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INTRODUCTION 

Nearly three hundreà years ago, the protozoa-both 

f'ree-living and parasitie were f'irst seen by the :rather o:f 

protozoology, Antony van Leeuwenhoek. Ever sinee various 

biological studies and experimenta have been carried out 

on this f'aseinating "little animal." Knowledge about them 

increases more and more with the advanee o:f microscopy as 

well as various research techniques and other seienti:fic 

apparatus. An examination of' the previous literature shows 

that extensive work has been done on the behavior o:f f'ree­

living protozoa1 especially Amoeba and Paramecium; the li­

terature on the behavior o:f parasitic protozoa is compara­

tively limited. As a matter of' f'act 1 the writer has f'ailed 

to :find any other literature that gives a coaparison of' 

the general behavioral characteristies of' both 1 with the 

exception o:f the one reported by Swezey and Atchley (1935) 

working on Paramecium (f'ree-living) and Troglotella abras­

sarti, Balantidium ~ (parasitic). 

The present investigation involves studies of' the 

comparative behavioral charaeteristics of' a :free-living 

and a parasitic ciliate. The purpose of' this study is to 

f'ind out whether the parasitic ciliate reacts to all sti~ 

muli in a manner similar to that of' a f'ree-living one. 

Paramecium, being the elite of' protozoan society, is used 

as the representative of' the f'ree-living one; Opalina is 
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used as representative of the parasitic one because they 

are easi~y procurable in large numbers. As is generally 

known, the work on Paramecium is voluminous. The work on 

Opalina, was mostly done by European investigators, espe­

cially by M. M. Metcalf (1909-1940). The anatomy, life 

cycle, galvanotaxis, chemotaxis, longevity and continuous 

culture of Opalinas have been studied to a greater or 

lesser degree by these earlier investigators. Most of 

the works have been done on Opalina ranarum and Opalina 

obtrigona. In the present study, some of the works of 

the earlier investigators are being repeated at length 

for the purpose of re-examination and the observations 

are reviewed in the light of their relationship to ear­

lier workers. 

Through out these investigations, Paramecium ~­

datum and Opalina obtrigonoidea have been used exclusive­

ly. Identification to species was based chiefly on body 

shape and size, and the number and size of the nuclei. 

The identification of Paramecium caudatum was made by 

consulting the description given by Yenrich (1928), and 

of Opalina obtrigono:i.dea by :Metcalf (192)), and of~ 

pipiens Schreber by Wright (1949). 

Opal:i.na obtr:i.gonoidea :i.s a mult:i.nucleate cil:i.ate 

found in the rectum of frog. It was first seen by Leeu-
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wenhoek in 168J and first described by Metcalf in 1923. 

~he generic name Opalina was first used by Purkinje and 

Valentin in 1835• 

Opalina is almost transparent when studied. Its 

form shows a great deal of diversity in different infect­

ions as well as in a single infection (Fig.l). The Opalinas 

used in the present experiment are characterized by a flat­

tened triangular shape. It is about 160-J25 microns in 

length. The size varies with the age; it is not uncommon 

to find one less than 160 microns or much more than 325 

microns. The size of the Opalinas used in all experimenta 

is approximately 230-250 microns in length. The entire bo­

dy is covered by a coat of uniform cilia arranged in oblique 

lines. Their successive waves are easily observed as the 

animal swims forward. These cilia are found to be more nu­

merous at the anterior end than in the posterior end. In its 

active movement 1 the broader anterior end is always directed 

forward. It usually swims on a flat side, but may rotate 

in a spiral course, first in one direction and then, after 

a hesitation, in the other. The cytoplasm is distinctly 

divided into a clearer ectoplasm and darker endoplasm. 

The numerous nuclei are small and mostly spherical. They 

are scattered throughout the body and are plainly seen as 

small hyaline spheres which are comparatively more at the 
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1 1oop. 

Fig, 1 

Group of Opalina obtrigonoidea showing diversity of form and 

size in a single 'mfection 
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anterior end than in the posterior end. There is no mouth, 

since food is obtained by absorption over the entire body 

surface (Fig.2). The animals reproduce in the intestine 

of the frog only asexually by binary fission, throughout 

the year, with the exception of the spring. When the frog 

begins to reproduce, Opalinas also begin to prepare for 

se~al reproduction. They encyst and cysts are shed into 

the water, to be swallowed by small t~oles. Within the 

tadpoles, Opalinas divide by multiple fission, forming 

very small gametes, which then conjugate. Another species, 

Opalina carolinensis, is also found in ~ pipiens. It 

is differentiated from Opalina obtrigonoidea by its acute 

posterior end either tapering to a sharp point or abruptly 

acuminate. 

For the first account of Paramecium, we are also in­

debted to Leeuwenhoek, the discoverer of protozoa. It is 

believed that he first saw them as early as 1674 and 1677• 

Hill (1752) was the first to apply scientific names to mi­

croscopie animals and was the first to use the genus name• 

Paramecium. The recognition of the species caudatum is u­

sually credited to Ehrenberg. In 18JJ, he not only described 

the species, but also made the first attempt to distinguish 

it from Paramecium aurelia on the basis of the shape of 

the posterior end. Fifty-five years later, Maupas presented 
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50)1. 

Fig.2 

Descriptive diagram of Opalina obtrigonoidea showin-g 

characteristic shape, cilia and nuclei 
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a more accurate description than ever before, with empha­

sis being placed on the interna! structure of Paramecium. 

He was the first man to notice the different sets of nu­

clear structures present in these two species. 

Paramecium caudatum is a "slipper-shaped" animal 

with a bluntly rounded anterior end and a somewhat pointed 

posterior end, appearing a light gray or white minute body 

when seen by the naked eye. It me~sures commonly between 

160-275 microns; the animals used in the present experi­

ment were approximately 190-220 microns. The entire bo-

dy is covered by rows of cilia of fairly uniform length 

except those at the posterior tip of the body which are 

considerably longer. During its active movement, the blunt­

ly round anterior end is usually directed forward and the 

animal always swims in spirals when passing freely through 

the water. This species spirals characteristically to 

the left. Like Opalina, its cytoplasm is also distinctly 

divided into a clearer ectoplasm and a darker endoplasm. 

But unlike Opalina, it has two different types of nuclei; 

a large compact ellipsoidal-shaped macronucleus and an 

ovoid micronucleus located close to it. The nuclei are 

generally found slightly anterior to the middle of the body. 

It also differs from Opalina by having a broad shallow 
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obliquely directed oral groove which leads to a cytostome 

and further to a cytopharynx. The groove is ventrally lo­

eated and extends slightly more than half the length of 

the body. In addition to these, it also has two contrac­

tile vacuoles with approximately seven radial canals si• 

tuated near both ends of the aboral side. The two va­

cuoles contract alternately and empty their contents to 

the outside of the body by means of a cytopyge which is 

ventrally located between the posterior end of the oral 

groove and the posterior end of the body. Paramecium also 

has numerous special organelles called trichocysts embedded 

in the ectoplasm. They are generally considered to be or­

ganelles of defence, but due to the fact that they are ea­

sily devoured by Didinium even when great masses of tricho­

cysts are extruded, their function is open to doubt (Fig.3). 

The most common type of reproduction is asexually by binary 

fission. This usually last for a long period of time, but 

at intervals it may be interrupted by the joining of two 

animals along their oral surface for the sexual processes 

of conjugation and cytogamy. 

Undoubtedly, Paramecium is taxonomically considered 

as a ciliate, and for many decades Opalina was also classi­

eally considered to be a ciliate through the prodigious 

works of Metcalf. But in recent years, certain f1agellate 
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50,4 

Fig.3 

Descriptive dia or am of Paramecium coudatum 

(after Wichterman) 
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a:ffini ti es have been recognized, so that. i ts proper taxo-

nomic status becomes prob~ematica~, particu~ar~y when 

' Grasse (~952) p~aced them among the zoof~age~~ates. Cor-

lisa (1955) reviewed and listed the old and modern argu-

ments of the •ci~iate" and ":flage~late-like" characteris-

tics. Perhaps the most important of all characteristics 

~inking the opalinids with the mastigophora is its mode o~ 

:fission. Like most :flagellates, Opalina divides in such 

a way that the plane of :fission passes through the longi-

tudinal or antero-posterior axis of the body. Not too long 

ago, Wessenberg (1957) showed that both "longitudinal" and 

•transverse" ~ission occur, hence the mode o:f :fiss.ion can 

no longer be a strong ground to di:fferentiate opalinids 

:from the ciliates. Another strong mastigophoran character 

is the possesion of monomorphic nuclei. This point is again 

' weakened through the work o:f Devide (1951). He concluded 

that there is a "temporary existing of nuclear dimorphism 

in opalinids.• Last year (1964), the committe on taxono-

my and taxonomie problem of the society of protozoologists 

made a revised classification of the Phylum Protozoa. The 

controversial group of opalinids is considered a separate 

superclass, Opalinata, within the Subphylum Sareomastigo-

phora (Corliss and Ba~amuth, 1963). The revised classi:fi-

cation aims at placing them in an intermediate position 
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between flagellate and ciliate protozoa. Xnspite of the 

many controversies, to many protozoologists, Metcalf's pro-

tociliate hypothesis still retains a high popularity. ~t 

is thought ~hat further research on the group is essential 

to establish its systematic position. For the time being, 

the writer retains Metcalf's protociliate hypothesis. 

Zn the case of any organism, whether high or low, 

the question of the part played by environmental conditions 

in their different reactions is one of considerable import-

ance. Therefore, in studying the reaction of any organism• 

their environmental factors are also being considered. Swe• 

zey and Atchley {193.5) in their study of the comparative 

behavioral characteristics of free-living and parasitic ci-

liates have listed a number of comparative factors in the 

habitat of both organisms. They are as follows: 

Factors Parasitic Free-living 

1. Gen. Habitat l:ntestinal contents Fresh-water pools 

of living :f'rog 

2. Temperature 

J• Light 

4. Food 

Constant at 37•.5°C 

{sie) 

Total darkness 

Abundant, mostly 

starch 

Variable 

Di:f':f'use daylight 

Various materials 

Continue on next page 



Factors Parasitic 

5. Viscosity Very high 

of Medium 

6. Pressure Varied• usually 

high 

7• Motion in Peristaltic move-

Medium ment 

8. Organic Ma-a. Other plants and 

terials in animals (Protozoa, 

Medium worms, yeast etc.) 

b. Bacteria abun­

dant {intestinal) 

c. Product of di­

gestion of host 

d. Products of bae­

terial action {impt.) 

e. Excretory pro­

ducts from neighboring 

plants and animals 

(impt.) 

f. Digestive juices 

g. Intestinal secre­

tions 

12 

Free-living 

Comparatively low 

Constant, compara­

tively low 

Gentle currents 

a. Other plants and 

animals (Algae, Pro­

tozoa, Rotifers etc.) 

b. Bacteria fewer 

(fresh-water} 

c. Decaying plants 

and animals 

d. Products of bacte­

rial action (unimpt.) 

e. Excretory products 

from neighboring 

plants and animale 

(unimpt.) 

f. Nothing comparable 

g. Nothing comparable 

In addition to the above, it is believed that other 

factors such as hydrogen-ion concentration and oxygen ten-

sion of the habitat are also of major importance. In the 
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parasitLc habitat, vertebrate gut, the pH is variable, rang­

ing ~rom 1.5 to 8.4 depending on the amount o~ co
2 

saturated 

in the intestinal contents; in the ~ree-living habitat the 

pH is less variable, raaging approximately ~rom 6-8. It is 

also evident, that the vertebrate gut is an anaerobie envi­

ronment; i~ oxygen is present, the amount is very little. 

Von Brand (1952) in his study o~ the oxygen content in some 

habitats o~ parasites noted that in the large intestine o~ 

some vertebrates, the amount o~ oxygen present ranged ~rom 

5 down to 0' mm. Hg; in the ~ree-living habi~tat, oxygen may 

be present in varying quantities, but is always comparatively 

much higher than in the vertebrate gut. 
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MATERJ:ALS AND METHODS 

The Parameeia that I used in this study were secured 

from Beaver Lake in September of 1964. This was done by the 

usua1 method of col1ecting submersed vegetation and bottom 

debris from 1ake. The materia1s were p1aced in a wide 

mouth jar and just enough water was added from the 1ake to 

cover the materials. After the water had stood in the labo­

ratory for about three days, many Paramecia appeared in the 

surface scum, and a few days 1ater, they became abuadant. 

After approximate1y three weeks or so, Paramecia began to 

decline in numbers. In order to have a continuous supp1y 

of Paramecia at hand for this study, a continuous culture of 

Paramecia by the hay infusion method was made. Three grams 

of hay were p1aced with 500 cc. of distilled water in a wide 

mouth beaker and boiled for twenty minutes or till the water 

became brownish in color. The cu1ture was allowed to stand 

uncovered for two or three days, so that bacteria in the air 

could fa11 into it and eventually became the food of Paramecia. 

This culture was stirred daily to oxygenate. After two or· 

three days, Paramecia from the natural 1ake culture were 

added. The cul ture was. kept covered to prevent evaporation 

of the 1iquid. Usua11y, three days after inocu1ation, Para­

mecia could be seen in the cu1ture. In a period of approximate• 

1y 10 to 12 days, Paramecia were abundant in such a culture 

which lasted for about two and a half weeks or more. New 
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cultures were set up at intervals of about one month and 

a few drops of old culture containing abundant Paramecia 

were inoculated into the fresh culture. Thus, an abundant 

supply of Paramecia for experimental use was kept conti­

nuously and indefinitely. 

The parasitic Opalinas were taken directly from the 

recsum of frogs. These frogs were the common grass frog of 

Quebec, Rana pipieas. The frogs used in this study were o~ 

tained from McGill animal bouse and probably had been collect­

ed in the vicinity of Montreal. These frogs were freshly 

killed by pithing and were dissected dry. The rectum was 

immediately removed, slit open and the intestinal contents 

were washed out with Frog-Ringer solution into a petri dish. 

Sometimes, if the contents of the gut were too thick or too 

viscous, Frog-Ringer solution was again added as diluting 

fluid in order to allow clear observation of the parasites. 

At times the amount of debris accompanying gut parasites 

made them difficult to examine. Sandon's (1941) apparatus 

for concentrating and cleaning rectal ciliates was then 

used. The method was as follows: 

Three 15ml. conical centrifuge tubes were fitted in­

to each other after the ends of the two inner ones had been 

eut off and replaced by membrane of bolting silk. A mode-
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rately wide mesh was used for the top and a finer mesh for 

the lower tube. Frog-Ringer solution was poured in till the 

bottom of the inner tube was eovered. The medium containing 

the Opalinas together with their accoppanying debris was 

gently inoculated into the tube with a pipette. The bolting 

silk retained the dirt but allowed the Opalinas to pass 

through. A~ter twenty minutes or so, the Opalinas collected 

as a white aass at the bottom o~ the outer or lower tube 

(Fig. 4) • 

When the fecal mass in the infected rectum was well­

formed, a more convenient way of obtaining abundant Opalinas 

was ~ound through experience during the course o~ experiment. 

This omitted the usual opening of rectum, washing out of rect­

al contents, concentrating and cleaning of ciliates by San­

don's apparatus used by most investigators. The method sim­

ply invo~ed putting the unopened rectum in a petri dish with 

the addition of a small drop of Frog-Ringer solution. Imme­

diately after, the Opalinas were round escaping from the an­

terior open end of the rectum into the drop of solution sur­

rounding it. Thus, a great concentration of Opalinas devoid 

of a large amount of debris was obtained easily. This was 

found to be the most time-saving way of securing conside­

rable amounts of Opalinas ~or experimental work. 
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Fig. 4 

Sandoris apporatus for concentrating and cleaning ciliotes 
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For all experimental works, Opalinas were examined in 

Frog-Ringer solution, as they soon die in water. The Para­

mecia on the other band, were examined directly in the li­

quid containing them when taken from the culture medium. 

Other methods and apparatus used in different behavioral 

studies will be discussed separately in its particular sect-

ion. 

A series of cross-sections of the rectum was pre­

pared inorder to determine the relative position of Opa-

linas inside the rectum. The rectum was fixed in Zenker's 

Fluid with the addition of a small amount of glacial acetic 

acid and formalin. Washing, dehydration, cleaning and mount­

ing were done in the usual manner. The rectum was embedded 

in paraffin and sections were eut at 10 microns. Frequent­

ly, different sections of Opalinas were obtained side by aidee 

Staining was done by Mallory Triple Stain and Heidenhan's 

Iron Hematoxylin. Both gave satisfactory results. 

The measurements of all organisme were taken during 

their living state. It is not advisable to measure the or­

ganisms after they are dead, because the killing and fix­

ing process tend to produce considerable shrinkage and dis­

tortion. Before taking any measurement it is necessary to 
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s1ow down their 1ocomotion, for if they are p1aced on a 

s1ide, they move rapid1y and cause rouch difficu1ty in mea­

suring. The chemica1 used for s1owing them is Methy1 Ce11u­

lose (trade name, methoce1; 4000 centipoises rating). This 

was first introduced by Mars1and in 1943 for quieting Para­

mecium, and remains the best chemica1 for s1owing both or­

ganisme. The so1ution was prepared by mixing 3 grams of Me­

thoce1 thorough1y with 45 cc. of boiling water (the writer 

finds the above proportion for such viscosity rating most 

satisfactory in her experimenta1 work). Then an equa1 

amount of co1d water was added and stirred and coo1ed imme­

diately in the ice box. A smal1 ring of this solution was 

made on the slide, after which a drop of culture was p1aced 

in the center of the ring and covered with a cover slip to 

prevent rapid evaporation. The cover slip should be suppor~­

ed by smal1 pieces of g1ass to prevent crushing the organisme. 

