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Chitin degradation in Adélie penguins
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Chitin, a polymer of the amino sugar N-acetyl-D-glucosa-
mine (figure 1) is a principal exoskeletal component of the
antarctic krill, Euphausia superba (Raymont, Srinivasagan, and
Raymond 1971; Clark 1980). Some bacteria, as well as certain
invertebrates, fish, birds, and terrestrial mammals produce
chitinases which permit the breakdown of polymeric chitin to
oligosaccharides and monomeric sugar subunits (Jeuniaux and
Cornelius 1978). Chitinase production in birds and mammals
could occur in either of two ways: (1) through a chitinoclastic
bacterial gut flora, or (2) by glandular production of chitinases
(Jeuniaux 1966; Jeuniaux and Cornelius 1978).

During the austral summer of 1984 (January-February), we
investigated the ability of the Adélie penguin, Pygoscelis adeliae,
to degrade the chitinous exoskeleton of their primary food
source, E. superba. Our work at Palmer Station was directed in
these areas: (1) isolation, identification, and quantification of
chitinoclastic bacteria from the digestive tract of Adélie pen-
guins; (2) examination of various penguin tissues for the pro-
duction of chitinase; and (3) quantification of amounts of chitin
degradation occurring in the digestive tract.

The isolation of bacteria from the gastrointestinal tract of
Adélie penguins was carried out under aerobic and anaerobic
conditions at 37°C, using a variety of bacterial media (2216,
Difco; Trypticase Soy, BBL I ; CDC blood agar). For the detection of
bacterial chitin degradation, chitin overlay agar was prepared
by adding 1.0 milliliter purified colloidal chitin, final con-

"BBL" is a trademark of Baltimore Biological Division of Becton, Dick-
inson and Company "CDC" denotes Center for Disease Control.

centration 1.4 percent, to 9.0 milliliters of a 1.5 percent agar
solution. After autoclaving, molten chitin agar was overlayed
onto the previously described media. Zones of clearing around
bacterial colonies indicated chitin breakdown. Digesta material,
beginning in the proventriculus and continuing through to the
colon was used for bacterial enumeration. Preliminary results
indicate the presence of mesophilic chitin degrading bacteria
and this suggests that bacterial chitinolytic activity occurs both
aerobically and anaerobically in the colon region. Total aerobic
counts were in the range of 40,000-200,000 cells per milliliter
digesta whereas anaerobic counts ranged from 40,000-400,000
cells per milliliter digesta. Identification of chitinolytic and non-
chitinolytic isolates from the gastrointestinal tract of Adélie
penguins is currently in progress.

The presence of chitinase in various Adélie penguin organs
was determined by a spectrophotometric assay using a dye-
bound chitin substrate (chitin azure, Sigma) (Hackman and
Goldberg 1964; Bowman and Childs 1982). Chitinase hydro-
lyzes the dye-bound chitin substrate with concomitant release
of dye (Bowman and Childs 1982). To enable the quantitative
measurement of chitinase, a standard curve was determined
using commercially available chitinase (Sigma). Digestive tract
tissue samples, along with liver and pancreas tissues were
analyzed for chitinase activity. One gram of tissue was mixed
with 1.0 milliliter buffer (MoPs2 pH 7.0) and ground in a tissue
grinder. After centrifugation, 50.0 microliter of supernatant was
added to 1.0 milliliter buffer, 10.0 milligram dye-bound chitin,
and 10.0 microliter thimerosal, which inhibits bacterial growth
(Sigma). The tubes were incubated for 24 hos at 37°C. Results
were assayed using a spectrophotometer at 575 nanometer
(Hitachi). Initial results revealed chitinolytic activity in the pan-
creatic tissue of all three Adélie penguin samples. These results
suggest that Adélie penguins may possess two chitinolytic deg-
radation systems.

To quantify the amount of chitin being degraded during
digestion, a penguin dietary study was initiated. Quantitative
chitin degradation can be calculated knowing the chitin content
per dry weight of the food and feces over a known feeding
period.

For the dietary studies, three nonbreeding adult Adélie pen-
guins were captured on Humble Island and held in cages at
Palmer Station. To define a beginning and end to the feeding
study, thin slivers of red surveyor's tape, an inert plastic mate-
rial, was employed as a marker. After an initial adjustment

2 "MOPS" denotes (3-[n-morpholino] propanesulfonic acid).
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Figure 1. Schematic diagram of chitin, a polymer of N-acetyl-D-glucosamine.
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Figure 2. Force feeding of Adélie penguin.

period, during which time a force feeding procedure was estab-
lished (figure 2), the Adélie penguins were fed the markers. The
markers were voided after about 24 hours. The cages were then
cleaned and the subsequent food input and fecal output were
measured. On the sixth day, markers were again force-fed to

mark the end of the dietary study. During the study period, the
experimental penguins were force-fed a precisely known
weight of krill daily. All collected fecal material and subsamples
of the krill feed were dried to constant weight at 70°C. These
samples were used to determine the percentage dry weight.
Work is now under way to determine the amounts of chitin
present and the caloric value of the food and fecal material from
the dietary work.
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We arrived at the Polish Academy of Sciences' Arctowski
Station in Admiralty Bay, King George Island (62°10'S 58°30'W),
on 16 January 1984, and departed on 13 February 1984. Our
main objectives were:
• To band the chicks of the three penguin species, the Adélie,

gentoo, and chinstrap (Pygoscelis adeliae, P. papua, and ant-
arctica, respectively) and flying birds [brown skua (Cat ha racta
lonnbergi), south polar skua (C. maccormicki), American
sheathbill (Chionis alba), southern giant fulmar (Macronectes
giganteus), and southern black-backed gull (Larus domin-
icanus)] for a population study of this avian community to
begin in 1984-1985.

• To determine the survival, reproductive success, mate
fidelity, and nest-site tenacity of banded breeders and
known-age birds of all species.

• To determine the feasibility of tracking penguins at sea via
radio telemetry.
We located several hundred banded breeders of each penguin

species and 106 known-age pre-breeders. Penguin reproduc-
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