Genetic resistance to gastro-intestinal nematode parasites in
Red Maasai, Dorper and Red Maasai X Dorper ewes in the
sub-humid tropics

R. L. Baker', D. M. Mwamachi?, |. O. Audho!, E. O. Aduda’ and W. Thorpe!

Unternational Livestock Research Institute (ILRD), PO Box 30709, Nairobi, Kenya
*Kenya Agricuttural Research Institute (KARI), PO Box 16, Mizoapa, Kenya

Abstract

- - —
Resistance to naturally acquired gastro-inlestingl (GI) nematode parasite mfections (predeminantly Haemonchus
contortus) was studied in 166 Red Maasai, 230 Dorper and 294 crossbred (Red Mansai X Dorper) ewes in the sub-
framid constal region of Kenya. Live weights (LWT), blood packed-cell volume (PCV) and faccal eqg counts (FEC)
were recorded at mating, 3 months post mating, T week before lambing and 1, 2 and 3 months post lambing for four
separale lambings that took place befween 1393 and 1996, The Red Maasai ewes were more resistant fo Gl
nemmbodde infections than Dorper ewes as shown by their significantly lower FEC and significantly higher PCV at
most of the sampling times over e reproductive cycle. The breed difference for FEC was significant in the lactating
tives but not in the non-lactating ewes. At mpst sampling limes, the crossbred ewes were as susceptible as the
Deorper ewes in terms of both PCV and FEC, particularly at the 1 and 2 month post-lambing samplings. Resistance
was also manifested by @ lower proportion of ewes having to be freated with an anthelmintic and a lower mortality
rate it the Red Maasai than the Dorper. The Red Maasal cwes were significantly lghter by about 1 to 2 kg than the
Dorper evoes al all sampling times. There was a significant increase in FEC and decrease in PCV over the first 2
months of lactation in lactating eoes compared with won-lactating ewes. This peri-parturient increase in FEC
occirred in bolh breeds and the crossbreds but was more marked fn the susceptible Dorper cwes.
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Introduction

There is evidence that the indigenous Red Maasai
sheep of Bast Africa are resistant to naturally
acquired and artificial infections  with  gastro-
intestinal (GlI) nemalode parasites and in particular
to the highly pathogenic abomasal worm Haemenchus
conttoriug (Preston and Allonby, 1978 and 1979; Baker
el al., 1994 and 1998h; Mugambi of al., 1996 and 1997;
Wanyangu et al., 1997).

Lambs are wsually morc susceptible to infections
with Gl nematode parasites than mature sheep.
However, it is well documenied that laclaling ewes
arc more susceplible than non-lactating ewes, mature
rams or wethers (reviewed by Barger, 1993). This
phenomenon usually gives rise to increases in faccal
egp output in lactating ewes and is commonly
known as the peri-parturient rise (PPR) in egg count,
The cause of the PPR has been variously ascribed to

poor nutrition, stress, lack of antigenic stimulation
and hormonal suppression of immunity, of which
the latter is considered to be the most likely couse
{Barger, 1993)

A fow studies have shown that breeds or selection
lines that are relatively resistant to GI nematodes as
lambs also show resistance in mature animals,
particularly in laclating ewes. This results in cither a
reduced PR, or absence of the PR in lactating ewes
in resistant breeds or resistant selection lines within
breeds (Donald #f al., 1982; Courtney ¢f al., 1984
Zajac ¢t al, 1988 Woolaston, 1992; Romjali &f al.,
1997; Mornis ¢f al., 1995).

This paper reports a S-year study (four lambings)
investigaling genetic resistance to Gl nematode
parasites in Red Maasai, Dorper and Red Maasai X
Dorper sheep in sub-humid coastal Kenyva. Both
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Table 1 Nunther of cives in fe stedy at waiing, Tanbing and weaning by broal wd year

—_—

Nowof ewes at lambing

No. of ewes at weaning

Experitnental Control Experimoental Control
Mo. of
WS Mon- Mon- Lambis) Mon- None-
Effect mated Lambed pregeant  pregmant Lactating died pregnant  pregnant
Brued
Derper (T} 442 248 115 23 151 40 88 19
Red Maasai (R) 463 310 114 Jb 249 41 104 32
RXD i 549 151 6 422 73 135 45
Year
1992 /1593 45 a0 B4 13 30n = 83 A
1993 [ 1U44 447 L 125 15 177 3 95 21
1994 /1995 M 29 K5 2l 173 h3 66 19
1995/ 1996 Hi 2 &8 16 166 e 81 12
Orverall total 1691 IR0 105 22 156 327 Ell