As the organisms swim outward from the center, they move 

more and more slowly because of the increasing viscosity and 

often with on1y slight distortion of the animal (Stiles & 

Hawkins, 1947). The actual measurement was made with the aid 

of a Camera lucida and a stage micrometer. 
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SOME OBSERVATIONS ON CULTURING PARAMECIUM IN HAY INFUSION 

Woodrurf observed in 1912 that hay when boiled with 

distilled water becomes straw color and after standing in the 

laboratory for three or four days. the color appears darker. 

There seem to be three distinctive colored-stages in the in­

fusion medium. This enables one to detect the approximate age 

of' the cultures. Usually, a lighter color appears in the rirst 

eighteeD. days. Closely following it a darker color appears 

and lasts up to thirty-:f'our days; subsequently it turns to 

dark brownish-green shades. The above results were obtained 

by averaging the duration o:f' the color changes which took 

place in five hay infusion media prepared with three grams o~ 

hay in five hundreds cc. of distilled water. 

Fine (1912) attributed that the lighter color in the 

infusion to its relative high acidity and the darker color 

to its relative low acidity. In the course of experimentee 

the hydrogen-ion concentration or severa! cultures was mea~ 

sured. Those that have a lighter color usually fall within 

the pH range 5·5-7·3• They become darker within the range 

7.4-7.8 and finally rorm a brownish-green shade rrom 7.8-

8 and over. Since there is no uniform hydrogen-ion concen­

tration at the top and bottom of culture (Peten,l907; Fine• 

1912; Bodine, 1921), each pH measurement was taken after a 

thorough, moderate stirring in order to insure uniform con­

centration. All hydrogen-ion determinations were made elec-
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trometrically by the use of Beckman and Canlab pH meters. 

The hydrogen-ion concentration of the culture medium 

is recognized as being an important factor in the origin and 

sequence of the protozoan fauna of hay infusion (Woodruff, 

1912; Fine, 1912; Hyman, 1925). Different kinds of protozoa 

require a different hydrogen-ion concentration for their best 

development and will not flourish or will disappear at others; 

hence it may even become the limiting factor for their growth. 

In the course of several experimenta on culturing Paramecium• 

it was found that the most favorable pH for growth in the me­

dium is approximately 7 or slightly higher to 7.3. Figure 5 

shows the growth of Paramecium as related to the hydrogen­

ion concentration in culture medium measured at intervals. 

A~ to the factors concerning the changes of hydrogen­

ion concentration in the culture medium, the PH is attributed 

primarily to the quantity of hay relative to the amount of 

water, :for the amount o:f water determines the rate at which 

putrefaction prodeeds which in turn determines the rate of 

change of hydrogen-ion concentration in the medium. Bacte­

rial fermentation is mainly responsible for the whole process. 

In the study of the chemical properties o:f hay infusion by 

earlier investigators (Pete~, 1907; Fine, 1912; Bodine, 1921), 

it has also been pointed out repeatedly that the acidity of 



22 

9 .5 

9 

8 .5 

8 

~7 

65 

6 

5.5 

5~--------------------------------------~------~------=-----~=---36 4~ M 63 72 9 18 27 
Number ot daya 
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hay in:f'u.sion is essentially due to bacteria, their ef:ficiea­

cy in producing a.eid being governed by the concentration of 

the infusion in acid-yielding materials (hay). Figure 6 

shows the different rate in the pH changes of a concentrated 

and a more dilute hay infusion media. The concentrated me­

dium is made up o,f 6 grams o:f hay wi th 500 ce. o:f distilled 

va ter; the dilute one O•n the other hand is made up of 3 grams 

of hay wi th the same amoun.t of distilled water. One can see 

that the pH changes more rapidly in a more concentrated me­

dium due to the greater amount o:f hay materials that produce 

a fas ter rate o::f putrefaction. From this experiment, i t was 

observed t.b.at the time at which Paramecia dissappear from the 

culture is different in the two kinds of infusion media. Th.ts 

is again related to the amount of hay materials. The greater 

the concentration, the f"aster the rate o:f putrefaction, the 

greater the changes in pH value, the shorter the culture last­

ed. While, the lesser the concentration, the slower the rate 

o,:f' pu trefactio.n, the les ser the changes in pH value, the long­

er the culture lasted. 

The secondary :factor, the writer believes, is attri• 

butable to the amount O·:f oxygen inoculated during the aera­

tion o:f the medium by stirring. A medium that has not been 

aerated by stirring maintains a very low pH measurement; while 

a medium that is constantly being stirred will increase its 
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hydrogen-ion concentration gradually. An attempt not to 

stir the culture was made in an infUsion of 3 grams of hay 

in 500 cc. of water. In such a medium. the pH value remains 

very low (5.2-5.6) even after 6 days. In a culture of the 

same conGentration that was constantly stirred, the pH was 

usually 6.9 or 7 after standing for 3 days. In the former 

anaerated medium, the inoculated Paramecia never survive; 

in the latter medium, they multiply immediately and become 

abundant. 
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DISCUSSION 

Severa! investigators (Pete~ 1907; Fine, 1912; Bodine, 

1921) have attributed some factors responsible for the pH 

changes in an hay infUsion medium, but the writer has failed 

to find in the li tera.ture a description of the process in de. 

tail. The over all processes concerned with pH changes in· an 

hay infusion medium, the writer believes, occur as follows: 

The hay materials which essentially consist of cellu• 

lose, by the action of bacteria are broken down into maltose 

which in turn decomposes into glucose. Glucose under non-ae­

robic conditions will transform into carbohydrate derivatives, 

which are mostly in the form of ketone bodies and are acidic 

in nature. These carbohydrate derivatives will finally be 

converted into ethanol plus carbon dioxide. The decomposition 

will continue until all the glucose is converted to ethanol 

plus co2 • 

The acidity in an hay infusion medium is caused by 

the abundant presence of acidic carbohydrate derivatives and 

co2 • The former comes solely from the cellulose decomposi­

tion, the latter may either be derived from air or may also 

come from the medium through cellulose decomposition. The 

amount of acid-yielding materials produced is directly pro• 

portional to the amount of hay materials available. This is 

why in a more concentrated medium, because of its greater 
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quantity of hay materia~ a greater amount of acidic bodies 

is produced1 followed by a sudden increase in the acidity of 

the medium. Because of the abundant supply of bacterial food~ 

glucose-the bacteria that have fallen from the air into the 

medium will multiply rapidly and act more actively on the 

cellulose. Thus, the rate of decomposition is accelerated 

and therefore the culture lasts for a relatively shorter pe­

riod. 

The inoculation of oxygen by stirring the medium will 

retard the decomposition of glucose, hence the amount of car­

bohydrate derivatives and co2 are diminished and the medium 

become less acidic. For this reason, an anaerated medium 

remains highly acidic even after 6 days and a constantly ae­

rated one will gradually decreases its acidity. 

The decline in number of Paramecium after a certain 

pH has been reached can not be interpreted exact1y. It may be 

due to a direct effect of the hydrogen-ion concentration or 

may rather be the result of the unavailability of sorne essen• 

tial mineral elements or perhaps, as in the view of Woodruff 

(1912), may be due to the inadequate supply of proper food 

either in amount or kind or both. As is generally known• 

the principal food of Paramecium in an hay infUsion medium 

is bacteria. The bacteria in the medium become fewer as the 
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number of Paramec:i.a :Lncreases • AJ..so • due to the covering 

up. of the culture jar to prevent evaporation, fewer bac­

teria are :Lnoculated into the culture medium. Further­

more, the d&crease in number of the bact:eria may also be 

caused by the inadequate supply o.f the ir re qui red :food­

g1ucose. The deficiency o.ccurs when all the hay materials 

are being completely decomposed into its constituents (etha­

nol and co2 ). Therefore, the culture medium no longer has 

an abundant supply of bacteria, and this results in the 

1ack of food for Paramecia which prevents them from multi­

plying and causes their decline in numbers. 
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SOME OBSERVATIONS OF OPALINA'S HABITAT 

Apparently, the rectum presents two di:f:ferent appear­

ances 'o the observer. The rectum o:f some Rana pipiens is 

:filled with :fine particles o:f mud mixed with minute organic 

debris.. They give a grayish color. The rectum o:f others, 

contains large pieces o:f green algae giving the entire rec­

tum a greenish color with an irregular distribution o:f the 

contents. These two conditions in the rectum appear to have 

no relation to in:fection by Opalinas. Both mud-:filled and 

alga-:filled recta may or may not be in:fected with Opalinas. 

Inspection :for parasite was made by dividing the rec­

tum o:f Rana pipiens into three separate portions: an anterior• 

a middle and a posterior ;. and placing them into three sepa­

ra te dishes. These pieces were then examined :for parasites 

by teasing them with a dissecting needle into smaller pieces. 

It was observed that the Opalinas are :found inhabiting the 

anterior and middle portions o:f the rectum. But more o:ften 

the latter has the greatest number o:f Opalinas (Figures 7 1 8). 

I:f Nyctotherus are also :found in:fecting the rectum, they 

occupy the same portion o:f the rectum as the Opalinas. A 

:further study o:f the exact ecological niche occupied by the 

di:f:ferent parasites was not possible, but the characteristic 

distribution o:f each parasite was determined. Occasionally, 
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a. Cross-section of the anterior portion of a rectum infected 

by Opalines. The Opalines are found in aggregation be­

tween the crypt of the intestinal waIl or in close con­
tact with the rectal wall. 

b. An enlarged portion .of the anterior cross-section of 

rectum showing a few Opalines lie freely in the 
lumen. 

Fig. 7 

sa me 
rectal 
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A portion of the middle cross-section of same rectum 

showing a heavier infection by Opalines. 

Fig. 8 
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whe·n the rect..al mass contains much f'luid, a f'ew Opalinas 

may be f'ound in the posterior region. Perhaps the more li­

quid medium f'acilitates their swimming from one place to 

another. In· a we:ll-formed rectal mass, they are never found 

in the posterior region. Hitherto, severa! species of Opa­

linas have been reported from the small intestine. The most 

recent observation is that reported by Marx (1963) in Rana 

pipiens 1 from one frog with a malformed bowel and. two under 

starvation. None of the small intestines examined by the 

writer were ~ound infected with Opalinas. 

The relative position of the Opalinas in the rectum 

is clearly shown in a cross-section of a rectum. Most of 

the. Opalinas. are usually found ga thered in a single group 

lying in close contact with the rectal wall. Sorne of them 

are :round in aggregation between the crypt of the intestina1 

wall, and others may lie freely in the rectal lumen. Cases 

have been reported in which they may be f'ound scattered 

through the fecal mass. But in the present observations, 

none of them were found in the central portion of the rectal 

mass. 

As was mentioned before, besides Opalinas, there are 

many other parasitic worms and ciliates found in the rectum 

of~ pipiens constituting the phenomenon called parasito­

coenosis or parasite-mix. No apparent harmful effect was 

observed from the presence of nematodes, trematodes and other 
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ciliates on Opalinas. But there is an apparent effeet on 

the number and distribution of Opalinas due to the presence 

of these other parasites. Usually, if there is a heavy in-

fection with one species it is usually not accompanied by a 

heavy infection with Opalinas. 

Another observation made was that there is a relation 

between the size and the number of Opalinas in an infection. 

This relationship is nearly always inversely proportional. 

That is, the average size of large numbers of Opalinas crowd-

ed in a host organ (A) is smaller than the average size of a 

few Opalinas in the same organ (B). Table 1 shows the various 

measurements of length of Opalinas. Each measurement in the 

column is the average length of a group of 10 Opalinas se-

lected at random. 

Table 1 

A B · 

1. 235 1. 330 
2. 230 2. 325 

3· 230 3· 335 
4. 225 4. 325 

s. 2JO s. 315 
6. 235 6. 320 

7· 2~ 7· 335 
s. 225 8. 330 

9· 235 9· 315 
10. 230 10. 320 

Average of the groups 230 325 
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Attention has also been paid as to the size of the 

parasite in relation to the size of its host • . It was ob­

served that there exists no intimate relationship between 

the s,ize o·f the two. Both large and small Opalinas may be 

found in any sizes of ~ pipiens, although some parasie 

tologists generally expect to find bigger parasites in 

bigger hosts. 

A SURVEY OF THE INCIDENCE OF PARASITISM IN THE 

RECTUM OF FROG ~ PIPIENS FROM THE PROVINCE OF QUEBEC 

Investigation of the parasites in the frog ~ E!­

piens of Quebec have been made (Khaner, 1935; Anderson, 1944; 

Shah, 1959), but a general survey of the incidence of diffe­

rent parasites in these frogs is entirely lacking. The pre­

sent investigation has the purpose of giving a survey of the 

incidence of parasites in the rectum only. 

FREQUENCY OF THE OCCURENCE OF OPALINA INFECTION 

From October of 1964 up to September of 1965, 332 

frogs selected at random from this locality were examined 

for opalinids, the result was as follows (Table 2): 
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TABlE 2 
FREQUENCY OF OCCURENCE OF OPALINA INFECTION IN FROJ. 
~ PIPIENS SCHREBER OF QUEBEC 1 CANADA 

Month No. of No. of Percent,..,. No. of Ne., of Percent- No. of No. of Percentage 
frogs infected aJge of female infected age~ of male infectedi of infection 

frogs infection frog$ female infection frcgs male 
frogs; froga 

Oct. 15 4 2~ 5 1 20% 10 3 30% 

Nov. 60 40 6rt% 13 9 69% 47 31 66% 

De<1 25> 13 52% 13 7 54$ 12 6 50% 

Jan. 25 15 60% s 4 50% 17 11 65% 

Fe b. 20 13 65% 2 1 50% 1S 12 67% 

Mar. 36 11 31% 7 3 43% 29 s 2S% 

Apr. 26) '9 35% 5 1 20% 21 s 3S% 
May, 30 18 60% 13 6 46% 17 12 71% 
June 20 12 60% 16 10 63% 4 2 50% 
July 36 191 53% 1S 10 56% 18 9 50% 

Aug. 20 15 75% 9 6 67% 11 9 82% 

Sept. 19 11 58% 12 7 58% 7 4 57% 

Total 332 180 54% 121 65 54$ 211 ll5 55% 

Percentage infection in a1l frogs: 54% 

Range of infection: 27%-75% 

Monthly average infection: 54% 

Percentage of infected female frogs: 54% 

Range of infection: 20%-69% 

Monthly avera.ge infection: 50% 

Percentage of infected male frogs: 55% 

Range of infection: 28%-82% 

Average infection: 55% 

e 

\...) 

\Jl 
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From the data recorded, !t was ~ound aut that an ave­

rage o~ 54% of' the ~ pipi ens. are inf'ected wi th Opalinas. 

This was not f'ound to be in entire accord with what the aar­

lier investigators stated, that Opalina occurs in nearly 

every ~rog and that all healthy f'rogs have Opalinas (Thompson, 

1929; Neresheimer, 1906). 

It has always been observed by many investigators, that 

in spring, when the reproduction season of' the host approaches, 

the division rate of' most of' the Opalinas is rapidly increased, 

so tha t many s .ma11 ~orms are produced. In the f'rog ~ .Pi-

pi ens f'rom the Province of' Quebec, this usually starts to occur 

at the end of' March and gradually ends at the beginning of' 

July. 

FREQUENCY OF THE OCCURENCE OF DIFFERENT PARASITIC INFECTIONS 

Besides the ciliate Opalinas, other parasites ~ound 

during the examination of' the rectum were nematodes, trema­

todes, cestodes and other ciliates. Opalinids and nematodes 

are very frequent, other ciliates less frequent, while the 

trematodes and cestodes are the least of'ten f'ound. Follow• 

ing is a table showing the number and percentage of' the to• 

tal number of' f'rogs inf'ected by each of' the different types 

of parasites. 
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TABLE 3 

Parasites No. of frogs Percentage 

Nematodes 189 4o% 
Opalinids 180 'J8% 

Other ciliates 'JO 6% 

Trematodes 4 .9% 

Cestodes 1 .2% 

No parasites 69 15% 

From the above table, it clearly shows that most frogs 

are infected with nematodes. This is especially true upon 

the advent of warm weather, when they are more heavily in-

fected wi th larval worms than ever be fore. This. is due to 

the fact that all worm eggs accumulated during winter are 

hatched at this time. In the case of nematodes in ~ ~-

piens from this locality, this usually begins early in July 

and gradually ends in October. At other times o·f the year, 

the nematode infection is very slight, ranging from 1-11 ne-

matodes. per frog. Occasionally, numerous small nematodes 

freshly hatched from mature eggs may also be found. 

As mentioned before, the rectum of frogs shows a great 

deal of parasitocoenosis or parasite mix. Figure 9 in the 

form of a histogram shows. how frequently sorne of the diffe-

rent types are found in the same host organ. 





1. Aâsent of a11 kinds of parasites (69) 

2. Frogs in:teoted vith Opal.inas onl.y (63) 

3· Frogs inf'eoted with nematodes on1y (71) 

4. Frogs inf'eoted ldth nematodes and other ci li. a tes (Nyc-

totherus} ( 7) 

5· Frogs i.n:feeted -.:ith Opa1inas and other ci1iates (7) 

6. Frogs infeoted w.ith Opalinas, nematodes and other ci-

lia tes (14) 

7. Frogs inf'ected vith Opalinas, nematodes and trematodes (2) 

s. Frogs infected w:ith Opa1inas and nematodes (94) 

9· Frog. in:feoted with trematodes only (1.) 

