im cattle
in California, Becler and Talbot (1927) did not find it in
any of 26 cattle in Iowa, and it was not found by Kofoid and
Christenson (1934) in a single specimen of Bos gaurus.

The composition of the fauns, depending as 1t does on
the diet of the host, camnot be critically campared with that
of ruminants elsewhere. Even in this country the fauma of
mnainants undoubtedly varies between areas, although it 1is
probably composed mainly of the specles described here. The
general similarity of the fauma in different types of bovine
the world over 1s shown in Table 39 where the fauma of Bos
indicus and B, gaurus are campared with the fauma of cattle
studled here. It is obvious that Entodinium sSpp. commonly

constitute a large proportion of the population.

The absence of members of the genera Polyplastron Doglel
(1927) and Ophryoscolex Stein (1858), not cammon in Bos indicus
or B, gaurus, but cammon in some circumstances in other
countries (see Eadie, 19623, b), is worthy of note. These
organisms are also absent from sheep and the examirmtion of the
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Table 39. Approximate percentage generic composition of clliates

in Bos indicus, B. gaurus and New Zealand cattle

Bos indicus Bos pgaurus N.Z, cattle

Genus Kofold amd Kofold and |y oo T cous

Maclennan Christenson | onom maple 40

(1930, 1932, 1933) (1934)

Entodinium 38 22 72
Eodinium ¥ + 5
Eremoplastron 6 + 24
Epidinium 1 3 15
Budiplodinium 3 3 y
Metadinium 2 = ¥
Ostracodinium 3 6 S
Diplodinium 9 12 <
Elytroplagtron 1 - -
Ophryoscolex + ol -
Polyplastron = - -
Holotrichs 38 21 i

+ = lessa than 1%

not present

fauna of our non-domesticated ruminants, goats, deer, chamols
and thar, for these two genera alone, apart from the other
rccognized genera not found in New Zealand (Enoploglastron
Kofold and Maclenman (1932), Elytroplastron Kofoid and
Maclennan (1932), Epiplastron Kofold and MacLennan (1932) and

Diploplastron Doglel and Fedorowa (1925)), is well warranted,

Most of the wild ruminants feed on materials very different from
those utilized by our sheecp amd cattle and may well harbour

different ciliate populations.
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The measurcments recorded here of same of the specimens
of both holotrichs and oligotrichs differ slightly frem those
recorded by othera. These differcnces are smell however, and
are probably a normel consequence of different diet and environ-
acntal coixiitions (see Iubinsky (1957a)).
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B, OCCURRENCE AND POPULATION DENSITY

Introduction

Only a few authors have made quantitative amalyses of
rumen clliate populationsa in cattle although there 1s a consider-
aﬁle literature on the fauna of sheep. Lofold and ikeclennan
(1930, 1932, 1933) and Kofold amd Christenson (1934) gave only
the percentage compoasition of the fauma of Bos indicus and
B, gaurus respectively. Becker and® Talbot (1927) did not
eatimate the cillates in the cattle they ezamined.

Up to tuo million ciliates per gram of rumen contents of
both cattle and sheep have been reported, but Oxford (1955)
pointed out that because of the methods of counting used few such
counts were liksly to be accurate and discussed the difficulties
involved in obtaining an accurate count. Since 1955, however,
mich work has been carried ocut on counting techniques, and
statistical analysis has shoun that present-day techniques are
capable of ylelding. very accurate results (Moir and Somers,

1956; Boyne, Eadlie and Raitt, 19573 Purser and Moir, 1959;
Warner, 1962b).

Sampling from the rumen 1s difficult and, unless great care
is taken in obtaining the sample of rumen contents, the ciliate
counts, however aceurate the counting technique, may not give
a2 true indication of the rumen population. Considerable
atratification of feed material occurs in the rumen of cattle
(Pearson and Smith, 194%; Smith et al., 1956) and makes the
gsampling procedure difficult 1f comparable samples are reguired
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on different occasions. Difficulties also arise if the rumen
material 1s sileved or strained to remove large particles of
plant material. ILarge organisms are easily trapped in the mat
of plant debris even if the pore size of the straining material
1s large enough to allow thelr passage.

The errors arising from stratification of the ingesta
can be minimized i1f the animal is on a strict feeding regime
and 1f the sample 18 always removed at the same time relative
to the time of feeding, from the same position in the rumen.

A standard sampling time also eliminates errors that might arise
if the mmber of ciliates varies throughout the day. Purser
and Molr (1959) and Nottle (1956) have demonstrated a diurmsl
cycle for Entodinium and Purser (1961) reported a cycle for
holotriéhs in sheep.

Oxford (1955) commented on the value of protozoa counts
and saild that (p575) "Since only certain kimis of rumen ciliates
seem to have intense fermentative activity the differential
count may be rather more lmportant than the total COUnt ......”
Both holotrichs and oligotzrichs have nov been shown to be
active fermenters and the first part of this statement can
perhaps be disputed, but the differential count certainly remzins
a most useful assessment of the rumen population in most
circumstances, The differential count 1s casler to perform than
the total count provided that large organisms.are not lost during
removal of plant material from the sample,

Information on the composition and size of the rmumen

cillate population in six cows 1s given in this section.



- 47 -

Dirferential counts of Epldinium specles are presented separately
in the following section.

Materials and Methods

The cows used (mmbers 294, 90, 35, 30, 29, 2) uere
rumen-fistulated, and stall-fed, Monday to Friday inclusive,
on either fresh red clover (Trifolium pratense L.), grass hay,
or red clover hay. On Saturday and Suniay the animsls were
turned cut to pasture. Animels 29 and 30 were identical twins,

All samples werce taken before the morming feed after ovei-
night starvation (16-17 hr.). About one litre of rumen contents
was removed théough the fistula from about six inches below the
surface of the ingesta and strained through gauze. The sample
wag shaken to suspend settled protozoa, and 100 ml. was mixed
with an equal volume of 10% (v/v) formalin. This suspension was
farther diluted, usually by the addition of 10 ml. to 50-100 ml.
of 5% (v/v) formlin containing 0.05% methyl green. Occasionally
the protozoa were centrifuged from the first formalin preparztlion
and resuspended in 0.05% agueous methyl green.
Countinz cell. The counting cell was based on that used by
Adam (1951) and on the MacMaster eelworm cell, and was constructed
from pglass mlcroscope slides as described by Boyne, Eadle and
Raitt (1957). The cell was 1 mm. decp and held approximetely
1 ml, of fluid, The sample was added rapidly from a wide~mouth
1 ml. gerologlecal pilpette to ensure an even distribution of
protozoa and tc; rminimize the formation of alr bubbles.
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HOC de The protozon in 20 flelds uere counted,
the £iclds beins rexdamly sclected in four rous of five across
the slide. The cell uas refilled for the duplicate count which
was carried out on each of the two samples. Thus, for each
dally count, the protozcoa in 80 fields uere counted and the

totals averaged.

sentrifuged anl suspended in formalin cantainiry 0.05% methyl
green as described above. The eclliates were mounted under o

cover glass and the preperation was sealed with nell varnalsh,
500 eiliates were identified in each sample,.

Experimental and Regulis

The distribution of the ciliate genere in four cows is
shoun in Table 40. Tne identical twins, 29 amd 30, were used
to asseass _the type of fauma-change occurying with a change of
dict. DBoth cows were sampled when establisiwed on a diet of
fresh red clover and Were sampled a second time two weeks after
the dist had been changed to gross my. The results are
included in Table 40. The distribution of the oligotrich species
in the same four cows, on the same four occasions; 18 shown in
Table 41, '

Total counts of rumen protozoe were made on 167 occasions
betueen Hovember, 1959, anmd December, 1960. Cau 294 uas
gampled until September, 1960, but as this aniunl was not
avellable after that date cow 90 was used uatll the end of the
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experiment. From Hovember, 1959 to by, 1960 inelusive, and in
November and December, 1960, the cows werec stall fed on fresh
red clover. From June to October, 1960, inclusive, both cows
uere fed on red clover hay.

The results of the total counts, as mean totals for each
month, are given in Table 42, "I’be counts ranged from 1.1 X 105
to 1.9 x 10°/ ml. rumen 1iquor. Table 43 shows the mean totals
for the two cous on the two dilets.

In October and November, 1961, epidinizl suspensions
could not be obtained fram rumen liquor by the method of Cxford
(19582). The total population of oligotrichs appeared to be
pormnl but epldinia could not be separated im large mumbers,
the few obtained being sluggish and imactive. A short series
of counts was carried out to establish the size of the epldinial
population. Total protozoa were also estimated, The total
ciliate population was fouxi to be abnermally low as were the
mmbers of Epidinium. The results are shouwn in Table 44.

Discussion

The errora attached to the method for mlking total counts
were similar to those found by Boyme, Eadle and Raitt (1957).
The method of counting used, together with a method utilizing
10 samples from the animal instead of two, and with five fields
counted at each filling of the cell instead of 20, were atatistic-
ally analysed. The analyses showed, for both mcthods, that
dilution and sampling of the initial diluted suspension did not



Cou: 294 55 29 50 29 30
Genusg Diet: Grass lay Fresh Clover | Grass IHay
Date: 9.8.62 11.9.62| 26.2.63 1.6.63
Entoainlum 32,6 33.6 35.4 19.0 [ 3.0 24.2
Eodinium 9.4 5.9 1.6 4.4 [ 4.4 12,8
Eremoplastron 27.2 25.8 22,4 21.4 | 23.2 32.4
Epidinium 0.9 12,0 22.0 25.4 6.4 3.4
Eudiplodinium 1.9 1.0 2,2 2.0 | 3.0 4.0
Metadinium 0.2 0.2 - 06 | 0.8 0.4
Ostracodinium 3.4 2.6 t2 2o | ke 3.6
Diplodinium | 12.5 342 - 0.2 - 0.4
Isotricha 6.0 TH L,2 4,2 1.6 5.4
Dagytricha 5.5 7.8 10.8 17.2 | 23.2 9.6
Buetschlia 0.2 0.2 0.2 3.4 2.4 0.6
Charon 0.2 0.2 - - |12.8 3.2

#* 500 ciliatea l1ldentifiled
- = Not seen during the count.
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All totals are X 10"5/ nl. rumen liguor

— n—— Total Cillates Ranee No. of Counts

Cow 294 Cow 90| Cow 294 Cow 90 |Couw 294 Cow 90
November, 1959 | Fresh clover 34T - 2.7 = 5.8 - 12 0
December " BB - 2,5 -~ LU - 12 0
Jamwery, 1960 2 8.9 - 2.1 -16,4 - 10 0
February i 1.4 - ®.3 =19.7 - 10 0
March " 9.1 - 4,0 -13.9 - 16 0
April " - - - - 0 0
May v 5l - 2.8 - 4.9 - 18 0
June Clover hay 2.5 - 1.9 - 3.5 - a1 0
July 3 2,5 - 1.6 - 2.8 - 17 0
August " 2,3 - 1.4 - 3.2 - 23 0
September ¥ 2.4 2.2 | 1.1 = 4.,0[1.3 - 5.6 18 1
October " - 2.2 = 1.8 ~ 2.5 0 1
Fregh clover - 2.1 - 1.9 - 2.4 0 7
November n - 243 - 1.9 = 2.7 o] 14
December " - 2.4 - 1.8 -~ 2.8 0 12
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Table 43. Mean rg of tozeca in two cows on fresh clover
and clover hay dlets
Cou 2 Cou 90
November, 1959 to September to
September, 1960 December, 1960
Hean No.énl. Mean ,@.
X 10-5 No. of Counts X 10-5 No, of Counts
Clover 7.3 T8 e 23
Hay 2.4 79 2.2 22
Table 44, Epidinia and total eiliates in cow 2 durin: October

Nove r, 1061

All figures are X 10’5/ ml,. rumen liquor. Figures in

brackets are percentages of total ciliates,

Date No. of Epidinia No. of Clliates
2.10.61 0.10 (9) 141
3.10.61 0.15 (12) 1.5
6.11.61 0.17 (9) 1.9
8.11.,61 0.09 (10) 0.9
13.11.61 0.06 (7) 0.9
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contribute any error. In the 10 sample, 5 fileld method the

min source of variation was in the count 1tseclf. The differences
between samples contributed an appreciable amount to the total
variance. Partly because of stratification in the rumen of
cattle there 1s an uneven distribution aof protozoa, and the
concentration in any one spot changes with time because of the
normal churning action of the rumen. Both of these phenomena mny
cause considerable variation in duplicate samples unless
relatively large samples are talken (e.g., 1 1.). Boyne, Eadie
and Raitt (1957) found that in a sheep on a constant diet, day-
to=day differences in the population were greater than differences
throughout the rumen at any onc time awi the varlations resulting
fram technlque. This situation may not hold for cattle as time

i1s more stratification in the rumen of cattle than in sheep,

and hence a greater possibllity of variation in the ciliate
population in differcnt areas (Warmer, 1962b).

The total population of ciliates varied considerably, the
highest recorded count (1.97 x 106/ ml) belng over 20 times as
great as the lowest count (0.9 x 105/ ml.)., In the two cows
examined over 14 months there were more ciliates present while
the anlmls were feeding on fresh cliover than on elover hay,
although the mean count for cow 294 on fresh clover 18 ezaggerated
by the relatively feu high counts recorded in the late summer of
1960. As the counting method was reasonably accurate these high
counts recorded in early 1960 were presumably gemuine. The

clliate population in the rumen does seem to be able to reach
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1.2 x 106/ . Fumen liquor,

There are few filgures available for the ciliate populations
of cattle, most of the counts in the 1itemtum being concerned
with sheep. Winogradowa-Fedorowa and Winogradoff (1929) and
cuimn, Burroughs and Christiansen (1962) reported up to 110,000
and 100,000 ciltiates/ml. respectively in the rumen of cattle.
Putmam, Gutierrez and Davis (1901) reported only 30,000/ml. in
calves,

ihe Ilncrease in ciliate mmbers when the animal changes
from a hay diet to a diet of fresh clover camnot be ascribed
solely to an increasc in one type of ciliate as might be cxpeected.
Trne population of Epidinium does rise but the increase i1s not
great. The change in diet causes an increase of most of the
ciliate gencra. Ceows on diets of hay ani fresh forage have a
similar intake on a2 dry welght basis s0 1t is hard t0 explain
the population increase following a change fyom hay to fresh
clover unless the increase in certain counstituents of the clover
is significant for all of the speecles.

The guantitative examimation of the clliatc generea showed
that three genera of oligotrichs, Entodinium, Eremoplastron and
Epidinium, make up the bulk of the oligotrich population (Table
£0). Entodinium and Eremoplastron comstituted fairly constant
proportions of the total irrespective of the two diets tested,

but Epidinium increased, meinly at the expensce of Eodinium, when
the host's diet was changed from gross hay o fresh clover.
Holotriechs averaged 21% (12-40) of the total population, the
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proportion being independent of dlet. The increase in Dasytricha

and the accompanying decrease in tntodintum in cow 29 on 1 June
1063 camnot be explained.,



...57.-

C. SEASONAL VARIATION IN EPIDINIUM

troductio

Epidinium Crewley (1923), a large oligotrich ciliate, was
described by Dogiel (1927) from rumen contents of sheep, cattle,
reindeer, camels and goats in Asla and Africa, but was apparently
more common in cattle than in the other anlmels. Many other
authors have described Epidinium from bovine rumen contents.
oxford (19582) found 1t to be cetmon inm cattle in N.E. Scotland
but never encountered 1t in sheep. The gemus has a wide
geographical distribution in a rmmber of ruminants but does not
seem to occur in large mumbers. Gutierrez and Davis (1962)
though, made cultural astudles with epidinia from a cow in which
it was the only large ciliate.

The occurrence of Epidinium in the rumen of New Zealand
cattle and sheep was first recognized by xford (1958a). During
studies on the culture and metabolism of these ciliates, Oxford
confirmed that they dld not seem to ingest cellulose fibres
(Doglel, 1927), but ingeasted plant starch (Lubinsky, 1957b), and
showed that they ingested whole or damaged chloroplasts of red
clover (Irifolium pratense L.).

Bloat 1s a dlsease characterized by excessive fcaming of
the rumen contents and by retention of gas in the rumen, and in
Hew Zealand occurs when fresh forage, especlally red clover, 1s
fed (Johns, 1954). Mangan (1959) demonstrated that clover
chloroplasts, which contain a high concentration of 1ipids (Neish,
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1939), have antifoaring properties, aml suggested that they
might play 2 part in the actiology of bloat. The ingeatlion of
whole chloroplasts by epldinia would louwer the lipid concentration
in rmen liquor and could effectively lower the aatifoaming
potential.

Presh clover, the best forege for provoidng the onset of
bloat, 1s characterised by a relatively high starch content
(Bniley, 1950e). Grass contains relatively little starch before
the flowering stage 1s reached (Percival, 1952; BEalley, 1958e).
Because the amount of starch in clover cam vary from time to
time, (Balley, 1958c¢), and beecause Epidinium ingests clover
starch grains (Oxford, 1958a), Pailey considered that changes in
she atarch in clover might result in changes in the epidinial
yopulation, and suggested (Batiley, 19532, p832) that "An
Investigation into the relationship of epldinia activity in the
mmen and the changes in the amount of starch in clover in
elation to bloat seems worthwhile."

The observation of Oxford (19582, 1959) that Epidinium was
he predcainant oligotrich im cows fed on fresh red clover and
hat 1t became less than dominant when grass or hay uas fed
150 suggested that this ciliate might influcnce the onszet of
loat.

Epldinta and total clliates were counted to determine the
elative pumbers in cows fed on fresh clover ard clover hay, amd

0 asgess whether they might play a part in the aetlology of
loat by virtue of an increase in munbers. The results of these
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counts with an anmalysis of the numbers of epldinia present on
days when bloat did, and did not occur are reported in this

section.

2 1s Ve 8

For the two cows, 294, 90, used during the period November,
1959 to December, 1960, the feeding regime was as described in
the previous section. Cow 2 was fed on fresh red clover during
the sampling pericod.

The preparation of samples and the counting technique

were also as already desecribed.,

Experimental and Results

The populations of Epidinium as both total epidinia and
percentages of the total ciliate populations in cows 294 and 90
during the period November, 1959 to December, 1960, are shown
in Table 45. Table 46 shows the mean totals of epidinia in the
two cows on fresh clover and clover hay diets for the same
period. The population figures for Epidinium on "bloat" days
are given in Table 47, The means of the counts of "bloat" and
"non-bloat® days are shown in Table 48. The mean for "non-bloat®
days 1s the mean of the appropriate epldinlal counts while the
cows were on a diet of fresh clover. "Bloat” and "non-bleat”
days are days on which bloat did, and did not. occur, reapectively,
as measured by visual observation (Johns, 195&).



