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Abstract - Breeding cattle for resistance to nematode infection is mostly based on egg excretion.
This, however, does not allow for generic identification of the nematodes involved. Unless we know
whether the selected resistance is directed against one or several particular genera, a strong bias
could be introduced in the selection programs. In order to estimate the likelihood of this poten-
tial bias we investigated nematode genera diversity in the progeny of four sires in 1992 and
seven sires in 1994. Three of the four Aberdeen Angus sires used in 1992 were related while the
seven sires in 1994 were unrelated. Diversity was assessed using at least ten individual faecal cul-
tures for each progeny group during each of the two sampling periods (beginning and end of
grazing period, April and September). It was estimated by the relative proportion of each genera
(Ostertagia. Cfo/.’cna, /7<;c!f7w/!MA’, Tricho.strnngylus and Oe,sophngo.rtomun2) or by either the
Shannon (genera diversity) or Pielou (genera evenness) index. The Shannon index was repeatable
when measured at 2-week intervals within the same progeny group on ten random faecal samples.
No significant difference was recorded between sire genera diversity over the two sampling
periods. This indicated that hosts have a limited effect on the nematode genera diversity as
assessed by faecal cultures, and that the selection of resistant hosts could probably be achieved
using faecal egg counts. 0 Inra/Elsevier, Paris
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Résumé - Diversité générique des nématodes parasites de bovins : similarité entre les des-
cendances des reproducteurs. La sélection des bovins résistant à l’infestation pour les nématodes
est fondée sur l’excrétion des &oelig;ufs de parasites dans les fèces, ce qui ne permet pas d’assurer une
diagnose des genre de nématodes en cause. Un biais fort est introduit dans les opérations de
sélection de bovins résistant aux infestations si nous ne savons pas contre quels genres de néma-
todes est dirigée cette résistance. Afin d’estimer ce biais éventuel, la diversité générique au sein



de la descendance de quatre (1992) et de sept (1994) reproducteurs. Trois des quatre reproduc-
teurs Aberdeen Angus étaient membres de la même famille en 1994 ; les sept reproducteurs en
1994 n’étaient pas liés génétiquement. La diversité a été estimée sur dix coprocultures individuelles
au moins pour chaque descendance à deux périodes d’étude (début et fin de la saison de pâturage,
avril et septembre). Cette diversité a été estimée soit par les proportions de chaque genre (Oster-
tagia, Cooperia, Haerraonchus, Trichostrongylus et Oesoph(igostomum) ou par les indices de
Shannon (diversité générique) ou de Pielou (équitabilité générique). L’indice de Shannon est
répétable lorsqu’il est mesuré à deux semaines d’intervalle sur dix coprocultures au sein de la des-
cendance de chaque reproducteur. Aucune différence de diversité générique n’a été observée
entre les descendances des différents reproducteurs aux deux périodes d’étude. Cela indique que
les hôtes ont un impact limité sur la diversité générique établie au moyen de coprocultures, et la
sélection d’hôtes résistants peut raisonnablement s’effectuer sur la simple mesure d’excrétion des
oeuf,,, de parasites dans les fèces. &copy; Inra/Elsevier, Paris
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1. INTRODUCTION

Due to the increase in worm resistance
to anthelmintics and consumer concern
about drug residues in animal products,
much attention has been paid to develop-
ing alternative means of controlling
helminth infections in ruminants. Most of
the investigations have focused on breed-
ing small ruminants for resistance to nema-
todes [8], although some have concen-
trated on cattle resistance to helminths [1,
4, 10, 1 I, 18, 19, 22!. Very different val-
ues of heritabilities were recorded for the
different nematode genera found in cattle

(from 0.04 (Cooperia) to 0.29

(Haemnnchus) [4] and from 0.13 (Coope-
ria) to 0.40 (Haemonchus) [15]) and selec-
tion for reduced faecal egg counts might
change the relative proportion of the nema-
tode genera. This point is very important
as selection might be directed against ‘all l
strongyles’ mostly based on egg output,
or against ’one or several particular gen-
era’ based on data established from larval
differentiation.

