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ABSTRACT: The Creole goat is a local breed used for 
meat production in Guadeloupe (French West Indies). 
As in other tropical countries, improvement of para-
site resistance is needed. In this study, we compared 
predicted selection responses for alternative breeding 
programs with or without parasite resistance and resil-
ience traits. The overall breeding goal included traits 
for production, reproduction, and parasite resilience 
and resistance to ensure a balanced selection outcome. 
The production traits were BW and dressing percent-
age (DP). The reproduction trait was fertility (FER), 
which was the number of doe kiddings per mating. The 
resistance trait was worm fecal egg count (FEC), which 
is a measurement of the number of gastro-intestinal 
parasite eggs found in the feces. The resilience trait 
was the packed cell volume (PCV), which is a mea-
surement of the volume of red blood cells in the blood. 
Dressing percentage, BW, and FEC were measured at 

11 mo of age, which is the mating or selling age. Fer-
tility and PCV were measured on females at each kid-
ding period. The breeding program accounting for the 
overall breeding goal and a selection index including 
all traits gave annual selection responses of 800 g for 
BW, 3.75% for FER, 0.08% for DP, −0.005 ln(eggs/g) 
for FEC, and 0.28% for PCV. The expected selection 
responses for BW and DP in this breeding program 
were reduced by 2% and 6%, respectively, compared 
with a breeding program not accounting for FEC and 
PCV. The overall breeding program, proposed for the 
Creole breed, offers the best breeding strategy in terms 
of expected selection responses, making it possible to 
improve all traits together. It offers a good balance be-
tween production and adaptation traits and may present 
some interest for the selection of other goat breeds in 
the tropics.

INTRODUCTION

In tropical countries, the high prevalence of gas-
tro-intestinal parasites in sheep and goats has strong 

consequences on animal production and welfare. 
Parasites are responsible for greater mortality and re-
duced growth. To control parasite infection, anthel-
mintic products have been widely used during the last 
40 yr, leading to the development of parasite strains 
resistant to these products (Kaplan, 2004). Alterna-
tive methods have been discussed to reduce the use 
of anthelmintics (Jackson and Miller, 2006), such as 
optimized nutrition, use of targeted selective treat-
ment strategies, and grazing management. Selection 
of small ruminants based on their improved resis-
tance against parasites is 1 of these methods (Eady 
et al., 2003). Genetic selection results in long-lasting, 
steady, and regular improvement. As in any tropical 
country, improvement of parasite resistance in the 
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Creole goat breed is needed in Guadeloupe (French 
West Indies, latitude 16°N, longitude 61°W). This local 
breed, used for meat production, is reared on pasture 
where it is naturally infected by gastro-intestinal nem-
atodes. Their prevalence (proportion of infected ani-
mals) reaches 80 to 100% and they are responsible for 
80% of pre-weaning mortality (Aumont et al., 1997).

Resistance and resilience are 2 protection mecha-
nisms against gastro-intestinal nematodes. Resistance is 
the ability to control parasite infections by suppressing 
their establishment, controlling their number, and regu-
lating their life cycle. Resilience is the ability to toler-
ate parasites without developing clinical signs. Resilient 
animals suffer less performance loss under parasite chal-
lenge (Bisset and Morris, 1996).

Recently, a farmer association, extension services, 
and the Research Institute in Guadeloupe have col-
laborated to implement a breeding program for Creole 
goats. The breeding goal for Creole goats has already 
been derived (Gunia et al., 2012). It included production, 
reproduction, and parasite resistance and resilience traits 
with some uncertainty around the economic values of 
the resistance and resilience traits. In this study, we used 
deterministic prediction to compare selection responses 
for breeding goals integrating parasite resistance and re-
silience in different ways.

MATERIALS AND METHODS

Animal Care and Use Committee approval did not 
need to be obtained for this study as no animal was used.

Creole Goat Breeding Goal

Description of the Traits in the Breeding Program. 
The most complete breeding goal aimed at improving 
production, reproduction, and parasite resistance and re-
silience in the Creole goat population. The production 
traits were BW and dressing percentage (DP). The re-
production trait chosen was fertility (FER), which is the 
number of doe kiddings per mating. The resilience trait 
was the packed cell volume (PCV) of does, defi ned as 
the measurement of the volume of red cells in the blood 
used to diagnose anemia caused by hematophagous 
parasites such as Haemonchus contortus. The resistance 
trait was the worm fecal egg count (FEC) of 11 mo old 
kids, which is a measurement of the number of gastro-
intestinal parasite eggs found in the feces.

