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INTRODUCTION
The astonishing paucity of information concerning the life history and
ecology of the Pacific A1cidae prompted Dr. UDVARDY, of the University
1) Present address: Zoological Laboratory, University of Groningen, Haren (Gr.),
Netherlands.
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of British Columbia in Vancouver, to initiate a research programme on
this fascinating group (see, UDVARDY 1963). A start was made with the
Pigeon Guillemot (Cepphus columba) and it was my good fortune to spend
two breeding seasons at a colony where Dr. G. F. VAN TETs and his
assistants had colour-ringed a number of adults and gathered nesting data
in the two previous seasons, so that on a number of points four years'
data became available. Clearly results of fundamental interest cannot be
expected from a preliminary investigation of this kind, but the accumulated facts are sufficient to give an ecological characterization of the
breeding biology in this species.
My work was carried out 6 May-27 August 1959 and 5 May-l September 1960 at Mandarte Island, Haro Strait, British Columbia (48°38' N,
123°17' W) where a total of 65 adult Pigeon Guillemots were colourringed in the period 1957-60, the colony numbering 100-110 pair. I concentrated my observations on a small section of the colony, containing
seven nesting pairs (in five of these individuals were ringed) which was
watched from a permanent wooden blind for a total of 632 hours in the
two seasons. In each season 45 nests were checked daily at mid-afternoon
to gather information on laying dates, clutch size, incubation periods,
and growth of the young. Previous publications have dealt with the
nesting distribution of the Pigeon Guillemot in British Columbia (DRENT
& GUIGUET 1961) and a survey of the numbers, seasons, and nesting
success of the birds breeding on Mandarte Island (DRENT, VAN TETS,
TaMPA & VERMEER 1964) to which the reader is referred for further information regarding this sea-bird colony.
The Pigeon Guillemot has earlier received attention in the field (STORER 1952, THORESEN & BOOTH 1958), as has the related Black Guillemot
(WINN 1950, KAFTANOWSKI 1951, USPENSKI 1958, KARTASCHEW 1960,
BELOPOLSKI 1961), but these workers did not have the advantage of a
marked population followed over a number of years.
The emphasis in this account will be the Mandarte data, but comparisons are drawn with other auks where possible. In this regard visits to the
Farne Islands, England (15 April - 4 May 1962) and Aspskar, Finland
(7-14 August 1964) were most instructive in introducing me to Puffin
(Fratercula arctica), Razorbill (Aka torda), Common Guillemot (Uria aalge)
and Black Guillemot (Cepphus grylle).
ACKNOWLEDGMENTS
I wish to express my gratitude to the East Saanich Band of Indians for
allowing me to live a):ld work on Mandarte, to the Fame Islands Committee
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VOOUS, who took the trouble to read all or part of this paper, and suggested a
number of improvements. Dr. G. F. VAN TETs aided me unstintingly in the
field in 1959, and without his preliminary work in 1957 and 1958 this paper
would not have been written. Dr. F. S. TOMPA and K. VERMEER were of great
help in the 1960 season, and I wish also to extend my thanks to the MATHEWS
of Randle's Landing and the KOSKIMIES (then of Sidney B. C.) for their warm
hospitality in the course of the fieldwork. Mr. L. HOEKSTRA (Groningen) has
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Research Board of Canada.

1. COLONY STRUCTURE
1.

ATTENDANCE AT THE

COLONY

At Mandarte in 1959-60 the first landings of the Pigeon Guillemot
took place about the last week of April, and the birds came ashore for
the last time in approximately the
of September. At first the
birds remain at the colony only in the early morning hours (thus on 6 May
1960 the last bird departed to the feeding grounds 0826) but the colonystay gradually lengthens to reach a maximum in the latter half of June
and the first half of July, with full attendance from dawn to early afternoon. By mid-August only the breeding birds spend a full morning at
the colony, and no difference was noted at this stage between birds whose
eggs or chicks had been lost and those which had successfully raised
chicks. By the end of August hardly any birds are to be seen about the
colony after 0830.
Incubating birds or those tending young are of course present much
of the day, but full attendance of the unemployed birds at the colony
(on the rocky beaches, at the nest-site, or within sight on surrounding
waters) was only observed in the morning hours at Mandarte. PERRY
(1948) and STORER (1952:146-149) have made similar observations for
both Black and Pigeon Guillemots, and for the former species SUOMALAINEN (1939) provides some counts; systematic quantitative work is
furnished by KOSKIMIES (1949). On five dates spread from mid-May to

102

BIOLOGY OF PIGEON GUILLEMOT

[Ardea 53

early July KOSKIMIES found a sharp rise in attendance when it became
light in the morning, and the numbers dwindled away again in the early
afternoon, a pattern similar to that indicated for the Pigeon Guillemot
at Mandarte (Fig. 1).
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1. Daily rhythm in colony attendance in the Pigeon Guillemot. Where the
baseline is broken observation was interrupted.

Numerous watches throughout the night at Mandarte showed that
other than birds incubating or brooding the Pigeon Gcdllemot does not
spend the night at the colony. The arrival of the off-duty partners along
with the unemployed birds is a dramatic event just as it becomes light
enough to make out the black forms flying in from the sea. Two examples
will suffice (I had been in the blind since 2300):
12 JulY 1959: 0323 first Pigeon Guillemot heard, 0330 2 ashore, 0345 17
present, 0400 23 present (total for the stretch of shore under observation),
0434 sunrise.
21 Ju(y 1959: 0345 first arrival, 0400 full attendance, 0438 sunrise.
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The sudden pre-dawn rise in numbers visible at the colony 1S thus dLle
to the return of birds that have spent the night at sea, and the decline
in numbers later in the day is, as remarked also by KOSKIMIES, owing to a
movement to the feeding grounds, the birds flying off by ones and twos
until the colony appears deserted. At Mandarte the majority departed in
direct flight to the shoal waters off Sidney Spit, some 4-5 kilometers
distant. Obviously the pattern will differ where the birds feed closer to
the colony.
Although the morning peak in colony activity seems to hold true for
both Black and Pigeon Guillemots throughout their range, the interesting
observation has been made that in the constant light of the Arctic summer
(Novaya Zemlya, USPENSKI 1958:82; northern Norway, HAAVIE pen
comm.) the unemployed birds come ashore at the colony to spend the
night. Many other auks show marked rhythms at the breeding places,
but there is great diyersity: some are nocturnal in their movements to
and from the nest (e.g. Synthliboramphus, Prychoramphus, Cerorhinca),
whereas for the Puffin (Fratercula arctica), like the Pigeon Guillemot a
diurnal burrow-nester, MYRBERGET (1959b) has demonstrated an evening
peak in colony attendance, as was also observed by LOCKLEY (1953:78).
2. PAIR BOND
The ringing and capture of adults on the eggs, commenced by G. F.
VAN TETs in 1957, provides evidence that retention of the mate is the
rule:
4 successive seasons: 1 record
3 successive seasons: 2 records
2 successive seasons: 1 record
Opposed to these is one case of "divorce". We had poor luck in catching the females so the data are incomplete, but the
who was mated
with 3'902 in 1958, paired with 3'918 in 1959 and shifted to his nest, about
fifty meters distant. Her 1958 nest remained empty. Although eggs were
laid and hatched in both nests in 1960, and the males 902 and 918 were
recaptured in their respective nests, identity of the females was not determined.
The situation suggested for the Pigeon Guillemot by these data, where
the birds generally pair for many seasons but divorce may occur, has
also been reported in Uria lomvia (USPENSKI 1958 :35). RICHARDSON (1961)
has recorded mate retention in Cerorhinca monocerata, as has Tuck (1961)
in Uria aalge and U. lomvia. The pattern of mate retention with occasional
divorce is discussed in detail by RICHDALE (1951 :1321, 1957 :9-17) who
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established it in the Yellow-eyed Penguin and found it widespread in
long-lived birds (majority of penguins and Tubinares, and a number of
Laro-Limicolae). More recent work extends the list for the latter group
(DROST 1955, BERGMAN 1946, 1953, NETHERSOLE-THOMPSON 1951) with
change of mate more frequent than retention in others (RITTINGHAUS
1956, WILCOX 1959, GROSSKOPF 1959).
3. NEST-SITE TENACITY
The Pigeon Guillemots at Mandarte tended to re-use the nest-burrow
of the previous season, as shown by the following tabulation, indicating
the number of times individuals were recaptured in the burrow (on eggs),
or were definitely known to be using that burrow (ring numbers or colour
combinations read by telescope) where eggs were produced:
4 consecutive seasons: 6 birds
at least 3 seasons
: 7 birds
at least 2 seasons
: 6 birds
By contrast, there are only six exceptions, and in five of these the original nest had become unusable, and in fact the exceptions tend to prove
the rule of extreme nest-site tenacity. In one case, the female changed
mates and shifted to the new male's nest (see above). In four other cases
when the original nest became unsuitable (entrance blocked by gull nest,
burrow caved in by the rain, burrow roof collapsed, etc.) the pair shifted
to the nearest available cavity. In two cases the new cavity was already
occupied by a Pigeon Guillemot pair, and although mixed clutches were
deposited only the original nest owners managed to hatch eggs. The final
exception is a case of Umsiedlung(DRosT 1953), that is, change of breeding
colony. When the camp site on Mandarte was established in 1957, a
Pigeon Guillemot nest was found and both parents ringed, not 3 meters
from the cooking table. The birds, heavily disturbed, abandoned the eggs
and the burrow has remained deserted ever since. On 19 June, 1960,
during a nest check at Imrie Island (straight-line distance 7.7 kilometers)
one of the pair was captured in a chamber beneath an immense granite
boulder, where young had been raised in the previous season. This was
an isolated occurrence, so it can be said that the Pigeon Guillemot remains true to the colony where it has previously bred, as was the case in
the eight species of coastal Laro-Limicolae treated by DROST (1953).
All species of auk studied show a pronounced nest-site tenacity: Alca
torda (LANDSBOROUGH THOMSON 1953, KARTASCHEW 1960:21), Uria lompia (USPENS:r<I 1958:35, KARTASCHEW 1960:47), Uriaaalge (STORER 1952:
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156-157, LANDSBOROUGH THOMSON 1953, TSCHANZ 1959, KARTASCHEW
1960:64, TUCK 1961 :113), Cepphus grylle (STORER 1952:158), Fratercula
arctica (LANDSBOROUGH THOMSON 1953), and Cerorhinca monocerata (RICHARDSON 1961).
4. TERRITORY
Before the eggs are laid the nest owners can be observed driving
intruders away from the burrow vicinity, so that one can indeed speak of
a nesting territory. The fact that the pair uses the same nest year after
year in this dense colony underlines the effectiveness of nest defence.
Later, when feeding the chicks, this intolerance of intruders declines
(as has also been noted for Fratercula arctica, LOCKLEY 1953 :83) and a
number of idlers may be tolerated about the nest entrance.
The birds show an equally strong attachment to a perch-site on the
beach boulders. Close observation showed that each pair had a circumscribed area on the beach, roughly a circle one meter in diameter, from
which intruders were driven off. Site attachment coupled with intolerance
of the approach of strangers thus yields what may be termed the beach
territory. The perch-site serves to facilitate contact between members of
the pair. This is where copulation occurs, and where the birds spend their
unoccupied hours whilst at the colony. Following a disturbance the first
birds to land form a nucleus for later arrivals so that random bunches
result, but after the overt signs of alarm have subsided the perch-site
owners drive the intruders off and the usual spacing is restored.
Figure 2 diagrams perch-sites in relation to nests in the north blind
area. The birds tend to perch near the water's edge, and many had high
and low water alternatives. As most of the nests at Mandarte are located
along the cliff brow the perch-site is generally quite separate from the
nest territory. The birds were quite conservative: two pairs that had
shifted to other nests retained the perch-site of the previous season.
Wanderings beyond the immediate vicinity of the perch-site are rare.
In the 50 meter stretch of beach shown in the diagram, four mated birds
from elsewhere in the colony were seen to land briefly during the 1960
season (73 observation days). A male from 40 meters distant was seen
6 times, a male from 90 meters distant 5 times, a male from 320 meters
distant once, and finally a bird from 800 meters distant was seen twice.
All save one of these 14 sightings occurred during the pre-egg stage of
the birds concerned. Certainly three and perhaps all four of the intruders
were males. On one occasion an aggressive encounter was implicated
(duet flight), and on 5 occasions copulation attempts were seen. The wan-
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derings of mated birds in the colony thus chiefly concern males in the
pre-egg stage, involved in aggressive or sexual escapades.

brush

sea

grassy slope
(gultery)

• nest

o perch-site
F-

o
FIGURE

5.

