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Dr. Dikmans:
I am inclined to agree with the official examiners who rated Mr.
Barker's thesis "good"; this is my judgement of his work, and his account of
it, as a Master's thesis.

The work obviously was done with care and ingenuity.

The composition on the whole is good, though not free of inaccurate and
awkward statements.

Some obvious grammatical and other errors, probably

mainly typist's errors, are to bo found here and there.
I do not entirely agree with all aspects of the author's interpretation
of his experimental data, but I imagine his most important conclusions are
valid .
The idea of testing survival mainly at a range of temperate near 32 F.
was, I think, good in view of winter climatic conditions in eastern Canada.
However, it must not be forgotten that those larvae which survive the winter
under a cover of snow will be subjected ordinarily, before the area is grazed,
to the alternate freezings and thawings characteristic of early spring and
many may then be killed by these more drastic conditions.
The idea of testing the resistance of "conditioned larvae" to freezing
was excellent, in my opinion, and ought to be developed further.
If the author has publication of his results as an objective, it may not
be amiss to point out that writing a thesis and writing for publication a
paper covering the same experimental data are two different problems.

In a

thesis, the student is expected to present a detailed review of the literature
to demonstrate that he has familiarized himself with the field of his research
and to tell in great detail how he did things.

He need not be economical in

presenting his data and in discussing them. The contrasting characteristics of a
well-conceived paper need not be elaborated, as Mr. Barker can easily obtain
examples of good presentation to guide him.
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THE EFFECT OF Low TEMPERATURES ON
NEMATODES OF SHEEP
Using micro-freezing apparatus devised for the
purpose, the author has studied the effects of cold on
the infective larvae of Nematodirus sp.. Chabertia ovina
and Oesophagostomum columbianum. The latter lives for not
more than eight weeks under conditions simulating those
of an Eastern Canadian winter; the former survive for
at least 18 and 16 weeks respectively and so are able to
overwinter and infect lambs in the spring. Quick-freezing
(i. e. a sudden temperature drop to -4°F. or -38°F. ) is
quickly lethal for all species studied as a result of
intracellular lesions induced by the sudden change. The
hypothesis is advanced that the sudden drop in temperature
causes the protoplasmic sol to change to a gel which
breaks up into globule-like structures (possibly fats or
proteins). This process produces changes in intracellular
osmotic pressure, resulting in rupture of the intestinal
cell membrane. The changes are illustrated by camera lucida
drawings and photomicrographs.
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INTRODUCTION
Prior to the introduction of a suitable

control

policy for the internal parasites of sheep in Canada it
was believed by competent authorities that

parasitic

disease was the greatest deterrent to profitable production
of sheep in many parts of the country. Particularly in
Eastern Canada, even with the general methods of
employed at that time, losses through internal parasitism
continued to occur in lambs and breeding stock.
In 1936 Swales initiated a thorough investigation
into the incidence and economic importance of the parasites
of sheep in Canada which eventually culminated in a highly
successful control program. One of the key points in this
program depended on the over-winter loss of certain infective larvae on the pastures. The species of parasites
apparently controlled by this means are believed to be
Haemonchus contortus and Oesophagostomum columbianum, both
of which may cause severe losses in sheep in Eastern
Canada. In 1940 Swales combined this observation of apparent
over-winter loss of certain infective larvae with the use
of chemotherapy in the form of phenothiazine so that at
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present by the treatment of all adult sheep and lambs
prior to the grazing season it is possible to maintain a
control over the losses formerly caused by stomach and
nodular worms and other internal parasites.
Subsequent surveys and investigations have shown
that in areas where this control program has been closely
followed in successive years, the incidence of internal
parasitism is greatly reduced. There are, however, areas
in Canada where in spite of this control plan certain of
the internal parasites appear to be assuming a greater
pathogenic role. Two of these parasites are Nematodirus sp.
and Chabertia ovina. In lambs from Western Canada Nematodirus
sp. is frequently found in large numbers and in the Maritime
provinces Chabertia ovina appears to be increasing in incidence. Both of these worms are believed to be able to
survive the winter months on pastures in Canada. The
assumption that both of these worms are surviving is based
on observations made in field experiments with the infection
of parasite free lambs as the criterion for survival. The
non-survival assumption with nodular worm larvae is largely
based on the same criterion. In these three instances
extensive laboratory storage experiments to teat the
survival of larvae at various temperatures have not been
undertaken. Swales initiated some observations on the
storage of nodular worm larvae under laboratory conditions
but was forced to discontinue the plan through lack of
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suitable live material.
With those larvae which are believed to survive the
winter months on pasture it is not known whether they
succumb from a continuous exposure to a freezing temperature,
whether they die as a result of a sudden freeze or from
alternate freezing and thawing while on the soil surface.
Even with those larvae which are believed to survive there
has not been any observation made on any structural changes
which might prevent them from eventually producing an
infection when ingested.
Thus there was an apparent need for mora data on
the effect of low temperatures on some of the economically
important nematodes of sheep. This thesis covers the
effects of four specific temperatures on three species
of sheep nematode larvae together with observations on
morphological changes occurring in the larvae, under
laboratory conditions of storage.
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LITERATURE

reviewed

Studies on the longevity of the Strongyloid infective
larvae are of both practical and theoretical importance,
but until recent years have been neglected. Data on the
bionomics of the infective larvae of sheep nematodes have
been obtained largely through observations under field
conditions and only to a limited extent through laboratory
experiments.
Probably the earliest observations on the bionomics
of sheep nematodes in North America were those of Ransom
(1906), indicating that the larvae of Haemonchus contortus
showed little reduction in the number of food granules
when kept out of doors from Dec. 27 to Mar. 22. He also
stated that H. contortus infective larvae in faeces resisted
85 days exposure outside in the winter, being frozen and
thawed 32 times and frozen for over 48 hours on those
occasions.
Ransom (1906) also reported that infested pastures
will not become free of stomach worm infection between
Oct.

25 and June 16 at Washington, D. C.
Ransom (1910) later reported that stomach worm

larvae having reached the infectious stage are able to
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withstand long periods of dryness and severe cold, though
some of them succumb comparatively early. He also stated
that if sheep, goats and cattle are kept out of a pasture
for a year, it was safe to assume that practically ail
larval stomach worms would have died in that period.
Veglia (19I5), under laboratory conditions studied
the effects of low temperatures on the eggs and mature
larvae of Haemonchus contortus.

Eggs stored for 48

hours at 0°C. did not hatch. Mature larvae stored at
0°C. for 6 months showed a 5-6% survival with the intestinal ceils poor in granulations and with large
vacuoles. Mature larvae did not survive 7 months at 0°C.
Larvae exposed to a sudden decrease in temperature were
able to resist the sudden decrease and survived although
the first stage larvae seemed peculiarly susceptible and
numbers died. Veglia also reported that he could not
detect in any instance larvae that were killed as a
result of exposure to cold weather in the veld if they
were allowed to find shelter either in faeces or in the
soil. He also concluded that in a moderate cold ambient
the larvae remain in a better state of preservation and
for a longer period than in warm weather. In addition, he
stated that during periods of drought in South Africa,
the majority of eggs and larvae on the veld die.
Cameron (1923) froze some larvae of Monodontus
trigonocephalus in a glass capsule on an ice and salt
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mixture and although frozen for a very few minutes none
revived on returning to room temperature.
Lamson (1929) made tests in Connecticut to determine
the overwinter survival of infective H. contortus larvae on
pastures. Ha concluded that the larvae are able to survive
the coldest season of the year and are present to infect
sheep and lambs in the spring. He observed that they continued to remain active until affected by drying.
Monnig (1930) in order to determine the possibilities
for development of Trichostrongylus spp. under the cold
dry winter conditions of South Africa, made several
experiments. As a result of his Experiment

he concluded

that Trichostrongylus larvae can only exceptionally reach
the infective stage under winter conditions. He observed
the effects of low temperatures on

Trichostrongylus

larvae by a aeries of three experiments in which infective
larvae were exposed to a temperature of 0°C. or lower for
variable periods. In all instances the larvae survived
the exposure. Larvae frozen in water for 10 days were found
to swim freely and proved infective. Larvae stored for
14 days in a culture jar at 0°C. appeared to lose their
migratory powers. He concluded that the pre-infective stages
of Trichostrongylus sop, are killed by freezing unless they
are sheltered. Low temperatures above freezing point
slower development.
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Rebrassier (1933) in Ohio reported that the larvae
of Oseophagostomum columbianum will survive in the soil
at least one winter season and still be infective for
susceptible lambs. He did not, however, indicate soil
temperatures during the survival period.
Dikmans and Andrews (1933) in an abstract call
attention to the fact that sheep they were using were
infested with H.contortus,Nematodirus spathiger and
Ostertagia circumcincta. the infection having been
acquired by grazing the parasite-free sheep on pastures
vacant during the winter months, thus showing that whatever infection was present on the pasture in the fall had
survived the winter.
Kauzal (1933) states that heavy infestation (in
New South Wales, Australia) may be encountered during the
winter months in the southern winter-rainfall areas.
Chabertia ovina from his survey showed remarkably little
variation in seasonal fluctuation, being common at all
seasons.
Gordon and Graham (1933) while conducting post
mortems on four iambs observed a heavy infestation of
Chabertia ovina in one lamb. They deducted that this infestation was acquired during the cold winter months,
indicating the resistance of the larvae of this species
to climatic conditions.
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Zavadovsky and Vorobiova (1934) reported that:
"Trichostrongylidae larvae, spending winter in the open
under Moscow climatical conditions, are practically deprived of any invasive significance towards spring. "
Kammlade et al (1936) published data indicating the
persistence of stomach worm larvae on pastures of bluegrass in Illinois. In the data they presented, there is
the suggestion made that after a winter in central Illinois,
such as that of 1935-36 (no temperatures given), the larvae
of the stomach worm deposited the preceding season might
not be nearly so important a source of infestation as the
adult parasites carried through the winter in the host
animal.
Boughton and Hardy (1936) in Texas, while making
longevity studies under range conditions, observed a 32
months survival of infective Haemonchus contortus larvae as
indicated by infections established in parasite free lambs
grazed on fenced plots. Subsequent observations (1937)
indicated that after 31 months these plots were free from
Haemonchus contortus infective larvae. Later (1938) they
concluded that their studies showed that H. contortus
larvae will remain viable for at least 22 months on the
open range in West Texas. They did not submit temperature
charts for the trial period and hence the effects of low
temperatures can not be estimated.

