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The movement of the large carnivorous amebae, particularly Amoeba 
proteus and Chaos carolinensis (Chaos chaos L., Pelomyxa carolinensis 
Wilson), has been investigated extensively (cf. Allen, 1960b, 1961a, b; 
De Bruyn, 1947; Noland, 1957). Recent work on these organisms by 
Allen and co-workers (Allen, 1960a; Allen and Cowden, 1962; Allen and 
Roslansky, 1958, 1959; Allen et al., 1960) led Allen to propose the fron-
tal-contraction theory of ameboid movement, which suggests that (1) at 
the front of each pseudopod, the endoplasm contracts as it becomes 
everted, and simultaneously shortens, and stiffens to form the advancing 
edge of the ectoplasmic tube and (2) this contraction pulls the axial 
endoplasm forward and thus furnishes the motive force for movement. 
Prior to the work of Allen, the most widely accepted theory of ameboid 
movement was the tail contraction or pressure gradient theory, derived 
from the ideas of Ecker (1849), Schulze (1875), Hyman (1917), and Pantin 
(1923) and elaborated by Mast (1926, 1932); see Goldacre and Lorch 
(1950), Bovee (1952), Allen and Roslansky (1958), and Landau (1959) 
for current concepts of tail contraction. According to the tail-contraction 
theory, the posterior part of the ectoplasmic tube contracts, forcing for-
ward the endoplasm, which forms by solation of the tail ectoplasm dur-
ing or after contraction and which gelâtes at the front to form ectoplasm 
again. Mechanisms other than these two have been proposed (cf. Allen, 
1960b; De Bruyn, 1947; Noland, 1957; Bingley and Thompson, 1962; 
Bell, 1961; Kavanau, 1963) but have usually been considered to be in-
adequate to explain the observed phenomena or have failed to suggest 
experimental approaches. 

Pelomyxa palustris is a giant, herbivorous ameba that differs from 
the carnivorous amebae in its habitat, food, cytoplasmic inclusions, ex-
ternal morphology, and other characteristics (Allen, 1960b; Kudo, 1946, 
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1957; Griffin, in preparation). In the 1870's movement in P. palustris 
was described by Greeff (1874), who discovered the organism, and by 
Schulze (1875). The most complete investigation to follow was that of 
Mast (1934). 

From the earlier descriptions and from my initial observations it 
was clear that P. palustris differed from the carnivorous amebae in sev-
eral aspects of ameboid movement and would furnish interesting ma-
terial for a comparative study. 

Methods and Materials 

Chaos carolinensis (strain CH 1, see Griffin, 1960) and A. proteus 
( P R O T 1) were grown in mass cultures fed on Tetrahymena (Griffin, 
1960, 1961). Chaos illinoisensis (Pelomyxa illinoisensis, Kudo, 1951) was 
obtained from E. W. Daniels and was maintained according to Kudo 
(1951). This organism is clearly not closely related to Pelomyxa palustris 
(Griffin, in preparation) and can not remain in the genus Pelomyxa. 

Pelomyxa palustris was collected from four locations: Falmouth, Mas-
sachusetts, in a ditch across the street from the previous site (Griffin and 
Allen, 1959; Mast, 1934); Congers, New York, from the northeast corner 
of Congers Lake (Kudo, 1957); Salisbury Cove, Maine, from Beaver Pond 
(W. H. Lewis, personal communication); and Cheshire, Connecticut, 
from a swampy area west of Waterbury Road, just north of the inter-
section with Byam Road (site discovered by Robert Iorio). Samples of 
bottom material and water were taken in wide-mouth glass or plastic 
bottles or large plastic dishes and kept below 23°C in the laboratory. 
Some organisms from Falmouth survived up to 9 months in gallon jars 
while some organisms from Salisbury Cove survived more than 12 months 
in 350-ml screw-cap plastic bottles. 

Quartz capillaries were pulled as described by Allen et al. (1960) but 
were cut so that an ameba was first pulled into a relatively large opening 
and was gradually compressed as it moved into the narrow portion. This 
technique was easier and succeeded more often than did pulling an or-
ganism directly into a narrow capillary. 