I
10
meters

2. Diagram of territory relationships in the Pigeon Guillemot.
Lines connect nest and perch-site of each pair.

NON-BREEDING

The portion of the colony shown in Figure 2 was intensively watched.
No more than seven Pigeon Guillemot pairs nested there in 1959 and
1960. On 65 days in the 1959 season the birds present in this area were
counted every 15 minutes, and, as wandering within the colony is rare,
the morning average of these counts should give a reliable census of the
birds associated with that portion of the colony. Fortnightly averages,
commencing with the second half of May, were 19.4, 19.1, 20.8, 19.9,
18.2, 15.6 and 12.6 respectively. In the period 15 May to 15 July, before
the morning assemblies begin to dwindle, the figures show good agreement averaging 20 birds present for the total 640 counts. Fourteen of
these birds participated in the production of eggs, and the remainder
most certainly did not, so that in this section of the colony some 30% of
the birds were non-breeders. Some information is available on this nonbreeding gmup.
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Yearling birds can be recognized by their plumage in their first nuptial
dress as they often retain a scattering of white and dusky feathers and a
mottled wing-patch (BENT 1919, WITHERBY et al. 1941). Furthermore,
they complete this moult later than older age groups (STORER 1952:202).
Throughout May one or two of these birds, recognizable by their generally brown colour and suffused wing-patch, could be seen each morning,
far offshore. The first yearlings were not noted ashore until mid-June,
when they had about completed their first nuptial moult. Two descriptions:
L Wings and back practically adult plumage with clear white wingpatch,
two lateral streaks of white between the wings, the head with many white
feathers giving it a powdered appearance, feet rather paler than adults (13
June 1959).
2. Primaries brown, wing-patch tinged with brown, otherwise the usual
charcoal with a liberal sprinkling of white feathers, especially around the face;
conspicuous white arc below and behind eye (1 July 1959).

These birds were seen singly, and were exceptionally shy, often paddling up and down a half hour or more, showing distinct landing intentions, before coming ashore. The days on which yearlings came ashore
at the north blind run as follows:
1959
June : 13,23,26, 29
July
: 1,7,11,14,26
August: 7

1960
June : 18, 21, 22, 24, 26, 29
July
: 2,4,5,11,17
August: none

I doubt whether they ever visited the cliff-top and no sexual activity
was noted. STORER (1952:203) records two Alaska specimens of the Pigeon Guillemot taken in July, with white feathers on the underparts,
and enlarged gonads, but this cannot be taken as sure evidence of their
breeding since gonadal enlargement has been demonstrated in non-breeding Larus Iyperboreus (MARSHALL 1952).
A larger non-breeding group was formed by the two-year olds. These
are indistinguishable from older birds in appearance, but among them
were birds ringed on Mandarte as nestlings. Of importance here are 945
and 988, which came ashore regularly in the stretch of beach considered
in their second year i.e. at the age of approximately 24 months (1959 and
1960 respectively). Taking into account the difficulties of reading ring
numbers in this species I feel it safe to consider 945 and 988 almost daily
members of the beach assembly at least between the extreme dates of
sighting (945 on 7 dates between 16 June and 2 August, and 988 on 19 of
the 42 observation dates between 11 June and 17 August). These birds
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did not have a fixed perch-site nor a nest, and I am certain that neither
succeeded in acquiring a mate. Both proved to be males, and made indiscriminent copulation attempts (945 attempted to mount 130, the mated
male of nest 43, and 988 attempted to mount 901, the mated male of nest
14, and three unringed birds, as late as 15 July). It is noteworthy that
both were hatched along this very stretch (945 in nest 13, 988 in nest 12),
implying a precise philopatry as has been substantiated in another burrow-nesting colonial species (Puffinus tenuirostris, SERVENTY 1957). Three
other two-year olds were seen once (one in 1959 and two in 1960) in
this portion of the colony. In 1960 945, now a three-year old, was seen
on six dates in early July, but his status was not revealed.
In summary, yearling (in small numbers) and two-year old (commonly)
non-breeders join the shore-assemblies at the colony, at least from midJune onwards. To what extent non-breeding occurs in later age groups,
and when breeding first occurs, is not known.
The visiting of the colony by immatures during the breeding season is
a well-known phenomenon in sea-birds, which generally require several
years to mature. As in the Pigeon Guillemot, COULSON & WHITE (1958)
found Kittiwake (Rissa tridactyla) non-breeders to arrive at the colony
later than the breeding birds. Among the auks, LOCKLEY (1953) observed
two-year olds visiting the colony in Fratercula arctica which breeds at the
earliest in its third year. KARTASCHEW (1960:64) reports that yearling
Uria aalge seldom, and two-year olds regularly, visit the colony, when
some breed, whereas others have been found breeding for the first time
at three years. BELOPOLSKI (1961 :151) records Aka torda in subadult
plumage at the colonies (as did USPENSKI 1958:55 for Uria lomvia), and
surmised non-breeding in females of adult appearance on histological
grounds in Aka torda, Cepphus grylle, and Fratercula arctica. In the latter
species MYRBERGET (1959a) estimated the numbers of non-breeders and
breeders to be about equal at a Norwegian colony.
II. DESCRIPTION OF SOME BEHAVIOUR PATTERNS

Although there exist several accounts of guillemot behaviour, previous
investigators have not had the advantage of colour-ringed birds. I had
opportunity to watch marked birds for some 700 hours. A descriptive
catalogue of the behaviour patterns of the Pigeon Guillemot may therefore serve to stimulate more precise work in future. It should be made
clear that the interpretations are tentative, and invite a quantitative investigation.
We are in the main concerned with activities that are at a peak during
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the pre-egg stage. During this time the mated pairs (and they are in the
majority) spend a great deal of time at their perch-sites, where courting
and copulation occur. They visit the nest-site, and often adjacent parts
of the cliff-top, and finally join in the communal water displays. The preegg stage of a particular pair extends from the time when the birds first
come ashore at the colony following the winter until the first egg is laid.
Observed length of the pre-egg stage in three ringed pairs was minimally
40, 42, and 45 days, respectively, and is estimated to vary from about 30
to 60 days at the Mandarte colony.
1. FLIGHT INTENTION CALL
Before taking flight, the Pigeon Guillemot may under certain conditions show unmistakable flight-preparatory movements and chip continuously "tsip tsip tsip-tsip". For example, when about to bring fish to
the young after a delay, when flying off to the feeding grounds from the
colony, or when about to visit the cliff-top. In all these situations the conflicting tendencies to fly or to stay put seem to be about even, and chipping is in every case a sure indication of imminent flight. THORESEN &
BOOTH (1958) have described the call as "whist whist".
2. ALARM
Bill-dipping. When mildly alarmed Pigeon Guillemots on the water
commonly perform Bill-dipping, the bird thrusting the bill rapidly under
the surface. Only the bill may be wetted, but more commonly the head
is plunged in to the level of the eyes. No sounds accompany the action.
Bill-dipping may be elicited at all times of the year by approach of man.
It occurs at the colony especially when the birds are hesitant to land, as
when about to bring fish to the nest when the colony is deserted at midafternoon, or when returning to the beach following a disturbance in the
gull colony. A guillemot performing Bill-dipping has a weaker tendency
to take flight than a bird giving the flight intention call. Bill-dipping has
been described for both Black and Pigeon Guillemots (e.g. WITHERBY
et al. 1941 :162, STORER 1952:135, THORESEN & BOOTH 1958) and also
in Aka torda, Uria aalge and Fratercula arctica (NORREVANG 1958) and
Ptychoramphus aleutica (THORESEN 1964), to mention only other auks.
The Scream. Ashore or afloat, with neck stretched vertically to full
extent, the bird peers about nervously, gapes, thus revealing the coral-red
mouth lining, and gives a long drawn-out raspy wail, "wheeeoo" (Fig.
3). At high intensity ashore the bird rises up onto its toes, the neck very
long, and gapes widely (but always with horizontal bill). This is an alarm
Ardea, 53
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reaction of the Pigeon Guillemot, and indicates a higher tendency to
flee than Bill-dipping. The Scream is commonly elicited by distant gull
panics, low sudden flights by gulls, crows, cormorants, or oystercatchers
(birds with which the guillemots were in daily contact), and approach by
man. Screaming is infectious, so that one wary bird may set a whole
section of the colony off.
The birds also scream in flight, and this gives the sound a peculiar
vibratory quality. This was sometimes heard when the birds flew back
to land again after a disturbance, and commonly when they had been
disturbed at the nest and were arcing back and forth whilst I examined
the contents.

FIGURE

3. The Scream.

A distinct variation of the Scream, given from the same posture but
with a stacatto introduction "tik tik tik-ti-wheeeoo", was noted every
time a Tufted Puffin (Lunda cirrhata), the only other auk nesting on Mandarte, flew past or landed. It was remarkable at what great distances the
guillemots reacted thus to a flying puffin, as I often had difficulty locating
the puffin with 7x binoculars long after the· guillemots had given the
alarm. Further observations are called for to establish whether this call
is given solely upon sighting Tufted Puffins, and secondly to investigate
the functions of such a recognition signal. Too little is known of the relations between puffin and guillemot to enable feasible suggestions at
present.
A further modification of the Scream, a hissing, reedy, variant, has
been described for both Black and Pigeon Guillemot by BENT (1919),
but I have heard it only once, when I surprised a guillemot pair within
their nest. One gave a "hissing rattle" before flying out to the water.
During numerous captures on the nest the birds have either remained
silent or given the usual Scream.
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Very rarely the Scream is given in intraspecific situations (see under
copulation).
THORESEN & BOOTH (1958) termed the Scream a threat posture, and
STORER (1952:149) believed that Cepphus lacked an alarm note.
3. AGONISTIC AND SEXUAL BEHAVIOUR
The Lunge. This may be given ashore or afloat, the bird making a sudden

rush, with head and neck outstretched, the bill directed at the opponent
and usually slightly agape (Fig. 10). The wings may be unlimbered, but
there is no sound. This is an abbreviated attack which is usually sufficient
to make the opponent flee, and is sometimes used to effect against other

FIGURE

4. Mutual Hunch-whistling.

species (Crow, Corvus caurinus). The Lunge may merge into a fight, the
attacker clenching the opponent by the wing, neck or tail, whereupon
both tumble to the water, or if already afloat dive. The Lunge is particularly frequent when a bird lands at the perch-site of a pair during or just
after copulation, when one of the pair generally Lunges at once. I have
once seen a mutual Lunge within a pair, which followed upon along
(30-40 sees.) copulation attempt.
STORER (1952:148) described the Lunge as an aggressive display.
Hunch-whistle. Given both ashore and on the water. The tail is cocked
up, head thrown back and drawn in, and bill wide agape (Fig. 4). The
posture is accompanied by loud piping "weep weep weeee" with emphasis on the last, drawn-out note, and the sequence repeated over and again.
At high intensity ashore the bird rears up with wings unlimbered and
neck outstretched, but the bill is still more or less vertical.
This display is indicative of a weaker aggressive tendency than the
Lunge, and is typically evoked by the approach of a conspecific (not the
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mate). Often the Hunch-whistle suffices to discourage the intruder, or
a bout of mutual Hunch-whistling may precede withdrawal of the intruder, and sometimes the Hunch-whistle merges into overt aggression
(the Lunge) or appeasement (the Twitter-waggle), or an alternation between these two.
If one of a pair starts to Hunch-whistle at an intruder and the mate
is nearby, the latter generally approaches and sometimes joins in Hunchwhistling, or gives the Lunge, but more often attempts to bill with the
mate without displaying towards the intruder (2 cases against 5 in 1960).
It was in this connection, approach when the mate Hunch-whistled, that
THORESEN & BOOTH (1958) noted the display.

Twitter-waggle. Given ashore or on the water. The tail is cocked up,
the wings unlimbered, and characteristic is a peculair sideways waggling

FIGURE

5. The Twitter-waggle.

ofthe outstretched head and neck. The crown feathers are erected (Fig. 5).
This is accompanied by an energetic twitter, the bill but slightly open,
"titit ti tit" etc. The Twitter-waggle is apparently a combination of
aggressive patterns (tail cocked as in Hunch-whistle, neck outstretched
as in Lunge) with those usually restricted to members of a pair (sideways
head movements, Twittering) or in other words a combination of distance-increasing and distance-decreasing (TINBERGEN 1959) patterns. Typically the Twitter-waggle is shown by birds whose tendency to withdraw must be only slightly exceeded by the tendency to remain, when
the display may function in appeasement. When an intruder is attacked
by a territory-owner, for example, he may Twitter-waggle, and intruders
are frequently tolerated as close spectators to feeding trips to the young,
or copulation, by Twitter-waggling at the critical moment. Sometimes
in disputes both birds may show the Lunge and Twitter-waggle in alternation, the one Twitter-waggling when the other Lunges. Rarely a bird
may Twitter-waggle towards the mate (one case, following eviction of
an intruder and Duet Flight the male returned and Twitter-waggled with
his mate).
STORER (1952 :146-147) described this display and termed it aggressive.