1107

pregnant/lactating and non-pregnant/ non-lactating
ewes were included in the experiment permitting the
PPR in fascal egg counts to be invesligated. Some
preliminary results of this study have been reported
by Baker ef ol (1994 and 1998b)

Material and methods

Experimental site

This study was carried out al the Diani Estate farm
located 20 km south of Mombasa in the sub-humid
coastal region of Kenya, Rainfall is bimodally
distribuled with rainy scasons in March-June and
October-December. Rainfall data were collected daily
at Diani Estate and over the 5-year study period
(1992-96); the average annual rainfall was 819 mm.
The monthly mean maximum temperatures varies
between 28 and 33°C, while relative humidity varies
buetween 060 and 040 (Jaetzold and Schmidt, 1983).
‘The soils on the farm are sandy, well drained and are
characterized by very low levels of nitrogen and
phosphorus, organic matler, cation exchange and
water-holding capacity, The vegetalion is composed
of natural pasture and  bush, with Hg'h'mpnga_m
contortus and  Hyparrkenia rafa the predominant
perennial grass species.

Expevimental design and data recorded

Orver the study period, 442 Dorper, 463 Red Maasai
and 786 Red Maasai X Dorper (R X D) matings
oecurred from 230 Darper, 166 Red Maasai and 294
K % D ewes, The number of ewes recorded at mating,
lambing and weaning by breed, year, their
reproduclive stalus (pregnant or non-pregnant) and
physiological status post lambing (lactating and non-
lactating) are shown in Table 1. Each vear a small
group of ewes (average number 22, ranging from 16

to 43} was deliberately not mated to compare their
performance a5  non-prognant  or  non-lactating
controls  with  the non-pregnant/non-lactating
experimental ewes.

Red Maasai sheep are a fat-tailed, hair breed which
are principally associated with the Maasai teibe
and ar¢ found in northern Tanzania and soulh-
central Kenya. The Dorper breed was developed in
South Africa in the 1940:¢ at the Grootfontein
College af Agriculiure by interbreeding F1 crosses
between the Black Head Persian and Dorset Hom
breeds. The Deorper has a  reputation  for
adaptability o harslf, arid conditions and was lirst
imported into Kenva from South Alrica in the
1960s. The Dorper and Red Maasai X Dorper (sire
breed X dam breed) ewes were already present at
[Jiani Eslate at the start of the experiment in 1991,
The Dorper flock was established by Baobab Farm
by backerossing purcbred Dorper rams over a flock
of about 300 Black Head Persian ewes starting in
the late 19705 The Dorper rams were purchased
from the two to three flocks in Kenya that had
established  their flocks by importing pursbred
Dorper ewes and rams from both South Africa and
Zimbabwe. It is estimated that the Dorper ewes
used in this experiment were at least  third
generation backerosses (Le. 15/16 Dorper). The R
X D crossbred ewes were bred by Baobab Farm
between 1986 and 1990 for another experiment that
investigated various management interventions o
control endoparasite infeclions using both Dorper
and R X [} sheep (Bullerdiek, 1996). About 100
Red Maasai ewes were purchased from pastoralists
in south-central Kenya in 1992, They were
purchased from as wide a range of flocks and
owners as possible to ensure that they were a
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representative genetic sample of the breed. They
were mot selected on any particular phenotypic
characteristic, except that  healthy, reasonable
condition sheep were purchased.

Each year the three ewe genotypes (Dorper, Red
Maasai, # > D) were mated to 12 Dorper and 12 Red
Maasai roms in singlesire mating groups in a
complete diallel design (Baker et al., 1994 and 1995b)
for a G-week period. About seven or eight new rams
of each breed were used at cach mating so that 27
different Red Maasai rams and 29 different Dorper
rams were used over the entire study, All Dorper
and Red Maasai rams purchased were as unrelated
as possible to ensure a representative genetic sample.
The complete experiment included six crops of lambs
(Baker et al, 19981}, but the mating/lambing dala of
1920/91 and 1991/92 are not incladed in this paper
as the experimental protecal for sampling the ewes
was different in these 2 years. In particular, the
non-pregnant  and non-lactaling  ewes were not
sampled, which precluded any estimation of the
PFE.