Table 45. Mean monthly totals of epldinia in the xumen of cows 90, 22&

All totals are £ 1072/ ml. rumen liquor. Figures in

brackets are percontages of tosal ciliates.

Total BEpidinia Range No, of Counts

Month Diet Cow 294 Cow 90 | Cow 294 Cow 90 | Cow 294 Cou 90
November, 1959 | Fresh clover | 1.7 (45) - 0.9 = 1,9 - 12 0
Dccember " 1.1 (34) - 0.7 = 1.5 - 12 0
Januarys 1960 " 2.5 (28) - 0.6 = 5.6 - 10 0
Febrmuary £ He5 (31) - 1.6 = 4.9 - 10 0
March " 3.6 (40) - 1.5 = 6.0 - 16 0
April i - - - 0 0
May " 1.0 (26) o 0.7 = 1.4 - 18 0
June Clover hay 0.8 (33) - 0.6 = 1.2 - 21 0
July " 0.8 (34) - 0.5 - 1.0 - 17 0
August “ 0.8 (33) - 0.5 = 1.2 - 23 0
September . 0.7 (29) | 0.7 (31) | 0ot = 1.1 |04 - 1.5 18 11
October 2 - 0.8 (36) 0.5 = 1.2 0 11
Fresh clover - 0.8 (%9) 0.7 = 1.0 0 7
November 9 - 0.9 (37) 0.7 = 1.1 0 14
Dcecember ¥ - 0.7 (30) 0.5 = 0.9 0 12
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Table 46, HMe 1ls of € cous 2 on fresh
clover and clover hay dicts foxr the period November,
1 to 1

A1l totals are X 10”2/ ml. rumen liquor.

Cou 294 Cou 90

Mean No, of | Mean No. of
Total T208€  (ounts | Total 288°  Counts

Clover 2.2 007 ~ 600 78 008 005 - 1.1 33
Hﬂy 0.8 0:’4 = 1.2 79 008 O.L‘ L 1.5 22

411 totals are X 10'5/ ml. rumen liquor.

Cou 294 Cou 90
Date No. of Epidinia Date No., of Epidinia

11.11.59 1.3 17.10.60 0.7

12.,11.59 1.6 2.11,60 1.1

13.11 059 106 l" 008
15 0.9 9 O.
20 1.2 10 0.

25 1.2 14 1.0

26 1.5 18 0.7

27 | 2 O.g
30 1.9 1.12.60 0.

«12.59 1.0 2 0.6

1 1.2 5 O‘g
21 0.7 g O.

Oog 0’9

16.2.60 1. 9 0.5

1 . 12 0.6

18.2,60 2.5 13 0.6

14 0.7

15 0.6
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Table 40. Mean counts of epidinia on "blo2t” and "non-bloat"
days, Figures in brackets are mmbers of counts.

Totals are X 10'5/ ml. rumen liquor

Coui 294 Cowi 90
Bleat 1.5 (16) 0.3 (18)
Non-bloat 2.3 (62) 0.8 (15)
Discussion
Tre observation of Oxford (1958a) that Epidinium my become

the dominant oligzotrich in cows fed on fresh red clover is

largely upheld by the results described here. The counts

carried out over a perlod of 14 months showed that epidinia
constituted up to 55% of the total ciliate population although

the mean monthly figure was considerably lower. The proportions
of the other cligotrichs were not determined during these counts.,
The more detailed estimations of the fauma of cows 29 and 350 on

a red clover diet (Table 40) showed that Epidinlum constituted
22% and 25% of the total population, but that Entodinium anrd
Ei-enoglastron were present in similar or greater mumbers. In cow
29 on 26 February 1963, Entodinium and Epidinium constituted 35%
and 225 of the population respectively. It appears that Epidinium
may, on occasions, be the domimant oligotrich, and in fact the
dominant ciliate, in cowg on a diet of fresh red clover, but

that on some occasions Eptodindum and Eyemoplastron my be present
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in similar or greater numbers.

Oxford's (1958a, 1959) observation that Epidinium was
sonetimes dominant, was apparently based on cbservations of
clliates c¢ollected by settling in a buffer solution. Only a
amall percentage of the entodinia was collected durimg this
procedure ani the mmbers of epldinia were probably over-estimated.
It would not be posslble to assess whether apparent changes in
the population of Epildinium were the result of either an actual
change, or a change in the population of other oligotrichs.

On the other hand, epidinia in rumen liguor from a hay-fed cow
often caunot be collected by settling. The epldinia in cows fed
on g¥a3s hay are relatively devold of plant starch grains and
storage material, and are apparently not heavy enough to settle
rapldly under grevity.

There appear3 to be no justification for assuming that
bloat 1s caused by removal of chloroplast-contalned anti-foaming
mterials by increased mmbers of epidinia. These ciliates may
certalnly increase in mumbers when the host changes from a clover
hay dlet to one of fresh clover, but the counts made before
feeding on days when bloat occurred were not higher than those
recorded on "non-bloat® days. This is reflected in the mean
counts for "bloat" amd "non-bloat” days in Teble 48. The mean
figure for epidinia in cow 294 on "non-bloat” days is higher
- than that for "bloat” days. This may be partly because of the
high total counts reconieé at this tims. EBEloat occurred on only
two of the days when these high counts werc recorded (17 Pebruary
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1960, 3.5 X 10°; 18 February 1960, 2.5 X 10°). Epidinia may
remove lipids by ingesting whole chloroplasts, and hence increase
the foaming potential of rumen liguor, but they certainly do not
play a major part in the aetiology of blcat by virtue of an
increase in mumbers at the time when bloat occurs,

The suggestion of Bailey (1958a) that epidinial activity
in the rumen might be related to the amouat of starch in c¢lover
seems well founded. In the late spring and early summer of 1961,
uhen the weather was very hot and drought conditlions prevalled,
epidinia contributed only about 107 of the ciliate population
(Table 44)., During this period the starch content of the clover
was probably abnormelly low (R. ¥W. Balley, pars. come.).
Similarly the mumbers of epidinia found in cows feeding on fresh
clover, good quality clover hay and grass hay were of the same
order as the starch content of these materdals. Grass hay, which
i1s very low in starch, supported a population containins only a
few percent of epldinia, whlle clover hay and fresh clover,
which contain greater amounts of starch {R. W. Bailey, pers.
comm,) supported populations containinz up to 403 and 55%
epidinia reaspectively.

The dist of the animal influences the totz2l cilliate popula-
tion as well as that of the epidinia. The total population
increased when the cows were fed on fresh red clover follouing
clover hay, and the mean totals for rresi clover were higher than

those for e¢lover hay (Table 43). Similarly, during the hot dry
weather in late 1901, the decrease in epidinia was accompanied
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by a decrcase in the total cillate population. There have been
many reports of protozoal population chances following dietary
changes by the host. Mowry and Becker (1950) demonstrated a
ten=-f0ld :I.mreésse of protozoa to 2 X 106/ ml. rumen liquor in
goats following the addition of starch and protein to a diet of
bay. Van der Wath (1942) founi a secasonal variation in the
population of protozoa in sheep. Winter grass supported 105/ nl.,
while the population increased to about 5 x 10°/ ml. when the

sheep grazed summer grass.
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‘2. THE CULTURE OF SOME RUMEN CILIATES

Introduction

Investigations into the biochemlstry of rumen protozoa
have been hampered by the lack of pure cultures and most studiles
have been made on washed suspensions prepared from rumen contents.
Studies have been confined to those clliates which, through same
dictary or envirommental factor, have been dominant, or present
in large mumbers, in a particular animl (see Eadle and Ozford,
19573 Eadle, 1959; Abou Aldmda and Howard, 1960). Aa a result
of this limitation, the biochemistry of many rumen ciliates has
yet to be investigated.

In order to malke preparations of single aspecies of rumen
cilliates avallable for bicchemical studies, mony attempts have
been mde to grow them in vitro. The attempts mede before 1929
were reviewed by Becler, Schultz and Bmmerson (1929)., Simce then
unsuccessful attempts to culture oligotrichs have been made by
mony workers including Mergolin (1930), Westphal (1934), Sugden
(1953), Oxford (195582) and Guimn, Burroyghs and Christiansen
(1962). The establishment of a culture requires the meintenance
of an increasing population of ciliates., A decrease in mmbers
resulting in the total loss of the ciliates impllies a fallure to
meet all the cultural reguirements even if this loss occurs after
a period of several weeks., Coleman (1960) demonstrated that some

dietary treatments may result in the death of protozoa in
cultures after nearly 50 days. The achievement of Kamdatsu and
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Takahashi (19563 see also 1955a, b) in meintaining Entodinium
spp. for 30 days, with some division, did mot fulfil all the
requirements of a true culture.

The only successful attempts at maintainins rumen oligo-
trichs in vitro were those of Hungate (1942, 1943), Colemen
(1958, 1960) and Gutierrez and Davis (1962). Hungate cultured
Eudiplodinium neglectum (Doglel, 1927; Ercmoplastron spp., Kofoid
and Maclennan, 1932) for 22 months (Hungate, 1942), and extended
the technique (Hungate, 1943) to the culture of Eudiplodinium
moggil, Polyplastron multivesiculatum, Diplodinium dentatum (see
Kofold and Maclennan, 1932) and Entodinium caudatum. Coleman
(1958, 1960) cultured Entodinium spp., principally E. caudatum,
for over 18 months and Gutierrez and Davis (1962) meintaimed
Epidinium ecaudatum Crawley (1923) for six months.

According to Sugden and Oxford (1952), theirs was the first
published attempt to malntain holotrich rumen ciliates in vitro.
They maintained holo%trichs, with division, for one month,
Subsequent attempts by other workers have not been as successful,
Gutlerrez (1955, 1958) maintained isotrichs for only 4 and 6
days, but was able to culture Dasytricha ruminantium for 2 weeks
(Gutlerrez and Hungate, 1957). Quinn, Burrcughs and Christiansen
(1962) maintained holotrichs for 7 days on a defined medium in a
contimuous culture apparatus.

This secticn descrlbes the successful cultivation of a
range of rumen oligotrichs and the establishment of a clone of

one speciea. Unsuccessful attempts to cultivate holotrichs are
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also reported.

Materials and Methods

Hedla

Basal salt solution. The basal solution was modified from those
of Oxford (1958a) and Coleman (1958), and contained (g./1.):
K,HPOy, 0.53 Ki,P0,, 1.0 NaCl, 3.0; Mg30,.7H,0, 0.13 CaCl,,
0.008; sodium acetate,3H,0, 1.8. Preeze=dried, clarified rumen

liquor, 1.4-2.8 g., or fresh clarified rumen liguor, 100-200 ml.,
was added. The freeze-dried or fresh rumen liquor was sometimes
autoclaved with the basal solution in 1 1. screw-capped bottles.
HaHCOB, 1,0 g., ard N328.9X-120, 0.1 g. or cysteine=-iliCl, 1.0 g.
were added just before use.

ed ss. Freshly cut perennial ryegrass (I.Puum perenne, L.)
or short rotation ryegrass (Lolium peremne x L, multiflorum, L.)
was dried at 55° for 2 days (Coleman, 1958). After grinding in
a ball mill for 6 hr. the finely divided grass was passed through
a 100 mesh (aperture 152/0) sieve,
Rice starch. Starch was prepared from rice by the method of
Whelan (1955).
Cagsein. Caseln (B.D.H,) was dissolved in 1 N NaOH., After
adjusting to pH 7.4 and filtering through glass wool, the solution
was freeze-dried.
Cellulose. Finely divided cellulose was prepared from absorbent
cotton wool. The cotton was digested with 10 N HC1 for 24 hr.,

washed, and ground in a ball 1ill for 9¢ hr. The suspension of



- 69 -

cellulose particles was freeze-dried.

Rumen liquor., Clarified rumen liguor was obtained by centrifug-
ing fresh rumen liquor at 10,000 g. for 30 min. The clear
solution was freeze=dried, aucoclaved with the basal solution
or stored for up to one week at —250. The rumen liquor was
obtalned from cows feeding on elither fresh red clover or red
clover hay.

Culturecs

Inocula. Protozoa were prepared by the method of Oxford (1958a),
but using the salt solutlon desecribed above, from the rumen
liguor of a cow feeding on fresh red clover. The suspension

contained the holotrichs, Isotricha, Dasytricha, and Buetschlia,

and species of the following oligotrich genera (see Kofold and
Maclennzan, 1950, 1932, 1933): Entodinlum, Eodinium, Eremoplastron,
Epidinium, Eudiplodinium, Metadinium, Ostracodinium, Diplodinium.
The bulk of the olligotrichs consisted of Zatodinium (20%),
Eremoplastron (30%), Epidinium (35%) and Eudiplodinium (10%).

The other oligotricns were present in lcow numbers,

Cultures. The protozoa were grown in glass-stoppered conlcal
flasks (100 ml.) filled with the basal medium and appropriate

substrate materials, The flasks were gassed for > min, with CO2

before addition of the inocculum, and were briefly gassed when any

addition or transfer was made.,
New substrate was added every 24 hr, Every 24 or 438 hr.

the protozoa were transferred by carefully decanting the bulk of

the sgupernmatant fluid and pourlng the residue into a new flask
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containing fresh medium and substrate.

Clonal cul 8 cultures of single species., Cultures of
single species and clomal cultures were initizted with cells
isolated by using a microscope and micropipette. In oxder ©o
faclilitate their 1solation the cillates were immobilized with
0.1% sodium barbitone., Provided that the protozca were not
exposed to the barbitone for more than 3-4 min. they revived
satisfactorily when placed in fresh medium, The cultures were
started in 5 ml. conical flasks and were transferred to larger
flasks as the population of ciliates increased.

large-gecale cultures. An apparatus was designed to produce
batches of protozoa sultable for metabolic studies and enzyme
experiments. A 5 1. carboy with a flat bottom and fitted with a
siphon overflow adjusted to maintain a liquid volume of 2 1.

was used as the growth vessel., Constant temperature was meintain-
ed by imsmersing the growth vessel in a thermostatically
controlled water bath. Fresh basal medium, at roam temperature,
was contimocusly added (900 ml./h=.) with a peristaltic pump
(Sigmmotor Inc., Middleport, N.Y., U.S.A.) governed with a
Reveo "Zeromax" speedchanger (Zeramx Co., Minnesota, U.S.A.).
The system was flushed with Coe before inoculation and after cach
addition of substrate which was made mamwnlly every 24 hr., the
amounts being increased as protozoal mumbers increased, At the
end of the grovwth periocd the protozoa were recovered by low-speed
centrifugation. .
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Wleroscope technique _
The protozoa were identified and counted uslng the

techniques described in Sectlons 1 and 2,

Zxperimental and Results

A. THE CULTURE OF OLIGOTRICHS
Pre ex 8

Many unsucceasful attempts were made to culture the rumen
oligotrichs before a suecessful culture was established in
September, 1962, Early attecmpts were based on the methods of
Oxford (19552) and Colemen (1958) using oligotrich protozoe
preparcd by the method of Oxford (19582) and the clover starch-
green mterial substrate of Oxford (1958a). Nome of the ciliates
in any of these cultures survived for longer than 5 days. In
subsequent expericcents protozoa were prepared by the same method
but were not freed of bacterla or holotrichs by incubation with
antibiotlies or mennose. The protozoz in these cultures survived
for 8-9 @ays. In the experiments immediately preceding the
auccessful establishment of a culture, the basal salt seluticn
already described was substituted for the buffer solutions of
Ozford (19582) and Coleman (1958), and 20% fresh rumen liquor,
clarified by centrifugation, was added, Some of the clliates
in these cultures survived for 14 days.

The same conditions were used in the next experlment

untll the 13th day when the clover starchegreen material was
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rcplaced with peremnlal ryegrass dried at 55° and grounxi to paas
through a 100 mesh sleve. At the time of the addition of the
dried gress there were only about 10 organisms surviving in a
single flask., By the 17th day there were 00~100 cells present,
and the mumber had increased to 5-6,000 by the 20th day. This
culture has been maintained for 14 months and 1s now a pure
culture of Epidinium ecaudatum (Fiorentini 1889).

cul 8
Dried grags. Established cultures from which grass was omitted
died within 10 days. The grass could not be replaced by a
freeze=dried agueous extract of fresh grass, although in the
presence of this extract a few protozoa persisted for over 20 days.
Rice starch and celluloge. Cultures without starch persisted
indefinitely provided that grass or caseln was present, but the
clliates were never mumerous. The replacement of rice starch
with cellulose resulted in cultures containing mainly Eudiplodin-

dum mapgcii and Epidinium spp. with a few Eremoplastron bovis.
The other cilistes died within 10 days.

Casein. Sodium caseimate (4 mg./100 ml.) was added to some
cultures and, over a period of several weeks, these cultures
produced more organisms than those without casein. There was
little short-term differemce. These were visual observations and
no counts were made., Sodium caseimate, Difco (Hutrose), 4 me./
100 ml,, caused death of the ciliates within 4 days.

Rumen ligquor. Rumen liguor was essential for the growth and

survival of the clliates; culturcs without it survived lesg than
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10 days. Frezghly prepared and freeze=dried rumen liguor were
equally beneficial. Rumen liquor autoclaved with the basal
solution caused gradual loss of the clliates over periods of up
to 60 days. Ho effect was apparent in the first 20 days, but
after this period there was a gradual decrease in the mmber
of cells., Rumen liguor autoclaved umdiluted caused death of
the protozoa within 30 min. of its addition to the medium.

Yeast Bxtract, Difco, 5 mg./100 ml., or Casamino acids,
Difco, 5 mg./100 ml., added as a replacement for the rumen
liquor, caused death of the clliates within 2 hr,

Antibiotics. Terramycin (Ozytetracycline), viomyein, penicillin
G, K benzyl penicillin, ncomycin sulphate, streptomyecin sulphate
and achromycin all killled the cilliates in 2-24 hr. when added

to the cultures at a final concentratioa of 50 /ug./ml.
Achromycin, 5 /ug./m.., controlled bacterial growth, but only
for a few hours. At various lower concentrations the other
antiblotics were not toxic, but they elther did not innibit
bacterial growth or were effective for short periais only.
Chloremphenicol, 50 /ug./m'l... had no obvious effect on the ciliates
but bacterial growth was not suppressed enough to warrant 1its
use, .idgher concentrations were rapidly taxic,

All the cultures have been maintaimed without the benefit
of antibiotles. Bacterial growth caused only a slight turbidity
in the cultures unless the stareh was above 0.25 mz./ml.
Orldation-reduction potential. After gassing, but before

inoculation, the redox potentlal of the culture fluld was



approximately -200 mV, After incculation ani incubation for

48 nr. the potential had dropped to appraximtely =410 mV.