1965]

BIOLOGY OF PIGEON GUILLEMOT

113

Duet Flight. Often an intruder and an established bird become involved
in a brief scuffie, and in this case the resident will frequently chase after
the stranger when he flees, and follow close on his tail, duplicating every
evasive twist and turn, and dropping to the water when the intruder does.
Here the chase may continue beneath the surface, or the stranger may
crash amongst a settled group ashore, to escape notice in the mob. Thus
originate the flights and aerial scuffies (tail tweaking, pouncing) considered by some writers to be courtship flights. It is possible that Duet Flights
occur in the early stages of pair formation (I have no observations of
this process) but certainly the grand majority involve a member of an
established pair together with an intruder. Both sexes may be involved
as the "chasers", and the intruder can also be the member of an established pair (observations involve failed breeders) when the role of chaser and
chased may be reversed in the course of the Duet Flight.
Water-dance. Throughout the season birds gather off the shores of the
colony and carry out irregular movements to and fro, paddling erratically until suddenly a tight crowd results. The birds then dive and continue group movements by "flying" close under the surface, the white
wing-patches flashing at each stroke, and pop up only to dive again, or
to skitter along the surface, flapping the wings and paddling with the
feet simultaneously. The agonistic postures can be seen during the waterdances (Hunch-whistle and Twitter-waggle being frequent) and, as has
been shown by observation of ringed individuals, the birds do not participate as pairs, indeed one of the pair may join in when the other is absent
from the colony. These communal displays, in which all birds join regardless of status in the colony, have been mentioned by many who have
written on either Black or Pigeon Guillemot, and have been described
vividly by PERRY (1946, 1948). Yet their function remains a matter of
conjecture. They may be thought of as the manifestation of the colonial
habit, the means by which the press of numbers exerts its influence in
group reproductive stimulation, as postulated for sea-birds, including
the Black Guillemot, by FRASER-DARLING (1938), for Puffin, Common
Guillemot and Raz()rbill by CONDER (1950), and discussed in general
terms by TINBERGEN (1951 :174).
Billing, Twittering, and Trilled Song. Mutual Billing is a sure sign that
the birds involved are a mated pair. Whether on the water or ashore, the
participants twist the head so as to direct the bill at that of the mate. A
slight but definite waggling motion ensues, but the bills rarely touch,
their tips continually passing and repassing one another (Fig. 6). This
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FIGURE 6. Twitter-billing.
7. Billing, bird on right giving song.

movement is accompanied by a gentle twitter "sit sit sit" punctuated at
intervals by the "Trilled Song" (the terms follow THORESEN & BOOTH
1958) which can be rendered "sit sit sit sit seeoo, sit sit sit sit seeoo"
(STORER 1952 :148), the "seeoo" note being tong drawn-out and rising,
then falling. During the Trilled Song the bill is wide agape (Fig. 7) whilst
during Twittering the bill is but slightly open (Figs. 6, 11, 13).
When the members of a pair meet after a long separation (e.g. early
morning nest relief) the greeting may be prolonged, both members giving the Trilled Song. At other times a brief low Twitter may be all. Both
Twittering and the Trilled Song may be given in the absence of the partner, and are also employed when bringing fish to the nest, the young replying with a squeaky chitter, as has also been noted by THORESEN &
BOOTB (1958). Feeding is often carried out in silence however.
Billing "With the associated Twittering and Trill is presumably of great
importance in initiating and maintaining the pair bond. Unmated birds
will attempt to bill with a number of birds in turn, but never have I seen
a response on the part of mated birds to these billing invitations. Established pairs continue to Bill and Twitter whenever they meet throughout
the season; but there is no doubt that the Trilled Song is uttered most
frequently in the pre-egg stage.
Copulation. Copulation occurs ashore, almost always on the rocky beach
(of 250 observed, two took place on the grassy cliff-top) and is generally
restricted to the perch-site of the pair involved (e.g. pair of nest 14, where
all 43 copulations observed in 1959, and all 24 in 1960, took place on the
low-water rock of the pair, or the high-water alternative some 1.5 meters
distant).
The sequence is generally initiated by energetic Billing and Twittering,
and may occur after long periods of inactivity (ringed pair ashore 92
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8. Start of a typical sequence: an intruder (central bird) has landed at perchsite, one of owner pair Hunch-whistles (foreground), mate in background.
FIGURE 9. Interrupted by colony alarm: the Scream.

FIGURE

minutes, of which last 74 immobile before preliminaries undertaken) but
more often follows upon the arrival of one or both members of the pair
at the colony. It will be noted that the communal water-dances do not
generally precede copulation. Following upon the energetic Billing comes
Circling, described by PERRY (1948) and STORER (1945). The birds, up
on their toes, waddle about a small circle, the male on the outside (Fig.
14). This may be brief, or repeated, the birds now Circling clockwise,
now counterclockwise, until the female settles and the male mounts. He
maintains position by fluttering the wings when necessary (Fig. 12),
resting back on the tarsi which are constantly treading in alternate fashion. Starting during Circling, and continuing until the moment he slips
from the female's back, the male, with closed bill, gives a characteristic,
rhythmic muffled note "weep weep weep".
The female is generally passive, but very rarely throws her head back
to gape at the male, when their bills may touch, or she may utter the alarm
note (the Scream). THORESEN & BOOTH (1958) have also noted the female
to give the alarm note during copulation. As an indication of the frequencyof these variants, I noted 3 cases of gaping and 3 of the Scream in
101 copulations observed in 1960.
In almost all caseS the female ends the copulation by
and throwing off the male. Early in the season the male often jabs at the female's
nape at this point, and occasionally both flop down to the water before
she frees herself. This is a normal feature of early copulations in established pairs (pair k-k copulated with jabbing 25 May-4 June, without 6-15
June). Successful copulations last 30-75 seconds, the male depressing his
tail at intervals. Often bystanders hurry over and cause the female to
rise and attack (the male hopped off to attack but once), but after a successful uninterrupted copulation billing follows as a rule (Fig. 13), and
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10. The intruder is driven off by the Lunge.
FIGURE 11. Next, the pair bill.

very rarely the male may remount (4 cases). Typically the birds then
settle quietly and preening does not take place until some time later. Intruders during or just after copulation meet with greater aggression than
at any other time.
Deviations from the pattern of copulation given above have been recorded. STORER (1945) described Circling accurately, but thought this
constituted a second phase following communal water display. In my
view the two are not directly related. Further, in the one case where
mounting was observed, a second copulation followed shortly, with the
role of the two birds reversed. I have never noted reversed copulations
in marked birds (ca 80 observations). THORESEN & BOO'TH'S (1958) description again implies a connection with water displays. The Hunchwhistling they describe in the female is very definitely not a regular
feature of the copulation preliminaries.

FIGURE

12. Copulation follows.
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13. Post-copulatory billing, female on the left (end of sequence).

Copulation attempts by members of a pair are always marked by Circling. Quite different are the attempts for forced copulations outside the
pair, when the male, fully erect on his toes, neck extended, "weep"ing
softly, and fanning the wings vigorously to keep balance, rushes a nearby
bird and attempts to mount without preliminaries. It appears that the
males advance on all guillemots indiscriminantly at such times, and will
attempt to copulate with any bird that remains settled long enough. Thus

FIGURE

14. Circling, a copulation preliminary.

experienced (i.e. having bred successfully in previous seasons) as well as
unmated males were seen to attempt copulation with established mated
males as well as with the three ringed mated females closely watched.
Unmated males made frequent attempts, and three of the four ringed
mated males closely observed attempted copulation outside the pair,
when their mate was either long absent from the colony or unresponsive.
None of the attempts observed (in 1960 more than 30) were successful.
The number of copulations was recorded on 36 days in 1959 (0645-
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1045) and 44 in 1960 (0700-1030) for the north blind area, where egglaying in the seven nests involved was known to the nearest day. The
grouped data (Fig. 15) shows that copulation occurs early and frequently,
and drops off once egg laying is well underway. This pattern is substantiated by the data for the pair of nest 12 (the best visible of the ringed
birds). The first copulation was noted in this pair 24 days before the first
egg in 1959, 28 in 1960. In another pair (k-k) the interval was 23 days.
The birds had been coming ashore at least two weeks and probably 3-4
weeks before this. Copulation rate jumped to a maximum in approxiGROUP
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FIGURE 15. Copulation rate in the Pigeon Guillemot, means and totals for two seasons.
Left: data for seven pairs compared with a cumulative plot of clutch commencement.
Right: data of individual pair related to day of clutch commencement.

mately the last 12 days prior to egg-laying, fell sharply after the first egg had
been laid, and no copulations were noted after the second egg had appeared (Fig. 15). Data from two other ringed pairs agree (k-k likewise
maximum in last 12 days, and no copulation after second egg, and the
832 copulated for the last time the day after the first egg had been laid).
In the case of replacement clutches copulation is renewed (the pair of
nest 15 copulated 21 days after the first egg had been laid, and the single
egg of the replacement clutch appeared three days afterwards).
A number of birds show the same pattern as the Pigeon Guillemot,
where copulation occurs repeatedly over an extended period, to cease
during or shortly before laying. RICHDALE (1951) has collected examples,
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to which may be added the species studied by BERGMAN (1946, 1953),
PALUDAN (1947, 1951), NETHERSOLE-THOMPSON (1951), GROSSKOPF
(1959) and COLLIAS & JAHN (1959).
When the attempts within the pair are plotted (Fig. 15) an inverse
relationship to the completed copulations results, which could indicate,
among other possibilities, a long period of readiness to copulate in the
male and a limited receptive period in the female. Observation of the
colour-ringed pair k-k supports this view, as early in the seasonthe female
failed to carryon in the copulation preliminaries, whereupon the male
would attempt copulation with other guillemots, and the same was true
after the eggs had been laid (during 81 observation hours in their preegg stage the 6' was present 61.5, the 35 hours). Although both sexes
incubate it was apparently the lack of response of the female during the
laying period that brought copulation to a close, as is also the case in
Charadrius alexandrinus (RITTINGHAUS 1956), Tringa totanus (GROSSKOPF
1959) and T. nebularia (NETHERSOLE-THOMPSON 1951). It is noteworthy
that the receptive period in the female Pigeon Guillemot must commence
about the same time as the phase of explosive growth of the ovocyte
(about 13 days before laying in this species judging from the minimal
time required for a replacement clutch). MARSHALL (1954, 1961) supplies
physiological data supplying the background for these field data, stating
that in all birds studied the male outstrips the female by far in gametogenetic development and is potentially ready for copulation far before
the female, and that the period of copulation is brought to a close under
the inhibitory influence of prolactin, whose production is in turn stimulated by the performance of incubation.
4. NEST PREPARATION
Long before egg-laying (my records range from 11-39 days) the nestsites are cleared out. Old eggs are ejected, plants plucked out, the floor
scraped clear, and any loose stone chips, shell fragments etc. present
in the burrow are pulled together into a little heap with a central depression, where the eggs are eventually deposited. On Mandarte these
heaps are possibly functional in reducing egg loss through rolling. The
guillemots appear to use only materials already present, cavities with a
bare floor receiving no nest material. Similar conclusions have been reached by BENT (1919:169) and THORESEN & BOOTH (1958) for the Pigeon
Guillemot, and implied by WINN (1950) for the Black Guillemot, but
FISHER & LOCKLEY (1954:277) state that the latter species may carry
debris to the nest-site.
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The Pigeon Guillemot thus resembles the open nesters Uria and Aka
which generally heap chips, bone fragments, grass stalks or other movable rubbish that may lie in the vicinity, about the eggs (PERRY 1946,
N0RREVANG 1958, TSCHANZ 1959; PALUDAN 1947) and "nest building"
can be frequently seen in these forms in the pre-egg stage, precise ledgepickings followed by placing the object at the feet, quite different from
the sideways tossing seen in many Laro-Limicolae (own obs.). Puffins
(Fratercula, LOCKLEY 1953, own obs., Lunda, own obs.), however, make
active grass-collecting trips, but the resulting nest is nothing but a disorganized heap in the burrow.
5. COMPARISON WITH OTHER AUKS
Now that a behaviour description for the Pigeon Guillemot has been
given, a few remarks on other auks that I have watched are in order. I
was able to observe the Black Guillemot 7-14 August 1964, on an island
group in Finland harbouring some 300 pair. No marked difference was
apparent in the Scream, Lunge, or Twitter-billing, save that the voice of
the Black Guillemot seemed to be thinner, tinnier, than that of the Pigeon
Guillemot. In the Hunch-whistle, however, formal difference was marked: in the Black Guillemot the head is Ripped or tossed in conspicuous
arcs during the display, and only at peak intensity are the bobs lessened
and the Pigeon Guillemot form shown, with the head thrown back and
throbbing with small jerks. The note is also quite distinct, a plaintive
whine "weet weet weet", without the rising inflection typical of the
Pigeon Guillemot. As in that species, Hunch-whistling in the Black
Guillemot is indicative of a rather mild aggressive tendency. Of 17 cases
in my notes, 12 involved the settled bird in the intruder situation, namely
6 leading to no change, and 6 (including 2 where the Lunge was resorted
to) resulting in withdrawal of the stranger. In the remaining 5 cases the
Hunch-whistle merged into Twitter-billing and was thus apparently
elicited within the pair. The Twitter-waggle was not observed. Results
from the ethological study of the Black Guillemot being carried out by
HAAVIE in Norway will yield welcome clarification.
In order to gain familiarity with other genera of auks I spent the period
15 April-4 May 1962 on the Fame Islands (England), where Razorbill
(Aka torda), Common Guillemot (Uria aalge) and Puffin (Fratercula arctica) could be observed under near-ideal conditions: the birds were tame,
and a number bore rings making individual identification easy. I was
aided by a number of useful accounts (especially PALUDAN 1947, N0RREVANG 1958, MYRBERGET 1962a), but clearly the fragmentary state of
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knowledge precludes the rigorous tracing of homologies, especially as
the forms concerned represent distinct genera, some of them even being
allocated to separate tribes (STORER 1964).
I will confine my remarks to behaviour between the members of a pair,
especially that associated with copulation. We have noted that Twitterbilling, when mutually performed, is a pair-specific display in the Pigeon
Guillemot, and the same appears to hold true for all the auks considered
here (silent in the Puffin, accompanied by grumblings in Alca and Uria).
That Billing is derived from hostile sparring seems plausible, especially
in view of the great similarity in Billing and hostile fencing in Uria. I
have never seen allo-preening (CULLEN'S 1963 term for the preening of
one individual by another) in the Pigeon Guillemot, and it is rare in the
Puffin, but it has become an integral part of behaviour within the pair
in Alca and Uria. In Uria typical Billing often grades into allopreening,
the nape being the common target, and in Alca Billing is almost always
associated with allopreening, the nape and throat being the areas usually
involved. In the latter species the conspicuous castanet-grumble (the bill
first held vertically, then swept down against the breast (PALUDAN 1947
plate 17), which I have seen in both sexes) appears to be a direct counterpart of the Trilled Song in the Pigeon Guillemot.
In the courtship of Uria fish presentation plays a prominent role, and
fish exchange (or the exchange of a fish substitute such as a straw, or even
of an imaginary item) is a frequent component of pre-copulatory behaviour (cf. PENNYCUICK 1956). This is an interesting parallel to the widespread courtship feeding in gulls and terns. Fish presentation appears to
be absent in Razorbill and Puffin, and does not play an important role
in Cepphus, but interestingly enough I once saw a Pigeon Guillemot
bring a fish to the colony during the pre-egg stage.
A similar lack of uniformity is evident in mating behaviour. In the
Puffin copulation occurs exclusively on the water, where the head-flicking
of the males is a conspicuous preliminary. In form this suggests the
flicking of the female during copulation in Cepphus (rare), Uria, and Alca.
In the latter a male was frequently seen to head-flick when his mate was
absent from the colony (pre-egg stage).
In the other auks considered mating occurs ashore. As has been mentioned above, fish exchange is a common component of precopulatory
behaviour in Uria, together with mutual Billing, allopreening, and picking at rubble on the ledge. The male calls during copulation, as does the
female, who flicks her head back and upwards at intervals, calling each
time. In Alca, twenty-two completed copulations were observed, pre-
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ceded in 6 cases by Billing (with allopreening), in 5 cases by a distinct
circling waddle as in the Pigeon Guillemot, and copulation occurred
without observable preliminaries in the remaining 11. Following copulation Billing occurred in 15 cases (in 3 of these the preened the throat
of the CS' extensively), stretch-and-preen in 2, and in 5 there was no afterdisplay. During copulation the male called almost continuously, giving
a hoarse uneven clicking or rattling sound, easily distinguishable from
the deeper growls of the female, emitted at intervals as she head-flicked.
The duration of 15 copulations was recorded, as well as the number of
head-flicks, and it was found that the number of head-fiicks depended
on the duration of the copulation, being given on the average every 2.3
seconds (273 flicks in the total 628 seconds). The conspicuous head-flicking of the female during copulation in Uria and Aka is in striking contrast to its rarity in the Pigeon Guillemot, where a single head-flick was
seen in but 3 of 101 copulations.
Summing up, Billing runs like a red thread through auk behaviour. It
is presumably derived from hostile behaviour, and indeed may not be
emancipated at all from agonistic tendencies (d. TINBERGEN'S 1959 discussion of meeting ceremony in gulls). Mutual Billing is an indication
that the birds involved constitute a mated pair, and Billing invitations
presumably playa role in pair formation. In Uria and Aka allopreening
is frequent within the pair, and seems to some extent to have replaced
Billing. Little is known of auk courtship, but it can be said that fish presentation is only known in Uria. Finally, head-flicking, common in sexual
situations in Fratercula, Aka, and Uria, is not a regular feature of mating
behaviour in Cepphus, and its origin is enigmatic.
III. THE EGG STAGE