** 9 —

Griffiths (1937) showed that Ostertagia circumcincta,
Nematodirus filicolis and Trichostrongylus colubriformis
were able to survive a Canadian winter in which the air
temperature ranged from -15^F. to 52.5°F. during a fourmonth period. H. contortus and Oesophagostomum columbianum
apparently did not survive.
Schmid (1938) reported that in Germany sufficient
pasture infection does not last over winter to cause a
massive invasion of the host animals.
Baker (1939) concludes from evidence presented
that in New York the infective stages of the various
species of small gastro-intestinal worms found in native
sheep will remain viable for periods of at least 21 months.
The parasites he refers to are presumably Haemonchus contort us. Ostertagia circumcincta. Cooperia curticei, Nematodirus spathiger, Bunostomum trigonocephaum. Moniezia
expanse, Trichuris ovis. Oesophagostomum columbianum and
Trichostrongylus spp.
Swales (1940) from the results of preliminary sheep
surveys hypothesizes that if the free-living stages of a
certain species do survive and are present on the pastures
in the spring then one might expect these species to be
present in reasonable numbers in lambs after they have
grazed on the pasture for from six to eight weeks. His
charts (assuming the above hypothesis) indicate that
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M. expanse, T. ovis, O.circumcincta.Nematodirus spp. and
H. contortus survived the winter, end accordingly the
survival of M.trigonocephalus.Chabertia ovina, O. columbianum
Trichostrongylus spp. and Cooperia spp. is low or nonexistent. He further states that through an abnormality
(very low numbers) due to anthelmintic treatment of
flocks in the survey; H. contortus cannot be considered in
the above hypothesis.
Swales (1940) later reported from experimental data
that H. contortus and O.columbianumdo not appear to resist
winter conditions on Canadian pastures. It wa3 on these
data together with the preliminary survey work, that the
basis for the control of internal parasites of sheep in
Canada was established.
Shorb (1942) concluded that in the winter or late
fall, there was no development to infectivity of preparasitic stages of ovine nematodes, but a small number
of Ostertagia and Trichostrongylus in the egg or preinfective larval stage, the following spring. There was
also

evidence that the pre-infective stages of

and Ostertagia survived the cold weather of early spring.
Shorb (1943) found in Maryland that there was no
survival on grass plots of H. contortus from December to
April.

se
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Series (1943) reported results showing that on a
pasture contaminated during the summer with small numbers
of stomach worm eggs, the free-living stages died off over
winter. This overwinter loss occurred on a closely cropped
pasture during a fairly normal winter, followed by conditions favourable to the acquisition of infection in the
grazing season.
Kates (1943) stated that for the conditions existing
at Beltsville, Maryland, over the fall, winter and spring
of 1941-42 his results show there was no evident survival
on pasture of the pre — parasitic stages of O. columbianum,
Cooperia curticei and B. trigonocephalum.a very low survival
of H.contortusand Trichostrongylus spp.. and a relatively
high survival of Ostertagia spp., Nematodirus spp. and
Trichuris ovis.
Shorb (1944) using experimentally infested grass plots,
recovered infective H. contortus larvae that survived the
winter bat these were sluggish, vacuolated and probably noninfective. He indicated that pastures kept free of sheep,
from October until the middle of April, will contain only
a few larvae of H. contortus still capable of infecting
these host animals.
Dinaburg (1944) reported on the short life of
H. contortus and their inability to survive the winter on
grass plots.
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Furman (1944) by means of laboratory storage experiments, concluded that thepre-infectivelarvae of Ostertagia
circumcincta are more rapidly killed by freezing and by
high temperatures than are eggs. Infective larvae are
highly resistant to temperature extremes, but if frozen
in ice at -6°C., they are killed within approximately two
weeks. At a temperature just above freezing, they may survive
over 271 days exposure when in water 5 mm. deep. Above 0°C.
the mortality increases with rising temperatures.
Hawkins et al (1944) indicated that under the climatic
conditions of Michigan, H. contortus and O. columbianum are
not perpetuated by the pastures but by the breeding flock.
They stated that pastures Infested with H. contortus are
apparently freed of infestation in two months in late
summer and early fail, with O. columbianum and Chabertia ovina
in three and one half months. They found that Ostertagia
circumcincta.

Trichostrongylus colubriformis. Nematodirus sp.

Trichuris ovis larvae were still viable after four and
one half months on pasture.
Seghetti and Marsh (1945) report a carry over of
infective larvae of Ostertagia, Trichostrongylus and
Nematodirus on a blue grass pasture in Montana which had
not been pastured since November. They recovered the
larvae from sod samples in April by means of Baermann
apparatus.
It is apparent, therefore, from this literature review
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that there has been a reversal of Ransom's earlier conclusions on the survival of H. contortus. Thus it ia believed
at the present time that H. contortus. O. columbianum and
Bunostomum trigonocephalum are not capable of surviving the
winter months on pastures in most regions whore sheep
husbandry ia extensively applied, and that Ostertagia,
Trichostrongylus and Nematodirus may survive in small numbers.
The survival of Chabertia ovina remains to be determined.
One of the most important points overlooked by most
workers in the literature previously reviewed relates to
the actual soil temperature of the pasture during the
winter period. Many of the articles reviewed contain
data on the air temperatures during the periods of
observation and thus infer that soil temperature corresponds
to the recorded air temperature, but such does not appear
to actually occur.
Franklin (1919), cited by Keen (1930), recorded
the effect of a 3-inch snow layer on soil temperature at
Edinburgh. This is shown in the accompanying table.
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Effect of a Snow Layer 3" Deep on Soil Temperature
at Edinburgh (Franklin)

at the surface of 3 inches of snow without producing any
detectable change in the soil temperatures.
Mail (1930) briefly reviewed early work on soil temperatures
and their relation to subterranean insect survival. He
showed that under depths of from 4 to 13 inches of snow in
December in Minnesota, the temperature of the soli, 3 inches
below the soil surface, remained between,+l°c (34° and 30°F)
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even though the air temperature varied during the month
between -1. 5°C and -23. 5°C (29°? and -10°F). In a parallel
observation on bare ground the 3-inch level was recorded
at -16°C (3°F) on a day when the air temperature followed
the atmospheric trend. The soil at the 8-inch, 16-inch
and 24-inch levels under snow remained at temperatures
constantly above the freezing point, while even the 24-inch
level under the bare ground fell to only -3. 5°C (26**F).
Thus these observations show that during the winter months,
providing there is a covering of snow, the soil temperatures remain constantly near the freezing point, but in
the event of a thaw which removes all the snow, followed
by a severe frost, the soil temperatures rapidly become
sub zero.
Keen

(1930) states that the effect of snow on the

soil surface is to produce a layer of low conductivity,
further stating that the fairly constant temperature of
the soil under a layer of snow is not solely due to low
conductivity but to the latent heat of the ice crystals.
He explained that at the bottom of the frozen soil, the
temperature is 0°0, and apart from temporary super-cooling
it cannot fall below this value. If, owing to an intensification of the frost spell, the temperature at the bottom
of

the frozen layers begins to fall below 0°C, more

is formed, and the temperature returns to 0°C, owing to
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the evolution of latent heat. The result is therefore a
alow increase in the depth of frozen soil. Hence during
the whole process of freezing and the converse process of
thawing, surface variations of temperature have practically
no effect on the temperature of the soil below the frozen
layer. Keen also included a graph showing the fairly
constant soil temperature during a cold winter with
fluctuations in air temperature between -5°C and 10°C.
Baver (1940) cites the investigations of Petit (1893)
which show that frost penetration is more rapid and its
disappearance slower under bare conditions than under
grass or surface mulches. From Petit's chart on frost
penetration in bare and on grass covered soils it may be
seen that the grass cover decreased the rate and depth of
penetration of frost when compared with bare soil. When
thawing occurred, frost disappeared from the protected soils
sooner than from the bare, owing to the fact that the latter
soils were frozen to a greater depth. Baver also states
that overgrazed pastures freeze deeper than those under
controlled grazing because the better growth of grass on
the latter gives more protection to the soil.
Swales (1940) reported on soil temperatures in the
middle St. Lawrence River area, as recorded at Macdonald
College. His examination of the records showed that at

