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o "~ . ABSTRACT

’
.

‘ The qiliate fauna of a small freshwater pot{d ‘at Logy, Bay,
Newfoundland was' studied in 1968 70 A prelim?.n'ary. aur\;ey of the ’

seasonal occurrem:? of the.protozpa as affected by ecological para-

=
$ ' - ' - 2
o The study pond is quite acidic (pH %4, 50 5 15),. with high

méters was made, ot ‘ :

*
v 3

‘a. chloride content (99 22‘ P, p m), a. wide annual water temperature range

(0.5-20, 8° C), and a fluctuation of dissolved q_olilx concentration

(75—144 pepP.M.). | ' - ' ' , . ) eyl

. '«'I\J!enty-nipe ciliate %edes of 19 genera were detefmined.

L Y

Other ciliates belongihg to a least 30 taxa were not "idg'ntified beyond

r /e

the neric 1evve1. ’

~

. Three groups among the studied ciliates are particuldrly

interesting‘ahd demand' redislcovery for, further study i Tetrahymena
\ . 9
" uorax for. its pelymorphic life cycle- CoZeps heteracanthue, Asptcheca

'sp., Condylostoma sp,, Dysteria sp,, and ,Trachglqcerca sp, which might

j ° , . - . »
be new ecotypes of marine ciliates; and Coleps -sp., Urotricha sp., *

o * . -

Mierothorax sp., and Lembadion SP., peprhaps néw species,

K
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: \% o7 INTRODUCTION e T
.,' . "!.'14'.. ',. J S ' ) --
Clllate protozoa were flrsct;uﬁ‘bxmninc(l from -the vicinity of .
" " L - f'\"‘\ ’ ’ '
. ‘ ‘ LPER N . -
va}[_mi’ml]:md.bfr Ahrenberg In' 1854, ’J}uﬁw wvere marine species, repor-

" ted by Kent, 1880-1882,- lpp.‘626-627-. Littly Furglwr“‘work‘wns carried
. . . ; ' 3 . . T N ' R
out {n this field until fow :m(!:/l.z’llrd (1969) (icscri-bi'(l-some: parasitic

trichodindds from Now_foumll.'m(l{%iilrlnc fish. Soon aftcerwards, lackey
. . 7 . ., \ . -

and I.nc‘k‘éy (1970) publ ished an (.."XEL‘,IISIVé list of frée—-liv’lng mar fne -

n(\icrmn‘gnnlmns, Jnc.lmﬁng some cjliates, {rom Logy_ Bay, near St John's.,

lE’\w_cvcr, nobpdy has previously studied the freshwater ciliate fauna of

, . .
e '

., the Island of-Newfound land in i;ny dcpth.s. : - ‘ ’

. Knowledge of the morphelogy, taxonomy and distribution..of

chwfouhdlzmd's flora and [fauna ({Including the freshwater components) .

T e 1 r ¥

is clearly desirable, as taxonomic and distributional studies of wost

Newfound 1 and terrestrial blota are still far from complete. Recog-

P,
~ ~

* nizing the need, to be able tb_mafcc close comparisons ‘with the results

of earlier workers, permanent preparations stained by various methods

(including !'classtcal” haematoxyvlin procedures and modern ‘silver imp-

regnation) werb'employed in the present study to supplement - not to

3 L.

supplant- - fresh preparations. Thé latter were examined by phase—

.
|

contrast mlcrbscﬂopy. Imr this context it is noted that, to judge from

. .

- th'e surprising detail im the’figures of such early protozoologists as

v

> \Ehrén_bcrg, phase-1like "effcct's were beilng qbtained'about'a century

before F. Z'ernike', invdpted this. prbcedufe‘ (in 1935). Assisted by -

modern phétomicroéfmphic techniques, this thesis presents a preliminary ’

. v

survey of a primarily taxonomic study of thé free-living ciliates of a
- - ' .
¥

. . . f PR Y
. R PR T ]

- N - T
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" S !
; t | coel oo
- .- r‘_ 4 i
» . R "“:. R - 0
.small .pond at Logy Bay, Avdlon Peninsula, a A
'\/ . In addition, some data _'are.pr'e_sen_"t.ed to show that the

© . .

appearance an& disappe'artance‘ of ba'rti_cﬁxlar. species ‘of protozoa in a

. 2 .
particular locality are usu

(Davis, 1969; Wang, 1928). ' It was felt worthwhile in this context to

.

ally correlated with seasonal changes

»

-

make a prellﬂnina‘ry,'survey_ of the seasonal di-étr;‘.l:'uﬁ:ion of protozoa as '

affected by fluctﬁuéﬁ'ions of temperature, hyc\ir;igé'n-i.c)'n concentratjion,

and dissélved .s;oligls, in.a small pond in Ne

‘«the value of -various cultivation techniques are-also included. -
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« - - . "HISTORICAL SUMMARY . + - . . ° o
. . "‘ ;‘ R -

The first protozoan to be discOvered was found n sf:anding

- rain water in 1675. A ciliate of ‘the genus Vortchlla, i: was described

by van Leeuwenhdék (1677) Ledemuller (1763)(was t:he first to intro- : ..

duce t:he term 'Infusoria for all the Various microscopic "animalicules" -
(whet:her bact:eria,’ algae, or pro;ozon) _deveioping in -infusions, exposed
“to air. The first qonprehens‘ive monograph - on 'Infusoria' was. by, 0. F<

Milller (1773). Bitschli (1880-89) limited the use of 'Infusoria’. to

yProtozoa bearing cilia. t:hroughout: life, and 'Suctoria to t:hose with

.. cilia- only in the early developmental stages Doflein (1901) introduced

.‘,the term 'C'iliophora' to d"esig.nalte a sub-phylum comprising the two cl'éssesl

: C;i,iiata and Suctpria.' ' 7, ‘ S N
- Since Eﬂen, _there 'asre two ntain sc.:'hemes for classification of
protozoa; the‘ pre-war and p_os.t:--‘w.:arB sy;t_enis'. ' o K : ' .
~’I’.iu? pre-war ~sys“t:i:u} was contribut_‘ed ify .t:h'e pioneer scient:ists -
suéh as. Ehrenberg (18323‘\; '1838), Dujard‘in- (1838,. 1861) , ‘Stein (1856),

Claparede and Lachmann (1858-1861), Kent (1880—82), Biitsch1i - (1880- 89),4

B4

Stokes’ (1888), Schewiakoff (1896) .- o L

Shortly before the second world wat, Kahl (1930-35) prepared a fﬁy

L3

: profuse'ly illus trated, Well—documented monograph containing keys to the

ciliates of Germany. Kahl's painstaking attention to the comparative

.'morphoiogy and systematics of ciliates. at the species'level®has not yet e

been rsutpessed. ' Q o . ' : . .
_'i’he depth of our knowledge hag alnays_ﬁeen bénefitted by the -

improve‘ment of Technology. Io was - pne of Kahl '8 contemporaries, Klein,

who first apphed silver nitrate in demonstrating the Silver-line system

. o \r/ — o
~ ‘v..‘ S A . °

J‘i‘ .. e



m’introduced'into France with the now fecognized advantages over, Rléin's.

'Tuffrau, 1967) In 1940 Furgason proposed the newly established genus

X 'iary similarities to other groups e.g., certain membirs of the’ order

" berg et al., 1964). This rev;mmmmﬁEIY accEpEEd

X . A
) ¢ . L

of ciliates (Klein, 1926,.1958). In 1936,5!._ Chatton-Lwoff's method was

¢

Under this heading, Bodian (1937) also started the so-called 'Protargo‘l' ‘

A -

technique (Honigberg and Davenport, 1954 ‘Kozloff, 1961;. Dragesco, 1962

.Té'trathena by applying the silver method to’ establish systematic relation-—

ships on the basis of (‘:omparative stomatogenetic \data. Studying.the life *

.
' A

c,ycle of - astomes, de Puytorac (1954 .1959 1963) revealed b ic infracil-

-~

< -

!

Thigomtrichs. Using morpho genetic data, Faure-Fremiet (1950) propised .

that the\Eucto‘rians are very closely allred to the holotrichs and th(:he

- The_ work of Chatton-Lwoff (1935, 1949 1950) -and Faure-Fremiet .(1950, 1953,

S’
1959) validated a phylogenetic ﬁypothesis formalized by oCo‘r:liss (1956)

3

Based on that, a revised system of classification at higher taxonomic
¥ & -

N

Leve.ls within the phylum Protozoa was accepted over the older scheme (Honig— .

L
2

e With the use’ of the morphogenetic pattern to deduce supposed .

. ~ e
affin,ijies among f:.he va:rious key genera involved, Small (1967) established .

.
@ n

arhynchodine thigmotrichs, and a- number of fOrmerlv alleged tetrafﬁyme‘nine

hymenostomes. This research stimulates’advanced ‘understanding/of the syst-
‘ . . '.‘ ‘ M * 2

-

4

“rematics and evolution of«the holotrichs (Lom," l 8; Co’rliss, . 1968' Nobili,

-1969)..' In Russia, Jan@)wski (I964a, b &967) has constructed a, strikingly

- [

new taxonomic hierarchy of Ciliophora. -Di' P . .

‘pertrichs should be cons:rdered closer” to. the holotrichs than to Spirotrichia. .

. woo- : et . L e . .
. a nevw Order 'Scuticociliatidaf.wh& includes all,pleuromatine hymenos?:‘gges,\ )

. . .
' ' T R N * (% . *
/ - e -
.. d . . .
. . - .
f ' ~ .
.
N



? Laboratory CMSRLQ (Fig. 1-A) of Memorial University of Newfoundland at

o ° N . ‘ - ‘ L}

- L I
1 .l' i . v
- ‘~ " . 5'
4 . ] . -
"R, ! ’ .-
© ) 3 .. B o" ‘
- ' . . 4 t n ' N
, ¢ *~MATERTALS AND METHODS . - E
7 ‘ " : o 3 ('. . - . L R .
Habitat =~ -~ . . oL R e

Five hundred metres west of the Marine Sciences Research

Bl

Logy Bay; 8 km. north~of St John s, "There is a.flat 400 by 800 m.

Chamaedaphne and Sphagnum marsh in which lie various small permanent

h and temporary pools and which is crossed by a narrow but relatively

5 i .

» deep stream (50 to 100 em., by 50 to 100 cm, }" (Pickavance et al, 1970).

The partioular pond of this. complex from which all my T

0."‘

material was derived is about 50 m. west from the MSRL parking lot

and 10 m south from the approach road and ‘the roadside stream (Fig.

1= B) whichoreceives dn outfyow from it after rain (Station 2 Pickavance,

-t Y -

pets. comm.), ~ - - 2
T o, S : N oA
. . A

i .

© 1

LR

e The shape and size, %f‘the pond are quite variable. Its'out—
line changes in accordance with the volume of its contents, the amount
of water held increasing with rain and decreasing during warmer and

drier weather. Generally, it is long and rather narrow, but shallow."

Its width ranges from 1 m. (Fig. 2C) to nearly 3 m. (Fig. 2A and 3)

B

.'.andult is about~17 mn‘long 'The shalloWest part (Fig. 2C) is 18 cm. e

-

s
a ”f

deep, the deepest 60 cm. (Fig Zb) There is an emergent rock at the

northern end. ; S B S - 2," .é
t _ Predominant flora (Fig. 4) - around tﬁ@ﬁpool consiQts of the
'ol‘ o’ . 6 - . .
. mosses Sphagnum pchhrum (Braithw ))Warnst and Sp;agnum palustre L.,
Sweet Gale '(Myreca gale L. ), ‘a cotton grass (Erzophoﬁdm vtrgznzcum L ),

8 . L . .
and Junzperus vrrgznzana L. S .

) aﬂ"Goldfwithy" isvthe.yernacular name“in‘Newfoundland (Rouleau, 195§)f

-
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This prbject.was carried out from 1968 to f§70, the most

intensive examinations being made‘ﬁhriﬁg.the period from June 1969 to
- . ' ' . ’ h ' ? "
September 1970, when all physico-chemical readings were taken. During

o <

‘the rest of the time, samples were taken at: frregular intervals.

.

v. Random samples were obtaiqed by using one-litre capped jars

E - o
.ag containers. .A white-enamelled ladhgfwas employed in dipping for

benthic fauna. Samples were brought” back to the laboratory as soon.as

-

the physico-chemical conditions hel been recorded.
s , . .

v Y

' - - o, : o

Measurement oﬁgphysico-chemi&alxfattors: ) ..

Physico-chemical readiﬁgs were . regularly made in the .field

-

. N [ ,
from June 1969 to September 1970. Both air and, water temperature Co-

recordings were made.with a mercury thermométer. Concentration of the -
. *

- .615501ved solids (D.S.) was Qeasufed'ﬁith a Myron L Dissolved Solids

Meter (Model 532 T). The hydkogen ion Qaiué was determipéd using 4

. Porto-Matic pH meter (Model 175). Chloride concentratibns were )

<

" estimated in the laboratory by the Mohr Méfhod (A.P.H.A., 1955),

L4

N

) . . ..
Preparation of media: =~ = - . ST .

3

o -

Organisms were cohcentrated by éentrifugapionu(ZSOO rpm/

5 min;). They were then cultured in sterile disposable Petri dighes

* with 35 ml. of'pond'wéter or hay infusion, ‘ ,

~ ! -

‘The latter was ﬁrepafed by Turner's method (p. 60, Needham,
1959) modified as follows:. to.one litre g% pond water add ‘5 gﬁ. of

~ Timothy Hay, Phleum pratghse, and 10 grains of wheat, Heat to bofiinérl
, . . s, - ’ oo
and set aside uptil cooled. F%Iter through three layers of gauze into

i



o

A id

;sterilize‘d hay inTusion s stored for dse. « t

: I T {
200 ml. ‘-‘bott:les. ' Fa¢h bottle should receive. 50 ‘ml. of the hay in- u,(\ .

Fusdon and Jbe capped for autoclaving (15 1b. 1210C. for 15 min.) . The

- . ~
'

' -
- -

Four media. were uscd to obtain mixed-cultures,

(1) Culture with 35 ml. of hay Infusion. . ‘ )

(2) Culture with 35 wl. uf’ pond water e\dded, with'a su.rfnce spriqkling'

ree
o -~ 'l
1}

of Bacto-tryptone (Gruchy, 1955). - ° ol I

° .. .- C ' n

J(J) ‘(Iulthr'e with 35 ml. of ‘pond water and four grains of rice.'

It
\

(4) _Culturo with 35 m]. of pond vater and four, grains of wheat"

) .
(.ull.ureq were maintained in a brightly ‘lit laboratorn‘gt '70 I- . S

. e P -

- : ‘ " s

Clone cultures: . . : o .

When ciiiétqs weré-ptésent clonal cultures we:}e attemtcd .
- .‘ .' Al 'd.
to serve axenic development (Ellio'tt, 1953 and (.ruchy, 1955)

P

Janus green B (1 10 000) - employed for the staining of mitochondria'

Preyardtions of living material - I s : SR ‘

I‘resh preparations were dealt with as recommendcd by l(udo

(1961’), P, 1073) A 10/3 solut-ion of-methyl celll;lose‘ was used to reta.rd‘

(4

';the bwimming movements of ciliates (Narsland 194‘3)- Fot.vital -stai‘ning,

~

the [ollowing dyes were dissolved in absolute alcohol (Kudo, 1966?

‘Congo red ‘(l'l OOO) -+ when psed as an indicator its red c_olour~i_ndicates S

R NI .
s

alkalinity, a change to’ blue weak acidity . . R

L

. Mcthylene blue (1: 10 000) - for staining cytoplasmic granules, the

- -

nucleus~and cytopl\asmic processes, . I

]

3

e o 4 T ]

Nﬁutral red (l 3 000) - when used as an indicator, it becomes yellowish

red (alkaline), cherry red (weak acid), or blue (strong acid), ]

I . . \
h “ f N

Ve,
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. Pteparation of fixed material: ’ . RS

&

]

‘Lugol solution tmade‘up of potassium iodide J.S'gm. water 25 cc. and’

L]
- . v

-;.i;’ iodine 1 gm.) - for staining cilia.
Microphbtography was dndercaken by means of a Carl-Zeiss

Photomicroscope I, utilizing both phase—contrast and 1nterference
(Nonmrski effect) - microscopy.

-
N —

B

| ' Heidenhain's iron haematoxylin was use% for nuclear staining .

(Kudo .1966) .

'Z;Y’ . silver - impregnation ﬁctﬁcds,wefe employed to demonstrate-

the cortical configuration.
a.” The dry silver method éndertaken was that of Klein (1926,

1958).. ) ) ‘ - .
B \

b. ' The Chatton-Lwoff method (Chatton and Lwoff, 1930 and. 1936

. Co;liss; l953b Frankel 1968) was employed when there were

(-

sufficient numbers of ciliates in thg culture. - ~
. . ; . . -
+ . . ‘ * .-
1] o *
- a d

e



" RESULTS "AND DISCUSSION . W

] 4 - -

EXPERIMENTAL =~ . , o .

The physico-chemical factots: ' . .

’ .

Monthly average records of the pH‘Value; D.S. concentrations

]

‘and water and air ‘temperatured are given in Table I and Figs. 5, 6,

and 7. ' . -

+

s

In July 1970, the pond dried up at a time of unusual drought

‘and hot weather for Newfoun@land (above 800F); It"was‘replenished on-i

» . « . , -
August ;Ez\1970 after two days' heavy rain. It did not dry up again

I

during the remaining-months of the present éEudyt It thus qualifies

for the designation of rtemporary pond".
Spandl (1926) restricted "temporary pond" to watet bodies

. : s \
persisting for no more than 1% - 2 months. Others (e.g. Shelford,
Q s . .

1913; Kenk, 1949; Rzoska, 1961; Felfon et'ai, 1967; and Moore, 197Q2 -

have so designated any pond drying up completely at.leést once a year. .

<
Laird (1956) sharply differéntiated “'transient ponds" (primarily rain-

filled ones in hollows‘which do not intersect the water table) from,

4

permanent ones, Mut followed Bates (1949 in considering "permanent"

and "semi-permanent" (= htempqrary"f ponds as a continuous cline. It

'is considereyi%hag for all practical purposes my study pond can be

characterized as a ''semi-permanent" pond.

- . i
- From the-end of December 1969 to the end of February 1970,
e, f

-

- -
.

the pond was usually frozen. Records were taken after chopping a hole

-
.~ -

. ' . : S ,
in the surface ite Wwith an axe. Prior to this time, the strong winds

-of wﬁnter ensured mixing of the epilimnion withlhyp;iimnion .

?

L

A
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TABLE I

I3

Nonfh

| Temp. (°C.)

A

ir "Water

D.S.(p,p;ﬁ)

A_pH]'

Jdne 1969

12.7

) L -
July. 235 | 205 | ¢ o125 -
Aug. “2.1-.\'\2 ] o10.8 112 4,54
‘sépr.. 2 .20 17.9 93 z.:esa
oct. | | 18.5';1. 13.3 03 | 462
Nov.“ - b 7 ‘ 7.2 144 4.68
Dec. 1. ! .6.;.8' 75" 4.70
Jan..1§.7o. o 0.5 106 " 4.65
Peb.. | -3 | 0,5 123 4.50
Mar, g 7.0 102 - 4.83
‘Aﬁr.' - 6 7:2 85 5.88
Mayl 7.5'l s 755 85 5.15
June ‘ ‘12.5. - 1Q.7 79 5.13
July 30 - - -
“Aug. 2.8 " | 20.8 100- 4.83

. Sept. 20, - - 11 115 i 4".7.3°

- ~—
¢ .
. , ’
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-

' aecribed the summer differences to the photo-synthetic activity of’

ollowing the freezing of the pond surface, however, ‘this mixing was'

-

inhibiged.‘ The epilimnion was depleted of dissolved substances by
organisms which, ‘on their death,'sank to hypolimnion and decomposed ?
(Macan, 1970). This explains Peak B in Fig 6 ' - :. B

T . The other peak in- Fig 6,A, reflects a 1ong hot’ and dry

-
~>

period without much"rain‘from September to November 1969.

. .
&

Usually, . . .

the daily readings of the concentration ofldissolved solids vary with N

.

"the amount of rain received. Data mhsﬁed fiom,the end of June-lé70 to

the beginﬁing‘of August 1970 would probably have reached the highest

dissolved solids concentration because of the. hot weather and unusuallf'

long\ dry pe@}l .