1. NEST
The Pigeon Guillemot is extremely plastic in nest selection, the prime
requisite being cover: natural holes and cavities of all sorts are used, and
where soil conditions allow the bird may excavate a burrow itself. Rarely,
however, open ledges are used. From an evolutionary point of view this
plasticity is remarkable, as the species utilizes the whole range of nest
types known for the auk family. This has been pointed out by STORER
(1952: 143-146), who emphasized the versatility shown in the Puget Sound
region, where DAWSON & BOWLES (1909:922-928) list open ledges (also
reported for California, BOWMAN 1961), abandoned Tufted Puffin burrows, self-made burrows and even runways in the grass besides the more
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usual sites in broken rock and natural crevices. The active excavation of
burrows is widespread in the Pacific Northwest (at least from Puget
Sound to the Queen Charlotte Islands, THORESEN & BOOTH 1958, GUIGUET 1953, DRENT & GUIGUET 1961) where it was noted by MENZIES as
early as 1792 (NEWCOMBE 1923:34) but has apparently not been recorded
elsewhere, nor for the Black Guillemot. Cavities in rotten logs and other
debris, either near the cliff-top or along the beach, are also common sites
in this region.
At Mandarte itself the thin rocky soil precludes burrowing, and beach
debris is absent, but natural holes and crannies are fully utilized: 1)
cavities or chambers in loose boulder jumbles along the beach, 2) cracks
in rock masses, 3) chambers in the soil beneath a boulder cap, usually a
natural hollow enlarged by the birds, 4) abandoned rabbit burrows, originally excavated by Oryctolagus cuniculus, introduced to the island long
ago but extinct there when our study began. All cavities of suitable size
were in use at Mandarte in the study period, except those in dense brush
and those within one meter of an occupied nest of the Glaucous-winged
Gull. Once in the period a bird laid and incubated an egg on an open ledge, but it was speedily lost to the crows.
2. EGG LAYING DATES
Clutch commencement dates for Mandarte 1957-60 have been detailed
elsewhere, and found in accordance with other observations in the area
(DRENT et. al. 1964). Comparison of the four seasons (Table 1) shows
1958, 1959, and 1960 to be statistically indistinguishable, but the mean
date was significantly (p < .05) earlier in 1957 than in the other three
TABLE 1
CLUTCH COMMENCEMENT AT MANDARTE ISLAND

Year

Number of
clutches

Mean:
June

Standard
dey. (days)

1957
1958
1959
1960
all years

19
28
36
41
124

2.4
8.2
14.5
13.6
11.0

5.3
9.7
8.0
7.1
7.8

Extremes
May June
26
18
24
18
18

to
to
to
to
to

13
29
28
28
29

Range
days

I

18
42
35
41
42

seasons. The influence of air temperature on laying was considered (including 49 laying records analyzed according to the method of VON
HAARTMAN 1956) but a statistically meaningful relationship was not
revealed.
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Clutch commencement dates are known for all four seasons for one
ringed female (nest 41) being 27 May, 12 June, 12 June, and 8 June, respectively, or, expressed as deviations from the season colony mean,
-6, +4, -3, -6. Thirteen records of clutch commencement in 1959-60 are
available where the same females were in all probability involved. As the
mean laying date did not differ between these seasons the dates for each
nest have been plotted directly (Fig. 16) and a strong correlation is
indicated (r= +.61). These data imply that each female has a character-

16. Relationship of clutch commencement dates for the same 13 Pigeon
Guillemot nests in two seasons, where the same female was implicated in both.
Line of regression plotted.

FIGURE

istic laying date or laying rank. Among non-passerine birds, RICHDALE
(1957) has shown that individual Mega4Jptes antipodes tend to lay in the
same relation to the mean date each season, and KOSKIMIES (1957) has
shown the same for Melanittafusca, and NETHERSOLE-THOMPSON (1951)
has suggestive data for Tringa nebularia.

3. CLUTCH SIZE, LAYING INTERVALS, INCUBATION PERIOD
As has been detailed in DRENT et al. (1964) 162 reliable records from
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Mandarte show that the clutch of the Pigeon Guillemot normally consists of two eggs, but one-clutches occur about 9 %of the time. The oneclutches were found in eleven nests, where they constituted 15/35 or 43 %
of the clutches recorded, suggesting that one-clutches are not randomly
distributed but rather accounted for by a limited number of females (on
the basis of age or heredity). Two records where more than two eggs
appeared in the nest were definitely the work of two females (ringed
birds). Observation of three eggs in the same nest showed that the Pigeon
Guillemot cannot effectively incubate more than two eggs, such that
evolution to greater clutch size would require modification of the broodpatches.
Thirty-one records showed that on the average 3 days elapsed between
the laying of the eggs (1 of one day, 3 of two days, 23 of three days, 4 of
four days, all based on checks once daily) wichis in accord with published
observations on this species (THORESEN & BOOTH 1958) and the Black
Guillemot (WINN 1950, USPENSKI 1958:81, KARTASCHEW 1960:69).
The first (A) egg hatches on the average 32.0 days after laying, the
second (B) egg 29.8 days (DRENTet al. 1964). Thus the chicks generally
hatch one day apart although the eggs are laid three days apart, indicating
that there is little effective incubation before clutch completion. Hatching
is a prolonged procedure, typically the first cracks being found one day, a
definite hole the next, and a freshly-hatched chick the third day (17 of
21 cases). Generally the first egg hatches first, as noted above, but rarely
the eggs hatch in reverse order (one case in an untampered clutch, on
successive days) due no doubt to vagaries in the temperature applied to
the eggs (hatching was not prolonged). It is significant that in 2 of 3 cases
the A egg taped for temperature measurements (lessened heat transfer,
prevention of egg turning) hatched later than B eggs in the same set, that
were not tampered with (these A eggs were of course not included in the
above computations).
4. NEST TEMPERATURES
a. Methods. Temperatures were measured with a 12-channel batterypowered thermister thermometer of the Yellow Springs Instrument Company, equipped with sensing elements of two types, plastic-encased
probes of 5 mm diameter and flexible vinyl-sheathed probes of 2 mm
diameter. The indicating meter was placed in a blind and by means of
leads varying from 6 to 61 meters in length temperatures could be measured in as many as nine nests simultaneously, readings at all stations being
taken every five minutes. In 1959 temperatures of unoccupied burrows
9
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were measured during three 24-hour periods, and in 1960 a total of 197
hours observation was secured during incubation, spread over 40 days
and including two overnight periods, three daylight periods (0300-2000)
and one thirty-two hour period. Of the nine nests investigated in this
season, incubation p:roceeded normally in five, and eggs hatched, in two
incubation was intermittent and the eggs failed to hatch, and finally
in the remaining two desertion occurred shortly after the eggs were laid.
The probes were taped to the shell, and the sensing element was intended to lie at the upper surface of the egg near the blunt pole (Fig. 17). Only
the thin, flexible p:robes were tolerated in this position by the incubating
birds, and by anchoring the lead-in cable to the nest floor to minimize egg
movement, temperatures at the interface between b:rood-patch and upper
egg surface could be obtained in two nests.

FIGURE 17. Method of temperature measurement in nest of the Pigeon Guillemot:
at A, temperature sensing element, at B, lead cable extending to meter in blind.

b. Air temperatures in the nest. Material f:rom unoccupied bur:rows gives
some idea of the mic:roclimate of Pigeon Guillemot nests at Mandarte
during the egg stage. Practically all nest cavities on Mandarte are shallow,
and sur:rounded by :rock or at least capped with it. Air temperature in
the nest was found to change slowly and steadily, with a total range similar to that of general shade temperature, but never reaching the general
minimum, d:ropping to within 2_3° C of this, a fact explained by the slow
cooling of the sur:rounding :rock. Nest temperature commonly reached
the general shade maximum, and even exceeded this on sunny days in
those nests where thin sheets of :rock composed the roof or sides. The
records f:rom 1960 cover the span 8.8°-25.0° C in shade air temperature
(measured at 1.5 m), the extremes in the unoccupied nests being 11.7-
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26.8° C. During the season that incubation temperatures were measured
the extreme air temperatures in the nests would be about 8° and 30° C.
c. Cooling of the egg. The only time when the eggs of the Pigeon Guillemot are normally fully exposed to these air temperatures for long periods
is overnight before steady incubation has set in, and the records for five
eggs (in which the embryos survived to the close of incubation) showed
a cooling to 12-14° C at this time (3t-16t hours' exposure). Exceptionally,
a bird disturbed by the observer remained absent 5t hours on the 12th
night (counted from the laying of the first egg, embryos thus 9 and 12
days old) without ill effects. For the rest the embryos are buffered from
the environment by the steady application of heat by the incubating
parents, and develop under very nearly constant temperatures, as uniform
as are the body temperatures of adult homoiotherms themselves, as has
been so aptly pointed out by IRVING & KROG (1956).
d. Incubation temperature. The data on temperature at the interface between upper egg surface and brood-patch (which I shall term "incubation
temperature" following FARNER 1958) are assembled in Table 2 and
Figure 18, and show that the definitive level is not reached until the
second egg has been laid, or soon thereafter. A slight rise is detectable
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18. Temperature at the egg-broodpatch interface in the Pigeon Guillemot in
relation to day of incubation (A egg laid day 0, B egg day 3).
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after this, no doubt due to thermogenesis of the developing embryo (cf.
ROMIJN & LOKHORST 1956, who ascertained an embryo temperature 2° C
in excess of the air temperature towards the close of incubation in the
fowl, and according to my own observations the difference under similarly controlled conditions is even greater in the Herring Gull). The
mean of all the determinations of incubation temperature in nest 43, once
the definitive level had been reached (51! hours' readings spread from
day 11 to day 28) was 39.4°, which compares to an adult body temperature
of 40.6° C (measured in incubating birds ,see Table 10). Similar figures
for Uria lomvia are supplied by BELOPOLSKI (1961 :195, 39° and 41°,
respectively). Measurements were obtained with comparable techniques
TABLE 2.
INCUBATION TEMPERATURES IN THE PIGEON GUILLEMOT

Nest

Day

Number of
readings

Total
minutes

43
43
43
43
43
43
43
43
43
43
43
43
43
12
12
12

2
3
11
12
14
18
19
20
25
26
27
28
11-28
6
9
37

26
26
165
39
37
187
40
43
21
22
37
27
618
1*
23
1*

110
110
825
195
185
935
200
215
105
110
185
135
3090

degrees Centigrade

I

115

mean

min.

max.