According to the aspect of genera diver-
sity considered, the various measures can
be classified into three groups: the number
of genera (genera richness), diversity and
evenness (equitability) measures. Most of
the diversity indices incorporate two inde-

pendent factors: the number of genera and
evenness 113], the latter measuring the
way the individual worms are partitioned
among the different genera. Among the
various indices, two, Shannon for diver-
sity, and Pielou for evenness, are among
the best adapted to characterize diversity
and evenness in the digestive-tract
strongyle communities of ruminants [7]. In
the present work we will focus on nema-
tode generic assemblage variability
between the progenies of different sires,
based on faecal cultures, and using diver-
sity and equitability indices, in order to
determine whether selection directed

against ’all strongyles’ would result in a
reduction of worm burden for all worm

species or not. To our knowledge, this has
never been studied.

2. MATERIALS AND METHODS

2.1. Animals and protocols (table I)

The investigations were performed at the
INTA-Anguil (Argentina) experimental sta-
tion in 1992 and 1994, under a temperate cli-
mate in the Pampas. The yearly rainfall was
600 mm; rainfall was scarce during the colder
months of June and July (monthly mean tem-
perature: 10 °C). In the two experiments, 6-
month-old cattle were weaned in April, males



were castrated, and then grazed on pastures
until September. In 1992, the progeny (160
animals) of four Aberdeen Angus bulls mated
with Aberdeen Angus females were investi-
gated (sires s2 and s4 had the same father, s3
was the son of s4, and s 1 was unrelated to the
others). The calves were treated with oxfenda-
zole and then put to graze on an alfalfa pas-
ture (2/hectare) previously used by sheep. In
1994, the progeny ( 105 animals) of six unre-
lated Aberdeen Angus (s5 to s10) and one
Santa-Gertrudis (crossbred Zebu and Bos tau-
rus: sl 1) bulls mated with Aberdeen Angus
females were studied. The calves were put to
graze ( I .8/ha) without any treatment on a pas-
ture (oats and alfalfa) previously grazed by
cattle.

2.2. Parasitological procedures

Faecal samples from at least ten randomly
selected animals in each sire progeny group
were taken in April and in September for both
experiments. The sample characteristics are
shown in table I. In the 1992 experiment, two
calves were necropsied in June and additional
faecal samples were also taken in August. The
faecal egg counts (modified McMaster tech-
nique: Roberts and O’Sullivan ! 14]) and per-
centages of the different genera in the individ-
ual faecal cultures were measured

(identification of at least 50 third-stage larvae,
based on Keith [91).

2.3. Analysis of data

Genera diversity was established by means
of the Shannon index, coded as Ish (ranging
between 0 when only one genus was found and
the natural log of the number of genera
recorded when there was more than one genus)
or Pielou equitability coded as Eq (0 when only y
one genus was found to I when all genera were

equally represented in the community of
worms) using the Biodiv program [2!. The con-
fidence interval of the Shannon index and
Pielou equitability were assessed using the
resampling bootstrap procedure (2 000 repeats
with Simstat software: Péladeau and Lacou-
ture [12]), as the statistical distribution of such
indices is not known [6J. Multivariate variance
analysis (Manova) was used to assess between-
sire differences with respect to the whole gen-
era assemblage. Significance was tested by the
Roy, Pillai and Hotelling tests using the sta-
tistical software Stat-Itcf [ 17]. The number of
L3 of the different nematode genera were anal-

ysed for differences among sampling periods.
Multiple correspondence analysis was also
used to determine the respective importance
of calf sex, month of sampling and sire on pro-
portions of the nematode genera. The total
number of calf-season samples was 78 in 1992
and I 19 in 1994. This multivariate analysis
investigated relations between categorical vari-
ables of different characteristics (i.e. sire
progeny versus proportions of the different
nematode genera). Trichostrongylu,s and



Oe.sophagostomum were distributed into three
classes while Cooperia, /yafMW!(7tM.<, Osterta-

gia, Shannon index of diversity and Pielou
equitability were distributed into four classes
with equal numbers of calves in order to obtain
the same weight in each class. The active vari-
ables were the proportions of nematode genera.
The Shannon index of diversity, Pielou equi-
tability, calf sex, month and sire were used as
supplementary variables, i.e. they did not take
part in the construction of the axes but were
only added in relation to the active variables
afterwards. The relative importance of each
axis was determined by the percentage of vari-
ance it accounted for.