Despite the rapid variation of the temperatures .and dissolved -

-solid concentratidns, éhe hydrogen—ion conceqtration of the pond proved

very stable, ranging from pH 4.5 in ?ebruary 1970 to pH, 5.15. in May, .
1970: It was generally higher §n the summer of 1970 and lower ‘in the’

winter of 1969 - . : ' i . - . ‘L

Juday,vFrey, and Wilson (1924) followed variations in the

hydrogen—ion concentration with.the season and depth in Lake Mendota

for the period 1919 - 1922. -"They observed that in summer.particularly,

¢ .,

and to a somewhat lesser extent lnder the ice in winter, the upper . a

' ’waters had a substantially higher pH than the lower waters. They /)

L
» .

algae towards the surface and to the, decomposition of organig‘matter

in the hypolimnion" (Frey, 1966, pP- 33).-'This may serve to explain the

Y

slight increaseoof pH during the summer of 1970 5nd the slight dec~ ‘

I3

rease in the winter of 1969-70, thg latter reflecting the-decompositionv

. t
»

“t
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v ~

- of organic matter in the hxpolimnion associated with increasés in free’

‘

.(1

2 o2

" 0, and' bound co However, "at pH values below 6.0 acids other than

carbonic may be suspected' (Hutchinson, 1957, p. 683).. Data from-the '

present pond are closer to ‘those derived by Frey (1949) from some bay

lakes .of North Carolina (pH 4. 34 ~- 4.92), these figgres not being

raised by aeration or boiling. Strém, (1939, 1942, 1944) reported pH

values of 8.0 from lakes in drainage basins influenced by Palaeozoic
. + . ' \ ~ .

limestones or into thch glacial water flowed. ‘ o

: fhe'present data hear-comparison with' pH 3.2 -~ 4.9 reported
by Yoshimura (1936) trom several. Japanese lakes containing strong
mineral acid; pH’ 3 5 = 3 9 recorded by Wehrle (1927) in Sphagnum bog
'pools near Freiburg in Breisgau, Germany, pH 4.5 ~ 6.0 from a Sphagnum
bog 1n Jowa (Grant and>Thorne, 1955), pH 5.2 - 6.1 in Louisiana ponds

n(Moore, 1951 and 1955) and orie of these temporary ponds was reported

-2

pH 4.9 - 5.5 by Margavio (18?4) "The source of the acid in such .

'waters is probably twofold Rain water, which contains sulfate, per—

[l
-

colating through peat, tends to lose cations and gain H by base

! R

exchange with the humus of the peat" (Hutchinson, 1957, P 682)

T The dissolved chloride content of -the study pond was f0und
to be 99 26 mg/l on January 11, 1970 - This figure is conSiderably
higher than the range of .0. 08 0 51 mg/l of ‘the English Lake Dis-

trict (Mackereth and Heron, 1954),

™

.l

\?rischel (1940) and Conway (1942) state a formula. to cal-
culate the chloride concentrations of ponds. These decrease propor-

tionally to the increasing distance from the sea.. They show chloride
- ~v“ ’ .

concentrations” rangingidown from 7Q0-700 mg/1 in ponds-600 m. or less

. (‘ﬂ) " - . 1 . ™. »
' - . . " “»

Ry

¥



i . ' o

‘from the ocean. My study pond is located less' than 600 m. from the

' . .t : i ' - \
Atlantic Ocean, its chloride concentration’ (recotded as 99.26 'mg/1 on .

Jam(ar 11,."1970) falldin within the above' range.
b4 8 g

3

Thtre 1s a seasonal fluctuation of chloride\content in some

localities (Russell and Riohards, 1919 Miller, 1914), high winter (_:on-

centrations doubtless being due t:o the greater disturbance of the ad-
2 ) ,

Jacent ocean sur face during the winter. Drischel (1940) in fact sug-

gests that a marked seasonal cycle is chatac_teristic of maritime

~

. regions. The chloride concentration of the study pond was obtained

from the epllimnion, which was covered by ice in-fanuary 1970.

Reéret‘abl);‘, seasonal investigatieps of the chAlo‘r.’ide concenbyations of

the pond were not undertaken. i .

@ ) ' .
Aerial chloride trémsportation can also occur through the

wind picking up dry salt from an expanse of arid coastal land from

which sea water lnd evaporated (Nolland and Christie, 1909) Typically

salt-water ciliates (C'oZeps heteraqanth_us Noland, and Trachelocerca‘sp.)

“were discovered in the sample of Januafy 11, 1970. It. i possiBle’ ceo

that wind transportation-accounted for the prege'nce of, these salt’

water, speclies,

.

Cultivation: - & . . )

Gruchy (1955) used a surface sprinkling of Bacto—tryptone

for mass culture from which Tet‘rathena pyrzforms clonal cultures

were axenically established. In compadison with other procedures

~already mentioncd,(tlﬁis method was used frem the outset as “the standard

. S ’ N
.of comparison. Cultures thus fed always.formed a thick opaque film on

” . . ~
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ot -

the top of the nied1um and smelt very,'strongly of ammonia. 'Even aftér o

!

the odour gradually faded, the film was still so bpague that organisms

1
were not observable.

-+ Hay infusion has been very commonly used to grow ciliates,
. ¢ ' . !

(Turnér, Beers, Leray, Jones, in-Neédhaﬁb,§3‘22;;2However; because the * /
/

" sterile culture used lacked prey such as Chilomonas sp. for the cfliates/& -
. . t -

to feed upon (Needham, 1959, p. 60), it was generally unsuccessful. ' ' 9

[

* By contrast, media with either four

a

grains of rice or wheat | -
S

i

:kernela developed flourishing cultures. In those cultures supplied )

with rice grains, whitish fungi (%aproiegniaceae; 3s identified by_Df. o
O: Olsen) Jﬁways'flburi;hed hréund thg:érains."These cultyrés derg 5. ‘

dlways richer.in euglenoid phytoflqgel'lates tha}l were those to which ‘ ‘ %
whea;zkernels were added - a characteristic noted by Brénd;ein, p.,63

1 K

(Needham, 1959). Wheat kernel media always supported more vigorous

N . -

by

populations of ciliates than did rice grain media.

-~

Clone cultures:.

"' Large numbers of a single species were necessary for good . '

1

preparétions-destined for permanent staining by the Chatton-Lwoff - ~° . o

.silver impregantion technique. Stock medium (Elliott and Hayes, 1953;
- Gruchy, 1955) in .a depression slide containing a mixture of penicillin

G 'and streptomycin (230 pg/ml each) was used to obtain axenic cultures:

s

. ﬁo&ever, it proved that immediately after‘being.}r@hsferred into- the
stock medium, ciliates ruptured. It seems, therefore, that other

species of ciliates are not able to tolerate the stock fiedium dééigned
especially for Tetrahymena pyriformis Ehremberg. - . . o

>, - . L - - LN
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A

) pseudopodia, stalks and fibrils all showed up to maximum advantage

e

'!’ . - - B

Preparations of living material.

.-

A dissecting microscope was only useful as regards the
. {
larger oiliates, such as Paraneciun bursarza’Ehrenberg (140 v), -

v

Spwostomum teres Claparéde and Lachmann (200 - 500 u), and’
StJZOHJUhLa sp (k;o u) Smallér ones, e.g. Cyelidiwn.glaucoma 0.F.M.

(17 5 - 25 u), Urotricha SP. L (27 u)y Tyrtolophasis

MY

,elongata Schewiakofﬁ.(SO w) and Halteria sp: "(25 - 50 u) proved uniden—

'tifiable at-the low magnificatidns attaimable with this instrument.

Phase mictoscopy'p oved indispensable'for obtaining com- .

parative data.and improving existing taxonomic accounts prepared prior
f . v ° e .

N

‘ B . N . ‘
to the availability of this technique. With it, cilia, flagella, fine oL

. As revealed by both the dissecting instrument and high power '
! ¥ .
. pliase-contrast micr05copy, the plagkton of the study pond most commonly

-

comprised sarcodinids including APceZla, green. algae

diatomss ., blue‘green algae, flagellates,_rotifers, gastrotrichs ‘and
cladocerans in addition to the:ciliates~teported in the present study.

« : , . . -
The occurrgnce of ciliates often coincided.with the appearance of e

‘Arcella and -flagellates (e.g.* Chilomonas pdramdecium'Ehrenherg) in

’

cons{derable abundance,. ° o . \:_ o

Preparation of fixed material:
Heidenhain’s.iron haematoxylin was used. for nuclear staining - .
when methylene blue had failed to reveal the nucleus. The results 4
7

were satisfactory both for holotrichs and spirotrichs. .

Silver impregnation was indispehsible for revea¥ing the
v, L
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S The Chatton-lwoff method provided outstanding advantages

21

-

cortical configuration, such structures as basal granlles or kinetosomes
of the somatic and buccal cilia, the cytoproct, contrac {le' vacuole

pores, and. fhe complex fibril network (Chatton and Lwof%, 1930, 1936;

» -

. Cotliss, 1953b, 1956, 1959a, 1961a, .1963; Klein, 1926, 1958; Lom and

5

'Lairq, 1969; Thompson, 1968, 1963a, and Bdégs, 1965). The several

‘mbderﬁ:xechﬂiques under this heading furnished a standard means of
t . : . -

demonstrating the bases of the entire somatic and buccal ciliature in -

. '

whole mounts of organisms at various life:histOry stages.

"Klein's dry method .and the Chatton-Lwo¥f procedure for

' . - . . L\"l
" $ilver impregnation were used in the present study. Although both

3 - . . — )
were invented more than.forty years ago (Klein, 1926; Chatton and

EFT

Lwoff, 1930), the abplication'and preference of . these methods are

‘ stii} not universal (Corliss,'l?ﬁﬁ; Klein, 1958; Raabe, 1959; Lom,‘

lgél; ThomPson 1960 and 19633;-aﬁd LOT §nd Laird, 1969).

'aver K}ein's dry method (Corliséﬁ 1936), if sufficient pumber; of a
single épecnes (e.g. Tetrahymanq périfbrmié-Ehrenbérg) were available.
However, the.technique was handicapped when lg@'nﬁmbers or a mixture
of épeéies were 1nvolyed. It wa; thus‘unsatisfactbry for survey
studieé, althoggh Franke;' (1968)%méthod utiiizi;g centrifugation to

) a i

wash out Champy's fixative somewhat decreased the chance. of losing ‘

" organisms. Klein's method reveals the argentophilic infraciliature

with less such risk. -It is 4lso easier to monitor the mounted organisﬁs
. . - . .
by this method, which therefore has much to offer in comparative taxonomy.
v N . " .
With regard to the latter,. data concerning the argentophilic

infréciliaturg of ci#fliates are sti]l very. far from complgte, ‘being in
. . . T ‘ *
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a

fact confined to only a few genera; noté(y Condylostoma (see S}ihatﬂa,

1961), BaZantLd‘Lum (see Krascheninnikow and Wenrich 1958) , Cyelidium
{

{Berger and Thompson, 1960), Neobursarzdzwn (see Nilsson, 1962),

Paramecwm (see Lieberman) 1929)." Sathrophilug (see Thompson, 1963a),

N .Spwostomum (see Boggs, *1965), and Tetrahymena (see Cerliss, 1952a,
1952b; '{95321, 1957, 19lSQb, 1960). ‘nTetrahymena is the ‘only' genus forA‘
whic}l we can now elaim virtually complete comparative‘argentophilie(
infraciliature deta.,' Apblication of siiver impregnatilon for purposes

of taxonomic identification is handicapped both by the tremendous lack

of specific infraciliature "fingerprints * (Thompson, 1960) and the

v
-~

difficulty of ensuring the developmdﬁt of rich, pure cultures. :The

need of rediscovery and a full redeséription of ciliated protozoa JAin

light of mod‘rn technique (silver impregnation) for taxanomicdata was’
| discussed by Thompson (1963). i g ’ . -

. -

It is important to realize; though, that however sophis- .

»

//'.. ticated one's staining procedures\ﬂay be, fresh preparations still

remain 1nd1spensaﬁe aids to taanomlc identlficatlon. As is evident

.’A

. from the photomicrographs reproduced herein,'phase microscopy reveals

1iving° structural detail scarcely detectable if not altogether in- .

e

v{sible by bright-field mgéroscopy; .and. forn{s a necessary part of any

survey ‘such as this. . . K .

‘e
- - o . ‘e - . L
- .. - - -



. SYSTEMATLCS S Y

"a Subphy 1um c liophora}a ’ L -

L}

b . ’ . ‘ S .

Representa;i~ve§ of 45 ciliate g;erﬂwére observed from

-

Sep‘tember 1968 to September _i970. Eightee.n generd are illustrated by'

photomicrographs in the followfng 'séction's. Ecologicél parameters‘and

data on ,ocqurréncé for each of the genera and species studied herein

. ° . . ’
’
»

are presented in Table II. ' -

)

Phylum - Protozoa

" Class

Subclass 1 Holotricha ' " ) o

_Order Gymnostomatidae
. . [

S ’ . } / o
. Suborder % Rhabdophorina (_=Promstomatin_a_ + Pleurostoma- °

: . . oo . tina
R { o S na)
.. . Family Colepida e
g Genus Coleps* = "

’ F.amily . Ench'elyidaei
.- ‘Genus _ Chilophyra
B o ‘- -Pr_o;'odon

* Microregma ’
Platyophrya . -
o Trachélqcerq, ’/‘/ : )

. Uro'tricha*. '

. ] - -

!
¢ . . .
' 1 / ., 80,
. . v
. N '
,



Family_— Amphilegtida’e ) -

. Genus ' Litonotus

% .

T _Sub"orﬁep Cyrtophorina (= H'y;iqstoniqtina)‘

\_ . F"amilly‘ Dysteriidae
o Genus ;Dyster:ia '
) ) Paratz%'échilia
Famil'y. ) Chiamydodontidae
v Genus - Chilédonella
.Fami'l}; N_assu}idat;
.,-Génus- " Nassula |
Oi;déi‘. Trichostomat‘idia'
.Family|, ColpodIdae
1 Genus C'prcu:ia;‘r . I
Family Microthoraci.d:ta_‘e. - '
N Ge:n?_s ’ M'icr'o.t‘h.or.ax* '

9 Order  Hymenos tomatida
- -~ ‘

Suborder '_Tetrahymenin; -\' S . '
" Ean;i]:y Cohnilembidae -
* Genus . Cohni_l_eml'au.s -
Ger\u’s' Urbnema. o
Family Te.trah-ymexiidae "_ ‘
. L ‘ Genusu . Cobpidiwn

Tetrahymena* .
- L

* -I'.llusﬂtrai:ed‘by' photomicrographs. S
’ ([ . ¢ .

*

L

&



' .o s Lo ) n‘
Suborder . Peniculina

v

f‘amiiy Parameciidae

“Genus _ -Paramecium*,
- ]

@ ” ' . \
- . . -Family. Frontoniidae

N

. G:a_hus‘ Balanonema

e . Cinetochilum.

. Cyttrolophosis* :
C e S ' Fro’ntcnn‘fliab .
. Lembadion*
Suborder ’ Plet;rongn?g'tina
F:mi-ly | Pleu‘roheu;ataidae
LT ' G'e-nus Cristigera*: -
Y yetidiumt
e v ’ . PZeurqnema .
Subciass‘ Peritiicha ‘ ) .
. Order ‘P?ritridh:{éa ‘ .
) a Suborder '~S:ee.silina' |
I:‘.am‘i'l)'r Ophrydiidae
Gengs; Ophrydiwm . -
" Family V?r t.ic'el-l.idae -
v L . G@nu;; .Vor'f‘;iéelvl‘a*
_.Family ' Epis;.t'y‘llidirdae- -

N . a A T
Genus . Epistylis?

DL s IR . Telotrochidium*

°

- 4

X

- * . ie



a. & . - D
= - T 76
rd e * 0 ) N
° ' . ~ ,
. Subclass’ 111 Spirotricha L Y
! Order leterotrichfda BN : .
“ a P - . a4 .
- Subofdey: - Heterotrichina i 3
(Y ‘L-.;' . s -
o j’amily" Cyrocorythidae h ‘
A ' "Genus® Metopus . .. L B )
Family = Spirostomatidae ‘
. : Genus BZc.:'phari.f.:ma* ) - - ' S ) ‘ q’a‘ '
. : Spircstomum® . <, ’ -
‘. & " » _Family ~ Coudylostomz;tidaé - .
: . * Genus Gonaylo‘:;-toma e . L ' s ;
’ Family Cleveladdellidae . - _
) Genus Pgraclevedandia | ' ' . S
* e . -
B © .Order (Oligotrichida S P RN
. : Family Halteriidae - - L N e
* Genus ' Halteria* , . 1+ . ) B -
- ) l . . '.. .. .. - L ) . ) e
. v .+ Strombilidium* - S
A Order  Hypotrichida ' BRI e T
Family  Aspid isgida_é : R ; "
- Genus Aspidiaca"v"-,;' '
- .' : 3 ’ - Pa
Family Oxytrichidae . .
.o . Genus _Gonostomum . - ’
. Steinua X ; LT L. e
\\ . . " - “ R R . ¢ T I
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: '- . .. .‘ . R . R C e . - - ’ A 1
-\&ggiLnonema ' biceps (Penard,.1922). September, 19691715 93 - |4.75 - -
Cinetochilum =  marinum Kahl, 1930 September, = 1969|17.5 - 93 4.75 i
Cyrtolophosis,  bursaria (Schewiakoff, :1893) - April, +1470| 7.0 85 5.00
K -~ elongata (Schewiakoff; 1896)- : |Aug. & Sept. 1969| 6.5 -17.5| .93 - 110 [4.55 4.75
o S L ; : March , 1970{19.5 - - 4.80 ~
- . o - - . S ] I : : .
Frontonia . leucas - (Ehrenbetrg, 1838) _ '| September, 1969(17.5 © 93 |4:75
Lembadion sp! ' " |April-to Jume '70| 7.0 ~ 11./5| ‘72 - 87 |5.00 - 5:15| .
. _ ) ~ - " o _ ‘ :
-|Chiristigera sp. : '|all seasons - 0.5 --20.5| 78 - 144.14.50 - 5,15 °
= R . . . ' .. R * . > - S . R . ) ’ ' - oz ". -
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L --granulosum Kahl, 1931 s ) September, 1969)17.5 93 a 4.75 ) \
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| CTABLE TI (Cont.) |
: Gen.us, species . = - ‘Date Temp. (°C.)
APZeu'r'onema . marinum ‘ngardin,~18'41 September, 1'569 17.5' i 93 ’ 4.75‘ .
oéig;};dium ‘ep. - ‘ Septémber, | 1969/17.5 93 7 aurs
-“V_oré,ee&a' ’ 'sp.’ (Figs. 84 - 85) Aﬁ’rﬂ'p«ﬁay,"llg.eé - - L
" ; micras.tAoma '_Ehre‘nb'erg, 1830 May to August,'69 1‘2.5 - 26—.5 ' 113-‘- 125 4,50 -
" op. . (igs. 87 - 89 : Nov.'69toJan. 70 | 0.5 - “7.0] "7}3 - 144 |4.75 - 4.80],
" nebulifera 0,F.M. 1786 ) Aug. to Oct... 1_,569 17 - ,19:5] 93 = 113 [4.50 - 4.80
A . .'sp.-'(Figé. 90 - 92) ‘ |september 1969 "17.,5 ) es 4.75 - -
nE’p.'i'sgyZis sp. | ﬂ}‘ January ‘14, 1970 ‘0..5 ’ 106 "14.75
_"[;eZo'trc;chidiéén = sp. ' ‘ Dec.'69'to Jan."70 o'.s - 6.5 78 - 107 475 - 4.80
. : _— " ‘ . I*?ay, 1970| . o ' )
Metopus “striatus McMurrich, 1884 September °  1969]17.5 1 93 4.75
BZepharisriza ' pér_*sicinum -Perﬁy,' 185% , Sept.'769 ;ﬂ_]une}'?O 1.2.'.0 é'17.)'5 | -7é'& ‘93 l‘|75 & 5.10
Spff'astbn;zlfln: 7 teres c1a'paréqé & Lachmann, 1859 [A1l seasons -o_.:%'- 20.5 "73 - 144 2@59."'— 5.1'5_.
. e :
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. TABLE II (Coht.) B "l,"':l - ;
Genus 3 ‘specli.e's : Date . _Temp:f(°c._5 - D.S.ppm.- _pH. ’
C’m'fdg,}lostﬁma. sp. ‘ June, 1970(12.0 78 5.15. ¢ -
.5 Parc‘zc"lépe.landiq .sp. ‘ T ; J_'e;nuary; ‘ 1970 O.‘.S 106 4.75
Halteria . sp. a1 seasons 0.5 - 20.'3 78 - 146 [4.50 =-5.15]
Strc;bilidium' " sp. . o, Auguét,-' *1969/19.5 o 1 o
o . . ‘|Jan. to Aprii,'79 0.5 - 7.5 85 - 125 |4.50 ~ 5.00_
laspidisca sp. - - la11 seasons * | 0.5 - 20.5]" 78 144 |4.50 - 5;.-15
'Gono'sto;}rwn..' sp. Aug'ust,' 1969 15.5 o 110 4.50
|steinia . sp. » {Nov. & n'e"c'._ 1969| 6.5 6 7.0[ 78 & 184 a'.'_75“ B
Oxytrichq "Sp. . ‘|Aug. & De'c“.‘ 19é9 19.8 & 6.8| 112 '75,:4_.54—& 4.70
Stylonyc?iia l sp d Aug.'6§ to Ap}'!?O 0.5 -'19.5 78 ] T44 - 13.50 - 5A.0,0
Uroleptus ia‘ngi.cdﬁdatus Stokes, ‘1886 Augﬁs_t, 1969 8 o '.78 4,50 - - ,
, - .- o kMay & June, 1970 12.'5' &-19.5 8‘6 -110 [5.00 & 5_.415
Urosomao " sp.- | *Nove’m.bler; 1969 7.5 : : ,.144. 14.75 -

15,
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; Famiiy ' Colgpidae

‘Genus CoZéps (according to Corlisé, 1961)

- longitudinally and'tfansversely,'barrel;shapéd, arhoured

-SuBclass ' Holqtricﬁa»\‘
Order ,Gymnps;oﬁatida
o - “Suborder Rﬁabdophorina
- )

Coleps is distinguishable from related genera of holotiichousﬁ

ciliates by-its characteristic armoured exoskeletoﬁ, and by‘tﬁe preséncg
. . R N -

of several spine=1ike pfocesseg_at the posterior extremity, Its’closest‘v

“
relative (genus 7Zarina) is also armoured, but lacks any spines at .the

posterior extremity, which tapers to'a}point. Therefore, the-armour and

the spines of the present species dictate‘éllocation‘to the’ genus CoZeps.