Whatever the breeding goal, the indirect expected se-
lection response in litter size at birth (LS) was analyzed. 
This trait was neither included in the breeding goal nor 
in the selection index. No selection pressure was put on 
this trait because farmers were satisfi ed with the present 
level of LS (M. Gunia, unpublished data). However, the 

expected selection response in this trait was studied to 
assess its expected genetic trend, a biological and eco-
nomical optimum value being hypothesized for the trait.

The indirect expected selection response in FEC of 
does was not analyzed in this study. However, we assumed 
that the response would vary in the same direction as FEC 
in kids due to the fairly high genetic correlations (0.76) 
between the 2 measurements (Mandonnet et al., 2006).

Alternative Breeding Goals. In this study, we com-
pared expected selection responses for alternative breed-
ing goals including resistance or resilience traits in differ-
ent ways. The economic values were previously derived 
by using a deterministic bio-economic model describing 
the profi t of a Guadeloupean goat farm (Gunia et al., 2012). 
The economic values for all traits except FEC were the 
marginal variation of annual profi t per mated doe, caused 
by the increase of 1 unit of the trait and keeping the other 
traits constant at the population mean. The economic val-
ue for FEC was derived by comparing the expected profi t 
and average FEC in a normal situation and in an extreme 
situation where parasites had developed resistance to an-
thelmintics (Gunia et al., 2012).

The “Hbase” breeding goal was:

Hbase = 7 .69 × ABW + 1.38 
× AFER + 3.53 × ADP

The “Hresilience” breeding goal was:

Hresilience = 7 .69 × ABW + 1.38 × AFER 
+ 3.53 × ADP + 0.3 × 10–4 × APCV

The “Hresistance” breeding goal was:

Hresistance = 7 .69 × ABW + 1.38 × AFER 
+ 3.53 × ADP

 − 18.85 × AFEC

The “Hcombined” breeding goal, that included re-
sistance and resilience traits, was:

Hcombined = 7 .69 × ABW + 1.38 × AFER 
+ 3.53 × ADP + 0.3 × 10–4 × 
APCV − 18.85 × AFEC

with Ax denoting the true breeding value for trait X. The 
trait BW was expressed in kg, FER in %, DP in %, PCV 
in %, and FEC in natural logarithm of eggs per gram. 
The corresponding economic weights were given in eu-
ros per physical unit of the traits.

Except in 1 case (Hcombined without FEC and PCV 
included in the selection index), exactly the same traits 
were considered in the breeding goal and in the selection 
index of the breeding program. However, we studied 
the indirect expected selection response for each trait, 
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though it was excluded from the breeding goal, as for 
instance responses in PCV and FEC when selection oc-
curred for Hbase. Furthermore, the economic values of 
PCV and FEC being uncertain, we tested the sensitivity 
of the selection responses to changes of these economic 
values in the Hcombined breeding goal.

Additionally, we calculated the contribution r2
x of each 

2
H of the breeding goal H:

2 2
2

2
x aX

x
H

EVr ×=

with EVx being the economic value of the trait X and 
2

ax its genetic variance.
We also calculated the correlations between breeding 

goals:

with EViT being the row vector (1 × n) of economic val-
ues of the breeding goal Hi, EVj the column vector (m × 
1) of economic values of the breeding goal Hj, Var(Ai,j) 
the genetic variance-covariance matrix (n × m) of the 

2
H the vari-

ance of the breeding goal.

Simulation Program

We used the deterministic simulation program Se-
lAction (Rutten et al., 2002) to compare the expected se-
lection responses of the different breeding goals. SelAc-
tion predicts selection response on pseudo-BLUP esti-
mated breeding values and accounts for the reduction of 
variance due to selection (Bulmer, 1971). The program 
assumed random mating of the selected animals. In our 
study, we used SelAction with its option of overlapping 
generations and truncation selection.

Description of the Selection Nucleus

Organization of the Selection Nucleus. We simu-
lated a selection nucleus of 300 Creole does that could 
be implemented in the near future. As no performance 
recording would occur in all the Creole goat popula-
tion, we assumed that the nucleus would be closed. The 
best animals produced in the nucleus would be used for 
the renewal of the nucleus, whereas the other animals 
would either be culled or sold to other farmers (females 

for crossbreeding with bucks of specialized meat breeds 
such as Boer, males for pure breeding).