1.0. Frog in:feeted with trematodes and nematodes (1) 

11. Frogs inf'eoted with Nyototherus on1y (2) 

12. Frog inf'ected with cestodes on1y (1) 
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As to the identification of the helminthic fauna, a 

detailed morphological study of the various forms was not 

made. But in general, the worm which occurred most fre­

quently is species Aplectana americana (Walton, 1929). The 

numerous worm eggs from which larval worms were hatched iden­

tified as those of Rhabdias bufonis (Stiles and Hassal, 

1905). The other ciliates found in the rectum were identi­

fied as Nyctotherus cordiformis Stein. HGwever, besides 

these parasitic fauna, there are other unidentified parasites 

(Figure 10). To my knowledge, these have not been listed as 

parasites of~ pipiens of Quebec province, Canada. One 

of them (Fig. lOd) closely resembles the genus Diplodiscus 

as found in the rectum of other amphibians (Stafford, 1905J 

Chandler, 1923; Hunter, 1930). 
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Un-identified parasites found 1n the rectum of frog 

Rana pipiens 
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DISCUSSION. 

Bhatia and Gulati (1927) studied Opalinas in Indian 

frogs and toads and concluded that sorne of the adult frogs 

show only a slight amount of infection probably because cer­

tain nematodes in the rectum prey upon them. Again, Hazard 

(1941) found that the absence of opalinids in the adult frog 

Rana clamitans is due to the fact that Diplodiscus, the tre­

matode parasite of the frog feeds on them as they enter the 

host. The present writer has observed these parasites for 

many hours on s-everal occasions and never seen a single ne­

matode or trematode eat Opalinas. It is thought that the 

inverse ratio bet.ween the two populations may be attributa­

ble to three possible reasons. First, it may be that the 

two populations have the same food requirement and that the 

competition within the confined habitat will eliminate one 

of them. Or, secondly it may be that the two populations 

have different specifie nutrient or environmental require­

ments. In other words, each organism requires specifically 

a particular kind of food, both in quantity and quality 1 

and a particular type of environment for their best survi­

val. When the conditions in the habitat turn out to be 

favorable to one species, they consequently b e come unfavo­

rable to the other species, so that their chance of survi­

val becomes smaller. Thirdly, it may be due to the harmful 

metabolic by-products of the wormstha t retard the growth of 
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the Opalinas. The first two reasons, however, are merely 

theoretical and much experimental research is needed to pro­

duce actual evidence for the existence of these phenomena. 

Perhaps a study of the kind and quality of food found in the 

cytoplasm of each organism and a stu4y of the environmental 

conditions such as the chemistry of the surrounding medium, 

the various hormones of the host in the digestive tract and 

the possible secretions of the alimentary canal as stimulated 

by the different parasite will help to solve the problem. 

The third possibility bas some support from the following 

experimental evidence. Opalinas were placed into two different 

petri dishes; one contained nematodes and the other was de­

void of nematodes. A few hours later, many of those found 

together with the nematodes became less motile and gradually 

quieted down while most Opalinas in the other dishes were 

still actively swimming. The harmful metabolic by-products 

produced by the accompanying nematodes may be the chief cause 

of Opalinas quiescent. 

The answer to the inverse proportion between the 

size and number of organisms may possibly be due to inade­

quate supply of food. A few or a small number of Paramecia 

or Opalinas in the same habitat have much room in which to 

grow, but 300 or 500 in the same habitat are crowded for 

space and have to compete for limited supplies of food. 

Therefore, a few in the same habitat grow better than a large 



number o~ them growing in the same habitat. Another answer 

to the retardation o~ the~r growth when large number are pre­

sent may be due to the large amount o~ harm~ul metabolic 

by-products produced by the populations themselves. 

In the spring, the average length o~ a large number of 

Opalinas crowded in a rectum is smaller. It is also at this 

time that the Opalinas show very great size dif~erences be­

tween individuals. This as a whole is purely a matter of 

growth, since small Opalinas are young ones which have recent­

ly been produced by ~ission. 
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COMPARISON OF BEHAVIOR IN SEVERAL EXPERIMENTAL MEDIA 

An examination of' the past literature shows that 

many attempts have been made in the culturing of Opalinaa 

in diff'erent laboratory media (Engelman, 1876; PÜtter, 1905; 

Metcalf, 1909; Konsuloff, 1922; Tyler, 1926; Larson, Van Epp• 

Brooks, 1925; Larson, 1928; Larson & Allen, 1928; Yang & 

Bamberger, 1953). These early investigators achieved varied 

success in their culturing technique. The greatest achieve­

ment was made by Yang and Bamberger in 1953. They were able 

to culture Opalinas continuously f'or more than 6 years in 

modified Boeck Drbohlov diphasic egg slant-saline medium 

with the addition of inactivated human serum as food for 

Opalina and the use of two antibiotics to inhibit bacterial 

growth. Seven years later (1960), Yang was able to develop 

a more convenient medium by applying aqueous liver concentrate 

for retarding bacterial growth. Using this medium, the culture 

needs only to be transferred weekly or biweekly instead of' 

every two or three days as was f'ormerly done. Most of the 

experimental works were done on species other than Opalina 

obtrigonoidea. The only papers concerning the behavior of' 

Opalina obtrigonoidea in diff'erent laboratory media were 

those of Larson and her associates (1925-1928). Paramecium 

eaudatum on the other hand, has been studied extensively in 

respect to its permeability to water and different anisoto-

nic media such as sea water, glycerine, cane sugar, solid 



agar medium etc. 

The present study has as its purpose, comparing the 

behavior of Paramecium and Opalina in various experimental 

media. The purpose is not only to compare their longevity 

in these different media; but also to observe and describe 

sorne of the visible morphological changes occurring when the 

two species are exposed to these media. 

PRECAUTIONS AND METHODS 

In the comparative study of the behavior of these 

two organisms in severa! experimental media, preliminary 

experimenta show the necessity for a number of precautions. 

The first and the most important is the size of the drop 

containing the organisms. The size of the drop bas a con­

siderable effect on the results obtained, especially when 

the drop is very s.mall. Usually, the average lethal time 

of' organisme contained in a sma11 drop is much shorter than 

those in a large drop. In one experiment, the average le­

thal time in a small drop was 15 minutes, while the average 

lethal time in a rather large drop was 32 minutes. This is 

probably due to the higher concentration of the medium and 

the greater suddeness with which the organisme are subject­

ed to the various media. While several small drops or one 

big drop tend to dilute the various media and lessen the 
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suddeness with which the organisms are subjected to the me­

dium. In order to gttard against this source of error, drops 

were all made as nearly as possible the same size as was the 

amount of liquid medium; the standard being two drops about 

0.2 mm. eaeh in diameter and the amount of liquid medium 

being 4 ml. The second precaution that ean not be neglected 

is the amount of debris or scum introduced into the various 

media along with the drop containing the organisms. In the 

course of the experimenta, it was found that if one introdu­

ces the organisms into various media along with large bits 

of debris or scum, the organisms ean tolerate a longer ex­

posure to such medium. The same species but without debris 

or scum, if introdueed into a similar medium, reacts in diffe­

rent ways, and survives a shorter time in the medium. This 

may be due to the fact that the effect of the various liquid 

media must have been slower due to the hindering action of 

the debris. Lastly, in the study of the behavior of Para­

mecium, the pH of' the hay infusion medium must be control.l.ede 

It has a marked ef'fect on the time in which death occurs. 

Preliminary experimenta show a very wide range in average 

l.ength of l.ife in these organisms. 

from 3 minutes to 2 hours or so. 

The difference ranged 

By repeating the same ex-

periment many times, the writer finall.y found out that she 

had been taking samples from two cultures at different hy­

drogen-ion concentration; an old one that bas a pH of 8 

and a freshly made one that bas a pH of 7.1.. These Parame-
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cia taken from a medium of higher hydrogen-ion concentration 

can withstand the unfavorable condition longer. 

Also, it was observed that individual differences 

in resistance are considerable. For e:xample, the average 

survival time of' organisms from one culture is 5 hours, but 

some organisms die in 1 hour and others live 10 hours. For 

this reason, a culture is considered "dead" when more than 

one-half of' the organisms in it are :f'ound dead. Xt was also 

very di:f':f'icult to determine the exact moment of death, because 

vitality seems to remain a long while even after they have 

became motionless. They are considered dead when they no 

longer move when touched by a fine dissecting needle and no 

longer swim when put back into· a favorable medium. Moreover• 

the difference in resistance occurs not only between indiviw 

duals but may also be found among groups. from different cul­

tures or from different hosts. Larson (1928) observed that 

among those Opa1ina cu1tures examined immediate1y after the 

removal of' the rectum, some are quite active and others are 

comparatively inactive. Those cultures containing inactive 

Opalinas usually die first. She also found that there are 

sorne cultures, which looking just as good as the others 

when cultured under same conditions, die off more rapidly 
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than the others •. The writer, also has observed the same 

phenomenon as that recorded by Larson. Thus in table4, 

several experimente were per~ormed ~or each medium, giving 

a range in 1ength o~ 1ife in one co1umn o~ the tab1e and 

their average 1ength of 1i~e in another. 



RESULTS AND OBSERVATIONS 

The fo11owing table shows a comparison of the longe-

vity of Opalina and Paramecium in several experimental me-

dia: 

TABLE 4 

Meclium Species No. of Average 

expt. longevity 

Range 

Frog-Ringer o. 7 

solution P. 12(4) 

F.R.S.+Feca1 O. 7 

material P. 11(3) 

F.R.S.+Recta1 o. 7 

wall P. 9(2) 

PÜtter solu- o. 4 

tion P. 9(5) 

#Boiled PÜtter o. 3 

+ albumin P. 7(4) 

Lactalbumin o. 5 

P. 11(6) 

Gastric mucin o. 7 

P. 4(2) 

Hay infusion o. 2 

P. 1 

Hay infusion o. 4 
+ debris P. 1 

Disti11ed wa­

ter 

Tap water 

o. 

o. 
P. 

4 

1 

5 
5 

20 hrs. 

22 1 ; 5 hrs.38t 

48 hrs. 

20'; 5 hrs.54t 

16 hrs. 

10 1 1 1 hr.lO' 

21 days 

52"; 2'7" 

62 hrs. 

42'; 2 hrs.25' 

84 hrs. 

50 hrs.; 72 hrs. 

3 hrs. 

Mar. 15----? 

7 hrs. 

Mar. 15----? 

4 hrs. 

4.5-14 hrs. 

3'-2 hrs.30' 

10-29 hrs. 

20'-24 hrs. 

32-60 hrs. 

20 1 -24 hrs. 

9-24 hrs. 

5'-2 hrs.30' 

16-26 days 

46"-2'50" 

48-96 hrs. 

18 1 -6 hrs. 

48 hrs.-7 daya 

48-84 hrs. 

1-4 hrs. 

5-9 hrs. 

3-6 hrs. 

Dec. 18----? -------

15'; 4 hrs. 10'-7 hrs. 

5'; 72 hrs.; months 2 1 -months 
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NOTE: 

# with dai~y renewa~ o~ medium 

The numbers in brakects re~er to the number o~ expe­

riment done on Paramecium taken ~rom culture that has a pH 

of 7.~. 

There are two di~~erent average lengths o~ li~e in Pa­

ramecium. The ~i.rst is o·btained ~rom Paramecium in cul ture 

having a pH of 7.1; and the other ~rom those whose culture 

has a pH o~ 8. 

In their behavior in tap water, there are two or more 

average lengths of life obtained even when organisms are ta­

ken ~rom the same culture medium (see discussion ~or exp~a­

nation). 

I. Frog-Ringer Solution: 

Engelman, in 1876, was able, with great difficulty 

to keep Opalina ranarum alive outside of the host for two or 

three days in the aqueous humor of the eye. He found that 

the best results were obtained when there was a complete se­

paration of Opalinas from the rectal contents. Contrary to 

Engelman's ~indings, the writer ~inds that cultures live 

longer if pieees o~ the rectal contents and rectal wall are 

added. Several other early investigators also bave observed 

the same phenomenon, antong them were Pütter (1905); Metealf 
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(1909); Konsuloff (1922); and Larson (1928). Thus, the fact 

that the inclusion of rectal contents or rectal wall in the 

medium will prolong the survival time of Opalinas is once 

more confirmed. However, this does not only apply to Opa­

linas but is also true with Paramecia. From the resulta ob­

tained one can see that Paramecia live longer in Frog-Ringer 

solution with large bits of debris or scum than in the clear 

Frog-Ringer solution. The composition of Frog-Ringer solu-

tion used is as follows: 

NaCl -------------------0.65 gm. 

KCl -------------------0.014 gm. 

CaC12-------------------0.0l2 gm. 

NaHco3 -----------------0.02 gm. 

NaH2Po4 ----------------0.001 gm. 

Aq.D. ------------------100 ml. 

The death of Opalinas in the different preparations 

of Frog-Ringer so~ution is characterized by a typical ball­

ing-up of the cell. This was also noted by Larson (1928). 

However, prior to their death, all forward progression of 

Opalinas slow down and soon after enter into a standstill 

position. At this moment they are not necessarily dead and 

the cilia of some still keep on beating for sometime. Usual­

ly, a:fter all the ciliary movements have ceas·ed, the orga-
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nisms are genera11y considered dead. They start to round up 

gradua11y. Among the severa! observations, there was no re­

cord of bursting of the ce11 membrane. In one of the expe­

rimente where Opalinas were introduced into Frog-Ringer so­

lution with large bits of rectal wall, many individuals were 

observed fresh from division. Certain parts of their body 

are drawn out into irregular strands causing some abnorma-

1ities in their form and shape (Fig. 11). 

The death of a11 Paramecia are accompanied by a de­

formation in shape. In most organisme, there is a swe11ing 

of the body, an enlargement of the contractile vacuole, re­

tardation of ciliary movements, formation of blisters around 

the ce11 surface and finally thA bursting of the cell mem­

brane. Only a few discharge their trichoeysts (Fig. 12). 

It is noteworthy that, in those Paramecia taken from a cul­

ture of lower pH value, not only the death and disintegration 

oc~trs earlier than those taken from a higher pH medium. but 

the frequency of the bursting of cell membrane and the for­

mation of blisters occurs more frequently. 

2. PÜtter Solution: 

This medium originated from PÜtter (1905) and bas 

the following composition: 

NaCl .8~ -----------------100 parts 

Rochelle salts 30~ ------- 5 parts 

Distilled water ----------400 parts 
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Xn this fluid, it was found out that Opalinas can 

live longer than in Frog-Ringer solution. Xn one experi­

ment, most of the organisms come to a standstill after 24 

hours, and gradually beeome ovate in shape so that f'inal­

ly the whole animal rounds up at approximately 29 hours. 

Xt still proves to be a much better medium for keeping Opa­

linas especially if' the medium is boiled and renewed daily, 

accompanied by the addition of' a drop of' albumin. Xn this 

preparation, one thing of' interest was that many dividing 

f'orrns are observed. Ho•ever, as time went byt many of' them 

shov signs of' abnormal division as also oecur~d in Frog­

Ringer solution (Fig. 11). The cultures lasted for different 

numbers of' days, the average being 21 days. All these orga­

nisms gradually assume the form of a ball after they die. 

Prior to their death, locomotion is also retarded, but cilia 

still keep on beating forcibly f'or sorne time. Bursting of 

the cell. membrane does not occur. 

As for Paramecia, this medium is not much better than 

Frog-Ringer solution. As a matter of fact, it was found to 

be extremel.y unf'avorable especial.ly after the medium has 

been boil.ed. The J.ethal effects occur within a few minutes 

af'ter the organisms are introduced into the medium, resulting 

in reduced locomotion, swelling of body, dysfunctioning of' 



contractile vacuoles, blistering o~ the body and ~inally the 

disintegration o~ the animals. In most cases, the number o~ 

blisters ~ormed in Paramecia le~t in boiled Pütter solution 

w:as comparatively more and may appear simultaneously and ins• 

tantaneously as small clear droplets at di~~erent sur~aces of 

the cell. In an unboiled Pütter solution, the Paramecia 1 do 

not die so soon. Usually, only a single large blister starts 

to ~orm, ~irst at the side becoming larger and larger until 

the whole animal becomes greatly swollen. 

3• Lactalbumin: 

5% o~ aqueous lactalbumin hydrolysate was prepared. 

Clegg (1965) ~ound that this preparation is isotonie with the 

mammalian red cells. 

Opalinas, when inoculated into this medium show no 

apparent abnormalities. There is neither a distortion o~ 

shape nor swelling or shrinkage o~ the body. The only thing 

observed was that the animals become quiescent for sorne mo­

ment a~ter inoculation and then resume their normal locomo­

tion soon a~ter. This medium when le~t at room temperature~ 

ôue to its protenoid nature becomes denatured and coagulated. 

It is at this state that most o~ the Opalinas are ~ound dead. 

When the same medium is kept at a low, constant temperature 
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to prevent protein denaturation and also to avoid bacteria1 

growth, Opalinas can live much longer. In one experiment, 

they survived as long as 4 days. In investigating the lon­

gevity of' these two organisms in the various experimental 

media, these have been maintained at low, constant tempe­

ratures as well as room temperature. The resulta obtained 

at the lower temperature are not much differant from those 

observed at room temperature with the only exception of' 

Opalinas in lactalbumin solution. 

This medium, although it does not produce .any marked 

ef'f'ect on the f'orm, shape and locomotion of' Opalinas, has an 

appreciable ef'f'ect on Paramecia. At f'irst they swim very 

fast, f'irst proceeding toward a certain direction then quick­

ly ehanging to another direction, eontinuing in this way for 

about 5 to 10 minutes. Af'ter this, they still maintain their 

rapid swimming but follow a typical spiral path, which due to 

the great speed, becomes short and narrow (Fig. 13à). As the 

animals swim in a forward direction, their bodies also swerve 

from side to side. At t.imes a more striking peculiarity was 

observed. There is a tendency for the anterior alone to 

rotate while the animals are making their forward progression. 