S .

Coleps octospinus Noland, 1925. Plate VI, Figs..8 - 10.

¢

Body: - 90.to.115ﬁ.in length, 40.— 50y in diameter. Furrowed

with cortical.

plates.’. Antefior half slightly flattened dSrso—ventrally; nearly cir-

éulan in médial cross-section. lCYtostome apical (Fig. 8). External

[4

skeleton transversely bisected by a qentralugréove (Fig. 9,D). Pos-

' teriorly, the central section is separated from the terminal ohe by a

.gréove (Fig. 9,E).. No such groove anterforly. Twenty-two to,24 lq§: 

’

gitudinal rows of plates, in which lattice-like openings allow protég,
plasm to extrude (see type 1 of Kahi;'1930, p. 132). T
, ) -. , . . . . \ e - )
Anterior spines: 4 flat, double-pointed spines on the mar-

_ gins of the cytostome just Behind the: spinous:crown. 'Their size -

<



PLATE VI -

Figs: 8 - 10 Coleps oétospinus Noland, 1925

Showing living é¥ample as seen.by’phasg—contrqSt. (A)gthorn-

.1ike ‘anterior spine; (B) sub;ermiﬁal posterior spine;rﬁn

terminal posterior spine. . _.' ~ o .

Showiﬁg fresh preparation by,NOmérski interference-contrast

effe?t. (D) central groove; (E) posterior groove.

Showipg fresh p;qpéfation by phase contrast. The arrow "F" '

indicates the blade-like anterior spine.
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averaging soh% 9 u’in length. -

‘cavdal cilium. ) {

_ March, May and June, 1970. The anterio

variable, theilargest ones along the right margin. Both pairs on the

lateral margins b}ade—llke (Fig. 10,F) and transpargnt.;”Mid-dorsai .

) . L . . v N .
and mid-ventral sets of spines thorn-like (Fig. 8). A number (&??&
cir-t

smaller, asymmgtgicélly placed spines behind the spinous crown’ en

cling the cytost'ome.., » s

Posterior spines: four spines symmetrically located af\the

. ' N . ,‘ . .
margin of the posterior extremity (Fig. 8,C), four sub-terminal ones

being alternately plécéd_in the penultimate transverse row of plates ‘

>

(Fig. 8,B). Of more uniform-size thin thé anterior spines, and-

-

Ciliation: ﬁnifofm somatic ciliation throughout, the cilia °

slender and sparse and graddallytdecreas@ng in length anteriorly.

Cilia shortest and more numerous around-the cytoétome (Fig. 9). One

¥
1o

Movément;;iswims fapidly; revolving about the long axis in a -

‘counter-clockwise direction (viewed from the rear). Occasionally

briefly immobile. . L o ‘ ' '
Nucleus; Nucleolus at the centre of the round and:posteriorlyr . "

located macronucleus.

>

Division: dividing examplestzere observed several times in

d posterior halves began to

- b4

separate along the central groove. The posterior half of the anterior

' .

daughtef and the anterior half of the postérior one remained lightly—

coloured - and indeed trahsparent - during the formation'of their new

L
. ~

-

plates and'spines:

P



"linking it with C. octospihus; to which it is accordingly referred'by

@

Contractile vacuole: located at “t:h‘e:postierior ‘end .of the o oo
anterior division produ'c':tﬂ, its contents dischérging' through the pos-

terior armour by‘meané of a cy‘to‘pyge. Proto‘plasm vacgolated and
exhiblting 1ngested algal material. . |

- Food mainly algae including ‘diatomk, and smaller ciliates..

C B

Systematic account: = - U R te .

’ ‘Kahl' (1930 and 1932) grouped I{ species'of Coleps- into “three ‘” ' ngﬂi‘
categories on the basi; of the structure c;f’/tpeir exoskelet:al plates..

The organism under discussmn has plateslof‘ Kahl's type 1, which occurf ’
" in C. hirtus, C. elOngatus, C. amp@gcanthug, C. bicuspis, C. uncznqtus IR

and C. octospinus. .Noland (1937)’/described two more species of the-
: . : o :

r

'genus Coleps. 1HowéVer, both %f these differ froﬁ the present species

in having type 3 plates. i

~

Among- the six members of Kahl's type 1, only C. octospznus
\

has more’ than four posterior spines.. There are two poste1(ior spines

in C. bzcuspzs; three in C. hirtus, C. elongatus and . amphacanthus;
and four,iﬁ. C. yn‘cinatus. The ‘Logy Bay species ixsually hpaé four tef‘— .
minal anq four‘ sub—ten;\inal posterior ,spine§.‘ It thus corresponds
more closely to C. octospinus ’t}ian t:b other ‘specieé of the genus,

B . . -

despite Geiman's (1931) report that the posterior spines vary from

"+ seven to eleven in C. octospinus. R R

Fipally, its large size (90 -. 115y x 4Qz,' 50u) double-pointed.

anterior spines and acid marsh habitat are further useful criteria



Y

its ‘plate strucfuﬁe (Kahl's type 1), the number (eight) and arrangement

0

“ (four terminal and four subterminal) of the posterior spines, its

Qdouble pointed anterior spines and the overall size-and shape of its -

body.’
Coléps heteracanthus Noland, 1937. Plate VII, Fig. 11.
Body: QQu'inllengfh, 40p in diameter. Furrowed—longitudinally
and transversely. Barrel-shaped, armoured .with cortical plates. _ .

Anterior half slightly flattened dorso-ventrally, nearly circular in

. - .

" .medial cross-section. Cytostome apical. External skeleton transversely
'hiéected by a central groovﬁ. Kahl's type 3 plates (Fig.'ll,b).

One flat, double;po%g}ed bpine'on the margin'of the' cytostome ~
just behind the spinous crown. "A set of thorn-like spines on the other
margin of the cytostome. Posterior spines eight in number, arianged

as in Cbleps oatosptnus. Uniform somatic ciliation thrqughout the

_l <

cilia slender and sparse and gradually decreasing in length anteriorly

Cilia shortest and more numerous around the cytostome. Two‘caudal N

cilia (Fig. 11). Swims rapidly, revolving.ébout the long axis in a

"

counter—clockwise direction as viewed from rear. Two sphericyl macro-

nuckei, one in each half of the body. Macronucleus (Fig. 11) always

with a central red spot in living non-stained materiall

k)

Systematiec account: . o . -

Among the 16 known species of Coleps, group three (e.g. C.

inceurvus, C. pulcher, C. remanei, C. similis, C. tesselatus,. C. spiralis
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{ .. . ~ 9
.
/

and C. heteracanthus) bears comparison with the present species in

having Kahl's type 3 structure of plates. ’ «

\ " C.- remanet 1is immediately separable from the,presént species

H

by its giant size (200 - 250 p), and its numerous postérior spines.

- C. tneurvus is easily disﬁiqguishable by virtue of its cylindrical

. spiﬁes.

P

body shape and §ik posterior spines.‘ C. épiralis differs in exhibiting =
L4 A ' .
definite spiral torsion in its longitudinal rows of plates. The num-

ber of posterior spines as well as boay size, narrov the choice down.

—

to C. puleher (100 u) and C. heteracanthus (74 -~ 86 u), for C. tescelatus

(60 - 70°u) and C. similis 50 —.70‘p) having only tyree or four posterior

. 2 ‘ ) A
The present spé%les is fefefable to C. heteracanthus rather '

- 1

than C. pﬂlcher.mainly because its thorns are on only one side anteriorly.

The data for the present species fit the description of (. haterdcanthus
(Noland, 1937), which has identical plate structure, thorns on only one

N [¢) . -
side anteriorly, and is of comparable size. However, certain additional

characters are evident-in the present species. Thus there age a single

© flat and double-pointed spine in-the anterior part of the.body, on the

side opposite that just mentioned, a spherical macronucleus with a red

spot in each .half of the unstained body, eight posterior spines, and. '
two caudal cilia. b N B ‘ ) : . .
Y ) o ) - -

Coleps sp. (PlatenViII, Figs. 12 - 16). C

-

Armoured body (84 u in\length; based on four specimens, 80 - °

86 u), with spine-like processes both antériorly and posteriorly (Figs.
~ : ) s, . !
12 - 15). Barrel-shaped, elliptical -in medial cross-section, longer

N .
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R ) - . L S
13, Showing the threé'pogterior=spines, and the mid-dorsal and

mid-ventral ones. - . 3\ -
. DN
N,

T4. Dorsal view, showing the left ariterior spiﬁes. oo

15; Dorsal view, showing thefrighﬁ anterior spines.

’ » T

7 o

--16. «Plate structure (x 1,200),‘réferab1§ to Kahl's type 1.
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N 4;-. . . 40.
diﬁﬁeter, 52 5" u (Figs. 14 and 15), the shorter (dorso-ventral) one,
"'%‘.‘ . R '
43,6 p CFigs. 12 and 13). Dorsal side more convex' than ventral
L R T S . ) -

o0 tapering slightly towards .each, iﬁ}remity.

Kl

of» Kahl s type 1 (Fig 6). ,Cilia projecting~through the intersﬂices

'between the plates. Ciliatidn uniformly sperée except for a denser-
v .
-vestiture encircling the cytostome’ (Fig. 12) and two caudal cilia.;

Length of somatic cilia, about 11 p, the caudal ones, 35 M. .

A Viewed Erom‘the dorsal side, a,set‘of‘Qeeth (some 5.2 u-long)

projects at each margin anteriorly. The straight set'on'the'leftiis

composed of one single pointed tooth and a wide-angled double-pointed

A .
'y

‘one (Fig. 14)1 The right-set_has a similar single straight tooch‘
anteriorly\ but' the second and‘bifurceted one has gits points distin-

ctly.closer to one andfhe¥ by comparison with its oppoggte.membegpon
L ) 'ﬂ N .

a

the‘left (Fig. 15). ‘A few thorn-like mid-dorsal and mid<ventral spines

(Fig..13)/_ , o . \ | . . | K ;'@/ . )

PR Tﬁree incurved claw-like spines evenly spaced, about the

L margin of the rounded posberior extremity. That to the left (the

smallest) decidedly incurved .5.2 1 in. length ‘ené€h of the’ other,

t . W
PP

two spines, some 8&5 u (Fig 13). . o - T

- Swims leisurely, revolving about Ahe long-axis‘in a counter-. -
. . .

. . \ . - . ‘. _" o .’
‘clockwise direction (viewed from the rear). IR
-'Bystematic account:
. This armoured barrel-shaped ciliate with spines both an-
. o e ] ' .
teriorly and’ posteriorly belongs to the genus Coleps. Two of the 16

..

. ‘. N )
FurrOWed longitudinally and - transversely with cortical plates--

=]
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known, species of Coleps) c. striatus and C.'trichotus,-do not merit

‘ sis.of 1acking posterior spines.

considerauﬂon with it on the

criteria 1a§§g£/:ther 14 .spe ies. .The glates of - the present species

A t

are referable to Kahl's t ‘1. . This narrows’ the comparison down to

a

the six species bearing Kahl's type 1 plates (C. hirtus, C. eZongatus,

C amphacantus, C. bieuspis, C. uneinatus and C. octospznus)
C. ,ncznatus and C. octospinus are immediately. separable

from the spefcies under discussion in having more than three posterior

spines._' : . . ' ‘ )

C. hirtus (40 - 65 u) with its three spines on the margin of

. . ) 8 ' < ’
the rounded posterior extremity, is closer to the 'species under dis-

cussion, However, it stands apart in that its armour comprises four

girdles and in having single caudal cilium. Furthermore, the present

species (84 uulong) is very much larger than C hirtus.

AN

The latter stands closer to C. amphacanfhus (70 - 90 u long)

in body size, in its plump shape, and in.having three posterior spines.

o

Nevertheless, it lacks the major features of C. amphacanthus, which

has three posterior spines arranged in almost linear fashion instead

‘

of as a triangle, together with a twisted cytostome‘about sixty degrees

clockwise‘out of line with the main ‘axis of the posterior margin.;'

Furtheqmole C. amphacanthus has from four to eight caudal cilia ins-

tead of two, as in the present sgecies. ‘ - ) \\<\
The latter resembles C. btcuspts (55 W) in shape and anterior

spination, differing from it mainly by virtue of its larger size, three

posterior spines, and two caudal cilia. As regards the spines of
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G. bzcuapts " These pairs of teeth occupy portions at the anterior,end e

that correspondowith those occupied by the two spines at ‘the posterior

end " (Noland 1925, P 6). . The two anterior sets of teeth do not

corrspond with the three posterior spines in the present species

In 1its specific characters, SUCh as the possession of. two

O
13

caudal cilia, three triangularly arranged posterior spines, and body
.sizej the present species is very close to C. eZongatus (40 - 55 p
according to Noland 1925 65 -, 80 u according to Kahl 1930) However,
the latter is characterized by its slender appearance The plump shape
. of. the present species (84 M by 52.5 u) thus immediately Sets it apart
from c. elongatua The othef major feature distinguishing the present

\
sﬁecies from 0. eZongatus is its possession of two sets of teeth anter-

1orly,‘thg:§h differing from other members of CoZepa in its plate struct-
ure, three triangularly arranged posterior spines, two caudal cilia and

-
overall body size and shape, the species described(herein requires data ‘

" "based on a sufficiently large population to establish its taxonomitﬂ

allocation. - K . . , ' v,

Y

?

|

o
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Femily; Holophryidae

]

YGenus- Urotricha Claparede and ﬁeehmann (according to Corliss, '1961).

- Urotricha sp.' (Plare iﬁ,-Figs.sl7~19).' ’ .

" Body spherical to slightly oval (27 3 ux 24 u, based on 23 |

Specimens, 20 - 34 Hox-17 - 29 W, Posterior third unciliated save for,
one 1ong caudal cilium (B in Figs. 18 and 19), ciliation otherwise uni-
"form (Figs. 17 - 19). Cytostome tound at anterior surface, surronnded

by r1ng of heavier cilia and lacking significant perlstome ﬁo tricho-

cysts observed. Contractile vacuole pos&erior macronucleus spherical.

) ?rogressibn both by 'leaping and steady swimming . - >

_ Systematic account:

Having its cyclostdme at the naterior surface but lacking a -

peristome, the small ciliatevnnder consideration bears the main charact-

eristics of'Urotrichd. " This éenus differs from other-members -of the
‘ ﬁolophryidae in nhat its rear third is unciliated except for one to
<several long caudal cilia.

, - On the bas1s of body shape body size, number of.caudai c1lia .
and "the presence Q{ trichocysts, ‘Kahl (1930) recognized 12 species of
Urotrtcha The present species differs from U. synuraphaga, U. ovatd,

.U oblzqua, and u. armata in its absence of trichocysts. Its, single'
caudal cilium further distinguishes it from U puszlla U. furcata and _

~ UL saprophzla L On the basis of body shape, the anteriorly, trilateral

‘ tapering U. agLZ}s, jug=1ike U. fhrcta and flask-shaped U. lagenula do

k . .

not merit cémparison with the spherical to oval species under discussion.
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- The latter is’ c105ér to the spherical . gZobosa (18 u) than thq

cylindrical u. dLscoZor (25u) Its body size (27 3 x'24 u) 1s closer
£

. . . -
’ v -~ . -

to.the latter_than to the former.

0f the known species of‘Urotriché; none have charcteristics

¢ .- i
'

quite cqmparablé to those of thé species under éonsidepation. However,

-~

- the establishment of its systgmatic'allbcamidn.féqui;es-furthe; study

0

-

of its infraciliary morphology.
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e . " Subclass Holotricha

Order " - Trichostomatida

Family Colpodidae ‘ '?

Genus .“Colpoda‘
. Colpoda cucullus- 0. F. ﬁ.,'.1773. Plate X, Figs. 20-23.

Size and shape variable, dependihg upon the amount of food

’

‘avaiiable. In general, reniforh.and,domprgsséd,,ovgrglllmeasurements

‘42,;n64u'x 3£ - 45y (aQ. 57.8u X 59.45).. Right border semi—Eifcular,

postérior half of the left border'oft;n'convex. Oral .funnel inuthe .~
middle of flattened ﬁentgal side.- Cytostome”véntrally located and

. displaced ;o‘tpe fight of the‘median plane; léading into the peristome
-;avity and givéé*rise:dorsaliy'to a?aiagonal groove; its edge bears a

. 'eiliated area, but no protruding membrane. Riéh£°1atera1 ciliary

gield, rotated about 60° to assume an anterior position. It appears’
A ‘ :

as a rather narrow crescent closely adjacent to which lies the anterior -

’extremity_of the stomatogenous meridian whose basal bodies are yuite
small at this level.
Cilia either single or paired. lﬁhén present singly they are

confined to the certral posterior bod& region. Being arranged along

pellicular grooves they give,the distinctivé notched appeérance‘to'the

'pfeorql keel anteriorly. Th se, which are deepest at the anterior

extremity, form a.polygonal ure posteriorly..' The number of

meridiaps varies from 29 to 34;*a£;:rior keel with six to‘teh ihden—

. tations (Figs. 20, -21). 'Macronﬁcl s‘yithqa stellate endosome, central.

46

————e
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’ © PLATE X -
. Figs. 20 - 23. Colpoda cucullus O, F. M, 1773..
nfigs. 20 and él'frpm silver impregnation y
” prebaration by the Chatton-Lwoff technique, and’
" viewed by phése—cbntrasﬁ microscopy. Figs. 22“1 SRR "'j o
and 23,-fromblife, as seen by Nomarski inter- B .
. ference-contrast effecdt. ‘ .
20. Showing the left side. -
21, Showing the right side.. ’
22.° Focused on the food vacuoles. - - L
. , . . . : L. o
. 23. Pointed to.the contractile vacuole, indicated by arrow.
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' €. maupasi (5 pre-oral indentations) and C. inflata‘(G - 8 pre-oral
\ . ) A

48

Ti‘iclljjcysts ‘rod-form,

Preshly excysted ciliates exhibit a clear hyalin€ cytoplasm

‘which. rapidly assumeés a grayish opacity wvhen food is pfent{ifyl due to

o

the accumulation of- food vacuoles (Fig. 22) Contractile vam{oie pos-

t:eriorly located (T‘:lg. 23)

Systemiitic account: 0 o - . / o : : _
P

Un the basis of size Burt . (1940) divided the Colpoda species
into t:wo groups: .(l)athe small forms, (. .steini and C. aspera,.
averaging about’ 30y in length and (2) the .large ones, (. maupast, C.

inj'lata_, and C. cucullus, éveraging' more than 5011 in length, The

) present species bears comparison with the three whose length ranges ' S

from 35u to 11011. s

{ —_

- The numberé of the pre—oral indentations and the total

ciliary meridians of Colpoda serv:}s the sig_nificant.cr_iteria for

accurate species diaénc;sis. T.hé presenvt specles 1s referable to -

1

C. cucullus by its s’lze, eight to ten pre-oral indentations and the' o :

. total number of ciliary meridians. It is easily distinguished from: '“

N

indentations)., . .
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' Family Microthoracidae'

»

> .49

Genus *©  Microthorax i R
5 . " 2

Plates XI - XIV, Figé. 24-35.

