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Comparative notes on eggs, chick growth
and fledging of the Razorbill Alca torda in
north Norway

Robert T. Barrett
INTRODUCTION

The breeding biology of the Razorbill Alca torda has been well described in Britain (e.g.
Plumb 1965, Lloyd 1976a, 1979, Hudson 1982), Ireland (Lloyd 1982), Canada (Bedard
1969, Chapdelaine and Laporte 1982), Denmark (Paludan 1947)and Russia (Belopol 'skii
1957, Bianki 1967) but little is known of the species in Norway where an estimated 12%of
the world's population breeds (Lloyd 1976b). This paper presents data on the timing of
breeding, egg size and chick growth of Razorbills at Horney, a small island off the north­
easternmost tip of Norway (70022'N, 31° 1O'E) in 1980-1982.

MA TERIAL AND METHODS

Forty three and 49 numbered nest sites with eggs were followed from 13June until 6 Aug.
1981 and 7 June until 26 July 1982 respectively and their contents were recorded. In 1981
nest sites were visited every 3 days until the chicks were 15-17 d old after which they were
visited every day. In 1982 nest sites were visited every 3 d except during the periods of
hatching and fledging, i.e. after the chicks were 15-17d old, when each nest was checked
daily. The maximum length and breadth of eggs were measured to the nearest 0.1 mm
using vernier calipers and their volumes were calculated using the equation V=klb2

(Coulson 1963) where V=volume cm-, k=0.54 (Lloyd 1979), 1=length cm and b=breadth
cm. Chicks were weighed to the nearest 5 g every 3 days until day 15-17 (day of hatching
= I) and thereafter every day until fledging. Culmen lengths (from the edge of the
feathers to the tip) and tarsus length (in 1982 only) were measured to the nearest 0.5 mm.
Wing length (maximum flattened chord) was measured to the nearest 5 mm using a wing
rule when downy and to the nearest I mm after the eruption ofthe primary coverts. Adults
were weighed to the nearest 109. Their culmen, tarsus and wing lengths were measured in
the same way as for the chicks while gonys depth was measured to the nearest 0.5 mm.

Hatching dates were categorized into early, middle and late (see Plumb 1965and Lloyd
1979).

RESULTS

The mean hatching dates on Homey were 7 July 1981 (n = 29, S1. dev. = 4.7 d, range
29 June - 22 July) and I July 1982(n = 35, S1.dev. =6.8d, range 18June - 25July). On
the basis of this data and an incubation period of 35d (Lloyd 1979)the peak laying period
on Homey was around the end of May and the beginning of June.

The mean length, breadth and volume of eggs laid on Homey were 77.0 ± 2.9 mm,
48.9±1.8 mm and 99.6 ± 7.9 cm! (n = 154)respectively. There was no seasonal change in
the size of eggs hatching in the period 20June -11 July 1982(r =0.08, n = 32, p>o.l), the
only year during which such data was collected. Nor was there any difference in the size of
eggs laid in 1981 and 1982 (t = 1.45, p>O.05, n = 135) despite the difference in hatching
periods.

Thirty of the 43 (69.8%) eggs regularly checked in 1981 hatched successfully, one chick
died while hatching and the remaining 12 disappeared. In 1982 35 of the 49 (71.4%)
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Figure I. The increase in weightof Razorbill chicks on Horney in 1981 (n = 30)and 1982 (n = 30),
(mean ± st. dev. and range).

controlled eggs hatched, I was addled and the remaining 13 were lost. Regular checks of
the nest sites did not start until ea. 10 d after the mean laying date so these figures
underestimate egg loss, perhaps by as much as a factor of two (Lloyd 1979).

Four lost eggs were replaced. The mean interval between loss and replacement was
14.2±2.9 d (range 12-18 d), a result consistent with the literature, e.g. Kartaschew (1960)
12-18 d, Plumb (1965) 13-18 d or Lloyd (1979) 14.1±1.5 d. Two ofthese were later lost and
two were still being incubated at the end of the field season. Two were smaller (2.4% and
3.2%) in volume and I was 1.0% larger than the first eggs laid. The fourth pair was not
measured.

All 30 chicks which hatched in 1981 fledged (i.e. were found missing at an age and/ or
stage of development at which they would be expected to have fledged) and 31 out of 35
(88.6%) chicks fledged in 1982.The loss of the four chicks occurred within 2 d of hatching.
The overall fledging success (chicks fledged/chicks hatched) in 1981 and 1982 was thus
94%.