Rates of division. Division times were obtalned by calculating
the mumber of divisions occurring 1n a given periocd from the
mmber of ciliates produced. Ho grouth curves uere made for

the cultures, One culture with casein, dried grass and rice
starch (10 mg.) had a mean division time of approximately 21 hr.,
500,000 protozoa being produced in 8 days from an inoculum of
1,000 cellas, On another occazion a similar culture had a mean
division time of 15 hr. over a 9 day pericd.

The fiml techmique used for routinely maintazining culitures
of the ciliates was aa follows. The protozoa uere groun in
100 ml. glass—-stoppered conical flasks, The substrate was
suspended in distilled water and 1 ml. was added to the basal
medium in each flask., No antibioties were added. The flasks
were thoroughly gassed with 002 before addition of the inoculum,
and when any addition or transfer was made,

The substrate mixture contaimed caseir (as sodium caseim-
ate), 4 mg., dried grass, 5 mg., and rice starch, 10-20 mg,
Tha amount of atarch was varied according to the pumber of
clliates in the culture and the type of ciliate belng cultured.,
Epidinium spp. were found to metabolize more starch than
Eremoplastron spp. Additions of substrate were made every 24
hr. Every 48 hr. the protozoa uwere transfecrred by carefully
decanting the bulk of the supernatant filuld and pouring the
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realdue into a necw flask contailning fresh medium and gubstrate.
Unleas care was talen in the inditilal and final decantations, a
considerable mmber of protozoa weye l1lost. During routine culture
the 1loas of these protozea tended to keep the mumbers constant

in splte of the contlinued division of the organisms,

Cultures established

Epidinium ecaudatum (Florentini, 1389) has been maintained
for 14 montha. The following additional oliéotrichs were mein-
taired in mixed culture for over gix months, but were lost
follouing a change to autoclaved rumen liquor: Eremoplastron
bovis (Doglel, 1927), Ervemoplastron brevispinum (Xofoid and
faclenmon, 1932), Entodindum longinucleatum (Doglel, 1925),
Entodinium ovinum (Doglel, 1927), Eudiplodinium mapgil (Fioren-
tini, 1889).

Additionzl mived cultures of the above ciliates together
with Eremoplastron monolobum (Dogiel, 1927) and Entodinium
biconcavum (Kofold and Maclennon, 1930) were maintained for
scveral months, most of the ciliate specles gradually disappearing
untll after 10 months only Epldinium and Ercmoplastron spp.
remined.

A clone of Eremoplastron bovis was maintained for five
months before it was aceldentally contamimated with epldinia,

The clone was grown from 2 single cell 1solated after sodium

barbitone treatment.

Morphological variation
Ceonsiderable morphologilcal variation took place in the
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cultures over a period of several months,

The mixed cultures originally contained only the 1«5 spined
members of the "caudatum” group of epidinia, but, after five
ponths none of the epidinia exhibited caudal spimatiom. The
pure culture of an Epidinium species whieh has been cultured for

14 months contains the progeny of Epldinium caudatum, E, bicauda-
tum, E, tricoudatum, E, quadricaudatum and E, parvicaudatum (see
Kofold and Maclenman, 1933). None of the cells in this culture
now have caudal spines so the culture 1s presumbly of Epidinium
ceaudatum (Florentini, 1389). Variation in the shape of the body
also took place. The epidinia origimally had the long tapered
body typical of the "ecaudatum” group but forms wiih the shortened
appearance of the "nammtum” group of Schulze (1924) were soon
evident.

The clome of

Dla _ is also changed in character.
Originally started with a single cell measuring about 45 x 80 s

the clone developed forms measuring 50«50 /u X 55«80 /u, with
varying types of caudal lobes. These new forms were similar teo
Eremoplastron bovis, E, monolobum and E. brevispimm,
larpe-scale culture

The large~scale apparatus was used on two occasions to
prepare batches of cells suitable for biochemical studles. o
to three gm, (wet wt,) of mixed oligotrichs were grown in 12 days,
fram an inoculum of 2-5,000 ¢ells on the {irast occasion., A4

second batech was grown with an inoculum from the Eremoplastron
bovis clone, one gn. (wet wt,) of cells being produced in nine
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days from an inoculum of 5,000 cells, This preparation was
used for a study of the carbohydrases of the organism (Beiley
and Clarke, 1963).

B. THE CULTURE OF HOLOTRICHS

All of the attempts to meintain holotrichs in vitro were
unsuccessful. In the most successful attempt the protozoa
survived for only seven days.

Prelinminary experisments were based on the method devised
for oligoctrich culture, with appropriate changes in the carbo-
hydratc substrates. In most experiments, 0.01-0.1% glucose or
sucrose uere used in place of rice starch (see Oxford, 1955),
and dried grass, 5 mg., and casein, 4 mg., were added as uith the
oligotricha.

In sore experiments grass was omitted and was replaced
With the eguivalent amount of a freeze-dried, cold-water extract
of fresh grass. Attempts were also made Lo grow the holotrichs
in media with a soluble sugar and rumen liquor, but without grass
and casein. In these cultures both the holotricha and the
oligotrichs died within seven days. In cultures containing dried
grass the oligotrichs alwayas outlived the holotrichs,

In cultures with 0.1% glucose, death of the holotrichs
usually resulted from burating of the cells (Sugden and Oxford,
'1952). When the concentration of soluble sugars was not
sufficient to cause the cells to burst, the protczoa steadily
declined in numbers. DPivision was never seen after the third

day of 1ncubation.
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D 310

A. OLIGOTRICHS

The conditions of culture described here differed in
various aspects from those described by Humgate (1942, 1943),
Coleman (1958, 1960) and Gutierrez and Davis (1962).

humen liquor was an obligate requirement for the grosth of
. the ciliates. Coleman (1958, 1960) also found rumen liquor to
be essential, but Hungate (1942, 1943), and Guticrrez and Davis
(1962) were able to maintain their eiliates in its absence.
Hungate (1942) showed that ground, dried grass replaced the rmumen
liguor satisfactorily and routinely added 40 mg. of grass to
every 100 ml. of medium. Gutierrez ard Davis (1962) added only
3 mg. Of alfalfa to 100 ml. of medium in the absence of rumen
liguor while the cultures of Colemn (1958) contained 52 mg. of
grass per 100 ml. of medium and still had a requirement for
rumen ligquor. OCbviously, in apite of the supposed simllarity
in the metabolism of rumen clllates thie world cover, the protozoa
in some situatioms have different requiremcnts., PFurther work 1s
needed to show whether rumen liquor and grass provide growth
factors or whether they satisfy a complex nltrogen requircment.
Further differences involve the toxiclty of autcclaved
rumen liguor and the effect of materlals such as yeast extrect
and peptone. Coleman (1960) found autoclaved rumen liguor to be
gatisfactory, but the autoclaved rumen liguor used in this study
was rapldly lethal although dilution of the rumen liguor with
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the salt solution before autoclaving reduced the toxicity
considerably. With this preparation of rumen liguor the death

of the ciliates may have been the result of some cessential factor
being destroyed during the autoelaving,

The Difco products, Bacto Sodium Caseimate, Baecto Yeast
Extract, and Becto Casamino Acids were also rapidly lethal to the
clliates, even in low concentratlions. Hungate (1942) used
simllar concentrations of beef extract and peptone in his early
c-uléures with variable effects on the protozoa.

The nced for antibioties im cultures apparently depends
on the other conditions of culture. Coleman (1958, 1960) used
ckloramphenicol t¢ suppress same of the bacterda in his culbures
and found that the ciliate population dropped when 1t was omitted
but Hungate (1942, 1943) amd Gutierrez and Davis (1962) did not
find antiblotles essential.

Rather than belng essential for maintaining the cillates
in an active atate, antibiotlica may only help to increase the
total yield., Thus Colemen (1960), using chloramphericol, cultured
entodinial populations of 30,000/ml., whereas in the present worl,
without antlbiotics, the ciliates peached only 2,500/mi., amd
Gutierrez and Davis (1962) and Hungate (1942) achieved populaticns
of only 1,200/ml.,

The alze of the clilates being culturcd probably determines
the finnl population ilevel to some extent, It has been cbserved
in the present work that there 1s 2 high mortality rate among
ciliates 1n a thick layer on the bottom of a flask and the
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population iz limited by the area in which the protozoa scttle.,
Entodinla are, in general, smller tihan the other oligotrichs,
and can attain a higher demsity/unit area by virtuc of their
small size. This may be one reasan why Colemn (1960) was able
to culture 30,000 entodinia/ml. Some of the organisms cultured
here, and those cultured by Hungate, and Cutierrez and Devis,
arc considerably larser than most entodinia.,

Coleman (1962) was unsuccessful in his attempts at maintain-
ing axenie cultures of entodinla and, also considering the
demonstration by Gutierrez and Davis (1959) of ingestion of
bacteria by Entadinium and Diplodinium, 1t nov appears that
bacteria are essecntlal for the growth of at least scac of the
rumen ciliates, Hetabolic studies with washed suspensions of
protozoa, and with protozoca from bacteria=-containing cultures,
have required the use of antibiotics to suppress bacterial
activity. However, since the development by Balley anmd Howard
(1962) of a specific method for disrupting protozoe, without
disrmiption of assoclated bacteria, bacterla-free preparations of
rumen ciliates are no longer necessary for enzyme studies, although
they are still required for manametric investigatioms.

Many attempts were made to establish cultures from single
cells and small mumbers of cells following treatment of the
protozoa with sodium barbitone, but only one of the cultures was
successful. The barbitone did not seem to have any adverse
effect on the protozoa and recovery of the cells was complete in
all cases, Within 10 min. of placins the cell, or cells, in the
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culture flask the eciliates became motile and appeared to be
noranl, The fallure of most of the attcmpts was probably the
result of the difficulties involved in handling smell mmbers of
cells. It was difficult to transfer a few cilliates into fresh
medium because of the ease with which the organisms were lost in
the gress debris.

Morphologlcal variation in cultures, even short-term
cultures, of rumen clliate= has long becn established. Poljansky
and Strelkos (1934) showed that clones of Eremoplastron bilobum
developed forms similar to Eremoplastron bovis and E, monolobum,
and that the spiration of Entodinium caudatum was variable,
Hungate (1942) also noticed variation in cultures of Ercmoplastron
spp. (Eudiplodinium neglectum) similar to the variation of
Eremoplastron bovis notieed in this study. The loss or change
in the caudal spination of Epidinium as shown here, was also
noticed by Gutierrez and Davis (1962)., HMorphological variation
has also been demonstFated in vivo. Poljensky and Strelkow (1938)
showed a change in the spination of Eptodinium caudatum when
the hoat's diet was changed,

This morphologleal variabllity is a powerful argument
agalnst the division of compoalte groups of protozoca into specles,
as carried out by Kofold and Maclennan (1932, 1933). Doglel (1927)
classified the "ecaudatum” group of Epidinium as forms of the
single specles Epidinium ecaudatum (Florentini, 1889) but Kofoid
ani Maclenman (1953) split the group lnto separate species.

Thus Epidinium ecaudatum (Florentini, 1889) forma bicaudatum
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(Sharp, 1914) became E, bicaudatum (Sharp, 1914). A4 similar
situation exists with Epidipium 'pmatum (Schulze, 1924), (Kofoid
and Maclenman, 1933). Deoglel (1927) only gave thls organism
"formm" rank within the species E, ecaudatum, a decision supported
by the forms of this orpanism which developed in cultures
containing only the "eceaudatum” group. The Ersmoplastron group
of Kofold and Maclenman (1932) also consists of several specles
originally placed in one specles by Doglel {(1927). FRurther
uork on the establishment of clones of rumen clliates is
varranted solely from the taxonmomic viewpolnt. The study of
variation in such cultures would undoubtedly clarify phylogenetic
relaticnships within the group.

The large-scale apparatus was useful for producing batches
of metabolically active ciliates (see Bailey and Clarke, 1963).
With a minimm of effort 1t was mot difficult to produce several
grems of cells, a lengthy and time-eonsuming task using 100 ml,
flasks aa culture vesaels. Much work has still to be carried
out on the blochemistry of the rumen oligotrichs, and the
ability te 9roduce relatively large batehes of cells of pure
streins will be useful.

B, HOLOTRICHS

The rumen holotrichs have proved to be more difficult to
culture than the oligotrichs. Thelr abllity to uase soluble
sugars (Oxford, 1951; Masson and Oxford, 1951) suggests that
they might be cultured more easlly than the oligotrichs., However,
thelr lack of a mechanism for stopping the accummlation of
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storage polysaccharide in the presence of an excess of rapldly-
feroentable gubstrate and thelr tendency to burst as a result

of over-accumlation (Sugden and Oxford, 1952; Gutierrez, 1955),
linits the amount of substrate that cam be provided.

The successful usc of a grass extract by Sugden and
Czford (1952) for maintaining both genera of holotrichs for a
month suggests that the holotrich requirements are at least as
complex as those of the oligotyrichs. Dasytricha 1s unable to
ingest starch granmules (Sugden and Qxford, 1952) and is probably
unable to ingest grass particles. This organism may have an
obligate requirement for a grass extract, which will have to be
provided in culturea. Isotricha, on the other haxi, can ingest
smll starch greins (Sugden and Oxford, 1952) and should be
able to ingest grass particles provided they are smll enough.

The fallure to supply certain types of bacteriza may wve
the reason for the unsuccessful attempts at culture. JIsotricha
prostoma (Gutlerrez, 1958) and Dagytricha ruminentium (Gutierrez
and Hungate, 1957) have been shown to ingest only certain types
of bacteria and the bacterla they regquire may not be found, or
may not grow, under the conditions of culture so far used,

A considerable amount of work has been done on the biochem-
istry of the holotrichs eapecially since separate genera have
been kept 1s3olated in sheep treated by the method of Eadle and
oxford (1957) (see Howard, 195%a, b). The meintenanmce of theae
organisms in culture would, however, greatly simplify what work
reming, especlally with regard to thelr nutritional regulrements.



- Bl w

The cultures of rumen protozoa already established have
all been relatively crude from a bilochemlcal viewpoint. Apar:
from the need to culture holotrichs and to develop techniques to
cope with the more difficult of the oligetrichs, the next stepa
must be towards the development of chemically-defined media,
An effective fully-defined medium of the type used by Cuinn,
Burroughs and Christiansen (1962) must be possible. Such a
medium developed for rumen ciliates in this country would have
to be based on the composition of rumen liquor and on the
composition of fresh grass and clover (sec Bathurst, 1953;
Ferguson and Terry, 1954} In the absence of a fully synthetie
medium a chemlcally-defined supplement that could replace grass
would simplify the actual cultural techniques and would lead to

cleaner cultures.



3. THE ISOLATION, IDENTIFICATION AND CHARACTERISTICS
QF SOME RUMEN BACTERIA

troducti

The rumen 18 an ideal habitat for the growth of baecteria,
Aerobes are restricted because of the lacik of oxygen, but the
conatant conditions of pH, temperature, molsture and anaerobio-
8ls, and a semi-contimuous food supply encourage a large and
diverae population of anmaerobes, Assuming constanmt physieal
conditions, the flora depends on the type amd amount of food
entering the rumen., Bacteria capable of degrading complex
carbohyirates, soluble sugars, proteins, organic acids, 1lipids
and many other feed materials are found, their quantity axd type
depending on the dlet of the host. The nrincipal metabollc
products of thils complicated bacterial system are carbon dloxide,
methane, and volatlle fatty aclds. Other eml-products of normal
metabolism such as hydrogen, and formic, lactic and succlaie
acids, are merely produced as intermedilates and are metabollized
in turm.

The real advances in the bacteriology of the rumen have
been made since the 1940's whenthe 1mportance of the rumen
volatile fatty acids was realized and Hungate (1947, 1950),
Sijpesteijn {1948, 1951) and Gall, Stark and Loosli (1947)
publisiied methods of cultivating rumen amaerobes, The methods
used since then, and the many specles of bacteria lsolated, have
been reviewed by Bryant (1959).



Phyaical ¢ t culture

The redox potentlal of rumen fluld is of the order of
=300 mV to ~4OO mV at pH 7 (Horn, Snapp and Gall, 1955; Hungate,
19603 Baldwin and Enery, 1960) although higher values have been
reported (Broberg, 1957). Various methods have been employed
to attain low redox potentials in culture Eedia, but most
workers now use the method of Hungate (1950), togetber with
varicus reduclng agents such as scdium sulphide, cystelne~ilCl,
thiloglycollate and ascorble acid (see Bryant, 1959). Oxidation-
reduction indicators are also used to ensure that a low Eh is
mintained. Resazurin (E;', pH 6.867, =42 mV, Twigg, 1945) is
most cammonly utilized but indigo carmine (E ', pH 7, =123 mV)
and benzyl viologen (Eo’, pH 7, =359 mV) have also been used in
studics on She more ameroble specles. Smith and Hungate (1958)
found that benzyl viologen had to be decolourized to allow
grovth of' flethapnobacterium ruml ium, and used Escherichia coli
to lower the redox potential of the medium before inocculation.

1284

Media are usually adjusted to pH 6.8-7.2 before inoculation.
The temperature of incubation 1s that of the rumen, 39°.
Heddn

The two mrln technigues of isolation employed are enriche-
went culture using a liquid medium, and direct 1solation on a
golid medium. The enrichment technigue 1s of little value
apart from being a useful method for isolating a specifile
organism. Direct lsolation with a selective or non-selective

subatrate has the advantage of allowing crmumcratlon of the
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isolated organism. HMicromnipulative technigques have been used
to isolate viable bacteria directly from rumen contents (Ingram
and McGaughey, 1948; Purdom, 1963 ) but have rather limited
applicaticn.

Meny culture media nave been used (sece Bryant, 1959).
The most gencrally useful medium consists of a mineral salts
solution buffered with phosphate and containinz the subatrate,
& source of nitrogen, a reducing agent and rumen liguor, together
with an oxidation-reduction indicator (see Hungate, 1950).
Fumen liquor is not reguired by many rumen bacteria in vitro,
but since scme important rumen bacteria require 1t as a source
of growith factors not omiinarily avallable in such preparations
as yeast extract, it 1s usually advisable to add it during the
isolatien and preliminory studies. Por informeticon on the rumen
liguor grouth factor requirements of some rumen bacterla see
Allison, Bryant ami Doetach (1958), Wegner and Foster (1960),
Bryant and Robinson (1961, 1962), Caldwell, Bryant and White
(1962), and Allison and Beyant (1963).
Criteria for true rume cte

It is important to verify that species of bacteria
studied with regard to rumen fermeontation are actually functionzl
in the rumen and are not merely passengers. Elsden and
Pnillipson (1948) and Gell and Huhtanen (1951) were among the
first to present criterla for determlning the significance of
rumen organisms. The essential erlterla are discussed in the

follewing extract from Bryant (1959, p126).
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"Probably the most important criteria that can be used
are that the organism be shown to gpow in the rumen and that
i1t have a metabolism compatible with the reactlions occurring
and the enviromment present in the rumen. The pumbers of a
glven specles present in the rumen as campered to its mumbers
in the feed and water consumed, along with similar dats on
other specles carrying out the same reactlions, are probably
the best criteria for use at the present time. The mmerical
criterion alone can eatablish that an orpenism 18 growing in
the rumen and, therefore, that the protoplasm synthesized 1s
availlable to the host.