.
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the 4-inch and 0-inch soil levels, the temperature remains
constant during the cold weather until a thaw removes the
snow, at which time the 4-inch level shows the greater
variation. On all days on which the temperatures of the
soil fell below

the snow covering was absent or

sparse due to a previous thaw. He states that the air
temperature itself has little effect upon the soil temperature in the presence of snow and further that snow and
not soil is the efficient insulating agent protecting
organisms against very low temperatures. His records of
soil temperatures show the relative constant temperatures
to which the free-living stages of nematodes would be
exposed. From these observations, it is apparent that even
on the soil surface animal organisms are not usually exposed
to very low temperatures during the winter months in Eastern
Canada. One other point of importance in this work is the
suggestion that if the organisms were covered with faecal
material or soil, it is probable that there would be
slightly less variation in temperature, but there are no
data to show that larvae are able to migrate downwards into
the soil to an appreciable depth.
Thus it appears from this section of the literature
review that the infective nematode larvae of sheep, on the
pastures of Eastern Canada during the winter months,
whether in faecal material or soil, are not subjected to
temperatures

much below

except when the snow
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is absent or sparse due to a thaw, followed by a frost,
at which time they may be subjected to low temperatures.
Conspicuous by its absence from the literature reviewed
is the fact that no mention can be found relative to the
mechanism of death by cold in the infeotive nematode larvae
of sheep.
Veglia (1915) observed the appearance of dead and
living larvae (H. contortus), under the process of
larva, the edges of the intestine are rather

desiccation,

indistinct,

the granulations are very fine and slightly yellowish.
Dead desiocated larvae immersed in water had nearly lost the
internal structure and the intestinal cells contained
numerous large vacuoles. It appeared that the larvae were
killed by desiccation as soon as the granulation stores in
the cells of the intestine were exhausted. In his discussion
of the mechanism of desiccation, he stated that the
of the intestinal cells seemed to be the most fatal process,
stating also that fat present in the protoplasm of the intestinal cells evidently retarded the desiccation process.

in a small bottle immersed in a brine freezing mixture for
10 days, temperature being well below 0°C. On thawing, the
larvae were found to swim lively and were infective.

desiccation

n
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Apparently the freezing and thawing process did not affect
the larvae in any visible manner. He further observed that
larvae recovered after a prolonged period of dryness showed
considerable changes in the intestinal cells. The number of
reserve food granules had decreased and gas bubbles had
accumulated. In spite of these changes, these larvae were
infective.
Furman (1944) stated that the lack of longevity of
both infective and pre infective larvae of Ostertagia
circumcincta at a temperature of -6°C in ice seemed to be
due in part to the fact that freezing water mechanically
ruptured many of these larvae. He supports his view by
further stating that infeotive larvae held at a temperature
of -6^C survived a relatively long time when not exposed to
freezing water.
The morphological changes observed as a result of
dryness are included above in view of certain changes
observed in experiments on the effect of fast freezing
in a subsequent section of this thesis.
A brief review of the mechanism of death by cold in
the plant and insect kingdoms is included in order to be
of some assistance in attempting to explain observable
effects of cold on sheep nematode larvae.

.
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clearly the mechanism of cold injury to plants. He froze
isolated plant tissues in a micro-freezing apparatus and
observed that two modes of freezing may occur: (a) intracellularly, (b) extracellularly. Intracellular freezing
was fatal to all cells. It occurs at the freezing stage by
formation of ice crystals in the protoplasm and vacuole.
The hardier a plant is to frost, the less its tendency to
undergo this mode of freezing and injury. Extracellular
freezing occurs by the formation of ice external to the ceils.
The ice crystals draw water from the protoplasm and vacuole,
concentrating the intracellular fluids and lowering their
freezing point so that at any stage the freezing point of
the cell fluid

is below that of the temperature to which it

is being exposed. In this way formation of ice within the
cell is prevented. Injury here occurs only at the thawing
phase when the protoplast of the cell is subjected to such
mechanical strains on reabsorption of water that the protoplasm is ruptured and killed.
Luyet and Gehenio (1938) thoroughly reviewed the
literature relative to the lower limit of vital temperature
of plants and animals. They suggest a three group classification based on resistance to low temperatures as follows: (1) Those which can approach the absolute zero without being
killed. (2) Those which die near the freezing temperatures.
(3) Those which die above the freezing temperatures. The
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first group includes those forms which support desiccation
such as seeds, the spores (bacterial and others), the
protozoan cysts, the cysts, the rotifers, the tardigrades,
the nematodes.
Gehenio and Luyet (1939) in a study of the death by
cold in myxomycetes showed that the Plasmodia are killed
by cold at temperatures above those at which ice forms.
They suggest that death by cold without ice formation, in
the myxomycetes, is preceded by a gelation of the protoplasmic
sol and consists in the syncretic breakdown of the gel thus
formed.
Levitt (1941) in a critical review of frost killing
and hardiness of plants summarizes thoroughly virtually
all literature on the subject to that time. This review
includes current theories of the cause of injury and
resistance and gives more details than the work of

Siminovitch

Studies on the freezing process in insects have been
reviewed by salt (1936). He states that the work on the
effects of low temperatures on insects has followed the
more complete work on plants. Salt conducted studies on the
freezing process, relating chiefly to the rate of cooling
ofinsects,relation of water content to the
point, the effect of contact moisture on the undercooling

undercool
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point and other factors. These factors are all apparently
important in the freezing process of insects. Their
importance in studies on the freezing process in nematodes
is unknown and in view of the nature of nematode material
(small size) it is hardly possible to conduct studies on
these factors until more elaborate apparatus has been
devised.
Ditman et al (1943) report that undercooling in
insects appears to be a physical condition brought about
by the reduction and distribution of water in the insect.
It is suggested that materials of a colloidal nature play
a part in this process. They also add that information on
the extent of undercooling is useful in interpreting and
predicting winter survival of insects in the field, but
must be applied with cere. Examples are cited where in
certain insects the laboratory observations on undercooling approximate field conditions, but in other cases
laboratory conditions may indicate a greater resistance
to cold than actually occurs in the field.
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MATERIALS. MetH0DS AND APPARATUS
a. Infective larvae
The infective larvae employed in the experiments of
this thesis were those of Nematodirus sp.. Chabertia ovina
and Oesophagostomum columbianum. The age of the larvae will
be mentioned in each experiment. The larvae of each
were identified by reference to the studies of Dikmans and
Andrews (1933). The nematodes which served as sources of
eggs for the cultures of larvae were obtained from sheep
and lambs slaughtered at the Wilsil Abbatoir, Montreal.

b.

Method for the recovery of Nematodirus sp. adults.

and larvae for experimental purposes
Kauzal (1939) developed a method for collecting
suitable uncontaminated infeotive material (eggs and
eventually infective larvae) of Nematodirus spp. from the
faeces of sheep which were harbouring several species of
nematodes. This method was based on the use of sugar solution
as a means of separating nematode eggs from faeces.
Unfortunately, using Kauzal's method, it was impossible
to obtain a sufficient number of eggs required for these
studies since heavily infected animals were not available.

species
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and hence another original procedure was developed as
follows:
1. Approximately the first twenty feet of small
intestine wa3 removed from iambs of the cull type
(small, poorly finished) at the abattoir. From six
hundred to one thousand feet of small intestine were
conveniently carried from the abattoir to the laboratory
for examination. The use of only the first twenty feet
is baaed on the fact that the greatest concentration of

Nemat
2. Each length of intestine was incised longitudinally and washed thoroughly in about four litres of
water, after which the intestinal mucosa was scraped
by pulling the intestine between the closed thumb and
index finger, removing any adherent worms. From
thirty to fifty sections of intestine were washed into
the same four litres of water so that the worms were
concentrated.
3. The fluid with the intestinal contents was then
agitated by stirring and poured through a standard sieve
series (Fisher's U. S. Standard Sieve Series Nos. 10, 20
and 40). The rough filtrate was discarded.
4. The sieves wore inverted in large circular
glass dishes and the filtered material sedimented by
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filling the dishes with water just sufficient to
cover the screening. The sieves were removed by lifting

vertically and the sieve screening

carefully

examined for the presence of adherent Nematodirus.
These were removed by placing the inverted screen in
another

circular dish and subjecting it to a

stream of water. Forceps were useful in removing some
of the worms from the screen surface.
5. The suspension in each glass dish was allowed
to sediment for a few minutes. All Nematodirus present
were soon sedimented and could be seen quite clearly in
most instances as reddish entangled masses near the
bottom of the dish. As soon as sedimentation was complete, the upper portion of the fluid was poured off
and replaced with normal saline solution. This process
was repeated several times until the upper fluid in
the dish was quite clear. The dishes were then allowed
to stand for fifteen to twenty minutes, undisturbed.
This period of time allowed the Nematodirus to become
a reddish entangled mass lying just on top of the sedimented undigested material in the dish.
6. Any of the larger extraneous intestinal worms
were now carefully removed with forceps. The Nematodirus
were concentrated by teasing with a dissecting needle to
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one area in the dish and were removed in entangled
masses, placing them in normal saline.
7. The eggs were separated from the worms by
removing a mass of entangled worms with forceps and
carefully incising the worms, allowing the incised
material to drop into a petri dish containing a small
amount of distilled water. Large numbers of worms may
be incised quickly, releasing numerous eggs with this
first incision procedure, but to assure that the
maximum number of eggs would be obtained, a further
procedure was followed. A small hand sieve (fine mesh)
was lined with

