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The Effect of Egg Yolk Sampling on Performance Parameters and
Reproductive Indices of Northern Bobwhite Quail

(Colinus virginianus) Eggs

Julia L. Smith,' Thaddeus K. Graczyk,??and Michael R. Cranfield,?*" Virginia Polytechnic Institute and
State University, Virginia-Maryland Regional College of Veterinary Medicine, Phase |l Duckpond Drive,
Blacksburg, Virginia 24061, USA; 2 Johns Hopkins University, School of Hygiene and Public Health,
Department of Molecular Microbiology and Immunology, Baltimore, Maryland 21205, USA; ® The Baltimore
Zoo, Medical Department, Druid Hill Park, Baltimore, Maryland 21217, USA; ¢ Johns Hopkins University,
School of Medicine, Department of Pathology, Division of Comparative Medicine, USA

ABSTRACT:  The sampling of 50 pl of the volk
(average 1.7% of the total volume) from north-
ern bobwhite quail (Colinus virginianus) eggs
on day 0, 6, 12, and 18 of incul)ati()n resulted
in sl;_,mflcdntl\ (P < 0.05) increased embryo
mortality in the day 12 and dayv 18 egg groups.
Performance parameters and reprodnctl\e in-
dices of the non-sampled eggs and the eggs
sampled on day 0, and 6 of incubation did not
differ from other reports on C. virginianus. No
difference was found in postnatal responsive-
ness among hatchlings originating from con-
trols and from all the groups of sampled eggs.
As demonstrated in this representative galli-
form species, the technique can be applied for
the screening of unembryonated eggs or early-
embryogenesis-eggs of wild birds. If female
birds are not accessible but their eggs are, in-
formation on the reproductive flock can be ac-
cessed without stressing adult birds.

Key words:  Northern bobwhite quail, Col-
inus virginianus, egg volk sampling, maternal
antibodies.

In a variety of avian species, maternal
antibodies (Ab) against a broad spectrum
of pathogens are transferred prenatally to
hatchlings via the egg yolk, as reviewed by
Graczyk et al. (1994). Egg yolk and female
parent serum Ab titers are strongly cor-
related (Brown et al., 1989).
this correlation, chicken egg yolk Ab titer
was used to predict the Ab titer of the
hens that laid these eggs (Brown et al,
1989). Aspergillus spp. Ab titer of Jackass
penguin (Spheniscus demersus) females

can be predicted based on the Ab titer of

their egg volk (Graczyk and Cranfield,
1995). Although the volume sufficient for
serologic testing does not exceed 50 pl

Because of

(Graczyk and Cranfield, 1995), crushing of
an egg shell, and consequently egg loss, is
commonly performed to obtain the yolk
1989). If yolk sampling
would not interfere with embryogenesis,
the eggs of wild birds could be returned
to the nest after sampling. This could pro-
vide serological information on bird Ab ti-
ter to the pzlth()gens or on environmental
toxicant residues in threatened or endan-
gered birds without stressing the adults
and without destroying the eggs. The yolk
sample can be air-dried and stored on fil-
ter paper as it does not diminish Ab bind-
ing capacity (Graczyk et al., 1994; Graczyk
and Cranfield, 1995). Our objective was to
determine the effect of volk sampling on
performance parameters and reproductive
indices of eggs from northern bobwhite
quail (Colinus virginianus).

Fifty-five eggs of C. virginianus (Hight-
type) from Murray and McMurray Hatch-
ery (Webster City, Iowa, USA) were ran-
domly divided into five groups of 10 eggs
each (group 1. 2, 3, 4, and 5) and one
group of five eggs (group 6). The eggs of
groups 1 to 5 were placed into an incu-
bator with an automatic egg turner (one
revolution/4 hr) (Turbofan Hova-Baton In-
cubator, GQF Co., Savannah, Georgia,
USA) and incubated at 41 C and 95% to
97% relative humidity (Wilson et al.,
1979). The eggs were weighed every 3
days and candled every day to determine
fertility and embryo viability (Aboul-Ela et

(Brown et al.,
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TABLE 1.
on egg (n
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The effect of sampling of 50 ul of yolk from northern bobwhite quail (Colinus virginianus) eggs
10 per group) performance parameters and reproductive indices.

Egg performance parameters Control

Sampling incubation day for experimental eggs
) B8

and reproductive indices eggs (%) 0 (%) 6 (%) 12 (%) 18 (%)

Total mortality 30 30 30 708 80+
Fertility 90 80 90 90 100
Total hatchability 60 50 60 08 10#
Hatch of fertile eggs? 67 63 67 (] 10a
Viable 11-day embryos/number

of eggs 80 80 70 70 90
Viable 21-day embryos/viable 14-

day embryos 100 100 100 100 75
Hatchlings/viable 21-day em-

bryos® 75 63 86 0 33

4 Chi-square test adjusted for small sample; P < 0.05.

b Sample sizes varied from eight to 10 eggs, since not all 10 eggs in each group were fertile.

