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Résumé

ETUDE DES STRONGYLOSES GASTRO-INTESTINALES DANS UN TROUPEAU OVIN SUR
PRAIRIE PERMANENTE. Il. DYNAMIQUE DES POPULATIONS DE PARASITES SUR LE
PATURAGE EN 1977 ET INTERPRETATION EPIDEMIOLOGIQUE. — L’excrétion des ceufs par
les animaux ainsi que les populations larvaires présentes sur les paturages sont étudiées en 1977
et comparées aux résultats des bilans parasitaires d'agneaux réguiierement autopsiés publiés
dans une premiére note. La paturage est contaminé presque toute I'année, par les brebis en pre-
mier lieu, puis par les agneaux dés le second mois de présence, avec un maximum d’été. Une
vague précoce de larves d’ Ostertagia et d’Haemonchus sur le paturage est responsable du parasi-
tisme trés élevé des agneaux par O. circumcincta. Le climat peu favorable de I'été a limité le déve-
loppement des ceufs, et deux vagues secondaires de larves fin aolit et en septembre entraineront
des pics de H. contortus et Trichostrongylus en fin d’'été chez les agneaux. Nematodirus est resté
& un niveau plus faible que de coutume. Par comparaison au gain de poids d’agneaux traités
réguliérement, il apparait une nette diminution de la croissance des agneaux non traités dés
I'ingestion d’un nombre élevé de larves infestantes, début juillet puis fin aolt-début septembre.
Ces premiers résultats, limités a I'année 1977, montrent la nécessité de poursuivre les observa-
tions plusieurs années consécutives, pour mieux déterminer l'influence de la contamination de
I'année précédente.

to say on permanent or semi-permanent

A general study of gastro-intestinal

parasitism in sheep comprising observations
on the animals and observations on the
pasture was commenced in two flocks in 1976
and 1977 respectively. Aithough this
epidemiological study is in its early stages, that
is at its analytical phase, it seemed interesting
to report the results obtained in 1977 for the
flock which was farmed according to the most
widespread method used in this region, that is

pasture all year round.

Having describing the location of the farm
and the method of farming used in our initial
publication (Hubert et a/., 1979), we then
described the incidence of animal parasitism
that year. Untreated lambs enabled us to
follow the natural growth of the population of
helminth worms studied. These animals har-
boured an average of 26 000 worms in July,



134 L. GRUNER £T AL.

and 23 000 in August, predominantly Oster-
tagia circumcincta. In September, Haemon-
chus contortus and Trichostrongylus co-
lubriformis were particularly numerous
(6-7 000 worms): Nematodirus sp. (N. filicollis
and N. spathiger) also increased at this time,
totalling nearly 900 worms. This high level of
parasitism was responsible for the halving of
the rate of growth of these control lambs com-
pared to other lambs receiving treatment every
four weeks. High blood levels of pepsinogen
were found before peak parasite infestation in
the abomasum, underlining the usefuiness of
such measurements in estimating the mean
level of infestation of flock.

In this second part, observations relevant to
the parasitic elements present on the pasture
will be presented and discussed. These
elements are strongyloid eggs dropped by the
animals, and an estimation of this excretion
throughout the year has thus been attempted.
According to the environmental conditions,
principally climatic, these eggs give rise to in-
fective larvae hence the paddocks were
regularly sampled to determine the size of the
larval population. Finally, an overview of the
population dynamics of the parasites on
pasture and also within the animals should
enhance our understanding of the
epidemiology of these diseases in the flock
studied here, not withstanding the fact that
only the results for 1977 are presented.

Materials and Methods

1. Pastureland

As described previously, sheep from several
flocks were herded into pastures near the farm
buildings during the winter months of January
and February (Hubert et a/, 1979}, and the
flock studied stayed 300 days on pasture, from
March 1st to the end of November. The lamb-
ing period is from March 10 to April 20; wean-
ing occurs on July 15th, and lambs are sold
from the beginning of August to mid-
November. The pasture is divided in four pad-
docks comprising 12 hectares of old grass
meadow. The ground sloped slightly with a
somewhat irregular contour. The land was
borded by a stream while water drained off
across the enclosures stagnating here and
there in marshy zones.

The poor drainage brought about
widespread variations in the vegetation and
encouraged the presence of carex in areas
which varied in size according to the season.
This had the effect of reducing the area which
could be grazed. An analysis of the flora
published previously confirmed the low quality
of this grassland. One should note that a fifth
enclosure ploughed and planted in the spring
of this year was used as grazing land by the
end of the summer.