34.6
34.3
39.1
39.5
39.5
39.5
39.4
39.4
39.8
38.7
40.2
40.2
39.4
41.3
39.1
42.5

31.8
31.0
36.2
37.2
37.8
36.8
36.4
36.8
36.7
37.1
36.8
39.1
36.2

39.1
36.2
42.4
41.0
40.5
42.0
42.0
42.0
41.5
39.3
41.5
41.5
42.4

37.7

42.4

I

I
Days are reckoned as follows: day 0, first egg, day 3 second egg laid. At time of
observation of nest 43, day 3, the second egg had not yet been laid.
*) Incubating bird captured on eggs and probe position verified.

by FARNER (1958) for the Yellow-eyed Penguin (incubation temperature
38°, body temperature 37.7°, difference not significant) and by WESTERSKOV (1956) on the Pheasant (incubation temperature in two nests 39.5°,
39.6°, body temperature 41.8°). Obviously the brood-patch temperatures
in these species closely approach internal body temperatures, as has been
substantiated in a number of birds. Thus BALDWIN & KENDEIGH (1932)
found a brood-patch temperature of 40.6° compared to a body tempera-
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ture of 41.3° in Troglo4Jtes aedon, WALTERS (1958) found a brood-patch
temperature of 40.8° in both Charadrius alexandrinus and C. dubius during
incubation, and LOCKLEY (1953) reports that an incubating Fratercula
arctica had a brood-patch temperature of 42.3°, identical to the cloacal
temperature. For Larus canus, BARTH (1951, 1955) found three cloacal
temperatures to be 42.0°, 42.0°, and 42.8°, and he remarks that during
incubation when the brood-patches came in contact with the thermocouples temperatures close to this were measured (41.5°, 42.0°, 43.0°).
There are suggestive data for a number of other species (BARTH 1949).
The few data available on the temperature applied to the eggs as a
function of the time of incubation show the majority of species to have
attained the definitive level by the time the clutch is complete and steady
incubation sets in (Troglo4Jtes aedon, BALDWIN & KENDEIGH 1932; Branta
canadensis, KOSSACK 1947; Phasianus colchicus, WESTERSKOV 1956, KESSLER
1960; Charadrius alexandrinus and C. dubius, WALTERS 1958; Larus canus,
BARTH 1949,1955) as is the case in the Pigeon Guillemot. The Yelloweyed Penguin (Mega4Jptes antipodes) studied by FARNER (1958), however,
only reached the definitive level about the fifteenth day of incubation,
and a similarly delayed attainment of the maximal levels was observed
in three species of birds of prey studied by HOLSTEIN (Accipiter gentilis,
A. nisus, Pernis apivorus, see FARNER 1958). It seems best to await new
data on the species investigated by BERGMAN (1946:40-47) since his
method, though ingenious, does not yield figures comparable to those
of other studies.
Sample temperature traces during the laying period and later, in steady
incubation, illustrate the concomitant increase of temperature and attentiveness in the Pigeon Guillemot (Fig. 19).
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INCUBATING RHYTHM

The literature is full of confusing discrepencies regarding the incubating rhythm of the Pigeon Guillemot and the allied Black Guillemot,
due no doubt to shortcomings of the observations. At Mandarte use of
the temperature instrument yielded unequivocal records for five nests,
and at one of these the parents were colour-ringed, so that the role of
the sexes could be ascertained.
a. Onset ofincubation. My data (Table 3) indicate that the first egg receives intermittent incubation during daylight before the second egg is laid.
Probably in some nests this irregular daylight incubation begins on day
(the day on which the first egg is laid), and certainly in most takes place
from day 1 onwards. Daytime incubation becomes steady one day following the laying of the second egg (day 4).
There is considerable delay until incubation by night commences. Thus
for some days the birds incubate steadily from ca 0300 to ca 2030, but
still leave the eggs untended by dark. The earliest record for overnight
incubation was from day 4/5. In another nest there was no overnight
incubation from day 4/5 or 5/6 ,nor in another from day 5/6 or 6/7. In
the last nest covered by the records overnight incubation took place from
day 6/7, and had probably set in earlier.
Thus steady incubation both day and night is established at the earliest
on the day following the laying of the second egg, and in other cases no
sooner than three days later.

°

b. Description of stearfy incubation. By night it seems to be the rule for
incubation to proceed without a break. Limits of this night-long shift
were 1900, 2005, and 0310, 0320 and 0330, and coincide with the limits
of daylight incubation, before night incubation has been established
(commenced 0230,0305,0305,0320,0330,0345,0410,0410, ceased 2050,
2100,2120,2120,2110-2130). These times mark dusk in the evening and
first light in the morning. The close of the shift coincides with the return
of the unoccupied birds to the colony, that have spent the night at sea,
and most likely there is generally a change of partners at this time (one
observation, overnight, 6 relieves at 0315).
The pattern by day is a good deal more complicated. Information
from three all-day watches with the temperature instrument yielded 14
records of steady incubation. Considering only the bouts of continuous
incubation where termination was not due to disturbance (gull panics,
approach of fishermen etc.) the following tabulation has been drawn up:
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Incubating bout

Number of cases

t hour
1 hour.
1t hours
2 hours
2t hours
3 hours
3t hours
4 hours
4t hours
5 hours
st hours
6t hours
7t hours
10 hours

17
22
9
2
2
3

1
2

1

1
2

1

1

1

No tendency to increase bout length once steady incubation had set
in was revealed, as already by the fifth day records of3,3i and 5 hours were
secured.
Data from the colour-ringed pair have been summarized in Table 4.
Of the 65-odd daylight hours treated, the eggs were incubated some
95% of the time in the relatively undisturbed conditions prevailing. A
great variability in bouts of uninterrupted incubation is indicated, the
3

TABLE

ONSET OF INCUBATION IN THE PIGEON GUILLEMOT

Period

Number of nests
Incubation

Day 0 (A egg laid)
overnight
Day 1
overnight
Day 2
overnight
Day 3 (B egg laid)
overnight
Day 4
overnight
Day 5
overnight
Day 6
overnight
Day 7

No incubation

3i
4i
3i, 1s, 1?
4s
1s
4s
4s
1s
4s

1
1
1
2
1
2
1
1
2
1

i indicates intermittent; s steady incubation

records ranging from 10 to 382 minutes. Turning now to consider the
share of the sexes, at nest 43 it was found that the parents alternated in
incubating shifts (the concept "attentive period" is not consistently
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4

TABLE

INCUBATING RHYTHM AT NEST

43

Temperature readings supplemented by observation of colour-ringed birds
Observation
period

Total
minutes

Minutes
attentive

10

0710-1040

210

210

11

0320-2000

1000

910

90

Day

I

I

I

Bouts in·
minutes

Minutes
off nest

0

II

12

0702-1030

208

203

5

14

0705-1009

205

201

4

17

0705-1040

215

210

5

18

0315-2000

1005

946

59

19

0658-1030

212

207

5

20

0709-1050

221

215

6

26
27

0850-1050
0649-0946

120
196

120
196

0
0

28
30

0650-0905
0732-1035

135
183

135
183

0
0

I
Totals

*

+

3910

3736

I

d' 117
'i' 93+
d' 20
d'132
d' 65
'i' 40
d' 60
d' 71
'i' 22
'i' 15*
'i' 70
d' 90
d' 173*
'i' 11
'i'141+
d' 23
'i' 70
d'110+
d' 184*
d' 17+
d' 188
d' 22+
d' 10
d' 167*
d' 382
d' 13*
d' 66
d' 24
d' 26
d' 85
d' 125*
d' 48+
d' 57
:'i'150+
'i' 23
'i' 95
d' 97
d'120+
d' 177
'i' 19+
'i'135+
d' 171
'i' 12+

174 (4.7%)

denotes bout terminated by a disturbance
denotes bout still in progress when observations closed

Succeeding
break

0
18
5
10
5
7
0
5
5
5
10
16
4
5
0
4
5
8
10
2
6
5
4
14
6
4
5
3
3
0
0
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applied by KENDEIGH 1952, and is here avoided) ranging from 40 minutes
to upwards of 17 hours. These shifts in turn were composed of bouts of
quiet sitting (in the records for all nests 10 mins-l0 hrs) with intervening
interruptions, commonly 2-10 minutes, rarely up to 15, when the incubating bird would fly down from the nest to defaecate, bathe, and drink.
No feeding takes place at such times.
Length of the incubating shift obviously depends on interaction between the partners. The sitter may not be prepared to leave when the
off-duty bird appears (thus the female once visited the nest six times in
128 minutes before relieving the male) and if unsuccessful in assuming
incubation the off-duty bird may fly off to the feeding grounds, in the
case of nest 43 some 4-5 kilometers distant, for a time before returning
to the colony to resume nest visits. On the other hand, the sitting bird
will not leave the colony unless relieved. Thus the incubating male in
the 17-hour shift was restive in the last six hours of observation, but
for some reason the female (who had incubated overnight) stayed away
the entire day forcing an extended shift upon her mate.
Probably the record for day 11 can be considered typical:
The period 0815-1033 constituted an incubation shift for the 6. He had flown to
the feeding grounds at 0758,
returned directly to the nest at 0815 where he
relieved the 'i'. At 0915 the 6 left the nest for five minutes to bathe and preen.
The 'i' made two visits to the nest during the ensuing bout, flew off to the feeding
grounds briefly (1012-1016) and was allowed to relieve the 6 at 1033, who in
turn flew off to the feeding area where he landed at 1035. The shift of the 'i' extended
from 1033 to 1230, and was broken into three bouts. The 6 then returned for a
shift from 1235 to 1708, composed of two bouts interrupted by a ten-minute
bathing spell 1405-1415. His shift was brought to a close by a gull disturbance
after which the 'i' took over.

The data are not adequate to state share of the sexes in incubation in
general terms, but in nest 43 the male apparently had the greater share
(including the two night shifts when the female incubated, the records
give 2840 minutes of incubation by the male, and 1766 by the female, or
62% and 38% respectively).
Turning now to other auks, it is clear that the general ecology of the
species will strongly influence the incubating rhythm. Thus in the smaller
burrowing forms that visit the colony only under cover of darkness incubating shifts some multiple of 24 hours are called for, as is the case in
Synthliboramphus antiquum (48 hours, GUIGUET unpubl.). Another factor of
importance is distance to the feeding ground, which is in general much
greater in Fratercula and Uria than in Cepphus. In the diurnal burrow
nester Fratercula arctica, MYRBERGET (1962 b) found incubating shifts to
vary from 23 to 70 hours, with a mean of 33, although shifts may some-
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times be much shorter than this (KARTASCHEW 1960:84). For the ledgenesting Uria aalge incubating shifts commonly vary from 16 to 24 hours
(JOHNSON 1941, TSCHANZ 1959). The available data indicate that the
semi-open nester Alca torda has an incubating rhythm very similar to
that of the Pigeon Guillemot (PALUDAN 1947:57-64, KARTASCHEW 1960:
22).
IV. THE CHICK STAGE
Within the auk family there is great diversity in the manner of raising
the young. Upon hatching the chicks are clothed in down, their sight
and hearing are functional, and they are capable of moving about, and
thus one would expect the precocial mode of development. to obtain.
Only one species, however, is truly nidifugous, the burrow-nesting
Synthliboramphus antiquum (see DRENT & GUIGUET 1961) where the chicks
scramble down to sea within a couple of days of hatching, to be escorted
out to sea by adults, presumably the parents. In the ledge-nesting Uria
and the semi-open nesting Alca on the other hand, the chicks are fed at
the nest-site for approximately three weeks, after which they flutter down
to the sea, at about one-third of the adult weight and clothed in an interim
plumage (termed mesoptile, KARTASCHEW 1960), and are escorted out to
sea by the parents. Finally there is the burrow-nesting nidiculous· group
comprising the bulk of the auk species, where the chick is fed at the nest
until fully developed, so that when it leaves the natal burrow, after a
nestling period in excess of a month, it takes up an independent existence
(e.g. Cepphus, Fratercula, Lunda, Cerorhinca, Prychoramphus, Plautus).
The distinction between the hole-nesting and open-nesting types has
been clearly treated by KAFTANOWSKI (1951), BELOPOLSKI (1961) and
KARTASCHEW (1960), who informs us that the main points were recognized by FABER some 140 years ago. The Pigeon Guillemot, where the chick
remains in the natal burrow until fully developed, thus exemplifies the
dominant ontogenetic pattern within the family, and invites further analysis. In the following, emphasis has been placed on comparison with
other auks, and secondly with gulls, exemplifying a similar mode of
ontogeny where the young are restricted to the nest-site and dependent
on their parents for food (PORTMANN 1955; termed "Platzhocker" by
PETERS & MULLER 1951).