Reproduction in the Nucleus. First mating takes 
place at 11 mo. Only natural mating occurs, with a doe 
to buck ratio of 15 to 1. Does are mated every 8 mo 
(5 mo of pregnancy and 3 mo of suckling), giving 3 lit-
ters in 2 yr. Hence, every 8 mo, a doe produces 1.6 kids 
that reach 11 mo. The number of kids was based on the 
following parameters: kidding rate of 82%, litter size 
at birth of 2.3 kids, pre-weaning mortality of 18%, and 
mortality between weaning and 11 mo of age of 14%. 
An equal number of males and females was assumed to 
be born per litter (Gunia et al., 2012).

Nucleus Demography. The demography of the nu-
cleus herd is shown in Fig. 1. The 300 does in the nucle-
us were divided into 7 age classes. There were 11% mor-
tality between each age class and 9% of the does culled 
for age. The 20 bucks in the nucleus were divided into 
3 age classes and 30% were culled for age. An age class 
was 8 mo (interval between 2 kiddings). Every 8 mo, 6 
bucks out of 20 and 90 does out of 300 in the nucleus 
were selected as parents of the next generation to renew 
the nucleus herd. They produced 60 young males and 
60 young females. All the 60 females were integrated 
in the nucleus herd. Among the 60 young males, only 7 
of them were selected to join the nucleus herd. Hence, 
there was 1 selection stage for females and there were 
2 for males. These assumptions resulted in an average 
generation interval of 21 mo. For SelAction, the 2 se-
lection stages for males could not be modeled directly 
with the overlapping generation option. SelAction only 
considers selection of the parents in the nucleus herd. 
Therefore, in the program, these 2 selection steps were 
combined into 1 and SelAction chose the 6 bucks se-
lected as parents among 180 bucks in the nucleus herd 
(60 bucks per age class).

Information Sources. At 11 mo of age (age class 
2), BW was recorded on all animals, FEC on males only, 
and DP on 50% of the unselected male half-sibs of the 

Figure 1.
for 8 mo. Age class 1 = 0 to 8 mo, age class 2 = 8 to 16 mo, etc.
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even selection candidates. At each delivery period, start-
ing at 16 mo of age (age class 3), FER and PCV were 
recorded on all females in the nucleus herd. The BLUP 
information was available for all selection candidates on 
all traits and in all age classes.

Genetic and Phenotypic Parameters

Original Set of Correlations. The full set of correla-
tions, means, SD, and heritability estimates used in this 
study (Tables 1 and 2) came from different sources. Gu-
nia et al. (2011) derived the genetic and phenotypic pa-
rameters of BW, FER, LS, PCV, and FEC in the Creole 
goats. Literature provided estimates of the parameters 
derived for DP in sheep breeds, because no estimates 
in goat breeds were found. Heritability of DP was the 
mean of estimates given by Safari and Fogarty (2003), 
Ermias et al. (2006), and Greeff et al. (2008). The genet-
ic variance of DP as well as the genetic and phenotypic 
correlations between BW and DP came from Greeff et 
al. (2008). The genetic and phenotypic correlations be-
tween LS and DP were given by Safari et al. (2008). We 
did not fi nd any estimates of the correlations between 
FER and DP, FEC and DP, and PCV and DP in the litera-
ture. We therefore assumed that the correlations between 
FER and DP were equal to the correlations between the 

number of lambs born per ewe joined and DP as given 
by Safari et al. (2008). For the correlations of DP with 
FEC or PCV, we applied the following hypotheses:

Correlation FEC-DP ≈ ( correlation FEC-BW) 
× (correlation BW-DP)

Correlation PCV-DP ≈ ( correlation PCV-BW) 
× (correlation BW-DP)

In both cases, the phenotypic and genetic correlations 
estimates were close to 0 (<0.05). We therefore set them 
to 0. The genetic and phenotypic (co)variances matrices 
were checked to ensure that they were positive defi nite, 
meaning all the eigenvalues were above 0.

Sensitivity Analysis of the Genetic Correlations. 
We performed a sensitivity analysis of some key genet-
ic correlations: PCV-FEC, BW-PCV, BW-FEC, in the 
Hcombined breeding goal. We chose to test these cor-
relations because of their importance for the selection 
responses in PCV or FEC. We made each genetic cor-
relation vary from −2 SE to +2 SE around its initial esti-
mate and kept the other correlations at a constant value. 
The new genetic variance-covariance matrices obtained 
were checked to ensure that they were positive defi nite. 
Whenever this was not the case, selection responses 
were not calculated.