When their locomotion becomes fast and abnormal, their bodies 
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start to become distorted and are accompanied by a conside­

rable narrow.ing (Fig. 13c,d). Following this, the animale 

start to slow down, thus the spiral path increases its 

length and width (Fig. 13b}. This usually occurs at an ave­

rage of 22 minutes after inoculation. Sometime after they 

slow down, the animale start to enter a standstill position 

and finally die. The time for the animale to become quies­

cent varied in different individuals from about 30 minutes 

to 6 hours after inoculation. The average length of time 

is about a little over 2 hours. When the animale die, most 

o.f them die as they are, that is t wi th a narrower bodily form 

than those freshly taken from hay infnsion. When left for 

a long period of time, they disintegrate into a shapeless 

mass (Fig. 13e). Howevert there are still a few that show 

a slight swelling. For those Paramecia that are taken from 

hay infusion medium with a pH of 7.1, the interval from the 

time they slow down to the time they become quiescent re­

mains very short. In most cases, as soon as they s1ow down 

they become quiescent immediate1y and no 1onger move when 

touched by a fine dissecting needle. 

4. Gastric Mucin: 

Originally, this medium was used in culturing Entamoe­

ba terrapinae. It consists of .3% gastric mucin• The solu-
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tion is warmed to dissolve the salt and mucin, f'iltered and 

tubed in 10 cc. amounts. It is sterilized at 15 pounds 

pressure and stored in the ref'rigerator until used. Be-

t'ore inoculation, about 2 mg. of' sterile rice starch is added 

to each tube. Cultures are maintained at room temperature 

and transfer made at weekly intervals. The En:t.amoeba grows 

abundantly in this medium. 

In the present study, no sterile rice starch was added, 

no transf'er was made since the writer simply wanted to com­

pare their longevity in clear medium with that in various 

other media. Usually, 4 ml. of' 0.3% gastric mucin were placed 

in a petri dish, and two drops of' liquid containing Opalinas 

were also introduced separate1y into the clear fluid of the 

various media. It was found that the Opalinas in this medium 

nearly always live much longer than any of' those in the other 

media, with the exception of' one experiment in which those 

in the 1acta1bumin out1ived them. From table 4, one can 

see that the Opalinas can live from two days to a week, al­

though very rarely the latter. Prior to their dea'th, the 

anterior end swells. in size so that the posterior end be­

cornes greatly pointed (Fig. 14a,b). The animals will re-

main in this shape f'or many hours before they round up. 

There are two phenomena which are particularly cha-
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racteristics of Paramecium when introduced into 0.3% gastric 

mucin. First, there is a marked change in form; secondly, 

there is a tendency towards the formation of large vacuoles 

in the protoplasm. The body, originally slipper-shaped, 

after one or two days often becomes broadly ovate or soma­

times almost circular in outline. At this state, the animais 

are still seen swimming either actively or sluggishly. To­

wards the end, the animal becomes rounded and finally the 

cell membrane bursts, (Fig. 14 c-g) • 

5. Hay Infusion Medium: 

It is really beyond the writer's expectation that Opa­

linas accompanied with large bits of rectal debris could live 

for long in hay infusion medium, for if they are placed in 

distilled water or tap water they soon die. In clear hay 

infusion media, those that are devoid of any sort of debris, 

either rectal wall and its contents or decayed organic mate­

rials, Opalinas can not tolerate that long. Usually, they 

live from one hour to three hours. In most cases, all for­

ward progression ceasea after an hour, with the exception 

of 1 or 2 individuals that posses extremely high resistance. 

Some of them start to round up an hour later. Most of their 

bodies enlarge and become ovoid in shape. It is in this 

state that the cilia still keep on beating and may continue 
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even after 2 hours. The nuclei become less distinct and can 

not be clea~ seen under the binocular microscope. 

Undoubtedly, of all the media, this is the best medium 

for the growth of Paramecia. The different conditiens in the 

me4ium that affect the growth, population and size of these 

organisme together with the factors that will determine the 

lif'e of' a certain culture medium are discussed in the first 

part of' the thesis. As a matter of' fact, when 2 drops of li­

quid containing Paramecia are inoculated into 4 ml. hay infu­

sion medium that has a pH of 7, they can live *indef'initely 

and move about in a fairly normal manner. One thing of inte­

rest was that, there is not only an appreciable gradua! nar­

rowing of' the body, but the body also becomes remarkably more 

and more transparent. The Paramecia in this aedium do not 

show any active division and hence never become abundant. On 

the other band, those that are inoculated into the same hay 

infusion medium as above but accompanied vith some bits of 

debris, do not show any considerable narrowing and transparen­

cy. Xt should also be noted that in both media, the same 

kind of hay infusion medium is added whenever it is necessary 

to compensate the liquida that have evaporated when lef't ovar 

for a long period of' time. 

* s.till alive at the time of' wri.ting 
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6. Disti~~•d Water: 

The disti~~ed vater used in this experiment is the com­

mon ~aboratory disti~~ed water. No attempt was ~urther made 

to re-disti~~ it. 

Opa~inas, when being introduced into disti~~ed water can 

survive ~rom 3 to 6 hours depending upon individua~ resistance. 

Uaua~~Yt after an hour or so, their body aeems to be swo~~ea 

and nuclei remarkably clear. At the moment when the body 

seems to be swollen, blisters start to ~orm at one end o~ the 

body. This occurs mostly in the anterior region (Fig. 15a-c). 

Even in this state 1 the Opalinas atill keep on swimming slowly. 

Approximately tvo hours later, some o~ them start to round up 

and become more and more ovate. As they assume the apherical 

~orm, there is a tendency towards the ~ormation o~ large vacu­

oles in the protop1aaa (Fig. 15d-~). but this phenomenoa does 

not commonly occur in all Opalinas. 

As for the Paramecia, approximately 3 days a~ter ino­

culated into the petri dish containing disti~led water, they 

start to show change in their ~orm by a decrease in width 

just as those that have been le~t in clear hay in~usion me­

dium. The transparency and narrowing o~ the body also be­

comes more and more marked as days go by. All the animale 
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svia fairly normally at a s1ow speed, but if mechanica11y sti­

mulated, auch as with a fine dissecting needle, they will in­

crease their sp.eed of locomotion immediate1y. They resemble 

thoae in clear hay infusion, in that they do not show any sign 

of activa division and thus never become abundant inspite of 

the fact that they ean live in this medium *indefinitely. 

7• Tap Water: 

As is generally known, the amount of minera1s present 

in the tap water differa not only from time to time but also 

from place to p1ace. This has a marked influence in the re­

su1ts obtained. For example, in a series of experimenta on 

Opalinas, one have different average lengths of li:fe from 

15 minutes to 4 hours. Especially in the case of Paramecia, 

the average length of 1:h-fe ranges from 2 minutes to 72 hours 

and even up to months. In other words, the hisher the con­

centration of minerals in the tap water, the higher and the 

faster the death rate o:f' the animals. 

The morphologieal and locomotional changes as shown 

by the lethal e:ffects of' tap water upon Opalinas are more 

or lesa similar t-o those brought about by the ef'f'ect· of' dis­

tilled water. For the Paramecia, those that are in tap water 

of lower mineral concentration can live very long and at the 

*still alive at the time o:f writing 
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same time show the same narrowing and ~ransparency o·f' the 

body as those in distilled vater. But for those that are 

introduced into a higher concentration of' minerals, death 

may oecur within a f'ew minutes. As soon as they are intro­

duced into the medium, they tend to show different pronouneed 

abnormalities in their locomotion. Some Paramecia stop mak­

ing any f'orward progression at once, but keep on rotating the 

body rapidly; others swim f'orward at a surprisingly rapid 

speed with the body eontinuously swerving from side to side; 

and in still others, there is a tendency for the anterior end 

alone to sving about a large circle. Prior to their death, 

there is also swelling of' the body so that they become oval 

in shape. The enlargement of' the contractile vacuoles is 

very prominent here and the macronucleus is remarkably dis­

tinct. There are also more blisters f'ormed in tap water of' 

higher mineral concentration wherein Paramecia die very soon. 

Usually, a single blister starts forming at the side f'irs'h., 

then a smaller one f'ollows in the anterior region and f'inally 

in the posterior region. Quite of'ten too, many small clear 

droplets appear simultaneously and instantaneously on diffe­

rent surfaces of' the cell. :In all cases, the length of' lif'e, 

the time in which disintegration begins and the rate of ad­

vance of' disintegration over the body are f'aster in tap. wa­

ter of' higher mineral concentration. 
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In generalt the typical course o~ death and disinte­

gration occurring in each organiam is the same in all cases. 

But the length o~ li~e, the time in which disintegration be­

gins and the rate o~ advance o~ disintegration over the body 

vary in di~~erent media as well as in di~~erent individuals 

and groups within wide limits. 

The usual course o~ death and disintegration taken 

by both organisme is described separately as ~ollovsa 

Opalinas, vhen placed in the various media, at once 

begin to swim ~aster than be~ore, either in a ~orward pro­

gression with occassi.onal spiralling or rotating in a cir­

cular direction. This pec~iarity in locomotion is compa­

ratively less remarkable than in Paramecia. The movement 

may continue ~or a period ranging ~rom a ~ew minutes to 

hal~ an hour. Gradually, it will become lees and less marked 

until the animal slowly quiets down. Nevertheless, its cilia 

still keep on beating until the advancing wave o~ disinte­

gration reaches it. Be~ore disintegration begins, some o~ 

them los.e their ~lattened triangular ~orm and become slightly 

avollen (Fig. 16a) ; others may have a s.light swelling or 

none at all. The degree o~ swelling is di~~erent in di~~e­

rent media and vith di~~ering susceptibilities o~ the indi­

viduals. 



At this stage, their movement still continues and the ante-

:rior end is still distinguiahable by its broader shape. Most 

disintegrations start to occur while the animal is slowly 

quieting or when it is completely motionless. The disinte-

gration when it finally occurs, often starts in a region near 

the anterior end by the formation of a blister. It very rare-

ly occurs at the sides or in the posterior region and the n~ 
/ 

ber of blisters formed is seldom more than one. This blister 

is mostly crystal-clear and devoid of any cytoplas•, so that 

the boundary between it and the body proper is always sharp 

(Fig. 16b). It may alao occur in the other way, instead of 

forming a blister, a region in the anterior end just swells 

and bulges giving a clear sw:oll.en area devoid of any amount 

of granular cytoplasm (Fig. 16c). After all the cil.iary move-

ments have ceased and the animal no longer moves when touched 

by a fine dissecting needle, i~ is generally considered dead. 

Sometime after death, the cell body characteristically rounds 

up (Fig. 16d), the time ranging from approximately 10 minutes 

to several hours after al.l movements have come to a stop. 

All. the cellular ~ctures are dissolved and the nuclei are 

no J.onger distinguishable. The cytoplasm merely assumes a 

granul.ar appearance (Fig. J.6e). The cilia covering the en-

tire body may be completely shed or may still. be seen irre­

gularly attached to the surface of the body (Fig. J.6:f'). This 
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rounded form, when ~ef't over-night will gradually decrease 

in diameter until it completely dissappears. 

The Paramecia on the other hand, when transferred to 

the varioua media, at once show surprising~y rapid speed in 

swimming. Severa! striking peeuliarities in their awimming 

may be frequent~y observed. Such as, the tendency of the an­

terior end alone to rotate while making its f'orward progres­

sion; the short and narrov spiral path; the continuous swerv­

ing of body from side to side; the anterior end alone swings 

about a large circle. This movement may continue for a pe­

riod ranging from a fev minutes to half an hour, or in some 

cases longer. Like the Opalinas, the peculiar movement wil1 

gradually becomes less and less marked unti1 the entire ani­

mal comes to a stands.till position. Their ci lia seldom at 

once cease beating while the animal becomes motion~ess and 

will only come to a stop when disintegration reaches it. 

A1so, before disintegration begins most of them swe~~ and be­

come ovate in shape (Fig. ~7a). The degree of swel1ing also 

differa very considerably with the resistance of each indi­

vidua~ to different media. The swelling may occur simulta­

neously with the enlargement of the contractile vacuoles 

(Fig. 17b) or may sometime occur after the enlargement. The 

contractile vacuoles, while undergoing enlargement, gradually 

1ose their rhythmic pulsation,and subsequently completely 
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disa.appear. One of' the most striking peculiarities that dis­

tinguish Paramecia from Opalinas in the course of disintegra­

tion is that the blistering of the body, when it occurs, in 

a majority of cases begina on the mid-ventral side instead 

of the anterior region. Usually, while the animal is still 

slowly swimming, a region near the oral groove first begins 

to :f'orm a blister (Fig. 17c). This blister is also characte­

rized by the complete absence of' the ectoplasmic structure 

and cilia. It merely appears as a clear hyaline structure, 

so that the boundary between it and the body proper is also 

sharp. From the mid-ventral region, the blister enlarges; 

as a result the animal decreases in size {Fig. 11d,e), and 

f'inally the cell membrane bursts. Droplets o:f' cytoplasm ca.D 

be seen flowing out from the burst membrane into the water 

(Fig. 17f). Finally the animal disintegrates and assumes 

a shapeless mass (Fig. 17g). Hovever, in many cases, there 

is more, than one blister formation. I:f' it does occur, the 

f'irst blister also starts f'orming at the mid-ventral side, 

then proceeds to the anterior region and lastly to the pos­

terior region (Fig. 18a,b,c). In a few cases, blisters may 

also start at the anterior region near the anterior contrac­

tile vacuole, or they may start at the posterior region near 

the posterior contractile vacuole (Fig. 18d,e). In such 

cases, the blister occurs more :f"requently in the anterior 
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region than in the posterior region. Where Paramecia die 

very quick1y in those media, b1isters of different aizes 

form aimu.ltaneously and instantaneously at different surfaces 

of the body in a few seconds {Fig. 18f,g). It is in this 

&tate, or at this stage that the usual course of death and 

disintegration can not be followed completely. At this point, 

they ahow Yery great differences from the Opalinas, in which 

very rarely more than one blister is formed under any circum­

stances. Moreover, they also greatly diff'er from Opalinas 

by their higher incidence of membrane rupture. 
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DISCUSSION 

The exac-t cause of the variation in individual and 

group resistance can not be clearly interpreted. This ques­

tion is 1ike1y to prove to be a complex one dependent on ma-

ny interrelated factors. It includes not only the complex en­

vironmenta1 factors such as food, temperature, hydrogen-ion 

concentration, viscosity, osmotic pressure, water, oxygen 

tens.ion etc, but it also depends on the physio1ogica1 s,tate 

o,f the animais. For exampl.e, in the case of Opalinas, who se 

habitat is the rectum, the rectum is. always undergoing regu­

lar physio1ogica1 changes relative to the feeding habits of 

the frogs. There may be times when the specifie environmen­

tal conditions necessary for the growth and development are 

absent, so that they are weaker and become lesa resistant 

when subjected to unfavorable conditions. The physiol.ogica1 

state of an animal may also influence the degree of resistance. 

This was frequently observed in a medium where both large and 

amal!. Opalinas~ are present. The large Opalinas usua11y swim 

slower than the ama11 Opalinas and they also die more readily 

than the sma11 ones when subjected to unfavorable environmental. 

conditions. For this reason, in every experiment, the writer 

tried to get the animais as nearly the same size as possible. 

The writer believes, each of' these f'actors, to a greater or 

1esser degree influence the resistance of' the organisme whether 

as an individua1 or as a group·, and s.uggests that much more 
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experimental work will be required be~ore any speci~ic answer 

to the cause can de~initely be determined. 

The writer agrees with the view o~ Larson (1928), that 

the reason Opalinas live longer in a culture containing ~ecal 

material and pieces o~ rectal wall is probably that these may 

have fUrnished ~ood in some ~orm and brought about more ~avo­

rable ~ood conditions. In addition to this, it is believed 

that the presence o~ the debris or scum may also hinder the 

e~~ect o~ the various. liquid media so that their longevi ty 

are prolonged. 

The abnormal division that kas observed in one experi­

ment cannot be due to the direct e~~ect o~ the un~avorable 

environmental conditions, ~or it did not occur in the many 

other experimenta that were repeated under identieal conditions. 

It. cannot also be the attempted copulation o~ the micropmetes 

and macrogametes, although they resemble each other to a cer­

tain extent. One reason ~or doubting this is the ~act that 

the Opalinas have never been seen coming together as a result 

o~ fUsion. Rather, it is thought that the division is one of 

the three kindB of' division observed by Metcalf' (1909) in Opa­

~ obtrigona and Opalina ranarum. The abnormal division 

deseribed above is probably an irregular division o~ this type. 
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Daniel (1908), Estabrook (1910) attributed the in­

abi1ity o~ the Paramecia to reproduce abundant1y in disti11ed 

water as main1y due to the de~iciency o~ ~ood in the environ­

ment. It is believed that this 1ack o~ ~ood a1so brought 

about the narrowing and transparency o~ the body, ~or the Pa­

ramecia have to utilize the reserve ~ood materials contained 

in their vacuoles. Thus the ~ood vacuoles are gradual1y 1ost 

and the animals become narrow and transparent. There is rea­

son to believe s~, because when they are supp1ied with ~ood 

in the ~orm o~ bread crumba• the Paramecia returned to normal 

again. In addition to this, it was observed that in clear 

hay in~sion medium devoid o~ any organic materia1s, this same 

phenomenon o~ narrowing and pa1ing also occurred. 