3. RESULTS

3.1. The confidence interval
of the Shannon index
of nematode diversity

The distribution of Ish is not known
and thus its confidence interval can only be
assessed using resampling methods. The
results of at least ten faecal cultures per
sire progeny from each sampling period
(April or September) were used. Eleven
(four in 1992 and seven in 1994 sire
progeny groups) progeny were tested for
April data and the same progeny were
tested again for September data. The upper
and lower limits of the confidence interval

(P = 0.05) were established using the boot-
strap procedure and are shown in figure 1.
The confidence intervals were of the same

magnitude for both small and large Shan-
non index values. Similar results were
found for equitability (data not shown).
This indicated that the small Shannon
indices had a relatively low accuracy,
whereas higher indices were determined
more accurately. It also meant that the
Shannon indices, when established on an
average of ten individual faecal cultures
from ten calves, presented a range between
a minimum and maximum value of

approximately 0.25.

3.2. Nematode diversity
in the progeny of four sires
based on faecal samples
2 weeks apart (August and
September 1992)

There was no large variation between
the two periods as shown in,figure 2. The
average differences (data not shown)
between the two sampling periods were:
6 °70 (Ostertagia), I I % (Haemonchus),
13 % (Cooperia), 3 % (Trichostrongylus)
and 0.14 for the Shannon index. This
showed that over a short period the results
derived from the faecal cultures of ten
calves were similar.

3.3. Nematode diversity
in relation to intensity of infection

The intensity of infection was lower in
1994 than in 1992 (table I). The Ish diver-



sity index was independent of year (F =
0.31; P = 0.59) but depended on period
of study (F = 16.5; P = 0.01 ) as shown by
a two-factor ANOVA. The reverse was
observed for the intensity of infection esti-
mated from larval cultures (larvae/g/fae-
ces: LPG). It depended on the year (F =
5.3; P = 0.03) but not on the period (F =
0.06; P = 0.93). There was no significant
relationship between Ish and LPG within
each sampling period (figure 3). ).

3.4. Nematode diversity in the
progeny of four sires grazed
on a pasture previously used
by sheep (1992)

The following species were found in
the two necropsies undertaken in June:

Haemonchus placei (0, 225 worms),
Cooperia oncophora (840, 1 400),
O.stertagia ostertagi (587, 3 500) and Tri-
cho.strongylus colubriformis (222, 2 700).
In faecal cultures, the dominant genera
were Haemonchus (over 70 % of larvae) in
April and Cooperia in September
(40-50 % of larvae) (see figure 4: 1992).
The Manova of the April and September
results did not indicate any significant dif-
ference between sires based on faecal cul-
tures. The necropsies in June should rep-
resent an intermediate fauna level between

April and September: Haemonchu.s and
Cooperia were largely over-represented
in faecal cultures, whereas O.stertagia and
to a larger extent, Trichostrongylus, were
strongly under-represented. The Shannon
index was 0.39 in April and 0.95 in
September (table If). Equitability increased



as well from 0.45 (April) to 0.84 (Septem-
ber). Those two indices were less variable
within sire progeny in September than in
Apri l.

From the multiple correspondence anal-
ysis (figure 5: 1992), the following may
be concluded.

When the cultures were predominantly
H. placei (April) there was a low index of
diversity. In September, when several gen-
era occurred in high proportions, the
indices of diversity were high.

The four progeny groups were very
similar (their positions on the graph are

located near the origin), and were not char-
acterized by any particular assemblage of
nematode genera. A slight difference was
seen between the s 1 progeny on one side
and the related s2, s3 and s4 on the other.

3.5. Nematode diversity
in the progeny of seven sires

grazed on a pasture previously
used by cattle (1994)

The proportions of genera in the assem-
blages are shown in figure 4 (1994).



Haemonchus was dominant (40-60 %) in
April and Cooperia (40-80 °Io) in Septem-
ber. The Manova of the April and Septem-
ber results did not reveal any significant
difference between sires based on faecal
cultures. The Shannon index (table ll) and
equitability in April and September were
0.89 versus 0.84, and 0.80 versus 0.66,
respectively; the within-sire progeny vari-
ability did not change much between the
two sampling periods, in contrast to that
recorded in 1992.

From the correspondence analysis
shown on figure 5 ( 1994) the following
may be concluded.

When the cultures were predominantly
H. placei (April) there was a high index
of diversity. In September, when Coope-
ria were predominant the indices of diver-
sity were low.

