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Abstract

This study examined early lay variation and repeatability estimates for egg weight (EW) and egg quality
traits in Khaki Campbell (KC) and Ancona (AN) ducks raised in derived savannah zone of Nigeria. A total
of 40 AN and KC ducks in equal ratio were reared for a period of 17 weeks during which the eggs laid by
the ducks were measured for quality traits (weight, length, width, shell thickness (ST), Haugh unit, albumen
height, yolk color and height) in the first 12 weeks of laying. The data collected were pooled on fortnight
basis and were subjected to analysis of variance of Completely Randomized Design and Variance
Components analysis. The KC duck laid relatively bigger eggs (59.17g and 61.93g) in the first and second
fortnight period of lay (FPL) compared to AN ducks (52.17g and 55.34q), while AN produced bigger eggs
(71.47g) than KC ducks (69.10g) in the 6™ FPL. Within breed variation was observed for egg weight (EW)
and egg length (EL) in the two breeds, with an increasing trend as the duck ages. Egg ST and Haugh unit
declined across the FPL in a non-uniform pattern. Moderate repeatability estimates (0.46 to 0.67) were
obtained for EW in KC, and for EL and ST in the two breeds. Repeatability estimates for egg width, yolk
height, yolk color and albumen height were generally low. It is concluded that Ancona ducks possess higher
repeatability for bigger and longer eggs than KC ducks. Improvement of EW and EL is likely to yield a
faster result when individuals with better performance are selected. Utilization of relative records and
improvement on non-genetic factors may lead to the improvement of other egg traits except shell thickness.
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Variation morphométrique et estimations de répétabilité des caractéristiques de la qualité
N 14 14 14 . 14 . 14 .
des ceufs de deux races de canards élevées dans une zone de savane dérivée du Nigéria
Résumé

Cette étude a examiné la variation de la ponte précoce et les estimations de répétabilité pour le
poids des ceufs (P(E) et les caractéristiques de la qualité des ceufs chez les canards Khaki Campbell
(KC) et Ancona (AN) élevés dans la zone de savane dérivée du Nigéria. Un total de 40 canards
AN et KC, répartis de maniére égale, ont été élevés pendant une période de 17 semaines au cours
de laquelle les ceufs pondus par les canards ont été mesurés pour les caractéristiques de qualité
(poids, longueur, largeur, épaisseur de la coquille (ST), unité Haugh, hauteur de I'albumen,
couleur et hauteur du jaune) au cours des 12 premiéres semaines de ponte. Les données recueillies
ont été regroupées sur une base quinzaine et ont été soumises a une analyse de variance selon un
plan completement randomisé et a une analyse des composants de variance. Les canards KC ont
pondu des ceufs relativement plus gros (59,17 g et 61,93 g) pendant les premieres et deuxiemes
périodes de ponte (DPP) comparativement aux canards AN (52,17 g et 55,34 g), tandis que les AN
ont produit des ceufs plus gros (71,47 g) que les KC (69,10 g) pendant la 6e periode de ponte. Une
variation au sein des races a été observée pour le poids des ceufs (P(E) et la longueur des ceufs

63



Morphometric Variation and Repeatability Estimates of Egg Quality Traits of Two Duck Breeds Raised in a Derived
Savannah Zone of Nigeria

(L(E) dans les deux races, avec une tendance a l'augmentation a mesure que les canards
vieillissent. L'épaisseur de la coquille (EC) et I'unité Haugh ont diminué de maniere non uniforme
au cours des différentes périodes de ponte. Des estimations de répétabilité modérées (0,46 a 0,67)
ont été obtenues pour le P(E chez les KC, et pour le L(E et le EC dans les deux races. Les
estimations de répétabilité pour la largeur des ceufs, la hauteur du jaune, la couleur du jaune et
la hauteur de l'albumen étaient généralement faibles. Il est conclu que les canards Ancona
possédent une plus grande répétabilité pour des ceufs plus gros et plus longs que les canards KC.
L'amélioration du PCE et du L(E est susceptible de donner des résultats plus rapides lorsque les
individus avec de meilleures performances sont sélectionnés. L'utilisation de records relatifs et
I'amélioration des facteurs non génétiques pourraient conduire a une amélioration des autres
caracteristiques des ceufs, sauf de l'épaisseur de la coquille.