Reproducible compression of organisms beneath cover slips was 
achieved very simply by placing two narrow strips of lens paper2 be-
neath the cover slip of a standard wet mount. As the aqueous medium 
was slowly removed from the preparation, the cover slip was finally sup-
ported by the lens paper. 

2 Ross Optical Lens Tissue, manufactured by A. Rosmarin, New York, was used 
for large amebae. 
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Results and Observations 

GENERAL CHARACTERISTICS OF MOVEMENT IN Chaos carolinensis 

Most biologists are familiar with the appearance of C. carolinensis 
during normal locomotion, as in Fig. lc (see Allen, 1960b; Kudo, 1946, 
for references). On repeated scanning of culture dishes containing 5000-
10,000 amebae, no normal specimens of C. carolinensis were observed to 
exhibit continuing monopodial progression, although smaller organisms 
sometimes remained monopodial for as long as 4-5 min. Instead, alter-
nate extension of pseudopods seems characteristic of the carnivorous 
amebae, and the retracting pseudopods usually contribute the supply of 
endoplasm for extending pseudopods. Advancing pseudopods (Fig. lc, 
to right) were preceded by hyaline caps and had smooth contours whereas 
retracting pseudopods (Fig. lc, to left) were more pointed and irregular 
in outline. The length-width ratios for single pseudopods of C. carolin-
ensis varied widely and depended on the physiological state of the organ-
ism, but such ratios were often between 5 and 10 during locomotion of 
extended organisms and rarely exceeded 20 (cf. Kudo, 1946). 

Figures la-c show the recovery of one specimen of C. carolinensis 
following physical agitation. In general, inactive forms of the carniv-
orous amebae formed smooth spheres only when moribund or under 
severe or unusual conditions such as when warmed or under high hydro-
static pressure. 

It has been observed frequently that, prior to retraction, reversal 
of streaming direction in a pseudopod of C. carolinensis is usually ac-
complished by a wave of reversal which passes from the base of the pseu-
dopod toward the still advancing tip (cf. Allen, 1961a). During the 
fairly rapid passage of such a wave of reversal there is no obvious de-
crease in pseudopod diameter that might indicate a wave of contraction 
of the ectoplasmic tube. 

There is, in the carnivorous amebae, a general tendency for large 
inclusions to be carried in the rear of the cell. Figure 5 illustrates a 
particularly obvious example of this tendency, a specimen of C. caro-
linensis that had just fed heavily on Tetrahymena. 

GENERAL CHARACTERISTICS OF MOVEMENT IN Pelomyxa palustris 

Pelomyxa palustris was rather limited in the range of shapes assumed. 
Figures 2a, 3d (the middle organism), and 4 illustrate the usual mor-
phology during active locomotion. Continuing monopodial progression 
is characteristic of P. palustris. During movement, the anterior end lacks 
a hyaline cap but a hyaline space can usually be seen beneath the tail 
membrane, as in Fig. 8. In some organisms hyaline blebs appeared and 
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FIG. la-c . Photographs of a specimen of C. carolinensis to show the resumption 
of locomotion after agitation in the bore of a pipette. See text for explanation. Scale: 
500 μ in 10 μ units. 

Fic. 2a-b. Photographs of a small specimen of P. palustris from Maine, (a) Taken 
during normal locomotion, and (b) after the agitation caused by addition of a sus-
pension of carmine particles. An extracellular coat, 15 μ thick, is revealed in (b). 
Scale: same as in Fig. 8. 

FIG. 3a-d. Three specimens of P. palustris from Falmouth photographed during 
resumption of movement after agitation in the bore of a pipette. See text for expla-
nation. Scale: same as in Fig. la. 
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disappeared on or near the tail during movement. Such a bleb is visible 
on the right side of the organism in Fig. 4. In large specimens loaded 
with glycogen spheres, as in Figs. 4 and 7a, a widening of the hyaline 
space was often observed at the surface just behind the fountain zone. 