2. Estimation of the number of strongyloid
eggs excreted on the pasture

During the course of the grazing season, the
number of eggs deposited with the faeces on a
given area of land is a function of the number
of ewes and lambs present, the length of stay
on the area of land, the level of internal
parasitism and the amount of faecal matter
eliminated per day.

At the beginning of the experiment, these
were 120 ewes and 140 lambs of which 60
received no strongylicide. Every four weeks, 5

Fig. 1. — Soil probe for extracting soil cylinders
from pasture.
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of the latter group were removed and
slaughtered to estimate the level of internal
parasitism. The first slaughtering date was

May 11, lambs were 50 days old. The excre- -

tion of eggs was measured every 4 weeks by
coproscopy on 20 ewes and 20 lambs (10 con-
trols and 10 treated animals).

The quantity of feacal matter excreted per
day by the ewes and the lamb is a variable rare-
ly taken into consideration in open-air farmed
flocks. Taylor (1961) calculated that lambs ex-
creted 1.5 kg/24 h and ewes 2-3 kg/24 h.
Olechowicz (1974) reviewed several results
from studies on nutrition and digestibility. It
was thought best to attempt to measure this
variable directly using coliecting apparatus
perfected by Tissier et a/. (1975). It is not easy
to use this apparatus in open-air flocks as the
animals, unaccustomed to wearing the ap-
paratus, are easily scared and difficult to ap-
proach. The results that were obtained en
1976, and compared with those in the
literature, led to the adoption of the following
quantities: ewe, 2 000 g; 15 kg lamb, 300 g:
20 kg lamb, 500 g; 25 kg lamb, 650 g; 30 kg
lamb, 800 g; 35 kg lamb, 1 000 g. Although
crude, these figures allow one to estimate a
greater or lesser contamination of the grazing
land.

3. Sampling infective larvae

The technique most commonly used was
perfected by Taylor (1939). It consists of
sampling the total length of a W or N (accor-
ding to Lancaster, 1970) extending across the
grazing land, by cutting small clumps of grass
close to the ground. While this technique
satisfactorily estimates the population present
on the grass at the time of sampling, its
greatest drawback is that it gives results which
are dependant on the movement of larvae.
This is a factor that is linked to the species as
well as to the climatic and edaphic conditions.
For these reasons, it was thought preferable to
sample the pastureland population by remov-
ing the grass and the underlying five cen-
timetres of soil simultaneously by using a
special probe developed for soil microfauna
studies (Vannier, 1971) (fig. 1). Sixty
cylinders, each 5 cm long and 5 cm diameter
were removed every 2 weeks from each pad-
dock in as systematic a way possible. The ex-
traction of the nematode fauna was performed
according to the Baermann collecting techni-
que using a large plastic tank 60 ¢cm long by
40 cm wide by 12 cm deep {fig. 2). A grid sup-

ports the soil cylinders, with a filter paper in-
terposed such that the water stays clean. After
24 h, the water is directly collected on a 20 u
metal sieve. The number of larvae collected
have been expressed per square metre. The
value of this sampling method, with respect to
the distribution of larvae on the pasture that it
revealed, as well as the validity of the extrac-
tion method have been the object of investiga-
tions which are reported elsewhere.

4. Amount of available grass on pasture

The amount of available grass on the
pasture on the day of sampling was estimated
by cropping the grass in a 50 cm square at soil
level, twelve such squares being designated at
random in each enclosure.

5. Meteorological data

Daily rainfall was measured in situ while
other data were obtained from a nearby (12 km
distant} meteorological station.

Fig. 2. — Modified Baermann for extracting
nematodes present on the soil surface: a,
filter paper; b, grid; ¢, plastic tank with water.
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Results over a two week period and expressed per
square metre of pastureland. It would appear
that {fig. 3) at the moment of their arrival in the
enclosures, the sheep deposited around

This was estimated for all the gastro- 10 000 eggs per square metre although this
intestinal strongle eggs passed with the faeces  figure dropped to a steady 3 000 throughout
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the pasture season. This drop corresponded to
the tailing off of the post parturient rise. From
June onwards, the lambs became the principal
source of contamination, with a maximum ap-
pearing in July. Later still, a drop in the level of
contamination was observed following the
sale and disposal of lambs.