1. LENGTH AND TERMINATION OF THE NESTLING PERIOD
Fifteen observations of the nestling period of the Pigeon Guillemot
(which is identical to the fledging period in this species) at Mandarte
averaged 35 days, with a range of 29-39 (DRENT et al. 1964). THORESEN &
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BOOTH (1958 :28) state the nestling period for their study area to be 33-37
days, but do not specify the number of observations. Turning now to the
Black Guillemot: in the Russian Arctic USPENSKI (1956:83) gives two
observations, 34 and 36 days, for Novaya Zemlya, and quotes KAFTANOWSKI for a nestling period on the Eastern Murman coast of 35-37
days, an interval reappearing in KARTASCHEW (1960 :70). For this latter
region BELOPOLSKI (1961 :219) assembles 20 records, averaging 37 days
with a range of 33-43. For Iceland GUDMUNDSSON (1953) gives 5 weeks,
and WINN (1950), working in the Bay of Fundy, reported one period of
39 days, and two chicks that had not yet left the nest at 36 and 37 days.
In my experience, when there were two chicks in the nest, they did not
necessarily leave together. In five nests, the chicks left on the same day
in two, one day apart in two, and three days apart in one.
The nestling period in the Pigeon Guillemot is not terminated by a
starvation period. In three nests closely watched feeding continued on
the last day the chicks were present, and in two of these the ringed parents
even returned with fish the following morning, when the chicks had
already left. For the Black Guillemot BELOPOLSKI (1961 :240) claims that
the parents cease to feed their chicks towards the close of the nestling
period, but there are no critical data to substantiate this view.
I have never witnessed departure of the nestling, nor have I seen
juveniles about the island by day, which suggests that they usually depart
under cover of darkness. WINN (1950) and THORESEN (THORESEN &
BOOTH 1958) have observed the event and indicate that the juveniles were
coaxed from the nest by the parent dangling fish before them. As has
been assumed by stage of development of the young at nest departure
(USPENSKI 1958, KARTASCHEW 1960 et al.) and suggested by the lack of
association of adults with juveniles away from the colony (THORESEN &
BOOTH 1958, own obs.) the fledgling leads an independent existence once
it has left the natal burrow. The parents continue to return to the morning
assemblies at the Mandarte colony, as shown by observation of ringed
birds at two nests. The parents at nest 43 in 1960, for example, loafed at
the colony every morning for at least 13 days after their chicks had left
the nest and disappeared from the colony area.
2. FOOD
a. Food species. In the manner characteristic of the fish-eating auks,
Cepphus parents bring whole fish to their young. The adults fly in from
the feeding area carrying one fish at a time, grasped by the head and dangling from the bill. The major source for the fish and other food items
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brought to the growing chicks were the shoal waters along Sidney Spit,
some 4-5 kilometers from Mandarte. Feeding in the close vinicity of the
colony was distinctly rare. There is, as might be expected, a great deal
of local variation in the distance of the feeding grounds from the colony
(compare RACEY 1922, STORER 1952 and THORESEN & BOOTH 1958 for
this species; and BERGMAN 1939:61-62, KOSKIMIES 1949, PALMER 1949
and STORER 1952 for the Black Guillemot). Although the food species of
the adult have received considerable attention (MADSEN 1957, BELOPOLSKI 1961; see also tabulation by STORER 1952:138-139) information concerning the food brought to the young is meagre. WINN (1950) and
THORESEN & BOOTH (1958) have commented on the types of food
brought to the chicks in their study areas.
At Mandarte Island the chicks are fed almost entirely with fish. Observation of three nests in 1959 (398 hours, counting hours at each nest
separately) and two nests in 1960 (155 hours) provide some figures. Of
662 items seen delivered to the chicks in the 553 hours of observation,
508 were fish, 6 were shrimp (Malacostraca) and the remaining 148 belonged to either one of these categories, but were seen too briefly to be
classified. At no time were polychaetes brought, in fact the only invertebrate recorded besides the shrimp was a single small squid, Rossia pacifica,
found untouched in a nest beside the chicks. From the above data fish
formed at least 77% of the food items brought to the chicks. Doubtless
the percentage was in reality higher than this, as in the closest nest to the
blind 128 of the 131 items seen delivered could be identified, and all were
fish. From the point of view of caloric intake items other than fish were
of negligible importance at Mandarte.
Where possible the fish seen brought to the young were assigned to the
following categories:
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

lampreys (Petromyzontidae)
sticklebacks (Gasterosteidae)
shiners (Embisticidae)
sand lance (Ammoefytidae)
blennies (Xiphisteridae, Pholidae, Stechaeidae, Lumpenidae)
rockfish (Scorpaenidae)
swlpins (Cottidae)
grunt-fish (Ramphocottidae)
sea-poachers (Agonidae)
flatfish (Bothidae, Pleuronectidae)

During the daily handling of the chicks a number of fish specimens
were collected. In a few cases, where the chicks had been recently fed, it
was possible to extract near-perfect specimens from the gullet, and a
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TABLE

5

FOOD SPECIES OF PIGEON GUILLEMOT CHICKS AT MANDARTE ISLAND
Lampetra ayresi I)
(Gasterosteus aculeatus, sight record)
(Cymatogaster aggregatus, sight record)
Ammoclytes tobianus 1)

Petromyzontidae
Gasterosteidae
Embisticidae
Ammodytidae
Xiphisteridae
Pholidae
Stecheidae
Lumpenidae
Scorpaenidae
Cottidae

(sight record)

Pholis laetus I)
Delolepsis giganteus 1)
Lumpenus anguillaris 1)

(sight record)

Leptocottus armatus I)
Myxocephalus polyacanthocephalus I)
Triglops beani 1)
(Ramphocottus richardsoni, sight record)

Rhamphocottidae

I) specimen(s) identified by Dr. C. C. LINDSEY.

number of fish were found on the nest floor. Species identified as serving
as food for Pigeon Guillemot chicks at Mandarte Island are collected in
Table 5. The specimens substantiate the observational categories and
justify mention of quantitative results (Table 6).
The data show blennies and sculpins as the main items, these making up
at least 70% of the fish delivered. A great variability between nests is
evident, likely caused by individual feeding preferences of the parents.
TABLE

6

TYPES OF FOOD BROUGHT TO FIVE NESTS OF THE PIGEON GUILLEMOT

48
Lampreys
Sticklebacks
Shiners
Sand lance
Blennies
Rockfish
Sculpins
Grunt-fish
Sea-poachers
Flatfish
Fish spp. ?
Liparidae
Total fish
Shrimps
Unidentified
Total items

1959
11

3
\

1
20
1
38

14
1
1

1
6
108
1
74
1

75
4
12
1

4

21

1960
43

11

2
1
2
1
23
5
29

11

totals

5 11
5
7
3
7
24 31
20 246 50
10
116
2
2

2

11

65

27

508
6
48 148

91 \ 2431131

90

I107 I 662

31

1

63

nest 14
?
'i'

1
15
4
8
1

<3

1

1
5

10

4
15

nest 43
?
'i'

4
3
20
2

3

4

11

20

2

2

2

198 128
6
39
3

60

<3

59

1

2

25

15

8

46
15
11
52 \ 64
150
52% 48%
45% 55%
1
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The main reservation in making comparisons is to bear in mind that many
of the "unidentified" items are likely to have been sculpins. Nevertheless,
it is clear that the parents of nest 11 brought many more sculpins than
those of 14, that flatfish were brought primarily to nests 48 and 14, etc.
Nest 14, where practically all items could be identified, shows a strikingly
different spectrum for the two parents. The male was definitely a blenny
specialist, whereas the female brought a wide assortment, including large
numbers of fish rarely accepted by the chick. There is some evidence
for individual preference in feeding areas, but systematic observation on
this point was not possible.
Another conclusion to be drawn from the counts is that the sexes take
an equal share in feeding the chicks (as was found for the Puffin, Fratercula arctica, by MYRBERGET 1959b). This is all the more striking since at
nest 14 the female was distinctly shy, and often hesitated to carry the fish
to the chick, an operation involving a drop down a narrow crevice before
the nest chamber could be reached. When the female paused at the entrance with fish the male commonly snatched the item from her and
brought it below himself. Nevertheless the number of fish caught by
each was very nearly equal.
Certain fish are not accepted by the young, and these I have termed
the "rejects". Hoards of rejected carcasses were found, nest 48 for example held more than two dozen flatfish, nest 14 an even greater number
of seapoachers. The chicks probably never eat the sea-poachers, formidably armoured forms, but they may have eaten the flatfish rarely, as I could
not account for all those that were seen delivered. Rejects of both types
were also found in other nests, and identifiable specimens were the following: Averruncus emmalane and Anoplagonus inermis (Agonidae), Citharicht0's sps. (Bothidae), Lepidosetta bilineata, Parophrys vetulus and Limanda
aspera (Pleuronectidae). The supposition is that the chicks cannot swallow
these forms. LEGG (1954) made almost daily visits to a Pigeon Guillemot
nest, and found rejected fish four times: 1 Cithericht0's sordidus and 3
Sebastodes jordenii, all of which, LEGG concludes, were too awkward for
the chicks to swallow. It will be noted that Citherichthyswas also found
refused on Mandarte.
The only de'ath through choking on a food item noted at Mandarte
involved an oversize blenny, a bona fide food type. The chick, almost
ready to leave the nest, was found dead, with the tail of the blenny protruding from the mouth. The fish was so tightly lodged that it could not
be removed without slitting the birds' throat.
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b. Feeding rate. Some workers indicate that the first feeding does not
take place for several days, the chick subsisting on the remnants of the
yolk sac (e.g. THORESEN & BOOTH 1958, KARTASCHEW 1960). At Mandarte I observed that fish were delivered to the nest starting no later than
the day after hatching (two nests observed, in both two chicks each one
day old). Indirect evidence for early feeding is provided by the weighings
showing an average increase from day 0 to 1, 1 to 2, etc.
Feeding at Mandarte occurred throughout the daylight hours, and I
obtained no evidence for either a favoured time within this span (Fig. 20)
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FIGURE 20. Feeding rate in Pigeon Guillemot with respect to Pacific Standard Time.
Feeding at four individual nests is shown at top, the vertical bars marking the delivery
of a food item, and eleven such records are assembled as hourly totals below.

or for a marked tidal correlation. THORESEN'S data (THORESEN & BOOTH
1958:27) likewise shows feeding well distributed through the day. As
one would expect, as the chicks grow older more fish are brought daily.
The longer spans of observation are collected in Table 7, and indicate a
doubling of rate in the course of the nestling period. All-day observation
of four nests showed that two chicks of 3 days received 6 fish each (on
average), two of 3 and 5 days 6.5 each, and two of 31 days 12.5 each. The
singleton, 23 days old, received 18 fish of which 13 were suitable food
items (the remainder being rejects), and thus fits the series nicely.
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TABLE 7
TIMES OF FEEDING AT FOUR PIGEON GUILLEMOT NESTS,

Nest 43
19. VII. 60

Nest 11
19. VII. 60

0500 <3
0530
0734
0819 <3
1113<3
1518 I'
1539 <3
1653 I'
1705 <3
1834 <3
1912
1955

0732
0833
1016
1106
1140
1507
1515
1611
1747
1757
1816
1830
1932

I
I

Nest 14
9. VIII. 59
0520
0657
*0729
0801
0850
*0851
0901
*0914
0951
1023
1114
1409
1550
*1553
1720
*1735
1837
1925

I

0400-2000
Nest 11
9. VIII. 59
0445
0446
0500
0540
0621
0840
0858
0945
0949
0953
1044
1127
1138
1156
1207
1228
1245
1338
1412
1430
1509
1523
1722

<3
<3
I'
<3
<3
I'
<3
I'
I'
I'
I'
<3
<3
I'
<3
I'
<3
<3

12 fish

13 fish

18 fish

23 fish

2 chicks:
3 days, 62g
3 days, 68g

2 chicks:
3 days, 63g
5 days, 90g

1 chick:
23 days

2 chicks:
31 days, 410g
31 days, 440g

I

*) denotes reject fish.