RESULTS

Comparison of Breeding Goals

We compared the economic responses of alternative 
breeding goals. The breeding goals were highly correlat-
ed (Table 3). The inclusion of PCV in the breeding goal 
did not change the variance of the breeding goal, due 
to the very low economic value of PCV. Therefore, all 
breeding goals globally showed similar expected selec-
tion responses (Table 4). The greatest economic response 
based on all traits (Hcombined) logically occurred when 
all traits were included in the breeding goal and in the 
selection index of the breeding program. The greatest 

Table 2. Genetic correlations (above the diagonal), phenotypic correlations (below the diagonal), and heritability 
estimates (on the diagonal) for traits involved in the Creole goat breeding program1

Trait BW FER DP PCV FEC LS
BW 0.32 ± 0.03 0.65 ± 0.09 0.16 0.29 ± 0.15 0.10 ± 0.12 0.23 ± 0.09
FER 0.18 ± 0.04 0.11 ± 0.02 −0.15 0.45 ± 0.24 0.01 ± 0.17 0.25 ± 0.15
DP 0.03 −0.02 0.34 0.00 0.00 −0.11
PCV −0.10 ± 0.05 −0.24 ± 0.04 0.00 0.13 ± 0.05 −0.21 ± 0.22 −0.10 ± 0.22
FEC −0.12 ± 0.02 −0.01 ± 0.07 0.00 −0.07 ± 0.11 0.18 ± 0.04 0.05 ± 0.15
LS 0.22 ± 0.03 0.10 ± 0.02 −0.02 −0.13 ± 0.03 0.04 ± 0.08 0.11 ± 0.02

1Parameters were derived for Creole goat breed for all traits except DP. Heritability and correlations estimates for DP were derived for sheep breeds in the 
literature. Traits: BW = BW at 11 mo (kg), FER = fertility (%), DP = dressing percentage at 11 mo (%), PCV = packed cell volume (%), FEC = fecal egg count 
at 11 mo [ln (eggs/g)], LS = litter size (kids).

Table 1. Traits involved in Creole goats breeding pro-
gram and their parameters1

Trait Abbreviation Means
Phenotypic 

SD
Genetic

SD
BW at 11 mo, kg BW 17.9 3.4 1.9
Fertility, % FER 82.9 37.5 12.3
D ressing percentage (DP) 

at 11 mo, % DP 40.0 2.1 1.2

Packed Cell Volume, % PCV 24.1 4.5 1.6
F ecal Egg Count at 11 mo, 

ln(eggs/g) FEC 6.4 0.9 0.4

Litter Size, kids LS 2.1 0.7 0.2

1Parameters were derived for Creole goat breed for all traits except DP. 
Standard deviations of DP were given for sheep breeds in the literature.
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economic response based on production and reproduc-
tion traits (Hbase) occurred in the Hresilience breeding 
program, due to the greatest selection responses expect-
ed for BW and FER caused by the favorable genetic cor-
relations of PCV with BW and FER. Calculation of r2 
of each trait enabled the comparison of the proportion 
of variance explained by the trait in the breeding goals. 
For all breeding goals, we obtained similar r2 with 33% 
for FER, 25% for BW, 6% for FEC, 2% for DP, and 0% 
for PCV. These results clearly show that FER and BW 
dominate the breeding goals. They obtained the great-
est genetic gains for traits standardized per genetic stan-
dard deviation (Fig. 2) with about 800 g/yr for BW and 
3.7%/yr for FER for all breeding goals. Expected selec-
tion response for DP and LS was always positive.

We also valued individual responses for PCV and 
FEC because of the uncertainty around the calculation of 
the economic values of these traits. The alternative breed-
ing goals being very close, we prefer to select on a breed-
ing goal that ensures favorable selection responses in both 
resistance and resilience traits. The expected selection 
response for PCV was always positive. However, differ-
ences in the direction of selection response were observed 

for FEC according to the breeding design. These results 
clearly show that FEC should be taken into account both 
in the breeding goal and in the selection index to be im-
proved (i.e., to obtain a decrease in FEC). The need to 
record FEC may be explained by the unfavorable positive 
genetic correlation between FEC and BW and the low ge-
netic correlations between FEC and the other traits.

In light of these results, the Hcombined breeding 
goal linked to a selection index including both PCV and 
FEC appears to be the best breeding strategy in terms 
of expected selection responses. This scenario improves 
both parasite resistance and resilience. Compared with 
the Hresilience breeding program, the Hcombined 
breeding program has a slightly lower economic selec-
tion response for the production and reproduction traits, 
but offers a favorable selection response for FEC. Com-

Table 3. Correlations between the alternative breeding 
goals for the Creole goat breed1

Item Hcombined Hresilience Hresistance
Hbase 0.97 1.00 0.97
Hcombined 0.97 1.00
Hresilience 0.97

1Hbase = breeding goal including BW, fertility, and dressing percentage. 
Hcombined = Hbase + packed cell volume + fecal egg count. Hresilience = 
Hbase + packed cell volume. Hresistance = Hbase + fecal egg count.