Each vear, all ewes had live weights (LWT), faecal
egg counts (FEC) and blood packed cell volume
(PCV) recorded at mating, 3 months post mating, 1 to
2 werks before lambing (hereaflor called the lambing
sampling), and 1, 2 and 3 (weaning) months after
lambing. At the sampling times at mating, 3 months
post mating and lambing all ewes were sampled in
one group on 1 day. At the three post-lambing
samplings there were usually bwo sampling dates to
account for the 5- to é-week spread in lambing.
Faecal cgg counls were determined using the
medified Mchaster method (Ministey of Agriculture,
Fisheries and Food, 1977) with a lower limit of
detection of 50 eggs per gram (epg) of faeces. PCV
was measured by the microhaematocrit method, Al
each sampling time bulked faecal samples by breed
were ullrurm;f and the larvae identified (Hansen and
Perry, 1994},

In the first 2 vears of the study (e 1992/93 and
1993/04), if at any sampling time the FEC was
preater than 4000 epg and/or if the POV was less
than 13% for an individual ewe, anthelmintic
treatment was given lo that individual ewe using
gither injectable Ivermectin or Levamisole and the
treatment date recorded. In the last 2 years of the
study (i.e, 94/93 and 95/96) anthelmintic treatment
of individual ewes took place when the FEC was
greater than 3000 epg and/or if the POV was less
than 20%. The only time all ewes in the flock were
given a stralegic anthelmintic trealment was at
weaning o prepare them for the next mating, which
usually look place about 1 to 2 months after
weaning,

All ewes were spraved with an acaricide (Triatix,
Coopers, Kenya) every 2 weeks to control tick
infestations  and  prevent  tick-borne  diseases,
Whenever the PCV fell below 20%, infections with
irypanosomes were monilored using the dark
ground / phase contrast buffy coat technigue (Maris of
al., 1982). This was Lo ensure that the anaemia being
measured by POV was due to Heemonclins contlorlus
rather than to trypanosomosis, which also causes
anacmia.  While there have been  reports  of
trypanosomosis in cattle on the same farm, no cases
were diagnosed in the sheep during this study,

Statistcal unalyses

The traits analysed at cach sampling tme were LWT,
PCY, FEC, perconlage of ewes treated with an
anthelmintic at each sampling time and the total
number of anthelmintic treatments for cach ewe each
year, Because of a skewed distribution, FEC was
analysed using a lugarithmic transformation (LFEC,
logy (FEC + 25)). The results were back-transformed
by taking anti-logarithms of the least-squares means
(LSM) and presented as geometric means (GFEC).
All statistical tests for FEC were applied to the
transformed data.

LWT, PCV, LFEC and the total number of treatments
with an anthelmintic each year wero analysed using
least-squares analysis of variance (Harvey, 1990;
Statislical Analysis Systems Institute, 1989 The
slatistical model that was fitled varied with sampling
lime. At mating, 3 months post mating and at
lambing the model fitted included the fixed effects of
vear {four classes), cwe breed (three classes), owe age
(four classes; 2, 3, 4, 5+ years) and physiological
status (pregnant or non-pregnant experimental ewes
and the non-pregnant contrals), To ascertain which
cwes were pregnant and non-pregnant at mating and
al 3 months post mating il was necessary o make
this classification retrospectively once lambing had
been completed. However, some ewes dicd between
mating and lambing (Table 1) and for the mating and
3 months post mating analyses it was necessary to
add Lo the physiological status classificalion another
class for ewes that died prior to lambing. At the three
post-lambing sampling times Lhe model fitbed was
the same except that the physiological ststus effect
was modified 1o roflect the lactation status of the owe
{i.e., lactating or non-lactating {because the lambis)
died) and non-pregnant/ non-lactating experimental
ewes and the non-lactating controls). At each
sampling time, the first order inleractions among the
main effects were investigated in  preliminary
analyses; whoen  significant (P < 003) they were
included in the final statistical model.

The analyses at each sampling time included all ewes
alive at that sampling time regardless of whether
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Table 2 leasi-sguuares wieans (LSM) and residfieal standord
deviations Trsal) sl e different sampling Hies Jor e ling
iweght (LWT, kgl packed el wolume (FCV, percent) and
logarithn Iransforneed FEC (LFEC, logy, (FEC (epg) + 25))

LwT POV LFEC
Sampling — Mgl
Lirmi LSM prsd ISM rsd. 15M 0 rsd.
Mating 7 39 36 255 06D
3 months
postmaling 302 42 2741 35 Ihd 057
1 ambing W2 4D LT 35 255 (49

1 emomth aller
Jamhing 2840 &4 238 36

2 munths alter

lzmbing e A5 24-3 44 276 (he9
3 muontha allee

lzmibing

{wonning) 282 35 254 39 24 a9

animals had been treated at the previous sampling
time or not. Tn some years and at some sampling
times (particularly at the samplings 1 and 2 months
after lambing) a high proportion of sheep were
drenched individually based an the PCV and FEC
thresholds (Table 4). The consequences of this were
investigaled in additional analyses where the effect
of treatment at the previous sampling (treated or not
treated) was added to the statistical model for
analyses of FEC, I'CV and LWT. This cffect was only
significant occasionally and even when it was
significant made little difference to the breed and
physiological stalus effects.