¥hile other criteria are of relativeldy little value in
the absence of the mumerical criterion the reverse 1s also true.
The organism should be able to attack substrotes present in
the mumen. These are not necessarily materials present in
the feed but may include hydrolytic products of feed constituents
such as cellulose, starch, and protein, and fermentation
products such as organic acld and hydrogen. It 1s also possible
that considerable amocunts of substrate arc avallable in the
form of slime and cellular constitucnts of organisms that dle
in the rumen, Permentatlion products should be compatible with
those present 1in the rumen or metabolized thereln. However,
some specles of rumen bacteria, which present evidence indicates
to be of conslderable significance, produce in vitro large
amounts of ethanol (Bryant and Small, 1950a; Bryant gt al.,
1958b), which does not appear to be present or metabolized in
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the rumen under usual conditions., The production of ethanol

by these cultures 13 probably due to the artificial enviromment
(sec Moommw and Hungate (1963) - author's note) and a study

of factors affecting 1ts production might lead to new Lmowledge
of interactioms occurring in the rumen., Culturanl characteristics
such as Eh, pH, ami temperature range of growth of the pure
culture as well as nutritional requirements should be campatible

with the environment preseat in the rumen. Algso the rumen may

contain substances that inhlibilt the growth of species that
might otherwise be able Lo function (Garmer, Muhrer and Pfander,

1954; Hoflund et al., 1957)."

According to Hungate (1960, p356): "Mctabolic processes
such as flbre digestion, starch hydrolysis, protein degredation,
hydrolysis of urea; production of acetic, propioniec, butyric,
lactic, formic, and succinlic aclds, methane, hydrogen and
carbon dioxide; and conversion of fémte, lactate, succimate,
carbon dioxide and hydrogen, all known to occur in the rumen,
have been demonstrated in at least one of the pure bacterial
culturea."”

The range of bacteria responsible for the above reactions
comprise many specles of more than 20 genera. [fany new organ-
isms have been described and new gencra created for rumen
bacteria include Ruminococcus (Sijpesteijn, 1948), Butyrivibrio
(Bryant and Small, 1956b), Succinivibrio (Bryent end Small,
1956a), Sueclnimongs (Bryant et al., 1958a) and lachnospire
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(Bryant and Small, 1956a). The species of rumen bacteria were
described under genera by BEryant (1959). Qxford (1958b) and
Bryant (1960, 1963) 1isted same of the more important bacteris
with the substretes they attack amd Hungate (1903) discussed
the bacteria in thelr recle of symbionts.

Hurgate (1960) 1s of the opinion that most of the
important rumen bacterla have been 1solated and glven, at
lecast, an initial charaecterization, 2lthough he admlts that
some of the leass abundant typee have still to be isclated. HHe
also noted (Hungate, 1960) that the axenic cultivation, identi-
flcatlion, and emmeratlion of rukmen bacteria is extremely time-
conguming and that, as a result, most ecologieal investigatlons
have been restricted to a feu componenta of the total flore.

The only rumen bacteria to be characterized in New Zealand

are Streptococcus bovis (Pailey and Oxford, 1958), laectobacillug
bifidus (Clarke, 1959) and Clostridium bifermentans (Clarke,
1961). A Beggiatoa-like organism deseribed by Jamiesom amd
Loftus (1958) was mot grown in culture.

This section reports the results of preliminory investiga-
ticns of the more important bacterlal members of the rumen flora,

Ma Methods

130, of cteria
Rumen contents were removed from o ruamen~fistulated cow

amnd strained through gauze intoc a 250 ml. conical flask. WUWhen
full the flask was stoppered amxl placed in an incubator at
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39°. This sample was used to inoculate media within one hour
of removal from the animel.

All attempts to 1solate bacteria uwere mde under amaerobice
conditions by the method of Hungate (195C). Serial teafold
dilutions of the rumen liquor were made in dilution fluid
(5e/1es K,HPOy, 1455 KH,PO,, 1.55 cysteine-HCl, 1.0;
resazurin, 0.01) sterilized by autoclaving., One ml. of each
dllution was added to 5 ml. of the appropriate agar medium in
25 ml, Trident vials (Johnsen and Jorgensen, Ltd., London). The
vials were tightly clozed wilth sterile rubber stoppers, rolled
under a stream of cold water untll the agar had solidified, and
incubated at 39°.

After 1-7 days, colonles representative of those appearing
were picked off into dilutlion fluld, diluted serially amd
cultured in roll-rubes. This procedure was repeated until the
cultures were considered to be pure as judged by microscopic
examination.

The whole ¢peration of medium dispensing, dilution and
tranafer was carricd out in a stream of oxygen-free 002. Oxygen
uwas removed by passing cylinder gas over reduced copper turnings
at 600°, Resazurin (E_, pH 0.687, -42 mv.) or indigo carmine
(Eo, pH 7, =123 mv.) was added to all media, except where other-
wlze Indicated, and gassing was carried out until the indicator
was colourless.

Hedla
Iogal wedium. The basel medium conslsted of (g./1.) KHpOy, 1.0;
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KHQPOQ, 1,03 NacCl, 2.0; cystelne-HCl, 1.0; Bacto-Tryptose,
2.,0; resazurin, 0.01, or indigo carmine, 0.005; in 207 (v/v)
clarified rumen liguor. The required substrate was added to
this medium. Agar (Davis, N.Z.) was added when required.

Rumen fluid-glucose-cellobliose agar. Rumen fluid-glucose-~

cellobiose agar (R.G.C.A,} was prepared a3 described by Bryant
and Burkey (1953).

Clarified rumen ligquor. Clarified rumen liquor was prepared by

centrifuging strained rumen contents at 10,000 g for 30 min.

The resultant clear supermate was dispensed in 20 ml. amounts
in 1 oz. screw-topped bottles and autoclaved.

Cagein. Casein was used as either casein (B.D.H.) or sodium

caseinate (Difco; Nutrose).

Cytoplasmic protein. Preparations of cytoplasmic protein were

made from red clover (Trifolium pratense, L.) by the method of
Lyttleton (1956).

Salivary mucoprotein. Solutions of mucoprotein were prepared

from bovine saliva by the method of Lyttleton (1960).

Xylan. Xylan vwas prepared from wheat flour by the method of
Howard (1957).

Pectin. Pectin (Grade 40) was obtalned from British Drug Houses
Ltd.

Cellulose. Absorbent cotton wool was degraded by immersion in
10 ¥ HC1 for 24 hr. The resulting slurry was washed free of
chloride and ground for 96 hr. in a ball mill. The product was

freeze-dried after removal of the bulk of the water by evapora-
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tion at 39°,
Identification of isolates
The routine tests for identification were based on those
recommended by Skerman (1959). Fimal 1dentificatlon was based
where possible on Bergey's Mamiel (Breed et 2l., 1357).
All socluble carbohydrates wvere sterilized by filltration
through a porosity 5/3 glass sinter, and were stored in 2%
(w/v) solutions at -25°, Insoluble carbohydrates were sterilized
by autoclaving at 10 1b./10 min. All of the pentoses and
hexoses uged, with the exception of arebinose, were the D-isomers.
As the methods for tcating nitrate reduction, and hydrogen
sulphide and indole production all involved a colorimetric reac-
tion, cultures for these tests were grown in the absence of an
oxidation-reduction indicator. Hydrogen sulphide production
was tested by the method of Pameroy (1936). Nitrate reduction
was determined by estimmting nitrite by the method of lees and
Quastel (1946).
Preservation of cultures

Where poasible cultures for stock were lkept as stab-
cultures in the refrigerator or a dry-ice box at -70°, Transfers
were gade as required., Attempts were also mrde to preserve

some cultures by freeze-drying.
Cultures for fermentation amalysis

Cultures for fermentation analysis were grown in round-
bottom flasks closed with a rubber stopper. When an annlysis of

gas evolution or consumption wag required the culture was groun
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in the apparatus first used by Elsden and described by Johns
(195:) and gassing was carrled out with oxygen~frec nitrogen.
Washed-cell suspensions

Cclls were harvested from young cultures by high-speed
centrifugation and werc washed twiece ulth phosphate buffer (1/15,
pH 6.5) containing 0.019 sodium sulphide., The f£imal suspension
wag incubated with the substrate under amseroble conditlons in
2 50 ml, conical flask.

ical methods
Glucose. The fermentation medium was treated with ZnS0, and
NaOH to remove protein and glucose was determined in the
clarified solution by the colorimetric method of Nelson (1944).
Glycerol. Glycerol was determimed by the periodate/chramotropic
acid method of lambert ani Neish (1950). No attempt was made
to correct for the smll amounts of glucose in same of the
fermentation soclutions. A solutlion of glycerol was standardized
by titration with periodate (Heish, 1950).
Iactic acid. lactic acld was determined by the colorimetric
method of Barker and Summerson (1941),
Succinic acid. Suceinic acid was determined by difference after
peasuring the lactic acid in the mixed lactate/sucecimnte
fraction from a Celite column (Swim ani Utter, 1957).
Ethanol. Ethanol was mecasured by the diffusion wmethod of Comay
(1957) using potassium dichromate to oxidise the aleohol to
acetic acid (Efinn:lck, 1942)., Excess dichromte was titrated
with standard thiosulphate.
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Volatile acids. Total volatlle aclds were determined by
titration following steam—distillation in a lerikham (1942)
apparatus. Two ml. of the sample together with & g. HgS0),
(Olmstead, Wnitaker and Duden, 1929) and 1 ml. 10N H,S0, were
added to the apparatus and steam=dilstilled. Two successive

80 m1, portions of distillate were collected and titrated with
standard (0.01-0.04 N) KaOHl in a stream of CO,-free air with
phenol red as indicator. The sec_ond sample of distillate was
used as a control to correct for lactic acid in the origimnl
sample (Barker, 1957).

The individual acids, from acetic to valerde, were
determined on the gas~ligquid chramatograpn of James and Martin
(1952)., Behenic acid usually replaced stearic acid in the
colum pacldng, and ethyl cellosolve (B.P. 137°) was used in
the vapour Jjackset. Samples of the evaporated steam=distillate
vere added to the columm a3 aqueocus solutions of the sodlium
salts. One drop of the solution was added to a 2:1 (w/w)
mixture of Celite 545 and NeHSO), im a Teflon boat which was
811d into the end of the column (Elsden, pers. comm.).

Formade acld could not be determined satisfactorily by the
above method as it was not completely separated from acetlc
acid. Its presence in fermcntatlon solutions was shown by
paper chromatograply using ethylamine/n-butancl and a ninhydrin
spray reagent (Burness arnd King, 1958) and it was measured after
colum chrometography on Celite (Swim and Utter, 1957). When

formic acld was present it was subtracted from the acetie acld
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found by gas-1liguid chrommtography.

Hydrolysis of protein. Proteln hydrolysis was determined, after
precipitation with trichloracetic acid, by the biluret wethed

of Gormall, Bardawill and David (1949), or by the Folin

tyrosine method (Spiles, 195T).

Ex 1 Result

Fifty-six strains of bacteria belonging to eleven specles
and ten genera were lsclated and identified. Thirty-three of
the strzins were anseroblic, the remalnder being facultative
anaerobes, The strains isolated arc deserdibed below under the
headlngs of the substrates used for their isolation. A swmEery
of their characteristics 1s glven in Table 49. All strains
were mumbered and glven the prefix PC. In the descripticns
following, the prefix has been dropped amd the straim mumber
quoted.

Casein

Strains 1-4 were obtained from two cows, one on & dlet
of fresh red clover and the other oan graess hay. The medium used
was the basal medium with 0.5 (w/v) sodium caselmate and with
resazurin as redox indicator. The organisms were isolated in
numbers from 2 x 10° - 2 x 108/\91. rumsn lilgucr. Growth uas
poximm when the indicator was decolourized but was still apprec-
lable when the medium was slightly pink.

In liquid medium the organism grew as gram~positive cocel,
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0.5=0.7 /u in dlameter, in pairs, clumps and short chaimns. On
80l11d medium there uere fewer chains of cells, Rumen liguor
was not required for growth and was replaceable with 0.01%
Becto~-Yeast Extract.

Glucose, maltoae, mennose, sucrose, lactose, fructose,
celloblose, galactose, raffinosc and starch uwere fermented to a
fincl pH of 4.,54-,7. ZXylose, arabinose, glycerol, riarmoss,
inositol and dulcitol were not fermented, Gelatin was not
licguefied, indole was not produced and nitrate was not reduced.,
Inltial growth on the caseln medium was poor and casein was not
degraded.

Lactic acld accounted for C0-30% of the end-products from
glucose, NO g2as was produced,

Streins 1, 2, 3 and 4 uere identified as variants of
Streptococcus bovis.

Organiam 5 was 1solated on the casein medium from a hay-
fed cow at a conmcentration of 105/m1. muen liquor. It was a
gran-positive, non-sporinz pleamorphic bacillus, 1,0-1,2 /u X
1545 Jas which grew 811ghtly in the prescace of air. Luxuriant
growth was obtained when resazurdn was decoclourized.

Only glucose, sucrcse and fructose were fermented. lactose,
miltose, xylose, arebinose, galactose, cellobilose, raffinosec,
starch, mannitol, 1nosltol, dulecltol, rhammosc and lactie acid
vere not fermented. Gelatin was llquefled, nitrete was not
reduced, and hydrogen sulphide and indole were not produced,
Coseln was not attacked. Proplonic acii was the min product
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1. Strains 1-4, 7, 9-13, 15, Lo-42
2. "8, b, 5356

3. Strain 5

L, Strains 50-51

Bis B 36, L44-U6

6. 3Strain 43

Te Y ¢

of glucose fermentation.

The organism was ldentifled as a variety of Corynebacter-
jum acnes.

Strains 20, 21 were 1solated on the casein medium from
two cows on a dilet of grass hay. Both were gram-positive,
obligate anserobes and occurred in mumbers from 105-107/m1.
mumen liquor. In liguid medla there were curved rods and
spirals of up to six coils, 0.2-0.5/1 X 3-12/11.

Glucose, lactose, sucrose, maltose, xylose, arabinose,
celloblose, fructose, galactose, melibiose and mnnitol were
fermented. Starch, cellulose, mannose, glycerol and lactic acid
uere not fermented. Nitrate was reduced to nitrite., Irdole
and hydrogen sulphlde were not produced, gelatin was not lique~
fied and caseln was not degraded. Rumen liquor was essential
for grouth and could not be replacéd by yeast extract or by
acetic, proplonic, n-valeric, iso-valeric and 1so-butyric aclds.

End-products from glucose included succinic, lactie,
formic amd acetic acids. No ethanol was produced. Succinle

acld was equlvalent to 25-30% of the carbon in the fermented
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glucose. The eni-products found aceounted for 7% of the
glucose used. Some gas was produced but the amount was not
measured .

These bacterlda were identified as species of Borrclia
similar to those deseribed by Bryant (1932).

Clover cytoplasmic protein

Bacteria 7, &, and 9 were cbtained from twWo cows on a
dlet of fresh red eclover. The medium used was the basal medium
with resazurin and 15% (v/v) cytoplasmic protein solution from
red clover,

The three stralns were 1ldentifled as variants of Strepto-
coccus bovis,
Sall mucoprote
Bacteria 10-15, from thres cows, were 1solated on the
basal medium with resazurim and 3% (v/v) mucoprotein solution
and were 1dentified as Streptocoecus bovis variants.

Casein lucose

Five bacteria, 52-56 from four caws, were 1isolated on the
basal medium with casein and 0.5% glucose. Four of the organ-
isms, 53-56, did not degrade casein and were identified as
Streptococcus bovis.

Strain 52 was an anmaerobic sporing organism similar to
Clostridium bifermentans (Clarike, 1961). Growth on the glucose
aml casein medium was rapld and cooked meat medium was quicldy

degraded.
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Glycerol
Three bacteria, 16, 19 amxd 22, were isclated on the basal

mcdium with resazurin and 0.5% (w/v) glycerol from three cows.
All uere gram=positive obligate anacrobes and occurred in

6 .6z 107 /ml. ruzen liquor. In liquid
medium the cells were rod-shaped or curved and occurred singly
and in peirs, with a few short chains. The cells measuved 0,8-

rumbers from 4 x 10

1.6 /u X 2.9 /u. Rumen liquor was not easential for growth, and
could be replaced wilth yeast extract.

Glucose, lactose, sucrose, maltose, xylose, starch,
cclloblose, arablnose, fructoge and galactose were fermented by
all three strains. Stizain 22 also fermesnted giycerol and lactle
acid. Cellulose, pectin, meliblose, manncse and mannitol vere
not fermenicd. Hydrogen sulphide was produced, Gelatln was not
liguefied, and indole waz not produced. Nitiate was not reduced
to nitrite.

The end~-products produced from glucose by strains 16 and
19 were C02 and acetiec, propionlec and lactic acids in the molar
ratlo 3:5:6, Tracea of succinic and butyric acids amd ethanol
“were also produced by strain 19. Strain 22 produced approxixetely
equal amounta of acetic and proplonic aclds, toegher with u
little CO{,2 ard a trace of butyric acld, from lactic acld,

Strains 16 and 19 were identified as Sclenomonas ruminan-
flum, and strain 22 as S, ruminantium var, lactilyticas
{Bryant, 1956).
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Fumen fluld=-pzlucose=cellobloge medium
Strain 36 vas the only bacteria charccterized from this

medium, although two other strains resembling Streptococcus
bovlis and lactobacillus bifidus tviere 1isolated.

The organism uvas a motile, grap-negative, curved rod,
0.5/1 X 1.5-7.0/\1, with rounded ends. It occurred single, in
palrs and in short chains. h[umen liquor could be replaced in
the medlum by yeast extract.

Glueose, galactose, mrltose, celloblose, sucrose, xylose
arabinose, fructose, xylan, starch, cellulose and pectin were
fermented. lMennose, mannitol, lactose and glycerol were not
fermented. Gelatin was hydrolysed and casein was degraded.,
Hyndrogen sulphid and indole were not produced, and nitrate was
not reduced to nitrite.

End-products of the fermentation of glucose were formie,
acetic, butyrie and lactic acids in the molar ratio of 2:1:2:1,
Ethanol and gas were not produced. The organism was identified

as Butyrivibrio fibrisolvens (Bryant and Small, 1956b).