;\ -
Micro thora.:c sp-

, 'Small (18 - 24u long, based on 18 specimens) kidney-shaped,
compressed laterally, with dellcate keeled armour which is more or
less pointed anteriorly and rounded posteriorly.; ventral armour’ ‘iig}
three.tleep cillary rows (l“igg'.v 29., 31 and 33); oral»depreséion pos;
terior—ventral (Figs. 24 ~ 34), with a stiff ectoplasmic lip on right

side (Figs. 25, " 26 and 28), below which ‘there is a small membrane

-(Figs. 26 - 28, 31 and 34)’,'end with a small ‘tooth on left margin .

(Figs. 25 - 27,- 30 - 34) no, cytopharynx; single mec’ronu'.cleus spherical."

(Fig. 35), two contractile vacuoles.

Systematic accouht: e

The present: species bears the characteristics of M'Lcrothoraat

o

which is distinguishable from other genera in Microthoracidae by its

posterior-ventrally 1ocated oral depression, without cytopharynx,

. .
~ .

tr1chocy{(rs and trichites. -

s -

The Logy Bay species differs from Microthorax scutiformis, -

M. elegans, M. simulans in its frongal half without-deep furrow across

ventral-dorsal edge. Its rounded posterior extremlty separates the

present species from M. tridentatus, M. bzdentatus, glaber, M,

Y

T '
ungulatus, ‘M. spiniger, and M. costatus. Among the rest of the species

s

.of MierotHorax (recognyz’ed by Kahl, 1930), Hemicyeliwnm luezdwn Eberhard

(Mzcrothoraac hal-z,otzdeus Penard), M. pusillus, M. auricula with.slightly.

1) o
.

-
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. ;idéé& ventral side, thus bear no cnmparisen with the -d ep-ridged

present species. o S s “ - BN
T . ks u .- e J‘ ‘ -
f*ﬁ' The presant species is similar to the remaining two species, o
* Al

“'-,.."1

";'Mi suleatus and M uzptdis. The Iatter with zoochlorellae is disting-

2

uishable from the—present species. Only M sulcatus resembles the -

: A = :
present species in the discussed criteria. Lo ,
o However, the-smal er size 618.7”23 ni‘and'its.siented braf .

4

depression with sigmoid edge along ventral postérior edge do. not fit

4 e

~-. the decsription of Mterothorax sulcatus Engelmann .(1861). Tts taxonomfe
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"’ Family .- Tetrahymenidae

‘Genus, - Tetrahdmena

¢ -

~ .genéric name-"Tetrahymena"

1“

Suborder . - Tetrahymenina

N\

Hymenogtomatida < o -

1

(accarding—te Corliss l961a)

’ Furgason s precise taxonomic work (1940) validated the :

buccaI ciliary apparatus which comprises four membranous structures,

one undulabing-membnane on the right and three membranelles on the left

: of the bhccai eavity.

The entire buccal abphratﬁs is,typical for the

suborder Tetrahymenina (Corliqs 19523, 1953a, 1956) That the irec—

.

J@
tion of the cytostome axis at once distinguishee T@trahumena from such

'related genera as GZaucoma, Cprzdzum, Loxocephalus (Furgason, 1940;

4
t

Cgrlis;, 1952a, l953a).

a

Vo] Species of the holotrichous genus Tetrahymena Furgason, 1940,

are typically of small size and covered with f1ne cilia arranged in

longltudinal rows. -Their bedy is py;ifogm in at least one stage of -

the life cycle. Thef.possess a rather inconspicuous oral opening

N

equipped with a tetrahymenal buccal ciliary apparatus and located on

the ventral surf&ce near the'anteriof-ext;emity of the body.

. ._ - B ?
' Tetrahymena vd?am (Kidder Lilly and Claff 1940)

v Plates XV - XVII, Figs. 36 - 47.

’

u -

',‘ ~ The markedﬂdimoréhism of this ciliate was_evident by phase

contrast microscopy.

Silver impregnation bregpratiohs"weré’then made.

‘This' name 13 derived. from the tetrahym§BEI



 Fig.’

Fig.,
Fig..

" ‘Fig.

-F;Lgs.‘

36. .

"PLATE. XV

s
t

36 - 39 Tetmhymena vorazs (Kidder Lilly and Claff 1
- i .
from silver impregnation preparation

-

by the Chatton—Lwoff technique, o s

Voo -
. e

~viewed by phase-contrast microsc0py.

Showing d'iffet:enf 'stages,' For comparison of the size and

‘sl.lape'.of microstome form with t'ha?: of macrostome form

. (pointed one indicated by -a'rro;v A).

37

' ' pyrlform shapes (indicated by arrows) C

38,

arrow. B.

39.

h".
- : . i

. Shewing microstome stage, both the tailed fusiform and

. Sho;aing_,different forms. A boipted 'oﬁé'is indicated by

- R
.

.
. L]
- . 1,

Showing both -tailed fu;s';{fom l'n_icrof'orni 'e.md maérostome.

4
-

' pointed maci'oetome tomjites are indicated by ’arr0w~,(l.'

- v - ¢ -~ A Y
7z . . . ¢ .- ¢ - e

”

1940)

_The -






| “Figs. 40 = 43. Tetrahymena vorak (kiddé}' Lilly, and Claff 1940)

Fig. 41.

Fig-' 1’2. .

,:Fig.'43{u

“PLATE' XVI o S
v r [

.

. from silver impregantion preparation

‘by the‘ChattonfLwoff technique,
Z “+ _ viewed by phase-contrast microscopy.

\ ,.‘ . b B . . @
. ‘ -] .

o 57 .

Showing pyriform micrbstome from-Fig.‘38. AZM,‘adoral zpné

/"'

membranelles} UM undulating membrane complex' X unknown

‘§tructure° POM, post-oral meridians.i Notice that the

meridians are arranged‘with uniform regularityvanteriorly,"

joining irregularly at the posterior extremity Tef. Figs.,

-
(%

44 - 47)- . . *

Showing mature macrostome form showing the large pharyngeal'

--pouch and ingested prey.

o

Showing the same mature macrostome as, shown.in Fi%. 36. - -

Notice the size, sﬁape and position -of the cytostome and
o /

-‘the distance between adjacent cilia increased

& . . Y
Showing the same.macrostomeutomites shown in Fig. 39.

T






Fig, -46. Illustraiing J:he'c':i

1iatj.on

. . Yy, .
around apicalf-looﬁ (A-P) o _ .

microform. ‘ : R o . -
acuole pores -(CVP). of

: , ‘! . © . .- .,
Fig. 47. Showing three cofitractile v

L .
. 9

,micr§'§tomgls ge. ) -
. >
{- ’ .'.'/ ‘ a l
v -
D' -
[ 4 . - .c‘ ~
. - -,
N T .
L] . .
BN .
P \' .
L. . " y
[N . -
) - - ¢ a
1 [ e T‘
- . )
v,')‘ - - . ‘

Pt g > i‘ oy PR _ L o, ; "o
' : LI ; R . 58 )
.:’~ ! v, Y . J.“ " ‘ N .e L]
o o ’ R - 1
’ . N . - . N L] g
i W . . - . o - .
- R - " ° - ° " Y o
. . . . _‘. \\ ] ’ R , : D . o, ! .
. - .t . e : ! : * i" . .
- . °' s . . ‘ C
, S PLATE XVII :
\ , ‘Figs: '44'~ 47. Tetrahymena vorar (Kidder, Lilly and Claff, 1940)
T ' " from silver impregnatiod: preparation S
‘ : . ‘ . by the Chatton—Lwoff fe-chnique, T
) . - N . . . . . ) a, =, P ) )
. N . . s . v L J T B et |
T - -, - viewed. by  phase-contrast microscopy. - ' /
. . 3 e ; T Teooe R ° ook
.y Fig. 44.'. Showing the buccal apparatus of the‘'tailed fugiform
) -micrgstome with three AZM and UM and an_unknown structure .(X)e.‘
) .- .. Fig. 45, S_howiﬁg tailed microstome with body ciliation. Notice two
non 'w P@st-oral meridians (POM) .and strong secondary meridian . .
] ! - o .. : } 7 : T, . R . ’
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: Life cycle.

Thc”following data are based‘principnliy upon eilver‘impregnation .
% ' ) : .
'mdterial (Chatton—Lwoff method). As necessary, they are supplemented .

bv information derived from live cillates.

%

The changes in body form of. the present.strain were shown by

.ohoSe—conf{ast to «be veﬁ; compaf;ble to-Figure:Q of Corliss (i?gla).
Th;.foilowing descriptions of.the orpnounced_polymorphiem exhibited by
the present stfain are based uoon'observations of -1iving material as,,
well as.miked stuining'(neutfolzred-nndvneenylene-blue)‘énd' orin-‘

h;pally) silver 1mpregnation) .. - 1 o
1. : Tni]ed microstome stage (Figs. 36 39, 44 47, c.f. Corliss, l993a,
Toyr
. £

" Fig. 3a). - : . < . o

N -

. . ‘ L
 The "thin, ta'iled organism” reported as the principal form

‘\\(ound in;ndQUre‘was seen in both living and stained material. It"is a

.. . L . . -
LA = . .
1 .

" microstome form,‘i.e. the buccal opening'ie Smdll.: Except for . its

.

elongate-poété:iorfeiﬁremiﬁy, slightly lorger,oyerall,ﬁody size, and _

‘o

. N ' ) ".'. .
greater range in num?en of meridians and contractile vacuole ﬂ%res, it

' is‘pfacéically identical with 7. pyriformis. 1Its appearance in silver

x> - &,‘ a

. -impregna}ion pi7parati3ns is similar.to'Fig&‘Qg of Corliss (1953a).

¥ These ﬂ;;ms ar

- u»é; Pyrifor

generally very elongate, with long and sharply pointed

v « \ w .
‘tails (Figs.‘& 38) . However, the buccal opening and other morphologdcah

.
\ »

features are iflentical to those described as the "tailed microstome

K stgge " by Cor) (l953a) These forms were probably:stdrved when fixed

> u . B
. . .
3

".for sgilver i

pregnatlon. . ,
. M '.ﬁ - ‘

microstome stage. (Figs. 37, 38 and 40, c.f. ‘#igs. 31, 3

~

. . . .
. . A

of Cor iss, 1953a) ‘ . o ’ .
¢ N\, . - . ‘ - c\:} S .
‘ . s
} ¢ " .
. . N |
- - ) ’

PERY

-~

ot

o

“
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,tailed micrastome forms, from which it is derived.’ ' Once. all the .

.'This wa§ déscribed by Corliss as "a curious'stage:in that

- forms in it are morpholog:cally indistinguishable from . pJPLfOPMLS

It was observed both in live and stained material together with

-
-

)

. e
individuals in a culture ‘have-reached t%§5 stage, they dre irrever-

sibly pyriform, and can only be identified as i pJPLbemLS.

3. Tpan51t10nal stages from tailed microstome to macrostome form

(Figs. 3b, 3c of Corliss, 1953a) . f ' o
‘In life, where both tailed mictostome and pyriform micro-

stome stages were observed, the morphology of the former/is subject to

aymarked and rapid change. Within a very few minutes, matureumacrostome '

forms result.. A condensed account based uoonhboth‘living'andgstained

material ‘was given by Corliss (1953a). Yoo '

) 2 ' ) : : . T ) ‘
4. Mature macrostome stage (Figs. 36, 39 and 41 - 43, cf. figs, 3d,
. ‘ . \
3e, and 3f of Corliss, 1953a). o

. o

Several .rounder,' broader fogs had eventuated from the tran-
L

o sitional stages, resulting in the buccal opening sometimes being

- N L . 1

broader than long. It may be considered as a true -trophgnt—tomont, .

the'active’swimming and hunting phase temporaéily over. Division of

‘ -

the tomont, as the macrostome form may be properly con51dered for a

' short?time in its life, proceeds normally with approx1mately equal .

distribution of food vacuoles and various other cytoplasmic 1nclu51ons

3

to the‘new resulting’tomites, the proter and opisthe (cf figs. 39 and
43 with fig. 3f of Ggrliss, 1253a).' é\lliss (1952a, ‘and 1953a) gave

detailed figures and investigations; nonever, sd:erficially‘tnislstage
is indistinguisnable ‘from the machStome.form'qf‘T. patuia;



“

presence of many large food vacuoles. - -

.not. over 5,.in non—cannibals, 3 + 20, avera

Body size:. tailed microstome stage 35 - 80u long; ayeragé¥

overall dimensions, 50 x 20u. Pyriform microstome stage, 30 - 60n

-

'long, average size, 51 x 35u. . Macrostome stage, 65 - 154u; average

size, 98 x 63u. -

Body shage:‘_éhape varies with stage in life cycle, Tailed

: - . !
mlcrostome stage' elongate"aﬁterier extremity bluntly pointed, pos-

teriorly diatinct caudal process variable in shape and length. Body

61

clongation accentuated--when starved, tails tapering to very bharp tip.

' Pyriformemicrostome stage! _pyriformito ovoid to cucumber-shaped,

. . . oy
Andistinguishable from forms of 7. pyrijormis. Macrostome stage:
g _ py d 3

broadly pyriform with roundea,,enlarged posterior extremity due to

P

'
K]

N .

Macronucleus. in ‘all -microstome forms, identical with that

~ described for 7. pqrzfcuwnu. It is ovoid to irregularly spherical

and lies across the central portion of the bodv, often a littﬂe pos- .

teripr £o the midline. 1In macrostome stage, also similar but of =+

greater size, averaging about 25 * 22n,
antractile vacuo?e. usually one contractile vdcuole is

-

\

.

posteriorly located )
. &

n

. .

_f(for detail see descriptions by Maupas, 1883 Rauré-bremiet l906

1910' lurgason, 19&0 Brownlng, 1951 Corliss 19535 and Elliott and .

Clemmons 1966) . Average size of food vacuoles in bacterized culture

53 5 - 4 5u in diametcr. In carnivorous forms, diameters of.food{
LY \

[N

vacuoles range up to’ 35 - 40ub nuﬁtef present in cannibals, generally

W
' -

Food vacwoles: -in general similar .to those in 7. pyrifbrmis

sty

.4
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*

Body. cilia.tion.. mo abparent difference's betweer ciliary
patterns of miurostome and macrostome stages. The_cilia-.are a;:ranged

in distinct meridians, conyerging in a uniformly regular manner an-

- ‘teriorly, and joining irregularly at the posterior extremity (Figs.

A\ DR

44, = 47). Distance between:adjacent cilia' increased in macrostéme ¢

forms (Figs. 41 -.-63); No "caudal ‘cilium'’' abserved.

Buccal overture: pyriform, right margin slightly mode

. rounded than,left; greecly enlarged_and relatively broadenec{ in macro=.-

|\

- "stome stage; directly in body axis, ‘ventral (Figs. 40, 42 and %4).

~"

Adoral zone of memb@ellee (AZM). Figs 40 and 44." Three membraneulles

(Ml, 99 H3) attached to left \iorsml lat:eral wall of buccal cavit:y, Ml

" furthest to the' left. Composed of cilia considerably 1onger “than those

of the body.

AR}

U dulating membrane complex (UM) ¢ Undulating membrane, on -

“

right-‘-hand order Of buccal cavity.. See descriptions by Fauré—Fremiet

~

I

(1948) an Cor:;zs (1953&)

eal pouch: present in "macroatc_)me form, presumebly_

&ssociat:ec"l with development:\o\f carnivorous habit. Mode of formation

briefly described by Kidder et al (1940). . ""' L 2]

Agical loop (A-L) 1dem:ical with thac described for T,
- .
ymfomw by Cor]liss (1953a), alchough proport:lonately 1arger aud

, °

[ ' °

-

generally open- vent:rally in matroecome forms. S .u .
.(aliaﬂ‘ Amérj,d;vgng. S - Lo,

A

Microstome forms: range in number, 17-23 ‘average, 19-21.

. Macrostome forms: range, 19-26; average '21-2‘3, 'No t:ypical

un:l.pol‘ar:f or posc-ome ridiana (POM's) wit:h anterior extremity '

= ' * S
- ¢ Q -

%

oy




terminating. directly ,at posterior margin of mouth or in case of meridian
1, a very short distance up left side of buccal'opening (Figs. 44 and

45). dccasionally,three POM's: meridians 1, n and n-1, last stopping

. : - ¢ - .
halflway up left side of mouth\(Fig. 40). Each meridian comprises two

main portions, a prlmary ‘portion (1° PM) and a secondary portion (2 PM)
(Fig. 45) The primary portion is much more prominent and is ‘Qeavily

. granular as 1t bears the basal granulds of the body cilia; the ségo
= : i ) Y ' o

. dary portion is a strong fibril. Posteriotiy,,2°PM’s unite yith'their

" respective 1°PM's just before irregular convergence of meridians in
o ) - .

°

polar region. .Frequently (e.g. in Fig. 41-43) adﬂitional 3°PM fibril
. ,- . , ' * .
is in evidence.

.
\
& *

o 'Contractile vacuole pores: three contractile vacuole pores

(CVP &&hare detectable in Fig.- 47, they are probably located in

meridians 5 - 9 (for detaidy cf. Corliss, 1953a). ' -
A [ : ’ . 4
~ 3 ‘ . '
Systematic account: - ' . l o & -, :

v

JAmong the 13 recognized species of Tetrahymena,”T. parasitica
o : . ¢
'and.Ti_gZaucomaefbrmﬂs require redescription. So does 7. faurei, which .. .

has only been reported once.. ] : o K

~

T. patuZa, 7. vorax and T: paravorax arefstrikingly distin-
(3

w
guishable from other members of the genus by their ability to undergo .
N ,

a pronounced dimorphism (microstome A macrostome form) during their

> - ’
. life’ cycle.t 7. paravorax is readiby separated from its two close

v . ()
gg‘associates by several characteristics, notably by its posse551on of a
¢ ':.}y v v~ . . .
distinct caudal cilium (Gorliss, 1957) . .
[ N . 7 W ‘\
. % . '
a . ! -1 " B . . 4 v
[ . .o [} - !
- t. ’ ' ’
S “ i _v. . “ -
' v u ' ‘<'.. . ) .



t

.

v
_ _postic of T, ,vorax rather than T. patula, which has been reported with

of the genus Tetrahymena with T. ymfomw.. In addition-to their

_similar reversible transformations.” Once

: location of three CVP's between meridians numBer five/end nine, and

©
.

.*- T. vorax and T: patula share oné of the taxonomic extremes
/

ability to undergo microstome +*+ macrostome transformation,. there are .
- . ) N . .
other similarities between T. voraz and 7. patula. ‘Both are able to

-

form cysts- (fauré-Frem’iet, 1949; williams, 1961), and the overall . ' o
anatomy of the body and, cytostome of T. vorar is :strikingly. similar to

' . . . ~ . : i ' '
normal macrostome stage of T. patula. . , .o

However, their life cycles are different in certaid other ; , .’

CY

¥ ' f : |

- respects. The tomont of 7. patula }s able to transform reversibly to °
7 9

4

either microstome or macrostgme fomites. .In T. voraxr, tomites initiate
4 ¢

£ . '

the t_ailed fusiform micro-

sgome phase of T. vorar isformed from a tomite, it can either trans-

form (reversibly) to macrostome phage or (irrev'ersibly) can become.a
pyriform microstome. This is not so in T. patula. 'Through ‘the rep-, ot
i P ' ) . . C . !

roductive cyst, the mature tomofit can dévelop into a pyriform micro=-

stome, -(the microstome Etage ¢t T. patula.is commonly so shaﬁed) which ° \

- AV ’ P .
may afterwatds revert to the macrostome form. On the other hand the '
J

tailed microstome is the form of Tr vora.r commonly f0und in nature.

L
.

The principal differences between T. vorax: and ‘T, patula Jare

P

based .upon the silverline structures. Thus the. two POM's, and the

I N -
.the average 19 21 body meridians shown in the present: strain are diag— e

 four POM's, two to six CVP's" (between' meridi@rls :Buuiber 10-15), and an
e s . QP‘ : R ) M hand )
average of 36-42 body'meridians (Corliss, 1953a) 4 q

PP Therefore, the characters of 'tge‘ tailed fusiform .micros.tome,

ool : P, o

- B g R
1 - M ' »




L

. consideration fit the data described for T, vorax (Corliss, 1953a).

65 -
of theAlifejcycle, and of the silverline structures of the .strain under

-

However, there are two pEints which must be considered before

[ o ’

4 final conclusion is drawn. Firstly, the present strain has a puzz—

y ¥

- - - N +

ling structure #h the buccal cavity (maxked with "X' in the f1gures)

YR o]

Secondly,, the p&rifotm microstome forms ‘ment foned above are not iden-
tifiable with those of T. vorax. These‘pyriform eiliates are certainiy .
not refe;able'to T, patuZa;the microstome phase ot which possesses an
.average of 36-3g meridians. They might either beIPT pyrszrmqa (the”

prey and stomatin-Buhse, 1966a and 1966b and 1967 - source of T vorax)

- t
-—

or iffeversible pyriform microstome forms Qerived from T. vbrdmf'
Again, ohe could be dealing with mixed pepulations of the two'speEies.
3 .

