
Wo

Figure 3. Seamount at 45°50'S. 150°20'E. in the Tasman
Sea. The top of the seamount is covered by a very coarse
foraminiferal ooze; at about the 1200-fm contour, the
sediment cover disappears and rocky bottom predominates
down to about 2400 fms, where sediments reappear. Note
the ring-formed depression around the base of the sea-
mount. On the eastern flank of the summit, a small, dotted,
crescent-shaped feature delineates a well-defined wall,

possibly a crater rim.

A program to collect bottom water on the South-
east Indian Rise, using Niskin samplers, was can-
celled due to shortage of time. However, whenever
possible, water trapped in piston corers was recovered
for the purpose of searching for anomalous bottom
waters similar to the Red Sea hot brines, which may
be due to volcanic activity on a spreading oceanic
ridge.4'

Surveying was generally performed on a small scale
at each station in connection with coring. A more
extensive survey was performed on a seamount (see
Fig. 3); subsequent coring revealed only coarse globi-
gerina ooze and no volcanic sediments.

The geophysical studies—seismology, gravimetry,
paleomagnetics—were carried out by the Lamont-
Doherty Geological Observatory under the direction
of R. Marki.

The hydrological programs, directed by F. Rosse-
lot, also of Lamont-Doherty Geological Observatory,
included general hydrological observations (to be
analyzed by A. Gordon) by STD probe and Nansen
casts, and water sampling for C 14 analysis, to be per-
formed by G. W. Fairhall, University of Washington.

Meteorological studies were made routinely during
the entire cruise, under the direction of W. Dingle,
Commonwealth Bureau of Meteorology, Australia.

5 BostrOm and Valdes, Lithos, 1969, vol. 2, no. 4, p. 351-
360.

Antarctic Avian Population Studies,
1968-1969
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The USARP birdbanding program continued, for
the eighth consecutive season, a long-term study of
the ecology and social behavior of the Adélie pen-
guin, Pygoscelis adeliae, and the south polar skua,
Catharacta maccormicki, in a rookery of about 300,-
000 penguins and about 2,000 skuas at Cape Crozier,
Ross Island (Sladen et al., 1966, 1968a; Wood et al.,
1967).

The 1968-1969 season's work with Adélie penguins
included (1) continued productivity and behavioral
studies of known-age birds (now 2, 3, 4, 5, 6, and 7
years old) ; (2) investigation of the effect of human
disturbance on nesting birds; (3) completion of a
full season of observations, begun last year, of leop-
ard seal predation on Adélies; and (4) initiation of
a study of the reoccupation period and of "keeping
company" behavior.

Of the 30,000 Adélie chicks banded during the
first seven years of this study, 1,237 were observed
at Crozier during the season: 123 2-year-olds, 381
3-year-olds, 371 4-year-olds, 216 5-year-olds, 111
6-year-olds, and 35 7-year-olds. In addition, almost
200 current or previous mates of known-age birds
were followed.

Return of birds of known age followed previous
patterns, showing more than 92% mortality during
the first 2 years at sea, with little mortality follow-
ing the first 4 years of life. Productivity this year
was below that of 1967-1968, probably because of
harsher ice conditions during the early part of the
breeding season. The decline resulted primarily from
a decrease in percentages of various age classes breed-
ing (40% of returning 6-year-olds bred vs. 62% in
1967-1968, 31% vs. 42% of 5-year-olds, 14 17c vs.
23% of 4-ycar-olds, and 2% vs. 4% of 3-year-olds).
The known-age birds that did breed, however, pro-
duced on the average as many fledged chicks as did
like age groups a year ago.

Known-age breeders continued to be predomi-
nantly female: 100% of the 3-year-old breeders and
63% of the 7-year-olds. Thus, although 7-year-olds
are approaching modal adult behavior in many ways
(e.g., in date of arrival at the rookery, date of egg-
laying, number of eggs laid, and number of chicks
fledged), 7-year-old males still do not find mates as
successfully as do females of the same age.
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During December and January, the effects of the
reoccupation period on future pairings of Adélies
were studied. During this time, nearly 100 nonbreed -
ing partners of known-age birds were temporarily
marked with picric acid (a yellow dye) and the pairs
were followed daily. When a pair had been together
for 5 days, the partner was banded and the nest
marked. In all, 50 such pairs were permanently
marked for close observation during initial pairing
in 1969-1970. The sample includes birds of all ages
(2-7 years) ; first, second, third, and fourth-time
breeders; nonbreeders; and unsuccessful breeders.

Nearly 5,000 pairs of Adélie feet were examined
for web-punches as an indication of band loss since
fledging. The results show a small loss during the
first 4 years (about 1.5% in 4-year-olds) and an in-
creased loss in our three oldest cohorts (3% in 5-
year-olds, 10% in 6-year-olds, and almost 20% in
7-year-olds). It is believed that this loss is being
significantly reduced by the new, stronger band that
has been in use for the past 5 seasons and that is
now on all birds recaptured with old-style bands in
addition to every banded bird 4 years and younger.