Xylan
Four bacteria, 43-46, were isolated on media containing

wheat flour xylan (0.5%) as sole carbohydrate source. The four
strains were similar to strain 36, Butyrivibrio fibrisolvens,
but strain 43 did not ferment cellulose and celloblose or degrade

casein. All the strains except 43, which wos from a2 cow fed on

fresh red clover, were 1solated from cods on o diet of grass hay.



Cellulose

Four stmins of ccllulolytic bacteria were isolated in
six attempts, 32-34 fram a cow fed on grass hay and 35 from a
cow fed on fresh red clover. The medium used was the basal
medium with resazurin and with enough cellulose to gilve a faintly
turbid suspenaion. Only colonles surroumnded by a clear zone in
the cellulose particles vere removed for purification and charsce
terization. Two attempts to 1solate bacteria at am Eh where
indigo-carmine was decolpurized did not yield amy colonies.

All the organisms were non-motile, grom-positive coccl,

0.6 /u x 1.6 s cecurring single, in pairs and occasicnal short
chains. There yere 10%-10® cells/ml, rumen liguor. HRumen liquor
was required for growth in the absence of iso-valeriec acid (50 e
/ml.). Yeast extract could not satlisfy the requirement.

All four strains fermented arabinose and celloblose, In
addition, 32«34 fermecnted lactose, sucrose and mnanose, and 35
fermented fructose. Glucose, galactose, maltose, maumnitol,
xylose, glycerol, starch and pestin were not fermented,

In the fermentation of celloblose, streins 32-34 produced
formic, acetic and lactic acids, ethanol axd gas. Suceinic,
propionic and bubyric acilds were not formed. The proportions
of the variocus end-products varied considerably in differcnt
cultures. The gas produccd wag 80-907 CO0,. These organisms
were identified as variants of Ruminococcus albus (Hungate, 1957).

Strain 35 was identified as Ruminococcus flavefacliens,
(S1jpesteijn, 1951). The cud-producta of the fermentation of
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celloblose uere formie, acetic and succinic aecids in the molar

ratio 1:3:2., Very little gas was formed,

Starch

Organisms 37-42, 47, were 1solated on the basal medium
with 0.2% soluble starch and resazurin. All were isolated from
cous on a diet of fresh red clover,

Streins 37-39 were identified as variants of lactobacillus
bifidug. In young cultures the cells uwere non-motile, grem-
positive rods, straight or slightly curved, 0,4-0,8 N X 1,8~

7.0 /x. In older cultures there were many club, branched amd
Y-forms. There were 10°-107 cells/ml. rumen liquor.

Glucose, lactose, sucrose, mrltose, xXylose, cellobloge,
meliblose, arabinose, mnnose, fructose, galactose and glyecerol
were fermented, Mannitol was not fermented. Nitrate was reduced
to nitrite and hydrogen sulphide was produced., Gelatin was not
liquefied and indole was not produced.
| Formlc, acetle and lactic acids and ethapol were produced
from glucose in the molar ratio 1:4:10:3.,

Straine 40-42 were classified as variants of Streptococcus
bovis. |

Strain 47 was similar to Butyrivibrio fibrisolvens strein

30, but did not ferment fructose or degrade caseln.

lactic acid

Orzandsms 17, 30 and 31 were 1solated on the basal medium
with 1.0 (v/v) 707 sodium lactate at an oxygen tension where
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the resazurin was stili slightly pink. The three stralns were
all smpll gram-negative cocel. They did not ferment soluble
sugars but rapldly fermented lactic acid to volatile aeids amd

gas. They were 1dentified as Veillonmella alcalescens (sym.
Y. cazogenes) (Jahns, 1951a).

Two 1solations were mde from coiis feeding on fresh red
clover., These streins, 438 and 49, were isolated with resazurin
fully decolorized, and were identified as Selenomonas ruminant-
ium var. lactilyticas.

Organisms 6, 18, 23-29, were isolated fram two cows on a
diet of grass hay, over a periocd of nine months. All the streins
except 29 uwere isolated with resazurin deceolorized, Strain 29
was obtaiped using indigo-carmine but subsequently greu satis-
factorily with resazurin decolorized.

All of the isolates were curved rods with rounded ends,
0.“9’-0.8/11 b4 0.9—1;.3/11, occurring single with a few in peirs. In
older cultures some of the cells were slightly club-shaped, HNo
branching cells were seen. Tne cells were gram=positive for the
first 18 hr. but in older cultures the staining became irregular.
Rumon liquor was essential for growth and could not be replaced
by yeast extract, by mixtures of 'cfze acids accetic, propionic,
n-valeric, iso-valeric and iso-butyrie, or by a steam distillate
of mmen liguor,

Glucose, mltose, lactose, fructose and glycerol were
fermented but the fermentation of lactose was slow. Sucroese,

xylose, ceclloblose, arablnose, galactose, mannose, raffinnse,
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mannitol, starch, dulcitol, inositol and rhammose uwere not
fermented. Hydrogen sulphide was produced. Gelatin was not
liquefied and indole was not produced., Nitrate was not redueed
to nitrite.

None of the strains were easily maintained as stock
cultures and the end-products of the fermentation of glucose
and lactic acld vere not completely determined before the organ-
isms were lost. Only acetic and butyric acids were demonstrated
in lactate cultures, but products other than volatlle acids
vere not determined. lactic acid was produced from glucose.

The isolates did mot show branching but uere otherwise

simllar to Ramibacterium sp. isolated by Bryant et al. (1958c)
and were compared with strein L34 cbtained from Dr M. P, Bryent.

As the branching of cells of Ramibacterium L34 appeared to be
a stable characteristic evident in both young and 0ld cultures
and on both liguid and solid media, isolates 6, 18 amd 23-29
were classifled as Butyribacterium sp. simllar to B, retigeri
Prevot (Breed et al., 1957).

The end-products of the fermentation of lactate by Butyri-
bacterium retigerd have been shown to be mainly acetic and
butyric acilds plus carbon dlozide (Barker, Komen and Haas, 19453
Pine and Barker, 1954). Glucose 18 ferwented to meinly lactie,
acetic and butyric aclds plus carbon diozide (Pine, Haas and
Barker, 1954).

Bryant et al. (1953¢) did not deterwmine the products of
lactate fermentation by Bamibacterium L34, but found formie,
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acetic and lactic acids were produced from glucose. L34,
obtaincd from Dr Bryant, was grown on the basal medium with
elther glucose or lactlic acid, and the acldic end-products were
analysed, From lactic acid the organism produced approxisetely
cquimolar amounts of acetlc anmd butyric acids equivalent to
about TO% of the lastate-carbon metabolized. Acetic, butyrie
and lactle aclds were produced from glucose; acetlie and butyric
in the molar ratio 3:1, and accounting for 40% of the glucose
earbon. A small but undetermined amount of carbon dioxide was
produced from both glucose and lactle acid. From these results
it was evident that the metabollsm of .lactie acld and glucose
by L34 1s very similar to that of Butyribacterium rettgerd, both
organisms producing the same end-producta from both of the
substrates.

Two pathways for the formation of proplonic acid from
lactate have been demonatrated with pure cultures of rumen
bacteria. The well-known dicarboxylic acld pathway has been
shown to occur in proplonibacterda, Veillonella alcalescens
(V. _gazogenes, Johns, 1951b) and Selenomonas (Bryant, 1956), and
the so-called non-randomizing patiway, through acrylate to prop-

iomate, has been demoustrated in Peptostreptococcus elsdenid
(Ladd and Walker, 1959). Beldwin, Wood and Emergy (1962) in the
United States, showed that in cows on various diets, 70-90% of

the proplomate formed from lactate was procduced by the acrylate

pathway. P, elsdenll has not been 1solated in thls country amd
even if the randemizing pathway is the more prevalent, propioni-
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bacteria, Veillonclla and Seleanomenas are not present in large

mmmbers in the rumen. It 1s possible that other lactatesutillz-
ing bacterla may be important under New Zealand condltions., For
this reaaon, because of the current intercst in the fate of the
two main metabolic intermediates, lactate (Jayasuriya and Hungate,
1959; Balduwln, Wood and Emery, 1962, 1965) and succimate
(Blackburn ard Bungate, 1963), in the rumen and because of the

similarities between Ramibacterium and Butyribacterdum retigeri,
3ope additional studles on the fermentation of lactic acid by

Ramlbacterium were carried ocut.

B, _rettgeri has a requirement for lipoic acid (thioetic
acid, BR factor; Kine and Barker, 1950; Kline et al., 1952)
in the decomposition of lactic acid (Kline, Pine and Earkep,
1963), the organism being unable to attack lactate in the absence
of the growth factor., Kline, Pine and Parker (1963) showed that
the factor was not required for growth on glucose but that lactate-
adapted cells grew better when lipolc acid was provided, Less
lactic acld was produced by glucose cultures in the presence of
lipoic acid. Both lactate-adapted and glucose-adapted cells used
both the lactic acid and the glucose in a lactate/glucose culture
containinz 1lipoic acid. lactie aeld was produced from pyruvate,
only in the absence of lipoic acid.

Experiments were carried out to test the effect of lipoic
acid on the fermentation of lactic acid by Ramibacterium L54.
Two culture-lines of L34 were established; 1I34/g. was cultured
in glucose medium, and L34/1. was adapted to lactate. ILipolc
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acid (60 Vo J10C ml.) was shownn to have no effect on lactate
fermentation by I34/g. or 134/1., in cultures with glucose or
lactic acld or in cultures with both substrates added. Yeast
extract (Difco), in the concentratlion used by Klime, Pine and
Dorker (1963), also had no effect.

Because L34 could not be grown in the absence of rumen
liguor, experimcents were carried out with washed suspensions of
cells from both lactic acid axi glucose media. The cells were
incubated umnier amaerobic conditions for perdods of up to 18 hr,
with lactic acid, anmd with axd without added lipoic acid. In
all experiments the rate of decomposition of lactic acid was
lou, but there was no detectable increase in utilisation in the
presence of lipoie acid,

An experiment where L34 was grown with sodium pyruvate
(0.5%) as substrate in the presence of rumecn liquor and added
lipoic acid, provided more evidence that lipoic acid was not
required for lactate-decamposition. Iactlc aeld waz produced
from py.ruvate even in the presence of added lipoic acid. Butyri-
bacterium retigerd produces lactle acld from pyruvate only in

the absence of lipolc acid.

The poseibiliiy that L34 could only use one stereo-~isomer
of lactic acld, and that 1t produced the other iscmer from
glucose, was tested by growing the orpanism onr both D(-)- and
L(+)-calcium lactate. €&rowth on the two isomeric forms was
similar after 24 and 48 hr., although there was slightly heavier
growth on the D(-) isomer after 72 hr.
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Several attempts to obtain further 1solates of Butyri-
bacterium from the rumen were unsuccessful, Cultures wexe
prepared from the rumen liquor of both cows and sheep on diets
of hay and concentrates. Om two occasions lipoic acid was added
to one of a double series of cultures of rumen liguor dilutions
but did not cause an increase in the pumber of lactate-utilizers
1solated, anxd did not enable Butyribacterium to be isolated.

Discussion

The 56 strains of bacteria isolated and characterized
were all typical rumen bacteria and reprssented most of the types
that attack the common rumen substrates. The important rumen
bacterdia attac!dng these substrates, together wlth the bacterila
1s0lated in this study are shown in Table 50, The surprising
result was the small gumber of gram-negative organisms isolated,
All the bacteria with the execeptlion of Butyrivibrio fibrisclvens
ani Velllonella gazogenes were gram-positive, although may of
the 1solates quickly chenged to gram-negative as the culture aged.
No Bacteroldes specles were 1solated. A8 Bacteroides have been
shown to carry out several important rumen reactions (Bryant,
1959), and as gram-negative bacteria constitute a large proport-
ion of the rumen flore as shown by mlcroscopic examination, the
failure to 1solate them was probably the result of an inadequate
techindgue. All are obligate an2erobes and mry not have grown
under the redox conditions used for moat of the isolations.

The other genera which were not found commonly maice up
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only a smell percentage of the total bacterial population.

Eubacterium, lachnospira, Cillobacterium, Succincmonas and
Suceinovibrio have not been shown to be important rumen bacteria

under all conditions as have nost of the more common gencra.
lony of these lesser lmoun bacteria are protably present in the
rumch of cows in this country and are ocutmmbered and outgrown
in cultures by the more mumerous types. The isolatiom of the
less common rumen aneerobes 1s often largely a2 mmtter of chanee
unless geleetive media can be used. A large number of colonics
from a culture need to be picked off and cultured to ensure
that a bacterium occurring im low mumbers is obtaleed.

Thé oxygen tension in the medium obvioualy influences
the typss of bacteria isolated. Attempts to isolate lactate-
decomposing bacteria by means of shake-tubes, wilthout gaassing
or using reduclng agents, aluways resulted in an oversihelming
growth of Velllonella alcalescens. In cultures which incorpor-
ated a reducing agent and which had been thoroughly gaased to
reduce resazurin, V, alcalescens falled to grow and Selenomonns
ruminantium var. lactilyticas and a Butyribacterium specles uere
isclated. This technigue of selection by varying the redox
potential of the medium was also used by Smith and Hungate (1950)
to isolate lMethanobacterium ruminantium and 1s worthy of more
cxtenslve 'a.pplication. It 1s possible that meny rumen bacteria
only grouw or metabollze over a restricted range of Eh,

Several of the bacterla isolated, Ruminococeus spp.,
icterium sp. and Borrella sp., required rumen liquor for
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(0) Doctsch et al., 1957; (7) Bryant ¢t al., 1957a; (8) Gutier-
rez et al., 1959b3 (9) Hamlin and Hungate, 19563 (10) Gutierrcz
et al., 1959a; (11) Gutierrez, 1953; (i2) Bryant, 19563

ese Continued over
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(13) Elsden et al., 1956; (14) Johms, 19513 (15) Clarke,
1961; (16) iungate, 1950; (17) Bryamt, 1952; (18) Zryant,
1959; (19) Bryant et al., 1958¢; (20) Clarke, 1959;

(21) Bryant and 3mall, 1956a; (22) Gibbons and Doetsch, 1959;
(25) Hobson and Mann, 1961,

grouth, Various workers have shown that this regquirement can

be met by the addition of pure compounds. Thus Bryant and
Robinson (1962) and Caldwell, Bryant and Wnite (1962) showed
that heme or some other porphyrins could replace the rumen liguor
requirement of Bacieroides ruminicola subsp. rumlinicola, ami
Bryant and Doetsch (i955) demonstrated that Bacteroldes succino-
genes requlres elther isobutyric, lsovaleric or 2-methyl bubtyrie
aclds, together with a 05-08 straight chain satwmted acid, in
the absence of certain amino acids. Wegner and Foster (1957,
1960) showed that a large murber of rumen bacteria require one
or more of the volatile aclds, n-valerie, iso-valeriec, 1s0-
butyric and 2-methyl butyric for growth. Acetate is also
impcrtant in the nutrition of some rumen bacteria (Bryant and
Robinson, 1962) and has been shown to increase the growth of
some strains of Selenomonas ruminantium (Hobson and Mann, 1961;
Hobson, Monn and Smith, 1993). Both the Zumimococcus spp.

studled nere grew well when 1so-valeric aclid was used to replace
rumen 1liguor in the wedium. Allilson, Bryaut and Doetsch (1962)
showed that Ruminococcus flavefaclens lncorporetes this acid
into leucine as 1t has a limlted ability to incorporate exogenous
branched-chain amino acids and to synthesize the i1so=propyl
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group found in these amino acids. Iactercldes succinogenes

has been shown to incorporate i1so-butyric and wvaleric aclds into
phospholiplid (Wegner and Foaster, 1963).

None of the acids, acetic, proplonlc, n-valeric, iso-
valeric or iso-butyric, or yeast extract, or a mixzture of growth

factors satlsfled the requirements of the Borrella or Butyri-

bacterium spccles. Helther 2-mecthyl butyric acld nor heme were
tested. Bryant (1960) also noted that Borrelia spp. regquirc
certain grouth factors found in rumen liguor,

Apart from Clostridium bifermentans, which probably is
only of ninoyr importance in the rumen, no proteolytic bacteria
were isolated on caseln. DBoth bovine sallvary mucoprotein and
clover cytoplasmic protein were also used as substrates for
proteolytic bacteria without success. Proteolytic strains of
Butyrivibrio fibrisclvens were 1solated on a glucose-celloblose
mediunm.

Many of the attempts to 1solate proteolytic ancercbes from
the rumen have been unsuccessful (Appleby, 1955; Gilroy, 19573
Hunt and Moore, 1958; Blaciburm and Hobson, 1960b), the organ-
lams 1soclated belng facultative anaercbes. Blackburn and Hobson
(1960b), basing thelr observations on the proteolysis occurring
in preparations of whole and fractlomated rumen contents (Black-
burn and Hobson, 1960a, c), suggested that the proteolytic
organlisms then 1solated represented only a fraction of the
proteolytic bacteria of the rumen, and since then many proteolytic
anaerobes have been isolated. Blackburn and Hobson (1962) shaied
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that proteoclytic activity was distributed over a wlde range of
rumen bacteria. This work was extended by Abou Aklmda and
Blackburn (1963) who founl proteolytic rumen i1solates of Bactere

oides amylopihllus, B. ruminicola, Selencmonas, Butyrivibrio,
Bacillus, Eubacterium, Clostridium and gram=-positive coceci.

Similar results were obtalned by Fulghum and Moore (1963) who
isolated several amaeroblc proteolytlc bacterlia ami estimnted
that these organisms accounted for 38% of the total count on
glucose~cellobloge agar. The organisms isolated, Butyrivibrio,

Suceinivibrio, Selenomonas, Borrella and Bacteroides, are all

organisms which can use substrates other than protein, and 1t
i3 now apparent that there may be no important rumen bacteria
simllar to the classical putrefactive bacteria and capable of
existing on protgin as sole nitrogen and carvan source.

In splte of the large number of proteolytic anaerobes nou
knoun to be active in the rumen a considerable proportion of
the total proteolysis could be carried out by the facultative
anacrobes, in the samec way as the euryoxic Streptococcus bovis
is active in the degradation of starch., Also, in view of the
protozoa shown to be capable of protein degradation (Williams,
Gutlerrez and Doetsch, 1900; Williams, Davis, Doetsch and
Gutierrez, 1901; Guticrrez amd Davis, 1962; Abou Akkada and
Howard, 1902; Wright, Clarke and Howard, unpublished), the
ruren ciliates could contribute appreciably.

There 18, perhaps, no neced to look further for proteoclytlc
bacteria in the rumen. Butyrivibrio and Dacteroides are nearly



- 116 ~

always present in the rumen of sheep and cattle and thelr
activity, together with that of the facultative anaerobes and
ciliate protozoa, should be great enough to account for most,
i1f not all, of the observed proteolytic activity.