Thls phylogenetic probIem wﬁn only be solved*by Euture biochemical and ’

serologlcal tests wfth the strain under 6iscussion, which in the mean-

P -

time is 1dent1f1ed as Tetruhymena vorax (Kidder et al., 1940) sengu

latu. L . - ‘. o

& ‘o o S ‘ S -

[y

Tetrd%ymena pyrijbrmis:(Ehrehbefg, 1830)

'_’Lwoff,'1947,‘P1ates XVIII, XIX, Figs. 48-57. _ -:' '
Well-féd forms are generally pytiform (higs. 49-515, etar;ing-
ohes-more cylindrical:end somet imes heceh%ng'extfemeiy a;tenuated‘128—
89u.x 15—32u).-.Various modtfications (e.g.bqomerang ahd banenaaforms, 'Ev

Flg‘ 48; ov01d Figs. 52, 53) have ;130 been observed Macronucleus,

f
ovoid to 1rregularly spherical, and across the central partfhn of the

\ \ L

contractile vappole posteriorly located,(Figs. 49-51). Uﬂiforq somatic

L body,‘often‘ﬂ lltﬁie poster1or to the midline. No,micronucleus. One




%

.

. S .PLATE XVIIT .
Figs. l;t}‘ ~ 53. T«,tr’ahymena p_/mfcrms (Ehrenberg, 1830) .

48. Showing a variety of shapes Photomicrograph from silver

© .» . impregnation preparation by Klein s dry method, viewed by

_~, ’'pPhase-contrast microécope.

.

49. _Showing_typi‘cali body shape, ciliation, buccal - cavity,,and

.the contractile vacuole. Photomicrograph from life, as seen .

by Nomarski 1nterfeﬁnce-contrast effect

50. Same as Fig 49, but focused on food vacuoles for comparison

.+ with Figs. 51 - 53. The latt:er represent phase-contrast
" Yviews of living ‘examples,

51. Show1ng body shape, ciliation, buccal cavity, and the con—
tracile vacuole. . ,

j' Showing well—fed oval individuals with prominent undulating.
membrane, nucleus: (N), food vacuoles and contractile vacuole
.are ‘detectable  inside the .cells.. The. ths (b) around the
cillates are the bacterial food of T. pan(formzs. .o

i
’ -

52.

., 53. Food vacuoles showing clearly after stalning (neutral red

and’ methylene blue). Photqgraphed by .phase—contrast mic-.
- roscopy.- * : '

)

-t

"
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PLATE XIX'# oy R i
, ) toa . . . ". o ’
R . } ~ . R L PR . con
Figs. 54 - 57. ’I’eirahymenq pyriformis (Ehrenberg, 1830) ". .
b ° . from silver impregnation preparations \ . v e
' : ‘ (>K1ein‘s dry method) as_ seen by phase— . »
) . contrast’ rpi,c'roscopy. : -
l.‘ - .- - . ‘ . “ . B . i ) ‘ \
‘Fig. 54. Showing body shape, ciliation, the 'ribs'- of undulating
' membrane complex, and meridian number o;ne-with g;_ytqprdct g :
/ , . L .
(CYP) and the early stage of- stomatogenesis! OA, oral anlage..
k’l‘ + [y row- . ' - ‘ . . .
'.‘57"" T- ’ » . . . N &,
T Fig. 55. Showing the later stage of stomatogenesis. . S e .
Fig. 56. Showing the location of two contractile vacuole".pores‘ (Cve's) .. ;
and the arrang'ement-qof the. primary (1°PM) and secondary
%—\-\ (2°PM) meridians. . - ’ . : 5 C a R
T shten Lacation o . PN
- -Fig: 57. Showing location of. the three CVP'S.’ . L4
. | ) - \
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",

‘pyriform
.strable by staining (Figs. 52, 54 and 55, cf. figs. 40.and 44). Two
PM fibril 1s not detectable otherwise similar ‘to To vora:n

_proliferation of granules of ridian Naut to left. Resulting e

Tt ciliation («?ilia, 5-8u 4n’ 1ength Fig: 49)

b

eighth'of the body length. °Adoral zone membragelles are' easily’ demon-

4

” ,
»

) -
Tetrahymenal buccal ciliature is evident (Fig. 49- 51 and 54) and

v..It:s axis parallel to -bqdy axis, a}go‘ut Qne sixth to one

d

t
L]

pdstoral meridians (I‘igs. Sh and 55) Ciliary meridians, 17 - 22 3%

»

n .

»
’ o L} ! a

" New buccal structure’ (OA,. I‘igs 54 and ..55) originates in a

.
'

77

+

granular field located” 3ubequatorially, eventually encroaches upon

. |
meridian n.. (cf )Chatton Lwoff, Lwoff and Menod; 1931, and Corliss,\

v . . .

1953a)..

.

. Cytoptoct (CYP, Fig. .54) located in meridian I very near

. - . -"' - [ b v
. .
S8 o] Ly
L3 Y

-
e ' » o .

posterior extremity of organism. When detectable, fppears as delicate

.line, actually.a-slit, lying more o'r.less between 1°PM and ‘2°PM.

Ne/ of body. When three CVP's are present (F‘ig. 57), ‘1ocatioh is

.cultures, ’3.5‘_— 4.5y (see Maupas, 1855; Fsuré—Fnernie,t, 1.906,: 1910;

q v e

Two contractile vacuqle pores (CV[’ s, Fig. 56) generally

© w© s

located in meridians 5 and 6 at distan(:e of 6 - llm f£rom posterior

.

generally in méridians 5,, 6 and 7 in various positions with regard to -

l°PM's’;"and 2%pM"s of respective meridians. . .

@

- . i ° v

9« T »

) Wherr thlS c11iate is held in a medlum rich qin bact‘erla, its ‘

Eood vacuoles Are readilv seen b\\'nght m1croscopy (Figs. 49 - 51)

— - . -

They are st111 more clearly demonstrable after staining the,ciliates

in dilute suspensions of metnylen_e blue (1:)10',_000) or neutral red -

(1:30,000) (‘Fig'._‘ 53).\ Average diameter of food ‘vatusles in ,’bacte_rized .-

(S

-
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purgﬁson, 19 6; ﬁrownlng, 1951, Qorliss, 1953a and Ell]@tt and Clémﬁons,
| . | T s C. = Lo
1966).. - '« - . ~ - 3

o 4

" a

Systematic account: * & L.
R A} - L] * . - -

7%Lnahymena pyrijbﬁmis was firét aesérﬂbed by Ehrenberg (1830)

-

as Luuugphry pyrt form? a. Afteﬁyards it achJrcd mdnv synonyms. There
N .

- «
' . N -

~ —

ystcmattcallv revieyed the earlle: I'iferature (Corliss, 1951, %952a,

v’
v . M 3

- 1952b) 1953 «hd 1954) . S -

°
s

- we . .

1vpc spu@iLs of the henuq 7ctvahymcna, 7. pyriformis is a
. LT . R
. [ ¢ y‘{) - L - "'I(‘. . A

‘bacteria-feeder in nnturgl habitats. Characteristically pyriform ino Ve ‘ -

.. .
1. . 3 . 4
ik +

shnpe, it has 17 cO 21 merfdians and poqscss btrong generic characters
- the.tetrﬁhymenal buccuf appuratus, location of cytoproct on meridian,

1, and two contractile vacuole pores. Its approximatc size 1is 50 x 30y,
" ) '] . . -

althdugh there is ég%siderabletvuriation under different conditions:

1t has a single macronucleus, with or without mi¢ronucleus. .
. ' [} ' L. »
The strfking similaritiéé between the type Epécies, 7.

oA

‘ N . 1 ] .
pyrijknvnﬁs, and the “strain at’ Logy Bay. strongly suggest that the r ~ ‘

‘

, 1
' latter 1is identical to T pgr@ﬂumnfh prever, a brief and Qonserv&tive” i
- ' N o : : -t
" comparison of the,strain at Lagy Bay with all the members in the genus v

. N . - . '
N

o

is stated.as follows. - : . ST ' '
o8 fotton RN , S
L Thesstrain under consideratiﬁn-can bc easily distinguished o .
’ '. - - " - .b ) ) é
1fr0h 7. rastrdta; T. corlissi, T. setzjcra and 7. paravvrax by lacking ¢
." ° N . ' . .
, a caudal cilium and’ polar basal grahule (PBG) - complex. - .- id
°:‘ o ‘ T .- - /
: - Its firee=living Habitat coptra—indicates allocation .to those -
- I « . - '
species that are parhsitic, viz., ?{,stegqmyiac;aYZKpaqasitica, 7. limacis,
L4 ) T . . e e )
: ; L ‘ o ) P A
. 3 S | <0 .
¢ ') N [N .
e






' Systematic position:

A71 “.

C e N . .“

. Subclass. . - leot:icha .».“
_ Order S H}%buostomatida: e . . o _ |

K j ’Suborder ' Pcniculina

[y 0 . +

Oral ciliature characterized by peniculi (Fig 63)

: 1ocated deep in'the buccal.cavdty;‘often with ciliated'

AP vestibule;'body uniformly ciliated..
.,~ - ". .. . ':. -~-< . ' @

Family Patameciidae: - - N ’ o L

Genua,_ " Parameciwn (according to Corliss, 1961)

son

Paramecium bursaria Ehrenberg, 1833, Plates XX-XXII, Figs.58-63.

«’

Body 90 -. 150p foot-shaped. More'or‘less”flattenedkbprominently1

cdmpressed dorso—vénttally,vbrbadl§ rounded posteriorly, extending-ob-
. ” B 3 .

liquely backwardstfrdm left to. right to beyond the~centre-of the'body..

Cytostome situated at the po;terior extremity of the groove, giving
- K]
entry-to a distinct cytopharynx. Buccal cavity with oneé endoral mem=

L]

' brane (Fig. 59) and two peniculi (Fig. 63) Trichocysts numerous (Fig.

T60). A contractile vacuole deep in the cytoplasm towards.each'end of
. 1
the body (Flg. 58). These vacuoles exhibiting rapid and alternate
o, ‘ ) . " .
gysﬁoleYdiastole each with a short d}scharge pore and six radiating

Uetcam
0

£ollecting canals (Fig. 58). A single macronucleus, large and reniform. .

‘Micronucleus also single, ma551ve, and 1y1ng in the cavity of the macro- {Q .

" nucleus (Figs. 61 and 62) . T L : .\ . T

. - R A . . - )

Woodruff (1921) pointed out that species of Paramecium fall

PR

into two groups(accotding to the_shape of the body,‘namelyi (a) The "
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e L Nomarski interferepnce=contrast effect).
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Fig. 60. As.seen with Nomérski‘intérferénce;cont:ast effec
shpwing‘aﬁundant deigiobment of trichocysts. Ben
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- Figs.61,62. Showing the macronucleus (Ma) and the compact m

S - L(Mi),las stained with;methyl green aﬂd'vieﬁed by brfght;

[
t,
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eath the

trichocysts the qorticql’and endoplasmic. lLayers appear, N

green, because of tHe presence of}ﬁumerous zoochorellae.
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aurelza group with cigar- shaped bodies, found in cross-section and

-

t tapering to a point: posteriorly, and (b) the "bur’saz'za group", broad]y

_elliptical in cross—section and gorunaed, posteriorly. In either group

two types of mieronuclear structure may be found, These are (a) the -

.

. n 1 -
"caudatun type", -in which. the micronucleus is a relatively large,
rather compact -mass,-érfd“(b) the "aurelia ¥ype", in which the-micro>

nuclei are smaii and distinc.tly 'vasicular'.i'n or;gpnization. On this
2, \Q v N\

-

Wis Wenrich (1928) recognized eight well~defined species - P, aurelm,‘

[
©

P. caudatum, P. multzmzcronucleata, P. trichiun, P. calktnsz, P,

\
i

The organism under discussioh, 15 somewhat compressed dorho-
- ’ \
ventrally, ‘rounded posteriorly, -and tvpical ‘of the "bursar’za g oup

shape. Its body is not cigar—shaped like that of members of the , L

. polycaryum and, P, °w00dr'uff7,. v ‘ - ‘ \

Qp‘, . I . . . - ' v
aurelza group"” (which includes P. aurelia, P, caudatum, and P.-mult\'i—
r ’ . C

) . micronucleata). 1In the "bursaria group!, P. trichiwm and 4P" bursaria

~ are distinguished from P. calkinsi, P. polycaryum, and P. woodr&f‘f‘i by

. the former having a single compact micronucleus (caudatum type), while

the latter' have 'small vesicolat micronuclei (aurelia type). The 1ength
)

of the present species, 90 - 150y, is closer ,to that of P. tmdnwn
(70 - 90u),. One of 'the chief features of P. trichiwm, a convolut_ed

discharge tube connected to the contractile vacuoles, was lacking.

" However, two contractile vacuoles, each with a 'shor%@ischarge pore
L - .

and six radiating collecting canals, were¢ clearly evident, especially
. R LY
when the watér around the example on the slide was drying out. Rapid .

. cyclosis was meanwhile observed in the ciliate. In sum, these criteria
r

Py &z ~ . ~ . - .
ind,icatel‘"that ‘the organism is referable to P. bursaria rather than to °

S R . e
* - . - .

. .
“
. » ’ ° R
’ . e, ! o : .

>



-

any™§ther knour‘nfspecies. Moreover, the bright green colour. (due to ' .o

.- symbiotic zooclglorelleie) is itself strongly suggestive of P. bursaria,

. ~

: N » ‘
the only qélll}—established member of the genus so charaéterized.

. f. ) n\‘ l‘\

i Ta’vd other species, P. utmnwn and P. jemingsi (see Kudo,
o P r ;J g

1966)2 must , nevertheless, be taken into con51deration. In general, -

rhorf)l"ﬁ;pgy, ‘the Newfoundland ciliate does not resemble ,P. jenningst.

. . .
v . . N -
S

vhich"is clearly closer to P. yurglia. Though it is certainly closer

-

<

v N . 7 - ‘
to another representative’ of the bursaria group, P. putrinum (80 -

<

'.\‘5 15011 long) in size*and shape, it can still be identified with’ c‘:onf‘idencé
E"’“ - . ° -

as P. bursaria by its two contractile vacuoles and the* presence of

green zoochlorellae (P. putrinwn has only a single contractile vacuole

. . "

"and altogether lacks zoochlorellae).

N

o ‘To summarize P. bursarw.a can easily be recognized by its L
size (usually 120 = 160p in 1ength), rounded posterior end, green .
‘colour due to the symbiotic, zoochlgrellae, and rapid cyclosi,s. To -
these characters must be added a.high'ly characteri_sficwfeatux:e
immediately evident from stained exar;lples - the single large compact

. . \ [ . ) : . “1"'
. : mj.‘cro‘nucleus of. the caudatum-type, which resolves the question of R A\

e idengity beyond anv reasonab}f doubt._ o

=S

The Logy Bay ciliate under discussion is typical of P. bur*sama

in every respect, ‘except t‘nat: it:s length (90 - 150u) is somewhat less

.

than usual <120 - 160u). It has two spherical vacuol;es,_which, depen- -,

4 .

\ ding upon the phése of systole/diastole! show no evidence of radiating

canals o“r’ai:pear&stellate with radi‘at_ing canals. The macronucleus, is

. -
- £
N .

alwvays reniform, the compact. micronucleus being situated in its con- '

- v
)

cavity. As is characteristic of P. bursaria, the organism is dorso-

e
- 4 EE AR

. ,-'»’J'E‘ - . 4



. .77.

. . é C [ S . ’
\fentrally flattened, narrowest and obliquely truncate.anteriorly and .

[ 4

posterio'rly rounded. Its cytof)l-asm.' is full of small green algae and’
. S

o

: cyclosis is rapid ~ : ' 7o ' ' “ Ce T
RERRE - ' : ’
‘ In the silverline system of R, bur*sa.r'za (Fig. 63), none of

3

S

_the ventral®rows of cilia are parallel to the.préoral sutu,ré in‘ the

." reglion anterior to the cytostome. However, they bend towards and

. terminate against the preoral suture, There are 10 ‘1 Tows of cilia in

‘a transverse distance of 12 microns, and 7.0 in a longitudinal dis—

tance of. 12 microns, th.erenbeing 70 cilia in an area of 144 _sﬁuare

’

micra on the dorsal surface. These figixre's are a iittle higher than

‘those of Lieberma'n (1929). According to the latter author,. P. buréar’ia Y.
has 9.75.rows of -cilia within a w1dth of 12u, 6 6* rows within a length

L of 12y, and 64.45 in 164 sq. w. L R :

[

-7

[
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" Family Frontoniidae -
Genus . Uyrtalophosis (accordin}; to Kudo, 'yl‘966)' o L.

'Ovoid~or ellipsoid; with or ‘without mucilaginous envélo.pe in

which it lives, but f'rom.,gvbich' it emerges fre'ely;'.cytosto’me neat. an-

terior extremity with a pocket-—for’ming membrz.me;“‘on fight side a short

@

row of‘speci-al’ stiff cilia, bent ventrally; sparse ciliation spiral to-

posterior-left.- -~

Kahl (1930) considered that"the genus Balantiophorus was

. wrongly established by Schewiakoff; whose proposed species had already

ciescfibed and allocated to the genus Cyrtolophosia by Stokes (1888).

Corliss included them as "Unassigned Genera" of tetrahymenine hymenos-'
tomes’ (Corliss, 196la, p. 146). However, Kudo (1966) allocated

Cyrtolophosis as a member of Frontoniidae. Thus the pregent clas—‘ ‘

sification follows.- ~ ’

K

! ¢

Cyrtolophosis (Balantiophorus) bursaria
Schewiakoff, 1893, Pldte XXIIT, Figs.. 64-67.

Body ,(30p x 17p) transparent, ovoid, rounded at both ext-
. a ‘ 1] M .

remities, dorsal surface more convex than the ventral one (Figs. 34 -
67). Left, posterior and right margins of the peristome with a bag-

like undulating 'membrane (Fig. 66), whi&’h can_be wé’thdrawn intd the

.

v . - - '
peristome. Anterior extremify bearing a fascicle of long, distally
_A‘;’ . . . . .

. Qurved, vibratile hairs (Figs. 65 - 67). Somatic cilia fine and . - '

o

Ae emeeaet

sparse ‘(Fig. 64)- - No-mucilaginous.envelope -observéd. Contractile

vacuole posteriorly (Figs. 64 - 67). Macronucleus ovoid, centrally

e
' . - 4 -
’

)
4 .
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’ revolving about the long axis"

\

The above data precisely fit the de cription of Gyrtolophoszsv“

ezp!!eent species ex— -

hibits the general characters of Cyrtolophosms,tbeing distinct from :

i Ct eZongata, C muczcoZa and C maJor in its ovoid body shape. C. .

located (Figs. 64 - 66) Swims jerk

‘ ' b
' Systematic account

i

el (Balantzophorus) bursarta Schewiakoff 1893.

"bursarta is the only known member of the genus which is ovoid the

1)

zother three being elongate—ellipsoid
. Furthermore, the present species (30u) ig’ distinguishable

. B from C elongata (30u) in that its contractile vacuole is. about one- "
W T S.
aer T fifth of the body length from the posterior extremity, and from C

. ‘ . -
size. ' ' g
" N . 4

For‘the reasons detailed above, the species under dispu551on
¢ - .

ﬁis referable td Cyrtolophoszs (BaZanteophorus) bursarza Schewiakoff

w e

-1893 e nLt T e

\"'.‘ ..: bl

‘Cyrtolophosis. (Balantiophorus) elongata .
o .;\‘; (Schewiakoff! 1896) Plate xxiv, Figsi 68-71. -

‘. ) i , - .. K

- Body elongate—ellipsoid 30 % 10u, the ventro—frontal bqrder.
':,obliquely truncate. Anterior cilia longest, about hu, the anteriorly

placed fascicle of distally vibratile and downwardly curved cilia con— -

.spicubus (Fig. 68) Peristome extending from the frontal border for

' oneﬁthird of the length of entire body. Left;;posterior.and right
) ] . cg : ' -~ § ) . ",

; muczcola (25 284), and C. magor (45u) in its appreciably different body"."'
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' Fig. 68. Left side of the organism, focused on the elliptical ma;:ro-'-
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c ., ‘nucleus and the anterior fascicle of cilia..
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Fig. 69. ‘ .Right side of -the organism, sl\oi.;ing the i‘ight margin. of -the -

) . *
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Fig. 70. Extension.of the peristome,”and 0171'1 ciliation. -
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Imargins of the. peristome with a bag—like undulating membrane (Figs 69;

rr

. and 70), which can be witpdrawn into the pexistome Contractile

vacuole single, spherical, posteriorly 1ocated (Fig 71) Macronucleus

ellipsoid, and an adjacent micronucleus. No mucilagious envelope ob-"

-
e o

served. Occasiohally swims backwards, reroleing about the long axis

-
r

in g couhter—cleckwise direction as vjiewed froﬁ the rear..