Mots-clés : Canards, races, ceufs, variation, répétabilité

Introduction while most of farmers place emphasis on shell
Poultry species are kept widely throughout the thickness and egg weight because of reduced
world, and have led to massive egg production transportation breakages and increased profits
which has become a vast global industry. For (Ketta and Tamova, 2016; Cheng and Ning,
instance, upward trending of egg production and 2023). However, combinations of these indices
consumption has been documented, and with are important to animal breeders because of the
specific indicators of shortage of supply compare existence of relationship between them
to demand (FAO, 2023). The advent of (Sokotowicz et al., 2019; Lu et al., 2020).

commercial egg-laying strains of chickens has
contributed meaningfully to this abundance but
this has relegated to the background, the
relevance and relative contribution of other
poultry species such as ducks. Ducks are
domestic birds known to be water fowls but not
completely restricted to water body (Babington
and Campbell, 2022). Several breeds of duck are
known for specific merits such as increased egg
laying capacity and better nutritive value of their
eggs (Babington and Campbell, 2022).Exotic
ducks such as Khaki Campbell (KC) and Ancona
(AN) have been documented to produce about
300 eggs per year compare to indigenous
Muscovy ducks that lay less than 80 eggs per year
(Yakubu, 2013; Kavitha et al., 2017; Onbasilar et

Performance of any livestock species is tied to
genetics and environment. If an environment is
not favorable, genetic potential of a species may
be masked, leading to a production capacity
below expectations (Zamani et al., 2023).
Therefore, evaluation of genetic parameters
should not ignore the environment where the
animals are raised. The AN and KC ducks are not
commonly reared in the tropics and most
especially Nigeria (Oguntunji and Ayorinde,
2015); hence, there is dearth of empirical studies
on egg traits in these waterfowls. Thus, this study
was designed to evaluate morphometric variation
and repeatability estimates for egg quality traits
in AN and KC ducks during early laying phase.
Materials and Methods

al., 2018). Experimental Site, Experimental Birds and
Egg quality and grading are usually determined their Management: This study was conducted in
based on several internal and external parameters. an experimental site situated between latitude
Preference of most consumers is often hinged on 08°36°N of the equator and longitude 04°33°E of
indices such as, mass, yolk height and yolk color the Greenwich Meridian.

(Berkhoff et al., 2020; Riemensperger, 2023),
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Experimental Birds and their Management: A
total of 40 female ducks (KC: n=20; AN: n = 20)
at 18 weeks of age and body weight range of 1.45
— 1.75kg were used for this experiment. The
ducks were obtained from a reputable duck farm
in Ibadan, Oyo state, Nigeria. The ducks were
tagged and given anti-stress on arrival. This was
followed by feeding and acclimatization for two
weeks on a free range within fixed pens
comprising deep litter housing units. In addition,
the birds were provided with two wallow pits of
3.66m x 1.83m. The ducks were fed twice daily
for a period of 17weeks (5 weeks rearing; 12
weeks laying) with a compounded feed with the
compositions indicated in Table 1.

Ethical Approval: This research received the
ethical approval of the University of llorin

Ethical Review Committee and was assigned
identification code: UERC/AGR/260 and
Approval Number: UERC/ASN/2024/2720
Experimental Design: The experiment was laid
out in a Completely Randomized Design to make
separate comparison between breeds of duck and
for the six fortnight egg collections. The
experimental models were:

Vi = LWHBi + €ijeeeenennnn equation 1;
equation 2
Where: p = Population mean; y;; = Observation
on egg parameters of i breed for fortnight period
of lay; Bi= Fixed effect breed on egg parameters;
Wi= Fixed effect fortnight period of lay on egg
parameters; ejj= Random error which is assumed
to be normally distributed and with expectation
equals to zero.

yi=H+

Table 1: Compositions of the feed for the experimental Ducks

Feed Ingredient %

Maize 47.00

Soya bean meal 30.00

Palm kernel cake 4.00

Brewer’s dried grain 10.40

Bone meal 1.30

Di Calcium Phosphate 0.50

Limestone 5.85

Common salt 0.25

Vitamin Premix 0.25

Methionine 0.12

Lysine 0.14

Baobab leaf meal 0.19

Calculated Nutrient values ME CP Ca P Lysine  Methionine
2708.4 187 28 03 1.2 0.5

ME= Metabolizable Energy, CP= Crude Protein, Ca= Calcium, P= Phosphorus

Data Collection: Eggs were collected daily for a
six consecutive fortnight period starting from
onset of lay when the birds were 23 weeks old.
The eggs were properly labeled before being
subjected to weighing and morphometric
measurements which were carried out within
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24hours after egg collection. The parameters
focused were:

Egg Weight (EW): Eggs collected at different
production period were thoroughly cleaned prior
weighing to ensure accuracy of the reading. An
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electronic sensitive scale was used to take weight
of egg in grams.