Table 4. Expected selection responses in the nucleus herd of Creole goats for alternative breeding programs

Trait1

Optimized breeding program for goal

Hbase2

Hcombined 
PCV and FEC
not recorded Hcombined Hresilience Hresistance

Expected selection response or correlated response per year in trait unit
BW 0.816 0.816 0.798 0.818 0.798
FER 3.668 3.674 3.753 3.783 3.630
DP 0.080 0.080 0.075 0.077 0.078
PCV 0.215 0.215 0.276 0.258 0.230
FEC 0.015 0.015 −0.005 0.014 −0.003
LS 0.023 0.023 0.021 0.021 0.023

Expected economic response per year in economic units (€)3

For Hbase trait set 11.617 11.625 11.581 11.777 11.421
For Hcombined trait set 11.334 11.342 11.665 11.523 11.478

1BW = BW at 11 mo (kg), FER = fertility (%), DP = dressing percentage at 11 mo (%), PCV = packed cell volume (%), FEC = fecal egg count at 11 mo [ln 
(eggs/g)], LS = litter size (kids).

2Hbase = breeding goal including BW, FER, DP. Hcombined = Hbase + PCV + FEC. Hresilience = Hbase + PCV. Hresistance = Hbase + FEC.
3Calculated for production and reproduction traits (Hbase trait set) or for all traits (Hcombined trait set) according to the simulated breeding program (op-

timization of the selection index according to a given breeding goal and information sources). It is calculated as: ∑i (Expected selection response in trait uniti 
*Economic valuei) with i being the considered traits.

Figure 2. Expected selection responses per year in genetic SD according 
to the weight of PCV in the Hcombined breeding goal. Hcombined = 7.69 × 
ABW + 1.38 × AFER + 3.53 × ADP + 0.3 × 10−4 × APCV − 18.85 × AFEC, where 
A is the true breeding value, FER = Fertility, DP = dressing percentage, LS = 
litter size, PCV = packed cell volume, FEC = fecal egg count.
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pared with the Hbase breeding program, expected se-
lection response in the Hcombined breeding program is 
increased by 2% for FER and decreased by only 2% for 
BW and 6% for DP. Therefore, the economic selection 
response for BW, FER, and DP in the Hcombined sce-
nario is only decreased by 0.3%, meaning that optimal 
selection on Hcombined gave almost the same economic 
response for these traits than direct selection on Hbase.

Changing Weight on PCV or FEC

We tested the sensitivity of the selection responses to 
changes in PCV or FEC economic values in the Hcomb-
ined breeding goal, because these economic values were 
uncertain (Gunia et al., 2012). Changing the weight on 
PCV (Fig. 2) had more consequences on BW, FER, and 
FEC selection responses than on DP and LS selection 
responses, due to the difference in magnitude of the ge-
netic correlations of these traits with PCV. Selection re-
sponses on BW, FER, and PCV collapsed and selection 
response for FEC increased when considering low eco-
nomic value on PCV. The maximum expected selection 
response for all traits (except PCV) occurred when the 
economic value of PCV was close to 0. A high positive 
weight on PCV was favorable for PCV and FEC but un-
favorable for BW, FER, and DP.

Changing the weight on FEC in the Hcombined sce-
nario (Fig. 3) had more consequences on BW, FER, and 
PCV selection responses than on DP and LS. High nega-
tive weight on FEC had favorable consequences on FEC 
and PCV selection responses, whereas selection respons-
es for the other traits declined. The optimal response for 
all traits except FEC occurred when the economic value 
of FEC was close to 0. However, a weight of 0 on FEC 
led to an unfavorable rise in selection response for this 
trait. The original economic value of −18.85 had the ad-
vantage of improving FEC with almost no decrease in 
expected selection responses on the other traits.

Given the nature of these results, it would appear 
that the initial estimates of economic values of 0.3 × 
10−4 for PCV and −18.85 for FEC were close to the 
optimum in terms of selection responses for all traits. 
Using these economic values resulted in favorable se-
lection response for FEC and PCV with little loss in se-
lection responses for BW, FER, and LS. Because of the 
uncertainty of the economic values of FEC and PCV, we 
would have moved from an economic evaluation to a 
desired gains evaluation if selection responses on these 
traits had been unfavorable.