The proportion of ewes treated with an anthelmintic
at each sampling time was analysed by logistic-
binomial regression using the gencralized linvar
model procedure of amsTaT (Fayne of o, 1997),
fitting the main effects of wvear, breed and
physivlogical status. Ewe attrition and murtality
were also analvsed by logistic-binomial regression
fitting the main effects of vear and breed,

Analyses  were  cartied  out o estimate  the
tepeatability of LWT, PCV and LFEC among
measurement Limes pooled within years, A mixed
model was fitted with year-breed-physivlogical
status (YBI') and measurement time (six classes) as
fixed effects and ewes nested within YBP as a
random effect, Repeatabiliies were also estimated
for just the pregnant /lactating ewes from lambing to
weaning (four sampling times), excluding all ewes
that had been treated with an anthelmintic at any of
these measurement Hmes, nxm]irf at weaning when
all ewes were strategically drenched.

Results

L5M and residual standard deviations for LWT, POV
and LFEC al the six differcnt sampling times aro
shown in Table 2. LFEC increased markedly at the
samplings at 1 and 2 months after lambing, at which
stage there was also a decline in PCV, The average
coetficient of variation (residual s.d./LSM) over the
six sampling times was 013 for LWT, 015 for PCV
and 023 for LFEC,

The larval differensiation from bulked cultures from
each breed/genotype and at each sampling lime
showed that Lhe predominant larvac  were
Huemonchus comtortus (mean 70%, range 50 Lo H949%),
Trichostrongylus spp. (mean 22%, rangs 9 to 37%) and
Oesuphagoslonmmn spp. (mean §%, range 0 to 21%).

Breed effect

The Dorper ewes were consistently and significantly
heavicer than the Red Maasai ewes over Lthe different
sampling times (P < (01}, while the B % D owoes
were elther intermediate in weight between the fwo
purebreds, or at three of the sampling times not
significantly different in weight to the Dorpers (Table
). The interactions of breed by year or breed by
phvsiological status were not significant for LWT at
any of the sampling times.

The Red Maasai ewes were more resistant to
endoparasites than the Dorper ewes as shown by
their higher PCV and lower GFEC at most of- the
sampling limes (Table 3). PCV was significantly
higher in Red Maasai ewes than in Dorper ewes at all
sampling limos, excepl at | month post lambing. At
this sampling, there was a significant bréed by
phvsiological status interaction with lactating Red
Maasai ewes having a significantly higher PCV
(P < 0-05) than lactating Dorper ewes (233% o
22:1%, respectively), while there was no significant
breed difference in PCV for the control non-lactating
ewes (26:9% v, 27-0%, respectively). The R X 1 ewes
were intermediate in PCV between the purebrods at
the lambing sampling but were not significantly
different from the Red Maasai ewes at the mating, 3
months post mating and weaning samplings, w%?u'[u-.
at the samplings 1 and 2 months post lambing they
had the lowest PCV.

The difference in GFEC between the Dorper and Red
Maasai ewes was significant.at some but not all the
sampling times (Table 3). This was partly due to a
significant breed by physiological slalus interaction
pust lambing, as illustrated in Figure 1. There was no
interaclion at the mating and 3-month post-mating
samplings; GFEC in Red Maasai cwes  was
significantly - lower than in Darper ewes in both
pregnant experimental ewes and in the non-pregnant
control ewes (F < (:05). At the lambing and at the
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Table 3 Lensi-squares scans by breed wed phpsielogical staties for cve Iive weight (LWT, ke, packed cell volunee (PCV, percent), anid
the geowetric mean of faecal ege cotent (GFEC, e22a per gram) ol the stx sampling tinies