-

v

" Systematic account: . . .
B Y N - L ) . 0

. 7 °
The avaiIable taxonomic data’'best fit those of Cyrtolophosis

(Balantiophorus) eZongata (30p x 10u) which is .characterized by a

posterior contractile vacuole, long, sparse scattered cilia not arranged

Tin longitudinal rows, and an ellips id macronucleus and small micro-

nucleus. &
Like C. elongata as"eariier‘described it has its contractile

vacuole at the posterior extremity - the other three species have it
some one—fifth of thﬁ body length from this extremity. It is further

distinguished from™C. bursarta by its narrowly elongate body shape,

and from C. major (45u) by its'smaller size, the-iack of diagonal to
longithdinal'rows of cilia around the body, and &n un-notched anterior

extremity. - ) - ' o . \:

e,

B\ R o
C. mucicola (25—28u.by 9—12p) is close in size and shape to

’

" the Logy Bay ciliate._ It is indeed impractigable to differentiate

them on these bases or on the location of the contractile vacuole..

- 3

However, C. mucicola 1s distinct: from the present species in it$ denser

" vestiture of longitudinaliy arranged cilia, .and in having a spherical

Y

macronucleus.

- i

o -
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.. Family . Frontoniidae ™ . S (—\
Genus Tembadion Perty (a”ccord'ing to Kudo, 1966) - ,
. - . . "

Lembadion  sp. . © - {.l’late‘__.‘(xv; Filgs. 72 and 73.

. o ' Body oval (55 - 62un x 28 - 321 based on elcgven specimens)y

dorsal side convex, ventral side slightly fiattened: striated lon--

g ..

gitudinally. l’o':sptquor extremity rounded, the anterior one with a

\ $mall dextral process (Flg. 72,A).  Cytostome (47u) three 'gqqgtéfs to

four-fifths the body length; voluntarily vibratile'membrané to its -,

Pt o’ -~

. - e 3 v -
right, projecting from the anterior extremity as a short, cgnical,
. . L * r oy

»

hood-1like extension, one side of which is inserted on the anteriox

left-hand margin, the other (Fig. 72,B) being continued as a cons-— -

picuous, lamellate membrane for about two-fifths of cytostome. It is

" “then abr@ptly narrowed, and descending into the cytostome is continued

to the poster'io‘r ‘excremi'ty. Two contractile vacuoles, the‘larger i,
(Fig.‘ 72,C) sub-central and near the dorgal surface with a long - pos-
terior tubule opening (D of Figs. 72 and 73) at the right side; the
smaller (Fig. 72,F) éosteriorly’ placed somewhat to the left side of
the me‘dian line. Cilia fine and sho.r;: anteriorly, bu;1d1e of cal_-Jdal-

cilia (about 23u long) (Fig. 72,G) sinistrally directed? Macronucleus,

Cell division t ransversely.

Systematic account: : . . . .

This holotrichous ciliate exhibits the’chief features of
. \ "

Lembadion, which 1is characterized ny its huge cytostome. The latter

v
’

P - B R
- . B \ . P
, .
,

)
It

(Fig. 72,E) ellipsoid, subterminally located mnear the left-hand border. .

<t
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.Ventral aspgpt‘ékhaSe-contrast) - -
A.' - Dextral, anterior process.

.

"B,  Abruptly narrowing.right adoral membrane,

-

P . -
. . N
b t

A

'C.. The larger contractile vacuole (suB—bentréi_apd S .

. near the dorsal surface) withlits.tubuie (D)
- . 1y

7 opening posteriorly at. the right side. - - .

-~ ot .
‘E. Macronucleis, . .
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F. . The smaller contractile vacuole. ° .

'G. The siniétpal;y directed caudal-cilia. LT .
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occupies ;t least two thirds of the ventral surface, and ﬁile'hévmg

membranes.laeks membrene-bordeted pre-oral peristomal furrow. ‘

Kahl (1930)'tedogntzed three.specifs of Lembadion?!. 'The_
present species differs from all of theze. Renging from 80 - 200u in
length, tﬂey are apparently larger- tha?;the ngy Bay ciliate (55 - 62u)

Furthermore, the presenc species has two contractile vacuoles and a

-

cytostome with abruptly narrowing membrane two~fifths (20u in Fig.A72)

of the body 1ength from its,right anterior extremity.

/ )
I " ‘

«The present species can be further distinguished from L.
o

magnum (100 - 200p) by the latter's posterior truncation qith shorter -

caudal cilia (one—ninth of the body: length) ‘ Otherwise tﬂe two

organisms resemble each’ other in having a 1ongitudina11y striated

euticular-surface, and an anteriorly projecting acumination.. - They

. both d{ffer from L. byllinwm and L. lucens in that these exhibit a

transverse stripe all through the cuticular surface and their anterior

extremities do not slant to the right.

-

.1.

' The description in Kahl's key (Kahl 1930, p. 327) is as follows:
1(2) Pell. nur lidngsgestreift, nicht ‘gefeldert. Vorderende

schrdg nach 1. abfallend Hinterende verjingt, mit .
einem Kamm kprzen Caudalwimpern.

Lembadion (Hymenostoma) magnum Stokes, 1887).
2(1) Pell. durch Querrippen gefeldert. Vorderende nicht

P stark .nach 1. abgeschrigt. Hinterende breitlgerunqet,
mit eineg Biischel langer Caudalwimpern.

3(4) Grdssere Art iber 100pu. Vorn mit deutlicher Einkerbung

Dors. mit 30-35 Lingsreihen.

' Lembadion bullinum Perty, 1852 (Hymenostoma hymenophora Stokes 1884)
4(3) Kleinere Art unter lOQu.  Die vordere schwache Einkerbung
wird durch die Spitze er undulierenden Mbr. ‘'verdeckt, so

dass dgg Infusor vorn zugespitzt erscheint. Dors. ca. 15
Lﬂngsreihen._'

Lembadion (T%urophana) lucens (Maskell, 1887)

B

2N
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‘ . ‘ ‘ .
Body size is the second criterion used by Kahl (1930) to °

classify the species of embadion. 1In this respect,. Hymenostoma hymen-

PR Y

N
.i

J

. vacuoles, ' the abruptly narrow1ng adordl membrane, the\51nistrally directed'

. International Code of ‘Zoological Nomenclature, #. hymeﬁophora should

¢

ophora Stokes,'1884 should not be the synonym of L. ‘bullinum Perty, 1852.
as Kahl"consideredc Stokes (1884 in Stokes, 1888) pointed out that

H. hymenophora differs from other Lembadion in its two contractile

~

. caudal cilia and 1/500 inch (50.8u) oody length. In accordance with the

stand as Lembadion hymenophora (Stokes, 1884), not as a synonym of

L. byllinum Perty, 1852 - the former is much the smaller and has

. . 4

distinctive characteristics as outlined.

+  The species under discussion resembles L. hymenophora in its
' . st o
shape, possession of two contractile vacuoles and its 51nistra11y . s

directed caudalﬁ&ilia. However, it differs from the latter mainly in

hd .

its longitudinall& striated-cuticular surface, the lodation of its

-

‘ macronucleus, and its shorter, abruptly narrowing right adoral membrane

Lacking infraciliary data to compare with the descriptions of Dragesco

"and Tuffrau (1963), the present species should be further‘studled .

before its_tﬁxonomic allocation is determined.

Lo



"hollow and lacking of cilia except for a. single spicuous caudal

: .Supélass Hologricha
. . Orderi ‘ . Hymenostomatida . . ‘;\
R ' ;Subordef quurongmatiﬁa - _
w0 ot A ‘ . CL
Family ° Pleuroﬁematidae 'V . ) ; - _' ) ' L, e PO
G_enus‘*"u' Cristigera . ' .
. N {ristigera sp. Pléte XXVI, Figs: 74 - 77,

\ Rl
small, elliptical (20 x 10u, Figs. 74 - 77), compresseds
Somatic cilia longnaﬁd sparég (abo@t 10u) ; posﬁiqgor plate without
cilium;(about 20u, Figs. 74 - 77). Oral aperture~gloqg to mid-ventral

line with a poséora& dgpression, peristomal furrow continuing back of

. . T .t - .-
VI r .
.

. cytostome to posterior’ extremity (Figs. 76 - 77): Undulating membrane’

on right margin of pre-oral gropve €orming a pocket around rear cytos=-

- tome. A single contractile vacuole (Figs. 76, 17), posteriorly

situated.

a .

Systemati? account? ; Ny i . -33” N
The dorsal side of present organism (Jig. 74) is very similar

to’ Cyclidiwn, but it differs from the latter 1 itg.dorso-xentral com-
’ 3 .

.pressed shape and oral aperture with a postoral dep;ession and peris-

tomal furrow coniinuing back of cytostome to posterior extremity (Figs.

75 -.77) Thus, it fits the description of .Cristigera Roux, 1901.

- -
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are formed after the disappearance of the cilia.. -

o ' . v . - : '.' "’r
‘which margins the body and is not thrown into folds.

.xVéCUOIE, posteriorly situated

Form constant andowell—defined, ovoid"circular in crOSs—section

v

(Fig. 79) . Somatic cilia long and sparse, their 1ength equalling or

K

By

' exceeding that of the breadth of the body (Figs. 78 - 83), disposed in

- e
oS

even longitudinal lines (Fig 81) \ Posteripr plate without hollow. and

K

’ 1acking cilia except for a single conspi6uous caudal cilium, twice at

‘s

[ least as long as those’of the general'surface (Eigs. 78 and 80)! Ornl

aperture ventralk, dominated by the conspicuous undulating membrane,
N} * L) . " ’ P 1

Adoraljzpne of

membranelles hardly recognizablé in<fresh’material No vestibulum,

peristome more or 1ess subequatorial (Figs. 78 and 80) - No postoral

longitudinal groove. A more or 1ess pronounced areatof thigmotactic,

ciliature is 1ocated dorsally (Fig 81)

central (Fig. 78), with an adJacent micronucleus. A single contractile

.

D

_..‘ .

‘ Cortical layer'without trichocysts..

. v/

Macronucleus spheroidal and f '

Examples undergoing transverse binnary fission were_commonly/ébserved— °-

1 i

Free swimmin . Under adverse-conditions,'c sts
g/ S . y

(Figs. 82 and 83?

’

P
- kKl
'y

*

Foodu bacteria (Fig. 80) While feeding, the organism )

. a -
’ .

remains in one position with spread cilit.and beating membranelles,' -

U V.. 4
T ' bt N P .
€ e - : i
- R e PO , =
. . ' “a -t
) . o . oy v ) £ :—‘:.
SRR ~ . e
' Lo . . . ., v -
. . . . S Tt
. . 3 . . .. by
B . ’ . 2
N P 3 noe
- 'l e _ ¥
. R ’ .

- s ’
DR b
Family N Pleuronematidae Tl ' S
Genus-¢~ CchLdzum (according to Corliss, 1961) L :‘fi“i.fﬂf o
’ ﬁ AR ;"Cyclidiu'm‘g‘lauco‘ma ».:o.JF. M.;f177§,'515.late XxvIl,Figs.78-83.
Length-.17.5 4{25u‘1hréadth wlOi—'l7u5u;3average'size,'20 *
EE 1é.6ﬁ;
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Systematic account: . - . .l -

° The small hymenostome nnder' 'conside'rat.ion is-easily dlstin—'

- guished fromr-six of the seven genera of ’Pl'euronematidae. Thus CaZyp-'

¢

totmcha is loricate Pleuronema is "set apart by its giant size (70 -

'180p), and the presence of ‘a semlcircular swelling to the left of the
peristome° PZeurocoptes is a marine ‘ectocommensal’; C‘tedoctema has an
oblique peristome; the peristome of Cristigera is closer to the mid-‘
ventral line, and there is a postoral depression, while sttwbalantzumv

\
has a pre-oral area about one quarter of the body lenhgth, Those

characteristics are absent:from the present'species, which fits the.

,"description of the remaining genus, C‘yclzdzum, in being ovoid and

-

small (15 - 60u), with an unciliated and truncate frontal plate an-
4

teriorly. Its peristome extends backwards from the anterior extremity

for up to three-fifths of the 1ength of "the body, the cuticular surface

o] —

. is longitudinal,ly ciliated the somatic cilia are long and sparse, and

there is a single caudal cilium. The right .peristomial margin has a - '_
t. . . ) ‘ [] ) -
. membrane which. forms a pocket around the cytostoma‘l groove, and the

1e'ft margin bears either free cilia or a membrane which unlites"with SL
that on the rlght. There‘ ’i‘s no semicirC\;lar snelling to .the left of
ora'l region, a :r.ound macronucleﬁs and ,pron_:inent miclronucleus' are
pres-ent,. and there is a posterior contractile_vecuoleb."

.Kahl (1950) reco‘gninzed 30 species -of nycZidium. ‘The present
oneuiffers from C. brandon, C. pauczsebum -C. paradoxum, C curvatum
and C. heZgoZandwum in having a single caudal cilium.-. c. Zztomeswn,

Cc. i eZZus, c. olzgptrzchwn, C. heptatmehwn and C. velzfer’um differ

from the Logy Bay species through the reduction of the medial ciliation ’

l
PR |

.r .. . . Y
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 The contractile vactole of. 'C. muczcola andvb centrale. istcentrally

located (the present species has a contractile vacuole posteriorly)

(k]

. C.—opisthbstoma, C. lanuginogum_and C. flagellatum_dO'not merit con-
sidération by reasor of their reducéd posterior_ciliation._ C. dbliqﬁum.

has distinctively oblique Eiliefion, whileUC.‘terricoZa has cilia on

’

the ahterior extremityiand'an altogether unique shapeln The long,
'sparse somatic cilia ;nd the uncilistedvposterior extremith(ssve for
a single caudal cilium) hsrrow:the choice down to three species, C.
glaucoma, C. eitrullus and (.. elongatum, the remeining'ten,species2
being_delicdte with short cilia‘(one half to two—tlirds of body -. -
: brea?;h). C.'citrullus 15 characteristically—spin e shaped, é.
elongatﬁm, elongate—ellipsoidal, and C. glaﬁcoma hroadly'ovoid.
However, the.total composite of criteria differentiating these protozoa,,
and the overlap of their sizes and shapes, .are such that it is dif-
ficult to separdte them from one another with complete confidence. Ih.
terms of body shape, the criteria are so.vague that some’investigators,
:e.g, Schewiakof f (Kahl, 1930,.p. 376) failed to di}fereﬂtiate them

) indivioually Nevertheless, the present species is distinguishable
from C. cztrullus not only by body shape but by 'its smaller size (C.,
cttrullus, 20:- 30u) and the-absence of an invagination at the point

of insertion. of the %audal cilium.

) !

L The description of Kahl's key (Kahl, 1930, p 375) 1is as follows:
" 8(9) Moosform ohne abgesetzte Frontalplatte, mit kurzen, derben
" Tre. (C. terrzcola) !

.2 "C. fuseum, C. oblongum,C. eingulare, C. gemmulzférum,

C. granulosum, C. candens, C. aimulans, C. pellucidum,
C. znstabzle, and C. versatile. .



.“_ L “. L . ' . : L E .‘ . . C - .
- - Sometimes, the present species is so elongate that it appears

o

c closétztb:the elliptical C. elonghggm.thaﬁ-the-characteristicalt§ ovoid

C. glducoma.‘ In addition; its small.siie,(17.5 - 24u,-aﬁerage 20y)
’ ‘recalls Cs elongatum (16 -, 24u, never réaching the 25 - 30u of C. ot ’ a \,
gZaucoma - Kahl, 1930). Therefore, its identification as C. elongatun

might be understatdable, Neverthgless, it ig more often ovoid than

elliptical. Also, wh{le‘its'pertstome is more o? less éubequatorial,_ ;
e " 1t does not octupy‘ﬁore thah'three;fifths of the body le?gth.- Thfé,is‘

, -~

held to be the critical featurk distinguishing it from C. elongatum,
" the peristome of which is about three-quarters of the overall length

As regards the body size, many othen investigators besides Kahl (1930)

- : have reported that C glaucoma ranges from 14.7 to 26. lp in length
’ ) (Bhatia, 1936; Berger and Thompson, 1960). It~might ‘be pointed out,
\ i . . ,
~ too, that C. elohgatum Schewiakqff was origindlly considered to be a

variety of C.'glaucoma (Schewiakdff, 1896). ’ L,

PO - . -

In sum, the present species is identified-as C. glaucomd ot

0. F. MUller on the basis of its single «<audal ciliUm, the distribution _,

N s a T .

of its ciliary vestiture, the location of -the contractile vacuole, the

.

lack of a posterior invagination and the relative length of its

j"periétome (i.e._up'to three-fifths of the overall length).

2



[

~

Sdbclase
PR : -
. ~ Order
Suborder
Family Vopticellidae
Genus

U

Generally, inverted bell fbrm,.dolorléss or yellowish;

?eritricha

- Peritrichida,

Sessilina

[N

4 C » '
Yorticella, Plates' XXVIIL - XXXI, Figs.

84 - 94,

v

. peristome more or less outwafdly ektended‘(Fige. 37;89 and 91-94);

eolonial_of‘solitary\yith a.cohtracgile stalk (Figs. 84 and 85)

attached to ‘submerged objects”and aouatic plants (Figs. 84 and 85) or

animals; one to two contractile 'vacuoles (Figs. 87-92).

0

Unbranched

stalk with well-developed spasmoneme; thrown into a spiral coil when

contraetile (Figs.

Systematic account:

P

87-92).

(v’-.‘}

Numerous species.

[

Y

- ow

This group of ciliates (Figs. 84—94) ‘with peristome circular,

bordered by membranes running counterhclockwise around it and into.a .

. e < .

vestibule containing cytostome, cytopyge and contractile vacuole pore;.

body ciliation greatly reduced; all characteristics of Peritrichida.

- The sessile form clearly remands this group to Sessilina

L)

The contractile stalk attached to the posterion extremity of the body

. wi;ﬁouthloriqa, assigns this group to Vorticellidae.

.'Fdrthermore, the- unbranched stalk with spasmoneme well-

\

/

4

developed and .thrown into a spiral® coil when®contractile, separates B

the present groub from Intranstylum--with' poorly-developed spasmoneme

and - from Zoothamiwn and Carchesium with branched’stalks..

g

‘O
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édntract}le_stdlk~éttach€d to submerged objects.:

Vorticella microstoma Ehrenberg, 1830, with o
’ . ' - I . S, AR
' transverse  striation. °° S -
\] R v+
. o RS Lo -
' - ., . s ! -

.
- ¢ * ¥
-~ . g ’ M el i
. . v i -
’ ° .
' . .
.
x
> . R . - .
. ‘ !
. . .
»
. . .
kX - . ° 50 v
. )
(Y B i A
. ~
-
1 . -
' . "
a \ ' - . ~
" . - !
. -
+ M .
- N ] o
- - - P
« ' .
R -
o Ld ¢
- o -
’ N ;o
- ‘
: . B
T Ll d :
2
N '
. ‘ Lol
’
. 1 * -
N O
N . - A b
. . . .
. '
h . P
s ' . . - f 8
.
. .
ot v
«n . ’ '
[
- . u /
' . .
. o«
L © - .
ot .
"
f “ ° .
A '
. R a






‘. 4'r . " S o R A vl o o V' 97

f . - . .
¢ .
t .
. , N -
> a * -

Thus this group is referable to VotheZZa Linnaeus. There :

- h v .

are more thgn 220 described S?ies of ,Vortfz.ce,lla (Noland, 19391). ‘The .

t_axono’mic data of the four groudps fi;pm Logy Bay' are br'iefly recorded " . -

"as-follows: L S, , ’ " o

Vorticella mierostoma Ehrenberg 1830, Plate XXVIII,Fig.8b..:
. Body conical (23 x-20u) with stalk (I8u); transversely = ' .

striate. Less twice as long as broad. Peristome narrower than half

] . . 5. N X v, . 3 . .

. the body-centre. ' . ‘ . ' f

" 1 o

Vorticella sp. Plate XXIX, -Figs. 87-89. - - ) I

. o s o L S

Surfa'é\e smooth, broadly campanulate (50 x 34p). Widths of S )

-

~péristome (34u) lea;a than l;ody length. Greenish,oatalk (1'42u)‘more_
than three times as long as the body.