The seven progeny groups in 1994 were
not as similar as those studied in 1992:
the s5, s8 and s 1 groups were not char-





acterized by any particular assemblage,
the s9, s 10 and s7 groups with a high
intensity of Oesophago.stomum and/or low
infection with Trichostrongylus, and the
s6 progeny had a lower intensity of
Oe,snphagostomum and/or high Tri-

cho.strongylus infection. The differences
were slight, however, as axis 2 represented
only 12 °lo of variance.

4. DISCUSSION

The advantage of estimating diversity
from L3 in faecal cultures is obvious. It
does not require much time, it is not

destructive, and as such, can be repeated
on several occasions. It is also a fairly
good indicator of risk [21 ]. Conversely,
the percentage of genera established by
means of faecal cultures is not an exact
ref7ection of the assemblage of worm com-
munities in the animal as was shown by
the two necropsies performed in 1992.
The correlation between percentage of

genera established either by faecal cul-
tures or adult worm numerations at

necropsy are relatively high (from 0.4 to
0.7 depending on genera) according to
Bryan and Kerr [5]. Further investigations
are needed to relate the groupings based on
necropsy data and the larval faecal cul-
tures. Some species, Haemonchus placei
and to a lesser extent Cooperia sp. [ 1 ! are
known to shed large numbers of eggs, and
as a result they will be over-represented
in faecal cultures. Whereas others, such
as Tricho.strongylu.s sp. and (9.!f!rf!/a
[22], shed fewer eggs and will be under-
represented in faecal cultures. This was
apparently the case in our study if we com-
pare the results from the June 1992

necropsies and April faecal cultures. The
low intensity of Haemonchus at necropsy
is in contrast with its high frequency in
faecal cultures. The L3 are a very poor
indicator of helminthic fauna during peri-
ods of larval inhibition. In the Pampas,
the most inhibited worms are O. ostertagi

[20]. Although faecal cultures offer a dis-
torted picture of generic worm burden,
they appear to be a repeatable instrument
(our data from August and September
1992) which might be of value for com-
paring calf infection levels. This agreed
with Barlow and Piper [4], who found
repeatabilities of, respectively, 0.30, 0.31 1
and 0.25 for Haemonchus, Cooperia and
Oesophagostomum larval counts in cat-
tle, which were reasonably high and sim-
ilar to those recorded for Eimeria oocysts
(0.25 [23]) or egg counts (0.56 [3]) in
lambs. Information derived from Shan-
non indices or equitabilities is similar to
that derived from the description of assem-
blages by the proportion of the different
genera using a correspondence analysis.
These indices might be useful summaries
of diversity.

The variability of between-sire progeny
nematode genera diversity was small. Thus
in 1992, the progeny of related sires were

very similar and in the 1994 experiment,
the progeny of unrelated sires were also
similar with respect to the major genera.
This agreed with the findings of Barlow
and Piper j4j or Seifert [ 16]. Estimates of
egg count heritability were not much dif-
ferent for genera which were largely rep-
resented in the assemblage (Haemonchus,
Cooperia or Oc.w/,’/M!.s’f<w7M!K). This fact
indicated that resistance to nematodes was

probably an ’all strongyles’ one, rather
than resistance directed toward a particu-
lar genus or species. This statement was
supported in our data by the absence of
relationship between the Shannon index
of diversity and an estimate of intensity
of infection based on the number of lar-
vae per gram of faeces. Differences in gen-
era assemblages appear to be the conse-
quence of environmental factors such as
climate or previous contamination of pas-
ture, as previously shown in calves of the
same region [21 rather than individual
host responses.



ACKNOWLEDGEMENT

This work was partly funded within the
framework of a co-operative programme (DRI)
between French Inra and Argentinean INTA
on ruminant helminthoses.

REFERENCES

[ Ii Albers G.A.A., Genetic resistance to experi-
mental Cooperia oi7(!ophora infections in
calves, Mededelingen Landbouwhogessch
Wagcningen,81 (1981) I-118.

121 ] Baev P.V., Penev L.D., Biodiv. Program for
calculating biological diversity parameters,
similarity, niche overlap and cluster analy-
sis, Version 4.1., Pensolt, Sofia, Bulgaria,
1993.

131 ] Barger LA., Dash K.M., Repeatability of
ovine faecal egg counts and blood packed
cell volumes in Haemol1chus cofilornis infec-
tions, lnt. J. Parasitol. 17 ( 1987) 977-980.

141 Barlow R., Piper L.R., Genetic analyses of
nematode egg counts in Hereford and cross-
breed Hereford cattle in the subtropical of
New South Wales, Livestock Prod. Sci. 12 2
(1985) 78-84.

