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NOTES ON THE EGGS, EMBRYOS AND CHICK GROWTH
OF COMMON GUILLEMOTS URI4 AALGE IN NEWFOUNDLAND

The epgs and growth of the chicks of the Common Guillemot Eria walee, which is
Holarenie 1o its distsibution, have beers briely desenbed by vatious workers {e.e., Tuck
1vol, Hedgren & Limaman 1959) FPhas paper reports on comparative data collected in
Newtoundiand.

MATFRIALS AND M THODS

By, embrvos and ehicks were obtained from Gull Island, Witless Bay, Newfoundland
(79 157N, 527407 Wyan 1977 and 1978, g dimensions were recorded using dividers
and a nilhmetre ruler. Weights were taken datly to note anyv losses during incubation.
Lga shapes were described by reference to Preston (1933) and Padmer (1962). Shell
surfuce arca. shell weight and ege density were determined by the methods of Paganelli,
Ofszowka & Ar (1974) and Preston (1974), and by the volumetrie method of Groebells
{1927). Recent investigations inte sarious aspects of epy weight loss (Drent 1973, Ar
et al. 1974) indicate incubation time for a given egg weight to be ersely proportional
te the water viapour conductance of the egg shedl, with all epys, regardless of size, losing
approvinutely 187, of their inital weight during incubation, Water vapour conductance
(WY CY of Common Guillemor eges was determined utilizing the formula of Rahn & Ar
(1974). WV is in turn set by the pore area and thickness of the cgy shell. The latter
parameters were obtained using the method cuthned in Ar er @l (1974),

Fifty known-age eggs (6th day after laving until just before hatching) were injected
with 10V, formalin. Later shells and extra-embryonic membranes were dissected from
the embryos, which were dried en paper towels and weighed (Ohaus 2610 g capacity
triple beam balunee) to 0-1 g, Measurements taken on 26 embryos were the same as those
detailed 1n Hayeock & Threlfall (19755 fig. 2). Forty-seven known age chicks were weighed
(Pesola spring balunce, 300 g capacity, sensitivity + 1 g) and measured every second day
i 1977, with a further 20 chicks being similarty treated in 1978, Tn the latter season chicks
were handled fess frequently inan effort to reduce losses due to human interference.
Measurements, taken with a miliimetre ruler and dividers, included culmen length and
depth, tarsus, hand, forearm and middle toe length. Wing chord length was taken along
the outstictched contour of the wing, the tenth (longest) primary was measured from
the pownt the tleshy sheath emerged from the skin to the tip of the feather, A record of
teather development from harching to fledging was also kept. Data were collected on the
amount of food (weight in g) fed to chicks dailv, and the conversion rate caleulated,

Rectal temperatures of knowneage chichs were vecorded using o YST model tele-
thermometer with a 423 insert probe, over a runge of ambient temperatures,

RESULTS AND DISCUSSION
Fous

The mean weight of 287 egus in 1977 was 108-39 ¢ (s.d. 9-24), this being approximately
9, et the adult female weight (see Threltall & Mahoney, in press. n = 117, mean
wt Y79 o sdl To, range 81521187 g). "The maximum length and breadth averuges were
8267 mm, sl 335 and 30-87 mim, s.dL 2-16 respectively, with these fioures being similar
to cges measured chewhere (see Tuck 1961). Fges Liid as replacerients after the first
was fost, were smalier than il lavings (average wt of replacenents = 1043 ¢ or
-6t desse mo= 30), The latter Bgure 1s considerably higher than the 6, recorded for
Brunnich's Guillemots U Jamzda by Birkhead (1980). Eges collected on Gull Fsland
showed great variability in shape [Aleid ovoid {(Preston 1933) to hing pyriform and long
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ova! (Patmer 1962)], colour and pattern. “The background varied from white {(Munsel]
notatior® NYS) to an imtense blue-green (3BG S 4), with pale vellows (10Y9.1) and pale
greens (3GY.1) also occurring, Complementing the background, the entire surface of the
cow is frequentivostrewn with streaks and blotches (black (N2.0)-medium brown
(3YR4 4)-very dark brown (I0YR21), of different shapes and sizes. The markings are
often concentrated on the blunt end of the tE£< a not uncomman phenomenon in .hird's
cges (Welty 1973) The colouration of the cpps is undoubtedly of survival value, a
contention supported by Tuck (1961) who reported that Great Black-backed Gulls
Larus marinus preyed seleetively on plain white Atlantic Puthn Frarercula arclica eggs in
preference to coloured Guillemor Cpes,