The Pütter solution proved to be a better medium ~or 

keeping Opalinas. especially if' boiled and renewed daily, acco ... 

panied by the addition o~ a drop o~ albumin. But ~or Para­

mecia, it produces an immediate fatal ef'f'ect. This suggests 

strongly that one o~ the important factors. related to the 

growth and survi val of' both organisms is: o.xygen. By boilingt 

oxygen is liberated and the medium which is devoid of' oxygen 

creates a more favorable environment for Opalinas and a most 

un~avorable environment for Paramecia. In other words, oxygen 

is a vital factor that determines the survival of these orga-
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nisms. Opalinas ~avor an anaerobie environment and Parame­

cia favor an aerobic environment. To avoid ~ree oxygen in 

the Opalina culture, according to Metcal~ (1930) is consi­

dered as one o~ the major desiderata in culturing Opalinas. 

The earlier investigators such as Konsulo~~ (1922), Tyler 

(1926), Larson and her associates (1925-2:8) also made the 

same observation. There~ore, great care to exclude oxygen 

as much as possible must always be taken in the inoculation. 

Kitching (1939) in a paper on the er~ects of a lack or oxy­

gen and o~ low oxygen tension on Paramecium, observed that 

Paramecium has a limited period o~ anaerobie survival, dur­

ing which period it undergoes visible abnormal cytological 

changes. The cytological changes observed by the writer 

accompanying exposure o~ Paramecium to anaerobie environ­

ment is in entire accord as that description. 

The death o~ all Paramecia are characteristically 

accompanied by a swelling in size, bursting o~ the ce11 mem­

brane and ~inall.y the disintegration o~ the animaJ.s. Accord­

ing to Bovie (1916) the swelling and disintegration may possi­

bly be due to hydrolytic cleavage of molecules o~ the proto­

plasmic constituants and an accompanying increase o~ inter­

na! osmotic pressure. It is believed that the result is not 

due merely to an increase o~ osmotic pressure but is at least 
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partly due to actual injury of the cell membrane and of the 

contractile vacuole, whereby the former !oses its protective 

impermeability and the latter !oses its water regulatory pow­

er . .-. :Frequently one :finds that the bursting of cell membranes 

occur even if the animal has not become markedly swollen 

and may also occur long a:fter the animal has swollen. :Further­

more, after one blister has formed, thus supposedly relieving 

the interna! pressure, others may f'orru in quick succession at 

other parts of the cell surface. There is also reason to be­

lieve that the swelling in size is partly due to the actual 

injury of the contractile vacuole, since it is often observed 

that swelling takes place. at the same time while the contrac­

tile vacuoles are undergoing enlargement or a:fter they have 

enlarged and are no longer seen performing their rhythmic 

pulsation. 

As to the frequency of' the bursting of' cell membrane 

and the formation of blisters which occur more of'ten i.n Pa­

ramecia than in Opalinas. this may be associated with the 

dif'tering delicacy of their cell membranes. The Opalinas 

inhabiting one of the most hazardous habitats-vertebrate gut• 

must have possessed a cell membrane of' higher powers of re­

sistance than those of Paramecia. In other words, the deli­

cacy of the cel! membrane may be correlated with the low pow-
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er of resistance. It is thought that this different de1i­

cacy doea not exist on1y in the ce11 membrane cf different 

species but ad.ght a1so extst in different parts of the cel.l 

membrane itae1f. This may be supported by the fact that the 

course of disintegration, when it begins, usua11y starts uni­

formly among Paramecia and Opa1inas in a certain region of 

the body surface, and is found to be specifie in different 

species. For examp1e 1 in Paramecia, disintegration is most 

1ike1y to begin at the mid-ventral side, in Opa1inas, at the 

anterior end. The writer be1ieves that the weakness of the 

ce11 membrane in these regions p1ays a part in the l.oca1iza­

tion of the swe11ing. 

In the investigation of the reaction of Opa1inas in 

various experimental. media, it was found out that the resul.ts 

obtained are somewhat different from those of ear1ier invea­

tigators (Larson, Van Epp, Brooks, 1925; Larson, 1928). In 

mos't cases, the 1ongevi ty of' Opalinas in the same media under 

the conditions of the present investigation are shorter. 

The poss,ibl.e reasons are bel.ieved to be due to the differences 

in the size of drops containing Opalinas, in the amount of 

1iquid media used, and in the size of' Opa1inas inocu1ated. 

The earl~er investigations did not mention the standard size 

of' drops, the exact amount of 1iquid used and the approximate 
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size of Opa1inas. It is thought that the present experimenta 

may have inocu1ated a 1arger drop, or used a 1arger amount 

of 1iquid media as w~11 as 1arger Opalinas. 

~here also esists a great difference in the longevity 

of both organiams in tap vat.er. In working wi th Opalinas, 

the earlier investigators: O'btained a range in length of life 

from ~ to 13 hours; while in the present observation there 

is a much vider range as from 1.0 minutes to 7 hours. In Pa­

ramecia, this appears to be much the same. At one time they 

can survive for months, at another for approximatel.y 72 hours 

and still at another for only 5 minutes. The difference is 

thought to be related to the different concentra;ti.ons of m.i.­

nerals pres.ent in the tap vater. Those that survive a l.onger. 

time were inoculated in'to. tap vater obtained from the old 

bio·logy building which may have contained a l.ower concentra­

tion of minerals and those that survive only for a very short 

time were inoculated into tap water obtained from the new 

Stewart biology buil.ding which possibly contains higher eon­

centration of minerale. Moreover, not only t.ap vater froa 

different places gives different resulta but that taken fro• 

the same place at different timea also gives great differences 

in average length of l.ife. In all cases, the different re­

sulta obtained in the longevity of both organisme in tap 
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vater is be1ieved to be due to a difference in the concen­

tration of minera1a. The higher the concentration the short­

er their survival time, the 1ower the concentration the 

longer their survival time. 



8,.. 
COMPARISON OF BEHAVIOR UNDER DIFFERENT PHYSICAL CONDITIONS 

1. REACTION TO GRAVITY& 

Bver since the las~ ~ev decades of the !8th century, 

many papers have been published dealing in whole or in part 

with the reaction of Parameeium to the pull of' gravity. Aa 

a matter of ~ac~, 'the negat::L.ve reaction of' Paramecium to the 

pull of graTi ty is an old we11-known faet • Glaser and Cori a 

( 19.:3.3) have us.ed this reaction in f'reeing Paramecium eaudatwa 

:from living micro-o.rganism in their cul ture. It might we11 

be pointed out that there always has been a wide divergence 

of' opinions coneerning the mechanism involved, so tha~ a 

satisf'actory explanation has never been elear. Hera and theree 

the subjeet is still ope'n to investigation. To my knowledge• 

the reaction of' Opalina :o'bt,rigono:idea to the pull of' gravi ty 

has not yet been investigated. In the present study, the 

writer wished to f'ind whether or not the parasitie Opalina 

reaets to gravity in a manner similar to that of' Parameciwae 

EXPERIMENTS AND .OBSERVATIONS 

The apparatus and method employed by Jennings (1904) 

in investigating •he reaction of Paramecium to gravity vas 

used. This was: done by inoculating abundant Paramecia and 

Opalinas separatel.y into the base of two. U-tubes, then dis­

tilled water and Froc-llinger solution were added respect­

ively to f'i11 up the two arma of' both tubes. The U-tubes 
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used in this experiment are 4i inches in length and o.6 mm. 

in diameter. 

Xn the tube where Paramecia are found, after a period 

of 5 minutes or a lit~le longer, one can see the Paramecia 

mo~e as two separate gro.ups toward the two ends of the base 1 

forming two well-defined rings about the w.a11 of the tube 

which gradually travel toward the end of the arms after a 

period of .3.5 to 45 minutes (Fig. 19a). Whereas in the tube 

where 8palinaa are found, if they are inoculated into the 

base, they remain at the bottom; but if they are inocu1ated 

into the end of both arms, most of them can settle down ra• 

pidly within a period o.f approximatel.y 1.5-20 minutes (Fig. 

l9b), thus indicating that Opalinaa react differently from 

Paramecia to the pull of gravity. That is, instead of re• 

acting negatively to the pull of gravity, they reacted po­

~itively. These observations are strongly confirmed when 

the U-tube is inverted. Vithin 20 minutes or less, Opalinas 

at the base are seen collected at the end of both arma (Fig. 

J.9c). Their reaction to gravity can also be easily observed 

under a microscope by placing both organisms separately in 

a depression slide vith a concave center, the Opalinas tend 

to gather around the center o.f concavi ty (Fig. 19d), vhile 

the Paramecia can be found swimming all around (Fig. 19e). 
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In behaviora1 studiea, great care must be taken to alwaya 

use a :flat-bott.omed depression slide or a :flat-bottomed pe­

tri diah, so that the distribution o:f the Opalinaa wil1 not 

be a:f:fected by the c~ncave center. 

Why do the organisms swim toward or against the pull 

o:f gravity? The wri~er considera this reaction as due to 

some external conditions. Apparently, there are two :factors 

which might determine the direction of their movement. These 

:factors may be correlat,ed wi th their habitat. As vas statecl 

be:fore, Paramecia :favor an aerobic environment and Opalinaa 

an anaerobie one, ao that the :former tend to awim up to the 

surface where there is much oxygen and the latter tend to 

aettle down at the bottom of' the tube where there is lesa 

oxygen. This oxygen e:f:fect was tested by twe simple waysa 

f'irst, by placing a drop o:f paraf:fin oil on top o:f the li­

quid; second, by sea1ing the open end o:f the arma with alu­

Ddnum :foi.l. This was done inorder to prevent the di:ffuaion 

of oxygen :from the air into the surface o:f the water. Sub­

jected to theee conditions :for many daye, Paramecia and Opa­

linas show the same reaction. Thus, oxygen can not be the 

all important cause o:f their specifie reaction to the pull 

o:f gravity. Another factor in their habitat which may be 

correlated vith their reaction to gravity is light. Para-
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mecia 1ive in diffuse day1ight and Opa1ina in tota1 darknessJ 

this may cause the former to swim toward the source of 1ight 

and the 1atter to swim away from the source of 1ight. This 

factor was again found not to be the prime important cause 

of their reaction to gravity when the same experiment vas 

performed at night in a darkrooa in which the U-tube is i11u~ 

minated from be1ow. Under such conditiona, the specifie re­

action of both organisme to the pu11 of gravity remains un­

ehanged. Moreover, even if the upper-ha1f o.f the tube is 

shaded with photographie paper, both organisms again show 

the same specifie reaction to the pu11 of gravity. The aa­

·'sumption that their specifie reaction to gravi ty is main1y 

due to attraction to such externa1 factors as oxygen and 

1ight is not tenab1e. 
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2 • REACTION TO LJ:GHT; 

The reaction of the different species of Paraœeciua 

to light has been reported as being iDdi:f':f'erent to ordinary 

light, w.i th the excep-tion of the green Paraœecium., f.• ~­

sari a, which reacts positive1y to light (cited by Wichterman• 

1953, p.243; Param.ecium bursaria is the only one of' the eight 

we11-de:f'ined species that exhibits a symbiotic relationship 

because of the presence of' green unice11u1ar a1gae, Ch1ore11a 

in the cytoplasm). Moreover, in a number of' w:e11-controlled 

experimenta pertormed by earlier investigators, it has been 

:round that tbere is no di:f'ference in the growtb of' ciliates 

in light and in darkness. Both maximwa growth and higbest 

:fission rates can be o~tained from infusion that bave been 

kept in light and in darkness (Maupas 1888; Woodruf'f', 1905; 

Eddy, 1928). On the other band, as far as the writer knows~ 

no vork bas yet been reported concerning the reaction of 

Opalina obtrigonoidea to 1ight. 

EX.PERJ:MENTS AND OBSERVATIONS 

Vbeu Paramecia and Opalinas were inoculated separately 

into a flat-bottomed petri dish, one-hal:f' of whicb vas shaded 

by photographie paper, it vas seen that both of' them swam 

freely from the light region into the dark region or vice 

versa (Fig. 20a). This indicating that not only Paramecia 
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react indi:ff'erent.ly to ordinary light but Opa.linas a.lso react 

simi.larly. When they were inocu.lated separately into an in­

verted T-tube (Swezey & Atchley, 1935), one arm o:f which waa 

darkened, bo·th organisms also showed no pre:ference to light 

or darkness. They were equa.l.ly distributed in both regions 

o:f di:f:ferent light intensity. Their reaction to light vas 

again studied at night in a darkroom. A f'lat-bottomed, ha.lf­

shaded depressi-on s.lide was used to contain the organisms. 

The s.lide lilas placed on the microscopie stage enc.losed in a 

box lined with photographie paper. A circular opening vas 

made on the box 'lo permit the objective to pass through 'With 

a close :fit. In this way, it will exclude the passage of 

any other light and a.llo'NS only light thrown :from the lantern 

on the substage mirror to be directed upward to the slide con­

taining the organisms. To prevent the e:f:fect of heat upon 

thes.e organisms, a thick glass containe:n filled wi th alUDl so­

lution lilas p1aced between the light source and the mirror. 

Under these conditions, the reaction of both organisma to 

light remained unehanged. Both Paramecia and Opa.linas were 

:found swimming :free.ly :from the light area into the dark area 

or vice versa. In all investigations, one thing worthy of 

note was that, a:fter some moments, the majority of the orga­

nisms were found swimming at the darker edge o:f the slide 

(Fig. 20c) • 

Their reaction to light of different colora was 
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also investigated in the same way as mentioned above• with 

the only difference that the black screen vas replaced by a 

series o~ color :tilters. Nine different color filters were 

uaed in this study • They were as f'ollo,ws: 

1. Dark blue 6. Orange 

2. Light blue 7· Red 

>· Pink s. Light green 

4. Light yellow 9· Violet 

s. Dark yellow 

The experiment was perf'ormed in two ways, both during 

daylight and at night. First, by subjecting the organisme to 

the elide that was half'-replaced by any o:t the color filters• 

until every color haa been used. Second, by subjecting them 

to the slide both halTes o:t which vere replaced by dif'f'erent 

colored :til ters un til all o,f them paired of'f. By manipulatiq 

the mirror, the organisme on the dish can be suddenly subject• 

ed to these dif'f'erent colors of' light. In both ways 11 it waa 

found that both organia.s show no specif'ic pref'er.ence toward 

any particular color o,f' light. All the organisme swim f'reely 

and are evenly distributed among microscopie :fields of' dif'f'e­

rent colors o:t light. 
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Dl:SCUSSl:OM 

So far as the writer is aware, among the various opi­

nions concerning the meehanism involved in the negative geo­

tropism o~ Paramecium, there are ~our theories w.hich appear 

to be more popular. They are the mechanieal, pressure, re­

sistance and stat~cyst theories proposed by Verworn, Jensen, 

Davenport and Lyon respectively (see works and review.s as 

those by Davenport, 1897; Jennings, 1904a; Lyon, 1905; 1918; 

Kanda, 1914; 1918; Vichterman, 1953 1 pp.2)9-24o). Like the 

w,riter• the first three attempted to explain the protozoan•s 

reaction as due to some ext.ernal conditions, but these inter .. 

pretations have been shown to be inadequate (Lyon, 1905; Kan• 

da, 1914). There is more literature supporting Lyon•s idea 

that the geotropism of Paramecia is due chiefly, if not en­

~irely, to the interna! conditions of the organisms rather 

than. external ones. He wras oC the O;pinion that "gravity acts 

directly upon the inner constitution of the cell. This must 

involve pressures or stresses within, which could only come 

about in a system o~ substances of di~~erent densities•" :In 

addition to this, the writer while investigating the eompa• 

rative reaction of Opalinas and Paramecia to the pull of gra­

vity noticed that there is an appreciable di~~erence between 

the morphology oC both organisas as re1ated to the number, 

distribution, and length of' cilia as well as a difference in 

their body shape. It is thought that these differences may 
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reaction to the pull of gravity. The cilia in the pos­

t.erior ti.p o:f' the Paramecia are 1onger than in the peri­

pheral region; while in Opalinas, the number of eilia in 

the anterior region is comparatively more than those in the 

posterior region. Those longer cilia at the posterior tip 

of the Paraaeeia are most likely to beat more forcibly than 

the others, consequent1y propel the animal to move with its 

anterior end directed upward. The more numerous cilia at 

the anterior region o.:f' the Opalinas may also work likewise, 

thus inducing the animal to swim vith its anterior end di­

reeted downward. The shape of the body of Paramecium would 

indicate that the posterior region is heavier1 this heavier 

posterior region vith its stronger ciliary aetivity may re­

enforce the upward movement of its anterior end. On account 

o.f the broader anterior region in Opalinas • the anterior re­

gion must be hea~er than the posterior region. This heavier 

anterior region may alao work together vith the more foree:f'u1 

anterior c.iliary beating :l.n determining their downward di­

rection of movement. 

The o·bservaUon of Sw;ezey and Atchley (193.5) that Pa­

ramecia prefer the darkened portion of a slide has not been 

corroborated; rather, the Paramecia have been observed to 

diat.ribute themselTes evenly in dark and light areas of a 
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hal:t-shaded sl.ide. Opal.inaa. have be.en observed to react in 

the same manner. It is true that both &rganisms tend to gath­

er around the edge of' a slide, which ia apparently darker thaa 

any other areaa. But it is thought that this is not a matter 

of' their preference to darkness. For if' they def'in.itely reaet 

negatively t4 light, the gathering of' more organisms in dark 

areas shoul.d also occur in a half'-shaded slide. The writer 

bel.ieves that the tendency o•f' gathering around the darker edge 

of' a sl.ide may be due to the attraction of' a solid contact­

glass surf'aee. There are reasons to believe so, f'or they are 

always :tound adhering to the side o:t a pipette and also at the 

wall of a vide mouth beaker in an hay infusion medium. More­

over, when teased pieeea o:t paper are pl.aced into the dish 

containing the organisms, the organisms tend to rest at the 

sides of these papers after some time. They also react simi­

larl.y to the food particl.es present in the medium. The :tact 

that both organisme produce no pronounced response to any 

particul.ar color of light may be related to their habitats. 