»

VortheZZa nebuZLfera 0. F. M. 1786, Plate XXXI Flgs 93 9%, .-. .

var. S‘Lm‘LZ‘LS (Stokes, 1887)
R . . . - . 9
Smooth body conical (78 x 48y), occurring-in groups.. Trans- _g’

lucént;,‘ flexible bod'y with granular greyish~white colour bands as shown
in Fig. 94 and ‘twists on its.stalk in graceful ‘attitudes. Peristome °

oblique, ciliary disc not elevated while body extended (Fig..94). . The

contracted. form, (Eig.' '93) is smoqthly ovoid. - ' - <

’

Ch . oy
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Fig. 87. Showing an enlarged disc-like anterior.region with ’promi'nent\ .
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cytostomé in liwing material, (phase—._contrasg:)'.

i

-

/ adoral ciliature which winds counter-clockwise to the

2

.88 & 89. Showiﬂg‘ smooth surface and broadi}r'compaﬁulat

)

e“shape.


















éoochlorellae(rigs. 99, 100)

o clusters of several dozen individuals,at.the :hd of each.branchw

.. " Vorticella sp. IPlate XXX, Figs: 90 - 92.

Ovoid body (60 X 43u) with unbranched stalk (70u) ‘Trans—

) versely striated, single contractile vacuole conSpicuously centrally

'located;‘ Peristome not elevated while body extended (Fig. 92)“

- .". B . : C .
Famil Epistylidae . ' - R .
mly  Epistylidac. . . .
Genus , ' = Epistylis =~ .- C o ’
. < AR _ . % -
T .'_hpiotylﬂs‘sp.' Plates XXXII - RRXILL, Figs( 95-100.

: Body longitudinally contractile, fully expanded (300 x 30u,

Fig. 95), contractile (110 x 66y, Fig. 98). Individuals always on )

‘

dichotomous non—contraetile stalk "(Figs. 95 and 97), forming large.
& '._A' ) .. . A ' [l

Jcoloniés; pristomial ring prominent' flat cap makes a'slight angie

" with the ring (Fig. 96), gullet with ciliated’ wall body full of

..\‘

\

Systematic . account: . ' ‘

. There are six frésh-water genera of Epistylidae (Noland in
1\ Q’-
Edmondson, 1959) which bear cemparison with the present organism in

having uncontractile stalks.,ﬁ

. 4 & . -
.. -The main feature of-its dichotomous non-dontractile-stalk-

"with one individual at end qf each branch - of the stalks’(Figs. 95 and

97) semxates the present organism ,from Sy,stv'lq.s, the latter bears

> . . Kal :
- The .peristoial memBranes make on%y-a little more than one
" ' oo ) .. S )















turn around the peristome of the present organismg distinguishal:;le

o

* from the peristomial membranes that make four to six turns around the

. peristofne -of Campanella. .The remaining' three genera D, midium,'

Operculam,a, and Rhabdostyla with deep peristomial fhrr w, separating

1 -

disc and border”, bears no comparison with the present organism which
has a shallow peristomial furf"ow, and a disc not.set off from border

by a deep incision The data given above fit the- des’ctiption of

E'pzstylz,s Ehrenberg, 1838. Thus, it',is. referred to Epistylis. '

5
H

e
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;Famiiy Astylozonnidae '
. . ' . - > T
‘Genus Telotrochidium
\ . " Telotrochidium sp. Plate XXXIV, Figs. 101-106.

- S o - . ’

Entirely free-swimming body d?ntractile from extended cam—
. o,
pdnulate (106 X 60u, Fig. 101) .to globoses;n?pe (80 x 70u, Fig. 106)

witnqut caudal appendage. “Two ciliary givdles without body ciliation.

one develpped at a short distance from the anterior and another from

-~

. ' ; i I - R
posteridr extremity; the anterior ore with two parallel-rows of adoral

éone, cytopyge postero—terminal tubular, permanently visible (Figs.

102—104). Three contractile wvacuoles connected with the cytopharynx

"(Fig. 101), the largest one subcentral (Figs! 101-103 and 105~-106).
Macronucleus "L" shape band form (Fig. 102-103 and 105). Movement
1 :

swift, rotating in alternate directions.

Systematic account: \ .

The free-swimming form, with peristome-bearing extremity

forward and without body.ciliation, are the characteristics of .’

ot
™
N

Astylozoonidae.

The species underx consideration is distinguiehed from

Astylozoon by the latter's conical shape and aboralléxtrenity attenuéted.

with one or two thigmotactic stiff cilia; from Hastatella by the latter

L] . \
with two to four rings of long conical ectoplasmic processes.
- The roundedlextremities of the present species without any

. body ciliation or .processes but two ciliary girdles are the main

features-of Telotrochidium which consists of Telotrochidium crateriforme.

1









?

" ... .. which is different from }he present species. Thus fher"ﬁ

~ I o o 107
v,r &éngﬂ(fBBIrIBSZ) énd.TéZotrbchidfum.(Qpisthoneétg) henneguyt (Fauré-

Frémiet)} " Both of them hear a_"C" shape sausage form macronucleus

it

.

shape band

- -form magronucleué suggests the present specles as a new membér- of the

©

genus. However,:Dodd (1962) -observed some nuclear changes in cyst’s of’
. R R S v ) - S L T . -
. ‘Telotrochidium henneguyi. ‘Therefore, the spgciesLidentification"bf
. ’ : . 3 . - N L - . :

A
.

the preseht:organisﬁ remains for furtherﬂinéestigation.
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.o . 108
' ' Subclass  Spirotricha 3 ‘u
Oorder . - Heterotrichida
¢ Suborder . Hetérotrichina
.. TN T ‘ .

Family Spirostomatidae o -

- ‘.--

Genus Blepharisma
e Blepharisma persicinwn Perty, 1852, Plate XXXV, Figs~107-110.

.Pyriform (141 x 66u), somewhat narrbwéd~anteriprly and pos- ~

terior extremity acuminate; compressed; left peristomal edge sigmoid

. " - (Figs. 109 and 110), and 1s twisted to right at posterior extremity

’ N -

and. connected to oral funnél with membrane; in front of cyfdgtomg‘a-

. « . \ v . .
large well-developed two-layer undulating membrane on right edge (Figs.

- . , R ' [Y 4
p 109 and 108); peristome about three quarters of body length; ciliary
. s ) «

rows longlitudinal; ciliation dense; contracile vacuole and cytopyge

o

terminal; macronucleus in six patrts; rose coloured. O

[ - . Y
-

T . ¢ Systematic account: .

.
\

Kahl (1932) recognized 19 species of'BZephanisma. Only five -
of them with multimacnpnuplei bear comparison with the éresent species. .

Amoné these five, the present épecies is distinguishable from B.

dileptus, B. clarissiumum, and B. salinarum by its rose-coloured

. . . A 4
smaller (less than 150p) but rather stumpy body. .

This narrows the choice down to B. musculus and B. persicinum.’
- ) 8 C e
The former can be easily distipguished from the present .Species by its )

)

»

o more nuierous (7-10) macronuclear parts.
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The present data fit the descriptions of B. perszcznum Perty

. < . ally .

- '.vhich j.s characteristic{ pyriform in shape (80 - 120u long) with
e

. Y ; .

acQUminated posterior ef/pemity, the nange of peristome from _one third 3 .

A3

‘'

. . -
)

- to three quarters of body- length with sigmoid left'edge well-developed

- .'undulating membrane .on right macronucleus in three to six parts, and
Ll N N -~
' Ll

rose-coloured body ihe present species is thus referred to BZepharLsma

L

%, . persicinum Perty. : i
‘Family Spirostomatidae o &9 ) o ‘
- "'Q",".', e ’ .\ , L
'Genus”.' szrostomum (according to- Corliss, 1961)*‘ o e

53_ _ T:-;, h_: ' Sprﬁggﬁgmum teres Claparéde and Lachmann, 1859,"
S L Plate YXXVI, Figs. 11Ta; 111b, .112. e

L, ’ \-'. | ‘:_’n‘_‘w. Y . B : . o N

L ‘ Body measuring 200 - SOOu .by 20 - 35&( Slender—elongate -".,y . L

. worm—like, 10 =715 timeg as long aspgroad, cylindrical, one side

N

parallel to the other, sometimes slightly swollen medially, rounded

antgriorly, usually truncated posteriorly (Figs. 11 111b). Ectop— NP

lasm with highly developed.and contractile myonemes , arranged length—

‘wise. independent of ciliary rows. Endoplasm clear and transparent. _ o

, :

Perisfome narrow, occupying'about one third of the body, closely lined'.

-with a band. of .well developed cilia or membranelles. Cytostome at the
. Lo 3 ‘
ST dase o£ the peristome (Fig. 111) leading immediately into a cyto— L e

R 'pharynx which is very simple and difficult to distinguish Elliptical
macronucleus (Fig 111) often centrally located below the base of the
' R > : ~
peristome,~clear1y evident in pressure-immobilized live examples.

« [

¢

Micrpnucleus not observed. Excrefory vacuole large and terminal with

#

g
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Figs. 111 and .112. spirostomin teres Clapaféde,and Lachmann, 1959,

. Unstaiqed Living ‘ciliate as seen by Nomarski
1 ’ o . . .."- ;‘. .’ } PR s
interference-contrast effect. )

_./" L . a '

:-Fig."lllél'ﬁa;-oval mécronucieUSi unlike that of other common members

- . ’ .

of Spirostomun (exceot‘Sf filum), which have a moﬁilifofm.
’ . 5. . .. .'. 3 . P R ’ ' . . ) . - . 1 . . L . '
_#k“'—f\“ macronucleuél"(S)lcytostome~1ocated'at the base of the .

'peristome which extends for’one—third of the body length

~

- (that of 5. leum is only one-fourth of the body length)

Figl‘lllbﬁ"P.,truncated posteriorly, a single contraotile vacuole

occupying the whole of this part of ‘the body and exten—
'ding forwards as a, long canal (C) (s. fiZum has - a tapering,
. drawn out posterior end) T . S ':.ﬂ

«

.1ﬁig.‘112. S Showing transverse binary Eission oompleted. twoifilial - f

. - 3 . % _' . Vy
Ll e -cells almost separated . g
. ! . . )
. r '. 1 . » Y
Y. e CLoe ) ;
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(if\\LEig. 112) .; | :'_. : | '. - g‘.v ) S T :... |

i

- moniiiformﬁ‘.ﬁq unidentified blit' possibly new species réferred to by

" - more than, " one—third of the body lengChudn S. teres; but onl& one-

.’500u) is generally 1onger than S. fiZum (200 - 300u). Anteriorly‘

shape‘bf‘the.macrdﬁhcleu55 the parallelraidedwﬁqdy shape and the . -

- elongate peristome.

a 1ong dorsal canal (Fig. 1113, lllb) Traneyerse binaty fission

. \
@ A - . . 1 .

. - N . . ) s A . ) . ‘, a v
.- T ot /7 ! . . N .o . v

Systematic position' B _' R ' [

* Kahl (1932) recognized seven’ species of szrostomum (S S (;,

ambigu&n, S“rnznus, S, Lntermedzum, S. znflatum, S. Zoxodes, S. filum T o

and 8. téres). " Only in 5. ﬁeres ‘and S.,filum is the macrpnucleus oval

or elliptical'in'shaﬁe; -In" the other five.sbecies,;this structure is :g%&«

Seshachar and Padmavathi, 1956,_hés a cylindrical and eionéate macrbi

i nucleds_in the vegetative stage. During.binary fiééion,rthbdgh, this

organelle becomes condensed iﬁto.an oval or polymorphic ﬁass.f The

' macronucleus is always oval in S. teres, and may be clearly observed

either with or without staining in the living animal 5. teres (200 -

.rounded and posteriorly truncated 8. teres is characterized by ore S

body, side.parallel to the other. In S. filum, though, there isa =~ -

tapering,”drawn-out poaterior eftremity. The pe%igtgme is about, or. .

3
4

- L]

. fourth the body 1ength in S. fLZum. Therefore, the chief features

‘distinguishing.S. téres ﬁ:om.other members 8f the genus are the oval

- . .
» . . . .
. .
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:Systematic account:

‘pecqliar movements’in‘the water, which consist of a slow rolling or

113

hd - . =

’Subcléss'. Spirotricha -

- . N\ !
Order . . Oligotrichida

. N ”. ' - ' . '
- Family . Haﬁteriidae .
- Genus HaZt,elf)i.a .
’ ' C ' . N . ’ . . . . : .
. Halteria sp. Plate XXXVIT, Figs. 113 and 114. T

Bodf turbinate (av. 25 x 20yu; Figs. 113 and 114); anteriorﬁ'
o . : 3 . }

‘e
[

border bears conspicuous adoral zone, unclosed. adoral membranelles: .

_well-developed; a small membrane on right edge and cirri (Fig.' 114,A)

. on left.,'Macronucleus oval; a micronucleus. Contractilé vaclhole left

of cytostome. A zone of long cirri or bristles (F;g. 114, B) develops

-

around the equatorial region, the sudden flexure of which. appendagesa

- enable the body to progress through the water by a series of- leaping

movements, in addition to ‘their ordinary ;wimming motions. ",

’a

T

The.present'ciliate is-easily'recognized'askﬂalberid b& its

. Totary motion, internupted.at short intervals.-by a sudden'IEap’baek—

~

wards or to one side and its turbinz\e ‘body with equatorial zone of

“bristles. - . : N

. However, .the present organism.clearly bears the main features:

.of Oligotrichida, e g. the greatly reducéed body cillation and well—

' ~developed adoral membranelles extended beyond the anterior extremity.

There are onLy two families of Oligatrichida, Halteriidae

.and Strobiliidae (Kudo, 1966); The bresent organism 1s'clear1§

<









A

b

115

distinguishable from Strobiliidae because the lattei's cytostome is

. ' encircled by adoral membranelles (see Noland in Edmo7lison, 1966) and

N [}

" “membranelles form a spiral crown at the anterior eitremicy (Fig. 116).

‘greatly reduced body ciliation excepc equatorial zone of body bristles,

the body. Horses

allocated to Halteriidae for b.ea'r:lng unclosed aébr'al :‘ngmbx’:anelles;"

'\ _ Am.ong the three genera of Halteriidae, the”present organism.
is we'll separated from Tontonia, for the latter has v.vvell—cleveloped~ ; \*
apical collar and a long dytoplasmic (contractile) caudal process - and
from Strombzdtum which bears no body bristles or cirri. The organism 4

5

under consideration bears the generic features of Halteria - the

the well-developed unclosed adoral membraneIles around cytostome. Thus

the ciliate under discussion 1s therefore referable - to Halteria

(

Dujardin.
Family . Strobilidiidae
g .
Genus. . Strobilidium
. -~ Strobilidium sp. Plate XXXVIII, Figs. 115, 116.
Body turnip-shaped (av. 47 x 34u, Figs. 115 and 1165; adoral -

without cytopharynx and lateral border with rounded elevation anteriorly;

the posterior extremity tapering and truncate; cuticular surface smooth,

. ‘except at the. posterior region: (I-f:lg.* 115), whére there are a few lon-

) ~ gitudinal ridges wlich often extend 'slightly-beyond the. termination of ~ ‘ o

o

haped macronucleus anterior; a micronucleus; a - .

contractile vacuole.

o . ¢ oA -

[} -









. Schewiakoff (see Nt;land in Edmondson, '1966; Kudo, 1966) of which the

" domparison with other members of Strombilidiwm were made, therefore

117

Systematic account:

-

Similar to Halteriidae, the present organism also bears the

[~

characteristics of‘Oligotrich-ida, the greatly reduced body ciliation .
nea'rly. absent and the well-developed ador mentPanelles extended beyond g ¢
(’ . .

the, aqteribr extremity of the body. ‘Howeve‘r, it 1s dist'i\nguishable’
from Haite{;iidae by ‘its closed adoral memBjré_melles form a spiral crown

at the anterior extremity while Halteriidae with-tnclosed adoral menm-

branelles.- These discussed criteria fit exétly the des.criptigﬂ of. P -

Strobilidiidae (Kahl, 1930-1935).

e a

There is only one genus of Strobilidiidae, Strobilidium °
e ) UL

3

present organism bears g:ﬂe generic features - turnip Body shape,
.. Tl » % . . .
cytostome at anterior extremity without cytopharynx, with horshshoe- -

shaped maecronucleus. >

~ Lateral bordef-q‘it:h rounded elevation near anterior extremity,

posterior extremity truncate of the present spec'ies strongly suggest

allocation o Stromb,ilidiﬁm gyrans Stokes (1885). Hoyever, no détagbled

the species under discussion is'left as Strcmbilidiwm sp.  ° .-

- ‘.
,agf! -
£ . . -
. Ty
. . . .
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" bear well developed conspicuous adoral membranelles. . The ovoid body

. | } | |
- ﬂé . B Sﬁbélées< Spirotricha ' . : f - . B
o B Order ) -Hypotricﬁide '  .‘-- ‘ .; PN - L Mg'r
Familyb : Aepidicldde ml : )
Genus - Aepidigé% ' ;1;_ : B - ) :
T Aspidié;d sp. Plate XXXIX, Figs. 117 - 120, 0 S
. ;, .
Small (29 X 25u), ovoid (Figsy)117-120) inflexible, right
and dorsal side cOnvex (Figs. 117 and 118), ventral side flattened K
(Figs. 119 and 120); dorsal surface conspicuoualy ridged with spines o T
‘(Fig. 118); adoral zone poorly developed, cirri reduced in number ;nd | ’
“ene'limited to ;rontals aed anals; macronutleus horsesboe-shapee; >
slngle'coptractile vaeuole;_benthic specieE. . X \ . h
’ g | . ) '_ : . | R : o '\ ’ T -
~»S)'r.t::tematiceaecov.'mt; L l-. - {.' T o

- Reduced- zone of adoral membranelles of the present organ1sm differ-

~N

. ‘entiatesit from all other families of Hypotrichida in that theéﬁatter

-

o

with rud1mentary adoral membranelles and ‘seven frontal—ventral five

t

to twelve anal cirri fits the" chara,cteriar.ics of Aapzdwca Ehrenberg, T
1830, - o R y
) . : ) ) .
' i - p
- L
L - . ’l
[ 4 -
e ' - .
- o N ; .

R ,
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3’ witﬁ zoochlorellaeii.rli'

. . , . _ N e o,
~ - i . ‘ k)
.'( b \ i 2 ' .
' ' . . :' -
" - a . " . ‘e
; : . s 120
. : o . , L
t 4 e . « . ‘ : . .
. L . K . .- - v " ’ t ,'. . '." . : - .: ] . k_.
Q;f\” The foilowing generh and species were élso‘recovereﬂ-in
Ch 4 ¢ K 1'

' samples from the studxﬁpond at Logy Bay The ecological data for e‘ h .

a
* " K

are presen ed in Table II but illustrations -are nob inclyded Sys—“

tematic positions of the different groups aré presented at the begin—

PR . ) .
- - > ¢ b'

ning of the systematic seccion.

. ! .
e - . [y s
. . , ~

oS! e Co . : )

. . A' y H '.: . N o, - - R . .
o i Body tube—shaped (56 x 10 - 84 X, 15u),\cytostome anterforly
f . .

. surrounded by protrhsible rods' oné ‘side there is a flap process,

- . R <. <.

->"

. . . . . - N
. . . , o

- 'magronucleps small lcentral' cdntractile vacuole terminal° endoplasm ‘

1y . ) o

4

©

. Chilophrya .'ut_'ahens'iS'Pack,' 1919, .. o ' -

- ‘)‘l *

I .. Ovoidal (105 - 130p b 70 - 85u) gullet trichites double,‘

- pnericql.

ey A St

-, 0 . N - . ] . .
R . n,,‘. e s o : . . C &, ' .o
. . . - ‘

)
+s S s N D o
.1 , : . e
R S A .
S

I Proradon dzscolor (Ehrenbecg, 1838).

s . - -

conspicuous )their @xterngl ends slightly,below surface level' con—"

v e

5 (.,' v

tractile vacuole terminal macronucleus ellipsoid micronucleus hemis— o

w’ . . »

R -\.. . . v, '

T eroregma Pl S

K cLe ) “._- RN . VR
L -

Small (23 - 27p in length), ovoid dorsal sfﬂe convex' -

‘ ‘o

ventral side flat with a small plit-like cytostome near anterior

- P ®

. h ) e oo Y
tractile vacuole posteriorly. > .o
v . : R . ’
4 ..‘ 4 v .v R ' b
1 N o . '/‘ . - -
' e . . . .
: . . .. ' \
' L) . . . . , A s
) At . .

- d; extremity, surrounded by longer cilia, single Iong cauﬂal cilium, con- -,



: )'f‘” e “Z(. F%abyophrya.eo. L S "~" .