’51 Bryan R.P., Kerr J.D., The relation between
the natural worm burden of steers and the
faecal egg count differentiated to species,
Vet. Parasitol. 30 (1989) 327-334

!6! Fager E.W., Diversity: a sampling study, Am.
Nat. 106 (1972) 293-31U t)

[7j ] Gasnier N., Cabaret J., Chartier C.. Reche B.,
Species diversity in gastro-intestinitl nema-
tode communitics of dairy-goats: species-
area and species-climate relationships, Vet.
Res. 2!1997)55-64

181 ] Gruner L., Breeding for helminth resistance in
sheep and goats, in: Owen J.B., Axford R.E.E.
(Eds.), Breeding for Disease Resistance in
Farm Animals, C.A.B. International, 1991, 1 ,
pp.187-200.

[9! ] Keith R.K., The differentiation of the infective
larvae of some common nematodes parasites
of cattle, Aust. J. Zool. 1 ( 1953) 223-235.

1101 Kloosterman A., Albers G.A.A., Van Den
Brink R., Genetic variations among calves in
resistance to nematode parasites, Vet. Para-
sitol. 4 ( 1978) 353-368.

[ I i t Leighton E.A., Murrell K.D., Gasbarre L.C.,
Evidence for genetic control of nematode egg
shedding rates in calves, J. Parasitol. 75
(1989)498-504.

] 1 2] P6]adeau N., Lacouture Y., Simstat: Boot-

strap computer simulation and statistical pro-
gram for IBM personal computers, Behav.
Res. Methods Instrument Comput 25 ( 1993)
410-413!

[13! ] Pielou E.C., The measurement of diversity
in different types of biological collections, J.
Theor. Biol. 13 (1966) 13 1 - 134.

[14[ Roberts F.H., O’Sullivan P.J., Methods for
egg counts and larval culture for strongyles
infesting the gastroinstestinal tract of cattle,
Aust. J. Agric. I ( 1949) 99-I (l3.

[151 Schmidt E.E., Suarez V.H., Busetti M.R.,
Babinec F.J., Variacion genetica de la
resistencia bovina frente a los nematodes gas-
trointestinales, Rev. Arg. Prod. Anim. 14
( I 994) 45-53.

[161 Seifert G.W., The genetics of helminth resis-
tance in cattle, Proceedings of the Third Inter-
national Congress on Advances in Breeding
Research in Asia and Oceania, Canberra, Aus-
tralia, 1977, pp. 7.4-7.8.

[171 Stat-Itcf, Manuel d’utilisation, Institut des
C6r6ales et des Fourrages, Paris, 1988.

[ 18] ] Stear M.J., Tierney T.J., Baldock F.C., Brown
S.C., Nicholas F.W., Rudder T.H., Class I
antigens of the bovine major histocompati-
bility system are weakly associated with vari-
ation in faecal worm egg counts in naturally
infected cattle, Anim. Genetics 19 (1988)
115-122.

[) 9] Stear M.J., Hetzel D.J., Brown S.C., Gershwin
L.J., Mackinnon M.J., Nicholas F.W., The

relationship among ecto and cndoparasite lev-
els, class I antigens of the bovine major his-
tocompatibility system, immunoglobulin E
levels and weight gain, Vet. Parasitol. 34
(1989)303-321. 1 .

[20! Suarez V.H., Inhibition patterns and seasonal
availability of nematodes for beef cattle graz-
ing on Argentina’s Western Pampa, lnt. J.
Parasitol. 20 ( 1990) 1031-1036.

[21 ! 1 j I Suarez V.H., Cabaret J., Predicting digestive-
tract strongyle infection on beef cattle in
Argentina’s western pampas: contamination
of pasture as a key factor, Prev. Vet. Med.
I I (1991) I-8.

1221 Suarez V.H., Busetti M.R., Lorenzo R.M.,
Babinec F.J., Relacion entre las cargas para-
sitarias bovinas y el recuento de huevos de
nematodes por gramo de materia fecal, Rev.
Med. Vet. 75 (1994) 426-436.

1231 ] Yvor6 P., Cabaret J., Solon S., Repeatability
of ovine faecal oocyst counts in natural infec-
tions with Eimeria spp, Int. J. Parasitol. 22

( 1992) 5 I 5-5 I 8.