bolting silk. The incised worms were

then placed in the sieve and gently macerated by
sprinkling with distilled water and then squeezing
against the sieve with a small pestle. This procedure
of squeezing and wetting was repeated many times, the
expressed fluid dropping into a beaker under the
sieve. Examination of the fluid revealed large
numbers of Nematodirus eggs, relatively free of
contamination by bodies of the worms.
6. The eggs were concentrated by allowing the
fluid to sediment in 10 cc. conical centrifuge tubes.
Nematodirus eggs sediment very quickly, forming a
whitish mass in the bottom. The eggs were washed
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several times by siphoning off the supernatant fluid
and replacing with distilled water.
9. Finally, the concentrated mesa of eggs was
siphoned out in about 5 Cc. of distilled water (e 10 cc.
pipette with rubber bulb used as siphon) and the suspension placed in petri dishes, adding sufficient distilled water to cover the eggs to a depth of 3 to 5 mm.
The eggs were incubated at 24 to 30°C. for approximately 14 days, and then examined for infeotive larvae.
The technique described was followed in several
instances and always resulted in pure cultures of Nematodirus larvae, suitable for experimental purposes. The
number of fertile eggs expressed from the bodies of the
females was rather limited and consequently large numbers
of worms hsd to be collected in order to obtain a
sufficient number of infective larvae. Many unhatched
larvae were also noted at the end of fourteen days incubation. Further incubation for a period of 24 to 48
hours hatched some of these. In no instances were any
ruptured eggs noticed as a result of the expressing procedure followed in Stage 7.
c. Method for the recovery of Chabertia and Oesophagostomum
adults. eggs and larvae for experimental purposes.
The procedure followed for the recovery of Chabertia
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and Oesophagostomum was quite similar to that followed
by Swales (1940), except that the screening of the
intestinal contents through a series of sieves (Fisher's
U. S. Standard Sieve Series Nos. 10, SO and 40) was
omitted.
The steps in the procedure may be enumerated as
follows:
1. The colons of sheep were collected at the
abattoir and returned immediately to the laboratory*
2. The colons were opened with scissors and
the ingesta scraped off with the fingers, allowing
it to drop into a tray or pail, and covered with
normal saline solution.
3. The cleaned colons were then placed in
normal saline and allowed to stand for about 15
minutes, approximately 30 colons in 4 litres.
4. The colons were then removed from the
saline and adherent worms scraped from the mucosa
by pulling the colon between the closed thumb and
index finger, allowing the material scraped off to
drop into another pall of normal saline. This
material was allowed to sediment.
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5. The supernatant fluid of Stage 4 was poured
off and the sediment placed in small quantities in
circular glass dishes (9-inch diam., 3-inch wall).
To each dish was added sufficient normal saline to
just distribute the material over the bottom of the
dish.
6. These glass dishes were examined for worms
by stirring occasionally with a glass rod and all
worms removed with small forceps to a dish containing
normal saline solution. The Chabertia and Oesophagostomum mature worms were then transferred to separate
dishes.
7. The colon contents obtained in Stage 3 were
mixed thoroughly by stirring in the saline solution.
In order to remove much of the fine chaff-like
material from the ingesta containing worms, a small
amount of the ingesta was placed in a circular glass
dish and subjected to a forceful stream of tap water
until the dish was nearly full. This agitated mixture
was allowed to sediment for 3 to 5 minutes and then
the supernatant portion was poured off. Normal saline
was added to the material left in the dish; again
sedimentation was allowed for a few minutes and then
the supernatant fluid was poured off.
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8. The sedimented material thus obtained was
examined aa in Stage 6.
9. The eggs were extracted from the worms in
a procedure similar to that followed with Nematodirus
with the exception that the fluid containing the eggs
was centrifuged for 5 Min. at 1800 r. p. m., supernatant fluid decanted, and distilled water added.
These eggs were then stored in petri plates containing water at 50°F for a period of 2 to 3 days until
used.
10. Infective larvae were obtained by adding the
eggs to a moist sterile faeces and sand mixture
(50 sterile faeces to 50 sterile sand, sterilization
temperature of 70°0) with incubation of Chabertia for
7 to 10 days at 25°C., and Oesophagostomum 7 to 10 days
at 28 to 30°C.
The larvae were then recovered from the
incubation jars by Baermann apparatus and placed in
petri dishes in the Baermann fluid.
Using this recovery procedure, viable Chabertia
adults were recovered after 3 days storage at 50 to 60°C.
in the ingesta — saline material. Oesophagostomum adults
did not survive this 3-day storage. It was always found
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beat to extract the eggs from living worms and incubate
as soon after removal as possible. Oesophagostomum eggs
recovered

in this procedure and incubated aa

always showed low hatch ability as determined by the
number of larvae recovered, thus limiting the available
amount of live material for experimentation.
In sheep end lambs that were examined by
procedure in February and March and even April, many
immature Chabertia adults were noted. There also appeared
to be only a small number of Oesophagostomum wherever
Chabertia infections were heaviest.
d. Storage media and procedure
The storage media used in the experiments consisted
of either Baermann fluid or moist faeoes-sand mixture.
Baermann fluid indicates the fluid that was removed with the larvae on initially being recovered after
incubation.
Moist faeces-sand mixture was prepared as follows:
Faecal pellets were collected from sheep on a
hay diet, were broken by hand into small particles and then
mixed with sterile coarse plaster sand in the ratio of 1: 1.
This mixture was then sterilized by just bringing to e
temperature of 70°C. Ten-gram portions of this were dried

this
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to determine the moisture content. Distilled water was
then added to bring the faeces-sand mixture to a
moisture content of 35 +, 3%. This percentage of water
gave the mixture a firmness slightly under that of faecal
pellets. Approximately 4 gms. of this mixture were loosely
packed in a 16 ml. sterile glass vial.
The required number of larvae were removed by a
fine pipette from the Baermann fluid in which they had
been recovered, and placed on the surface of the faecessand mixture in each vial, endeavouring to keep the
amount of additional water added in this manner to a
minimum. The vials were then sealed with Parafilm paper,
with a small 1 mm. hole punched in the top to allow
atmospheric exchange. Vials thus prepared were then
numbered, placed in racks and stored at designated
temperatures for various periods of time.
In one experiment it was necessary to use faecal
pellets recovered from sheep on a grass pasture. This
will be mentioned in the experiment concerned.
Larvae to be stored in Baermann fluid were removed
from the fluid as above, in the required number and,
if necessary, sufficient additional fluid was added so
that each vial contained approximately 1 cc. Storage
procedure was the same as for the moist faeces-sand groups.

-

33

-

With a few exceptions all vials containing the
moist faeces-sand mixture

were allowed to stand at room

temperature for one hour after the larvae were added,
thus allowing the larvae to disperse in the mixture.

e. Storage facilities and temperatures
Storage at the temperatures required for experimentation was accomplished through the use of two
commercial refrigerators.
Each of the commercial refrigerators contained
compartments adjusted by thermostat to maintain reasonably
constant temperatures. No attempt was made to control the
relative humidity. From observations on the dryness of the
faeces-sand mixture in the storage vials, there did not
appear to be noticeable change in the texture, hence
evaporation wan apparently at a minimum.
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The control temperature was 50 +, 2°F.
Initially recovered excess larvae were stored at
room temperature in petri dishes containing Baermann fluid.

f. Recovery of larvae at termination of storage period
At the end of each storage period, the vial containing the larvae was removed from the refrigerator and allowed
to come to room temperature over a period of approximately
four hours.
The contents of the vial were then placed in a small
Baermann apparatus (65 mm. diameter of funnel top) and
allowed to stand for 24 hours. The Baermann fluid was then
drawn off into a petri dish with a ruled bottom, to
facilitate counting of larvae. All counts were made by
using a binocular microscope with a 2X objective and
10X ocular.

g. Special micro-freezing apparatus
In order to observe the effects of a fast-freeze
on the infective larvae, a special micro-freezing
apparatus was required. With this apparatus the studies
on the behaviour of larvae during freezing and observations
on morphological changes were easily made. (See Figs. 1 & 2).
The construction of this apparatus was modelled on

Key: 1. Freezing stage. 2.Microscope,high and low power.
3. Binocular microscope, low power. 4. Thermos containing
ice-water. 5. Galvanometer. 6. Galvanometer reading switch.
7. Thermometer and thermocouple. O. Thermocouple inserted
in stage cell. 9. Galvanometer calibration chart.
10. Insulated refrigerant tank. ll. Refrigerant receptacle.
12. Circulating pump. l3. Refrigerant tubing.
14. Galvanometer light switch. 15. Pump switch.
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Fig. 1 - Arrangement of special
micro-freezing apparatus.
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that described by Siminovitch (1937). The essential part
of this apparatus Is a low-temperature stage consisting of
a flat, rectangular brass box, the upper and lower surfaces
of which are perforated in the centre by circular apertures
of approximately 11/2inch top and 1 inch bottom. The
apertures are joined to each other by a perpendicular circular metal wall whioh seals off the exposed interior of
the stage. The 1 inch bottom aperture thus has a1/4inch
circular rim so that the "cell" thus produced may be
closed on the bottom by a circular piece of lucite or a
thin cover slip of glass whioh rests on the rim. The
stage is mounted on the microscope so that the light
from the condenser passes up through the glass bottom of
the cell to the objective immersed in the cell. The
larvae to be examined were placed on the glass bottom
of the cell in a minute drop of water by means of a
finely drawn pipette.
To apply the low temperature a pre-cooled freezing
mixture (acetone cooled by dry ice) was gravitated
through the freezing stage, contacting the cell wall and
thus lowering the temperature in the interior of the cell.
In order to prevent the addition of heat from the at*
mosphere to the interior of the cell, a layer of cotton
was wrapped around the microscope objective as soon as
the objective was lowered for focussing.
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A copper-constantan thermocouple touching the glass
bottom of tha cell and attached to a galvanometer calibrated to read the temperature directly in

indicated

the temperature to which the larvae were being subjected
during the experiment.
Temperatures aa low as -36.5°fwere obtainable with
this apparatus within a short period of time following the
gravitation of the cooling fluid into the stage.
Another special freezing apparatus employed waa
similar to that described by Gehenio and Luyet (1939),
using a heavy plate glees hanging drop slide with a
vertical walled, flat bottomed depression. Several
larvae in a minute drop of water were placed on a cover
glass, inverted over the depression in the glees slide
end sealed in place by means of vaseline. Slow-freezing
wes effected by immersing this hanging drop slide in a
pre-cooled 40% calcium chloride (dihydrate) solution.
Quick-freezing was effected by placing a small piece
of dry ice directly on the cover slip, centred over the
hanging drop. Thawing of both slow and quick-frozen
materiel was effected by removing the slide from the
refrigerant or removing the piece of dry ice, thus allowing the room temperature to warm the cover slip.
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EXPERIMENTAL

a. Larvae survival experiments at low temperatures
The general plan of the experiments to determine
larvae survival at low temperatures under laboratory conditions, involved the storage of infective larvae of
Nematodirus sp.. Chabertia ovina and Oesophagostomum
columbianum in either moist faeoes-sand mixture or Baermann
fluid, for fixed periods of time at constant temperatures.
In some experiments reference will be made to quick freeze as compared with slow-freeze. In other experiments
reference will be made to conditioned larvae and aged
larvae.
The term quick-freeze indicates that the larvae
were exposed to a very low temperature so that freezing
occurred within a very few minutes or seconds. Slowfreezing indicates that the exposure temperature was either
just at the freezing point of water or slightly below this
so that some time was required for the larvae to be frozen.
Conditioned larvae were those whioh were subjected
to progressively lower temperatures for certain periods
of time. Aged larvae were those which had been stored for
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a few months at 50°F. in water. Where the age of larvae
is mentioned it indicates the time after initial recovery by the Baermann procedure.
1. Preliminary QUICK-FREEZE-SLOW-FREEZE survival experiment.
The purpose of this experiment was to compare briefly
the effect of a quick-freeze with that of a slow-freeze on
the survival of the infective larvae of Nematodirus,
Chabertia and Oesophagostomum.
The ages of the cultures of larvae were as follow*:
Nematodirus