The measurements that were made reflect
the number of eggs discarded by the flock

maximal and minimal temperature

40

weekly mean (°C)

mn per week

dominant species on pasture

1

Ostertagia |
Haemonchis (=--
Nematodiaws feeer)

L3/m’

grass disponibility on pasture

//—/f—\

1 Z 1 i 1 1 1 1 | 1
03730 05/25 07/19 09/13  11/16

dry matter (g/mz)
Y
g 8
—T

month/day

Fig. 4. — Influence of meteorological conditions
upon the infective larval populations of the
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throughout the pasture season. It is apparent
that sampling and counting difficulties make it
difficult to estimate the number of egg-stage
parasites present on the pasture. While it is
possible to retrieve eggs from faecal matter
found in the enclosures, sophisticated techni-
ques are needed to detect their presence on
the soil surface once the faeces have
disintegrated. A knowledge of the viable
parasite egg population at this stage would
enable one to take egg survival throughout the
winter into account, and thus one could
assess the importance of the preceding year's
contamination.

2. Populations of infective larvae

While the number of eggs present at a given
moment is directly linked to the length of stay
of a host animal in an area, the population of
infecive larvae which eventually results
depends on the ways in which environmental
conditions affect the development of these
eggs. The number of stage lll larvae was low
at the end of winter (fig. 4) and rose to a max-
imum at the beginning of June of 1 500 larvae
per square metre. Larvae were sparse during
the summer then two peaks were found at the
end of August and the end of September with
439 and 414 larvae per square metre respec-
tively. The predominant species was,
throughout the year, Ostertagia circumcincta
but clear, synchronous peaks of Haemonchus
contortus were seen in June and at the end of
August. Nematodirus was characterized by a
small number of larvae which appeared late in
the season on the pasture. Therefore, the
general pattern of parasites on pasture is
described by an early peak, a virtual absence
during the early summer and fresh waves of
parasites appearing at the end of the summer.

It was decided to express the results as in-
fective larvae per square metre to obtain an
idea of the distribution of parasites over the
area occupied by sheep. lItis, however, com-
mon practice to express such results as
number per kg grass which allows one to
assess the risk to which animals are exposed
when feeding. In order to try and establish a
relationship between these two notions, the
guantity of grass per square metre was
measured (fig. 4). The amount of grass
available rose slightly in August and
September but diminished in the autumn
despite a smaller number of lambs being pre-
sent. If one wishes to express the number of
infective larvae in terms of kilogramme of dry
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matter, then the number found during the
springtime peak shouid be multiplied by six,
and the number found at the end of summer
by five.

3. Relationship with climatic conditions

Following a mild winter with temperatures
rarely dropping below zero, 1977 was charac-
terized by a cool spring and summer, and a
warm autumn. Early in the year, alternating
warm and cold airstreams in Western Europe
produced mild weather in February, March
and May, and cold spells at the end of March,
in April and during August when temperatures
rarely exceeded 20 °C (fig. 4).

Regular rainfall occurred during the first
three months of the year but during the suc-
ceeding three months, rainfall became more ir-
regular. A calculation following Penman’s
method of evapotranspiration indicated the
presence of a number of water-deficient
periods.

Thus, the high May temperatures allowed
eggs to develop and partly explain the early
June maximum larvae. Thereafter, low
temperatures and a lack of water considerably
limited the number of parasites on the
pastureland.

Discussion and Conclusions

The time-course of the development of
gastro-intestinal strongylosis in the flock
studied here may be better understood if the
data on parasites present on the pasture above
are compared with the data on animal
parasitism reported in the first publication
(Hubert et a/., 1979) (fig. 3}). The flock was
raised on permanent meadows with the object
of producing grazing lambs. Animals were put
out to graze from the lambing month of March
and stayed there until the end of the year.
Lambs that were to be sold were eliminated
from the flock at the end of summer and in the
autumn, while sheep and female replacement
lambs were herded near the farm buildings in
the winter months. As a result, the con-
tamination of the pasture took place
throughout most the year. The sheep were
the principal source at the beginning of the
season but the role of the lambs became more
important from the second month following
entry on to grazing land. Their maximum con-
tribution was in July-August when the

greatest number of eggs per gramme was
found in the untreated lambs. The presence of
larvae in the meadows before the arrival of the
animals indicates that a certain number of
eggs or infective larvae survived from the
preceding year.

The number of larvae on the pasture rose in
May to peak values of 912 larvae (Ostertagia
spp) and 607 larvae (H. contortus) per square
metre on the 7 June. Less than two months
had passed since the expulsion of the first
eggs by sheep and it is therefore probable that
these larvae did not arise from these eggs
alone. Given the very early appearance and the
relatively low temperatures, one is led to think
that these larvae arose from eggs which had
survived the winter. Observations made in
1976 and 1977 on a similar flock of animals
revealed the presence of a peak of larvae on
the pastureland before the arrival of the
animals, interpreted as a large number of
Ostertagia and Haemonchus having survived
the winter (Gruner et al., 1978).