The breakdown of e¢ellulosc in the rumcen 18 apparently

carried out meinly by Ruminococcus 1f Bacteroldes succinogenes

(Bryant and Doetsech, 1954) 1s really absent. A more intensive
search f'or this organisam 1s warranted.

Even though the animmnls used in thils investigation werc
not on high-starch dilets, the few types of starch utilizing
bacteria 1solated was unexpected. Streptococcus bovis, Lacto-

bacilius bifidus, Selenomonas ruminantium and Butyrivibrio
fibrisolvens were the main starch-utillizers isolated. Bacter=

oldes ruminicola, B, amylophilus and Succincmonas amylolytica, all

of which have been shown to be active starch fermenters (Bryant,

1959) were not found. The presence of Butyrlvibrio fibrisolvens

my account for a considcrable proportion of the bacterial
fermcentation activity in the rumen. Bryant and Small (19565)
noted that Butyrivibrio are of wide distribution and usually
occur in large mumbers, and stated (19582, p20) that "they are
of considerable importance in the breakidown of fibroug constitu-
ents of cattle feed as shown by the ablllty of some strains to
digest cellulose, and most strains digest xylan ceeceecssccccce
Also, the genus Butyrivibrio undoubtedly contributes to the
breakidown of starch and protein in the rumen.

Cultural studies suggest that thls genus produces a large
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portion of the butyrlc acid fourxd 1n the ruzen. While other

organisms producing thids acid have been isolated, they have never

been found in mumbers approaching the mumbers of Butyrivibrio.”
The main lactate-fermenters appesar to be Selenomonas

ruminantium and Velllonella alcalescens as Peptostreptococcus

clisdenil was not 1solated., Butyribacterium is probably important
as a lactate-fermenter only in certain circumstances. It was
1solated over a peribd of several months fram two cows on a diet
of grass hay, but could not be obtained from other animals on a
variety of diets,
The metabolism of lactlc acld and glucose by Ramibacterilum,
34 was shown to be very similar to that of Butyribacterium

rettgerd, both organisms producing acetic amd butyric acids from
both of the substrates, in additicn to lactic acld from glucose.
Bryant et 2l. (1958¢) were in error in attributing formic acid
production to L34. The few analyses made on the end-products
produced by Butyribacterium strain 18 indicated its simillarity
with L34 and B, rettgeri.

The lack of respouse to lipoilc acild by cultures of L34 mny
have been the result of the presence of rumemn liguor ia the
medium., Lipoic acid partlclpates in many o ~keto acid oxidation
systems (Reed, 1960), and oceurs, largely in association with
proteins; in a large number of tissueg. It has been found in
chloroplast preparations of green plants {Calvin, 1954) and 1s
present in many micro-orcanisms and animol tissues (Reed et al.,
19513 Gunsalus, Struglia and O0'Kane, 1952). It is unlikely that
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it 18 not available in rumen liguor. The proaduction of lactic
acld during the fermentation of pyruvate suggeats however, that
L34 does not require lipoie acid for the reduction of lactate,
In the presence of lipoic acid B, rettgerdi does not produce lactic
acld from pyruvate. The studles with uwashed suspensions confirmcd
the lack of response to l1lipoic acid, although the rate of utili-
sation of lactate was too low to draw any firm conclusions.
Purther studieé on Butyribacterium from rumen liguor would
be worth while., The organism may be important in the decomposi-
tion of lactate in the rumen under some circumstances, and 1s of
intercst because of its production of butyrle acid. The coummon

rumen lactate-utilizers convert lactic acid to proplomte.

Moat of the bacteria obtained in pure culture uwere
difficult to maeintain without freguent sub~-culturing. Some
strains survived well at -70° but lack of a sultable supply of
dry-ice amd an efficlent storage chest usually resulted in the
loss of these cultures. Nonec of the obligate amaerobes tested
gsurvived lyophilization. The labour involved in maintaining
cultures, even when adeqguate storage facillitles are available,
can be execessive, amd is one of the min factors contributing to
the tediousness of culture i1solation and characterization.

The analysis of fermentation solutions 1s not straightforward
when rumen liquor 1s incorporated in the culture medium., All
determinotions of the fermentation end-products have to be made

by difference, and subgtances introduced with the rumen liguor
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arc often fermecnted along with the substrate under investigation.
If sufficlient cells can be prepared then washed suspensions are
to be recamcnded in such circumstances.

The analysis of formic acld in the presence of other
fermentation products was found to be difficult. Most chemical:
methods of estimation (Grant, 1947, 1948; Perlin, 1954) were
not satisfactory because of the presence c¢f interferlng substances.
Iactic acld and phenol red, both present in the ncutrallzed
distillate following stcam-distillatlion, were shown to interfere
with the method of Perlin (1954) which involves oxidation of
formate with lecad tetra-acetate. The column chramtegraphy
methods of Bueding and Yale (1951) and Swim and Ttter (1957) are
too time-consuming for routine amalysls arnxl a precise chemleal
method would be more sultable. The method based on that of Pirle
(1946) and involving a gravimetric estizetion of the co,,
released from formic acld by mercurlec acetate is epparently
satisfactory in the presence of other fermentation materials
(Dr R. D. Batt, pers. comm.), but was not tested,

Succinic acld was not determined quantitatively. The best
mathods avallable, both utilizing succlinic dehydrogenase, are
those of Krebs (1937) and Rodgers (1961). Neither of these
mcthods 1s really convenlent for routine amnlysis of succinate

as both procedures arc very lengthy.
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4, MHANOMETRIC STUDIES ON RUMEN ACTIVITY

troduction

Hungate (1960, p359) in discussing the microbial ecology
of the rumen stated: "The most difficult aspeet of the ecolog-
1cal analysis of a habitat 1s to obtain quantitative informntion
on the extent of the activities. A complete analysls should
include not only a mezsurcment of the total actlvity but also
the actlvity of each component step. The degrec of success and
completencss in an ecological analysls can be measured by the
degree to uhich the algebraic sum of the activities of the
component parts equals the lntegrated actlvity of the whole,

The meagurement of total actlivity 1s thus essentlal for a complcte
amalysis. For many habitats this measurement is difficult, but
for the rumen it is relatively easy.”

The measurement of fermentation activity in the rumen hag
meny applications other tham that of providing ecologleal
information. Walter (1952) suggested that it 1s useful for
evaluating rations and studylng the effects of antibilotics and
therapeutic agents, as well as for providing general informntion
on runinant digestion. The method has been used to compare the
fermentation rates in bloated and normml cattle (Hungate £t 2l..
19553 Fleteher andi Hafez, 1960) and to study the fate of formte
(Carroll and Hungate, 1955) and lactate in the rumen (Jayasuriye
and Hungate, 1959) and the effects of antiblotics on the rumen
flora and fauna (Hungate, Fletcher and Dyer, 1955).
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Four methods have been used for measurdng the actividy
of the rumen microblota. The first method used was that of
Bareroft, McAnally and Phillipson (1944) who measured the
volatile acld comtent of the bloodstream of the host, amd
coupled this wuith the rate of flow of the blood to obtain an
estimate of the total producticn of fatty acids in the rumen.
The secomd method involves measurcment of the total methane
formed in the rumen by fermentation, and was used by lungate
et al. (1960).

The other two methods entall in vitro measurements on_
rumen contents., The zero time rate method of Carroll and Hungate
(1954) involves measurement of the change in concentration of
elther substrate or product, or both, in a sample or rumen
liqucr incubated in vitro immedlately after removal from the
animel., The manometric method, first used by Walter (1952) and
UcBee (1953) uses the total gas production fram incubated rumen
contents as a mesasure of the total fermentation activity. The
zero time rate method 13 more precise than the menometric method
but i3 more time~-consuming (Hungate et al., 1960a).

Varicus methods have been used t0 eatimate rumen activity
manometrically. Walter (1952) and MeBee (1953) both used
standard Warburp equipment capable of measuring the gas evolved
from a 1=-2 ml. sample of rumen liguor. In view of the hetero-
genous mature Ioi’ ramen contents, larger samples are really
required. This was realized by Hungate et 2i. (1955, 1959,
1960) and Phillips et al, (1960) who modified the technique to
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permit the use of larger samples of rumen liguor., Thelr technigue
utilized 160 ml. mnometric vesscls capable of holding samples

of at least 10 g. Mercwi'y was used in the standa VWarburg
mancmeters to permlt measurcment of the lorge amount of gas
produced. Conrad et al. (1958) used 35 mi, samples of rumen
liguor. Boda and Johns (1962) used ceven larger samples and
measured the gas evolution from 100-200 ml. of rumen ligquor.

Most of the methods used have lmnvolved dilution of the
sample with an morganic;. solution. This dilution of the rumen
contents, as Iungate (1960, p260) pointed cut, "modifies condit-
ions from those in the rumen, chiefly in the direction of a more
rapld ani longer mmintained activity in vitro, sinece the
fermentation products are diluted.” The fermentation mmy also
be reduced because of inhibition of activity following the
sudden change of environment and because of the inhibitory
effect of subatances such as reducling agents whlch have been added,

Where substrates have been added to the rumea contents
under lnvestigation, the meterials used have usually been markedly
different from nommal dletary substances. Moat experiments have
been earried out wWlth mterials such as soluble sugars, soluble
starch, prepared cellulose and oven-diried forage, thus contri-
buting fwrther to the artificlality of the syatem.

In the present wori a method simller to those of Boda
and Johns (1962) and Conred et al. (1953) was devised to over-
come these limltations. Thias section reports the results of

mnometric studles on the fermentatlion activity of whole amid
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frocticnated rumen liguor under various conditilons.

laterials and Hethods

Rumen liquor. FRumen ligquor was obtained from rumen~fistulated
cows. The anirnls were stall-fed on fresh red clover (Trifolium
pratense L.), red clover hay or grass hay, between 8.30 am and
L pm, and were starved overnight. When the animels were fed on
pasture, they were starved overnight after beilng talken from the
pasture at 4 pm. Samples were always taleen just before the
morning feed ao as to standamrdize the activity of the rumen
contents. The sample was taken from immedlately below the
fistula at a depth of 6-12 in. The rumen contents were strained
through gauze into a quart mllk bottle, and the somple was
transferred to an incubator at 39° and used within 1 hr,
Clover juice. Clover julce was obtained by extrocting fresh red
clover in a "Protess” Extraction Plant (E, H. Bentall & Co. Ltd.,
faldon, England)., It was streined through cheeseeloth, @ivided
into 25 ml. portions in 1 oz. scrcw-capped bottles, and frozen
at -25° until required,

88 ce., Julce from perennial ryegrass (Lolium perchne
L.) was extracted and stored under the same conditions as the
clover Juice.
Clover fibre. This was the fibrous residue from the processing

of fresh red clover in the "Protess® extractor.

Buffer for substrate control. As fresh clover jJulee was 1a the



- 124 -

pH range 5.0-5.5, phosphate buffer, M/15,pld 5.7, was used to
replace elover julece in flasks without substrate.

Soluble guzars. Solutlons of glucose, galactose, sucrose and
meltose were 0.2 M in M/15 phosphate buffer, pH 5,7.
Clarified rumen liquor. Fresh rumen liguor was centrifuged at
low speed 1in a refrigerated centrifuyge to remove large plant
material and protozoa. The supermate was then centrifuged at
10.000 i3 for 30 min. The rumen liguor produced was clear and
practiceally free of bacteria.

Hethods

Menometric technigues. Fermentatlon experiments were carried
ocut in 150 ml, Warbug-type flasks shaken in a water bath at

390. Gas evolved was collected in 200 ml. mancmeters, with
levelling bulbs connected to the flasks with 4 £t. of thick-
walled butyl rubber tubing. The maamters were filled with
distilled water containing 0.01% safranin. During equilibration
the flasks were gassed with 95% N,/5% CO,.

Each flask contained 40 ml. of whole or fractiomated rumen
liquor. The substrate, or buffer, (10 ml.) was initially placed
in a sidearm. The duration of each experiment was usually 1 hr,
Volatile aeidas. Total volatile acids were determined by ateam-

distillation, followed by titration with 0.02 N NaOH (see
previcus section).

Annlysis of the individual acida in the steam-distillate
was carried ocut using a gas-ligquild chramtograph with an auto-
mtlc titration detector.
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Igctic acid, Lactic acld was determined by the method of elther
Preidemann and Graeser (1933) or Barker and Summerson (1941).
Total soluble sugars. The total soluble sugars (soluble in

3803 (v/v) ethanol) in hay and pasture samples were measured by
Dr R. W, Bailey using the method of Bath (1953).

Ezperimental and Resulls
A, EIPERIMENTS WITH WHOLE RUMEN LIQUOR
The mcabillt Ve S to COU,

In the preliminary menometric experiments thin-walled
rubber tublng was used to connect the flasks and menometers,
There was considerable loss of gas from this system and an
experiment waa carried out to determipe the most satlsfactory
tubling.

Several types of rubber amd plastic tubing were used to
connect empty flasks and manometers, which were then flushed
with 002, sealed and left at atmospheric pressure for several
hours. 7here was considerable loss of gas through thin-walled
rubber amd plastic tubling, but only a slight loss through thick-
walled tubing. The results are shoun in Table 51, In all
subsequent experiments butyl rubber tublng was used to comnect
the manometers,

The effect of treatment of sample on fermentation rate

The precautlons necessary to meintaln mxdoum activity in

rumen liquor after removal from the animml were determined by

subjecting samples of rumen liquor to various treatments before
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Table 51. Permeability of various tubing to CO,

2 o crde
Type of tublng Dimensions (in.) amogiﬁeﬁ; Uoggssure
Bore Vall (ml,/et./nr.)
Rubber 0.25 0,00 8.0
Rubber 0.22 0.16 1.5
Silicone .09 0.00 7.0
Polyvinyl chloride 0.22 0.00 TeD
Polyethylene 0.22 0,06 3.0
Butyl rubber 0.09 0.16 T3

necasurenent of thelr fermentative ablli¢y,

Flask fermentations were carried out with clover julce
(10 m1.) as substrate and with rumen liquor (40 ml,) treated
as shown below.

(1) The mumen liguor was added to the flasks as quickly as
possible with the usual precautions to mintain anaerobiosis,
and the flasks vierc gassed with NQ/COQ.

(2) As (1), putihe flasks were not gasscd.

(3) The rumen liguor was coolaed to room temperature (18°) on
the bench before it was added to the flasks and gassed.

(4) The rumen liquor was vigorously aerated by bubbling for
5 min. before it was added to the flasks and gassed.

The results of a single experiment are shown in Table 52,
Provided that the flasks were gessed at the beginning of the
czperinment and precautions we e talken to avold extensive acration
of the rupen liguor prior %o passing, the fermentation activity

was not affected by handling.
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Table 52, Effect of treatment of rmumen liquor on the

fermentation rate

1. Control-all | 2, Flasks | 3. Cooled | 4, Acrated
precautions | not gassed | axd gassed | amd gassed

Gassing and the oxidation-reduction potential of rumen ligquor
Rumen liquor was added to a flask with the usual precaut-

ions to exclude alr. The flask was then shaken in air for cme
min. and gassed. The axidation-reduction potential was measured
uith a Beclmen pH meter (Model T6) before amd durdng gessing
which waa carried ocut with the 1%12/(202 delivered just above the
surface of the liquid as if via a silde-arm. Intermittent shalklng
uas applied during the gassing. The results of two experiments
are shown in Table 53,

Table 53. Effect of gassing on oxidatlon-reduction potemtial

of ruren liquor
Results given in negative millivolts

Before | .ok shalon | Flask gasseg with ng/gog for (min,)
5

js.gagdi;m 1 min, in air 1 3 10 12
350 220 280 350 370 390 400 400 400
370 260 280 340 370 370 380 390 390

As o minimm potentilal was reached after gassing for 8=10
uin.; flasks were gassed for 10 min., wilth shaldng, in 2ll
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subsequent experiments.

A zample of rumen liguor left standing on the bench in a
flask maintained a potential of =320 mV at the surface, for 10
min. The handling of rumen liguor during sampling and transfer
i1s apparently only sufficient to lower the redox potential
slightly.

Daily variation of fermentation rate

Day-to-day variation of the rate of fermentation of clover
julce was demonstrated on samples of rumen liguor taken on
week days from cow 2 before feediny on red clover hay. The
animpl was a2lso fed clover hay on Saturdays and Sundaysa, but

samples of rumen liguor were not taken. The rate of fermentation

was tested by the usual method.
The results are shown in Table 54. The day-to-day varla-
tion was +5% of the mean recorded rate of 29.6 ml./hr. from 40

nl. runmen liguor.

Table 54, Daily fermentation rate of clover julce

Ruren liquor from cow 2 on clover hay diet

Day: Thurs. Fri. Hon. Tues., Wed. Thura. Fri. Tuea. Wed. Thurs.

‘}15&8 25 27 32 3 31 29 34 29 30 25

nr.

Effect of diet on the rate of fermentation of clover Jjuilce

The effect of the diet of the host on the activity of the

yumen flora and fauna towards clover Julce was studled over a
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pericd of eight months. From Jume, 1901 to Jamary, 1962, cou

2 was stall-fed on gress hay, clover hay, or fresh red clover, or
was fed on mixed clover-ryegrass pasture. Feeding was carried

out from 8,30 am to 4.00 pm, and the animel was starved overnight.
Rumen liguor samples were taken before feeding., The feeding
seqguence used over the period June to November, 1901, was grass
hay, clover hay, grass hay, pasture, grass hay, fresh clover. The
cxperimental work was discontimed between November, 1961 and mid-
January, 1962, During this perdiod the animel was fed on fresh
clover or pasture, Fram mid-Japuary fresh red clover was again
fed,

The results of the mnometric experdments for the whole
period are shown in Figure 1, It is impartant to reallse that the
rate determined on any one day 1s actually influenced by the diet
of the previous days, and that 1t bears no relation to the diet
of the day on which it was recorded. The flgure has been draun
to stress thls point.

Determinations of total soluble sugars were made on
representative samples of the grass and clover hay and pasture
fed during the experimental perdod. No determinations were carried
out on the fresh red clover bui{ the total scluble sugars of leaf
and stem would probably constitute 16-20% of the dry weight
(E2iley, 1958b).