The growth of chicks was very similar in both years (e.g. weight Fig. I) and the growth
of their wing, bill and tarsus are illustrated for 1982 only in Fig 2. There was a positive
correlation between the volume of eggs and the weight of chicks up to 6 d old (1-3 d,
r=0.60, p<O.OO I, n=29; 4-6 d, r=0.39 p<0.05, n=30) but not afterwards. Chicks reached a
mean peak weight of 220.2±29.9g (n=53), and most (83%) chicks lost weight at an average
rate of 5.5 gld during the last 3 d before fledging. The remaining 17% reached a peak
weight of 223.1 ±24.8 g (n=II).

Chicks fledged at mean ages of 21±1.7 din 1981and 23±3.1 din 1982.The difference is
significant (Table I). In 1982 the age at fledging was independent of the date of hatching
(r=O.26, t=I .21, p>O. I). There was no significant difference between the mean weights or
bill lengths of the chicks the day before fledging in 1981 and 1982although the difference



NORWEGIAN RAZORBILLS 57

TABLE 1. AGE, WEIGHT AND MEASUREMENTS OF FLEDGING RAZORBILL CHICKS ON HORN0Y,
(x = MEAN, N =SAMPLE SIZE).

Age Weight Wing Culmen
d g mm mm

1981 x 21.4 201.7 85.5 19.0

St. Dev. 1.7 30.3 6.3 0.8

n 30 30 30 30

1982 x 23.2 214.1 90.4 19.2

St. Dev. 3.1 37.3 6.4 1.1

n 24 23 23 23

2.16 1.35 2.78 0.79

P 0.05 0.10 0.01 0.10

TABLE 2. WEIGHTS AND MEASUREMENTS OF ADULT RAZORBILLS CAUGHT IN JUNE AND
JUL Y ON HORN0Y, ('1= =MEAN, N =SAMPLE SIZE).

Weight Wing Culmen Gonys Tarsus
g mm mm mm mm

=F 713.6 211.6 34.2 22.9 36.7

St. Dev. 52.3 5.9 1.5 1.3 1.9

n 73 73 74 75 6

in wing lengths was significant (Table I). The weight of fledging chicks was equivalent to
29% of that of adults weighed OnHomey while the lengths oftheir wings, bill and tarsi are
equivalent to 41%,56% and ca. 91% respectively (Table 2).

There was no seasonal change in the weights of chicks either SOOn after hatching (age
4-6 d, ANOVA, 1981 F=O.2, n=19, 1982 F=1.78, n=29, p>O.I) or at fledging (1981
F=1.67, n=20, p>O.I).

DISCUSSION

The laying period of Razorbills in East Finnmark was very similar to that reported by
Belopol'skii (1957) along the Murmansk coast and by Ingold (1974) in Lofoten, N.W.
Norway. Further to the east, in the White Sea, Razorbills lay about 10days later (Bianki
1967) while further to the south, in Britain (Plumb 1965, L10yd 1979) and Denmark
(Paludan 1947), they lay a week to 10 days earlier. That climatic conditions are an
important factor determining the timing of breeding was illustrated on Homey in 1981
when a late spring and late-lying Snowdelayed breeding, not only of Razorbills but also of
Kittiwakes Rissa tridacyla, Puffins Fratercula arctica and Shags Phalacrocorax
aristotelis (pers. obs.) by ea. 10 d. Similar delays due to bad weather have also been
reported in Russia (Belopol 'skii 1957), Britain (L1oyd 1979) and Denmark (Paludan
1947).

The eggs laid on Homey were slightly larger than those laid by other northerly
populations along the coast of Russia and much larger than eggs laid in Denmark and
Britain (Table 3). However, when expressed as a percentage of adult weight, egg weights
were constant throughout the geographical range. A seasonal decline in the size of eggs (or
clutches) is a common feature of seabird breeding biology (see Nelson 1966, Barth 1968,
Coulson et. al. 1969, Parsons 1972, Mills 1979, Runde and Barrett 1981). It may be partly
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Figure 2. The growth of wing, bill and tarsus of Razorbill chicks on Homey in 19112 (n= 30), (mean ±
st. dev. and range).