Sensitivity Analysis of the Genetic Correlations

The genetic correlation estimated between PCV and 
FEC was −0.21, with a SE of 0.22. The sensitivity analy-

sis of this correlation in Hcombined scenario showed very 
few changes in expected selection responses. The expect-
ed selection response varied less than 0.02 genetic SD for 
FEC and less than 0.05 genetic SD for PCV. The most 
favorable selection responses occurred when considering 
the lowest genetic correlation between PCV and FEC.

We analyzed the sensitivity of the genetic correla-
tions between BW and PCV or FEC in the Hcombined 
scenario. The correlation estimated between BW and 
PCV was 0.29, with a SE of 0.15. Selection response was 
very stable for all traits except PCV (Fig. 4). Expected 
selection response for PCV varied by 0.23 SD but al-
ways remained positive. A high correlation between BW 
and PCV gave a better selection response for PCV.

The correlation estimated between BW and FEC was 
0.10, with a SE of 0.12. Expected selection response was 
very stable for all traits except FEC, which varied by al-
most 0.2 SD (Fig. 5). High genetic correlation between 
BW and FEC led to a rise in FEC. Hence, if the true ge-
netic correlation between BW and FEC is greater than our 
estimate of 0.10, resistance to parasites will deteriorate. 
This result clearly shows the importance of an accurate es-
timation of the genetic correlation between BW and FEC.

DISCUSSION

Evaluation of the Breeding Program

Breeding Goal Choice. This research sought to use 
SelAction software to compare expected selection re-
sponses for alternative breeding goals including parasite 
resistance or resilience traits. The alternative breeding 
goals were highly correlated and offered similar expected 
selection responses. Nevertheless, the Hcombined sce-
nario, which included production, reproduction, parasite 
resistance and resilience traits, offered the best breeding 
strategy in terms of expected selection responses, mak-

Figure 3. Expected selection responses per year in genetic SD according 
to the weight of FEC in the Hcombined breeding goal. Hcombined = 7.69 × 
ABW + 1.38 × AFER + 3.53 × ADP + 0.3 × 10−4 × APCV − 18.85 × AFEC, where 
A is the true breeding value, FER = Fertility, DP = dressing percentage, LS = 
litter size, PCV = packed cell volume, FEC = fecal egg count.
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ing it possible to improve all traits together. Compared 
with a breeding goal and selection index without PCV 
and FEC (Hbase scenario), the Hcombined breeding 
goal gave a greater expected selection response for FER 
in addition to the improvement of PCV and FEC, even if 
there was a little loss in expected selection responses for 
BW and DP. Therefore the economic response for BW, 
FER, and DP was almost unchanged.

Selection Responses. The Hcombined breeding goal 
brings high genetic gain for BW and FER. These 2 traits 
dominate the breeding objective. Hcombined brings 
also a moderate genetic gain for DP and a slow increase 
in LS. In meat breeds of sheep, Gicheha et al. (2007) 
and Gizaw et al. (2009) obtained similar expected se-
lection responses for yearling BW with 760 g/yr and 
704 g/yr, respectively. The high standardized selection 

responses on BW and FER are very important for farm-
ers and confi rm that the Hcombined breeding goal fi ts 
the interest of the farmers (Gunia et al., 2010). The slow 
increase in LS is also a positive result. Farmers are in-
deed satisfi ed with the present litter size in Creole goats 
and do not wish to change it. The Hcombined breeding 
goal also gives favorable expected selection responses 
for PCV (0.28%/yr) and FEC (−0.005 ln(eggs/g)/yr). To 
our knowledge, there is no study of selection response 
on PCV. Other authors did predict a favorable selection 
response for FEC in sheep when considering different 
breeding goals. Gicheha et al. (2007) considered breed-
ing goals including FEC, litter size, lambing frequency, 
survival rate, BW, and consumable meat. Kominakis 
and Theodoropoulos (1999) considered a breeding goal 
including FEC, fat yield, and number of lambs weaned. 
In practice, Kahn et al. (2003) and Williams et al. (2010) 
obtained a signifi cant reduction in FEC for sheep actu-
ally bred for parasite resistance.