In Great Britain more larvae than eggs of
Ostertagia and Trichostrongylus can survive
during winter {Boag and Thomas, 1970; Gib-
son and Everett, 1967, 1972). So we must
confirm the eventuality of overwintering eggs
in this Central district of France.

On the other hand, the peak numbers of lar-
vae found at the end of the summer were due
to eggs deposited in the springtime. H. con-
tortus was predominant on the 30 August
while large numbers of Ostertagia and
Trichostrongylus were recorded.

The parasite counts on untreated lambs ser-
ving as controls for the natural development of
parasitism show that a large number of Oster-
tagia |larvae were ingested following the max-
ima of 8 000 and 16 000 worms of this species
found on 8 June and 6 July. Thereafter, the
population diminished steadily up to the end of
the vyear. Trichostrongylus worms were
highest in August and September, respective-
ly with 6 000 and 7 000 worms while H. con-
tortus totaled 6600 worms on the
28 September. These high levels of parasitism
followed the maxima observed on the pasture.

Lambs treated every four weeks grew
steadily except in August when a temporary
slowing down was due to moniesiosis. The
weight gain between two successive
weighings was far less in untreated than in
treated animals, for the data obtained from the
5 July, the end August and end September
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weighings. These times corresponded to the
periods when larval ingestion was maximal
and serve to indicate the rapid onset of
pathological effects.

in the autumn, the grass had ceased to
grow but the untreated animals were unable to
catch up despite a low level of parasitism.

We have also confirmed the usefulness. of
plasma pepsinogen measurements as an early
indicator of pathological effects. Maximal
values were observed when a large number of
larvae was passing through the mucous mem-
brane of the abomasum, that is to say, follow-
ing the peaks of Ostertagia in July and
Haemonchus at the end of the summer
(Hubert et al, 1979). The numbers of
H. contortus found are noteworthy as this
species is generally considered secondary in
this region. It would appear that the special
climatic conditions of 1976 were responsible
(Gruner et al., 1977). Gevrey (1969) found a
higher number of infective larvae in another
region in 1964, a year with a hot and dry sum-
mer, compared to the two preceding years.
These observations tend to agree with those
of Connan (1974) in England, but we found
that inhibited larvae were always absent which
is at variance with the findings of numerous
other Western European investigators (Con-
nan, 1971; Helle, 1971; Eckert and Eisenegger,
1974; Waller and Thomas, 1975; Hendrikx et
al., 1975).

The year 1977 was therefore characterised
by the precocious development of larvae on

the pasture, bringing about a high level of
parasitism in lambs during June and July.
Fresh larval peaks at the end of the summer
prolonged this high level of infestation. The
pathological effects rapidly followed the inges-
tion of a large number of infective larvae, the
growth rate being halved with respect to
treated lambs. Ostertagia circumcincta was
the most numerous species, but there was a
sizeable number of H. contortus and
Trichostrongylus spp. were also numerous.
On the other hand, only a few Nematodirus
appeared late in the season contrary to the fin-
dings of Euzeby et a/. (1964).

While these results only concern 1977, the
observations of a precocious wave of infective
larvae probably originating from eggs having
survived the winter indicates the necessity of
continuing these investigations over several
consecutive years. Climatic conditions have a
strong influence on the possibilities of survival
and development of eggs and larvae and even-
tually, on the infection of animals.

Accepted for publication October 11th 1979.
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Summary

An overall study of gastro-intestinal parasitism was initiated in a flock of sheep in the Western
central region of France (Limousin) comprising studies on the animals and on the pasture.
Results of the study on animal parasitism and the possibilities of using pepsinogen blood level
measurements were published previously (Hubert, Kerboeuf and Gruner, 1979). This report is
concerned with the distribution of parasites on the pasture and a discussion on the epidemiology
of these strongyles.

The pasture was contamined throughout most the year, first by the ewes and then by the lambs
from the second month onwards of their presence on the land. Maximum contamination occur-
red in Summer, but a precocious wave of Ostertagia and Haemonchus larvae on the pasture was
responsible for the high incidence of O. circumcincta infections. Unfavourable summer weather
depressed the development of eggs and two secondary waves of larvae at the end of August and
the end of September brought about peaks of H. contortus and Trichostrongylus in lambs at the
end of the summer. Far less Nematodirus were found than normal.

In comparison with the weight gain of lambs treated regularly, untreated animals suffered a drop
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in their rate of growth from the beginning of July to the beginning of September corresponding
to the ingestion of a great number on infective larvae.

These preliminary results for the year 1977 show the necessity of continuing these observations
for several years to enable the effect of preceding year's contamination to be properly assessed.
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