Figure 6 (a 3-sec photographic exposure) reveals the pattern of stream-
ing of the specimen of P. palustris shown in Fig. 4. Recruitment of en-
doplasm occurred over the posterior two-thirds of this cell. This photo-
graph shows the backward movement of cytoplasm at the anterior end 
of the ectoplasmic tube and the narrow girdle of cytoplasm that is sta-
tionary in relation to the substratum ("Gürtel" of Schulze, 1875). Mast 
(1934) did not agree on the existence of this "Gürtel." 

Specimens of P. palustris were approximately circular in cross section 
and did not form ectoplasmic ridges, as C. carolinensis, C. illinoisensis, 
and A. proteus do. During normal movement, most organisms had 
length-width ratios of about 3 with extremes of 4 and 1.5. Large inclu-
sions were carried in the front of the cell, as in Fig. 4. 

Mast (1934) reported a clear difference between the endoplasm and 
ectoplasm of P. palustris in the density of packing of the characteristic 
cytoplasmic vesicles (see vesicles in Fig. 8). I was unable to confirm this 
observation. Those vesicles forming the outside border of the ectoplas-
mic tube usually appeared firmly bound and angular in outline but, in 
organisms having many vesicles, those in the endoplasm also appeared 
tightly packed and angular. Also, in organisms having fewer vesicles, 
even those vesicles at the periphery seemed spherical. 

Waves of reversal, such as were seen in C. carolinensis, were never 
observed in P. palustris. Instead, the first sign of reversal was usually 
cessation of movement at the very front with simultaneous formation of 
an ectoplasmic barrier across the front of the tube and elevation of the 
membrane by hyaline fluid. Figure 7a shows an advancing front and 
Fig. 7b shows the same area just after reversal. The ectoplasmic border 
so obvious in Fig. 7b may be what Mast (1934) considered to be the 
"plasmagel sheet" which was supposed to close the front of the ecto-
plasmic tube during forward movement. This border and the hyaline 
layer appeared on reversal and not during forward movement, as Mast 
(1934) apparently thought. I observed, as did Schulze (1875), that the 
endoplasm apparently comes into direct contact with the membrane at 
the front. Another sort of reversal, which occurred during normal loco-
motion, was the occasional streaming from the tail region into and out 
of the tail piece or urosphere. In Fig. 4 the urosphere was somewhat 
larger than usual because such a stream of cytoplasm had just entered it. 

The response of P. palustris to agitation depended on the physiolog-
ical state of the organism and the severity of the agitation, but the fol-
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FIG. 4. Photograph of an unusually clear, well-fed specimen of P. palustris from 
Falmouth. Scale: 90 μ in 10 μ units. 

FIG. 5. Photograph of a specimen of C. carolinensis that had just resumed move-
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lowing sequence of events was usually seen in organisms in which agi-
tation caused a complete cessation of streaming. (1) The organism 
formed a smooth sphere. (2) The membrane was elevated by hyaline 
material (Fig. 3a, middle). Some organisms formed villi over the surface 
at this stage (Fig. 2b). (3) A single broad pseudopod was extended, lack-
ing a hyaline cap (Fig. 3b, middle). (4) Most of the time, this pseudopod 
became the body of the organism, the hyaline material was resorbed and 
the normal morphology was resumed (Figs. 3c and d, middle, and 2a, 
actually photographed before agitation). The organisms to the left and 
right in Figs. 3a-d did not stop streaming completely when agitated and 
did not show a hyaline layer during recovery. In Fig. 3d the organism 
to the left was streaming in two directions and the cell on the right 
extended a narrow pseudopod near the tail, while forward streaming 
continued. 

In natural populations, there are, of course, some exceptions to the 
usual phenomena. One interesting small Pelomyxa from Maine exhib-
ited an anterior hyaline cap continuous with a thick hyaline layer ex-
tending back to the tail. In this specimen small particles, which moved 
freely by Brownian motion, passed into the hyaline fluid from the tail 
ectoplasm and moved forward to the hyaline cap at a rate somewhat 
slower than the rate of endoplasmic streaming. This observation sug-
gests strongly that the hyaline fluid may be produced at the rear of the 
cell and resorbed at the front or that the particles might have moved 
under the influence of a potential gradient of the sort found in A. pro-
teus by Bingley and Thompson (1962). However, according to Gicklhorn 
and Dedjar (1931), the membrane potential of P. palustris is similar in 
magnitude but opposite in sign from those reported for the carnivorous 
amebae. Therefore, it would be dangerous to generalize Bingley and 
Thompson's results to P. palustris. 

