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Physiological aspects of stomach-oil
formation in antarctic seabirds

DANIEL D. ROBY and JAN R.E. TAYLOR, Alaska Cooperative Fish and Wildlife Research Unit, University ofAlaska,
Fairbanks, Alaska 99775-0990

ALLEN R. PLACE, Center of Marine Biotechnology, Maryland Technological Institute, Baltimore, Maryland 21202

D
uring the 1991-1992 austral summer, we conducted
fieldwork on Bird Island (54°00'S 38°02'W), South Geor-

gia, in cooperation with the British Antarctic Survey. This
research project was designed to investigate the role of stom-
ach oils in digestive physiology, development, and reproduc-
tive energetics of seabirds. Samples and specimens that were
collected in the field were analyzed in the laboratory during
1992-1993.

Stomach oils, a complex mixture of neutral dietary lipids,
are typical of procellariiform birds (petrels, shearwaters, alba-
trosses). All Procellariiformes, with the exception of diving
petrels (Pelecanoides spp.) produce stomach oils and feed
them to their young (Clarke and Prince 1976; Warham 1977).
The objectives of the study were to determine the relationship
between stomach-oil ingestion and the growth and develop-
ment of seabird nestlings, to determine the contribution of
stomach oils to the overall energetic efficiency of the
parent-offspring unit, and to compare the passage rates and
assimilation efficiencies of dietary lipids in chicks that are fed
stomach oils with those that are not. The subjects of our study
were antarctic prions (Pachyptila desolata), a species that

feeds its young stomach oils, and South Georgia diving petrels
(Pelecanoides georgicus), a species that lacks stomach oils.

Chicks of the two species were brought into the laborato-
ry and raised on either high-oil or low-oil diets. The low-oil
diet consisted of homogenized hill (Euphausia superba) and
stomach oil [collected from giant petrel (Macronectes haul)
chicks] in a ratio (weight-to-weight) of 22:1; whereas the high-
oil diet consisted of homogenized bill and stomach oil in a
ratio of 14:5. Chicks were fed one meal each day in the lab for
6 days. Growth rates were monitored and all excreta was col-
lected during this period. Average daily mass increments of
lab-reared chicks were similar to or greater than those of
chicks raised by their own parents in the field. Pnon and div-
ing petrel chicks on the low-oil diet accumulated mass at sim-
ilar rates to field controls, but chicks of the two species fed on
the high-oil diet accumulated mass at significantly higher
rates (figure 1). The daily growth increment in wing length for
lab-reared prions was not significantly different from chicks
reared by their parents in the field, regardless of the oil levels
in their diet (figure 2). For lab-reared diving petrels, however,
chicks on the high-oil diet had significantly lower growth
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Figure 1. Average daily mass increment of South Georgia diving
petrel and antarctic prion chicks fed high-oil or low-oil diets in the
lab, as compared with control chicks raised in the field. D P denotes
South Georgia diving petrel; Prion denotes antarctic prion; Contr
denotes control chicks raised by their parents in the field; High
denotes lab-reared chicks fed a high-oil diet; Low denotes lab-
reared chicks fed a low-oil diet. Different letters above the bars indi-
cate statistically significant within species differences at PO.05.

o14	%c%	_o'
'9 ? 

	tO

Figure 2. Average daily wing length increment of South Georgia div-
ing petrel and antarctic pnon chicks fed high-oil or low-oil diets in
the lab, as compared with control chicks raised in the field. 0 P
denotes South Georgia diving petrel; Prion denotes antarctic prion;
Contr denotes control chicks raised by their parents in the field;
High denotes lab-reared chicks fed a high-oil diet; Low denotes lab-
reared chicks fed a low-oil diet. Different letters above the bars indi-
cate statistically significant within species differences at P4.05.

ANTAFC17C JOURNAL — REVIEW 1993

146



I-

U
UCo

0

U0
1-4U

100

90

80

70

60

50

40

30

20

10

0	10	20	30	40

increments in wing length compared with chicks on the low-
oil diet or field controls. These results indicate that high-oil
diets caused developmental retardation in diving petrels but
not in prions.