That demands of the young influence feeding rate was shown by an
experiment in which one chick was shifted to another nest for one day,
yielding the artificial broods of three (22, 22, and 24 days old) and one
(22 days old). The chick was shifted at 0430, and feeding trips to the two
nests observed 0435-1930. In these 15 hours 35 food items were brought
to the 3-chick nest (average weight gain 21 g), compared to 20 food items
brought to the singleton (weight gain 64 g).
The absence of data on the weight of fish delivered per unit weight of
the nestling precludes a meaningful comparison with feeding rates in
other auks (LOCKLEY 1953, MYRBERGET 1962b, TSCHANZ 1959, PALUDAN
1947).
3. GROWTH
Table 8 and Fig. 21 summarize weight records for 11 chicks in 1959
and 19 in 1960. As no difference between the seasons was apparent the
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TABLE

8

GROWTH OF PIGEON GUILLEMOT, BODY WEIGHT IN GRAMS

Days after
, hatching

Sample
size

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

I

23
29
29
29
30
30
27
30
30
30
27
27
25
25
26
26
24
25
24
22
23
21
19
21
18
19
18
18
18
18
16
13
13
12
8
8
6
4
4

I

Mean
43.7
48.7
56.9
65.9
78.4
89.5
101.5
119.0
132.5
152.2
164.1
182.6
198.4
215.1
233.4
245.7
257.7
269.4
288.5
304.6
308.9
318.4
329.9
339.7
336.8
357.2
366.0
367.1
377.4
378.3
393.1
397.0
400.0
407.8
409.9
412.9
424.0
420.5
423.5

±

standard I Standard deviaerror
tion of sample

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

4.5
6.3
7.4
9.9
9.1
11.3
13.4
17.9
18.6
21.0
19.7
23.6
18.5
25.1
24.8
20.8
20.5
23.8
24.3
21.2
24.6
25.9
32.4
29.9
22.1
26.0
38.8
23.5
26.8
22.7
37.0
30.6
21.3
30.1
25.7
24.6

0.9
1.2
1.4
1.8
1.7
2.1
2.6
3.3
3.4
3.8
3.8
4.5
3.7
5.0
4.9
4.1
4.2
4.8
5.0
4.5
5.1
5.7
7.4
6.5
5.2
6.0
9.1
5.6
6.3
5.4
9.3
8.5
5.9
8.7
9.1
8.7

I

data have been treated as one sample. The birds were weighed daily at
mid-afternoon with spring balances (in 1959 two balances, the first covering the range 0-150 g and accurate to the nearest 5 g, the second being
used for all subsequent readings and accurate to the nearest 109; and
in 1960 0-150 g accurate to the nearest g, and subsequently a balance
accurate to the nearest 2 g. This range of accuracy is more than sufficient
in weighing birds where a single meal may be 40 grams).
Ardea, 53
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21. Growth in the Pigeon Guillemot, plotted on a semi-logarithmic scale
(above) and as an instantaneous daily percentage growth rate (below), with KAFTANOWSKI'S (1951) figures for the Black Guillemot for comparison.
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THORESEN & BOOTH (1958) give weight data for Pigeon Guillemot
chicks in Skagit County, Washington, not far from my own study area.
Their figures show the same pattern, though their means lie somewhat
higher. Since their sample is never greater than 6 birds after the 8th day,
and their extremes fall within the range of my data, I attach no significance to this difference. For the Black Guillemot WINN (1950) weighed
and measured two chicks at intervals; his data fall within the range of
mine.' KAFTANOWSKI (1951) presents an average growth curve for the

FIGURE

22. Growth in the Pigeon Guillemot, plotted with respect to brood size.

same species in the Murmansk region that agrees with mine until about
the 29th day; the divergence thereafter can easily be accounted for by
his smaller sample (5). BRODY (1945 :508) has advocated use of the instantaneous growth rate in growth comparisons, the figures usually being
given as a percentage gain per day. Instantaneous daily percentage growth
rates for the Pigeon Guillemot calculated by BRODY'S formula are shown
in Figure 21, and for comparison the k values calculated by KAFTANOWSKI (1951) for the Black Guillemot are also entered on the figure. He used
the approximate formula (BRODY 1945 :506), but in daily intervals the
discrepency between the two methods is negligible. A general agreement
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9

TABLE

AVERAGE DAILY INSTANTANEOUS PERCENTAGE GROWTH RATES
Days after
hatching

I

Pigeon
Guillemot

Cassin's
Auklet

14.0
11.1
6.3
2.6
2.6
1.3

11.1
9.5
7.3
4.5
1.6
1.5

1-6
7-12
13-18
19-24
25-30
31-36

Puffin

I

I

Glaucouswinged Gull

14.0
15.7
6.7
5.0
2.9
1.0

6.3
10.5
4.7
4.6
2.6
0.7

is evident, aside from the exceptionally high values reported by KATFANOWSKI for the 8th and 9th days.
In the 1959 and 1960 seasons no difference was apparent in growth
between Pigeon Guillemot chicks raised alone, and those in broods of
two (Fig. 22), nor was there a difference in fledging weight or fledging
period.
In comparison with other auks it is particularly illuminating to consider the Puffin (Fratercula arctica) and Cassin's Auklet (Prychoramphus
aleutica), representatives of the same ontogenetic group as the Pigeon
grams
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FIGURE 23. Growth in three auks, A Pigeon Guillemot, B Cassin's Auklet (THORESEN'S
1964 data), C Puffin (MYRBERGET'S 1962b data). Weight increase is shown in relation
to the newly-hatched chick, which is plotted at 100%.

BIOLOGY OF PIGEON GUILLEMOT

1965]

145

Guillemot. The most extensive growth data for the Puffin are those of
MYRBERGET (1962b). From his original data the instantaneous daily percentage growth rates have been calculated and presented in averages as
has also been done for THORESEN'S (1964) data on Cassins' Auklet (Table
9). A complication in the Puffin is the presence of a starvation period
of 5-11 days, the nestling being abandoned by its parents at about 39
days (MYRBERGET 1962b). Only the period of active feeding has been
considered here. A growth comparison between these three forms was
also made by plotting the weight increase on a semi-logarithmic scale

12

8

o
8

o
320

adults
n=53

n=20
360
400
440
480
520
body weight in grams

560

24. Comparison in body weight between fledgling and adult Pigeon Guillemots, with means and 95% confidence intervals for the means indicated.

FIGURE

(Fig. 23), with the weight of the newly-hatched chick as a fixed starting
point (10% of adult weight in Cepphus and Prychoramphus, 11 % in Fratercula). The Pigeon Guillemot doubles in weight in 5 days, and triples in
10, the Cassin's Auklet in 6 and 13 respectively, and Puffin in 8 and 16
days. By comparing the slopes of the three curves it can readily be seen
that growth in the Puffin is practically identical to that in the Pigeon
Guillemot after 6 days of age. In Cassin's Auklet growth coincides with
the Pigeon Guillemot after 4 days. In other words, Puffin and Cassin's
Auklet lag behind the Pigeon Guillemot as a result of slower growth in
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the first week of nestling life. Close analysis of energy relations in the
first days of nestling life (particularly food intake and thermoregulation)
may uncover the cause for this discrepency, but it is noteworthy that
embryonic growth, as estimated by incubation period, apparently varies
in the same relation (pigeon Guillemot first egg of clutch 32 days, Cassin's
Auklet single egg at least 37 days, Puffin single egg 42 days). The great
similarity in growth rate after the first week is in keeping with PORTMANN'S assertion that growth rate is a group characteristic.
When Uria and Aka are drawn into the comparison the homogeneity
of the burrow-nesting group just discussed is evident. Although the data
are limited (see PALUDAN 1947, TucK 1961 :157) it is clear that growth in
these forms is slower than in the burrow-nesters, as was concluded from
a computation of average relative growth rates by KAFTANOWSKI (1951).
The last named author suggested that the energy drain imposed by the
development of the mesoptile plumage reduced the rate of weight gain
in Uria and Aka. BELOPOLSKI (1961) espouses the same view.
Extending the comparison beyond the family, instantaneous daily percentage growth rates have been calculated for the Glaucous-winged Gull
from VERMEER'S (1963) data. A far-reaching similarity to the Pigeon
Guillemot will be evident, the gull drawing ahead after the first two
weeks (Table 9). Clearly the "Platzhocker" and comparable ontogenetic
types are intermediate in growth rate between typically precocial and
altricial forms (PORTMANN, MASCHLANKA 1954, KAHL 1962).
At fledging the Pigeon Guillemot has an average weight of 411 g,
(20 observations) or 91 % of the mean adult weight of 450 g (53 obs.),
as set out in Figure 24. The mean fledging weight is significantly lower
than the mean adult weight (p < .05). Similarly, the Black Guillemot
fledges at about 93% of the adult weight (BELOPOLSKI 1961 :245). The
Puffin nestling, which attains a maximum of 75 %of the adult weight,
falls to some 63% before leaving the nest (MYRBERGET 1962b; adult
weight MYRBERGET 1963; KAFTANOWSKI 1951 gives 82% and 67% respectively; BELOPOLSKI 1961,63% at fledging). Cassin's Auklet fledges at
about 90% adult weight (THORESEN 1964). In contrast to the burrownesters, Uria and Aka leave the nesting ledges prematurely at weights
ranging from 20-35% of the adult (PALUDAN 1947, KAFTANOWSKI 1951,
KARTASCHEW 1960, TucK 1961).
4. THERMOREGULATION
My own observations on this topic comprise only body temperature
readings, and this section could be added only through the kindness of

1965]

147

BIOLOGY OF PIGEON GUILLEMOT

Dr. J. KOSKIMIES, who generously allowed me to make use of his experimental results from 1959. In that season Pigeon Guillemot chicks from
Mandarte and nearby colonies were raised and subjected to experiments
at Sidney, B.C., as part of a larger programme on thermoregulation. A
modified Haldane-Pembrey train was used for the determination of
carbon dioxide production, the experimental birds being placed in a
temperature cabinet and gradually cooled until the thermoneutral zone
had been passed. 'these runs were performed at night and generally
lasted 5 hours or more. Body temperatures were measured by inserting
a flexible thermocouple about 10 mm into the rectum. 'that portion of
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25. Body temperatures in nestling Pigeon Guillemots under experimental
conditions, plotted with respect to body weight.

the work dealing with gallinaceous species has been reported on by
(1962). 'the reader is referred to that paper for further detail
on methods. 'theoretical aspects are treated by KOSKIMIES & LAHTI
(1964).
'the experimental chicks, though raised on fish in generous quantities,
showed retarded growth, their weights dropping well below the total
range of variation of the Pigeon Guillemots at Mandarte. 'this makes
evaluating the data with respect to age of rather dubious value. 'the
experimental results have therfore been plotted with respect to body
weight. It was found that birds of similar weight showed a uniform metabolic response to changing ambient temperatures, even when of dissimilar age, which tends to justify this procedure.
KOSKIMIES

148

[Ardea 53

BIOLOGY OF PIGEON GUILLEMOT

A limited number of experiments were made with a view to establishing the age at which a stable body temperature could be maintained.
Body temperatures of experimental chicks subjected to short exposure
trials (20 minutes at 10° C), together with the body temperatures at the
close of the metabolism runs (thus outside of the thermoneutral zone)
are collected in Figure 25. Clearly a stable body temperature was maintained in all birds above the weight of about 47 g, which would correspond roughly to one day after hatching in nature. This finding is corroborated by the readings at Mandarte, where the body temperature of
16 chicks was taken at mid-afternoon daily, under normal environmental
conditions (Fig. 26 and Tablel0 ). A quick-registering clinical thermo'c
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26. Body temperature in 16 nestling Pigeon Guillemots in their burrows
plotted with respect to age (above). Air temperature in the burrows at the time of
making the readings is shown below. In each case the means are plotted, and 95%
confidence intervals for the means shown.

FIGURE

meter was inserted 15 mm into the rectum and read to the nearest 0.1 ° F
(later converted to 0C) after 120 seconds. It was found that "normal"
temperatures could be registered in chicks of any size by that time. Body
temperatures were not stable on the day of hatching, falling from maximal
values of 38.6° to below 35° C, where they no longer could be measured.
On the day following hatching, however, a stable body temperature
(37.9° ± 0.24) could be maintained in the daytime burrow environment
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TABLE
BODY TEMPERATURE

Days after I
hatching

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18, 19
20,21
22,23
24,25
26,27
28,29
30-33
34-38
Adult

I
I

Sample
size
11

13
14
12
12
15
14
15
15
14
13
12
11
12
10
9
10
14
16
14
12
10
10
11

10
10

(OC)

10

IN THE PIGEON GUILLEMOT

Mean

37.9
38.2
38.4
38.4
38.7
38.9
39.2
39.1
39.2
39.2
39.3
39.4
39.6
39.2
39.7
39.7
39.9
39.9
40.1
40.2
40.3
40.6
40.6
40.7
40.8
40.6

±

standard
error

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

0.24
0.16
0.14
0.19
0.21
0.12
0.17
0.14
0.12
0.14
0.14
0.10
0.09
0.16
0.13
0.18
0.09
0.10
0.17
0.16
0.13
0.15
0.16
0.19
0.09
0.22

I Standard deviation of sample

I
!