INGESTION OF FOOD AND RESPONSE TO ENVIRONMENTAL STIMULI 

Chaos carolinensis responds to tactile stimulation or contact with 
motile food by forming food cups which can surround and entrap motile 
protozooans (Allen, 1960b, 1961a; Kudo, 1946). In Fig. 9, a small food 
cup had been initiated in response to the presence of two Tetrahymena. 

ment after feeding heavily on Tetrahymena, Scale: same as in Fig. 4. 

FIG. 6. Photograph, exposed for 3 sec, to show the streaming pattern of the spec-
imen of P. palustris in Fig. 4. Scale: same as in Fig. 4. 

FIG. 7a-b. Photographs of part of a specimen of P. palustris similar to that in 

Fig. 4. (a) The front of the organism during active locomotion and (b) the same 

area just after the cessation and reversal of streaming. Scale unit: 10 μ. 
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FIG. 8. Photograph of the tail of a specimen of P. palustris taken while an algal 
filament was being ingested. Scale unit: 10 μ. 

FIG. 9. Photograph of an early stage of food cup formation in C. carolinensis. 
Scale: same as in Fig. 8. 

FIG. lOa-c. Photographs of a specimen of P. palustris streaming in a capillary. 
In (a) streaming proceeded in both directions from the constricted region at the 
bottom of the picture. In (b) and (c) the capillary was moved down slightly to show 
the end advancing in (a), just after reversal (b) and about 15 sec later (c). 
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The extensions to the left and right and the wave just starting over the 
top exhibit the typical hyaline layer which precedes the moving cyto-
plasm (cf. Allen, 1961a). [See Bovee (1960) for references to feeding in 
amebae.] 

Pelomyxa palustris formed no food cups or pseudopodial extensions 
for the capture of food and did not respond to motile organisms or to 
contact with micromanipulating tools. No ingestion of motile organisms 
has been reported for P. palustris. Instead, filamentous algae, sand grains, 
decaying vegetable matter, and other debris adhere to the villi at the 
tail and are pulled into the cell from the rear, as reported by Kudo 
(1957). The tail of the feeding organism in Fig. 8 illustrates the appear-
ance of the villi, the hyaline layer beneath the villi and surrounding the 
algal filament, the alveolar appearance of the cytoplasm, and the bac-
terial inclusions. 

In C. carolinensis and other carnivorous amebae the tip of advancing 
pseudopods (the fountain zone) is sensitive to light, and sudden expo-
sure to a moderately intense light beam causes an immediate cessation, 
diversion, or reversal of streaming in the exposed pseudopod (cf. Allen, 
1960b, 1961a; Mast, 1932). 

Specimens of P. palustris did not respond to light intense enough to 
stop streaming in C. carolinensis even when the whole organism was in-
cluded in the spot of light. During some purely qualitative experiments, 
P. palustris slowed and finally stopped streaming when exposed to very 
intense light for a minute or more. The possibility that heat rather than 
light caused the response was not excluded. After the intense light was 
removed, streaming resumed only after several minutes. 

At/As RATIOS 

Allen (1960b, 1961a) discussed the fact that, in the carnivorous ame-
bae, the cross-sectional area of the ectoplasmic tube (At) always exceeds 
the cross-sectional area of the endoplasm (A8). The ratio Af/As was con-
sidered by Allen to be related to the degree of contraction (shortening 
and thickening) undergone by the endoplasm as it everted to form the 
ectoplasm. For the calculation it is necessary to select a boundary be-
tween endoplasm and ectoplasm and to assume that the relative thick-
nesses of endoplasm and ectoplasm seen in the optical section apply 
around the perimeter of the cylindrical pseudopod. 

From eight streak photographs of C. carolinensis, such as Fig. 11a, 
At/As ratios between 1.6 (Fig. 11a) and 2.6 were calculated, with most 
values grouped around 2. 