Figure 3. Geographical variation in the growth (weight increase) of Razorbill chicks. a. MurmansK
coast (Belopol 'skii 1957), b. HOTn0Y (present study), c. White Sea (Bianki 1967), d. Britain (L1oyd

1979), e. Gulf of SI. Lawrence (Bedard 1969). See Tab. 3 for adult weights.

a result of younger birds laying later in the season e.g. Razorbill (Lloyd 1979). Birkhead
and Nettleship (1982) suggest that, irrespective of the age of the female, a reduction in egg
size later in the season is an "adaptive response to a seasonal deterioration in
environmental conditions", i.e.a decline in food availability. On Homey no such seasonal
change in egg size was detected, either in the Razorbill or in the Puffin and Kittiwake
(pers. obs.). Nor was there any indication that a delay in breeding through late-lying snow
(in 1981) resulted in smaller eggs being laid that year (cf. Bianki 1967).
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TABLE 3. GEOGRAPHICAL VARIATION IN THE SIZE OF ADULT RAZORBILLS AND THEIR EGGS
(FRESH WEIGHT (FW) = 0.5541b2 - 1.99 BIRKHEAD AND NETTLESHIP IN PRESS).

Locality A d. wt. n Length Breadth FW n FW/ A W Source
(AW)g mm mm g

701 50 76.4 48.2 96.3

723 221 76.5 48.4 97.3

714 73 77.0 48.9 100.0

686 7 74.5 48.5 95.1

The first few days after hatching are often critical for young seabirds which are totally
dependent on their parents for protection and warmth and, in many species, mortality
rates of young birds are high (e.g. Kittiwake (Barrett and Runde 1980), Razorbill (Lloyd
1979, this study), Puffin (Nettleship 1972), Brunnich's Guillemot Urialomvia (Gas ton and
Nettleship 1981». This study and that of Lloyd (1979) show that the weight of Razorbill
chicks is related to egg size during the first week of life such that the advantages of a large
egg are obvious. The lack of a seasonal decrease in egg size on Homey suggests that food
was readily available in at least 1981 and 1982, a suggestion which is strengthened when
the growth of chicks on Homey is analysed (see below).

The loss of eggs on Homey was greater than that recorded in earlier studies. Although
the observed hatching success was similar to the usual 70-80% (e.g. Plumb 1965, Bianki
1967, Bedard 1969, Lloyd 1979,Chapdelaineand Laporte 1982)the real figure was almost
certainly below this value and probably approached L1oyd's (1982) "low" of 53-59% in
Ireland. However a fledging success (chicks fledged/chicks hatched) of 94% is similar to
that recorded elsewhere (see Chapdelaine and Laporte 1982 Table 3, Lloyd 1982). Over
90% of the eggs which failed to hatch were probably taken by Herring Gulls Larus
argentatus which were often seen attempting to take eggs from Razorbills, Guillemots and
Kittiwakes. I do not think however that my disturbance of the Razorbills resulted in an
unnatural increase in such predation. Gulls were also considered the main cause of egg
loss in the White Sea (Bianki 1967) and in Wales (Lloyd 1979, Hudson 1982) where
corvids were also a common predator.

Although the final fledging weight of Homey chicks in relation to adult weight is
similar to that of more southerly populations viz. 25-30% (Paludan 1947, Plumb 1965,
Lloyd 1979)their absolute growth rate was greater than previously recorded and reached
a peak matched only by Belopol 'skii's (1957) chicks on the Murmansk coast (Fig. 3). In
addition the chicks on Horney (and the Murmansk coast) stayed on their nests longer
(>20 d) than elsewhere (<20 d e.g. Paludan 1947, Bedard 1969, Ingold 1974, Lloyd 1979).
Sealy (1973) and Birkhead (1977) believe that the advantages of taking the young to their
food source (i.e. precocial and "intermediate" forms of development) outweigh those
offered by the protection and safety of the nest and that e.g. Razorbill and Guillemot
chicks leave their nests when the cost of feeding them becomes too high. I assume that
since Razorbill chicks grew faster, reached higher weights and remained longer on
Homey (and Murmansk) and since there was no seasonal change in egg size or chick
weight there was an abundance of food in the nearby waters. Sand Eels Ammodytes sp.
and Capelin Mallotus villosus, both of high nutritional value (Harris and Hislop 1978,
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Henderson et. al. in press) were the main diet of seabirds on Homey in 1980-1982(pers.
obs.) and Murmansk (Belopol'skii 1957). Both Capelin and Sand Eels spawn along the the
coast of N. Norway and personal observations of Puffins returning to Horney with living
fish indicate that the adults did not need to forage far such that relatively little time and
energy were expended during the feeding of the young. Under such conditions it is
possible that Razorbill chicks remain longer on their nests and thereby gain the
advantages of a slightly larger wing-area: weight ratio (see Birkhead 1977) before they
leave the cliff.
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SUMMARY

