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Altered Yolk Structure and Reduced Hatchability of Eggs
from Birds Fed Single Doses of Petroleum Qils

Abstract. Yolk deposited by Japanese quail was abnormal for 24 hours after the
oral administration of a single capsule containing 200 milligrams of bunker C oil.
Both the structure and the staining properties of the yolk were affected. Fewer eggs
were laid during the 4 days after dosing, compared to controls, and hatchability was
drastically reduced. Hatchability returned to normal in 4 days. Three other reference
oils also affected yolk structure. Canada geese given 2 grams and chickens given
500 milligrams of bunker C oil produced eggs with abnormal yolk rings.

The devastating effects of massive oil
spills on seabird survival are well docu-
mented (/), but little is known about the
effects of exposure to oil on bird repro-
duction. Others have reported that the
coating of eggs in nests by spraying (2) or
by contact from oiled feathers (3) re-
duced hatching, presumably by inter-
fering with normal respiratory gas ex-
change through the shell.

We now report that yolk structure, egg
production, and hatchability were af-
fected by feeding single doses of bunker
C oil, a high-viscosity fuel oil, to Japa-
nese quail (Coturnix coturnix japonica).
Structural effects on yolk were also
noted with bunker C oil in chickens (Gal-
lus gallus domesticus) and in Canada
geese (Branta canadensis moffitti), but
effects on hatchability were not tested
with these species. Two crude oils and a
high aromatic No. 2 fuel oil also affected
yolk structure in quail and chickens. The
birds most vulnerable to the hazards of
oil ingestion are seabirds and waterfowl
(/). However, we used quail as an avail-
able model animal to simulate the expo-
sure that a wild female bird would experi-
ence if she ingested a small amount of oil
during yolk formation.

Young laying quail 10 to 24 weeks of
age, weighing 130 to 150 g, were main-
tained as mated pairs in cages, at 21° to
23°C with 14 hours of light commencing
at 7:30 a.m. Water and food were freely

available. The diet was a commercial tur-
key starter mash containing 26 percent
crude protein supplemented with small
pieces of oystershell. Laying chickens
used in another experiment were fed a 16
percent protein diet. Canada geese were
fed a 24 percent protein turkey breeder
diet. Eggs were studied by freezing, fix-
ing, and staining to reveal structural vari-
ation (¢). They were degassed under vac-
uum overnight, frozen in air at —20°C for
24 hours, thawed briefly in water to re-
move the shells, and fixed in 4 percent
formalin at 65°C for 18 hours. They were
then cut in half and one half was put into
6 percent aqueous potassium dichromate
for 16 hours at 65°C, washed to destain,
stored in 0.05 percent mercuric chloride,
and sliced at a thickness of 2 mm. Slices
from the formalin-fixed half were stained
with acidified potassium ferrocyanide to
reveal available iron (¢). Most of the
work was done with a Venezuelan bun-
ker C oil, one of the four reference oils of
the American Petroleum Institute (5).
The other three were a Kuwait crude oil,
a south Louisiana crude oil, and a high
aromatic (approximately 40 percent) No.
2 fuel oil. Weighed amounts of oil were
fed in capsules (capsule No. 3 for quail;
No. 000 for chickens and geese). Oils
used as controls were a mineral oil (light,
National Formulary, Pilgrim) and a re-
fined safflower seed oil (Saffola). For the
hatchability trials, the females of mated
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pairs of quail were given capsules con-
taining oil, or empty capsules as con-
trols. Eggs were set weekly, and infertile
eggs or dead embryos were removed at 7
days and 14 days. The hatching time lim-
it was set at 18 days.

Several trial experiments were per-
formed with quail to determine the
amounts of oil that were effective in re-
ducing egg production and altering yolk
structure. There was no mortality of
adults in any experiments. Egg produc-
tion was halted for 6 to 8 days by a 500-
mg dose of No. 2 fuel oil; 500 mg of bun-
ker C oil was more toxic, halting egg pro-
duction for the duration of the 2-week tri-
al. A dose of 200 mg of bunker C oil
caused a reduction in egg production,
but 100 mg had no apparent effect on pro-
duction. Neither mineral oil (500 mg) nor
safflower seed oil (500 mg) reduced egg
production. Yolk structure, which was
distinctly affected by all four reference
oils, was clearly different from control
eggs laid by birds fed mineral or vege-
table oils.