The first At/As ratios for P. palustris were determined from motion 
pictures of early summer organisms from Falmouth. The ratios from 
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FIGS, l la -d . Photographs of C. carolinensis, exposed for 1 sec to show the pattern 
of streaming. Scale unit: 10 μ. (a) A noncompressed cell exhibiting the usual stream-
ing through an ectoplasmic tube. (b) Streaming in a specimen compressed beneath 
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eleven determinations varied between 0.6 and 1.3 with the median at 
about 0.9. These organisms were not observed from the side and it was 
possible that a thicker layer of ectoplasm could have been present along 
the bottom of the cell. The next spring determinations from streak 
photographs were made on 19 large organisms from Falmouth and Con-
gers, viewed from the top and from the side, and At/A8 ratios between 
1.0 and 1.9 were found. From a series of six streak photographs of a single, 
small, fall organism from Falmouth, viewed from the side, At/As values 
between 0.8 and 1.3 were determined. 

Because there was variability within this single organism and others 
observed and because an assymetry was visible in several cells, one can 
conclude only that it seems probable that specimens of P. palustris can 
have a true At/A8 of less than 1. 

STREAMING IN CAPILLARIES 

In quartz capillaries, specimens of C. carolinensis were forced to as-
sume a monopodial type of streaming. Amebae that fit snugly, particu-
larly those that exhibited fountain streaming in place, often developed 
extensive hyaline caps at the front, and elongated, wrinkled tails at the 
rear. 

Specimens of P. palustris in capillaries usually streamed in a manner 
quite like the normal monopodial movement. However, in contrast to 
C. carolinensis, the front had no hyaline cap, and it was the tail that 
accumulated hyaline fluid. In Fig. 10a the front lacks a hyaline cap, 
and hyaline fluid accumulated at a constricting region from which 
streaming proceeded in both directions. Figures 10b and c show the 
same organism just after streaming reversed, and a few seconds later. 
Note, as mentioned previously, the tendency for large, inert inclusions 
to collect in the front and to leave the tail. Specimens in tight capillaries 
reversed the direction of streaming relatively often and did not continue 
streaming in a single direction, as was common in normal movement. 
This reversal seemed to be associated with the accumulation of hyaline 
fluid at the tail. It may be necessary that this fluid reach the front for 
the normal continuous change of endoplasm to ectoplasm to take place. 

STREAMING IN BROKEN CELLS 

Observations were made on the streaming in naked cytoplasm from 
C. carolinensis reported by Allen et al. (1960), using some modifications 

a cover slip to a thickness of about 55 μ. (c) The streaming pattern of naked cyto-
plasm isolated from a compressed specimen, (d) An apparent propagated contraction 
of naked cytoplasm at the edge of a syncretic vesicle. This contraction seemed to pull 
the cytoplasm beneath the vesicle toward the edge. 
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FIG. 12. Photograph of part of a crushed specimen of P. palustris, which re-formed 
an ectoplasmic tube beneath the original membrane and continued streaming for 
about 15 min. Scale: 100 μ in 10 μ units. 

FIG. 13a-b. Photographs of the contraction of an isolated tail region from a spec-



Movement of Giant Amebae 315 

of technique. In cells broken in capillaries by shattering the capillary 
under oil (Allen et al., 1960) or by pulling an organism into a capillary 
rapidly enough to break the anterior membrane the following four 
stages were seen to develop from the normal pattern of streaming: 
(1) Streaming occurred in an intact ectoplasmic tube that lacked a mem-
brane. The endoplasm did not disperse into the medium. (2) Streaming 
of broad, coordinated loops having an endoplasmic and an ectoplasmic 
arm followed the loss of the characteristic tubular organization. (3) The 
movement of individual cytoplasmic inclusions revealed streaming of 
thin independent loops, some of which extended some distance out into 
the medium (as in movies shown at the symposium). (4) After the move-
ment stopped, the absence of the cell membrane in the areas previously 
streaming could be confirmed and the membrane could be identified as 
a wrinkled mass at the original rear of the cell. This continuing move-
ment, which is arbitrarily divided into four stages above, developed di-
rectly from the pattern of streaming in the intact cell, and, during all 
the stages of streaming, apparently less rigid endoplasmic material ap-
proached the front or loop rapidly and formed a more structured ecto-
plasmic material that receded more slowly from the front. 