The results of a study of the breeding biology of Razorbills on Homey, N. Norway in 1980-1982are
compared with other studies ofthe species. That no seasonal decline in the size of eggsor the weight of
chicks was detected, that chicks grew rapidly reaching a peak weight of ea. 220 g and that their
fledging period was longer than that of chicks at more southerly latitudes all point towards an
abundance of food in north Norwegian waters.
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The growth and food of young Gannets Sula
bassana on Ailsa Craig

S. Wanless
INTRODUCTION

Compared with other sulids, young Gannets Sula bassana grow quickly. This has been
documented on the Bass Rock, east Scotland (Nelson 1964) and Bonaventure, Canada
(Poulin & Moisan 1968) but there is little information on the weight and calorific values of
feeds given to young. This paper reports on the growth and food received by young
Gannets on Ailsa Craig, west Scotland, from hatching to the time they leave the nest.

Gannets have a single egg clutch, but pairs on the Bass Rock had little apparent
difficulty in raising artificially increased broods probably due to very favourable food
conditions in the North Sea (Nelson 1964). This experiment was repeated on Ailsa Craig
to see if conditions were similarly favourable in south-west Scotland.

METHODS

The study was carried out on Ailsa Craig, Firth of Clyde, Scotland (55° 15'N, 05°07'W)
between 1974 and 1976. The Gannet population was increasing at 3.4% per annum
between 1947 and 1976 and wasestimated at 14500 occupied sites in 1975(Wanless 1979).
to the nearest 50 g every 7 days from soon after hatching (day of hatching = Day I) to
approximately Day 60. Bill length (tip of the mandible to the base of the feathers) and
wing length (maximum chord) were measured to the nearest mm. A few measurements
were obtained from older chicks but after Day 60 the chances became unacceptably high
of young jumping from the cliffsand systematic measurements were discontinued. In 1974
and 1976 single extra chicks (1-3 days old and hatched within 36 hours of the recipient
chick) were donated to eight and 22 nests repectively. Eight of those pairs of twins were
weighed and measured. Ten of the 1976sets of twins were left completely undisturbed and
all observations were made from a distance.

Fish regurgitated by young were collected, weighed to the nearest 109 and, where not
too digested, identified. Their weight was included in the weight of the young. Additional
information on fish regurgitated by young was collected by B. Zonfrillo on 13 July 1981
and 4 July 1983.

In 1975 six young which had fallen from their nests were hand-reared. They were aged
using the following equation calculated from the 32 young which were regularly measured
in the colony

loge bill length (mm) = 0.016 age (days) + 3.561
(r = 0.85, P<O.OOI)

They were subsequently weighed and measured daily until they went onto the sea. The
daily food intakes (both weight and species of fish) of two of these young were monitored
from Day 20 to 82, and Day 37 to 59 respectively. The first young was usually fed until
satiated, but I was often unable to obtain enough fish to satisfy the other whose intake was
severely limited. The use of growth data from hand-reared animals is often questionable
but the chick given food ad libitum was caught alive in Morocco five weeks after leaving
Ailsa Craig which suggests that development was not impaired by captivity.

The frequency and timing of feeds given to groups ofapproximately 20 young of known
age were recorded during four watches, one each in July and August 1975 and 1976.



YOUNG GANNETS ON AILSA CRAIG 63

Watches started from before light and continued until it was too dark to see the birds
clearly. I assumed that no feeds were given in the hours of darkness (2300-0300) when no
observations were made. A few chicks could have been fed then, even though birds did not
come into the colony in the dark because adults can regurgitate several hours after
returning. There was no significant monthly or annual difference, so the data were
lumped. One feeding bout included all the times a young pushed its head into the adults
bill or throat during a discrete feeding session. This could involve up to 15food transfers
(all normally within one hour of the adults return from the sea).

Disturbance associated with repeated weighings caused some losses of young so data on
the length of time the young spent in the nest and the proportion which left successfully
were collected at 350 undisturbed nests.