Egg Length (EL) and Egg Width (EW): These
were measured for in millimeters (mm) using a
Vernier caliper.

Albumen Height: Albumen height (AH) was
measured using tripod micrometer according to
the method described by USDA (2020).

Eggshell Thickness (ET): Thickness was
measured having removed the eggshell
membrane of each egg and eggshell wiped dry. A
micrometer screw gauge calibrated in millimeters
(mm) was used to take measurement.

Yolk Color: A Roche fan scale was used to take
reading for yolk color (YC) in eggs. This scale
was determined using colorimetry as described
by Dvorak et al. (2010).

Yolk Height: Yolk height (YH) was also
measured using tripod micrometer.

Haugh Unit: This was calculated using the
parameter indicated below as described by Haugh
(1937).

HU = 100 log (H+7.57-1.7W°%)

where: HU=Haugh Unit; H= Observed Albumen
Height in millimeters; W= Observed Weight of
egg in grams.

Data Analysis

Data obtained were subjected to Analysis of
Variance of Completely Randomized Design to
establish within and between breed differences.
Nested design was used to obtain variance
components using Minitab Version 17 Statistical
Software. The variance components obtained
were used to estimate repeatability coefficient as
indicated below:

%

Repeatability = —

of +05
Where: 6% = variance component between
fortnight records for each parameter; o2, =
variance component within fortnight records for
each parameter.
Results
Descriptive statistics of egg weight and egg

quality traits:
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The descriptive analysis of EW and egg quality
traits during early laying phase of KC and AN
ducks are presented in Table 2. The overall mean
values recorded for KC are numerically higher
than that of AN duck in all the parameters studied
except EW and ST. However, the EW of KC and
AN ducks ranged from 51.50g to 69.95g and
44.60g t072.10g, respectively, while the two
breeds were similar in  minimum egg
ST(0.398mm) but a fairly higher maximum ST
was among AN compare to KC duck (0.529mm
and 0.495mm, respectively). Coefficients of
variation among the parameters studied were
mostly less than 10% except EW in AN ducks
which had 17.45%, and ST in the two breeds
(AN: 1411 vs KC: 12.09). Coefficients of
variation for other parameters were generally
higher in AN compared to KC except the yolk
height of KC which was higher than that of AN
with 1.77%. The YH of the eggs ranged from
12.30t0 21.30 and 15.50 to 21.00 among KC and
AN ducks respectively, while AN duck had a
higher mean HU range (22.46) compared to KC
duck (11. 87). The YC was slightly higher in KC
(10.12) compared to AN (10.04).



Table 2: Descriptive statistics of egg weight and egg quality traits in Khaki Campbell and Ancona Ducks
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Egg parameters/ Breed

Descriptive EWT (9) EL (cm) EWD (cm) AH (cm) ST (mm) YC YH HU
Statistics KC AN KC AN KC AN KC AN KC AN KC AN KC AN KC AN
Mean 64.19 6523 549 540 361 353 928 866 0483 0525 10.12 10.04 19.04 1893 91.39 81.38
SEM 042 200 045 010 0.02 004 016 037 001 001 019 020 034 027 0.78 1.68
SD 201 981 022 052 011 023 079 184 006 007 094 09 167 133 3.86 8.24
CVv 354 1745 405 965 319 645 855 925 1209 1411 935 951 881 7.04 4.02 8.82
Minimum 5150 4460 500 4.10 340 290 700 480 039 039 900 900 1230 1550 84.34 71.00
Maximum 69.95 72.10 569 598 390 390 11.00 1150 049 056 1200 12.00 21.30 21.00 99.21 101.46
Range 18.45 2550 0.90 200 050 1.00 400 670 017 029 300 3.00 9.00 550 11.87 2246

EWT: Egg Weight; EL: Egg Length; EWD
HU: Haugh Unit; KC: Khaki Campbell; AN

: Egg Width; AH: Albumen Height; ET: Eggshell Thickness; YC: Yolk Colour; YH: Yolk Height;
: Ancona; SEM: Standard Error of Mean; SD: Standard Deviation; CV: Coefficient of Variation.
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Within and between breed phenotypic variation
in egg weight and egg quality traits