al., 1992). Clear eggs or eggs with no via-
ble embryos (opaque when candled) were
broken out to determine if they were fer-
tile or to determine a cause of embryo
death, respectively. The embryos were ex-
amined for body or yolk-sac hemorrhages,
and for body or yolk-sac deformations. On
day 20 of incubation, the egg-turner was
removed as to allow a non-assisted hatch-
ing. The chicks were transferred into a
brooder, examined for responsiveness to
maternal cues (McBride and Lickliter,
1994) and observed for social preferences
(Banker and Lickliter, 1993). The eggs of
group 1, 2, 3, and 4 were sampled on day
0, 6, 12, and 18 of incubation, respectively.
Group 5 was not sampled and was used as
a control. The width of an individual egg
was measured (McGinnis et al., 1976), and
50 ul of the yolk was taken by inserting a
22-gauge needle up to a half egg width,
attached to a 1.0 cm?3 syringe through the
ventral midpoint egg shell aspect. The yolk
was aspirated continuously after the nee-
dle reached a half of egg width. The in-
sertion site was sealed with 20 pl of sur-
gical glue (Nexaband, Veterinary Product
Laboratories, Phoenix, Arizona, USA). The
measure of reproductive indices followed
the protocol of Piccirillo and Orlando
(1985), and egg performzmce parameters
were computed as described by Flunker et
al. (1991). To determine the volume of

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

sampled yolk compared to the total egg
yolk volume, the eggs of group 6 which
had been not incubated were frozen (—20
C) and opened longitudinally. The yolk
was removed, cleaned of the chalaza,
placed into a calibrated glass cylinder,
thawed, and the volume was measured. A
small sample-adjusted Chi-square test (So-
kal and Rohlf, 1981) was used to asses the
differences among the values of egg per-
formance parameters.

The mean (*SE) egg weights varied
from 8.8 gto 11.6 g; ¥ = 10.4 * 0.3 g. The
values of all performance parameters of
eggs sampled on day 0 and 6 of incubation
were not significantly different (G = 1.16,
P > 0.05) from those of controls (Table 1).
Egg fertility varied insignificantly among
the groups (G = 1.21, P > 0.5). The mean
(=SE) values of reproductive indices for
controls and the eggs sampled on day 0
and 6 of incubation were: 83 * 3% for
viable 11-day embryos per number of
eggs; 96 * 3% for viable 21-day embryos
per viable 14-day embryos; and 77% * 7%
for hatchlings per viable 21-day embryos.
The total embryo mortalities that occurred
after sampling significantly increased for
eggs sampled on day 12 and 18 of incu-
bation, and consequently the total hatch-
ability and the hatching of fertile eggs sig-
nificantly decreased (Table 1). Mortality of
embryos within 2 days after sampling was



0, 2, 5, and 2 for eggs probed on day 0, 6,
12 and 18 of incubation, respectively. Mor-
tality of embryos that occurred at the end
of incubation period was 2, 1, 2, and 6 for
eggs probed on day 0, 6, 12 and 18 of in-
cubation, respectively. One embryo died
on day 16 of incubation (Group 1). Two
embryos (Group 3) and one embryo
(Group 4) died before sampling on day 9
and 10 of incubation, respectively. We
could not determine the cause of death for
the embryos which were viable for the en-
tire incubation period but did not success-
fully hatch. Neither leakage of yolk from
yolk-sac, body and yolk-sack deformation,
nor hemorrhages were observed at nec-
ropsy. No differences in postnatal behavior
to maternal cues (McBride and Lickliter,
1994) and social preferences (Banker and
Lickliter, 1993) were observed between
chicks hatched from the sampled eggs and
the controls. The egg-yolk volume ranged
from 2.41 ml to 3.16 ml, with a mean
(£SE) of 2.90 * 0.14. Thus, the 50 pl of
sampled yolk constituted from 2.3% to
1.5%, with a mean (£SE) of 1.7% * 0.1%.

The egg weight and size, and the incu-
bation period were within the normal
ranges reported for C. virginianus (Mc-
Ginnis et al., 1976; Wilson et al., 1979).
Performance parameters and reproductive
indices of the controls and the eggs sam-
pled on day 0, and 6 of incubation did not
differ from the ranges reported by Picci-
rillo and Orlando (1985), Flunker et al.
(1991), and Aboul-Ela et al. (1992). There
was no difference in postnatal responsive-
ness to maternal cues and social prefer-
ences among hatchlings originating from
controls and sampled eggs. The most ap-
parent effect of yolk sampling was embryo
mortality on the day after probing related
to the difficulties of sampling the embryo
yolk-sac and consequent embryo damage.
At necropsy, these embryos had body and
yolk-sack hemorrhages. We noted that
sampling C. virginianus eggs after day 6 of
incubation was associated with an increase
of embryo mortality, and thus, should not
be performed. However, this technique