Unless disturbed, young Gannets do not normally move out of the nest until they depart
for the sea. Once having departed they do not return, so the period spent in the nest is
clearly delimited. Young were considered to have left successfully if they were over 75days
old and were free of down. Departure from the nest is preferred to the term "fledged" since
the young glide down to the sea but cannot take off again because of substantial fat
reserves and incompletely grown primary feathers. Throughout this paper the term
signifcant means statistically significant at the 5% level.

RESULTS
Growth

The normal young spent a mean of 88 days (s.e. 0.3, n = 181) in the nest. There were no
significant differences in the growth rates of any of the parameters measured in 1974 or
1976 so the data have been pooled.

Weight

The mean weight of young increased from 193 g (s.e. 33.3, n= 3) on Day 4-6 to 4 I50 g
(s.e. 50.0, n =2) on Day 61-63. Weight increase was linear during the period Day 4-56 such
that

loge wt (g) = 0.055 age (days) + 5.70 (r = 0.91, n = 93, P<O.OOI).
Young reached mean adult weight (3090 g, s.e. 25, n = 118)about Day 40. The rate of

increase decreased after Day 56 when the young weighed c. 3800 g (Table I). Weights for
young after Day 60 are mainly the six hand-reared young. There was no significant
difference in the growth of these young and those in the colony up to this time and it is
assumed that subsequent growth rates were also similar. The age at which young reached
maximum weight (mean 4130 g, s.e. 146, n = 5) varied from Day 67 to 75. Between Day 65
and the young going to sea, c. 20 days later, there was a small, although not significant,
decrease in weight and the mean weight at leaving was 3850 g (s.e. 183, n = 5).

Bill length

The rate of increase was highest between Day 1-40 and growth was virtually complete
by Day 55. Between Day 1-40 the increase in length was linear such that

log; bill length (mm) = 0.043 age (days) + 2.85 (r = 0.94, n = 86, P<O.OOI).

The mean bill length of the captive young did not increase significantly from Day 60
until they left (when the mean length was 96.1 mm (s.e. 0.7». The mean bill length of other
young in juvenile plumage found dead at the base of the ciliffs which had apparently
misjudged their descent onto the sea was 94.6 mm (s.e. 0.3, n = 108), significantly shorter
than adult bill length (98.4 mm, s.e. 0.2, n = 144).
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TABLE I. MEAN WEIGHTS AND INSTANTANEOUS GROWTH RATES (R) OF YOUNG GANNETS.
THE DATA HAVE BEEN COMBINED INTO THREE DAY PERIODS BETWEEN DAY 4-6AND DAY 64-66.

Age Mean s.e. R n
(days) weight

(g)

4-6 193 33.3 3
7-9 300 25.2 0.15 3

10-12 366 37.5 0.07 6
13-15 613 16.5 0.17 4
16-18 765 102.8 0.07 4
19-21 1006 111.3 0.09 5
22-24 1158 81.8 0.05 6
25-27 1743 111.0 0.14 8
28-30 1993 61.2 0.04 7
31-33 2529 136.2 0.08 7
34-36 2722 64.1 0.02 9

37-39 3040 51.0 0.04 5
40-42 3000 147.2 -0.004 4
43-45 3260 156.8 0.03 5
46-48 3386 68.8 0.01 7
49-51 3633 147.6 0.02 6
52-54 3500 -0.01 1*
55-57 3794 104.1 0.03 8
58-60 3750 150.0 0 2
61-63 4150 50.0 0.03 2
64-66 3900 -0.02 1*
Mean 0.058 s.e. 0.012 18

Note • Not included in the calculated mean R value.

Wing length

Wing length increased during the time the young were in the nest and primaries were
still growing when the young left. The primaries erupted between Day 28-35 when the wing
length was 135-150 mm. Increase in wing length was linear from Day 1-64,

loge wing length (mm) = 0.057 age (days) + 2.99 (r = 0.98, n = 76, P<O.OOI).

The increase was also linear for captive young from Day 60 onwards although the rate
of increase was less than previously,

loggwing length (mm) = 0.016 age (days) + 4.77 (r = 0.98, n = 81, P<O.OOI).

Their mean wing length at leaving was 425 mm (s.e. 6.0).

Weight and wing lengths ofyoung leaving the nest

The captive young were not confined in any way but when they were c. 85 days old they
suddenly refused to stay in one place and constantly moved towards the sea. I took this to
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TABLE 2. THE NUMBER OF FEEDS BROUGHT TO YOUNG GANNETS.
THE OBSERVATIONS ARE GROUPED INTO TWO-HOURLY INTERVALS.
ALL NESTS WERE WATCHED FROM BEFORE DAWN UNTIL AFTER

DUSK.