Paramecia live in diffuse daylight, wherein they are always 

exposed to different eol.ors of l.ight, hence pr~duce no marked 

response when re-subjected under same conditions. Opal.inas 

on the other hand, l.ive in total darkness, which may render 

them unable to produce any markeô response toward the diffe­

rent colora of light. 
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3• REACTION TO HEATt 

In the present investigation, the writer has the pur­

pose to determine the end points of temperature tolerance ~or 

Opalina and Paramecium and to compare their relative tolerance 

at varioua intermediate temperatures. The end point is dew 

fined as that temperature at which a11 the organisme were dead 

after a certain number of hours. 

:It has been ahown by many early investigators that theo 

probl.em of the resistance of protozoa to temperature is not 

a simp1e one. The temperature characteristies vary in same 

speeies under different conditions. For examp1e, K~er, 

Chalkley and Voegtl.ein (1929) noted that the same species of 

Parameeium from different cultures differ s1ight1y in their 

resis~ance. A year l.ater (1930), Cha1kley further reported 

that the pK of the .ediwa containing Paramecium has a cl.ose 

corre1ation with the time required to ki11 the organisms. He 

obtained a curve of resistance that is bimodal with the diffe­

ren~ pH val.ues, and observed a maximwn of resistance in the 

a1ka1ine and aeid ranges and a minimum at neutrality. Gar.aer 

(1934), in his study of the rel.ation of numbers of Parameciua 

caudatum to their abi1ity to withstand high temperature ve­

rified Robertson'a (1924b) observation that a culture ini• 

tia11y cont.aining a small. number of individual shows l.ess re• 
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siatance to heat than a densely populated one. Doudoroff 

(1.9.36) reported that in tests wi th heat and cold, Parame­

.!!!!!!! multinucleatum waa found to be more resistant when 

starving than when well-fed• and the same phenomenon waa 

found to Gccur in Paramecium caudatum by Giese and Reed 

(1940). 

Xt is a vell known tact that organisms can stand a 

higher temperature, it the latter is raised gradually than 

if it is raised suddenly. The phenomenon is referred to as 

adaptation. Dallinger (1887; cited by Giese, 196.3, P•l9l) 

atated that he was able to adapt certain protozoa to a tem­

perature of 70°0 by raising their temperature very gradually 

over a period of seven years. Therefore, in considering the 

upper and lower lethal temperature limita that required to 

kill the organisas, it is extremely important to mention the 

temperature range to which the organisms have been previoualy 

adapted. In the matter of adaptation, Sukhanova (1959) re• 

ported that Opalina ranarum shows quite definite changes iD 

their temperature tolerance with the seasons of the year. 

Xn 196.3, ahe indicated again that the resistance of Opalina 

ranarum depends on the temperature of the surrounding mediuaJ 

they have high heat resistance at high temperature and low 

beat resistance at low temperature, the same general effect 
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vas found to be the case in Paramecium caudatum and Opalina 

studied by Poljansky (1963). In the same year (1963), Poljana­

ky studied the capacity of Paramecium caudatum to stand sub­

zero temperature reported that clones of Paramecium caudatum 

which have been previously cultured at relatively high tem­

perature appear to have a very low cold-resistance; while 

same clone o,f Paramecia cultivated at a relatively low tem­

perature are observed to possesa a much higher cold-resist-

ance. 

As shown by the earlier investigations, the effect of 

temperature upon the protozoan is accompanied by many variable 

factors. In studying the reaction of any organism to tempera­

ture, it is very important to remenber that all the other en­

vironmental factors helping to determine auch a relation must 

be taken into consideration and exact statements of these 

conditions must be made. In the present investigation, the 

writer aimed at accomplishing the purpose of this study by 

taking into consideration as much as possible the known fact­

ors that will affect the longevity of these organisme. 

PRECAUTIONS AND METHODS 

It should be mentioned that all the precautions ob­

served in the previous experimenta were all taken into con­

sideration at the present investigation. In addition to 
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those, it is necessary to note that preliminary experimenta 

had shown that Paramecia taken from the same culture medium 

on different days show greater difference in their resistance 

than those taken from different cultures of the same age. 

Therefore, no attempt •as made to take them out from the same 

culture; rather many in~sion media were set up at various 

intervals, so that during the course of the experiment, a 

continuous supply of Paramecia from hay infusion media havinc 

approximately the same age and pH value could be obtained. 

'l'he age o>f 'the cultures was usually 9-12 days old, wi th a pH 

of approximately 7.2. These media vere we11 provided with 

food as we11 as densely populated. The temperature of the 

medium was approximately 22°C-2,°C. The Opalinas on the 

other hand, vere re.aoved fro• the frog's rectum well provided 

vith food particles. These frogs were kept at room tempera­

ture. All the time, only l.arge number of Opalinas crowd.ed ia 

the same host organ vere used in the investigation of their 

longevity and behavior at a particular temperature. The 

standard drops containing Opalinas and Paramecia were two, 

about o,.l mm. in diameter each and the amount of liquid me­

dium being 0.2 ml. The approximate number of organisms ino­

culated is about 30-40. The investigation of their compara­

tive behavior to high and low temperatures was carried out 

during the month of June and August respectively. 
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The organisms were placed in a smal~ glass dish mount­

ed on a pieee Gf wood. This small g1ass dish has a diameter 

and depth similar as that of an ordinary flat-bottomed de­

pression slide. Its base vas made of a thin cover s~ip so 

as to facilitate the penetration of beat into the medium con­

taining the organisms vhen the glass dish vas direet~y in eon­

tact vith the heated vater. A can, on vhich twe pairs of pa­

ral~e~ incisions vere made from the open ends down to the mid­

dle of the va~~ vas used as a vater bath. The portions be­

tween the two incisions on each side of the wall vere folded 

down to form tvo flaps. One of vhich vas folded in such a 

vay that it becomes paralle~ with the base of the can; it vas 

on this flap that the vood-mounted glass dish was rested. 

The other flap vas folded down against the wall and eventually 

alloved a place for the inlet and outlet of the vater. This 

ean was filled vith vater preheated to the experimental tem­

perature. The water was allowed to cover over the flap that 

holds the wood-mounted glass dish, so that when the dish vas 

placedt its base vas in direct contact vith the heated vater. 

In this way, the diffusion of heat into the glass dish took 

place faster. The temperature of the water was kept con~ · 

s:tant .at the experimental temperature by vithdraving or add­

ing water through the outlet and inlet. A glass rod vas used 

to stir the water whenever necessary to aid the diffusion of 
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the hot water, so that thermal equilibrium could quickly be 

established. 

Vhen a sudden exposure was desired, the w.ater in the 

water bath and in the glass dish was :f'irst allowed to assume 

the proper temperature. Temperature was measured by the in­

sertion o:f' a thermistor in the small glass dish and a thermo­

meter in the water bath. Thermistor has various types depend­

ing on their di:f':f'erent application. The thermistor used is 

type 1.512/300 manu:f'actured by Standard Telephones and Cables 

Limited o:f' England. This thermistor gives a big change in re­

sistance o:ver the temperature range 0°C-50°C. Thermistor is 

co:nsidered to be more advantageous over a thermocouple common• 

ly used by most investigators in measuring temperature {see 

Platt & Wolf, 1950). It has long been widely used in industry 

and in the physical sciences. But the use in academie biolo­

gical science has expanded only in recent years. To measure 

the temperature in the small glass dish vith the use o:f''a 

thermistor, the writer employed the simple portable wheatstone 

bridge as circuit design :for direct temperature indication. 

Figure 21 is a wiring diagram o:f' the wheatstone bridge used. 

The general characteristic o:f' a thermistor is that its resis­

tance decreases rapidly with the rising temperature and in­

creases rapidly with lowering temperature. By knowing the re~ 
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sistance, one will be able to f'ind a quite good approxiaa-

tion of' the t.emperature at: that particular resistance by using 

the grapb provided by Standard Telephones and Cables Limited 

of' England (Fig. 22). There is one point that the writer f'ound 

by experience that one shou1d be aware O·f be:fore using any ther­

mistor. Each thermistor must be independently calibrated a­

gainst an accurate thermometer sa that the resistance-tempera• 

ture curve looks like the one in the graph. 

Wben the water in the small disb bas reached approxi­

mately the temperature of' that water bath, a considerable nua­

ber o.f' the organisme in the smallest. possible quanti ty of' va­

ter were inoculated into the small glass dish in a capillary 

pipette. This method of subjecting the organisme to a given 

temperature immediate1y w:·ill eliminate the period of' adapta­

tion. 'It should be noted of' course, that the inoculation of' 

organisms causes a slight drop f'rom the experimental tempera• 

ture as indicated by the deflection of the galvanometer. But 

the difference rapidly decreased and the temperature in the 

glass dish assumes the same temperature as that of the water 

bath in a f'ew seconds. 

The time element recorded :for various reactions at 

any desired temperature was made with the use of a stop watch. 

A binocular dissecting microscope giving magnif'ications f'rom 
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6X-40X was used for observation. The eiliary aetivity however• 

vas m.easured without any mechanieal aid but simply by direct 

observation in their movements, and were described in sueh 

terme as "f'ast", "slow" or "stopped." 

Âa w.aa mentioned bef'ore, the individua1 differences in 

resistance are considerable. Frequently, a few individua1s 

possesing high resistance are still found swimming slowly long 

after a11 the others had suecumbed. For this reasont the s~ 

ple being considered dead if' ?8% of the organisms tn it were 

dead. A1so, the sample rather than the organisms was taken 

as a unit; this will eliminate the 1oss of time accompanying 

individual eounts (Doudorof:f, 1936). 
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RESULTS AND OBSERVATIONS 

The fo~lowing tab~e shows a comparison of the re~ative 

to~erance of the organisms und er study at various temperatures: 

TA.BI..Jt 5 

Temp. No. of Species Average Length Range in Length 

expt. of Life of Life 

30°C 3 o. A11 survived 

3 P. A~1 survived 

j2°C 3 o. Al~ survived 

3 P. Ail survived 

y. oc 3 o. A11 survived 

3 P. A~~ survived 

3o°C 3 o. A11 survived 

' P. A11 survived 

38°C 3 o. A11 survived 

3 P. A11 survived 

39°C 5· o. 11'57" 1.1 t 45"---12 ''08" 

5 P. 25'21" (5~) 24'22"---28•24• 

4o0 c 5 o. 6•54" 5'59"---7'56" 

.5 P • 11'34" 11 1 12"---11'59" 

42°C 5 o. 2'10" 2'08"----2 1 14• 

5 P. 2'42" 2'10"---2 1 59" 

44°C 5 o. 1 1 32" 1.'-------2'05" 

5 P. 1'40" 1 1 ~2·----1'.58" 

46°C .5 o • 38" 33"------40• 

5 P. 43" 38"------lt8" 

48°C 5 o. 30" 25"------38" 

5 P. 4o• 38"------45" 
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Tem.p. No. of: Species Average Length Range in Length 

Expt. of Li:fe of Lif'e 

50°C 5 o. 228 19"" ----28" 

5 Pe 36" .30"-----40" 

52°C .5 o. 19" 16"-----32 11 

5 P·. .30" 26•-----)2" 

The writer has observed Opal.inas and Paramecia inocu-

1ated into media preheated to the experimental. temperatures 

as J0°C 1 )2°C 1 J4°c, J6°C 1 38°C :for 3 hours eaeh. It was 

:found that at the end of the .3 hours, al.l. of them. are sti11 

f:ound al.ive. Many of: them may appear to the observer as 

being dead, for af:ter a period of: general. restl.essaess, they 

become quieacent. But when they are me·chanical.l.y stiaul.ated 

by being touched by a fine disaecting needl.e, they start to 

mo.ve again. It w.as at J9:°C• that the difference in their ther-

mal resistance was cl.early shown. At this temperature, al.l 

Opal.inas are ki1led at an exposure averaging 11'57"; while 1 

onl.y half of the Paramecia are killed at a comparativel.y long-

er exposure of: 2.5'21"• The remaining hal.:f of the Paramecia 

are still. found al.ive at the end of .3 hours. It vas at 40°0• 

that al.l. Paramecia are killed. Thus 1 it el.earl.y shows, that 

both organisms dif:fer in tolerance to extremes of temperature. 

The thermal. end point of Opalinas and Paramecia is .39°C and 

4o0 c respective~. Furthermore1 it also shows that when 
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they are subjected to temperatures above their thermal end 

points, Paramecia near1y always tolerate them longer than 

Opalinas, ind.icating that Paramecia can resist heat better 

than the Opalinas. This phenomenon ean easily be demons­

trated by p1aeing a heated penny on one aide of a depres.sion 

sl.ide eontaining the organ:t.sms • Parame ci a can be seen swim­

ming wi'th a surpr:li.singly rapid speed to the unheated aide 

without being injured. Those Opalinas near the heated aide 

of the sl.ide a1so try to swia away f'rom the unf'avorable con­

dition but they never suceeded. A f'ew may be able to escape 

to the center, but due *o their lower resistance to heat die 

af'ter a f'ew seconds. It was onl.y those f'ew Opal.inas that 

stayed close to the unheated portion whi.ch vere abl.e to reach 

the unaeate4 side un-injured. It wil.l be seen from the resulta• 

that a lesser rate of' temperature increase above the end 

point is more favorabl.e to both, for the time in which a11 

the organisms wi11 be kill.ed is shorter. 

Some incidenta1 observations were made on the general. 

behavior of bo.th organisms and the visible structural changes 

produced upon the organisms by heat. The most striking re­

action of both organisms when exposed to high temperature is 

the exhibition of a general restl.essness. The cilia at once 

begin to beat faster than ever before, resulting in an amaz-
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ingl.y rapid movement. The organisms, due to the sudden 

change of environmental. temperature, trying to swim away 

in every direction, move in a typical. circul.ar pattern. 

This pecul.iar movement is more remarkabl.e in Paramecia than 

in Opal.inas. The restl.essness may l.ast viol.entl.y til.l. death 

occu.rs or may sl.ow down some time be:f'ore death. :In the me~ 

time, certain other changes have al.so been found commonl.y 

occarring in both organisme. That is, a change in the shape 

of both bodies which usual.l.y become svol.l.en into a more sphe­

rical. shape. During the course of the experiment, al.though 

Paramecia are al.ways found to tol.erate heat l.onger than Opali­

nas, their death is often accoapanied by the bursting of the 

cel.l. membrane and subsequentl.y the flowing out of dropl.eta of 

clear protopl.asm. Another :turther effect of heat which was 

only observed in Paramecia is the accel.eration in the rate 

of vacuol.ar pulsation. The contractile vacuoles are observed 

to contract more often than before. :In these cases, the an­

~erior contractile vacuole contracta comparatively :t'aster thaa 

the posterior contractil.e vacuole. 
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4. REACTION TO COLDJ 

The environmental factors and the various other con­

ditions that will generally affect the reaction of any orga­

nism to temperature have been mentioned in the introductory 

part in coanection with the investigation of the reaction of 

Opalina- and Paramecium to beat. Although most of the works 

are eoncerned with higher temperature, it is believed that 

in the study of the effects of lover temperatures, they should 

not be neglected. In the present study, the points especially 

noted by the writer are the time required to stop normal loco­

motion, the time required completely to stop the beat of the 

cilia, and the longest possible exposure vhich permit reco­

very after normal conditions are restored. 

PREOXUTIONS AND METHODS 

Al.l the precautions and methods used in the present 

investigation are similar to those employed in the previous 

experiment on high temperature. The desired low è~perimental 

temperatures were brought about by the dissolution of dry ice 

in alcohol. In measuring the low temperature, type F2200 

thermistor was used. Figure 23 shows its resistance-tempera­

ture characteristics. 
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RESULTS AND OBSERVATIONS 

As is generally known, the rate of movement of the or .. 

ganism is proportional wi thin a limi ted range to the tempe.ra­

ture. As heat increases, the rate of locomotion in an orga­

nism becomes accelerated; as Lt dacreases, the rate of loco­

motion in the organism becomes retarded. This was found to be 

true in the case of Opalina and Parameeium. I~ ean well be 

said that as soon as they are exposed to a low temperature 

( .5°C), the normal 1ocomo,tion stops iJIUilediately and both or­

ganisme swiœ in every direction. A typical eireular pattern 

resulta which Jennings referred to as •avoiding reaction.• 

In Opalinas, this negative response is not pronouneed to an 

observer, for at this time, their speed of locomotion are al­

ready greatly reduced and some Opalinas have even quieted 

down. At approximately 40 minutes after and for a long pe­

riod, there is either no locomotion or this is very slow. 

:In Paramecia, this typical circular pattern of reaction last­

ed at an average of 3 minutes and 8 seconds. Among the ob­

servations made, the range of time is from 2t1.5"-)t23"• 

After this typical reaction, the Paramecia swim more and 

more slowly until they come to a standstill in a time that 

aay vary from 25 minutes to several hours. It is worthy of 

note that in Paramecia, the rate of pulsation of the contrac­

tile vacuoles gradually declined and failed to revea1 any 

pulsation during long exposure to low temperature. 
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Even a:fter locomotion has ceased, the cilia o:f both 

organisme, however, keep on beating and beat more and more 

s1ow1y untii they eventually stop. This continuation o:f ci-

liary ao'Vement a:fter locomotion has ceased may last :for an 

hour or .ore. In low temperature, a:fter all ciliary move-

ments have ceased• the organisms are not necessarily dead. 