Specimens of C. carolinensis were also broken, after compression be-
neath a cover slip, by tapping the cover slip with a pencil. Figures l l a -d 
are 1-sec streak photographs which show the pattern of streaming in 
the uncompressed cell (Fig. 11a), after compression (Fig. l i b ) , and in 
naked cytoplasm (Figs. 11c and d). The streaming patterns in Figs, l i b 
and c seem similar to the movement reported by Abé (1961, 1962, 1963) 
in Thecamoeba. Note, in Fig. 11c, the integrity of the naked cytoplasm, 
the streaks or blurs which show the movement of particles, and the for-
mation of precipitation membranes enclosing what seems to be syneretic 
fluid. While the cytoplasm in Fig. l i d was streaming, a large vesicle, 
presumed to contain syneretic fluid, formed and covered a part of the 
surface. That part of the cytoplasm beneath this membrane did not 
contract, but apparently was pulled toward the edge of the vesicle and 
contracted as soon as it was exposed to the medium. A new vesicle, 
slightly out of focus, can be seen forming at the site of contraction. This 
inhibition of contraction beneath such membranes and propagated con-
traction at the edges of the membrane was observed repeatedly and 
seems to be a general phenomenon. Streaming usually continued for 
less than 10 min in the inorganic culture medium (Griffin, 1960) which 

imen of P. palustris broken in a capillary, (a) An intermediate stage of the contrac-
tion, and (b) the terminal stage. The tail membrane, elevated by hyaline fluid, has 
been indicated by arrows. Scale: 50 μ in 10 μ units. 
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contained calcium. A similar sort of streaming was observed in naked 
cytoplasm isolated from C. illinoisensis and from A. proteus, although 
in A. proteus streaming usually continued for less than 30 sec. Kavanau 
(1963) may have seen such streaming in A. proteus. 

Four different results were observed when specimens of P. palustris 
were broken in capillaries or under cover slips: (1) The whole organism 
or smaller fragments could re-form membranes and resume movement 
as in the intact cell. (2) Streaming units, with complete ectoplasmic 
tubes, could form inside the original membrane, as in Fig. 12. (3) Lysis 
of the cell could occur, during which the cell membrane and the mem-
branes of the cytoplasmic vesicles would break down. The cell mem-
brane was not preserved after the integrity of the cell was lost, as was 
the membrane of the carnivorous amebae. (4) In capillaries, isolated 
tails, with the posterior membrane intact, were observed to empty the 
cytoplasm within them until almost nothing was left. Early stages of 
such a contraction were similar in appearance to Fig. 11c, and Figs. 13a 
and b show an intermediate and a terminal stage of such a contraction. 
There was an elevation of the posterior membrane by hyaline fluid dur-
ing such an emptying. The material extruded by or anterior to such an 
area did not move and the vesicles underwent lysis. It did not seem, 
therefore, that these tails could have been emptied by tension from the 
front. 

Discussion and Conclusions 

For the purpose of discussion, the following basic assumptions have 
been made. First, the motive force for movement is probably generated 
by protoplasmic contraction. This view has been held by most recent 
workers in the field (cf. Allen, 1960b, 1961a; De Bruyn, 1947; Bovee, 
1952; Goldacre, 1961; Landau, 1959), including most of the participants 
in this section of this symposium. Recently, this view has been strength-
ened by the results of Simard-Duquesne and Couillard (1962a, b) who 
isolated an actomyosin-like adenosine triphosphatase from A. proteus 
and observed a nondirected contraction of glycerinated amebae on addi-
tion of adenosine triphosphate (ATP). Second, the clear correlation 
between the appearance of hyaline fluid and various phases of move-
ment (this study; Allen and Cowden, 1962; Goldacre, 1952, 1961; Landau 
et ah, 1954) suggests that the separation of hyaline fluid from the gran-
ular phase can be taken as an indication of contraction accompanied by 
syneresis (expulsion of interstitial fluid), occurring somewhere in the 
cell. 