Economic Value and Genetic Correlations 
of Resistance and Resilience traits

Economic Value of FEC and PCV. Assigning an 
economic value to FEC and PCV was not straightfor-
ward. For these traits, the economic loss caused by the 
deterioration of these traits was not linear, which made 
it diffi cult to derive their economic values. Weights on 
parasite resistance traits have usually been attributed 
according to the desired gain method (Kominakis and 
Theodoropoulos, 1999; Gicheha et al., 2005). As for the 
Creole goats, the economic value of PCV only account-
ed for the cost of anthelmintic treatments, which was 
very low (Gunia et al., 2012). The economic value was 
therefore very low and did not take into account all the 
consequences of parasite infection (such as productivity 
losses). On the other hand, the economic value of FEC 
accounted for production losses caused by extremely 
high levels of parasite infection, when parasites were no 
longer controlled by any treatments (e.g., in case of par-
asites resistant to anthelmintics). The economic value of 
FEC was therefore very high. As a result, we originally 
believed that the economic value of PCV was underesti-
mated and the economic value of FEC was overestimat-
ed (Gunia et al., 2012). If selection responses on these 2 
traits had been unfavorable, we would have considered 
the possibility of shifting from an economic perspective 
to one of desired gain. However this is not the case here; 
these economic values give optimal selection responses, 
with a favorable selection response on PCV and FEC 
and only 2 to 6% losses in BW and DP, respectively.

In contrast to our results, other authors have shown 
trade-offs between production and adaptation traits. The 
amplitude of the loss in selection response in production 

Figure 5. Expected selection responses per year in genetic SD accord-
ing to the genetic correlation between BW and FEC in the Hcombined breed-
ing goal. Hcombined = 7.69 × ABW + 1.38 × AFER + 3.53 × ADP + 0.3 × 
10−4 × APCV − 18.85 × AFEC, where A is the true breeding value, FER = Fer-
tility, DP = dressing percentage, LS = litter size, PCV = packed cell volume, 
FEC = fecal egg count.

Figure 4. Expected selection responses per year in genetic SD accord-
ing to the genetic correlation between BW and PCV in the Hcombined breed-
ing goal. Hcombined = 7.69 × ABW + 1.38 × AFER + 3.53 × ADP + 0.3 × 
10−4 × APCV − 18.85 × AFEC, where A is the true breeding value, FER = Fer-
tility, DP = dressing percentage, LS = litter size, PCV = packed cell volume, 
FEC = fecal egg count.
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traits depends on the genetic correlations between traits 
and the level of the economic value on adaptation traits. 
Gizaw (2008) showed a loss in selection response of 25 to 
58% in production traits to obtain the desired changes in 
FEC. When the genetic correlation between FEC and pro-
duction trait was unfavorable and the weight on FEC was 
very high, Kominakis and Theodoropoulos (1999) ob-
served dramatic losses in responses for production traits. 
Gicheha et al. (2005) stated that the level of disease prev-
alence and the type of systems (low or high input) should 
determine the economic value of FEC to adopt the best 
balance between production and disease resistance. Low 
input systems would choose a large negative economic 
value to ensure a reduction in FEC, whereas high input 
systems could handle positive and unfavorable response 
in FEC. The Creole goats are reared in low to medium 
input systems, with a very high prevalence of parasite in-
fection. Therefore, a reduction in FEC is preferable.

Importance of Genetic Correlations with FEC. Our 
results have shown that FEC should be both in the breed-
ing goal and recorded to be improved. Contrary to PCV, 
the indirect selection response does not allow any prog-
ress on FEC in the Creole goat population. Kominakis 
and Theodoropoulos (1999) and Gicheha et al. (2007) 
also observed signifi cant additional response in parasite 
resistance when FEC was included in the index. However, 
Gicheha et al. (2007) obtained favorable selection re-
sponse in FEC even without recording this trait, due to fa-
vorable negative correlations between FEC and the other 
traits in the breeding objective. As observed by Komina-
kis et al. (1997), the genetic correlations between FEC and 
the other traits are very important. The sensitivity analy-
sis of the genetic correlation between BW and FEC con-
fi rmed this observation. Direction of selection response 
for FEC varied according to the value of this correlation.

Consequences of Selection on Resistance 
and Resilience

Genetic selection on FEC reduces worm egg out-
put (Blaes et al., 2010), which leads to reduced pasture 
larval contamination, and therefore reduced subsequent 
larval challenge and infection (Bishop and Stear, 2003). 
It was originally believed that selecting for low FEC 
would increase BW. However, this predicted increase in 
productivity has not been attained often (Greer, 2008). 
Even if productivity gains are hypothetical, it seems 
reasonable to assume some reduction in the number of 
anthelmintic treatments, as occurred in Merino sheep 
selected for low FEC (Kahn et al., 2003). Moreover, it 
seems that parasites could not adapt quickly against the 
resistance mechanisms that their host has developed 
because parasites resistance seems to be determined by 
many genes with relatively small effects (Kemper et al., 

2009). Therefore, selection on parasite resistance is a 
good alternative to anthelmintic treatments.