The mean figures for gas cvolution by mmmen liguor, for
the four diets, together with the total soluble sugar concentrations

for samples of those diets are shosn in Table 55.
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Table 55. Diectary soluble sugars and fermentation rate

Dict Mean gas evolved Total soluble sugars orf
(m1./hr.) dietary material (% dry wt.)
Grass hay 16 4.8
Clover hay 30 5.2
Mized pasture 56 16.9
Fresh clover 52 16-20 (Bailey, 1958Db)

Fermentation of soluble susars

As previeus workers have used soluble sugars as substrates
for measurement of rumen activity (Walter, 1952; McBee, 1953),
glucose, galactose, wmaltose and sucrose were occasionally
compared with the clover Julce substrate., 10 ml, of a 0.2 M
solution of each sugar was used per flask. Sucrole and glucose
caused the most actilve fermentations but the gas evolved was
always less thanm that evolved from clover julce.,  The results

are shown in Table 56.

Table 56, Gas evolution from clover julce and soluble sugars

Dl et Gas evolved (ml,/hr.)

e Clover juice Gluccse Sucrose Galactose Maltose
Clover hay 34 18 19 8 7

i 31 22 11

E 29 14 16

" 49 20 22 11 9
Grasg hay L] 12

3 13 9 3

- 22 3 2

i 20 5 2 1
Mixed
Pasture 48 18 21 8

¥ 68 23 22 12 8
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Fermentation of clover fibre

Experiments uere carried out to compazre the rates of
fermentation of fibre with those for the fermentation of Julce.
Comrad et al. (1958) and Boda and Johms (1962) reached different
conclusions regariing the relative rates.

The Warburg-type flasks were used anG the flbre uwas wéighed
and poked into the flasks so that it was sitting on top of the
centre well, After gassing and equilibration 1t was mixed ulth
the mmen ligquor by shaking. In eaca experiment umashed fibre
was compared with fibre washed in wars and ¢old water apd with
clover Julce. The mmen ligquor was from a cow feeding on fresh
red clover, Different batches of fibre were used for each
experiment. The results of four experdiments are shomn in

Table 57.

Table 57. Gas evolution from clover fibre and juice
Gas, ml./hr; filbre, 2g.; Jjulce, 10 ml.; rumen
liguor, 40 mi.

Fibre 1 Fibre 2 Fibre 5 Julce
38 14 ie 39
34 9 9 36
34 11 10 32
25 4 25

1, Untreated fibre
2, Fibre washed 13 hr. in cold rmuming water
3, Fibre washed in two changes of water at 459



The influence of intake on the fermentation rate
Az 2 high basal ferrenitation mte might result in aan

imocdiate, rapid utilication of added substmate, the tetal food !
intale of an anlmal on any one day might be expected to influence
the fermentation rate, btefore feeding, om the day followling.

Food present during 2ll or most of the overnight starvation
period would keep the rumen population at a hidgh level of actuzl
or potential metabolle activity. Substrate added under these
conditions could bhe more rapldly fermented than substrate added
to the rumen liquor of a2 cow whose rumen was devoid of food
umaterial for most of the overnight starvation perioi. This
theory was tested by camparing the rates of fermentation shiown
in Figure 1 with the food intakes for the precceding days btut no
correlation was found. The animl's intake of food bore no
relation to the fermentation rate 6n the folloulng daye.

Hungate et al. (1959) found the ratios of the welight of
rumen contentsa to btody welight of different ruminant species did
not increase wilh decrevasing body size as might be expected if
the encrgy rcqulirements of mammnls correspond approzimmtely to
the £ power of their weilght and if the rumen fermentation suppliles
the mjor part of these regulrements in razmimnts. They suggested
that in smnll ruminants the total fermentation should be greater,
in proportion to their weipght, than in larger orxés, axd that the
demnd for extra cnergy could be met by greater food consumption
anl a greater fermentation rate per unlt of dry mmtter,

The difference in fermentation rates between two animels
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100ml.
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was studied in a series of experiments on the identical twin
cows, 1 and 2. This padr of twlns was 3clected because at

the time of the experiment, cow 1 was considerably smaller
than 1ts twin, had a smrller rumen volume, and usually had the
higher intake. After overnight atarvation the rumen contents
of cow 1 always appeared to be the leaat frothy of the two,
suggesting that the fermentation of 1ingested foodstuff was the
Eore complete.

The intake of fresh raiclover by the two cows was measured
and the rate of fermentation of clover julce determined on six
occasions. Table 58 shows the gas produced in each experiment
and the intake of fresh clover on the precedlng day. Cow 1
usually had the hlgher intake, and always had a higher fermenta-
tion rate. On two occasions the production of wolatlle aclde
was also measured. In both experiments the level of volatile
acida in the rumen ligquor of cow 1, before the addition of
substrate, waz lower than that in cow 2 but was higher after
1 hr, Flgure 2 shows the gas amxd volatlile acid produced in one
of the experiments.

BD. EXPERIMENTS WITH FRACTIONATED RUMEN LIGUOR
Estimates of the contributions of the bacteria amd protozoa

to the total rumen fermentation have indicated that the protozoa
are responsible for about 207 of the total activity (Dungate,
1960). These estimates have been derived minly from figures
for the metabolle activity of single cells in vitro (Gutierrez,

1955).



Table 55, Gas evolution from clover juice by rumen liquor
from cous 1 and 2 compared with intake of fresh
clover on preceding daj

Comt 1 Cou 2
Date Gas Intake Gas take
ml./br. 1b,/Met wt. | ml./hr. 1b .%e""‘t W
10.1.62 52 90 56 A
11.1.62 5% 67 39 70
12.1.62 50 85 45 a6
16.1.62 52 n.r. 48 n.r.
17.1.62 49 96 4o 82
18.1,62 52 71 I 65
n.r., = not recorded

Experimeats were carried out to assess the activity of
the bacterial and protozoai fractions of rumen liquor, The
manonetrle system was the same as previously described, and
clover Jjulce was used as substrate. The methods of preparing
tne fractions are descrlbed with the appropriate experiments.

The effect of the suspending medium on protozoal activity

Mancmetric experiments were carried out with protozea

suspended in both Qxford's (1958a) and Colecmen's (1958) buffers.
These preliminary experimnts gshowed that protozoa suspended in
the buffer of Oxferd had a lower fermentatlion rate than
protozoa in Colemn's buffer. Further work was carried out o
determine the cause of this effect,

) Mixed protozoa were prepared from the rumen liguor of a

clover-fed cow by the method of Oxford (19582) using Coleman's



-y

..1){-

(1958) buffer with 0,025 sodium sulphide., Egual volumes of

the washed protozoa suspension were centrifuged, and the protozoa
were suspended in clarified rumen liquor, Coleman's buffer with
0.02% sodium sulphide, and a mixture of buffer and rumen liquor
(1:1). The suspensions were added to the large Warburg flasks
and thelr rate of fermentation of clover julce determined,
Heasurements were made of gas evolution and volatile acld am
lactic acid production. The results of one experdment are given
in Table 59. The suspension of protozoa lao rumen liquor
produced more gas amnd aclds than the other two suspensions.

The amounts of eund-products produced by the buffer/rumen liguor
suspension were not anpreclably lower but repeated experiments
confirmed the differcnce.

Cysteine=-HC1l and sodlum sulpnlde vwere compered as reducing
agents in Coleman's buffer. The condltions of the experiment
uere the same as before but cystelne-HCl (0.1%) was used to
replace sodium sulphide in one preparation of buffer. The
results of one experiment are shown in Table €O, idore end-
products were produced by the protozoa in the cysteine buffer
than by those in the buffer with sodium sulphide,

The effects of two levels of sodium sulphlde and cystelne-
IC1 were compared with rumen liquor 1n a series of experinents.
Egqual numbers of protozoa were suapended in Coleman's buffer
with 0.01% or 0.02% sedium sulphide or cysteinc-HCI; or in
clarified rumen liquor, The results are shown in Table 61.

The protozoa in the cysteine buffer had a fermentation rate very



Table 59. Epd-products of the fermentation of clover juice by
protozoa suspended in varicus media

ta,5* | fumen liguor Buffer# Mfumen liguor
Ges (ml.) 19.5 29 26
V.FA,
(n. B01./100 m1,)| 1.3 1.9 1.8
lactic acid
(ne m01,/100 m1,)| 0.95 1.02 0.98

# Colemmn'a (1958) buffer with 0.02% sodium sulpkide,

Table ©O0.

Ma,S (0.023) | Cysteine-HC1l (0.1%)

cas (ml.) 16 20
VPl

(m. w01./100 ml.,) 1.1 1.9
Iaetic aecid

(m. mol./100 ml.) 1.02 1.57

similar to those in the rumen liguor ard both preparaticns shaoued
nigher activity than the sulphide suspension. The protozea in
the buffer with 0,024 sodium sulphide produced only 60-70% of
the 25 and volatlile aclds produced by the zumen iliguor suspense
ion. There was a 4-8% reduction 1n gas and volatile acids in
the presence of 0.01¥ sulphide. Ilactic acid produetlon was
slightly decreased in both the systems with sodium sulphide.
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Iguer concentrations of sodium sulphlde wexre not tested as
concentrations lesa than 0.01% did not gilve sufficlently gocd
redueing conditions.

Teble 61. Epd-products of the fermentation of eclover Jjulce by
protozea suspended in various medla

) e Prgtozoa sus 1::;3% in
lecman's (195 :
products oy : Protozoa suspended
produced buffer with in clarificd rumen
in 60 min, Sodﬁ_}“?@ﬂ;ﬁg,d_% gagej.% HC1 liguor
0.01; 0.0 0.%
Ges (ml.) | 1. 30 22 52 30
2. A 20 35 32
3. 24 17 26 26
Velatile ks 2 o9 2D 3.0 340
s aieh [ @ =B 2.0 341 3.0
Se 149 1.2 1.9 1.8
Iactic 1. 0.9 0.87 1.05 0.98
Tl dte) | 20 0.7 | 0.69 0.88 0.87
J¢ 051 0.50 0.54 0.6t

The potentials of three suspensions as used in the experi-
ments in Table 61 were measured to determine whether the
inhibitory effect of aodlum sulphlde was the result of a higher
oxidation-reduction (redox) potential. The usual precautions
t0 exclude oxygen were taken and the measurcments were mnde uith
a Beciaman pH meter (Model 76). The redox potential of the
cysteine greparation (=310 mV) was higher than the sodium sulphide
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and rumen llquor suspensions wihlch were the same (=350 V).
The reduced fermentation rate in the suspensions wilth sodium
sulptide was obviously not the result of less reducing conditions.
In all later cexperiments the buffer contained 0.017 sodium
sulphide,
Experiments to check the inertness of the clarified rumen
liquor shcoued that no gas was evolved when the rumen liguor wWas

incubated with clover Jjulce.
%e contribution of the bacteria and protozoa to the total
ermentation

The gas produetion from clover julce by the protozoel and
bacterial fractions of rumen contents was determined with the
pananetrie apparatus, Two methods of fractiomation of the
rurten liquor vere used., In some experiments the protozoa were
centrifuged at 1low speed fram 100 ml. of rumen liguor, washed
once with Colemen's (1958) buffer, ami suspended in 100 mi, of
clarified ramen liquor. The supermnate, containing all the
bacterla fram the originsl 100 ml., was made to 100 ml, with
clarified rumen liguor., In the secomd method, 100 ml. of rumen
liguor was centrifuged at lou speed for 2 min. The top 50 ml,
of liguid was carefully removed. This froction contained all
the bacterla from 50 ml. of rumen liguor cxcept those few
gedimented with the protozoa. The residunl fraction of 50 ml.
contained the bacteria from 50 ml. and the protozoa from 100 ml.
of rumen liguor. The calculation of the gas evolved by the
protozoa was mde according to the equatlon

A - B
P o= Sy
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D
H
=
1]

gas evolved by bacterla/protozoa frdction
I

t
b

gas evolved by bacterial fraction

gas evolved by protozoa

This calculation mkes the reasomable assumﬁtion tiat
the bacteria sedimented with the protozoa are few in number and
do not contribute significantly to the fermentation,

The results of experiments using both of these methods
arc given in Table 62. Regardless of the dlet of the host, the
protozoa produced from 42-5(% of the total gas produced. The
percentage of the total gas production by the protozoe in the
method using 2 combined bacteria/protozoa fraction was not higher
than that in the other method as might be expeected if the
agssumption about sedimented bacteria mede in the“ calculation
were incorrcct,

o further cxperiments where carben diwd.{le was liberated
from the runen liguor before and after fermentatlion with ELQSOZ;,
gave 39 and 457 for the protozoal contribution to the gas
production,

The apounts of volatile aclds produccd b;;‘the tuo fractions
ucre also in agreement wlth the gas production, although the
pereentage acld from the protozoal fractions waé a little higher
than tie percentege gas. The results of determimilons on
veolatile acid production carried out on the fir#a’c four clover

hay experiments in Table 62 are shown in Table 63.
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Table €2, Gag evolved from clover julce by the protozoa amnd

vacteriz of rumen liquor (ml,/nhe.)

Diet of Cou
| Craas Hay ~ Clover Hoy  Fresh Glover
Unfrectiomted 14 25 24 3o 23% po¥ Ll
Protozoa 7 i5 13 14 9 9 20
Bocteria 6 12 11 14 13 12 25
Recombined i2 25 29 42
e ¥ | oh 56 Sh 50 41 43 47

* Method utilizing a bacteria/protozoa fraction

Table 63, ¥olatilc aclids produccd fram clover juice by the

protozoa and bacteria of rumen liquor (m. mole/100

mi.)
e ogpen | Frotozed | pnegerie | # Total Acld
R 1.2 1.0 54
2.0 1.2 0.9 o7
1.8 1.0 A

The effect of lithilum on the protozoa

Waile Fr M, J. Ulyott was investigating the use of lithium
compoundc as "marker" substances for catimating rumen volume,
the inertness of litrlum towards the rmupen mieroblal population

uas checlked mnometrically.
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Experiments were conducted with rumen liquor andl clover juice,
It was found that I4¥ (250 fig./l.), added ag elther 14C1 or
112802}.}120, caused a reduction in the fermentation end=products
of about 10%. Further experiments with rumen liguor divided
into bacterial and protozoal fractions showed that lithdum
reduced the fermentatlion rate of the protozoa ard that the bacte
erda were umeffected. No further experiments were carried out.
llore complete experimental evidence of the inklbitory effect is
to be presented by Nyatt (pers. comm,).

gcussio

The mnamctric method of estimating rumen activity used
in thils study differed in some aspects from those used by other
workers (see Walter, 1952; MeBee, 1953; Hungete gt al., 1955,
1960), but proved to be reliable and gove repreducible resulta,
Hungate et al. (1955, 1960) alse used Werburg-type fermentation

flaglts capable of haniiing rumen samples of 10 g. or more, but
measured the amounts of gas evolved with mercury meonamcters.

The constant-preossure manoameters used here permitted the measure-
ment of large quantities of gas, were accurute, and were leas
complicated. The only uweakness in the system was the need to
comnect the flasks and menometers with flexible tubing. Both
rubber ard some types of plastic tublng were shown to be permeable
to COQ, but ¢the use of thick-walled butyl rubber tubing allcowed
only a smell amount of gas to escape., A8 the experiments uere

conducted over a short period end as cach experiment contained
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adeguate controls to compensate for differences betuieen cach
treatment, the loss of gas (5 ml./hr. at atmospheric pressure
fram an atmosphere of pure 002) wvas not considered significant.

The methods of handling the samples and gessing the flasks
were also satlsfactory. The reducing conditions in the system
wecre comparable to thogse in the rumen, and the fermentation
activity was of the same order as that found by other workers
(see Boda and Johns, 1962).

Only a feu attempts uere made to measure the total gas
production, including that from the biecarbonate of rumen liguor,
by temmlnating the experiments with the addition of aeid.
Preliminory trials of this technique demonstrated the impossibil-
ity of obtalning quantitative gas release, especially with rumen
liquoi' from pasture and clover-=fed cows, because of the coplous
formtion of a very stable foam. The foem produced during the
pormal course of fermentation did not interfere wlth gas evolution
provided that the flasks were vigorously shaken. Only compara-
tive results were required and, as Hungate (1955) stated, all
of the fermentation products cause an increzse in gas pressure,
the acids produced liberating carbon dioxide from the bicarbomate
of rumen liquor.

Clover julce was used as substrate for the fermentatlions
to elimimate the use of more artificilal substrates. Where
substrates have to be added to fermentations in vitro they should

be materials closely resembling or simllar to those eaten by
the animel, Soluble sugars, soluble gtarch and hemlcellulose
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were used by Walter (1952), and MeBee (1953) used glucose,
cellulose anl hemlcelluloge. Even though the fermentation of
these pure materinls has been shown te vary with the host'as
dlet, there can be little correlation between the fermentation
of these materizals in vitro and the activity of the whole rumen
population, in vivo, towards norml dietary materials. The use
of more "maturel® substrates sueh as fresh plant julee and
fibre, as used by Conrad gt al., {1958) and Boda and Jobms (1962),
glves results with more direct application to the fermentation
in vivo.

The amalysis of the fermentation of clover jJulee carried
out over a pericd of several months on rumen liquor from 2
singzle cow om a series of dlets (Fig. 1) gave results simllar
to those experted. The materials in the julce of clover, pPobably
soluble sugars ani starch, comstitute the bulk of the rapidly
fermentable substrate in the fresh plant and the fermentation
rates found for each diet bore a direct relation to the soluble
sugar content of that diet. Grass hay contained the lowest level
of soluble sugars of the four diets used (Table 55) amd
consistently produced a mmen population with a poor ability
o ferment the soluble constituents of clover Julce, The finely-
divided plant mterial present in the juice was undoubtedly
efficiently fermented, but the eni-products would only be
produced at a relatively slow rate. The clover hay used during
the experiment contained more scluble sugars tham the grass nay
and resulted in a rumen population that fermented clover julce

at a faster rmate.
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The rumen liquor obtaimed uwhille the animpl was on the
pasture aml fresh clover diets produced the most vigorous
fermentations, the rates for pasture being higher than the rates
for most of the clover samples. The lou response 0 clover
Julee by the rmmen liguor from the cow when fed on clover vas
probably the result of the drought conditions prevailing at the
time. The soluble sugar and starech contents of the clover ucre
probably low during this period (R. W. Bailey, pera. comm.).

The sudden risc in the fermentation ratc in latec Jammry, 1962,
mist have beem the result of an increase in the rapidly ferment-
able constituents of clover. The weathePr was warm over the
whole of Jamunry however, and there was no marked change in the
rainfall pattermm during the last week of the month. Rain total-
1ing 3.60 in. fell on 5 days prior to 15 Jamuary 1962. There
was no further rain until 22 Jamuary, 1.15 in. falling on 3 days
betueen then and the end of the month.