-

37 days

Nematodirus (aged)
Chabertia

-

165 days

- 18 days

Oesophagostomum

- I8 days

The refrigeration temperatures in this experiment
were lower than in all other experiments. The quick-freeze
temperature was -38°f., rising to -10°f. during the storage
period. Larvae subjected to this temperature were observed
to be completely encased in ice within a matter ^f seconds.
The slow-freeze temperature was 27 + 1°f. Control larvae
were held at 50 +, 2°F. The storage period was 2 weeks with
examinations for survival at weekly intervals. The moisture
content of the faeces-sand mixture was approximately 35%.
Twenty-five larvae were placed in each storage vial of
moist faeces-sand, and Baermann fluid.
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The results are presented in Table 1.
This preliminery experiment showed thet a sudden
exposure to e very low temperature (-4°f) was lethal to
the infeotive larvae whereas exposure to the relatively
low temperature (27 ^ 1°F) did not have any appreciable
effect in the short storage period employed. The exception
to this latter observation, however, was in the case of
Oesophagostomum where there appeared to be e slight
in survival numbers.
From the table it is also apparent that storage
experiments in which larvae are stored only in Baermann
fluid may not give a true estimate of the effects of
temperature on survival, in that under natural conditions
most larvae are surviving in either faeces or faeces-soil.
The criterion of death in larvae, whether from cold
or other means, is based on the straightened appearance
and lack of motion on stimulation of the dead larvae aa
compared with a coiled appearance, coiling or motion of
some

nature in living larvae. This experiment

established

the characteristic appearance of larvae that have died as a
result of a quick freeze.
larvae that have died as a result of a quick freeze,
when examined at a magnification of 20X, show a characteristic

Table 1 - Number of larvae recovered in preliminary
quick-freeze-slow-freeze experiment.

-

43

-

straightened appearance but in addition their internal
structure, particularly the intestinal cells, has a
globulated-like appearance. These globules transmit the
yellow light from the source of Illumination in a manner
that a glistening effect is produced and dead larvae are
very easily distinguished. In some instances, however,
larvae with the characteristic globules were observed to
be motile, larvae were considered to be dead when they
did not respond to stimulation by touching with the
sharp edge of a glass pipette. A further description of
the morphological changes in quick-frozen larvae will be
found in a subsequent section.
In this experiment 2 Chabertia survived a -38°F.
freeze for 1 week, 1 aged Nematodirus survived 1 week
and 1 Nematodirus survived 3 weeks, the latter two in
moist faeoes-sand. This suggested that both Nematodirus
and Chabertia may be able to resist quick-freeze
temperatures for an unknown period of time in small
numbers. Further experiments deal with this phase of
storage survival. Oesophagostomum did not appear in this
experiment to be able to withstand the quick-freeze
temperature of -38°F.
2* long term storage survival experiment with larvae
This experiment was designed to determine the survival
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of infective larvae of Nematodirus, Chabertia and Oesophagostomum in either moist faeces-sand mixture or Baermann
fluid, at constant temperatures for fixed periods of time.
The age of the larvae used in this experiment was
as follows:

The refrigeration temperatures were those mentioned
under storage temperatures of methods.
The faeces-sand mixture had a moisture content of
approximately 38. 0%.
The storage period and examination interval for each
of the groups of larvae was:

Both Nematodirus groups were stored on the basis of
100 larvae per vial: Chabertia in faeces-sand mixture,

45

100 per vial; Chabertia In Baermann fluid 50 par vial and
Oesophagostomum in faeoes-sand mixture on a basis of 25
larvae per vial.
The results of each group are presented in the
following figures:
Fig. 3 - Nematodirus (moist faeces-sand).
Fig. 4 - Nematodirus (aged) (moist faeces-sand).
Fig. 5 - Chabertia (moist faeces-sand).
Fig. 6 - Chabertia (Baermann fluid).
Fig. 7 - Oesophagostomum (moist faeces-sand).
The results with both groups of Nematodirus show
thet these larvae were able to survive in reasonably constant numbers under the conditions of the experiment, i. e.,
18 weeks in moist faeoes-sand at the temperatures employed.

12 and 15 weeks storage at -4°F. suggests that if larvae
could be classed as cold hardy, then Nematodirus should be
included in the upper group of this classification.
The Nematodirus larvae recovered at the end of the
storage period were actively motile and as shown in the
accompanying figures (Figs. 8 to 11) appeared to be normal
In most respects. The larvae stored at 50°F. show more
vacuolation than those of the lower temperatures. The
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larvae recovered after storage at -4°F for 15 weeks show
some evidence of change of structure in the intestinal
cells other than normal vacuolation (Fig. 8). It is
believed that these larvae could not survive and be
infeotive with the morphological change that has occurred.
The larvae recovered after storage at the other temperatures may, however, be capable of producing an infection.
The variation in temperature between 31°F. and 35°F.
does not appear to have an appreciable effect on the
survival of Nematodirus larvae under the experimental
conditions. Fig. 3 shows that practically the same number
of larvae survived at these temperatures, when compared
with the storage temperature of 50°f. it is apparent that
the lower temperatures exerted only a very alight
on survival number.
Fig. 4 referring to aged Nematodirus indicates
that there is not any appreciable relationship between
age of the larvae at the time of subjection to the low
temperature and the eventual number which survive.
Practically the same number of aged Nematodirus survived
at the temperatures of 31°F. and 35°F. and these survival
numbers are only slightly below the number surviving

at 50°y.
There does, however, appear to be some difference
between the non-aged and aged Nematodirus survival at the

effect
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of -4°F. The non-aged larvae

resisted

thi

temperature longer than the aged. This difference may be
due to physiological or chemical changes in the intestinal
cells of the aged larvae, so that under storage at
low temperature their resistance to the lethal effect of
the cold was reduced.

The results with Chabertia larvae in moist

faeoes-sand

paralle

of Nematodirus. Survival occurred up to the termination of
the experiment, except with those larvae stored at -4°f.
There was not any appreciable difference in survival number
when stored at the temperatures of 31**?. and 35°F. With the
exception of thf final vial stored et 50°F., whioh wes
extensively moulded, this temperature appears to be more
suitable for the survival of the larvae. The

appearance

of the larvae recovered from the final storage vials was
similar to the description given for Nematodirus. The
temperature of -4°F. appears to be quite lethal for
Chabertia.

In those larvae whioh did survive for 2, 4 and

6 weeks, morphological changes were present whioh it is
believed would prevent them from being infeotive. These
changes will be described in a further section on morphology.

The results of the Chabertia larvae in Baermann
fluid are hardly comparable with those of the moist faecessand for the same reason previously mentioned. There

wa
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no appreciable difference in storage survival between the
three temperatures of 31°F., 35°f. and 50°f. The action
of freezing water apparently exerted no effect on these
larvae. Those larvae were still alive and actively motile
after a subsequent month's storage in ice in the vials.
It Is to be noted that with the exception of one larva,
which may have been a contaminant, that these larvae did
not survive 4 weeks at -4°f. When this is compared with
the survival in moist faeces-sand at the same temperature
it suggests that there may be a protective mechanism in
the faeces-sand mixture. However, the number surviving is
actually too small to probably be significant. The
morphological changes observed in the larva which survived
-4°F. were such that it is believed it would eventually
have died.
The survival results for Oesophagostomum (Fig. 7)
show that at the end of the first 2-week interval, there
was only a 4% recovery of viable larvae from the vial
stored at 31°f. and no recovery from the storage temperature of 35°f. None of the larvae survived to the 4-week
interval at -4°f. A very low percentage (4%) of the
larvae continued to survive for 8 weeks at 31°f.
From these results, It is apparent that Oesophagostomum columbianum larvae in moist faeces-sand are susceptible to low temperatures. It is impossible at the
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present time to suggest any cause for the nonsurvival of
the larvae at the storage temperature of 35°F.
3. Conditioned larvae survival experiment
The purpose of this experiment was to observe the
effect,

measured by survival number, of a quick-freeze

at -4°F on infective Chabertia ovina larvae that had been
conditioned by storage for definite periods of time at
constant temperatures in moist faeces-sand and Baermann
fluid.
The age of the larvae was 2 days. The larvae were
placed in groups of 100 per vial in moist faeces-sand
(35% moisture) and Baermann fluid. They were then stored
for the periods and at temperatures es shown, in order to
effect a conditioning:
3 weeks at 50**F in Baermann fluid.
2 weeks at 35°F in moist faeces-sand and Baermann fluid.
2 weeks at 31^F in moist faeces-sand and Baermann fluid.
When changing from one temperature to the next lower
the larvae were moved in a pre cooled insulated box in order
to avoid a rise in temperature.
At the end of the conditioning period all vials of
larvae were subjected to the temperature of -4°F. and were
thus quick-frozen. Following this quick-freeze, vials of
larvae were removed at intervals of 12, 24, 48, 72 hours
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and 1, 2, 4, 6, 8, and 10 weeks.
The results of this conditioning experiment are
shown in Fig. 12. At the time of subjection to the temperature of -4°F only 23% of the larvae in the moist faecessand were recoverable from control vials, whereas 95% of
the larvae in Baermann fluid control vials were alive.
The number surviving in the Baermann fluid fell rapidly
during the first 48 hours and then began to level off
until all larvae were dead at the 6-week interval. This
confirms the preliminary experiment (page 40) in which
it was observed that a low percentage of larvae survived
the quick freeze. One striking feature of this experiment
is the nearly 50% survival for 4 weeks at -4°F of the
larvae in moist faeces-sand. This again suggests some
protective feature in a faeces-sand mixture.
Certain morphological changes believed to be
characteristic of a quick-freeze were observed in the
larvae frozen in this experiment. These will be described
in a subsequent section on morphology.
4. Unconditioned larvae survival experiment
Infective Chabertia ovina larvae were recovered from
the incubation culture, held for 3 days at room temperature
and then placed in storage vials of moist faeces-sand and