, 'Coﬁpressed elongate ovoid (22 4~ 33u in length), aqym~'
metriE;:R~ﬁorsal surface convex, ventral surfacc partly concave'l e
uniform ciliation with spiral striation, cytostome anteriorly,

macronueleUS round' single contructile vacuole poqteriorly.

v
e S Trachelocerca sp.® -~ 7 - . .
: . - . c
, —Elongate, flask—shaped* more or less extensible with drdwn—'.
wouf anterior extremity, without any ring—furrow anteriorly, wvhen con-_
;-
tracted (841 in length) pellicular striae not .spiral; cytostome an-
o teriorly, surrounded by a ridge containing short trichdcystsu cyto~
,phdrynx vith'trichocysts:.nucleué contaiﬁs.beculiar crystal-like
bodies; body full of green coloured zoochlorellae;when extended 120
. L . () '- <
in length; single contractile vacuole posteriorly located.
v s ' . \ N .
: . o '." . '
_ Litonotu%.spﬁ " -
4w, S N E
- . . .
AT e v oL

. e _Eloﬁgate.flaék—shape (48n in lépéth); witﬁ'flatténed neck ..

and tail, both of which dre moderately contrhctile;'neckistout, beot
towarﬂs tbe dorsal side;‘cytoetooe a'looé slit (tﬁo—fifttsxof body

' flength), anteriorly'located‘ posterior:extremity-oluntly roonded1 ooe
term1na1 or several (in"one row) contract11e vacuoles, two sphericel )

"'macronuclei between which a micronuCleus is located

-



-

" I L :; ngysterza sp.- ' - _( "

. . . ' 1 ) . . ,,- v N
) Lk ‘
Ovate (50 X 30u) dorsal convex, Ventral COncave' left ven-

-

o tral.non—ciliated' poSt-oral ciliation is continuation of pre—dral to -

-

L -

. .
- rounded; ‘contractile. vacuoles variable in number.

right of cytostome and parallel to right margin, cytostome in a furrow

° . . .

near right side posterior stylus conspicuouS' tWO contractile vacuole

4 .
"

_centrally located. ' . - o . _ SRR

'-Purefroahilidﬂchilodontoides.ﬁéhl, 1933; - _
. . . . : ‘ » S . ‘
- Rounded anteriquy, narrowed posteriorly (30 - 35 X 20 - 22p),

3

rlght 51de_more~Gonvex~than~1eft—side —cytostdme anterior”with cyto-

"pharynx and pre—oral membrane' the broad side .of funnel—shaped cyto—'

pharynx anteriorly, on .the. left edge two to three bulges, one hem of
"a

‘}c1l1a surrounded the dorsal knoll, otherwise uncillated dorsal surface;

°
¢ . | R

two contractile vacuoles in the right‘side of:ventral surfaceﬂ

-

N R . . LR N ¥

L. ".'-'; . Chilodonella uncinata (Ehrenberg, 1838)5f

»

..~ :',. ﬁ ". St . . . .— . \’
‘Ovoid (48 - §7u long); dorso—ventrally fléttened; dorsal

_sorface convex, .ventral surface flat; about eleven ventral ciliary

‘o
1
ae’ -

. Yows; anteriorly flaQ&enéd dorsal surface with'a ErOSSfrow of bristles;

cytostome round; oral basket conspicoous, protrusible; macronucleus
- ! - e . ] ° M

A Y



I'J

»
&

e e Ty Nassula Sp. - e T T o
’ A . Ahw . PN

. . B
S O .. S,

.

Ovate (160 X 83u) ventral flat dorsal convex;’ cytostome

T one-quarter from anterior extremity, body bent to left near cytostome'.

opening of oral basket deep, in a vestibule with a membrane' macro-

nucleus‘spherical, central; contractile;vacuole lavge, with accessory

'vacuoles.and opensAventrally through' a tubule-pore. ‘
.\. N . .\ ! o =~ | . . Ty .
ot " Colpoda steini Maupas, 1883.

! g [

Small reniform (15 - 42u)'~cytostome about tﬁo-fifths from

the anterior extremity,'and with.a. bundle of long membranellae° five

to six pre-oral ridges; paired and single cilia; one pair of long .

’ caudalrcilia, twelve meridians. B .

[y - . . R
- S v @ -
) . o [

o {

. e
" Cohnilembus sp.

Slender‘spindle form (50u long); peristome.from'anterior B
-t :

.\.

extremity to the middle of body, curved to rigu;

-

- on’ right edge, a few longer caudal cilia macronucleus oval, central;

.4

with:two membrﬁnes

3 0

‘contractile vacuole posterlor. e

j é::;\\ " ° . " Uronema sp.. . ° ' o P '; o

A\ -~ . ~

. . * . " . ) ;’ .\.
Elongate oval (45n long); slightly flattened' non-ciliated - .
K Qg -
anteriorly, inconspicuous peristome with ciliated left edge, cytostome

[S—

in the anterior-half with a §mall tongue-like membrane' cytopharynx\
\.
,-indistinct' maeronucleus spherical, central contractile vacuole terminal

~




B thee membranellae on left; pre—oral'.suture curved to left, macro-

124

s C'oZpi‘d‘z_:‘yrﬁ sp. - o 6 L ‘ “

Elongate rerliferm (42 - 70u 'lohg); 55'- 60 ciliary méridians;‘.

triangular cytostome a‘bout: one-tent:h the body length from anterior

-

L]

'extremity towards- right side' a small ectbplasmic flange along rxght:

: border of cyt:ost:ome which shows an undulacing membrane on’ right: and

'

[}

nucleus oval, central.

Balanonema biceps (Penard, 1922).

Body ellipsoid (40 - 48y long), no cilia in t:he middle region,

. : ' w L . . !
nucleus spherical, central; contractile vacuole terminal.

' but: with plug—like extremities; cytostome inconspicuous' single long

“caudal cilium; oval rnac_ropuqleus posterior to, central contractile SR

: vacuole. o . T T - T o o

. . . . . .
P .

- Cinetochilum marinum’ Kahl, 1930.

Oval (18 = 22u long); highly 'flatterxe&; c111a on flat.veritral ]

. \ ) ™ - -
surface .only; cytostome right of median line in posterior half, with a
membrane on both “edges which form a pocket; ‘oblique non-ciliated post-
oral field leads to left posterior extremity; four caudal cilia; macro- * -

- . ’ B .- N . . D”




9 ’ ’
: “'.- .+ Frontonia leucas Ehrenberg, 1838. . . T S
" . . N o, o , ' ‘ . o <. ' U
' £1lipsoid (200 ~ 2501 long); anterior extremity more broadly
) ' rdundgd.tha}m_,pps'téri’or' extw‘.:em_j.ty'; flattened; oral ‘groove ;.in- anterior
' ,- third venr.’ral': surf'ac‘é; cytostome with a complex or'g?anizat;ion (seé Kﬁdo,- '
© p. 907); a long narrow post-oral groove which 1is ordimarily.nearly’
- closed; ‘cytopharynx with numerous strong fibrils; cilliary rows close
- '.r ',.‘ . : ' ‘. : t X ) “ - " - . . . . v
and uniform; ectoplasm with numerous trichbcysts; feeds on  filamentous’
= -algae.. - - - E Cee : A
= .. :» ‘ ' . ‘. ! . w . l . " - | . .‘ _,. -.‘ \‘_’.
) . Cyelidium eitrullug_Coln, 1865, ' ,
" Spindle shape” ('2073—301]-)";' p‘er'fsf:c')me about twé-th'irds _c'):i:f',body -
. length, dominated by the con;spicpous "\mdul'ating membrane.” épherical K N
, ) . o E ' . . \ : ’ )
macronucleus in the anterior. half. Othervise, very similar to
Cyelidium'.glaudoma, 0. F.. M.
- -0 . * S
" . Cyelidium elongatum Schewiakoff, 1896. '
Elongate ellipsoid Q16 - 24i1).; peristome about three—.qua.rtérs
of body length. .VO'therwise, very simiiér to Cyclidium glﬁuco'ma, 0. F. ?‘l '
. . .\ . P " .. ‘. . “ . . . ,
' Cyelidium granulosum Kahl, 1931..
- . N L) - . - -
Mdre ‘pyriform (36 - 40p) than 'élongate-ov_al; other éhaf"a.c-
. . teristics fit the descxj_ipt‘i..ons of Kahl  (1931). T -
' " e ' 7
0 r‘ ?'3 -



v

. Cy)z?zdzwn Zitomeswn' Stokes,.’ _1884;'
. . ) SRR . o -

S o Cylindrical (40u), the length about two and one—half times

" the” width, the extremities subequally rounded Cytostome situated S

’f‘ . .. o'

H .
s sl'ightly behind the centre of the ventral surface.‘ No ciliation in -0
4 'b R - L
the middle do'tsal part of body. " The cilia posteriorly situated diverse' ~

'in\.length, some _of“them longer _than quy 1ength.

PR o ' . ~\ ‘l‘(“ . L v .
Cyelidium muscicola Kahl, -1931.' x

R . -

, .
Small moss shape (14 = 1), similar to Cyclzdzum gZaucoma,

an

'.O.“- F. M., but contractile vacuole in_the middle of the body

L PZe'uronefna marirm Dujardin,'.1841.

[ . - .

Elongate-ovoid (62 - 75p long), peris ome in- two-thirds body

AN

length anteriorly, a conspicuous membrane a

both d_ges 3 aemic ircular

‘ rswelling to left near oral area; no cyt pharynx- close striatio'n lon- *

~

‘ gitudinal, single 1ong caudal cilium' trichocysts distinct' macro—

o~

nucleus rouhd; a contractile v;ac:uo_le. o

.
by - . \
.

Sy pheyddwmosp. -

‘ Cylindrical (200 - 300u 1ong) with .a contractile\ neck

1 5

posterior end pointed variable number of individuals in a common

mucilaginpus mass;.pellicle,uSually cross—-striated; with many zooch7 K
.'lo'rellae. ST S .=
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[
n

- C+-127

Mé.tOpIZs‘ 'st'zljilat'ue McMurrich , 1884,

a

. . ) L i v .
e Lo . . ;: .

Body form changeable' when extended oblong or fusiform (64— .

8511 long)’, peristome conspicuous, slightly spirally ﬁagonal begin—
- . '
ning at ‘the anterior end and- reaching the middle/’of body, when con--

/-\ . .
'tracted, peristome much spirally coiled cytopharynx short; body T ‘ '

‘e

ciliation uniform, longitudinal spiral long cilia at extremitles,

’ '~conspicuous contractile vacuole terminh, macronucleu,s oval.

3 * * .
N - . . L . ; . e
v ) . - . .
~

o o ; v-""‘«LC’aﬁdyZostoma sp. - ‘
T R o TN
' - Ellipsoid (132 - 143u long)° truncate anteriorly, rounded

PRIV T -

-posteriorly, slightly flattened peristome wide anteriprly and . V—‘
shaped peristomal field not ciliated;. ilarge membrane on right edge .
and adoral zone on lefc; macronucleus moniliform- several contractile

vacuoles with canal; cy.t_opy_g.e posterior. .

_ . Paraclevelandia sp.. . . S ST
Swm O . ot - ~ ' ' !
Oval (22 - 27u lo'ng')'; body rigid; posterior extremity trun-
. = . . . . ~‘ . ° . .

cated obl,i.q)uely to'.left; peristome '.po'sterior without projection; one’

" macronucldus and one micronucleus.
, .
’ : ! ' ’ . . - " .
Gonostomum sp. - ) L e
e [ i = . .
)

et
“

Flattened, elongate (118 - 127u long)s flexible eight fron— .

Id ;
5. - L

tals, one or two oblique ventral rows of short cirr1, four or flv?

anals; two.marginal rows; adoral zone well developed



128 .
‘ Stefﬁia sp.

. - o ' ' ) ) !a
LT o - Rounded ellipsoid (148 -'172u X, 80 - 160u), rounded bot‘i s

"extremity right border of peristome curves 1eft or spirals into a

:plt in peristome' few frontal eirri usually eight in three groups;

. no continuous long rows of cirri; two_macrpnuclei; one,contractile "

Lo B
3 s . .

©17 - vacudle.in the middle. & = . S

. Qiytricha sﬁ,

- ~

0 . oo, . * L . o

»

Ellipsoid (100 - IAOu long), flexible ventral surface

flattened dorsal surface convex; eight’ frontgﬂs five ventrals' five .

Tarials; short oaudals, macronucleus in two parts.

e StyZonychia sp.

p

. 0void to, reniform (100 - 126u.10ng) ot flexible- ventral .~:.”

surface flat dorsal surface convex, eight frontals, flve ventrals,

S C - R five anals, marginals, three caudals, ‘with short dorsal.bristles..

. ’
N Tl [ - . P

;Uﬁeleptus Zongieaudatus'Stokes,”IBBBQ

e
I
L4

Elongate body (about 200y long) drawm out into a, tall—like

-

portion' three frontals‘ two to four rows of venEral cirri; marginals,

<
. ' .. . LY

no enals; sometimes rose or violet co;ouredv . )
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* CONCLUSIONS. ..’

o "Protozoa inhabit ?icrohabitats, ;.... hach microhabitat is

N

" an ecological Egmmunity of producers and consumers with definite

A

reldtions-to each othdr (Picken, 1937)" said Bamforth (1963).. In con- '

> . N ~

sideration of ‘the relations between*producers and consumers, Felton et

o

v al. (1967) suggLSted that bacteria in the pond ecosystem play a role

e, -

in the nitrogeh carbon and energy cvcles as. decomposers and trans- i

formers, as a source of nutrients and ‘as members of the. food chqin.

- . - -

HoweVer, "A complete picture of the role‘ot micro-organisms-in the

' natural history oF the pond must await further data, particularly

about fungi and protozoa'" (Felton et al. 1967). ° e

. As 1is well known, ciliated Protozoa may be found wherever.
'.‘ .1 . , .

.there is'mqisture without deleterious substancés. The:snme species

-t

'maj often be found in, both littoral marine waters and inland fresh-
'water lnkes, ponds; @nd‘poois. Although many species ere:cosmopoliton,h:
_thei tend to accumulate-in'certnin plnces where the enyironments'best'
“suit their.needs. Hence; it is necessary:to know their.natural oist;

. ribution as weli*as their ecoloéical parameters. |

The pond under study is highly acidic (pH vaiues between

4'50 - 5’15). It als“\has a high chloride content (99 26 p p m, ), and
. ‘/,

. a wide annual water temperature range (0. 5 - 20 8°C), besides a- fluc—

tuation of dissolved solid content (75 - 144 p.p.m. ) Dnring the
¥
period of regular sampling from June 1969 LQ'Septembgri1970, it dried
S ] A
completely in July 1970, and thus can be defined as a "'semi-permanent"
- a - B CL

-\, N N ‘

pond (Laird, 1956).

& Ty
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" water at 23° C., ‘with dissolve,d solid concentration 126 P p m, (see

<

ﬂ’

' extremity, ' At this period, the vacuole occupled the greatest volume -\ N
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. ADDENDUM S

THE. RELATIONSHIP BETWEEN-CARNIVOROUS Tetrahymena 'vo'rax .AND THE PREY o
On 17° July 1969 T, vorax was collected £rom the pond -

\ 3

p. 28) and cultured «An hay infusion with a surface sprinkling of

.

, :
bacto-tryptone at Yoom temperature (22° C). Tetztahymena pymforma, S .
. ' e R : ‘ \
Paramecium bursaria, and Urotricha sp, were examined in the same
. - - - . . T . . ‘
collection, , . e b Co . -

» The mark' morphiam of the ci]ﬁate under discussion was ‘ ,

'evident by phase contrast microecopy as stated on page 55. The pyri- ¢

form microstomes were examined from silver impregnatiogl‘ preparations

‘\‘ *
whic‘n also bear the: tailed microstomes and the carnivorous macrostomes LT

of T'. wvorax,

-

- -

. The event of ‘the holotrich eating its prey was pbserved as

ar

follows:
! . ~ / . . .

Thenmicrost‘:ome férm of T. vorax started to broaden, arid the

mouth became I&Er’ and more open 'beneath the microstome.oral cavity.

Back of the oral tavity, a pharyngeal pouch appeared which .

was continuous with thtq outsides through the mouthAOpening. The pharyn- .

geal pouch increased in e'i'.ze until it 'was ready to reach the posterier
"o : - : - /\‘\ . : -

, o= Y
of the cell with. the protoplasm surrounding it in a thin film.- e
.After‘tl\is microstome’macrostome trans formation, the difficult

-

i .
task for the macrostome was to capture and digest its first prey,

. As the mouth was open and large, the membranelles created * o

strong currents into the "pharyngeal pouch"'; eventuélly ‘a prey was drawn in.



e
.

N . i T - * A N ¢ S ' "
. : “ The macroétome immediately.became quite active and swam in
, . "circles with the mouth directed toward the inner part- of the circle, ;~
< 7 - 4 : . . "“ . . . P . c e
( The prey swam about in the vacuole in an entirely normal manner, C '

' .Eventually, the macrostome protoplasm closed down until the "pharyngeal

- pouch", with its trapped_prey, weq,cut‘off-frob the mouth region.

. e : .- L
~The enclosed prey continued to-.swim about, but the fluid

content of the vacuola decreased slowly, the protoplasm of the macro-

‘a

-stome and prey came tg lie se together, and the motion of the thter

e L was restricted, -Eventually, the prex lost all activity, and digestion
. . I . . L3 ' ) . 3 . ) . - . . . .
‘wvas under way, I ' ’ o -
: ( r:‘ ) . " As the digestion proceeded ¢he macrostome increased id siie,

" and afterwards it was able to capture preys much more rapidly.

<
N N

n‘ , ' The ~event was first described by Kidder et al ~(1940), and ’

' . ' "o *

- ‘ - also,reported 1ater by Corliss (1953a), Williams (1961) and Bohse 966a),,

e ) Recently, Buhse’ (1966a & b, 1967, 1968 and 1970) has actively studiﬁ\
) f's

0 the translormation in T, vorax.~ Briefly, Buhse (1967) followed Claf

-~ r
.

- _;(1?47) study and found that the transformation in T. vorar was induced .
- .. , - -

el

L ‘/by euspending microstomes in a transforming principle, stomatin, released

. by the potential prey, T, pyrtfbrmte. This process occurs in four and
. : a half hours after stomatin addition (Buhse & Carmeron, 1968) Some

.
a - -

.} .epalysis of stomatogenesis was done by soanning electron and lightﬁ . ‘

IRVAVEERY . L 3 L C T ' : .
o o micrpscopy (Buhse, Corliss, & Holsen, 1970).- This oral replacement is

preceded py'RNA synthesis and protein‘eynthesis which are.stimulated by
K - Ty 4 ' .

- 1

. stomatin (Buhse & Carmeron, 1968). -~ ‘ ‘ P ) J//f”‘;

PR , . B _ \ v
. .
h » o
. - .



-.macrostome transformation of T, vorar is associated only with living .

_ nivorous mgcrostome to form two tailed microstomes, .occurs (Kidder et

134

According to thsé's work (1962), in nature the microstéme+

T, pyrifo'mis. Once the prey, T. pyriformig, has.been exhausted, the .

reverse transformation, which always involves division of the car-

0

al,, 1940; Willi'amg:, 1961; and Buhse, 1966b). Evidently, the presence
] -

_.of f’. pyriﬂformis }in the same éqllecti’o-’n with 7, vorax on 17 July 1969

v

could explain the occurrence of the carnivorous T. voraz -- T, pyri formis

was the source of the microstome + macrostome transforming principle,

, ‘
- stomatin, and.the prey of the carnivorous macrostome. ,

>

v -

Since the irreversible pyriform'micrc;stOme was described
'(Kidder et al,, -1940; and Corliss, 1953a) as "a é.u;idus stage in that

forms in it are mbrphofbgica-lly indistinguishable from T, pyriformig"
I B . ’ '

(qu_otéd on page 60), it had !;een vety uncertain whether the pyriform °'
X . VE ‘ .

_holdtrich is just a stagle P. vorax <;r- the true T. pyrifo:mria if 1t

is, present in the Same prep ration with the other forms of T. vorazx.
As stated on page 65 "They might either £ 'T pymforms (the prey J

and stomatin—...—soufce of T vora.'c) or, irreversible pyrifo microstonme

forms derived from' T, vora:c." (see Lhe last paragraph of [, vorar, p. 65).

¢

" Thée allocation of 7T, vora.:r'strains V1 and PP which lad been

reported to be ir;eversii:le pyriform microstomes of 7. vorax .(Kidder '

et al,, 1940, and Corliss, ‘1953) was questioneéd by Lbefer'gt al. (1958),

and Shaw and Williams (1963), Their data from nutritional -and serolo-

gical: experiments ind.icat'e that the strains Vl apd PP ,are-aci:ually

-

strains of T, pyriformig. Later, both the immimological (Corbett and

Sweeney, -196‘5) énd the somatitc infraciliature (Loefer et al,, 1966)

N

s>
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