Relative comparison of EW and egg quality traits
between and within AN and KC ducks is
presented in Table 3. Within breed variations
were observed in the fortnight evaluation (FPL)
of EW, EL, ET and HU for both KC and AN
ducks. The mean EWT of AN duck within the
1FPL  (52.77g) was significantly smaller
(p<0.05) compared to the mean EWT of
subsequent  fortnights  which  were also
significantly different (p<0.05) from one another
until the end of the 4" FPL. The 70.69g and
71.47g mean EWT respectively laid by AN ducks
in their 5" and 6" FPLwere not different (p>0.05)
from each other. The mean EWT of KC duck
during the 5" and 6" FPL were also not only
significantly different (p>0.05) from each other
but were significantly heavier (p<0.05) than the
eggs laid during the preceding FPL. The egg of
KC ducks in the 5" FPL was significant heavier
(p<0.05) than that of 4" FPL with 2.34g, while
there was no difference between 63.43g and
61.93g of eggs, respectively laid at 3 and 2™
FPL. The EW of KC ducks in the first FPL
(51.97g) was significantly smaller (p<0.05)
compared to eggs of the other periods of coverage
in the present study. The KC ducks laid relatively
bigger eggs compared to AN in the 1%t and 2™
FPL while there was no noticeable EWT
difference in the two breeds from 3"to5™ FPL.
The AN ducks, however, produced a significantly
bigger (p<0.05) egg than KC duck during their 6%
FPL (71.47g vs. 69.10g). The EL increases as
week-in-lay progresses but the trends were not
uniform in the two breeds. The EL of KC ducks
in the 1% (5.13cm) and 2" (5.42cm) FPL were
significantly different (p<0.05) from each other,
while that of AN ducks (5.24cm and 5.42cm)
were statistically the same. This similar trend was
observed in the two breeds between 4" and the 5
FPL, while the egg length obtained during the
2"and 3 FPL in each of AN and KC ducks were
not significantly different (p>0.05) from each
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other. The longest EL obtained in the 6" FPL in
KC ducks (5.68cm) was not significantly
different (p>0.05) from 5.65cm obtained at 5™
FPL while AN ducks produced eggs that were
statistically comparable in the 4" (5.72cm),
5M(5.80cm) and 6™ (5.95cm) FPLs. Analysis of
breed variation in the EL on fortnight basis
reveals no statistical difference from the onset of
egg production until the 6" FPL when the egg laid
by AN ducks had a longer length compare to KC
ducks (5.95cm vs. 5.68cm). There was no within
and between breed statistical variation in AH
across the periods of lay, though a uniformly
descending trend was noticed in both AN and KC
ducks with the highest AH obtained at 1% FPL as
9.50mm and 9.85mm in KC and AN respectively.
Generally, a gradual reduction in ET was noticed
in the two breeds as FPL progresses, though the
trend is inconsistent. There was no breed
difference in fortnight comparison of egg ST but
the thickness of KC eggs was relatively more
stable over a long period (1%t to 3™ FPLs)
compared to AN eggs which exhibited no
thickness difference between the 1%t and 2" FPLs.
The fortnight evaluation of the ST from 4™ to 6"
FPLs revealed a stable trend across the periods in
both AN and KC ducks. The egg width, AH, YC
and YH across the FPLs for the two breeds
exhibited no significant difference (p>0.05). The
albumen height descends as FPL progresses,
while a non-uniform fluctuation was observed in
the mean values of egg width, YC and YH. The
egg HU of the two breeds significantly reduces
(p<0.05) in a dissimilar trend with progression in
FPL. The highest HU in KC (93.36) observed in
the first FPL was not significantly different from
95.91 and 94.97 obtained in 2" and 3 FPLs
respectively, while the HU of AN eggs in the 1%
FPL (99.67) was significantly higher (p<0.05)
compare to the subsequent FPLs. Eggs produced
by AN ducks between 2" and 5" FPLs were not
significantly different in HU while that KC eggs
has relatively similar HU units from the 4" and
6" FPLs.
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Table 3: Fortnight mean egg weight and egg quality traits in Khaki Campbell and Ancona ducks during early production phase