After the trials to determine tolerance
levels, four production and hatchability
experiments were performed over a peri-
od of 9 weeks. Experiments 1, 2, and 3
utilized one group of quail. In experi-
ment 1, 18 female quail were each given
100 mg of bunker C oil between 9:00 and
9:30 a.m.; and 19 were each given an
empty capsule. In confirmation of the
previous experiments, egg production
was not reduced significantly (by the chi-
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Fig. 1. Egg production and hatchability in
quail given a single dose of 200 mg of bunker
C oil at 9:00 a.m. of day 0. Eggs are normally
laid between 6:00 and 10:00 p.m. Production
is expressed as eggs laid per day per 100 quail
hens, hatchability as percentage of fertile eggs
hatched (fertility determined after 7 days of
incubation). Fertility and early deaths were
independent of treatment. There were 68 ex-
perimental and 38 control females.
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square test), and there was no significant
decrease in hatchability of the eggs laid
after the bunker C oil was given. In ex-
periment 2 there were 20 females (ten
from each group of experiment 1) which
were given 200 mg of bunker C oil, and
19 control females (the remaining 17
from experiment 1 plus two others)
which were given empty capsules. Pro-
duction and hatchability were allowed to
return to normal for 14 days before ex-
periment 3 was begun. In experiment 3,
in order to compensate for possible cu-
mulative effects of dosing, the female
quail from experiment 2 and additional
untreated birds were randomly divided
into a group of 48 birds given 200 mg of
bunker C oil and a group of 19 birds giv-
en empty capsules. The results of experi-
ments 2 and 3, completed over a total of
33 days, were very similar, and are com-
bined in Fig. 1. Egg production was re-
duced ondays 1 and 2 (P < .001) follow-
ing the oil dose. Hatchability was re-
duced markedly on days 1 and 2 (P
< .001) but returned to normal by day 4.

When 200 mg of bunker C oil was giv-
en, the effects on egg production and
hatchability were transient. Cumulative
effects were not observed; however, the
experiments were not designed to evalu-
ate this possibility.

Quail kept on a simulated daylight
schedule normally deposit two different
rings of yolk in a 24-hour period; yolk de-
posited during the light hours becomes a
dark ring when stained with dichromate,
while that deposited during the night
forms a light-staining ring (¢). Usually, 4
to 6 days are required for the rapid stage
of yolk formation in quail (6), and after
ovulation approximately 24 hours are re-
quired for formation of white, mem-
branes, and shell (7). Oviposition usually
occurs during the last 6 hours of the light
period (8). Chickens differ from quail in
that 7 to 11 days are usually required for
yolk formation (9), and most eggs are
laid during the first 6 hours of the light pe-
riod (10).

Yolk that was deposited by quail after
the administration of 200 mg of bunker C
oil exhibited several abnormalities, as
shown in Fig. 2. Typically, yolk deposi-
tion became uneven during the first few
hours after oil dosage. Less than the nor-
mal amount of yolk was deposited during
the first night, forming a thin layer of
yolk that did not take up the dichromate
stain. The yolk spheres in this layer were
very small (10 to 30 um in diameter) in
contrast to the normal size of 40 to 120
um (I11). The next outer yolk ring was
narrow and abnormally dark when
stained by dichromate. In some eggs the
yolk spheres became separated during

fixation, and cracks developed in the
yolk ring. Lightly staining yolk was also
deposited during the second night, fol-
lowed by another dark ring the next
morning. Eggs from quail given a dose of
100 mg of bunker C oil showed only one
abnormal ring. Generally similar pat-
terns were observed in birds given the
two crude oils and the No. 2 fuel oil, but
the levels required to produce the effects
were higher for the crude oils. With bun-
ker C oil, but not the other oils, a charac-
teristic ring of yolk outside the first nar-
row ring was found to stain darkly with
acidic ferrocyanide in the Prussian blue
test for available iron (¢). Iron analyses
have not yet been done, and we have no
explanation for this effect.

In addition to the observed effects on
yolk structure, oil ingestion was often fol-
lowed by formation of thin shells that
were easily cracked. Some shells were af-

Fig. 2. Sections of fixed and dichromate-
stained yolks from a quail that was fed a single
dose of 200 mg of bunker C oil on day 0. The
eggs were laid 3, 4, or 5 days after dosage.
The normal ring structure for this bird is
shown by the inner rings of the first egg.
Cracks in the yolk rings are common effects of
oil dosage.
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fected the day that the oil was given.

When single doses of the four test oils
were given to chickens, the effects on
yolk structure were similar to those ob-
served in quail. For example, 500 mg of
bunker C produced a marked structural
effect on the yolk; 3 g caused cessation
of egg production. In some chicken eggs,
the yolk deposited 2 or 3 days after oil
dosage was abnormally dark when
stained by dichromate. The character-
istic Prussian blue line mentioned above
was associated with the bunker C dos-
age, but not the other oils.

Two Canada geese (Branta canadensis
moffitti) which were kept in a large out-
door pen were dosed with 2, 3, or 5 g of
bunker C oil at various times during yolk
formation, and the eggs were collected,
frozen, fixed, and stained. Eggs laid after
dosing showed a characteristic light ring
after dichromate staining; yolk deposited
later stained darkly.