Fig. 12 - Survival of conditioned Chabertia ovina larvae.
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Baermann fluid. The faeces employed in preparing the
faeoes-sand mixture were recovered from sheep on a grass
pasture and hence the experiment differs in this respect.
The moisture content of the faeces-sand was approximately
32%.

Through lack of material only 33 larvae were

in each storage vial. The storage period was 10 weeks
with examination intervals of 12, 24, 48 and 72 hours,
and 1, 2, 4, 6, 8, and 10 weeks.
All larvae immediately after being placed in vials
were subjected to the quick-freeze temperature of -4°F.
Fig. 13 gives the results of this experiment. As
in the previous experiment, the survival number in the
Baermann fluid decreased rapidly within the first 72 hours
and then levelled off with no survival at 6 weeks. In the
grass faeces-sand group there was apparently no survival.
The factor or factors responsible for this nonsurvival are
not known at the present time. Faeoes-sand from this same
lot was used in the original incubation of Chabertia eggs
to obtain infective larvae, hence it is known that there
was no toxic factor in the faeces prior to the action of
the low temperature. If faeoes-sand mixtures do provide
a protective mechanism in the form of insulation against
cold it would appear that there is a difference between
hay and grass faeces in this respect.
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Fig. 13 - Survival of unconditioned
Chabertia ovina larvae.
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Even though a few larvae survived 4 weeks at -4°F.
in this experiment, certain changes in morphology wore
evident which it is believed would prevent them from
surviving and becoming infective when returned to a
survival temperature.
5. Effect of low temperatures on viability of Chabertia
ovina eggs.
The purpose of this experiment was to determine the
viability of Chabertia ovina eggs, as measured by recovery
of infective larvae, when stored at low temperatures for
certain periods of time in moist faeces-sand mixture.
This experiment consisted of the storage of Chabertia
eggs on the basis of approximately 3900 per vial in faeoessand mixture of 38. 0% moisture. The eggs used were stored
in water at 50°F. for 3 days prior to being placed in vials.
There was no prevailing period for the storage vials, all
vials being immediately placed in the storage refrigerator
as soon as the eggs were added. The storage temperatures
were those employed in previous experiments. The vials were
removed at weekly intervals, a few drops of distilled water
added and then incubated for 10 days at 25°C. Larvae were
recovered by means of the Baermann apparatus as used in
other experiments. The total storage period was 7 weeks*
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The results of this experiment are shown in Fig. 14.
It ia apparent that only a small percentage of the 3900
eggs in each vial were sufficiently developed at the time
of removal from the mature Chabertia females to eventually
develop into infective larvae. It appears that the eggs of
Chabertia will survive 3 weeks storage at 31°F. and 35°F.
and on incubation produce infeotive larvae.
It is possible that at the temperature of 50°F. all
larvae hatched during the first examination period. This
does not appear to be the case with the three other lower
temperatures studied, for the survival rata decreased
evenly over the 4-week storage period as shown in Fig. 14.
If all the larvae had hatched while stored at the low
temperatures, then larvae would have been continuously
recovered at these temperatures as proven by previous
experiments reported in these studies. The temperature of
-4<*F. la apparently lethal for the eggs of Chabertia ovina.
b. Observations on morphological changes occurring in
quick-frozen larvae.
In previously described experiments of this thesis,
two quick-freeze temperatures were employed to determine
survival at vary low temperatures. With both temperatures
(-380F. and -4°F. ) the majority of larvae appeared to be
rapidly killed, the survival rate having been shown in the

-

63

-

-

64

-

conditioned and unconditioned experiments to fall rapidly
and level off over a period of weeks. In most instances,
only one or two larvae survived for more than a week.
*

Those larvae which ware-quick frozen in

Baermann

fluid provided the most suitable material for observations
on morphological changes occurring a8 a result of the quickfreeze, although several larvae were recovered from

faeoes-sand

on the mechanism of death.

Reference has previously been made (p. 41) to the
characteristic lesion observed in all dead quick-frozen
larvae. This lesion has a globule-like appearance when
observed under low magnification, transmitting and reflecting yellow light to produce a phenomenon believed to be
similar to the passage of yellow light through oil.
Fig. 15 is a camera lucida drawing (low power) showing the
appearance of a dead quick-frozen larva. The globule-like
appearance extends throughout the whole larva. It was
observed that prolonged subjection to light end heat of the
microscope light caused these globules to coalesce, indicating that they may have been fat globules. This feature
of coalescing often interfered to e large extent with the
photomicrography.
With high power signification, the changes are

as
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shown in Figs. 16, 17, 18 and 19. When compared with a
normal larva as in Fig. 20, it is apparent that the main
morphological changes have occurred in the intestinal
cells. These cells have been completely disrupted in
outline so that it is impossible to distinguish any intercellular division. The lumen of the Intestine has been
filled by intestinal cellular contents. There does not
appear to be in the majority of the larvae any change in
the cuticle or sheath as a result of the quick-freeze.
As will be mentioned in subsequent work, however, a few
larvae do ex-sheath after subjection to a quick-freeze.
Larvae which did survive the quick-freeze, showed
characteristic changes whioh may be preliminary to the
final changes in dead larvae described above. Figs. 21,
22, and 23 show quick frozen larvae recovered after
storage in faeces-sand and Baermann fluid for periods as
indicated.

The main feature of these larvae is the largo

intracellular globule-like structure which crowds the
interior of the intestinal ceil so that the cell membrane
<

is stretched and characteristic cellular shape is lost.
This globule-like structure appears to be an antemortem change which is carried over for a brief period
post-mortem (Figs. 22 & 23). It is to be noted that these
surviving larvae do not show any extensive vacuolation or
smaller globulation as seen in normal Intestinal cells
(Figs. 24 & 25). Ail of these quick-freeze surviving
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Fig. 17 - Section of Chabertia ovina
at -4°F. Note complete intestinal cell disruption and
globule-like structures.
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Fig.23- Chabertia ovina larva (conditioned),
^^
quick f r o z e n moist
faeoes-sand
for 4 weeks at
recovered
alive. Intestinal cells show glodivision not clearly visible.
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larvae wera actively motile when examined. Their survival
at room temperature after recovery was not observed beyond
one week. It is believed that eventually, with the extensive
changes present in the intestinal cells, these larvae
would succumb.
Attempts to stain these globule-like structures were
not successful. Sudan III in full strength wes apparently
not absorbed either by living or dead larvae.
Fig. 26 is a camera lucida drawing of a dead Chabertia
ovina larva recovered after 16 weeks storage in
fluid at 50°F. It is believed to represent the morphological
changes occurring in a natural death larva and is included
to provide a comparison with changes noted in quick-frozen
larvae.

by Monnig (1930), difficult to recover. This has been
apparent during the work involved in this thesis. In
only a very few instances has it been possible to find
natural death larvae. Those larvae whioh were found
showed degeneration of the intestinal tract to be the
main post-mortem lesion. This might be expected in view
of the fact that greater metabolic activity occurs in the
intestinal cells than in the other larval tissues.

Baerma
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c. studies on the mechanism of death by freezing.
The mechanism of death by cold in nematode

larvae

is et present unknown. There does not appear, from the
literature reviewed, to have been en attempt by

anyone

to explain the cause of death of larvae at low temperatures,
the exception being Furman (1944) who observed the rupture
of the cuticle and suggested it as the cause of death.
Furman, however, used a temperature of -6°C. and this in
our opinion ia not actually a quick-freeze temperature.
On e cold day during the winter when the
was 6. 8°F., studies were made outdoors with

temperature
Nematodirus

larvae, in an effort to observe the effect of a freeze at
this low temperature. Larvae were placed on glass slides and
allowed to freeze for 7 hours. At the end of this period the
larvae were allowed to thaw and were examined microscopically
during this process. Ail larvae survived the freezing process end no morphological changes were noted to
either during the thawing process or for 2 hours afterward.
The larvae on thawing began to coil and uncoil and showed
swimming movements. These observations could not be repeated
outdoors during the winter due to no further days on whioh
the temperature was that low. From this observation it was
apparent thet the freezing water and short storage period
hed no immediate visible effect on the larvae.