Egg parameters / Breed

FPL Egg weight (g)  Egg length (cm) Egg width Albumen Eggshell Yolk colour  Yolk height Haugh Unit
(cm) height (mm)  thickness (mm)
KC AN KC AN KC AN KC AN KC AN KC AN KC AN KC AN

1% 59.17¢@ 52,77 5139 5259 347 337 950 9.85 0.492% 0.562° 1050 11.00 17.30 18.33 96.36* 99.67°
2n 61.93@ 553490 542¢ 542« 365 3.60 9.43 893 0489 0.536* 1075 9.75 19.65 19.20 95.91* 92.31°
3rd 63.43° 6257° 551¢ 552¢ 3.68 3.62 9.35 870 0.484% 0.465° 10.25 10.00 19.65 18.30 94.97% 91.62°
4t 66.55°  65.64> 555" 572% 350 3.67 8.15 845 0.412° 0.429° 950 9.75 1948 19.15 88.65° 90.04°
5t 68.89°  70.60° 5.65* 5.80* 3.68 3.60 8.13 822 0.391° 0.424° 1050 10.00 18.65 19.00 88.10° 89.25"
6t 69.102® 71.472@ 5682® 595@ 378 368 7.95 7.55 0.380° 0.405° 950 9.75 19.55 19.00 86.78" 83.00°
SEM(z) 2.33 2.16 0.12 0.19 0.16 039 230 245 0.03 0.04 159 128 291 198 213 379
P-value 0.02 0.00 0.00 0.02 0.21 011 021 0.33 0.00 0.00 032 042 030 043 0.026 0.045

FPL: Fortnight period of lay; KC: Khaki Campbell duck; AN: Ancona duck. Superscripts within parenthesis compares the means between the

breeds for each trait; superscripts without parenthesis compare the means between the FPL for each breed
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Repeatability estimates

Repeatability estimates for EW and egg quality
traits in Khaki Campbell and Ancona ducks are
presented in Table 5. Estimates of repeatability
for EW and egg quality traits in the two breeds
ranged from 0.31 to 0.46 and 0.01 to 0.67,
respectively. The repeatability estimates for EW

in KC and AN ducks are (0.31 vs 0.46). The two
duck breeds had moderate repeatability values for
both EL and ST with KC exhibiting a relatively
higher value than AN duck in the two parameters
(EL: 0.48 vs. 0.55; ST: 0.50 vs. 0.67). Low
repeatability estimates were obtained for the egg
width, AH, YC, YH and HU of the two breeds.

Table 6: Repeatability estimates for egg weight and egg quality traits in Khaki Campbell and Ancona

ducks
Repeatability estimates (%)
Breed
EWT EL EWD AH ET YC YH HU
Khaki Campbell 0.46 0.55 0.28 0.13 0.67 0.06 0.08 0.10
Ancona 0.31 0.48 0.27 0.06 0.50 0.01 0.01 0.01

EWT: Egg weight; EL: Egg length; EWD: Egg width; AH: Albumen height; ET: Eggshell thickness; YC:

Yolk colour; YH: Yolk height; HU: Haugh unit

Discussion

Although, previous reports on egg weight across
breeds of ducks exhibit disparities but the average
egg weights for the two duck breeds evaluated in
the present study fall within the range of (45 —
899g) reported for ducks (Dzhus et al.,2021; El-
Deghadi et al., 2022). For instance, the report by
El-Deghadi et al. (2022) indicated a slightly
lower average egg weight (64.3g) for Khaki
Campbell ducks while (Vishwavidyalaya et al.,
2014) reported 57.09g for the same breed. The
coefficients of variation in the egg weight of the
two breeds vary widely from 3.54% to 17.45%.
The low CV in KC duck (3.54%) compared to
17.58 in AN duck depict breed differences in the
consistency of egg size during the early laying
phase of the ducks. Similarly, the genotype
difference observed in the egg weight as laying
progresses aligns with earlier findings by El-
Deghadi et al. (2022) and (Vishwavidyalaya et
al., 2014), which indicated significant effect of
genotype on EW of ducks. Decrease in ST as egg
size increases in the present study aligns with the
report of Boga-kuru et al. (2023). Although,
variation in egg ST has been attributed to be
multi-factorial (Ketta and Tumova, 2016), but
more relevant to the current study are age of birds
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and size of eggs which are highly interrelated (El-
Ghareeb et al.; 2018; Boga-kuru et al., 2023). A
decline in ST as week in lay progresses or as egg
volume appreciates was reported to be caused by
finite deposition of calcium during egg formation
(Harrington et al., 2020). The observed influence
of genotype on variation in avian ST (Lewko,
2021) was not directly observed in the fortnight
comparison in the present study. Meanwhile, the
mean ST of the two duck breeds exhibited
different patterns of decline as weeks in lay
progresses. This implies an indirect variation
across FPL for the two breeds. Generally, the egg
ST of the two breeds fall within the normal range
of 0.35 to 0.56mm reported for ducks (Shoimah
et al., 2019) though, higher values were reported
for KC by Vishwavidyalaya et al. (2014). This
could be an indication of strains differences or
likelihood of environmental effect on this egg
parameter. The relatively low CV in HU and AH
of the eggs of AN and KC ducks reveals a clear
demarcation between these breeds compare to
Mallard or Pekins which were asserted (Liu et al.,
2021; Sulaiman et al., 2023) to have a high
coefficient of variation of not less than 15% for
the traits. Similarly, the mean HU for the two
duck breeds, irrespective of laying duration, are