Data on the population changes which follow a dietary
change can also be obtained from Figure 1. If only the rapidly
fermentable constituents of the dlet are consldered, then the
four dietary'naterdals used may be listed in the oxder of
increasing complexity, grasa hay, clover nay, and pasture amxi
fresh clover. In Figure 1 it can be seen that tioc to four days
are reguired for the miecrobial pepulation to reach peximm
efficicney in fermenting a more complex diet. A change of diet
in the other dircction, from complex to less complex, causes an

imediate drop in the fermentatiocn rate. Ilcnce, im this case,
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the fermentation rate immediately dropped on changing the dlet
from pasture to clover hay, or from clover hay to grass hay.
Obviously, a change to a dlet poorer in a particular constituent
doea not requirc an increase in the population attacldng that
constituent. The exilating populatiorn 18 more than sufficlent
to cope ulth that porticm of the new dlet. The adaption of the
flora and fauna to the more resistant materinls following a
dletary change might, of course, take longer than the two to four
days required for easily fermentable mterials.

The amount of food eaten by the animdl iad no effeet on
the fermentation of clover julce on the following day. The
casily fermentable mterdals would have disappceared from the
munen after overndght starvation and the micro-corganisms concerned
with the fermentation would not be fully active metabolically.
Similarly the before-fceding fermentatlion rate eould not be
expected to correlate ulth the subsequent fermentation in vivo.

It 18 important that observations such as these are mde
on single antmnls, and that the fermentation rates of a group
of animsls are not directly campared., Hungate et al. (1955)
fourxi no correlation betueen the before-feeding rate and the
subsequent bloating of a2 series cof animmls, but if bloat was
related to the fermentatlion rate then animl variation could
invalldate any amalysis mede by comparing the rates for
different anlmels,

The magnitude of the fermentation of clover Julce by rumen

ligquor from the cow feeding on pasture or fresh clover was
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similar to that found by Boda and Jonns (1562). In this investl-
gation, 0.7-1.2 ml. of gos per minute vere produced from 40 ml,
of rumen liguor and 10 ml. of clover Juice., Boda and Johng
(1962), using a simllar ratio of rumen liguor and elover julce,
obtained 0.7 ml. of gas per mimute from 40 ml, of rumen liguor,
from the samc cow (No. 2) used in this investigation.

Conred gt 2l. (1958) obtained very low yields of gas from
the fermentation of alfalfa juice (1.8 mi./fwr. from 35 ml. of
rumen liquor and 5 g. alfalfa julec). Their conclusicn that
the plant substances reponslble for the initial rapld gas
production obtained with green slfalfa were closcly assciated
with the fibre fraction and not with the julce, was based on
this low fermentation rate campared with that for fibre. Boda
and Johns (1962) contradicted this statement amd found the
initial rapid gas productlion was asseeciated with the plant juice.
The experiments carrled out here also demonstrate that the
rapidlj fermentable materials of clover are clogely associated
with the julce fraction.

Conrad gt al. (1958) based their conclusions on results
from animls fed on 1 1lb. of grein and 12-16 1b. of hay daily.
From the results shown here in Figure 1, the microbial population
in their animnls would not be adapted teo ferment the alfalfa
Jjuice at a maximm rate. If rumen liquor from alfalfa-fed
animls had been used the amount of gas produced fram the Julce
would have been considerably inereased, and different couclusions

might have been reached. This was suggested by Boda and Johns
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(1962, p196) who said that "1t 1s probable that the particular
feeding régime can modify the rumen microbial population
sufficlently to change the relative capaclty of the mlero-organ-
isms to ferment plant fibre."

Walter (1952) noticed a similar effect. A sheep fed on
oat straw had decreased abllity to ferment glucose and starch
campared with 1ts abllity when on a diet which ineluded barley.
Further evidence was supplied by Freer and Campling (1963) who
showed that cotton thread, suspended In the rumen, was not digested
by cows on a2 dlet of concentrates. The thread was rapldly
digested by cows on dlets of hay and dried grass.

The _results from the fermentation of soluble sugars are
of 1ittle value except for camparison with the results of other
workers. WYalter (1952), for example, also found that more gas
uwas usually evolved from sucroge than glucose, and that gas
production was greatest from plant material (alfalfa, presumbly
fresh). The work of lMceBee (1953) cannot be compared as he
reported gas evolution as changes 1n pressure in the mercury
ranoneters.,

In the experiments with the identical twin cows, 1 amd 2,
cowW 1 was shown to have & greater rate of fermentation than its
tvin, and usually had the greater intake. This 13 in accordance
with the observation of Hungate et _al. (1953) that an increased

intake and a smaller rumen mist result in an increased fermentat-
ion rate per unit of dry metter. Cow 1 certainly had 2 smaller
rumen than cow 2 at the time of the experlment. DBoda and Johas
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(1962) however, found that cow 2 had the higher fermentation
rate.

The inhibltory effect of sodium sulphide on the rumen
ciliates was uncipected considering the wide use of this sub-
gtance as a reduclng agent in preparations of rumen protozoa.
The fajlure of some attempts to culture rumen ciliates mpny have
been the result of sodium sulphide toxielty. Oxford (195562),
for example, used 0.05% sodium sulphide in his experiments on
the culture of epidinia and the clliates survived for only eight
days.

Where sodium sulphlide 18 used as the reducing agent in
mctabolic studles on the rumen protozoa, care must be taken to
use 0.01% or less. Several workers have used concentrations in
exceas of this. Abou Akimda amd Howard (1960, 1962) used 0,02%
sodium sulphide in thelr studices on the metabolism of Entodinium,

and also in studies on the decomposition of pectic substances
by rumen ciliates (Abou Akitada and Howard, 1961).

The contribution of the protozoa to the production of
volatile acids in the rumen (50-65%) was two to three times
that calculated by Gutierrez (1955) from observations on the
fermentation of glucose by washed suspensions of holotrichs.

- The figures for the production of acld were supported by the
similar figures obtained by measuring gas evolution.

The calculation of Gutierrez (1955) on the total volatile
acids produced by Dasytricha amd Igotrlcha arc not appliecable

to the rumen protozoa of the cows used in this study. GQutierrez
estlmated that, in 100 kg. of rumen contents, (7 mg. of acid
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would be produced in 24 he. by a comcentration of one isotrich/
nl., anl that one dasytrich/ml. would produce 2.0 mg. of acid.
Using rumen counts of 3,000 isotrichs sml 5,000 dasytrichs/ul.
he calculated that 240 g. of fermentation aclds were produced
by the kholotricha cach day. The came method of calculation
appliod to the holotrich populations of the clover-fed cous
cxamined in this study (30-50,000 dasytrichs/ml.; 15-25,000
isotricha/ml.) suggests that the holotrichs aleme, produce up
to 3 kp. of acid every 24 hr, Assuming, as did Gutierrez, that
the oligotrichs although cutmmbering the holotrichs only praiuce
an equal amouant of acid, then the total protozoal contribution
to volatile acid production in the rumen is 6 kg. If the
bacteria produce an equal quantity, then 12 lkg. of fermentation
acld 1s produced in the rumen every 24 hr, This figure 15 cut
of all proportion to the 2.2 i of acid reported by Arasby amd
Moultom (1925) and Carrcil and lungate (1959), and to thke average
production of fouwr lactating cows cstimatod at 4.0 kp. by
angate, Meh and Stmesen (1961). The praduction figures of
235 e ali/hr. fisoteich and 0.62 P mil/hr. Qasytrich glven by
Guticrrez (1955) are obviously far too great for the protozoal
populations encountercd here. It should be poted that Gutlerrcz
obtained his estimetes of the fermentation abllity of the holo-
trichs from endogencus fermentations and not from the fermentat-
jono of soluble sugars.

Further uork on the activity of single apecies of protozca
gshould be earricd out (sce Hungate, 1960). Therc should be a
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reasonable correlation between the summtion of the contributions
by individual protozoa and the contribution calculated by
observing the protozoa as a whole. Any worik of this nmature
would need to be accompanled by an iInvestigatlon of the actual
production of fermentation acids in the rumen under the appropri-
ate dietary conditions.
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SUMMARY

Studies were mde on the composition and 3ize of the
baeterial and protozoal populations in the rmumen of New Zealand
cows anxd manometric experiments were carried out on the
activity of these organisms in rumen liquor. Studies were
also made on the in vitro cultivation of rumen ciliates.

1, The faure of the four cows examined was mainly composed
of a selection of ciliates similar to those in ruminants

elsewhere. No new specles were found but the holotrichs

Charon equl Hslung and Buetschiia parva Schuberg were found in
all of the amimmls. (C, equl had not previocusly been described

outside the colon of the horse and ia the firgt ciliate to be
fouxi in both a rumimunt and 2 mono-gastric animml. In one cow
it constituted 13% of the total ciliate population. B, parva
has only been reported on a few occasions. The rest of the
hqlotrich population vas composed of specles of Isotricha and
Dasybrdicha.

The oligotrich population consisted of Entodinium,
Eodinium, Eremoplastron, Epidinium, Eudiplodinium, Metadinium,
Ostracodinium and Diplodinium (all according to Kofold and
¥aclennan).

2. The total number of ciliates present in the rumen varied

between 1.1 X 105 amd 1,9 X 106/m1. over a period of 14 months,
“he gcan total for two couws on a dlet of fresh red clover
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(Trifolium pratense L.) was 5.4 X 105/:11 mmen liquor. The
mean for the same two cows on a diet of clover hay was 2.5 X
10°/ul. The demimant oligotricks in two cows cating fresh
clover were Entodinium, Epidinium and Eremoplastron. Oligotrichs
constituted fram 75-c5% of the population. In four cows on a
diet of grass hay the domimant oligotrichs were Entodinium,
Ercmoplastron and Eodinium. Oligotrichs constituted 00-89% of
the total population.

Epidinium sometimes became thc dominent ciliate in the

rumen of cows on a2 dilet of fresh red clover but Entodinium and
Eremoplastiron uwere often present in similar or greater numbers.
There was no relation between the numbers of epidinia 1n the
rumen and the occurrence of bloat, although the numbers increased

as dietary starch increasecd.

3. Various ollgotrich protozoa were cultured in vitre, some of

them for the first time. Eremoplastron bovis, E. brevispinum,
E, ovimum, E. biconcavum and Eudi-
plodinium magzil were mointained in mixeé culture, with divisionm,
for over six months and Epidinium ecaudatum was grown in pure
culture for over 14 months. A clone of Eremoplastron bovis was
established after i1sclation of a single cell i1mmobilized with

sodium barbitone. Considerable morphological variation was
noticed 1n these cultures. Attempts to culture holotrichs were

unsuceeaaful,
The ciliates were groun in a mineral @alts medium with
rumen liguor, dried grass and rice starch, Sodium sulphide
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(0.01%) was added as a reducing agent ani alr was replaced
with 002 . MNo antiblotlcs were added.
Sodium sulphlde was shown to inhibit the metabolism of

rugen ciliates. Gas and volatile acids were reduced by 30-407F

when the protozoa were suspended in 0.027 sodium sulphide.
There was a 4-8%2 reduction in the presence of 0.01% sulphide.

L Anaerobic and euryoaic becteria were lsolated from the
runen on media with the following substretes: protein,
cellulose, xylan, starch, glycerol, lactlc acid, glucoas,
cellobiose. The organisms isolated were all similar to prev-
iously 1solated runen bacteria. A curved rod producing butyric
acld from lactate, and similar to Ramibacterium, was classificd

as Butyribacterium sp. No Baocteroides spp. could be 1solated,

Bat i vens was lsolated on several occaslons
and is possibly responsibls for a considerable proportion of

the actlivity agalnst cellulose, hemi-cellulose, stareh, pectin
and proteln. The only other proteolytle organism 1solated was

Clogtridium bifermentans. Other genera 1solated were Strepto-

coccus, Selemomomns, Corymebacterium, Ruminococcus, lactobacillus,

Veillonella and Borrella.

5 Studies on the fermentation activity of rumsn liquor were
mde using a large~-scale manometrdic wethad. All cxperiments
were carried out with rumen liguor removed frasm the animnl
before feeding after overnight starvation. Clover julce was

uaually used as substrate. The rate of fermcntation varded
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frem day to day and depended on the dlet of the host. Hay diets
produced a flora and fauma with poor abllity to ferment the

easily fermentable constituenta of clover julce.

6. Manometrie experiments with rumen liquor divided into
bacterinl and protozcal fractlons showed the protozae t0 be
responsible for about 40-65% of the gas and volatile ecid
produced from clover juice in one hour,
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PLATES 1-7

All flgures are fram upper views of whole mounts stained
with methyl green and drawn with a Zelss Dreuing Attachment.
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PILATE 1

Semd-diacremptic View of Eudiplodinium mapgeil
Fiorent 1 from the r S

2, mepbranclles; ), membranclle zone; ¢, imer 1ip;

d, outer 1ip; e, oesophagus;y £, skeleftal plate; _g, ecto-
plasm; L1, emdoplasm; i, boumdary layer; _j, rectum and
anus; Kk, caudal lobe; 1, lateral cuticular groove;

B, contractile vacuole; pn, mcronucleus; 9, micronucleus;

P, excretory pore; g, outer furrow; I, operculum.
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PIATE 2

n Schubers (1888)

otricha intest g Stein (1859)
Isotricha prostome Stein (1859)
Buetschlis varva Schuberg (1863)
Charon equi Hsiung (1950)






PLATE 35

Entodinium ovinum Dogiel (1927)

ntodinium longs leatum Doglel (1925)
Entodinium bicarinatum De Cunha (1914)
Entodinium bicarimatum De Cunmha (1914)
Entodinium indicum Kofold and Maclenmn (1930)
Entodinium rostratum Florentini (1889)

Entodinium biconcavum Xofcld and Maclenman
(1930)
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PIATE 4

Epidinium caudatum Ficrentini (1889)
Epidinium bicaudatum Smrp (1914)
Epidinium parvicaudatum Auverinzew and
Matafowa (1914)

Epidinium quadricaudatum Sharp (1914)
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PIATE ©

Metadinium medium Awerdnzew and Hutafowa
(1914)

Eudiplodinium magell Florentind (1889)
Ostrocedintun dilobum Doglel (1327)
Ostracodinium memmosum Railliet (1890)

Ostracodinilum rugcloricatum Kofoid and
Meclenman (1932)
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PIATE O

Diplodinium monocanthum Dogtel (1927)

Diplodintum diacantium Doglel (1927)

Diplodinium triscantium Dogtel (1927)
Diplodinium tetrecanthum Dogiel (1927)
Diplodintum pentacanthum Doglel (1927)

Diplodinium apisacanthum da Cunmnha (1914)
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Eremoplastron bovis Doglel (1927)

Eremoplastron brevispinum Kofoid amd
Macleman (1932)
last 10 Dogtel (1927)

Eremoplastron rostratum Fiorentini (1889)
Eodinium lobatum Kofold and Maclenman (1932)
Ecdinium bllobosum Dogicl (1927)

Eodinium posterovesiculatum Doglel (1927)






	20003.pdf
	20004.pdf
	20005.pdf
	20006.pdf
	20007.pdf
	20008.pdf
	20009.pdf
	20010.pdf
	20011.pdf
	20012.pdf
	20013.pdf
	20014.pdf
	20015.pdf
	20016.pdf
	20017.pdf
	20018.pdf
	20019.pdf
	20020.pdf
	20021.pdf
	20022.pdf
	20023.pdf
	20024.pdf
	20025.pdf
	20026.pdf
	20027.pdf
	20028.pdf
	20029.pdf
	20030.pdf
	20031.pdf
	20032.pdf
	20033.pdf
	20034.pdf
	20035.pdf
	20036.pdf
	20037.pdf
	20038.pdf
	20039.pdf
	20040.pdf
	20041.pdf
	20042.pdf
	20043.pdf
	20044.pdf
	20045.pdf
	20046.pdf
	20047.pdf
	20048.pdf
	20049.pdf
	20050.pdf
	20051.pdf
	20052.pdf
	20053.pdf
	20054.pdf
	20055.pdf
	20056.pdf
	20057.pdf
	20058.pdf
	20059.pdf
	20060.pdf
	20061.pdf
	20062.pdf
	20063.pdf
	20064.pdf
	20065.pdf
	20066.pdf
	20067.pdf
	20068.pdf
	20069.pdf
	20070.pdf
	20071.pdf
	20072.pdf
	20073.pdf
	20074.pdf
	20075.pdf
	20076.pdf
	20077.pdf
	20078.pdf
	20079.pdf
	20080.pdf
	20081.pdf
	20082.pdf
	20083.pdf
	20084.pdf
	20085.pdf
	20086.pdf
	20087.pdf
	20088.pdf
	20089.pdf
	20090.pdf
	20091.pdf
	20092.pdf
	20093.pdf
	20094.pdf
	20095.pdf
	20096.pdf
	20097.pdf
	20098.pdf
	20099.pdf
	20100.pdf
	20101.pdf
	20102.pdf
	20103.pdf
	20104.pdf
	20105.pdf
	20106.pdf
	20107.pdf
	20108.pdf
	20109.pdf
	20110.pdf
	20111.pdf
	20112.pdf
	20113.pdf
	20114.pdf
	20115.pdf
	20116.pdf
	20117.pdf
	20118.pdf
	20119.pdf
	20120.pdf
	20121.pdf
	20122.pdf
	20123.pdf
	20124.pdf
	20125.pdf
	20126.pdf
	20127.pdf
	20128.pdf
	20129.pdf
	20130.pdf
	20131.pdf
	20132.pdf
	20133.pdf
	20134.pdf
	20135.pdf
	20136.pdf
	20137.pdf
	20138.pdf
	20139.pdf
	20140.pdf
	20141.pdf
	20142.pdf
	20143.pdf
	20144.pdf
	20145.pdf
	20146.pdf
	20147.pdf
	20148.pdf
	20149.pdf
	20150.pdf
	20151.pdf
	20152.pdf
	20153.pdf
	20154.pdf
	20155.pdf
	20156.pdf
	20157.pdf
	20158.pdf
	20159.pdf
	20160.pdf
	20161.pdf
	20162.pdf
	20163.pdf
	20164.pdf
	20165.pdf
	20166.pdf
	20167.pdf
	20168.pdf
	20169.pdf
	20170.pdf
	20171.pdf
	20172.pdf
	20173.pdf
	20174.pdf
	20175.pdf
	20176.pdf
	20177.pdf
	20178.pdf
	20179.pdf
	20180.pdf
	20181.pdf
	20182.pdf
	20183.pdf
	20184.pdf
	20185.pdf
	20186.pdf
	20187.pdf
	20188.pdf
	20189.pdf
	20190.pdf
	20191.pdf
	20192.pdf
	20193.pdf
	20194.pdf
	20195.pdf
	20196.pdf
	20197.pdf
	20198.pdf
	20199.pdf
	20200.pdf
	20201.pdf
	20202.pdf
	20203.pdf
	20204.pdf
	20205.pdf
	20206.pdf
	20207.pdf
	20208.pdf
	20209.pdf