The cilia would quick1y recover when returned to the tempe-

rature o:f the room. Experimente were tried to determine the 

longest posaib.le exposure a:fter whic.h recovery is possible 

when normal conditions are restored. Both organisme were 

further 1e:ft at experimental temperatures :for various lengthè 

o:f time a:fter all visible movements ceased. It was observed 

that when the small glass dish containing Opalinas is removed 

:from the cold bath and placed in room temperature, a consi-

derable percentage o:f the individuals may recover. Table b 

shows the results o:f the various experimenta with Opalinas. 

Prolonged. cold­
exposure time a:f­
ter all movements 
have ceased 

1. 101 

2. 20 1 

). .30' 
4. 45' 
5· l. hr. 
6. 1 hr. 20 1 

7· 1 hr. 4o• 
s. 2 hrs. 
9· 2 hrs. 20' 

10. 2 hrs. 4or. 

TABLE 6 

.A.ve.rage exposure 
time in room tem­
perature where re­
covery occurred 

12' 
18' 
24• 
46• 
50' 
1 hr. 
1 hr. 20' 
1 hr. 47' 
2 hrs. 5' 
2 hrs • .30' 

Percent age 
o:f recovery 

100~ 
lOO% 
100~ 
lOO% 
10<>% 
8.5~ 
?Ot/o 
5~ 
25% 
5~ 
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In the ~irst three experimenta, the l.ocomotion of re­

covered Opallnas :li.s normal.. While in experimenta 4 and .5, 

they are eomparativel.y 1ess active with the J.ocomotion gra ... 

dual1y sl.ow.ing down. Tbe 1ocomotion is much reduced in expe­

rimenta 6, 1 and 8~ Final1y 1 in the J.ast two experimenta, 

those that, are abl.e to recover may swim s1ov1y f'or some time 

and ultimate1y come to rest again, soon af'ter which they 

round up. and d!lls:lntegrate. There is no record of the rupture 

of' eel.l membrane in Opa1inas. The resulte recorded in tab1e 

6 doubt1ess indicate that shorter exposure of the Opal.inas 

to l.o.-w temperature (.5°C) gives a higher percentage of' recove­

ries. As f'or Paramecia, af'ter the cilia have gradua1ly slowed 

down and stopped, and they are immediate1y restored to the nor­

mal temperature, they become motil.e again af'ter a period of' 

approximate1y an hour. They may swim around very s1owly f'or 

a while w.ith the contractile vacuole slow.ly pulsating again. 

But soon af'ter, a11 movements cease again and blisters start 

to f'orm at the sides of' the organisme. Similar to Opalinas, 

their cell membrane does no·t rupture, but the:i.r ability to 

recover w.hen restored to the room temperature falls far be­

hind Opalinas. Xt is only those Paramecia that have ceased 

l.oeomotion but with eilia stil1 continuously beating which 

are able to restore their normal. motile condition for a loP,g• 

er period of time. 
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The ability of' the Opalinas and Paramecia to recover 

was also tested when exposed to a :f'rozen medium. When the 

temperature was l.owered to the sub-zero. degree and ice was 

allowed to f'orm in the disb containing these organisms. all 

locomotion immediately quieted down. Due to the solidif'ica-

tion and opaqueness of' the .surrounding medium. at the sub-sero 

temperature • i t was no·t possible to observe any f'urther struc-

tural changes that occurred during this period. The f'ollow-

ing tables give the experimental results: 

TABLE ? 
The ability of' 02alina ~btrigonoidea to re-

co ver when exposed t.o f'rozen medium. 

Tem.p. of' Dura ti on Time required Time ex- Recovery in 
ext. cool- of f'or the me- posed in percentage 
ing medium exposure dium to f'reeze f'rozen 

medium 

•20°C 1'20" 1'07" lj" lOO% 
l'50" 1'0811 42 11 lOO~ 
2 1 10• l' 1'10" lOOÎ 
2'jO• 1 t 07" 1'23" 65% 
2'50" lt09" 1.•4111 2~ 
j' 1 1 08 11 l'52" 0~ 

-2!)°C 1'0.5" 47• 18 11 lOO~ 
1 1 10" 47tt 2:3" lOO% 
1 1 2011 4o• 4o• 10~ 
l.'JO• 1•o6• 24" 9.5% 
1'5011 6o• .50" 90% 
2' .50" 1 1 10" 20% 
2 1 10" .50" 1•20" oro 

-j0°C 4o• j2" 8" lOO% 
,54• 28" 2611 100% 
6011 jO" jO" lOO% 

1*10" j4tt j6• lOO% 
1'1.511 jO tt 4.5" .50% 
1'2011 jO" .50" 20% 
1 1 40" 2fpt 1'1211 o% 
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continuation of" TABLE 7 

-.35°C 54" 26" 28" l.Oo,b 
1' 2.5" 35" 5~ 
1 1 1.0)· 20• 50" 5~ 
1'1.5" 2.3" 52• o1> 

TABLE 8 
The abi.lity of' Paramecium caudatum to recover 

wh en expo,sed to f'rozen medium 

Temp. of' Duration Time required T:i.me ex- Recovery 
ext. cool- of' f'or the me- posed in in 
ing medium expoaure dium to f'reeze :frozen percent age 

medium 

-20°C .5.5" 48• 7• 80~ 
1' 47• 1.3" 60~ 
1.'1.0" 44• 26• 5~ 
1'15• 42• 33" 0~ 
1'25" 4o• 4s• ~~ 1'.50" 44• 1'0611 

2'0.5• 4.5" 1'20" fY1, 

-2.5°C 4.5" 38" 7• 8~ 
50" 37" 13" 5~ 
6o• 3.5• 2.5• fYI, 

1'15" 38" 37" 3~ 
1'25" .)8" 47" 5% 
1.•5o• 37" 1 1 13" ~ 

-:J0°C JO• 2.)• 7" 80~ 
35" 23" 12" 5~ 
4.5" 23• 22" 25% 
55" 22" 33" 1.0~ 

1'J..OJII 25" 45" l.O~ 
1'25" 2).• 1•04• ~ 

•J5oC 25" 1.8" 7" soi 
34" 15)" 15" 6~ 
43" 18" 25" ~ 6o• 208 4o• 

It 'tdll be noticed in both tables, that the percent-

age of' recovery of both organisms at any temperature bears 
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a fairly definite relation to the time exposed in the frozen 

medium. The shorter the exposure time, the higher the per• 

cent.age of recoveries; the longer the exposure t.ime, the 

lower the percentage of recoveries. It also shows that the 

1ower the temperature, the shorter is the exposure time in 

a frozen aediuaa required to kill all the organisaas. For ex-

o 0 ample, at -20 c, and at _,0 c, the exposure time required to 

kill all Opalinas in the froz.en medium i.s 1' 52" and 52" res-

pectively. Comparison show:s that P·araaaecia are less reais-

tant to the frozen medium than Opalinas • ~ven when the Pa• 

ramecia were immediately restored to rooaa temperature after 

the mediu• had frozen, there were always some Paramecia that 

are unable to recover. Opalinas in every case proved to be 

mueh more resistant. All o.f them 1ive long after the Para-

mecia had succumbed. The experimental resulta vith the Pa­

ramecia are rather complicated. One will find that many of 

the data recorded overlap. Thus at -20°C 1 an exposure of 33• 

in the frozen medium wd11 be sufficient to ki11 a11 Parameeia, 

but in another experiment when exposed for 1•06•, 5~ of the 

Paramecia are still able to recover. This phenomenon happens 

quite frequently in many experimenta with Paramecia, which, 

however 1 shows the great difference in resistance present 

among the individual Paramecium. On thawing, all the Opalinas 

and Paramecia that were unable to recover assumed an extremely 
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irregular outline, o~ten greatly shrunken. They remained 

intact for a short time, but soon gradually rounded up .• 
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DISCUSSION 

The s~atemen~ .ade by Hutchison (1913) that in his 

cultures of Parameciua caudatum therma1 resistance does not 

change with age in a culture, has not been corroborated. On 

~he contrary, the writer finds that the thermal resistance of 

Paramecium caudatum did greatly differ with age in a culture. 

This was also observed to be the case in cultures of Parameciua 

multinucleatum studied by Doudorof~ (1936). It was known that 

the age in a culture bears an intimate relationship with the 

pH of that culture, for cultures of different ages have diffe­

rent pH measurements (Fig. 5). It is thought that this change 

in the pa va1ue aay result in the change of some essential mi­

neral elementa which in turn have a direct effeet on the ther­

-.a.l resistance of the Paramecium. This may possibly be so 1 

because Chalk1ey (1930) found that there is an increase in 

thermal resistance of Paramecium on the addition of Ca and a 

decrease on addition of K. 

It is clear1y evident that the rate of bio1ogica1 pro­

cess is a1tered by a change in the temperature. Ci1iary ac­

tivity is in no exception. High temperature tends to increase 

ciliary activity; while, loi temperature tends to decrease 

ciliary activi ty. Thus, the rate o;f locomotion in an organism 

is also being affected. Locomotion increases with the increased 

ciliary activity and decreases with the decreased ciliary ac-
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tivity. All these changes are attributable to the generally 

known :fact that the raisi.ng o:f the temperature resulta in a 

decrease in the viscosity of the protoplasm through absorp-

tion o:f water, and the lowering o-:f temperature results in an 

increase in the viscosity of the protoplasm through withdraw• 

al o:f water. The former increases the motility of an organism 

and the latter decreases its motili.ty. The phenomenon is streng-

1y supported by the :fact that contractile vacuoles o:f Parame­

cium vere observed to pulsate faster with the rising tempera• 

ture and slower with the lowering temperature, suggesting 

that there i.s an excess o:f water in the protoplasm so that the 

vacuol.es have to puJ.sa.te more o:ften in order to maintain the 

water content o.:f the protoplas.m constant by eliminating them. 

For this same reason, their pulsation beco.mes sl.ower when the 

water in the protopl.as.m has beca.me minimized, so as to retain 

as much water as possible. These :facts also impl.icate the 

osmotic regulatory œechanism of the contractil.e vacuoles as 

studied by the earlier investigators. Moreover, when Opalinas 

and Paramecia are exposed to high temperature, their bodies 

becoae swoJ.J.en~ and when exposed to J.ow temperature their bo.,. 

dies become shrunken. These :facts make it more probable that 

absorption of' water and a 1oss o.:f water occurred wi th respect 

to the rising and 1oJWering of' the temperature. 

The :fUndamental :factors that determine the e:f:fective• 
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ness of the ciliary activity in the movement of any ciliated 

organism are the form and rate of beat of eilia and the mode 

of their co-ordination. The disruption of any of these fac­

tors results in the failure of' complete metaehronal wave move­

ments responsible for the locomotion of the organism through 

the water. It is thought that the inability of the organism 

to propel through water despite the continuous beating of' the 

eilia is due to the f'act that the f'orm and rate of' beat of' 

some individual cilia are seriously af'f'ected by such unf'avora­

ble conditions as extreme beat and cold. Thus, their move­

ments are poorly eo-ordinated and their metachronal waves are 

unable to complete. The degree of' injury to the individual 

cilia will determine their power of' reeovery when returned to 

favorable conditions. Vhen the exposure time of' Opalinas and 

Paramecia under unfavorable conditions is not prolonged, the 

cilia will be able to recover their normal activity and the 

organism moves about again in a f'airly normal manner. This 

ciliary recovery is not a typical charaeteristic conf'ined to 

eiliate protozoa. The cilia of Mytilus gills are f'ound to 

react in the same way. In the absence of' oxygen, the cilia 

of' Mytilus gills gradually slow down and stop, but they will 

quickly reeover in aerated water if' the oxygen lack is not 

prolonged (Aiello, 1960). 

It has been known for many decades, that protoplasm 
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resemb1es that c1ass of chemica1 so1ution knovn as a co11oi• 

da1 solution. This fact was first pointed out by Hardy in 

1899• Also, it is genera1ly known that the physical state 

of organic colloid varies direct1y with certain externa1 

conditions. A variation in the temperature, action of elec­

tric current, and certain chemical changes w111 undoubted1y 

change the physical state of the colloidal solution. One 

finds exactly the same in protoplasm as in organic colloids• 

that the viscosity varies directly with the temperature with­

in certain limits. When the temperature is raised above the 

normal, the viscosity of protoplasm is decreased. T'his is 

due to the l.iquefaction O·f the protoplasm through absorption 

of water and an increase in the kinetic energy acquired by 

the protoplasmic particles that brings about a finer suspen­

sion (Greeley, 1901J). Vith 1"urther increase in temperature• 

the proto:plasm suddenly coagulates irreversibly and death 

occurs. Greeley (1901-1904), one of the pioneer workers in 

the colloid chemistry of the protoplasm suggested that the 

coagulation is due to some chemical change in the protoplasa 

itself. The writer agrees with the view· of Greeley, for it 

is commonly known that protoplasm contains a cl1oidal com­

plex of proteins,whioh are readily coagulable and denatured 

by heat. When the temperature is lowered be1ow the optimal, 

the protoplasmic viscosity increases probably as a result of 

deereased kinetic energy of the protoplasmic partic1es. ~a 
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change is accompanied by loss of' water and a gradua! cessa­

tion o,f' the vital activiti.es of" the cell (Greeley, 1904). 

The coagula*-ion is near1y always reversible as long as the 

exposure iLs no>t prol.onged. Vhen returned to higher tempera•. 

ture, the organism is able to absorb more vater and its ac­

tivities are re-aeeelerated. With prolonged exposure to low 

temperature :~.n· a f'rozen medium, the organism !oses so much 

of' its water content and consequently an i.ncrease in the con­

centration of' the solute within the cell contents takes place. 

Such high concentration of' solute produces a f'atal. ef'f'ect 

upon the erganism (Schol.ander, 19.50; 19.53) 1 so that when res­

tored to room t.emperature, their ability to reeover to normal 

motile condition is genera11y l.ost. 
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SUMM.A.RY 

~. The purpose of th~s study ~s to f~nd out whether the para­

s~t~c Opa~~na obtr~gono~dea reacts to a~l st~muli ~n a 

manner s~milarly to that of free-living Paramecium eaudatua. 

It vas found that the two forms reacted simlarly to cer­

tain st~muli, and had dist~not, charaoter~st~c reactions 

to other stimuli. 

2. In the comparative study of the behavior of Opalina and 

Paramecium in e~even experimental media, the ~ength of lifee 

the time in whieh disintegrati-on begins and the rate of ad­

vance of disintegration over the body vary in different me­

dia as .e~l as in different individuals and groups within 

vide ~imits. The possible reasons that bring about suoh 

differences are discussed. However, the typiea~ course of 

death and disintegration oeeurring in eaeh organism is the 

same in all cases. In Opalina, disintegration often starts 

near the anterior region by the formation of' a b~ister, 

whi~e in Paramecium, the blistering of the body, when it 

oecurs, in a majority of cases begins on the mid-ventral 

side. The w.riter believes, that the weakness of the ce~l 

membrane in these regions plays a part in the localization 

of' the blister formation. Also, it is thought that Para• 

mecium bas a much more delicate membrane than the Opalina• 

sinee Parameoium was observed to have a higher f'requency 

of cell membrane ruptures as well as a larger number of 
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blister formations. 

3. A very eonspieuous difference in the behavior of both or­

ganisms is the positive reaction of Opalina and the nega• 

tive reaction of Paramecium to the pull of gravity. The 

writer attempts to explain such difference as due to diffe­

rence in the numb~r, distribution and length of cilia as 

well as a difference in the body shape. The broader heav­

ier anterior region of Opalina together with its more force­

fu! ciliary beating may be responsible for their downward 

direction of movement, while, the heavier posterior region 

of Paramecium together vith its stronger ciliary activity 

may play an important role in determining their upward move~ 

ment. 

4. As to their reaction to light 1 both organisme are indifferent 

to ordinary light as well as light of different colors de.,.., 

spite certain obvious differences in their habitats. :tt is 

thought that their indifferent reaction to light and light 

of different colors may be related to their habitat of life. 

Opalina lives in total darkness, which may render it inca• 

pable of producing any marked response; while Paramecium 

lives in diffuse daylight , which makes it unable to produce 

marked responses when subjected to the same conditions. 

5• :In studying the reaction of Opalina and Paramecium to tem­

perature, the writer took into consideration as much as pos• 

sible, the known factors that wdll affect the longevity of 
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these organisms. Under such conditions, both organisme 

are ~ound to differ in tolerance to heat. The thermal end 

point o~ Opalina and Paramecium is 39°C and 40°C respective­

ly. Furthermore, it also shows that Paramecium can resist 

heat better than Opalina, for they nearly always subsist 

longer than Opalina when exposed to temperatures above their 

thermal end points. The general behavior and the visible 

structural changes produeed upon both organisme by beat are 

similar with respect to the acceleration of locomotion and 

swelling into a more or less spherical shape. Xn Parameciua 

there is a much greater tendency for the membrane to rupture 

and there is also an acceleration of the pulsation of contrac~ 

tile vacuoles. The heat death is explained as due to the 

irreversible coagulation o~ the coll.oidal complex of proteine 

at high temperature. 