Age ofyoung (days)

I-3D 31-60 More than 61 Total

No. ofyoung 12 42 36 90

040 1-0600 hrs 0 0 2 2

0601-0800 hrs 8 6 2 16

0801-1000 hrs 4 10 10 24

1001-1200 hrs 0 4 8 12

1201-1400 hrs 2 6 6 14

1401-1600 hrs 0 4 2 6

1601-1800 hrs 4 4 6 14

1801-2000 hrs 0 0 4 4

2001-2200 hrs 4 6 4 14

Total 22 40 44 106

Mean feeds/day 1.8 0.9 1.2 1.2

mean that they wanted to leave and allowed them onto the sea. Young accepted food in the
days prior to leaving and their weight was relatively stable, although individual weights
varied from 3500 to 4200 g, i.e. 1130/0-135% of mean adult weight. Their primary feathers
were still growing at a mean rate of 4mm/day. Wing length at leaving varied from 405 mm
- 440 mm, 820/0-89% of mean adult length. One hand-fed young recaptured, still unable to
fly, three days after it left, had lost 500 g (12% of its leaving weight) while its wing length
had increased by 34 mm (9%). If these changes had continued at the same rate the young
would have reached mean adult weight and wing length seven days after leaving the nest.
This particular young was, however, very heavy when it left, most young probably reach
adult weight after 2-3 days on the sea.

Growth and survival of twins

After twinning there was an immediate check in weight increase such that twins at Day
7-9 weighed 197g (s.e. 28.5, n = 3) significantly less than single young at this age (t =2.82,
P<0.02) (Figure I). This difference persisted up to Day 60 after which few weighings were
made. Similarly the mean peak weight attained by individual twins (3720 g, s.e. 158) was
significantly lower than that of singles (4150 g, s.e. 10, t = 7.85, P<O.OOI). There were no
significant differences in bill and wing lengths of twins and single young. Survival from
Day 1-3 to going to sea for undisturbed young was lower for twins than singles (0:60 and
0.92 respectively). However, pairs with twins still reared more young (1.2 young/pair)
than normal pairs (0.92 chicks / pair), but it is not known what effects their slightly lower
weight would have on their survival after leaving the nest. Twins also spent longer in the
nest, a mean of 92 days compared to 88 days. These differences in survival and time spent
in the nest were not statistically significant, probably because the sample size for the
undisturbed twins was very small ..

The results from Ailsa Craig were basically similar to those from the Bass Rock (Nelson
1964). Single young grew at the same rate at both colonies, twins survived less well, stayed
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Figure I. The growth of single chicks and twins from hatching to Day 60 on Ailsa Craig and the Bass
Rock. The points for Ailsa Craig twins are based on 16chicks although not all young were weighed
every day. Sample sizes for single chicks are given in Table I. Data for the Bass Rock are from Nelson
( 1978.)

longer in the nest and had a similar pattern of growth to single young although their
growth rate was slightly retarded. Growth of twins compared to single young (as
measured by the area of the growth curves on a linear scale) was 13% lower on Ailsa Craig
compared to 9% on the Bass Rock (Figure I). However, about halfthedifference between
the two colonies was made up by one point for Ailsa Craig on Day 38 when only two
young were measured, one of which was very light. On Ailsa Craig the mean weight for
twins never exceeded that of singletons of the same age whereas it did so on the Bass Rock.
The above results are insufficient to decide whether there were any real differences
between the colonies.

Timing and frequency offeeds given to single young

No young was fed until at least 30 min after it was light enough for me to see clearly, and
the majority not for a further 60 min. Then there was a peak offeeding with 40 of 106feeds
(38%) occurring between 0601-1000 hrs (Table 2). Feeding continued, but at a slower rate,
during daylight in contrast to the Bass Rock and Bempton (North Humberside) where
40% and 48% respectively of feeds were given between 1400-2000 hrs (Nelson 1978,
pers.obs.). .
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TABLE 3. PERCENTAGES BY NUMBER AND WEIGHT OF FISH REGURGITATED BY YOUNG
GANNETS ON AILSA CRAIG. DATA FOR 1981 AND 1983 ARE FROM B. ZONFRILLO (pers. comm.).