Daily observations of leopard seal (Hydrurga
leptonyx) —Adélie penguin interactions as related to
ice and surf conditions, tide, time, and other param-
eters were begun in December 1967 and carried
through to the end of the 1967-1968 season. Last
year, the observations were resumed on October 20
and continued through December, thus completing
a full season's profile of these interactions. The results
show a definite seasonal variation in the number of
seals present at the rookery and the number of pen-
guins taken by each seal. The seasonal variation is
modified strongly by ice and surf conditions and
tides, as well as by the number of Adélies travelling
to the rookery on a given day.

Four visits were made to the nearby emperor pen-
guin (Aptenodytes forsteri) rookery to (1) assess pro-
ductivity of the rookery for the season, (2) recover
previously banded birds, and (3) band a proportion
of chicks in each colony.

This was a successful year for the Crozier em-
perors, as contrasted with 1967 when no chicks sur-
vived a late-winter storm (Sladen et al., 1968a). At
least 711 chicks were hatched-651 were counted in
crèches on November 16 and 60 were collected as
frozen carcasses on October 26 and November 16.
Other carcasses could have been blown away or buried
under deep snow, so production of chicks was prob-
ably slightly higher. Table 2 estimates the dates of
mortality of some of the frozen chicks recovered.

A total of 26 banded adult emperors was recovered
on October 26 and November 16. Seven of these
were probably breeding and all had been banded as
adults at the Crozier rookery from 1964 to 1967. None
of the 221 emperor chicks banded during this period

has been observed, so it is still not known at which age
emperors first return to their natal rookery. Twenty-
eight emperor chicks were banded on December 1 and
90 on December 6. In addition, 3 adult bands were
changed for newer models.

Studies of skua population dynamics concentrated
on gathering data on the frequency of occurrence and
location of known-age pre-breeders, and comparing
breeding success and faithfulness to mate and nest
site of known-age breeders with those of unknown-
age breeders.

During the 1968-1969 season, 2 2-year, 9 3-year,
42 4-year, 25 5-year, 138 6-year, and 56 7-year old
skuas were observed. This total-272—is 23% of the
chicks banded in these age groups. Very rarely does
• 1-year-old skua return to its natal area, and only
• few return as 2-year-olds. Increasing numbers re-
turn at 3 and 4 years of age, and the number levels
off thereafter. It is felt that the totals of skuas 5
years of age and older represent a high percentage of
the birds surviving in those year-classes because (1)
very few skuas are observed for the first time after
their fifth year, and (2) of the 25 Crozier-reared
skuas observed away from Crozier, 21 (84%) have
been seen at Crozier also.

Known-age skuas are just beginning to enter the
Crozier breeding population in significant numbers.
Sixteen bred in 1967-1968 and 84 in 1968-1969,
ranging in age from 4 to 7 years, plus a 10-year-old
reared at Cape Hallett. Even at 7 years of age, the
peak of breeding activity was not attained, as
slightly more than 50% of those observed were still
nonbreeders.

Nine known-age birds bred for the second consecu-
tive year and two were in their third year of breed-
ing. Most of them retained their previous mates and
territories. The few changes that occurred were usu-
ally associated with the disappearance of a mate, indi-
cating the same high degree of mate and site tenacity
shown by older, more experienced skuas.

About half of the 73 known-age skuas that bred
for the first time this season showed a definite tend-
ency to return to the area of their birth (within ap-
proximately 250 m of their natal sites) ; the others
were scattered throughout the breeding area of ap-
proximately 600 >< 2500 m. Only 13 of these first-
time breeders paired with skuas having a known
breeding history, thereby showing that inexperienced
birds probably have difficulty pairing with experi-
enced birds. Additional evidence is provided by the
9 pairs of breeders (25% of the 73 first-time breed-
ers) in which both birds were of known age—either
of the same age (5, 6, or 7 years) or not more than
one year apart.

The productivity of skuas aged 4 to 7 years is low.
Only 6 chicks were raised to near-fledging in 70 nests
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where one or both adults were of known age. When	of later egg-laying than that of established pairs.
observations were concluded in mid-February, each	Probably not more than half of these 6 chicks fledged
of these chicks was smaller than normal—the result	successfully.

Table 1. Birds marked with USARP bird-banding program bands, July 1968 to June 1969.1

Species	I Organization '	Area

Emperor penguin
do.

Adélie penguin

do.
do.
do.

Black-browed albatross
Giant petrel

do.
South polar skua

do.
do.
do.
do.