Physiological status

Brovd Experimental ewes
- Controls
Red Non- Non-
Samipling Hme Trait Dorper (D) RxXD Maasai (R) Pregnamt pregnant  prognant
Mating LWT 2R-R* 275" 2658 2814 O 2640
rcv 2460 2550 261t 2 259" 26
GFEC 525* 376" arst xn 260 365+
3 months LwWT 36 3050 oy ar 32 97t
pust mating PCV 24-6* 267 26-3F b 261* 2740
CFEC 6512 512 4N 405 He 436
Lambing LWT 3oz 3014 75T pp b0 IR
rCy 237 2y 5 244 242 1568
GFEC At 4379 28k el 3 i
Mon-lactaling
iy Controls
L.ambis) Mot Non-
Lactating, died lambed lactating
1 month LwT 91 7E -1* 26-4* bl ZHoF 295
postlambing  PCV 2448 2300 245 2.4 224% 200 24¢
GFEC SHe- TELE 4570k 912 e A A
2 months LWT 28-54 24t 267" e 271k 285 284
post lambing POV 237 5 26400 211" 2440 259 26l
GFEC L2 [ L 437 1000 450¢ 603° 3ras
S months LWT 288 2854 274% 20v3* a0 205 el
post lambing, Py 2449 2640 266 234 2¢-1% 267% 7k
GFEC 251 g 152+ s 2340 178% 166%

+% Means within sach row and classificztion (bréed or physiological status) with a different supemcript are significantly
different (I* < 0:03).

three post-lambing samplings, there was a
significantly lower GFEC in the lactaling Red Maasai
than in the Dorper lactating ewes (P < 0105) but no
significant breed effect for the non-lactating control
ewes, The breed differences in GFEC and PCV also
resulted in a significantly higher proportion of
Dorper ewes being freated with an anthelmintic
(P < 0-03) at all sampling times excepl al maling and
at 2 months post lambing and having significantly
more anthelmintic trcatments cach year (P <005)
;! than the Red Maasai cwes (Table 4). The R X D ewes

L, .
ating 3  Lambing 1 2

month mn;t’mi months
{weaning)

months

post
mating

Figure 1 The periparturient rise in peometric mean of
faecal cgg, count (GFEC) in lactating Red Maasai ewes
{—=—1). in lactating Dorper ewes (—— rélative to
the non-pregnant f non-lactating Red Maasai §--»--) and
Dorper (== +--) ewes.

were nob significantly different from the Dorper
ewes in GFEC at the samplings post lambing.

The annual attrition rate in the number of ewes in the
study over the four matings/lambings from mating
Lo weaning was significantly higher (P < 0:01) in the
Dorper ewes (0-324, s.e. 0:022) than in the R X D
ewes ((-140, s.e. 01012) or Red Maasai ewes (0093, s.e.
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Table 4 Least-squares means (standard ervors in pareniheses) by vear, breed and physiclogical stafus for ihe pereentage of eves trepted
withe v anblelminlic at el sampling time ond the total seanber of fremtnents

Percentapge of ewes trealed wilh an anthelminsic

Mating 3 months Lambing 1 munth 2 months Tolal no. of

Effact {mtg) oSt mig {Tkes) post by post lbg freatments
Year

a3/03 2607 36 (08) 2.2 ({17 100 (1-4) L&A1 (1:8) 135 (U-051)

G304 12-3(1-3) M-8 (14 67 (1-2) 55-4 (3-4) 10:7 (17} T-6d (0-054)

04,95 S (11} 13-4 (L&) IR (22) 42 {1-1) b9 (22 1-68 (0-062)

03/%4 227 (2:3) 5213) 231220 3534 (2-5) 3F9(29) 1-83 (0-071)
Breed

Dorper (1) 124 ilap 137 (16 21-£ (20F 2402350 305 (2-3)° 1-74 (0044

Ked Massai (R) 1040 (1:3) 46 (10y Tl 166 (1-5) 254 [1:8) 1-55 (0-Oday

RED T 0 T4 (D 12:7 (1:2F 27014 I (1EP 1-66 (0-056)
Slalus

Pregnant/lactating, 72 (0-5y FF{FPE 12-4 (1-0F 259010 372 (14 1-85 (0-N24p

Laclating / lost lambs 27 ey 37 (31

Muon-pragnant 150 (1-5 152 {177 150 (187 1549 (24 160 (195 1-66 (00367

Conlrols 140 (35 B8 (28 ey (27 (35 123 (347 1-b] U077

A%E Means wilhin coch colume and classification {breed o plysiological status) with a diflerent superseript are significanily

different (P < (-1F).