Sandeel sp. Mackerel Herring or sprat ather species'

Weight' % % % % % % % %
Number (g) (No.) (Wt.) (No.) (Wt.) (No.) (Wl.) (No.) (Wt.)

1975 191 20854 0 0 56.0 71.7 5.2 l.l 38.8 27.2

1976 99 14332 0 0 65.7 69.5 0 0 34.3 30.5

1981 150 6 84.0 9.0 1.0

1983 170 76.5 11.8 11.2 0.6

Note
I Not collected in 1981 and 1983

2 Other species identified were - 1975, Pollack (58), Cod Gadus morhua (I), Wrasse sp. Labrus sp.
(5) and Saithe (I); 1976, Pollack (21), Saithe (6), Whiting Merlangius merlangus (6) and Wrasse sp.
(I); 1981, Salmon Salmosalar (I ) and Common Eel Anguillaanguilla( I) and 1983, Saithe (I). In 1975
there were also some completely unidentifiable regurgitations.

Young received an average of 1.2feeds (range 0-3) each day. This compares with 2.4 and
2.3 feeds/day at Bass Rock and Bempton (Nelson 1978, pers. obs.). The frequency offeeds
varied slightly with the age of the chick. Young between Day I and 30 received an average
of 1.8 feeds/day, whilst between Day 31 and 60and Day 61 onwards they received 0.9 and
1.2 feeds/day respectively. Young were fed right up to fledging.

The food ofyoung Gannets

Although Mackerel Scomber scombrus formed the bulk of the diet in 1975-76 and
1979-82 (Table 3 and B. Zonfrillo pers. cornm.), the proportion was reduced to 1I% (by
number) in 1983and there was a large increase in the proportion of sandeels Ammodytes
spp. These fish were not recorded in 1975 and 1976,9 specimens (6% by number) were
identified in 1981 but in 1983 they formed 76% of the diet. In 1975-76 other fish,
apparently mainly Pollack Pollachius pollachius with possibly a few Saithe Pollachius
virens, formed c. 30% of both the number and weight of regurgitations but these species
were almost entirely absent in 1981 and 1983.

Food intake and growth

Growth of the captive young given unlimited food was not significantly different from
young in the colony up to Day 66 and the few comparable later weighings suggested that
growth remained similar. The daily intake of food varied considerably during
development (Figure 2). At Day 20 the young consumed 110g of fish/day, subsequently
its intake increased to over 800 g/ day by Day 47. Over this period there was the following
positive relationship between food intake and chick weight,

weight of young 0.75 (g) = 0.30 food intake (g) + 110.85 (r = 0.92, n = 28, P<O.OOI).

The young consumed 13130 g of fish and increased in weight from 650 g to 3010 g. The
mean daily food intake of 486 g and growth of 87 g/ day suggests a conversion rate of 18%
After Day 47 the growth rate decreased to 70gjday and food consumption remained high
at a mean daily intake of 552 g (s.e. 43.1). Between Day 62 and going onto the sea 20 days
later, its weight was relatively steady varying between 3950-4400 g, and its daily food
intake decreased significantly (t = 4.27, P<O.OOI) to 332 g (s.e. 28.2).
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Figure 2. Weight increase and daily food intake of a young Gannet given food ad libitum between
Day 20-82 and a chick on a limited intake between Day 37-59. Points for weight increase are indicated
by. young food ad libitum andDyoung unlimited food, and daily food intake by ,6.young ad libitum
and A young unlimited food. The young on a limited food intake was not weighed on Day 49,51, or
55.

Mackerel flesh has two to three times the energy value of most other white fish (Murray
and Burt 1969; Hardy and Keay 1972). Thus, there can be large differences in the calorific
values of feeds of the same weight. In 1975-76 wild young received mainly Mackerel and
the bulk of the captive young's diet was also locally caught Mackerel. Between Day 20 and
47 the mean daily energy intake increased from 0.37 KJ to 6.00 KJ, from Day 47-62 the
mean daily intake was 4.34 KJ (s.e. 0.32) falling to 2.86 KJ (s.e. 0.27) between Day 62 and
the young going to sea.