occur

-

77

-

Observations on the artificial freezing of infeotive
Chabertia larvae were made with the special micro-freezing
apparatus previously described. With this apparatus, it
was possible to lower the temperature in the freezing

cell

from 0°F. to -21°f. in 4 minutes. Thawing of frozen material
was effected in 15 minutes (alow thaw) by stopping the flow
of refrigerant, or within 5 minutes by removing and transferring the glass disc from the bottom of the cell to the
stage of another microscope. The larvae used were of
various ages, some having been stored at room temperature
for several months, others had been frozen in Baermann
fluid for several weeks.
Recorded observations resulting from several freezing experiments are as follows:
An actual quick-freeze of a drop of water containing
larvae was difficult to obtain, due to inoculation of the
drop with minute ice crystals from the frosting present on
the wall of the cell. In those oases where it was obtained
the observation was made that a few larvae would ex-sheath
on returning to room temperature. These ex-sheathing larvae
were observed as they moved out of their protective sheathing. As these larvae quick-froze, the appearance was similar
to that of the quick-freeze process described by

Siminovitch

occurred, running completely around just inside the sheath

(
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while the larva straightened. There was apparently no change
in the internal appearance of the ex-sheathed larvae, and
they were capable of active motility. This ex-sheathing
effect was observed with recorded temperatures of -4°F and
-6°F. This observation on ex-sheathing coincides with the
similar observation made on larvae recovered from storage at
-toy in Baermann fluid. The number whioh ex-sheathed,
however, was very low and although it is believed these
ex-sheathed larvae do eventually die

as a result of ex-

sheathing, exsheathing does not appear to be the immediate
cause of death.
In two experiments during whioh the t e m p e r a t u r e
recorded eras -11 OF and -24°F, larvae were observed to
withstand this freeze for 5 minutes and ware actively
motile on thawing. Three larvae were placed in a minute
drop of water in the freezing cell when the temperature
registered

-25°F, were kept frozen for 10 minutes while

the temperature dropped to -27. 5°F and were then allowed
to thaw quickly. No change occurred aB a result of the
freezing or thawing, all larvae recovered and were able to
coil and uncoil without stimulation.
Two larvae were placed in the freezing cell with no
visible water surrounding them. The temperature dropped
from 0°F to -32°F in 5 minutes and remained constant for
5 minutes. These larvae were removed from the cell, a

-

79

-

drop of water placed on them and examined for viability.
Both larvae coiled when stimulated. During this freezing
process

no changes could be observed to be taking

within the larvae.
Seven larvae in a drop of water were subjected to
a drop in temperature from -2°F. to -21**f. in 3 minutes.
They were then held at thia temperature for 10 minutes,
thawed and examined. Five larvae were able to actively
swim on thawing, one larva did not respond to stimulation
and was considered dead although no lesions were evident,
the other larva showed extreme disruption of the intestinal
tract, much of it protruding from the excretory pore. The
five surviving larvae were held at room temperature for
1

week, at the end of which time no morphological

were noticeable. Seven other Chabertia larvae were

changes
subjected

the temperature rising to -8. 50F. in 20 minutes. On thawing
all larvae were able to actively swim and coil, no lesions
being evident es a result of the low temperature. These
larvae were held et room temperature for one week, et the
end of whioh time no morphological changes were noticeable.

Observations
a

up to this point indicated that although

quick-freeze involving only a few minutes would

lethalchangesin the larvae of Chabertia ovina.
globule-like bodies were not evident as a result of the qulok-

characte
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freeze. It was thus apparent that a quick-freeze involving a matter of seconds should be tested.
This quick-freeze was accomplished by the use of
the hanging drop procedure. In this method the drop of
fluid containing the larvae was excluded from all
possible chances of slow-freezing through inoculation with
ice crystals while cooling.
Observations with this procedure are as follows: Slx larvae in a minute drop of fluid were encased in
ice within 5 seconds after the dry ice was touched to the
surface of the cover slip. When thawed and examined 2
larvae showed complete intestinal disruption, the cuticle
of one being ruptured and the intestinal tract protruding;
2 larvae (both dead) showed characteristic globule-like
structures and loss of intestinal cell outline; 2 larvae
were still able to move their heads and coil slightly, with
a few globule-like structures present in the intestinal
tract.

Prior to freezing, these larvae were normal in ail

respects.
Five larvae, all actively motile and normal in
appearance,

were quick frozen in 10 seconds. The dry

wes left on the cover slip for an additional 11/2minutes
before thawing was allowed. On examination, one larva was
able to coil slowly, no intestinal lesions present; one
larva showed extensive globule-like formation and was

-

81

-

dead; one larva showed complete intestinal disruption,
the cells being present in a mass in the excretory pore
region; the two other larvae showed no lesions but
appeared dead.
Four active larvae were quick-frozen in 5 seconds
with the dry ice left on the slide for 3 minutes before
thawing. On examination one larva was completely split in
half and the intestinal tract was protruding; one larva
showed extensive intracellular globule-like formation and
was dead; two larvae showed no change but appeared dead.
Comparable slow-freeze experiments were conducted
with similar larvae of Chabertia ovina by immersing hanging drop slides in calcium chloride solution at a temperature of 12°f. In these slow-freeze experiments all larvae
were able to survive an exposure of 25 minutes.
From these latter quick-freeze experiments in which
the freezing period was a matter of seconds instead of
minutes, with exposure to a very low temperature in order
to produce the immediate freeze, it was possible to produce
the globule-like lesion and intestinal cell disruption
which is apparently the most constant feature of quickfrozen larvae. There also appears to be larvae which die
as a result of the quick-freeze but show no visible lesions
post-mortem. Death through the mechanical stress

applied
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to the larvae during the formation of ice crystals in the
suspending fluid apparently is characterized by rupture
of the cuticle with consequent protrusion of the larval
contents or a crowding of the intestinal tract into the
excretory pore region.
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DISCUSSION
In this thesis an attempt has been made to obtain
data under laboratory conditions on the survival of
certain economically important nematodes of sheep when
exposed to conditions simulating in some respects those
occurring during the winter months on pastures in Eastern
Canada.
Table 1 of Swales (1940) shows that over the period
from 1931 to 1940 (November to April inclusive each year),
the temperature at the 4-inoh soil level totalled 552
days at 32°f, 209 days at 30°f and 138 days at 28°f with
a rapid decrease in total days to 1 at 14°?. It appears
that for the greater part of the winter months larvae on
pastures are exposed to temperatures only slightly below
32°f. Thus it was assumed that a temperature only slightly
below 32°f would provide a suitable test temperature for
laboratory survival experiments. The critical temperature
employed in this thesis was 31 +, 2°f, so that during the
storage period larvae were exposed to a temperature
similar to that occurring during the greater part of the
winter months on pastures in Eastern Canada.
The temperature of 35 + 2°f gave a test

temperature

which was suitable for excluding the larvae from the action
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of freezing water end thus provided e comparison on the
survival of larvae exposed and not exposed to freezing in
soil or a faeces-soil mixture.
The temperatures of 50 4 2°y and -4 ^ 2°F provided
extremes for comparison of survival. The temperature of
50°F was a control temperature, high enough to permit
survival of larvae, within the temperature range occurring
in sheep husbandry areas of Canada where the larvae employed
in these experiments are known to survive on pastures.
-4°f waa a quick-freeze temperature, employed chiefly to test
the effect of a sudden freeze on the infeotive larvae.
The storage media employed in all experiments
simulated conditions under whioh larvae might survive
during the winter months. A small number of larvae might
remain in small pools of water in pastures, but the
majority would bo either in faecal pellets, on the pasture
herbage or in faeces-soil mixtures. In the latter case
thoy
surface,

be either on the soil surface or very near the
for apparently there is little downward migration

of the larvae from the soil surface. Sheep pastures in
Eastern Canada are seldom ploughed and hence few larvae
could be considered as surviving at any depth in the soil.
The moisture content of the faeces-sand mixture used in the
experiments was similar to that encountered on pastures in
the fall, particularly where there has been an early snowfall
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followed by a alight thaw.
The storage period was designed to cover an average
winter period in Eastern Canada, lasting from the end of
November to the beginning of April, a period of approximately 16 weeks. Through lack of material some experiments
were shortened, but from the results obtained the storage
period employed was adequate for the determination of the
survival of larvae when exposed to relatively constant
low temperatures.
The recovery of larvae by Baermann apparatus dees
not always indicate the exact number of larvae present
in the sample, due to the slight variations whioh may
occur during the procedure, i. e., change in temperature
of water, volume of water added and other factors. In the
experiments on storage survival, variation will be noted
in some instances. However, the results with the Baermann
procedure are believed to be sufficiently accurate for the
purpose of these experiments. Other recovery procedures
were attempted but did not give as good results as those
obtained with the Baermann method. The presence of moulds
in moist faeces-sand mixtures often interferes with the
survival of larvae; however moulds were only encountered
?