Yusuff, Adetola, Adeyemi, Ajao and Fayeye

generally outside the range of 78.31 to 81.58
reported for ducks by Shoimah et al. (2019). This
variation might be due to age, rearing system,
genotype and their interactions (Rakonjac et al.,
2021; Sozcu et al.,2021).The gradual reduction
observed in the HU as the duck ages in the current
study corroborates the findings of (Sulaiman et
al., 2023), though a generally low HU ranging
from 75.57 to 83.63 were reported for Alabio
duck by these authors while Adamski et al.
(2005) reported 69.8 HU for an unspecified duck
breed. The reduction in the HU could be due to
gradual reduction in AH and gradual elongation
of egg length resulting from anatomical changes
in the pelvic bones as the bird ages (Onbasilar et
al., 2018). Observed similarity in the egg yolk
colour of the two duck breeds affirms the
assertion that egg yolk pigmentation is chiefly
dietary related than other factors (Bovskova et
al., 2014; Rostinia et al., 2021), since the ducks
were fed similar ration. The B-carotene in poultry
diets is almost completely converted to vitamin A
or xanthophylls towards playing a major role in
egg yolk pigmentation (Lokaewmanee et al.,
2011). A contrary finding was reported by Sozcl
et al. (2021) in the egg yolk of two chicken
genotypes fed similar diet and range exposure.
Differences in foraging ability of the breeds
might account for this variation among the
chickens as compared to the present study.

Different estimates of repeatability for egg traits
have been documented across poultry species
with more reports on chicken (John-Jaja et al.,
2016; Ni et al., 2023), and to a lesser extent on
quail (Ahmed, 2021; Udoh et al., 2020) rather
than duck (Lin et al., 2016). High estimate of
repeatability for EW among KC ducks in the
current study aligns with the reports (John-Jaja et
al., 2016; Ahmed, 2021; Ni et al., 2023; Udoh et
al., 2020) in which high repeatability estimates
ranging from 0.42 to 0.89 for egg weight were
reported. However, a moderate estimate of
repeatability for EW in AN ducks might be an
indication of influence of factors that are non-
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genetic on the breed (Bovskova et al.,2014) with
respect to the trait. Although, most of the earlier
reports on egg weight repeatability estimates are
high but the report by (Ahmed, 2021) indicating
a low repeatability estimate for this traits in quail
which contradicts the moderate range obtained
for AN in the current study. Contrary to high
estimates of repeatability for shell thickness for
both KC and AN ducks in the current study, Lin
et al. (2016) and Udoh et al. (2020) reported a
low estimate for this trait. This might be as a
result of breed peculiarity and variation in dietary
calcium components which constitutes the bulk
of shell contents (Chen et al., 2015). On the other
hand, the low and high estimates (respectively)
obtained for egg width and EL in the two duck
breeds highly corroborate the report of Lin et al.
(2016).

Conclusion

Khaki Campell and Ancona ducks vary slightly
in their egg traits with Ancona ducks possessing
a higher tendency for bigger and longer eggs than
KC ducks while the repeatability estimates were
generally low for yolk color, yolk height and
Haugh unit. Improvement of egg length and egg
weight are likely to yield a faster result when
individuals with better performance are selected
while utilization of relative records and
improvement on non-genetic factors are
recommended for the improvement of other
measured traits except shell thickness.
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