The mechanisms of oil action on avian
reproduction are not known. It is pos-
sible that toxic components of oils are ab-
sorbed from the intestinal tract and trans-
ported by the plasma to the liver and
thence to the ovary, where they may be
deposited in the yolk, as are some carot-
enoids (I2). There may also be less direct
effects. For example, petroleum prod-
ucts similar to those used in the present
experiments were found to inhibit so-
dium and water absorption by the in-
testinal mucosa of ducklings given hyper-
tonic saline solutions (/3). Purified miner-
al oils had little effect. Yolk contains
approximately equal amounts of sodium
and potassium, in contrast to the so-
dium-rich plasma from which yolk is de-
rived (/4); hence, disturbances in sodium
and potassium metabolism might be ex-
pected to influence yolk formation and
embryo survival.

The effects of oil on yolk structure are
easily differentiated from the effects of
other environmental variables that we
have studied, including food deprivation
for periods up to 24 hours, water depriva-
tion for 12 hours, and calcium defi-
ciency.

Observations of changes in yolk forma-
tion such as we have described may be
useful in monitoring oil pollution of
breeding populations of wild birds.

The birds most at risk from oil pollu-
tion, primarily seabirds and waterfowl,
have many features in common with the
quail, but direct studies of wild birds
have yet to be made.

C. R. Grau, T. ROUDYBUSH
J. DoBBs, J. WATHEN
Department of Avian Sciences,
University of California,
Davis 95616
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Rapid Brain Cooling in Exercising Dogs

Abstract. In alert, resting dogs, the brain is warmer than arterial blood in the com-
mon carotid artery. When dogs run, brain temperature drops, despite a sharp rise in
carotid blood temperature, and is maintained 1.3°C below carotid temperature dur-
ing exercise. This brain cooling apparently results from countercurrent heat ex-
change between warm arterial blood supplying the brain and cool venous blood
draining the nose and mouth. The heat exchange occurs in the arteries at the base of
the brain, which form a rudimentary carotid rete in the dog, and is greatest during
exercise, when respiratory evaporation is at a peak. In animals with a carotid rete,
the brain is protected against overheating during the severe thermal stress of exer-

cise.

In has been known for almost 10 years
that some of the carnivores and hoofed
mammals have an intracranial vascular
heat exchanger in which arterial blood
destined for the brain can be cooled (7).
The heat exchanger is a plexus of small
arteries, called the carotid rete, which is
surrounded by venous blood that drains
the nasal and oral passages (2). Warm
blood in the arterial plexus loses heat to
venous blood, which has been cooled by
evaporation in the nose and mouth. The
mammals with a carotid rete are panting
animals. When they are panting, evapo-
ration from the nose and mouth is in-
creased and the brain is kept cooler than
other deep body regions (/). Since the
brain is sensitive to overheating, the
carotid rete provides an extra measure of
heat tolerance in those mammals in
which it is present. In contrast, in ani-
mals without a rete, the temperature of
blood supplying the brain is the same as
temperature of blood in the body core,
even during heat stress (3).

The position of the dog in this schema
has been puzzling, for the dog has only a
rudimentary rete (2). Under some condi-
tions, the blood supplying the brain of
the dog has been observed to cool below
the temperature of blood in the body
core, but the degree of cooling is small
compared to the cooling present in ani-
mals with well-developed carotid retia

). For example, in cats and sheep pant-
ing in hot, dry environments (45° to
50°C), cerebral arterial blood in the caro-
tid rete is cooled more than 1°C below
the temperature of blood in the body
core (7). In dogs exposed to hot, dry air,
the blood supplying the brain is cooled
less than 0.50°C below core blood tem-
perature (4). It was assumed that it was
not possible for dogs to achieve signifi-
cant brain cooling during thermal stress
because the surface area of the carotid
rete heat exchanger is smaller in the dog
than in these other animals. Yet dogs are
renowned for their high heat tolerance
and especially for their capacity to per-
form physical work in the heat for long
periods of time (5). We now report that
during heavy exercise in a warm environ-
ment, the brain of the dog cools more
than 1.3°C below the temperature of
blood leaving the heart. It seems that
maximum cooling of the brain in animals
with a carotid rete occurs during exer-
cise.

We trained two large mongrel dogs (30
and 35 kg) to run on a motor-driven tread-
mill at a speed of 7.2 km/hour and a slope
of 14 percent. Even though they could
run at this speed at a fast trot, the tread-
mill slope increased the severity of the
exercise and neither dog could run long-
er than about 20 minutes. After a training
period of 2 weeks, each animal was
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