Selection on resilience is a method that does not ap-
ply any selection pressure on parasites, which can com-
plete their life cycle unimpeded. Resilient animals can 
cope better with the challenge in terms of productivity 
(Bisset and Morris, 1996). In opposition to selection on 
resistance, production benefi ts can be expected from 
selection on resilience. When Haemonchus is the pre-
dominant parasite, PCV is a satisfactory measurement 
of resilience (Baker et al., 2001).

Selection on resistance and resilience are clearly 
complementary. Selection on resistance and resilience 
will have long-lasting effects on animal health and wel-
fare by reducing infection and consequences of infection. 
In the future, selection and other integrated methods of 
control will make it possible to no longer use anthelmin-
tic treatments.

Recording FEC and PCV

The desire of farmer to participate in recording and 
selecting on parasite resistance and resilience is a crucial 
point. At present, farmers are not fully aware of the im-
portance of these traits (Gunia et al., 2010). They mostly 
rely on anthelmintic products, even if parasites develop 
resistance to the treatments.

From a technical point of view, recording FEC and 
PCV is more diffi cult than recording weight or kidding 
success because fecal and blood samples have to be taken 
on farm and analyzed in a laboratory. From a short-term 
economical point of view, costs of recording PCV and 
FEC in the Hcombined scenario will be greater than the 
expected gain of €0.32 per year for the nucleus herd. Nev-
ertheless, in the long term, recording FEC is important to 
avoid any unwanted side effects of selection, such as de-
terioration of this trait. Genetic parasite resistance could 
be a critical point in the near future, especially if anthel-
mintic products lose their effi ciency. Therefore, recording 
FEC (at minima) or FEC and PCV is advisable.

The replacement of PCV measurement by the Fama-
cha score could be a solution. The Famacha method is 
a measurement of the ocular conjunctivae color which 
allows selective drenching of only anemic animals (Bath 
et al., 1996). A study in Merino sheep has shown that 
the Famacha score was moderately heritable and highly 
correlated with PCV (Riley and Van Wyk, 2009). De-
tection of anemic animals with this method has proven 
to be very reliable under high Haemonchus challenge 
in goats (Rinaldi and Cringoli, 2012). In Creole goats, 
this method has been successfully implemented to re-
duce the number of anthelmintic treatments and could 
be compared with the measurement of anemia using 
PCV (Mahieu et al., 2007). The Famacha score is easy 
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to measure and does not require any equipment (Besier, 
2012). If this method is used by farmers to reduce the 
number of treatments, this score would become a more 
comprehensive tool for selection on resilience than PCV.

A Sustainable Breeding Program

Sustainable selection should be directed to cater for 
unpredictable futures (Smith, 1985) and require a broader 
defi nition of breeding goals. Breeding objectives should 
not only aim at greater production, but also at balancing 
production and adaptation to specifi c conditions (Gizaw 
et al., 2011). Animal breeding only determined by short-
term market forces may result in unwanted side effects 
concerning animal adaptation, whereas societal concern 
is growing for animal welfare and reduction of chemical 
medication (Olesen et al., 2000).

In developed and developing countries, gastro-intes-
tinal nematodes remain one of the major threats affect-
ing goat production (Hoste et al., 2010). Their infections 
are responsible for high mortality rate, reduced growth 
rate, reduced reproductive performance, and general 
loss of productivity (Perry et al., 2002). In Guadeloupe, 
a reduction of goat farm profi t by 81% was observed 
when parasite infections were no longer controlled by 
anthelmintics (Gunia et al., 2012).

Many goat and sheep breeds have developed re-
sistance or resilience to parasite infections, such as 
the Nigerian West African Dwarf goats (Chiejina and 
Behnke, 2011) or the Creole goats (Mandonnet et al., 
1997). Baker and Gray (2004) observed that they were 
generally local tropical breeds perceived as unimproved. 
They have evolved in the face of continued challenge 
and become more resistant or resilient compared with 
other breeds (Bishop and Morris, 2007). Breeding pro-
gram for nematode resistance are most likely to be based 
on these breeds, followed by selection on traits such as 
growth rate in the face of challenge, FEC, and anemia 
(Bishop, 2012).

Therefore, such breeding program for Creole goats 
could be of great interest for the selection of other 
breeds of goat in the tropics. This program offers a good 
balance between immediate and long-term profi t, with 
the reduction of anthelmintic products. It will be a good 
example of in situ conservation of a local breed empha-
sizing parasite resistance and resilience.
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