With the degree of variation shown it is surprising that Guillemots do not appear capable
of distinguishing their own cres, and while numerous authors provided evidenee to the
contrary, Tschanz (1939) stated that members of a pair behave selectively toward their
own egg on the basis of colour and pattern. However, in the same study, birds were seen
to adapt to eges of a new colour and pattern if the appearance of the cge was changed
gradually. "Fschanz (1959) also stated that there was a combined cffect of area and egg,
the two factors performing mutu: Uy to produce the strangest inhibitions against incubating
a foreign epg. During the present study four Guillemot eges were given very ditferently
coloured, shaped and sized cges. and one o Herring Gull Larus argentatus cpg. All the
Gutllemots unhesitatingly incubated the new egy, including the gull egg which hatched
successfully,

The average surface area of the eggs was 107-5 em?®, with epg density averaging
IO7 g em™% Average shell weight was Y70 ¢ and shell density averaged 2:08 g em-3,

Egg volume varied according to the method of caleulation that was used, i.e., 93-19 ¢ngd
(Bergtold), to 11189 em® (Preston), with the Paganelli ef al. cquation vielding a value of
1o em3, The volume, as determined by water displacement of ten CRes was 95-88 em?
(sod. 11:37).

Water vapour conductance tor common guillemot eges was caleulated to he 16-62 mg
HaO dav=Vrorr=1 HLO, with an average pore area of 3401 mm? and shel] thickness of
043 mn. Fhe predieted incubation time for Guillemots, based on the equation of Rahn &
Ar (1974) where incubation time (I} is equal to 3:2 times the quotient of initial weight of
the cge (W divided by the WV of the vge (G HaO), s 339 davs, which is Guite close
to the 32-day actnal vadue determined during the present study.,

Enthryo grozeth o

Embryo weight attained 50°, of the embryonic maximum at 25 days (approximately
six davs before hatching). Figure 1 shows that weight increase is slow until dayv 20, after
which time a rapid growth phase oceurs (days 21-28). The general shape of the curve
closely approsintes those given for Herring Gulls and Kittiwakes Rivea tridactvla by
Haveodk & Threedfall (1975) and Maunder & Threlfall (1972) respectively, T'he average
rate of weight increase recorded was 1-9 g per day, which is the same as that recorded for
Herring Gulls by Haveock & Thielfal] (1975). Embrvonic growth procecded as follows:

Day 6 Head prominent, beak Just starting to develop, Pronounced cerchral develop-
ment, especially mesencephalon. Fore and hind limbs visible, Hattened with no
digits. Eve pigmented, lens well formed.

Dav 71 Mid-brain luses prominence. Protruberances, marking future follicles, now
visible, Pellex, and three hind limb digits noticeable. Beak lengthened, bears
cge-toothy The latter is white and surrounded by a pigmented area. Evehud
covers 30, of eve.

* Vunsell Bouk of Colir—-( Jlossy Finsh Collection, 1974 edition, Munsell Colar, Baltimore, NMd.,
2121s.
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Frovre 1. Weight of Commion Guillemot embryos during development.
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Day 17 Fuoliicle protruberances now on limbs and head. Feather cruption in humeral,
alar, spinal and femoral tracts, Eves almost shut. Claws vistble on hind digits.
Bill, shoulder to tail, arm dimensions 504, of embryonic maximun,. Upper
nandible hooked in appearance. Egg-tooth more prominent,

Day 21 Eves completely closed. Feathers in all tracts, ear openings visible, bill hardens,
hook on upper mandible and cgg-tooth more prominent. Lower mandible with
sheht swelling in distal region, Tarsus over 507, of entbryonic maximun, thin
web developed on undersurface. Claws on toes white, well-developed.

Day 25 Entire budy surface covered in down feathers (approximately 10 mm long).
‘These neossoptiles were dark on the dorsum, light on the belly, with a gradation
of shades along the sides, The silvering evident in newlyv-hatched chicks was
seen at this time, with numerous dark down feathers having u lighter aspect
along their surfuce. Distal portions of claws were darker as was the distal one
third of the upper mandible. Pigmentation just appearing on lower nandible,
with a reduction in the swelling seen on day 21, Lower mandible contour with
a drooping at the extreme distal end over which fitted the hook of the upper
nundible. Scaling apparent (scuteliate anteriorly, reticulate pusteriorly),

Day 28 "Tarsus and foor grevish, with scaling fully developed. Bill dark. Hook still
present.