0.81
0.58
0.54
0.68
0.74
0.45
0.62
0.54
0.46
0.52
0.51
0.34
0.30
0.56
0.43
0.56
0.30
0.38
0.69
0.58
0.46
0.47
0.49
0.64
0.29
0.70

(mean air temperature during these determinations 20.7°). It must be
pointed out that the chicks are still being brooded at this age, so that the
actual length of exposure to these air temperatures could not be determined.
The only safe conclusion to be drawn from these observations is that
there is a spectacular increase in thermoregulatory ability from hatching
to approximately the weight of 47 g, corresponding to the age of one
day, and that a stable body temperature is maintained during at least
short exposures to normal environmental temperatures at that age. A
sure criterion for the efficacy of thermoregulation is provided by the
cessation of brooding by the parents. Nearly continuous brooding was
observed by day at a nest with two chicks, 3 days old (air temperatures
11.9°-20.8°), and towards evening as late as 4 and 5 days of age, at another
nest. For the Black Guillemot at Novaya Zemlya USPENSKI (1956:82)
states brooding to continue almost uninterruptedly for the first 5-6
days.
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In the Black Guillemot, subjected to more stringent trials by KAFTANOWSKI and ROLNIK (reported by ROLNIK 1948, KAFTANOWSKI 1951)
the chicks showed poor thermoregulation when exposed to air temperatures of 10-12° C (normal environmental temperatures in that area),
body temperatures falling to the environmental level after 2-3 hours,
until the fourth day of age, when stable body temperatures could be
maintained as long as four hours under these conditions. Other auks
investigated by these workers were likewise several days old before stable
body temperatures could be maintained under the test conditions (Uria
aalge about 3 days, Aka torda 3-4 days, Fratercula arctica 6-7 days), whereas
three gull species showed a still greater spread (Larus argentatus li-2 days,
L. canus 2-3 days, Rissa tridactyla 6-7 days). It should be pointed out that
at temperatures of 15-20° L. canus can already maintain stable body temperatures at 20 hours of age, and L. argentatus and L. juscus at about the
same age (BARTH 1951). A relatively early ability to maintain body temperature has also been noted in other Larus species (occidentalis, BARTHO- '
LOMEW & DAWSON 1952, 1954; californicus, BEHLE & GOATES 1957).
Considering now other groups with "precocial" type chicks, the age at
which auks and gulls attain adequate thermoregulation under normal
environmental conditions is comparable to that in gallinaceous birds
(HOGLUND 1955, K..oSKIMIES 1962). It is distinctly later than in either the
shearwater (Puffinus tenuirostris) investigated by FARNER & SERVENTY
(1959) or the ten species of ducks investigated by KOSKIMIES & LAHTI
(1964).
Several interesting points emerge from a consideration of the data
from the metabolism runs. With increasing body weight there is an increase in basal metabolic rate and a downward shift in thermoneutral
zone (Figs. 27, 28, 29). It will be seen that the thermoneutral zone of the
smallest weight group (35-39 g) is met only during brooding, and that
with increasing weight the thermoneutral zone sinks to environmental
levels, allowing an emancipation from the parent as a heat source.
A point of fundamental importance is that although metabolic response
is already homoiothermic on the day of hatching (Fig. 27, solid circles),
the increased heat production below the thermoneutral zone is insufficient
to maintain a stable body temperature even for short periods of exposure.
As pointed out by HENSEL (1955:432-436) in birds and mammals including man, metabolic response appears earlier in the ontogeny than
effective thermoregulation.
A comparison of the basal metabolic rate of the experimental chicks
with the values that would be expected of an adult bird of the same body
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weight is illuminating (Fig. 29). It is a well-known fact that an empirical
relationship to body weight allows us to predict the basal metabolism
values for an adult homoiotherm at any given weight. For birds of this
weight range the BRODy-PROCTORequation still gives the closest approximation (KING & FARNER 1961). The 50%, 100%, and 150% levels of
this adult weight-specific basal metabolic rate have been entered on the
same figure as our experimental values for the Pigeon Guillemot, and,
on the double logarithmic scale, yield straight lines.
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28. Thermoneutral zone in the nestling Pigeon Guillemot, plotted with
respect to body weight. The values for 35, 37, 39, and 47 g are means.

FIGURE

It is a striking fact that upon hatching the basal metabolic rate of the
Pigeon Guillemot is only some 50% of the expected adult value, and
that the dramatic improvement in thermoregulation which we have
surmised from the body temperature data coincides with a sharp increase
in the basal metabolic level to values corresponding to, or slightly in
excess of, those typical for adult homoiotherms.
It would be premature to suppose that adequate thermoregulatory performance in all birds is necessarily dependent on attainment of adult levels of relative metabolic rate. Although this appears to hold for three
gallinaceous species (KOSKIMIES 1962), on the other hand several passerine (KENDEIGH 1939, DAWSON & EVANS 1957, 1960) and duck species
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(KOSKIMIES & LAHTI 1964) attain effective thermoregulation at relative
metabolic rates considerably below the adult levels. A complex of factors
is involved in the ontogeny of thermoregulation (see KING & FARNER
1961 :266). It appears that the relative importance of these factors varies
from group to group.
It will be seen from Figure 26 that mean body temperatures of the
Pigeon Guillemot under normal conditions are significantly lower (p <
.05) than adult mean body temperature up to at least 15 days of age, being
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FIGURE 29. Basal metabolic rate in the nestling Pigeon Guillemot, with 50, 100, and
150% levels of the adult weight-specific basal metabolic rate indicated on the basis of
the BRODy-PROCTOR equation. The triangle marks the predicted value for the adult
Pigeon Guillemot.

statisticallyindistinguishable from the adult level thereafter. KAFTANOWSKI
(1951) likewise reported a rise in chick body temperature in the Black Guillemot, adult levels not being reached until about the 24-27th day of age.
A comparison of Figures 26 & 28 will show that, certainly from the
age of 6 days, body temperatures were measured at air temperatures
within the thermoneutral zone. It is evident that body temperature continues to rise over a period where the basal metabolic rate (indicative
of heat production in the thermoneutral zone) is relatively stable, in fact
declining slightly to the predicted adult level (Fig. 29). This suggests that
the continuing rise in body temperature is chiefly an expression oflessened
heat loss, explicable by the improving insulation of the growing plumage.
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SUMMARY

1. The breeding biology of the Pigeon Guillemot was investigated during
the summers of 1959 and 1960 at a colony of 100-110 pair in British Columbia.
2. Full attendance at the colony was noted only in the morning hours, the
birds withdrawing to the feeding grounds in the afternoon. Other than those
incubating or brooding the birds spent the night at sea.
3. Retention of the mate, nest-site, and perch-site (beach territory) over
the years was the rule.
4. In the portion of the colony intensively watched 30% of the birds were
non-breeders. Yearlings and two-year olds were included in this group.
Age at first breeding was not deterruined.
5. A preliminary description is given of breeding behaviour, and comparisons
with other auks drawn.
6. Data on egg-laying dates imply that each female tended to lay in the same
relation to the colony mean date each year.
7. Laying-hatching intervals (normal clutch two, A egg 32 days, B egg
30 days, laying interval 3 days) implied some effective incubation to take place
when the first egg is still alone in the nest. Use of therruisters showed that
incubation by day was intermittent in the laying period, and became steady
on the day following the laying of the second egg. Night incubation set in
at the earliest on the succeeding night;in other cases no sooner than four days
after clutch completion.
8. The sexes shared duties in incubation, but the incubating rhythm was
complex. Once steady incubation had set in the eggs were covered some 95%
of the time, the birds incubating by night in one uninterrupted shift (± 7
hours). During the day they incubated in shifts varying from 40 minutes to
upwards of 17 hours, broken into bouts of quiet incubation (extending from
10 minutes to 10 hours) by brief excursions to defaecate, bathe and preen.
9. Temperature at the interface between upper egg surface and brood-patch
did not reach the definitive level until the second egg had been laid, or soon
thereafter. Mean for this definitive level was 39.4° C for one nest (51.5 hours'
readings spread from day 11 to day 28) which compares with an adult body
temperature of 40.6° C for incubating birds.
10. The nestling period averaged 35 days (range 29-39) and was not terminated by a starvation period.
11. Feeding, the rate of which was influenced by demands of the chicks,
showed no distinct tidal correlation, and was restricted to the daylight hours.
The male and female caught food items in equal amounts.
12. At least 80% of the food items brought to the young were fish, primarily
blennies and sculpins. They included forms rejected by the chicks. The parents
showed individual food preferences.
13. Growth rate resembled that in other hole-nesting nidiculous auks, being
distinctly faster than that of the open or semi-open nesting Alca and Uria,
the young of which leave the colony prematurely.
14. There was no difference in growth rate, fledging period, or fledging
weight between chicks raised alone and those in broods of two.
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15. At fledging the mean weight for 20 young was 411 g, comparing to a
mean weight of 450 g for 53 adults.
16. Even though metabolic response to environmental temperature was
already homoiothermous on the day of hatching, the chick was about one
day old before it could maintain a stable body temperature even at moderate
environmental temperatures. The dramatic improvement in thermoregulation
during approximately the first 24 hours coincided with a sharp increase in
basal metabolism from the 50% level to values corresponding to, or slightly
in excess of, those typical for adult homoiotherms.
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WESTERSKOV,

SAMENVATTING

1. De broedbiologie van de aan de Zwarte Zeekoet nauw verwante Cepphus
columba werd gedurende de zomers van 1959 en 1960 in een ca. 110 paren
tellende kolonie aan de westkust van Canada onderzocht.
2. De kolonie was alleen in de ochtenduren volledig bezet, daar de vogels
zich 's middags terugtrokken in de fourageergebieden en de nacht op zee
doorbrachten (uitgezonderd de individuen met eieren of kleine jongen).
3. Vastgesteld werd, dat de vogelsals regel partner- en plaatstrouw waren;
dit laatste zowel met betrekking tot het nest als tot het strandterritorium.
4. In een klein maar intensief waargenomen gedeelte van de kolonie bleken
naast 7 broedparen 6 niet-broedende vogels aanwezig te zijn (30%), waaronder
ongepaarde een- en tweejarige vogels.
5. Er wordt een voorlopige beschrijving gegeven van het voortplantingsgedrag en een vergelijking gemaakt met andere alkensoorten.
6. Er zijn aanwijzingen dat elk wijfje een voor haar karakteristieke legdatum
had ten opzichte van de gemiddelde legdatum in de gehele kolonie.
7. Bet legsel bestond in de regel uit twee eieren, gelegd met een tussentijd
van 3 dagen. De eieren kwamen respectievelijk 32 en 30 dagen na het leggen
uit, waaruit men conc1uderen kan dat het eerste ei reeds enigszins bebroed
wordt, voordat het tweede ei gelegd is. Daar bij deze in holen broedende vogels
directe waarnemingen over het broeden uiterst moeilijk zijn, werden temperatuurmetingen in het nest met behulp van therrnisters verricht. Bet bleek dat
de vogels tot het leggen van het tweede ei alleen overdag en slechts onregelmatig broedden, terwijl op een voltallig legsel overdag regelmatig gebroed
werd. Ze begonnen ook 's nachts te broeden in de eerste nacht, nadat het
legsel voltallig was; in sommige gevallen echter pas in de vierde nacht daarna.
8. Toen de vogels eenmaal regelmatig broedden, werden de eieren gedurende
95% van de tijd bebroed. Zowel 3 als 'i' broedden; 's nachts gewoonlijk ononderbroken (± 7 uur lang), terwijl zij elkaar overdag na sterk uiteenlopende
tijdsduur (40 minuten tot meer dan 17 uur) aflosten. Verder kon de vogel
zijn broedbeurt na langere of kortere tijd (varierend van 10 minuten tot 10 uur)
onderbreken en bijv. gaan baden of poetsen.
9. De aan de bovenkant van de eieren gemeten temperatuur (zie Fig. 17)
bereikte pas na het leggen van het tweede ei een definitief niveau. In een nest
werd hiervoor een gemiddelde temperatuur van 39.4° C bepaald (gemeten
gedurende 51.5 uur vanaf dag 11 tot 28), ruim een graad lager dan de lichaamstemperatuur van de broedende vogels (40.6° C).
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10. De jongen verlieten de nestholte na gemiddeld 35 dagen (29-39), en
leidden vervolgens een onafnankelijk bestaan.
11. De jongen werden alleen bij daglicht gevoerd, met een frekwentie die
bepaald werd door hun voedselbehoefte.
12. Vissen (voornamelijk Xiphisteridae, Pholidae, Stechaeidae, Lumpenidae,
Cottidae) vormden op zijn minst 80% van het voedsel van de jongen. De
ouders vertoonden individuele voorkeur voorbepaalde vissoorten.
13. In groei vertoonde Cepphus sterke overeenkomst met andere in holen
broedende, nestblijvende aIken (Fratercula, Ptychoramphus), die alle opmerkelijk
sneller groeien dan de op kliffen broedende soorten Uria en Aka, wier jongen
vroegtijdig de kolonie verlaten.
14. Groei, duur van periode die in het nest wordt doorgebracht en eindgewicht waren gelijk voor eenlingen en jongen uit broedsels van twee.
15. Bij het verlaten van het nest hadden de jongen een lichaamsgewicht van
gemiddeld 411 g (20 ex.), d.w.z. 91% vanhet gemiddelde voor volwassen
dieren (450 g; 53 ex.).
16. Alhoewel de jongen reeds op de dag van uitkomen op een verlaging
van de luchttemperatuur van de omgeving met een verhoogde warmteproduktie reageerden,konden zij pas bij een leeftijd van ongeveer een dag
hun lichaamstemperatuur behoorlijk constant houden. Deze frappante verbetering in de temperatuurregulatie gedurende hun eerste levensdag ging
gepaard met een sterke stijging van hun basaal metabolisme, dat van aanvakelijk ca. 50% toenam tot ca. 100% van de waarde die men empirisch voor
volwassen vogels van dat lichaamsgewicht zou verwachten (BRODy-PROCTOR).