Great skua

USARP
EPF

USARP

EPF
NZARP
USARP

EPF
JAG

USARP
USARP
USARP
USARP

EPF
JAG

Cape Crozier
Adélie Coast
Cape Crozier

Adélie Coast
Adélie Coast
Cape Bird
Falkland I.
Adélie Coast
Antarctic Peninsula
Cape Crozier
Dailey I.
The Strand Moraines
Cape Evans
Adélie Coast
Antarctic Peninsula

Bander'

RL,DA

RL, DA, RW, MS,
MCS, JG, FK, JH

EY
RN

RW
RW
RW
RW

Totals:

Banded as

	

Chick	Adult or
Sub-Adult

118

	

5080	169

	

46	23
453

	

160	265
5

36

	

5,404	1	952

Total

118
(50)'

5249

69
453

(4508)'
(100)'
(574)4
425

5

36
(100)'
(123)'

6,356

'All bands used were provided by USARP in the interest
of international cooperation. They bear the address: "Ad-
vise Fish and Wildlife Service, Write Washington, D.C.,
U.S.A." The expeditions using them are responsible for
publishing their own recovery data.

2 EPF, Expeditions Polaires Françaises; H&N, Holmes
and Narver; JAG, Instituto Antártico Chileno; JHU, Johns
Hopkins University; NZARP, New Zealand Antarctic Re-
search Programme; USARP, United States Antarctic
Research Program; USN, United States Navy.

'DA, D. Ainley (JHU); EY, E. Young (NZARP); FK,
F. Kurek (USN); JG, J . Gemming (NZARP); JH, J. Hood

(JHU); MCS, M. Smith (JHU); MS, M. Saltveit (H&N);
RL, R. LeResche (JHU); RN, R. Napier (JHU); RW,
R. Wood (JHU).

Indicates number of bands sent; no report available yet
on number used. These are not included in the totals.

Note. The following totals were received after publication
of the 1967-196.8 summary:

292 Adélie penguins, adults (Young, NZARP, Cape
Bird).

210 Adélie penguins (100 chicks, 110 adults) (Choate,
NZARP, Hallett).

Table 2. Estimated ages and dates of mortality of 51 emperor penguin chick carcasses of known location. Aged
using weights from Wilson (1907) and weights, foot, and flipper measurements from Stonehouse (1953), both of

whom observed known-age chicks.

Wilson	 Stonehouse

Age by weight	Age by weight	Age by flipper	Age by footLocation

Colony B2 .............

Colony B2-3 .........

Colony B3 .............

Colony B4 .............

48

Hatching
(about 25/VIII)

10 days	 2 days
(4/IX)	 (27/VIII)

15 days	 4 days
(9/IX)	 (29/VIII)

42 days	 32 days
(5/X)	 (26/IX)

3 days	 Hatching
(about 28/VIII)

	(about 25/VIII)

4 days	 7 days
(29/VIII)
	 (1/IX)

5 days	 8 days
(30/VIII)
	 (2/IX)

9 days	 14 days
(3/IX)
	 (8/IX)
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A marine gastropod fossil found at Crozier was
sent to Dr. Leo Hertlein at the California Academy
of Sciences for identification and study. A report on
his findings was published in this journal (vol. IV,
no. 5, p. 199-201).

The Johns Hopkins program was assisted in the
field at various times by David Ainley, Michael
Smith, Jack Hood, Frank Kurek, John Gemming,
and Mikal Saltveit. We gratefully acknowledge their
assistance.
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Photosynthesis and Respiration of Plants
in the Antarctic Peninsula Area

T. P. GANNUTZ

Department of Biology
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During the period January 17 to December 14, 1968,
a third year of study of the metabolism of lichens,
mosses, and algae was carried out at Palmer Station,
with data being collected virtually uninterrupted for
320 days. In anticipation of this extended data col-
lection period, an automated, digital data acquisi-
tion system had been incorporated into the instru-
mentation in December of 1967. This system, in addi-
tion to recording at least 100 times more data in a
24-hour period than previously possible (a complete
sample of all variables is obtained at least 6 times
each hour), applies the recorded data directly to
detailed computer analysis, eliminating the need for
manual preparation of digital data for computer
entry.

This is the first time that the environmental meta-
bolic responses of any plant or plant community have
been examined throughout an entire year. Meteoro-
logical and plant-microclimatic conditions were also
measured during this period, permitting estimates to
be made of the annual productivity of the antarctic
plant community.

The weather is extremely mild at Palmer Station
during the summer (December-March). There are
frequent rain and snow storms which, with the warm
temperatures (almost continuously above freezing—
sometimes reaching + 10°C.) and high light inten-
sities (1.5-2.0 gcal/cm 2 /min) , provide water to main-
tain plants almost continuously in a saturated to
near-saturated condition. Most environmental com-
binations during this period are favorable for high
rates of both photosynthesis and respiration. Lichen
photosynthetic rates average five times the respira-
tion rates during the summer, providing for the ac-
cumulation of a considerable surplus of metabolic
products. During the fall (April-June), average daily
light intensities and temperatures decrease, but pre-
cipitation in the form of rain and snow is still fre-
quent. Although conditions for metabolism are less
optimal than during the summer months, photosyr:-
thesis still occurs.

Respiration rates decrease as temperatures ap-
proach freezing. Mosses do not conduct photosyn-
thesis and respiration as well as lichens do in this
period. Grasses are even less active, being damaged
by below-freezing temperatures. All plants are photo-
synthetically inactive during the winter months
(July-September), when temperatures frequently
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