Mechanisms not invoking contractility have been proposed (cf. Allen, 
1960b; De Bruyn, 1947) including recent suggestions involving electro-
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phoresis (Bingley and Thompson, 1962), "surface extension" (Bell, 1961), 
and "jet propulsion" (Kavanau, 1963), but direct evidence supporting 
any of these theories seems to be lacking at present. 

It is obvious that P. palustris differs from C. carolinensis in almost 
all of the details of movement, just as it differs in other physiological 
characteristics. What seem to be significant differences are summarized 
in Table I. 

T A B L E I 
SUMMARY OF OBSFRVED DIFFERENCES RELATED TO MOVEMENT 

Property 

C. carolinensis, 
C. illinoisensis, 

A. proteus Pelomyxa palustris 

1. Characteristic form in Polypodial (alternate pseu- Monopodial, cylindrical body 

locomotion dopods), ectoplasmic 
ridges, wrinkled tail 

2. Initiation of movement Many pseudopods, gradual Extrusion of hyaline fluid 

decrease in number over surface, single pseu-

dopod 

3. Hyaline cap or layer Forms at front Forms at rear 

4. Reversal of direction Frequent, wave of reversal Ectoplasmic barrier forms 

from pseudopod base to and hyaline material is ex-

tip truded at old front 

5. Large inclusions Carried in tail Carried at front 

6. Ingestion of food Anterior food cups, motile Algae pulled in at tail 

food 

7. Light sensitivity In anterior fountain zone, Relatively insensitive, slow 

rapid response response 

8. Af/As ratio Greater than one Apparently less than one at Af/As ratio 
times 

9. Behavior of naked cy- Continues streaming in Contraction of tail of broken 

toplasm fountain and loop pat- organisms, no streaming in 

terns naked cytoplasm 

Of the theories of ameboid movement currently available, only the 
frontal-contraction theory proposed by Allen (1960b, 1961a), seems, in 
my opinion, adequate to account for the observed details of movement 
in C. carolinensis. This theory seems to offer a reasonable and consistent 
explanation for the properties of C. carolinensis listed Table I. 

One of the difficulties in deciding on the correctness of one or an-
other of the theories of ameboid movement is that much of the evidence 
we have is compatible—or at least not incompatible—with several the-
ories. This point was discussed by Allen (1961a) at the Leiden sympo-
sium. 

The streaming of naked cytoplasm is, however, an observation that 
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cannot be reconciled with the tail contraction theory. In fact, the tail-
contraction theory predicts the very outcome of the cell rupture experi-
ment observed with P. palustris, where streaming occurs only if a 
contracting tail remains. The fact that streaming in C. carolinensis con-
tinues after the membrane and the ectoplasmic tube are disrupted must 
be taken into account in the evaluation of theories of ameboid motion. 
It is not sufficient to explain this away as "abnormal." If this were an 
acceptable explanation, then 20 years of research on the biochemical 
activities of isolated mitochondria and chloroplasts could be dismissed 
in the same manner. 

Although it seems clear that tail contraction to create a pressure 
gradient cannot account for all the phenomena observed in the carniv-
orous amebae, it is possible that a tail contraction does perform work 
in the cell. As is well known, the posterior part of the ectoplasmic tube 
does shorten and particles move closer together (cf. Allen, 1960b; De 
Bruyn, 1947; Goldacre, 1952, 1961). From the evidence presently avail-
able, this shortening could be passive, caused by the endoplasm being 
pumped out from the front, but it is possible that it could be active, 
actually contributing to the work done at the front. 

It is clear that P. palustris differs in almost all details of movement 
from C. carolinensis. Is it possible to decide whether the differences are 
due to different mechanisms of movement or whether they might reflect 
ecological adaptations based on a common mechanism of movement? 
The following facts concerning movement in P. palustris bear on this 
question: 

1. Allen (1961a) listed, for the carnivorous amebae, a number of 
characteristics that were compatible with or tended to support the 
frontal-contraction theory. Pelomyxa palustris exhibited none of those 
characteristics and none of those listed for C. carolinensis. 

2. If the appearance of a hyaline layer can be assumed to indicate a 
contraction with syneresis, no indication of frontal contraction was ob-
served whereas several observations, in particular, movement in capillaries 
and isolated tail contraction, indicated the local appearance at the tail of 
syneretic fluid. 