Figure 2 shows increase in size of the various body pares at different stages of growth,

Chlicks

Chicks emerged from the egg with remnants of the volk sac stll attached and relied
on these nutrients for the first two days. The chicks were ptilopacdic, hatching with a
complete covering of down, with a mean hatching length of $ mm on the head and 11 mm
on the back (2 = 30). They were charcoal-grey on the dorsum with a white ventral
aspect and sutfusions of tan appearing in the neck region. The belly white extended as an
mverted "V into the darker throat region and the egg-tooth was very prominent at this
stage, Phe head feathers had o stlver-tipped appearance which extended o the neck and
throat reglon,

By six days of age neossoptiles had disappeared from large portions of the wing (and
other body regions) and contour feathers were cmerging over the general body surface.
By this time the egy tooth had faded and the volk sac was completely resorbed,

The development of the ‘mesoptile’ plumage (Bédard 1969) continued, and at about
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Froure 2. Measurements of embryos of Common Guillemot at different stages of de

12 days of age contour feathers were well developed everywhere, except on the he
neck. Inthe Jatter area the tawny band of neossoptiles remained.
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At approximately 15 davs of age advanced development of the mesoptie

noted with the white of the belly being almost continuous with the
veloped white of the throat and cheek regions, A
remuined in the throat region at this stage. Feathering-in of the culme
had been completed and in many chicks 1 prominent black
running from the culmen, through the eve and into the durk
head and neck, This strip was very conspicuous as it ran between the white
cheek and the greyv area on the head. The eug-tooth, when presen
scafe-like and eften rubbing the " tooth” would cause it to flake off, M
ments hadall heen completed by this time and from this point until fledging energy allotred
te plumage was presumably invested onby in growth of the feathers {and possibhy con-

ditioning them for continuous inmersion in water).
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‘FapLe 1
Weight (g) increments per 4N b of Guillemot chicks at difterent localities
Gull Isiand Skomer Istand Farne Isiands
Ape .
o Meun | Wi chaneo Mean Wit change Mean Wt change
dins wt (*, adult wy ’ wt (. adultwt) r wt o ("L oadult sty r
1 T35 —_— - — 673 —_— - 3 = - —_
REERTRES 176 (1 - 103 vl 257027 u-lls 3227700 0202
31120 198 {1y nosy 104N 138 (1'5) 010N 293 40204 0220
T 1490 373D 42 1337 0wy 112 1480 18-3(2:05 0060
v 1530 40 (0-4) tot4 155N 2001023 0071 1065 155(20) U038
11 1050 42:0(+2) vty 1wt 236027 006y 1IN0 183 (2:0) 0054
131933 —17{-=01) 04 2080 250 (3-2) 0042 2033 1850200 0047
15 2137 224 (2 W34 2006 ~7-4(—~0N)  U0UN 2127 H9-2(W9) 1022
17 223v 30N vote 2173 167 (1Y) (047 2200 9310y 0016
19 2360 130013 G028 2167 ~0-6(=0:0) =0001 249-7 7-7(29) 0061
21 2370 110D o2 2174 06 (0-0) 000h  — — - —
23 2605 13-5(1-5) U4y — _— — — _— —_— — —

Gull Island Mean 7 = 0062 Skomer Istand Mean » = 0038 Farne [slands Mean r = 041

Notes: Adult weivhezs: ta) Gull Island = 992:3 ¢ (b) Skomer Islund = 8750 g (¢) Farne
Isiands = Y230y
Datua for Skotner is from Birkhead (1976); that for Furne Islinds is from Pearson (1968).

Chick growth, calculuted using the formula given by Banks (1939), was 0-0063 in 1977
and :062 in 1978, Table 1 compares the patterns of weight increase for three populations,
namely: Gull Island, Newfoundiand (this study), Skomer Islind, Great Britain (Birkhead
1976) and the Farne Islands (Pearson 1968). While ditferent patterns of weight increase
are indicated for the three groups during particular days, the overall growth rates (r)
are not significantly different (£ = 0-65 df = 7, P > 0-035). The ditferent patterns of
weight increments probably reflect day to day variations in chick feeding rates which
may be influenced by weather andfor prey distribution in the different arcas. The chicks
that were weighed in this study were lecated on high density (4-5 pairs per m?) ledges,
with a high breeding success.