0013} Part of this attrition was due lo owes nol
being sampled at weaning (0-128) or those that were
sold, eulled or stalen (00F9), For the remaining owoes
{117 Darper, 87 R % D and 26 Red Maasai) both the
date of death and cause of death were recorded.
Based on these ewes the annual mortality rates were
significantly different among the three genotypes
(P = 0:05), and were 0270 {50, 0:020) for the Dorper,
0-112 (s.e. (H01T) for the B X D and 0-054 {s.e. (-010)
for the Red Maasai. Overall, the two most important
causes of mortality were haemonchosis (0-374) and
preumonia (1187). A higher proportion of Dorper
(0405, s.e. (-044) and B X D (0-377, s 0-050) ewss
died  from haemonchosis than Red Maasai evwes
(228, se. 0080) but this differcnce was not
significant.

Physiological status and the peri-parturient rise n egg
connis

Figure 1 clearly shows that the PPR rise in egg counts
(GFEC) accurred in both the Red Maasai and Duorper
lactating ewes and peaked at 2 months post lambing,
The same was true in the R X D ewes (nol includod in
this Figure). Most studies on the PPR in sheep have
utilized nov-pregnant ewes as the non-lactating
group, which have been compared with the lactating
cwes to establish the magnitude of the 'R in egg
counts. In this study, we included a randomly chosen
group ol ewes which were not mated and which were
specifically  desipgnated  as . non-pregnant/ non-
lactating group. At most of the sampling Hmes the
experimental and the contral non-pregnant and non-
lactating groups were similar for LWT, PCV and
GFEC (Table 3) However, the non-lactating

experimental ewes had a significantly higher GFEC
than the control ewes at the sampling 2 months post
lambing, There was also a significanl interaction
(< (:01) for year by physiological status for GFEC at
the samplings 1, 2 and 3 months post lambing. This
resulted in dilicrent magnitudes of the PPR in the
lactating experimental ewes relative to the non-
lactating control ewes in the different vears (seasons).
At the 2-month post-lambing sampling  the,
experimental non-lactating ewes had significantly
higher GFEC than the non-lactating control cwes in 2
years (I' < D05), while in the other 2 years there was
no significant difference in GFEC. As was expoected,
the lactating ewes at the 1- and 2-month post-lambing
samplings had a significantly higher proportion of
ewes  treated  with  an anthelmintic  than  the
experimental or control non-lactating ewes (Table 1),

Repemlalilities and correlatons

Repeatabilities  pooled within vear, breed  and
physiological status among sampling limos from
mating to weaning were 0570 (s, 001) for LWT, (022
(s, 0:01) for PCV and 0-01 (s, 001) for logarithm
transtormed FEC (LFEC). The repeatabilifes were
also cstimated separately for cach breed/ genotype
but there were no significant dilferences in the
estimates. The phenotypic  correlations  within
sampling tme waore 038 for LWT and PCV (" < 001},
=14 for LWT and LFEC (P<001) and
=031 for POV and LFEC (P < 0:401). Repeatabilitics for
just the non-drenched, lactating ewes frum lambing
to woeaning pooled within year and breod were 071
(s.e. 0:03) for LWT, 0-26 (s.e. 0-06) for POV and 0-34
(s.e. 0-06) lor LFEC,
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Discussion

Breed differences for resistance to endoparasites

This study confirms earlier reporls that Red Maasai
sheep are more resistant to Gl nematode parasites
than Dorper sheep (Preston and Allonby, 1978 and
1979: Mugambi ¢f al., 1996 and 1997; Wanyangu ¢f al.,
1997). The present study is part of a larger
experiment at this research site (Baker of al., 1994 and
1998b). The purebred and crossbred lambs generated
by the ewes evaluated in this study were also
evaluated for their resistance to Gl nematode
parasites (FEC and PCV) and for productivity
{growth and mortality), from birth to about 1 year of
age. The Red Maasai lambs were more resistant to
endoparasites than the Dorper lambs as shown by
their lower FEC {ability to control the worm burden
and/or the worm fecundity), higher PCV (ability to
contrel anaemia caused by Haemonchug contortus
infections) and markedly lower pre-weaning and
post-weaning  mortality  (Baker of a2l 1998D),
Significant breed differences in both FEC and PCV
were apparent when the lambs were weaned at 3
months of age and persisted up to 1 year of age.