in the vials stored at 50°F and thus this factor did not
interfere to any great extent.
From the data obtained on the survival of Nematodirus
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it is apparent that the Infective larvae are very
resistant to the effect of low temperatures. Thia could
be predicted in view of the fact that the distribution
of Nematodirus sp. is mainly in temperature regions.
Infections seldom being found in sub-tropical areas.
The results obtained in the long term storage survival
experiment confirm the trend apparent in the literature
review that Nematodirus sp. survive the winter months
on pasture. The appearance of the larvae recovered in
the laboratory experiments shows that very little
morphological change occurred in larvae stored at the
critical temperature and hence these larvae could probably produce infections when Ingested by lambs in the
spring.
The studies on the survival of Chabertia ovina
infective larvae indicate that they also should be able to
survive on pastures in Eastern Canada. The

critical

temperature of 31°F had little effect in reducing the
survival numbers of these larvae. The morphological

changes

observed in these larvae were only slight and it is
believed that the larvae recovered in all experiments
except those involving the quick freeze, would bo capable
of producing an infection. It is apparent, however, that
on the basis of resistance to cold, infective larvae of
Chabertia ovina do not have the same resistance to freezing
as Nematodirus sp.
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In the case of Oesophagostomum columbianum. the Infective larva appears to have a low resistance to temperatures to whioh it would be exposed during the winter
months in Canada. The results of the survival experiment
agree in general with those of Swales (1940) although
longer survival was observed in our experiments. This may
have been the result of difference in moisture content of
the faeoes-sand mixture or some unknown factor. It is
impossible to explain the non-survival of Oesophagostomum
at the temperature of 34**F. That Oesophagostomum might be
subject to the effects of low temperature could be predicted in view of the fact that its distribution is more
sub-tropical than temperate and hence the mechanism of
resistance to cold would not be well developed. Long
dormant periods of freezing temperature and

quick-freezing

are lethal for Oesophagostomum.
Two other factors, apparently not mentioned in the
literature hitherto, concerning their effect on survival
at low temperature have been studied, namely, the age of
the larvae at the time of exposure to the temperature and
the effect of conditioning by low temperature on the larvae.
From the results obtained with Nematodirus larvae
there does not appear to be a relationship between age
and the storage temperatures employed, although there is
a possible exception in the case of aged larvae stored at
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the quick-freeze temperature of -4°F. The reason for this
is not known. At the best, an explanation may be found
by suggesting that chemical changes have occurred in the
protoplasm of the intestinal cells prior to storage ao
that when subjected to the lethal effect of a

quick

freeze, the death process is accelerated in the aged larvae.
Conditioning of larvae by subjection to decreasing
temperatures does not have an appreciable effect on larvae
in Baermann fluid. In larvae stored in faeces-sand mixture,
however, there does appear to be an effect by conditioning
through reduced temperatures, larger numbers of conditioned
larvae surviving than unconditioned. This may possibly
explain some of the resistance shown by larvae on grass
pastures in that they were conditioned to the winter
temperatures of the soil by progressive exposure to lowering
temperatures, thus increasing their longevity. If further
studies are conducted on this aspect under field conditions,
observation should be made on the status of the
relative to grazing or over-grazing and the consequent soil
temperature. The experiments on conditioning indicated a
protective mechanism in the faeoes-sand mixture and a
difference in survival between hay faeces and grass faeces.
Thus under field conditions, there may be a survival
relationship between factors such as overgrazing, hey or
grass faeces, type of soil and other factors.

pasture
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The studies on the viability of Chabertia ovina eggs
indicate that they are resistant for a short period to
low temperatures, temperatures which are encountered on
pastures in Canada in the fall and early spring. Providing
that sufficient warm weather occurred during the fall or
early spring after the eggs had been dropped in the faeces
of adult carrier sheep, it is obvious that

lambs

could

easily be Infected late in the fall or very early in the
spring. That lambs are infected late in the fall has been
confirmed by post-mortem observations on lambs slaughtered
to collect adult worms for culture purposes. While collecting
culture material in April, many Immature Chabertia worms
were observed in the colons of lambs. The fact that they
were immature suggests a late infection. In the survey
conducted by Swales (1940), his record of seasonal fluctuation
in numbers of Chabertia ovina shows a low number of adults
present in July. This may have been due to lack of infective
larvae on the pastures early in the grazing season or the
larvae may not have reached the recognizable stage in the
colon at the time of observation. The latter seems more
possible in view of the present lack of knowledge on the
pathogenicity of Chabertia and the information presented in
this thesis on the survival of larvae and eggs.
The studies on the slow and quick-freezing of
Nematodirus and Chabertia infeotive larvae have shown
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conclusively that survival is possible wherever slowfreezing occurs, either in fluid or faeoes-sand medium.
With slow-freezing the factor limiting survival
appears to be the length of storage under the existing
conditions. Slow-freezing is characterized by the gradual
freezing of the medium surrounding the larvae so that the
temperature within the larvae is reduced correspondingly.
Death eventually results through degenerative changes
occurring in the intestinal cells of the larvae. Observations on slow-freezing have failed to show rupture of
the sheath or cuticle as the cause of death. This is
contrary to observations made by Furman (1944) with
Ostertagia circumcincta.
Quick-freezing is lethal for the majority of larvae
within a period of 72 hours. When compared with slowfreezing, observations indicate that death is due to
intracellular lesions induced by the sudden change in
temperature during a period of a few seconds. Even in
larvae that do survive beyond the 73-hour period sufficient
damage is evident to predict that these larvae would
eventually die when returned to a survival temperature.
It is highly improbable that these surviving quick-freeze
larvae could produce an infection.
The mechanism of death appears to be of two types.
One type is not immediately lethal but produces an ex-
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sheathing of a few larvae, thus eventually causing death.
The other type is characterized by intracellular lesions
involving changes in the protoplasm of the intestinal

cells

and eventually complete cellular disruption. The observations
made in the quick-freezing experiments coincide with the
desiccation observations described by Veglia (1915) to a
certain extent, in that changes due to freezing of the
intestinal cells seem to also be a most fatal process.
Freezing and desiccation in seme Instances are an actual
dehydration process and hence the observations in this
thesis would appear to agree with those of Veglia on
desiccation.
By comparing morphological lesions and changes
observed in nematode larvae with those occurring in plants
and

the myxomycetes it is apparent that the true

of death resembles more closely that observed by Gehenio
and Luyet (1939). It has not been possible to observe
intracellular lee formation as occurs in plants. It is
probable, however, that the ex-sheathing phenomenon does
result from the freezing of the lnter-cutioular fluid,
indicating some permeability of the larval sheath during
the quick freezing process.
In view of the observations made on both living and
dead

quick frozen larvae in all experiments, the

of death in most larvae may perhaps be explained on a
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syneresis theory basis. The term syneresis designates the
breaking up of homogeneous gels into solid lumps and a thin
fluid, the process taking place in the gel on long-standing
or as a result of a disturbance. According to Seifriz (1939)
syneresis is one of the most common pathological

changes

in the protoplasm, occurring in a local form as hyaline
vesicles,

or in a general form in which the exuded matter

covers the surface and is lost through solution into the
surrounding fluid.
Perhaps then the death mechanism with a quick-freeze
is aa follows: Under the action of the sudden lowering of
the temperature the protoplasmic sol changes to a gel.
This gel then undergoes a syncretic change with the formation
of the globule-like structure observed in most dead larvae,
thus constituting the death process. The globule-like
structures during the process of formation produce changes
in intracellular osmotic pressure so that the cell membrane
eventually ruptures, producing the characteristic intestinal
disruption. On returning to a higher temperature the globulelike structures, whioh may be composed of fats or possibly
proteins,

undergo further changes to produce thecharacte

to the heat of the illumination lamp of the microscope.
This hypothesis, however, must be confirmed by authorities
in the field of the chemistry of colloids, particularly the
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chemistry of the colloids of the intestinal cells of
nematode larvae, about which very little is known.
From the data obtained in the experiments of this
thesis the infective larvae of Nematodirus sp. and
Chabertia ovina have been shown to be capable of surviving
conditions similar to those occurring on the pasture of
Canada during the winter months. In addition the appearance
of the larvae recovered at the conclusion of the experiments
indicated they should be capable of producing an infection.
These findings ere of practical importance in view of

recent

surveys showing an increase in the incidence of Chabertiasis
in areas of Eastern Canada. Some of the infections encountered
in the surveys may be the direct result of the ingestion of
numbers of infective larvae that have survived on the
pastures. Other infections may have been acquired through
ingestion of larvae hatched from eggs dropped in

faeces

during the last few cold days of winter, particularily in
flocks where treatment of sheep by chemotherapy has not
been followed.
The larvae of Oesophagostomum columbianum are not
able to survive simulated winter conditions. This confirms
previous laboratory and field observations Indicating nonsurvival at low temperatures.
Those experiments have also shown that the death of
infective larvae may result from either a slow-freeze over

. 94.
a long period of time or a quick-freeze. In each case the
intestinal tract of the larva showsmorphologicalchanges
characteristic of the type of freeze.
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SUMMARY

1. An original method ia described for the recovery of
Nematodirus sp. worms from the intestines of sheep.

large numbers of worms suitable for the extraction of
eggs for experimental purposes.
2. Suitable micro-freezing apparatus and methods are

of cold on nematode larvae.
3. It has been shown that under laboratory conditions
simulating those occurring on pastures in Eastern
Canada during the winter months, infective larvae of
Nematodirus sp. survived at least 18 weeks, Chabertia
ovina at least 16 weeks and Oesophagostomum Columbians
a maximum of 8 weeks. The eggs of Chabertia ovina were
viable for 3 weeks at the temperatures of 35°f. and
31°F. From these results it is concluded that lambs

and Chabertia ovina. but not by Oesophagostomum columbianum.

4. The effects of aging and conditioning infective larvae
of Nematodirus sp. and Chabertia ovina have been studied.
These factors do not appear to have any effect unless the
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larvae are quick-frozen in a faeces-sand mixture; the
aged and/or conditioned larvae are more resistant than
unconditioned larvae to quick-freezing.
B. It is suggested that mixtures of faeces and sand provide
a protective factor which delays the death of larvae during a quick-freeze. There also appears to be a difference
in the degree of protection between hay faeces and grass
faeces.
6. It has been shown that alow-freezing ia not lethal for
the infective larvae of Nematodirus sp. and Chabertia
ovina unless allowed to act over a long period of time.
Infective larvae of Oesophagostomum columbianum are
susceptible to slow-freezing in s short period of time
snd more susceptible to a quick-freeze than the other
larvae tested. Quick-freezing is lethal for the majority
of the infective larvae of Nematodirus and Chabertia
within a period of 72 hours.
7. A description is given of the morphological changes
occurring in the infective larvae of Nematodirus sp.
and Chabertia ovina resulting from the effect of a
quick-freeze.
8. An hypothesis on the mechanism of death by low temperatures in the infeotive larvae of sheep nematode8 ia
suggested. Thia hypothesis ia supported by camera lucida
drawings and photomicrographs of infeotive larvae of
Nematodirus sp. and Chabertia ovina.
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