6. The ef~ects of cold differ greatly from beat, since beat in­

creases the rate of locomotion, while cold reduces it. More­

over, both organisme are observed to shrink in size instead 

of swelling, thus there is also a lesser tendency for the 

cel1 membrane to rupture. Further, both organisme stop 

their normal locomotion at once when exposed to low tempe­

ratures, immediately followed by the "avoiding reaction.-

Xn heated w:ater, the "avoiding reaction" is continued vio ... 

lently till the organisme are dead; in cold water, the or• 

ganism after a time becomes motionless while the cilia 
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continue to keep on beating for an hour or in some cases 

l.onger, until. they eventual.l.y stop. These cil.ia wil.l. 

quickl.y recover when returned to the temperature of the 

room. Comparison shows that Opalina can resist cold 

better 'than Paramecium 1 for at a prolonged cold-exposure 

of approximateLy an hour after all ciliary movements have 

ceased 1 al.l. Opalinas are able to recover when returned to 

room temperature after 50 minutes. While, Paramecium, 

after the eilia have graduall.y sl.owed down to a stop, when 

immediately returned to room temperature, becomes motile 

again after a period of approximately an hour, but soon 

after all movements come to a stop again. Also, during 

cold-exposure, the pul.sation of the contractile vacuol.es 

gradually decl.ined. The abil.ity of Opalina and Paramecium 

to recover was al.so tested when exposed to frozen medium. 

Again 1 it was found that Opalina can resist frozen medium 

better than Paramecium. The cold death is explained as 

possibly due to coagulation of protoplasm at low tempera­

tures accompanied by an accumulation of solute within the 

cell. which produces a fatal. effect upon the organisms. 

7• In the course of culturing Paramecium caudatum in hay in~ 

fusion medium, some observations have been made: 

a) Detection of the approximate age Oèf culture through 

the different intensities of col.or produced by th& in­

:fusion medium. 

b) The rel.ativity of the different intensities of the co• 

l.or to the acidity of the culture medium. 
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c) The growth of Parameciua caudatum as related to the 

hydrogen-io•n concentration of the culture medium. 

d) A pH va1ue approximate1y 7 or slightly higher u~ to 

7•3 yields the best growth for Parameciua caudatum 1n 

the hay infusion aedium. 

e) The possib,~e factors that may affect the changes of hy­

drogen-ion concentration and the over all processes in­

volved in the pH changes in an hay infusion medium are 

discussed. 

B. Notable observations that have been made on Opalina habitat 

are as foll.ows: 

a) Opalina obtrigonoidea are :found inhabiting the anterior 

and middle portions of the rectum of the frog Rana ~­

piens. But more often the m::ldd.le portion has the great• 

est number. 

b) Some Opalinas are :found as a single group l.ying in close 

contact with the rectal wall. Some are found in aggre­

gation betw:een the crypte ocf: the intestinal wal.l.t and 

others ~Y lie freely in the rectal lumen. 

c) There is a relation between the size and the number of 

Opalinas in an infection which is nearly always inversel.y 

proportional. As to the size of the Opalinas in relation 

to the size of its host, there exists no intimate rel.a­

tionship. 

9• A survey of the incidence of' different parasites in the 
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rectum of !!!!!!.!, J2ipiens from the province of Quebec shows. 

54~ of the frogs are infected vith Opalinas. Besides o­

pal.inas, nematodes are,very frequent, other ciliates 1ess 

frequent, whil.e tre~~~a.todes and cestodes are l.east often 

found. 

lO.In the present investigation, some of the experimenta of 

the earlier investigators vere repeated at length for the 

purpose of re-examination and the observations were re­

viewed in the light of their relationship to those of ear­

lier w:orkers. 



131 

Bl:BL:IOGRAPHY 

Aiel.1o, E. L. 1.960 Factors a:ffecting cil.iary activity on 

the gil.l.s o:f mussel Myti1us edu1is. Physio1. Zool.. 

33:1.20-135 

Anderson, J.c. 194~ Parasites found in the frog Rana pipiens 

from the province of ~uebec. McGi11 University M.sc. 

The sis 

:Bhat:ia, B. L. & Gul.ati A.N. 1927 On soare parasitic ciliates 

from Indian frogs 1 toads, earthworms and cockroaches. 

Arch. f. Protist. 57:85-1.20 

Bodine, J. H. 1921 Hydrogen-ion concentration of protozoan 

cul.tures. Biol.. Bul.l.. 41:73-77 

Bovie, v. T. 19:1..6 The action of Schumann rays on living or­

ganis.a. Bot. Gazette 61.:1-29 

Chal.k1ey, H. v. 1930 On the re1ation betveen the resistance 

to heat and the mechanism o:f death in Paramecium. 

Physio1. Zoo1. 3:425-440 

Chandl.er 1 A. c. 1923 Three new trematodes from Amphiuma 

means. Proc. u.s. Nat. Mus. 63; Art. 3; 7 pp., 2 pl.. 

C.legg, J. A. 1965 In vitro cu.ltivation o:f Schistosoma manso­

~· Experimental. Parasito.logy 16:1.33-147 

Corl.iss, J. o. 1955 The opa1inid in:fusorians: :f.lagel.lates 

or ci1iates? Jour. Protozoo1. 2(3):107-114 

Cor.liss, J. o. • Balamuth, w. 1963 Consideration o:f the opa­

linids as a new superclass in the sub-phylum Sarcomas• 

togophora. (abstr.) Jour. of Protozool. 10 (Suppl.), 

26. 



132 

Daniel., J. F. 1908 The adjustment of Paramecium to distil1ed 

vater and its bearing on the problem of the necessary 

inorganic salt content. Amer. J. Physiol. 23, 48-63 

DaYenpor~, c. B. 1897 Experimental Morphol.ogy 1:1-280 

• Devide, z. 1951 Chromosomes in ciliates (Euciliata & Opali• 

nidae). Bull. Intern. Acad. Yougo,slave (N.s.) 3:75-

114 

Doudoroff', M. 1936 Studi.es in thermal dea th in Paramecium. 

Eddy, s. 1928 Succession of' protozoa in cultures under con­

t:roll.ed conditions. Trans. ÂJD• Microscop. Soc., 471 

283-319 

*Ehrenberg, c. G. 1833 Abhandl. d. Akad. d. Wissensch. zu 

Berlin, Druckerei der KÔnigl. Akad. der Vissensch. 

Berlin. 
., 

~Bngelman, Th. v. 1.876 Uber Entvickl.ung und Fortpf'lanzung 

der Inf'U·s.orien. Morph. Jaih.rb. Bd.l 

Estabrook, A. H. 1910a E~fects of' Chemica1s on growth in Pa• 

ramecium. Jo.ur. of' Exp. Zool. 8:489-533 

1910b Ef':fects of external agents on grow.th 

in Paramecium. sc. 31:467 

Fine, M. s. 1912 Chem. properties of' hay infusions w.ith sp. 

reference to the titratable acidity and its relatio-n 

to the protozoa sequence. Jour. Exp. Zool. 1.2:265-

281 

*denotes origina1 paper not read 



Garner, M. R. 1934 T.he relation of numbers of Paramecium 

caudatum to the,ir abili ty to wi thstand high tempera­

tures, Physiol. Zool., 7:408-434 

Giese, Àe c. 1963 Cell Physiology, 2nd edition, w. B. Saun-

ders Company 

Giese, À. c. &.E. À. Reed 1940 Ultraviolet radiation and 

cell division variation in resistance to radiation 

with stock, species and nutritional differences in 

Paramecium. J. Ce11ular Comp. Physiol., 15:395-408 

Glasser, R~ w. &. Co,ria, N. A. 1933 The culture o,:f Parame-

~ caudatum f'ree from living microorganisms. Jour. 

of Parasitol. 20:33-37 

• • *Grasse, P. P., ed. 1952-53 Traite de Zoologie. Anatomie, 

Systematiqu.e, Biologie, vo1 1 1 f"•sc. 1, 2. Masson et. 

cie, Paris 

Gree]Ley, A. w. 1.901-02 On the analogy between the ef'f'ects 

of' 1oss of' water and 1owering of temperature. Amer. 

Jour. of' Physiol. 6:122-128 

1904 Experimenta on the physica1 structure of' the pro-

toplasm of' Paramecia and its relation to the reactions 

of the organisms to thermal, chemical and electrical 

stimuli. Biol. Bull. 7:3-32 

Hardy, w. B. 1899 On the structure of cell protoplasme Jour• 

of' Physiol. XXIV,pp~158-210 

Hazard, F. 1941 The absence of' opalinids :from the adult 

green f'rog Rana clamitans. Jour. Parasit. 27:513-516 



1J4 

#Honigerg, B. M. (chairman), et. al. 1964 A revised classifi­

cation of the phylum protozoa. The Jour. of Protozool. 

vol. 11, No. 1 1 P• 7 

Hunter, G. v. 1930 Diplodiscus intermedius,sp. Nov., From 

Rana catesbiana Shaw. Jour. of Parasit. 17:74-79 

Hutchison, R. H. 1913 Some speci~ic di~ferenees among Pro­

tozoa with respect to their resistance to heat. Jour. 

Exp. Zool. 15:131-144 

H~an, L. H. 1925 Methode o~ securing and eultivating Proto­

zoa. I. Gen. statements and methode. Trans. Amer. 

Micros. Soc. 44:216-221 

1931 Methods of securing and cultivating Protozoa• 

II. Paramecium and other eiliates. Trans. Amer. Micros. 

Soc. 50:.50-.57 

Jennings, H. s. 1931 Behavior o~ the lover organisms. New 

York, Columbia University Press 

Kahler, H.; H. w. Chalkley; & c. Voegtlin 1929 The nature 

n~ the e~~ect o~ a high ~requency eleetric field upon. 

Paramecium. u.s. Public Health Repts. XLIV, 339-347 

Kanda, s. 1914a On the geotropism of Parameeium and Spiros­

tomum. Biol. Bull. 26:1-25 

#The committee on taxonomy and taxonomie problem of the so­

ciety of protozoologist. 



13.5 

Jta.ndae s. 1918 Further studies on the geotropism of Parame .... 

.!!.!!!.!! caudatum. Biol. Bu11. )4:108-119 

*Kedrowsky, B. 1931 Die Sto:ff'auf'na.hme bei Opaline. ranarw. 

Mittei1ung II. Struktur. Wa.ssera.•f'nahme und Wasser­

zustand im Protoplas.a von Opalina (Zugleich ein Sa­

mmelbericht Über die Vasserbindung im tierischen Pr~­

toplasma) Proto·plasma 14:192-2.5.5 

Khaner, M. 19.3.5 Some entozoa f'ound in certain amphibia in 

Q.uebec province. McGill. Univ. Thesis 

Xirby, H. 19.50 Material and method in the study of' Protozoa. 

Univ. of' Ca1ifornia Press, merke1ey and Los Angeles 

Xitching, L. A.. 1939 The e:f":fects of' a lack of oxygen and of' 

lov oxygen tension on Paramecium. Biol. Bull. 77:339-

3.53 

*Konsulof.'f'1 s. 1922 Untersuchungen Über Opalina. A.rch. f'. 

Pro.tist. 44:28.5-.34.5 

Larsen, M. 1928 Reaction of' Opalinae to various laboratory 

media. Trans. Amer. Microscop. Soc. 47:1-10 

Larson, M. 6 Allen, F. 1928 Further studies on reaction 

of' Opalina to various labor@.tory media. Univ. Kansas 

Sei. Bull.. 18:48.5-490 

Larson, M. E., Van Epp, M. H. ; Brooks, s. T. 192.5 React­

ion of' Opalinids to various labora*ory media. Sc• 62: 

289-290 



1)6 

Lyon, E. P. ~905 On the ~eory of geotropism in Paramecium. 

Amer. Jour. of Physio1. 14s421-432 

Lyon, E. P. 1918 No-te on the geotropism of Paramecium.. Biol. 

Bull. 34:120 

Mackinnon D. L. &.Haves R. s. J. 1961 An introduction to 

the study of protozoa. Oxford, Clarendon Press 

Marx, L. 1963 Opalinids in the sma11 intestine of frogs. 

Vasmann J. Biol. 21(2):199-204 

Metcalf, M. M. 1909 Opalina, its anatomy and reproduction 

wi th a description o·f infection experimenta and a chro­

nological. reviev o.f the li teratures. Arch. Protistenk. 

13tl95 

1918 Opalina and the origin of the ciliate infusoria 

(abridgement). J. Wash. Acad. Sei. 8:427-431 

1923 The Opalinid ciliate infusorians. Smithsonian 

Xnstitution u. s. Nat. Mus. Bull., No. 12011-471 

19)0 Culture media for opalinidae. Sc. 72:561 

1940 Further studies on the opalinid ciliate infusa­

rians and their hosts. Proc. u. s. Nat. Mus. 87:465-

6)5 

*Neresheimer, E. 1906 Der Zeugungskreis Ton Opalina. ina 

Sitz-Ber. d. Ges. f. Morpho!. u. Physio1. MÜnchen 

Bd. 22, also in; Munch. med. Wochenschr. Nr. )6,4 

Peters, A. w. 1907 Chemical. studies on the cell and its 

medium. Part x. Methods for the study of liquid cul­

ture media. Amer. Jour. Physiol. 17:443-476. Part XI. 

Some chemico-biologieal relations in liquid culture 

media. Same 18:321-346 



137 

Plott, R. B. & Wol:f, J. 19.50 Gen. uses and methods o:f ther .. 

mistors in temperature investigations, with special 

reference to a technique :for high sensitivity contact 

temperature measurement. Plant Physiology 2.5:.507-.512 

Poljansky, G, I. 1963 On the capaeity of Parameeium eauda­

~ to stand the sub-zero temperature. (English summary). 

Acta Protozool. 1 (14/24):16.5-17.5 

·1:963 Temperature adaptation o:f some free-l.iving and 

parasitie protozoans (.f.• eaudatum, Opall.na). In:l6th 

Internat. Congress o:f Zool. Proe. Internat. Congress 

Zoo1. 16 (16):219 

*PÜtter, A. 1905 Die At.ung der Protozoen. 

allg. Physiol. Bd. 5 1 566-612 

Zeitschr. :r. 

Robertson, T. B. L924b The influence of washing upon the 

m:ul.tiplieation of' isol.ated infusoria and upon allelo­

eat.alytic effeo't in cul.tures initia1ly containing two 

in:fusoria. Australian J. Exp. Biol. Med. Sei., 1:151• 

173 

Sandon, H. 1941 A method of cleaning intestinal ciliates. 

Turtox News, 19 

Scholander, P. F., et. al. 1950 Adaptation to cold in artic 

and tropical mammals and birds in relation to body tem­

perature, insul.ation and basal metabolie rate. Biol. 

Bull. 99:259 

Scholander, P. F., et. al. 1953 J. eell. Comp. Physiol. 42a 

Supl. 1:1 

Shah, J. A. 1959 Haematozoa :from some common amphibians o:f 

Quebec. McGill Univ. Thesis 



1:38 

Sleigh, M. A. 1962 The biology of cilia and flagella. Per­

gamon Press Ltd. 

Stafforà, J. 1905 Trematodes from Canadian vertebrates. 

Zoo1. Auz.,28:681-694 

Sti1es, K. A. & D. A. Hawkins 1947 Immobi1izing Paramecia 

for study in the introductory course. Science 105:101-

102 

Suthanova, K. M. 1959 Temperature adaptation in the parasi• 

tic protozoa of amphibian hosts. Tsito1ogiya 1(5): 

587-600 

1962 Temperature adaptation of Opalina ranarum Ehrea­

berg (~palinidae) during their year's 1ife cycle. Tsi­

tologiya 4(6):644-651 

1963 Temperature adaptation in Opa1ina ranarum. under 

1aboratory conditions. Tsit.o1ogiya 5(2) :175-182 

Swezey, v. v. & Atch1ey, F. o. 1935 Comparative behavior 

charaeteristics o:f :free-liv:tng and parasitic eiliates. 

Amer. Micros. Society 54:98 

Thompson, J. G. & Robertson, A. 1929 Protozoo1ogyaA manual 

:for medical men. New York 

Tyler, A. R. 1926 The cultivation o:f' Opalina. sc.64s)8.) 

Von Brand, T. 1952 Chemical Physiology o:f endoparasitic ani­

mals. Academie Press Inc. New York 

Valton, A. c. 1929 Studies on some nematodes o:f north ameri­

can :frogs. I. Jour. Parasita., 15(4):227-240 



1:39 

Valton, A. C. 19:35 The nematoèles as parasites of' Amphibia :IJ:. 

Jour. of Parasitol. 2ls27 

'Wenrich, D. H. 1928 Eight ••11-def'ined species of' Parameciu•• 

Trans. Amer. Micros. Soc. 47:275 

Wessenberg H. 1957 Studies on the life cycle and morphogene­

sis of' Opalina (Abstr.). Jour. Protozool. 4(Sippl.):1:3 

1961 Studies on the life cycle and morphogenesis of 

Opalina. Univ. of California Publications in Zool. 

61::315-:370 

Vichterman R. 1953 The biology of Parameeium. The Blak.is­

ton Company, Ine. New York; Toronto 

Voodruf'f' L. L. 1905 An experimental. s.tudy on the !ife-his­

tory of hypotrichous inf'usor1a. J. Exp. Zool.. 2&585-

6:35 

1912 Observations on the origin and sequence of the 

protozoan :f'auna o,f hay infusions. Jour. of' Expt • Zoo1. 

12&205 

Wright, A. H. & A. A. Wright 1949 Handbook of f'rogs and 

toads of ~he U. s. and Canada. :)rd edition Comstock 

Pub1ishing Co. Ithaca, New York 

Yang, w. c. T. & Bamberger J. w. 1953 A Technique for cul­

turing Opalina. Se. 118:252 

Yang, w. C. T. 196o On the continuous culture of' Opalinids. 

Jour. Parasito1. 46(1):32 