Previous studies (Preston and Allonby, 1978 and
1979; Mugambi ef al., 1996 and 1997; Wanyangu ¢t al.,
19977 which  have investigated resistance to
endoparasites in Red Maasai sheep, all concentraled
on measuring the parasitolegical variables (e, FEC,
PCV and worm  burdens after necropsy) in
experiments with small numbers of sheep for each
breed. There was no attempt made to carry out a
more comprehensive  evaluation where  breed
resistance is related to total flock productivity and
potential economic returny to smallholder farmers,
which has been an important objective of the present
study. The ewe reproduction and productivity data
will be published separately but  preliminary
analyses have been completed (Baker of al., 1998b;
Baker, 1998). These clearly show that the combined
effects of a higher reproductive rate, lower lamb and
ewe maortality and similar yearling live weights,
result in an approximately three-fold increase in the
number or weight of yearling sheep available for sale
in a purebred Red Maasai v, a purebred Daorper (lock
(Table 5). There is thercfure a very clear economic
advantage for farming the more resistant Red Maasai
sheep rather than the Dorper in coastal Kenya and
other humid / sub-humid regions of East Africa.

The previvus evaluations of Ked Maasai and Dorper
sheep have all been undertaken in either the coul
highlands (close to Nairobi) or semi-arid highlands
{Naivasha) of Kenya. There is no evidence for breed
by environment  interaction  for  resistance  lo
endoparasites as the Red Maawi are consistently the
mone resistant breed in cach of these environments,
However, there is cvidence for a breed by

Table 3 Productivity of flocks of purebral Dorper aed purchred
Red Maasai sheap at Dnani Estate, Mombaga, Kenya (1921-759595)

—_———— e —

Trait Dorper Red Maasal
Production
No. of ewes mated (199]-96) 553 457
Ewes lambing per cwes mated 066 075
Prolificacy
{lambs Born/ ewes lambing) 102 L2
Lamb mortality (birth-yearling) (-6 1 D
Yearling lve weight (kgh 197 154
Offlake (1 year)t
N of sheep 11 35
Total live weight (kg) 17 44

e ——
$ Offtake based on a IMewe flock with a 20% female
replacement rabe and all male progeny and  non-
replacement females alive at one year of age making up the
potential offtake.

environment interaction for lamb growth, mature
size and ewe reproduction, where the Dorper sheep
perform better and grow faster than the Red Maasai
in the drier, less humid climates (Invangala f al.,
1992; Kiriro, 1934). Dorper sheep are not well
adapted to a sub-humid environment and their low
reproductive performance and high ewe and lamb
mortality at Diani Estate resulted in the purcbred
Dorper tlock being difficult to sustain (Table 3).

Repeatalilitics

The objectives of this experiment were to quantify
both between- and within-breed genclic resistance to
cndoparasites, There was insufficient pedigree
information for the ewes to enable estimation of
heritabilitics and genetic correlations. However, it
was possible to estimate repeatabilitics amang the
measurement timeys for the ewes and the estimates
were high for LWT (0-70, s.e. 0-01), moderate for I'CV
(0:22, s.¢. 0:01) and not significant for LFEC (001, s.e.
H1). However. the repeatability of LFEC from
lambing to weaning for just the wundrenched,
lactating ewes was 03 (s.¢. 006). The effect of
drenching at any sampling time is clearly shown in
Table 4 in terms of the percentage of ewes drenched
in the different years at differcnt sampling dates.
This moderate within-year repeatability for LFEC in
undrenched lactating ewes 15 similar to the high
estimate reported for undrenched, lactating Romney
ewes in New Zealand of 0-50 (s.¢. (HM4) (Morris of al,
1993). Moderate to high repeatabilitics for LFEC have
also been reported by Doligalska ot al. (1997) in
natural pasture infections of undrenched Wrzosowka
ewes in Poland, This [Polish study also clearly
showed that repeatabilities were higher between
measurements taken close together in fime (1 1o 2
weeks) than when samples were taken at inlervals of
3 to 4 months, Heritabilities for L.LFEC and PCV for
the lambs in this study have been estimated (Baker of
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al., 1998b; Baker, 1998) and were found lo increase
from non-significant estimates in weaner lambs to
moderate estimates (0-10 to 0:20) in lambs from 6 to
12 months of age.