Between one and 16 days of age chicks gained 144 g, or 88 g per day with a mean
dailv food intake of 73-3 g of fish, this givinga conversion rate of 11:6%,. Chicks on Skomer
(Birkhead 1976) had a mean increase of 9:3 g per day. and a conversion rate of 31-397.
These discrepancies may be due to internal constraints sct by the design of the growing
organism (Ricklefs 1969), ur to the relative energy requirements for maintenance and
growth of chicks in difierent geographical localities. Energy drains due to thermo-
regulatory processes can be quite substantial (see Rovama 1966). Tuck (1961) considered
increased demands for thermoregulation to be responsible for the smaller size of fledging
Brunnich's Guillemots at' Cape Hay as compared to those at Akpatok Island farther south.
Skomier is warmer than Gull Island in June and July, with mean temperatures and mean
minimum temperatures being approximately 4° C and 5° C (respectively) warmer on the
former than the latter. The majority of chicks hatched in the last two weeks of June on
Gull Island, and it was not untit the end of the first week of life that their thermoregulatory
mechanism became established. Gull Island chicks probably had to expend more energy
to stay warm than was the case far birds on Skomer. Which of the abhove hypotheses best
expluins the differences between the two populations is dithcult to say, although it may
well be an interaction of both factors which surfaces as an underlying cause.

The developmient of various body regions for 65 Guillemot chicks is depicted in
Figure 3. The graph differs from those of other workers in that a pre-fledging weight
recession is absent. For the six body regions presented in Figure 3,2 pronounced division
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In Guillemots the teet provide stability while on the ledge, may be important in the
leap from the cliffs at fledging, and are used by the chick to swim away from the colony.
‘I'hus strong selection for deselopment of the tarsus and foot probably oceurs for lite on
the ledge as well as m the water, white claw dimensions are of functional significance oaly
while the chick s on the ledge. The pereentage of adult dimensions attained for cach
parameter at fledging is given in Fable 2. :

Chack temperatures and the ages at which they were recorded are given in Table 3.
The appearance of an asymptote atappronunately day 10 and the conspicuous reduction
in deviations abouat the mean for chicks of this age and older both indicate that at this

Tante 3

Rectal temperatures (°C) of developing Guillemot chicks on Gull Island, Newfoundland,
i 1978

Apean davs Mean tempernature Y. Adule temperaturet s.d. "
1 227 54-5 17:0 Y
2 297 712 9-1 26
3 KRED Y4 54 7
K 3t 760°3 77 12
3 In-| LGN 45 8
0 70 hRRY 2 12
7 3n-3 R7-6 2-7 12
8 367 3Nl 2:2 26
u 37-3 90- 1 19 9

10 37N Y07 14 10
11 77 903 1-5 12
12 378 90-7 06 6
13 378 Yir-7 0-6 G
14 37 )-8 1-3 8
13 KRR 926 1-§ 5
It RES Y1-¥ -6 10
17 KRN 425 1-3 7
18 RESE 423 1-6 8
19 N4 42-1 09 6
20 N4 921 1-0 10
21 Is-7 03-0 16 4
22 N URB — 1
hR Ny un.s —_ 1

Neose s VAUl body temperature wis considered to be the sime as that recorded by Tversen and
B - . ‘ . . . - . - . . -
Irog (1947 for UL w. califormica (range 40°7 SC-42:3 °C, mean 41-7 °C).

stage chicks are exerting a great deal of control over their body temperatures. These data
show marked similunty with those of Johnson & West (1975) who discovered, via much
more stringent experimentation, that sustained homeothermy developed i the Guiliemot
U, a. inornata at between six and eight davs of age. ‘Tuck (1961) suggested that complete
Bomeaothermy in Guiliemot chicks was not attained until nearly sea-going.

We thank the Natanal Research Council of Canada for the Post-graduate Scholarship awarded
to 2 PAL and for the operating grant (NRCC-AS00) awarded to W, “Threlfall, which funded the
fichd work.
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