On the 6th day of the captive feeding trials, passage rates
of digesta and lipid-assimilation efficiencies in the two species
on the two diets were measured by feeding three radio-labeled
markers: tritiated glycerol triether (GTE, a nonassimilable neu-
tral lipid phase market), carbon-14-labeled polyethylene gly-
col (PEG, a nonassimilable aqueous phase marker), and car-
bon-14-labeled triolein (an assimilable neutral lipid marker).
Excreta was collected during the following periods postinges-
tion of the marker: 0-2 hours (h), 2-4 h, 4-8 h, 8-16 h, 16-24 h,
and 24-32 h. Excreta samples were extracted and separated
into aqueous and lipid phases. Aliquots of the aqueous phase
extract were counted to determine the specific activity of car-
bon-14 PEG, and aliquots of the lipid phase extract were
counted to determine the specific activity of tritiated GTE and
carbon-14 triolein. We calculated lipid-assimilation efficiency
in chicks from the ratio of tritiated GTE to carbon-14 triolein in
the marker fed to chicks compared with the ratio in excreta
collected during the 32-h collection period (Jackson and Place
1990). We calculated mean retention time for both lipid and
aqueous digesta from the cumulative excretion curves for GTE
and PEG, respectively.

Average lipid-assimilation efficiencies of the two species
on the two diets were remarkably high, but the lipid assimila-
tion efficiency of diving petrels on the high-oil diet (91.7±5.2
percent) was significantly lower than either diving petrels on
the low-oil diet (98.3±0.9 percent) or prions on either high-oil
(99.5±0.1 percent) or low-oil (99.1±0.2 percent) diets. This
indicates that diving petrel chicks fed a high-oil diet experi-
enced difficulty in efficiently assimilating ingested lipids.
Cumulative excretion rates of marker were similar for the two
species on the two diets (figure 3), but at the end of the 32-h

Figure 3. Cumulative excretion curves for tritiated glycerol triether
(GTE), a neutral lipid phase marker, fed to South Georgia diving
petrel and antarctic prion chicks that were raised in the lab on either
high-oil or low-oil diets.

excreta collection period, prions had excreted significantly
less of the tritiated GTE (72-77 percent) than diving petrels
(83-88 percent). This presumably reflects the retention of a
portion of neutral lipids in the proventriculus by prions for
extended periods (that is, formation of stomach oil).

Formation of stomach oil in the proventriculus of procel-
lariiform seabirds is associated with specialized morphology
of the gastrointestinal tract. The proventriculus is a large, dis-
tensible sac that fills much of the abdominal cavity; whereas
the gizzard is much smaller and poorly developed. Despite
the absence of stomach oils in the proventriculus of diving
petrels, gastrointestinal morphology is superficially quite sim-
ilar to other petrels. Prions, however, have a distinctive mus-
cular constriction at the juncture of the proventriculus and
gizzard; this narrow constriction is absent in diving petrels.
The sphincter apparently serves to regulate gastric emptying
of stomach oils once the aqueous components of the diet
have entered the duodenum.

Adult free-ranging metabolic rates were measured in
both study species during the chick-rearing stage using the
doubly-labeled water technique. Adult prions had significant-
ly lower mass-specific field metabolic rates [2.69 kilojoules
per gram per day (kJ g-' d-')] than diving petrel adults (3.74 kJ
g-' d'). For prions, this value is significantly less than the
predicted value from allometric equations relating field meta-
bolic rate to body size in seabirds (Birt-Friesen et al. 1989);
whereas the value for diving petrels is significantly greater
than predicted. These results indicate that prions are more
energetically efficient at foraging for their young; whereas div-
ing petrels are less energetically inefficient, compared with
other seabirds. The higher foraging efficiency of prions may
be essential for the production of stomach oils and for the
transfer of this energy-rich dietary component to their young.
Stomach oils appear to be an important adaptation for
enhancing the energy density of chick meals in petrel species
that forage farther from the colony and feed their chicks less
frequently than diving petrels.
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