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

SHORT COMMUNICATIONS 519

can be applied to freshly laid C. virgini-
anus eggs or to eggs at the beginning of
incubation. As shown recently (Graczyk
and Cranfield, 1995), embryo sac Ab titer
obtained by the sampling of embryonated
eggs of Jackass penguins was not correlat-
ed with the Ab titer of the females that
laid these eggs. Thus, the sampling of em-
bryonated eggs has limited value for the
assessment of the female Ab titer or im-
mune status. We conclude that egg yolk
sampling can be applied for the screening
of unembryonated eggs of wild birds or to
the eggs which are at the early stages of
embryogenesis. This technique does not
require egg loss and is rapid. The total
procedure takes approximately 3 min for
an experienced person. The eggs of C. vir-
ginianus are relatively small; thus the
probing of larger eggs is expected to be
easier, and the sampled yolk would rep-
resent a smaller fraction of the total egg-
yolk volume. Although a single enzyme-
linked immunosorbent assay (ELISA) can
be performed with less than 50 pl, once
collected, a sample can be screened for
immunoresponses against a variety of
pathogens. Yolk samples also can be used
for the detection of environmental toxins.
A 5 ul egg sample was sufficient to quan-
tify by liquid gas chromatography the res-
idues of organochlorine pesticides in
chicken eggs from various geographical lo-
cations (Kahunyo et al., 1988). A 50 ul
sample is sufficient to detect and quantify
heavy metals and other inorganic com-
pounds by inductively coupled plasma
atomic emission spectrometry; a method
applied to avocet (Recurvirostra ameri-
cana) eggs (Fairbrother et al., 1994). The
needle should be inserted up to a half egg
width, thus it is not necessary to candle an
egg before yolk collection. Sampling of
eggs in the wild could generate a potential
hazard by introducing a pathogen through
the egg shell; thus, the use of sterile nee-
dle and surgical glue to seal the egg shell
is recommended.

The study was supported by the Mary-



520 JOURNAL OF WILDLIFE DISEASES, VOL. 32, NO. 3, JULY 1996

land Zoological Society and the AKC Fund
of New York.

LITERATURE CITED

ABOUL-ELA, S., H. R. WILSON, AND H. HARMS.
1992. The effect of dietary protein level on the
reproductive performance of bobwhite hens.
Poultry Science 71: 1196-1200.

BANKER, H., AND R. LICKLITER. 1993. Effects on
early and visual experience on intersensory de-
velopment in bobwhite quail chicks. Develop-
mental Psychobiology 26: 155-157.

BROWN, ]., R. S. RESURRECTION, T. G. DICKSON,
AND A. L. HORNE. 1989. The relation of egg
yolk and serum antibody. I. Infectious bursal dis-
ease virus. Avian Diseases 33: 654—-656.

FAIRBROTHER, A., M. FIX, T. O'HARA, AND C. A. RI-
BIC. 1994. Impairment of growth and immune
function of avocet chicks from sites with elevated
selenium, arsenic, and boron. Journal of Wildlife
Diseases 30: 222-233.

FLUNKER, L. K., B. L. DAMRON, AND H. R. WILSON.
1991. Feeding various levels of ground Sesbania
macrocarpa Muhl. seed to bobwhite quail. Poul-
try Science 70: 658-660.

GRACZYK, T. K., AND M. R. CRANFIELD. 1995. Ma-
ternal transfer of anti-Aspergillus spp. immuno-
globulins in African black-footed penguins
(Spheniscus demersus). Journal of Wildlife Dis-
eases 31: 545-549.

., M. L. SHAW, aAND L. E. CRAIG.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

1994. Maternal antibodies against Plasmodium
spp. in African black-footed penguin (Spheniscus
demersus) chicks. Journal of Wildlife Diseases
30: 365-371.

KAHUNYO J. M., A. FROSLIE, AND C. K. MAITAL
1988. Organochlorine pesticide residues in
chicken eggs: A survey. Journal of Toxicology and
Environmental Health 24: 543-550.

MCBRIDE, T., AND R. LICKLITER. 1994. Specific
postnatal auditory stimulation interferes with
species typical visual responsiveness in bobwhite
quail chicks. Developmental Psychobiology 27:
169-183.

MCGINNIS, C. H., L. D. WALLACE, AND D. M.
BURKHART. 1976. Bobwhite quail eggs: Some
measurements and a method for estimating the
weight of the egg contents. Bulletin of Environ-
mental Contamination and Toxicology 15: 497-
503.

PICCIRILLO, V. ]J., AND D. A. ORLANDO. 1985. Re-
productive capacities of control bobwhite quail
(Colinus virginianus) during one-generation re-
production studies. Journal of Environmental Pa-
thology, Toxicology and Oncology 6: 79-84.

SOKAL, R. R., AND F. J. ROHLF. 1981. Biometry, 2nd
ed. W. H. Freeman and Company, New York,
New York, 859 pp.

WILSON, H. R., W. G. NESBETH, E. R. MILLER, T.
B. ANDE, AND D. R. INGRAM. 1979. Hatchabil-
ity of bobwhite quail eggs incubated in various
temperature. Poultry Science 58: 1351-1354.

Received for publication 10 October 1995.