3. The observation, in one cell, that small particles moved from the 
rear to the front in the lateral hyaline layer also suggests that contraction 
with syneresis occurs at the tail, although the possibility that this move-
ment resulted from a potential gradient cannot be excluded. 

4. If the apparent At/A8 ratios for P. palustris represent true ratios 
below 1, the frontal-contraction theory could not apply to these organ-
isms, since the ratio must exceed 1 if the endoplasm shortens and thickens 
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as it forms ectoplasm, as the frontal-contraction theory proposes (Allen, 
1960b, 1961a). 

None of the evidence supports the presence of frontal contraction in 
P. palustris, and several observations suggest that contraction of the tail 
does occur. Some of the observations, particularly negative results, such 
as the failure to obtain fountain streaming in naked cytoplasm, must be 
taken with some caution, since the integrity of the cytoplasm in P. palus-
tris apparently depends on the presence of the membrane, just as it 
seems that the integrity of the membrane is lost as the cell lyses. 

The distinct backward movement of inclusions at the front of the 
ectoplasmic tube revealed in Fig. 6 and the slight thickening of the 
hyaline layer beneath the membrane in the same region, just behind the 
front (Figs. 4 and 7a), at one time suggested that a frontal contraction, 
occurring a bit later during eversion of the endoplasm than in the carniv-
orous amebae, could occur in P. palustris. However, it now seems that 
this is not the case and that the hyaline fluid is extruded at the tail and 
accumulates just behind the fountain zone prior to its resorption at the 
front. 

Although the evidence supporting tail contraction in P. palustris is 
not as complete as the evidence supporting frontal contraction in C. 
carolinensis and the other carnivorous amebae, it seems reasonable to 
conclude that these two types of organisms differ in the site of applica-
tion of the motive force, just as they differ in all other physiological 
characteristics. 

Allen (1961a) said of the tail-contraction theory of ameboid movement 
that it "offers a reasonably satisfactory and consistent explanation of 
continuous progression of a monopodial ameba, but little more." Since 
P. palustris does, in fact, exhibit "little more" than a monopodial pro-
gression, it would seem that this opinion has been supported. 

Mast (1934) concluded: "The essential factors involved in locomotion 
in Pelomyxa palustris as in Amoeba proteus are (1) maintenance of tur-
gidity of the system; (2) localized attachment of the plasmalemma to the 
substratum and the plasmagel; (3) transformation of plasmasol into plas-
magel at the anterior end and vice versa at the posterior end; and (4) 
continuous difference in the elastic strength of the plasmagel in different 
regions." Points 2 and 3 of Mast would still seem to be correct. How-
ever, the conclusion that P. palustris is similar to A. proteus in the mech-
anism of movement seems almost certainly to be incorrect. Mast (1926, 
1932, 1934) apparently followed Hyman (1917) in adopting the idea 
that a gel exerted tension or tended to contract on gelation. Current 
concepts of tail or ectoplasmic tube contraction (cf. Allen and Roslansky, 
1958; Goldacre and Lorch, 1950; Goldacre, 1952, 1961; Bovee, 1952; 
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Landau, 1959) postulate that the processes of gelation and contraction 
are separated in time and space. Also, there is no indication that an 
intact P. palustris is a turgid system as Mast thought. Although the 
cytoplasm does seem to expand on lysis, this probably reflects only the 
breakdown of the vesicles and a change in the physical nature of the 
cytoplasm because, in lysing immobile cells, there was no tendency for 
the cytoplasm to pour out of the unlysed portion in the direction of 
the wave of lysis. 

In conclusion, the movement of C. carolinensis (and other carnivorous 
amebae), on the basis of available evidence, seems to be compatible with 
the frontal-contraction theory (Allen, 1960b, 1961a), whereas other the-
ories available at present do not seem able to account for all the observ-
able details. Indications that the frontal-contraction theory applies to 
P. palustris are lacking, and evidence available supports rather strongly 
the concept that tail or ectoplasmic tube contraction produces the motive 
force. 

Material pertinent to this paper will be discussed in the Free Discussion of 
Part II. 
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