Ve peri-parturient rise in egy counfs

This study has shown thal the PPR in FEC ocours in
both Dorper and Red Maasai sheep as has been well
documented in other sheep breeds in lemperate
(Barger, 1993) and tropical climates (Romijali ef al,
1867). The significant difference in the magnitude of
the PPR between the Dorper and Red Manzai
lactating cwes (Figure 1) was consistent with the
results reported by Wanyangu ef al, (1997). Because a
significantly higher proportion of Dorper ewes were
treated with an anthelmintic than the Red Maasai
ewes at the lambing and the 1-month post-lambing
samplings, the difference between the two breeds in
the PFR shown in Figure 1 is an underestimate,

Other studies have also shown breed differences in
the magnitude of the PPR. In the USA, Courtney e
al. (1984) found that spring-lambing domestic ewes
(Rambouillet  or  Finnish  Landrace-Dorset X
Rambouillet) exhibited a marked PPR in FEC (the
challenge was primarily Haemonchus confortus), while
imported hair breed ewes from the Caribbean (St
Croix and Barbados Blackbelly) and the indigenous
Florida Native ewes exibited little ar no PPR. When
winter-housed, pregnant Florida Native (resistant
breed) and Iorset X Rambouillet (susceptible
genotype} ewes were studied through pregnancy
and parturition/ lactation, both FEC and (otal worm
counts were significantly lower in the Florida Native
ewes. Breed differences were apparent for worm
numbers  of  Hacmonchus  comtortus, Oslertayia
cirenmcincta and Trichostrongyins axei (Zajac e al.,
1988). The PPR was studied in four sheep breeds and
crosses in the hot, humid conditions of Neorth
Sumatra in Indonesia (Romjali et al, 1997). The
predominant parasite was Hacrmionclins confortus. The
indigenous Sumatra thin tail sheep had the highest
PPR while the PPR was significantly lower in
Barbados Blackbelly X Sumatra crosshred ewes.

The Indonesian study (Romjali ef al., 1997) and other
sludies  (Gruner et al, 1992, Woolaston, 1992
Tembely ef al, 1998), showed a significant effect of
litter size on the PPR with ewes suckling twins
having a significontly higher FEC than those
suckling singles, The effect of ltter size could not be
investigated in the present study  because  the
prolificacy in this environment for both breeds was
low (Table 5) and the few twins that were bormn
mostly died soon after birth, However, in the goats
that were also evaluated at Diani Estate and which
had a J1E§Ihr'r prolificacy than the sheep (Baker et al.,
1998b), there was an efiect of litter size on FEC.

There was also a significantly higher PP'R in Galla
than in Small East African lactating does (Baker =
al, 14%8a),

Experimental design

The experimental design used in this study probably
resulted in an underestimation of Lhe true genelic
difference in resistance lo cndoparasites between the
three genotvpes. All the ewres were grazed together
and managed uniformly to meet the requirements of
a valid breed comparison for the production traits. I£,
however, they had been grazed in separate paddocks
at the same stocking rate the Red Maasai ewes and
lambs would have had a lowoer exposure to
endoparasites than they experienced in this study.
This may also have’ important effects on the
cpidemiclogical  paramelers  and  anthelminkic
treatment (drenching)  requirements  in farming
systems which  utilize resistant o susceptible
genolypes (Dishop and Stear, 1997). Preliminary
experimental evidence to support this contention is
accruing from the establishment of a nucleus fock of
Red Maasai sheep at another farm in coastal Kenya
{E. L. Baker ef al, unpublished) Tn this flock
drenching of individual Red Maasai sheep ocours
only when the PCV of lambs pust weaning falls
below 16% and the PCY of ewes falls below 13%. A
flock of about 100 ewes has been established and
after 2 vears only two ewes and four lambs have
been drenched. The pre-weaning mortality from Lhe
first crop of 82 lambs bom was 5% compared wilh
10% in the Red Maasai lambs in the IlNani Estale
experiment (Baker ef al, 1993b). Mugambi ef al
(1997) compared the resistance to endoparasites of 15
yearling sheep of each of four breeds (Red Maasai,
Blackheaded Somali, Dorper and Romney) with each
breed prazing a separate paddock for 1 year with no
anthelmintic treatment. In this study the Red Maasai
was clearly the most resistant breed both in terms of
maintaining the lowest FEC, the highest PCV and the
lowest mortality. The FEC in the Red Maasai sheep
remained below 1000 epg throughout the l-vear
sluady,

Corelusion

In conclusion, Red Maasai shoep are resislant to
infections  with Gl nematode  parasites  and
particularly Havmonchus contortus, In addition, Red
Maasai sheep have the ability to maintain good
levels of production when "under severe and
persistant endoparasite challenge. Based on these
resulls, ILK] has now initiated a new experiment to
generate six large double backcross resource Families
utilizing the resistant Red Maasai and the susceptible
Dorper sheep. These will be used to identify genetic
markers linked to quantitative trait loci that control
resistance to infections to Gl nematode parasites and
particularly Hacmonchus contortss.
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