The growth rate of the young hand-reared on limited food was similar to that of the
young given unlimited food over the period it was followed (Figure 2). It increased in
weight from 1450 g to 3400 g (mean daily increase 89g) and received 6850 goffood (mean
daily intake 311 g). This was a conversion rate of 29% The young given food ad libitum
increased from 1800 g to 3900 g (95 g/day) and received 14750 g of food (670 g/day) a
conversion rate of 14%. The first young appeared not to utilise all the food it consumed. A
maximum conversion rate of c. 30% has also been estimated for wild Puffins Fratercula
arctica and Guillemots Uria aalge (M. P. Harris pers. comm., Birkhead 1976). It was
difficult to calculate the food intake of wild young since most fish regurgitated were partly
digested. The heaviest regurgitations (commonly 300-400 g, maximum 540 g) came from
young 35-42 days old. These values are similar to those for the Cape Gannet Sula capensis
(Rand 1959).
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DISCUSSION

Wild young Gannets on Ailsa Craig received an average of 1.2 feeds/day. The heaviest
loads fed to young were 540 g i.e. an estimated maximum daily intake of 650 g. The energy
value of this could vary from 2.2 KJ to 5.7 KJ depending on whether Pollack or Mackerel
was fed. A captive young given food ad libitum sometimes took 50% more than this
maximum with no detectable effect on its growth rate. Conversely another captive young
which received much less food than young in the colony also grew normally. However,
this reduced food intake occurred over a relatively short period and its growth rate might
have been affected if the food shortage had continued for longer, or its development might
have been impaired in some less obvious way. Young Gannets apparently eat as much as
they. are given, even if they do not utilise it, perhaps as a safeguard aginst future food
shortage. Young Puffins show similar behaviour (Harris in press), so care must be taken in
extrapolating natural levels of food consumption using captive birds (even if they are
known to survive after release). Given unlimited food a young Gannet consumed 34 kg of
fish between Day 20 and 82. Prior to this it had probably consumed c. I kg. However wild
young received slightly less food so a young Gannet probably consumed c. 30 kg offish
before it left the colony. In 1975 there were c. 8600 young Gannets on Ailsa Craig and the
adults must have brought c. 260 tonnes of fish ashore to the colony during the season.

Nelson (1978) considered that Gannets on the Bass Rock in 1962-63were enjoying very
favourable feeding conditions. Most of my results indicated that the situation was
similarly favourable on Ailsa Craig 1974-76. First, growth rates and the time spent in the
nest by single young and "twins were similar at the two colonies. Second, there was no
significant difference between rates of growth on Ailsa Craig in 1974, 1976 or 1982 (S.
Murray, pers. comm.). Third, the weight increase of a captive young Gannet given food ad
libitum was very similar to that of wild young. Harris (1978) showed that the growth rates
of young Puffins on St Kilda, where they appeared to be short of food, could be
substantially increased by giving additional food. Fourth, some Gannets on Ailsa Craig
were able to rear twins. Fifth, the estimated daily intake was 400-600 etday and normal
growth could be sustained for at least 20 days by a captive young receiving substantially
less than this. Against this, survival of twins from Day 1-3 to leaving the nest was lower on
Ailsa Craig, the mean weight oftwins at any age never exceeded that of singletons, and the
feeding rate was 25% lower. The latter need not, however, indicate a lower daily calorific
intake. Comparison of the actual calorific intakes ofchicks in the two colonies would need
more detailed work. However, the strongest evidence that conditions were favourable for
Gannets on Ailsa Craig is the continuing increase in the population. The most recent
count 20843 occupied sites (Murray and Wanless 1983) indicates a mean rate of increase
of 4.5% per annum since 1976.

ACKNOWLEDGEMENTS

My thanks are due to many people who helped in the field and to the Marquess of Ailsa for
permission to workon the island. Dr M. P. Harrisand Dr J. B. Nelsonimprovedthemanscript. The
work was undertaken whilst in receipt of a N.E.R.C studentship,

SUMMARY

The growth and food of young Gannets was studied on Ailsa Craig between 1974 and 1976.
Additionaldata on foodareavailablefor 1979-83. YoungGannetshad a meanweightof 193 g on Day
4-6 and their increase in weight was linear until Day 56. They reachedadult weight c. Day 40 and
maximum weight between Day 67 and 75. Mean weight at leaving (of captive young)was 3850g.
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Artificial twins survived .less well, spent longer in the nest and showed retarded weight increase
compared to single young, 'but pairs with twins still reared more young than normal pairs.

Mackerel formed the bulk of the diet in 1975, 1976 and 1979-82 but in 1983 sandeels were the
dominant species. The intake of a captive young given food ad libitum increased from 110 g of
fish/ day at Day 20 to over 800 gjday by Day 47. Between Day 47 and 62 its growth rate decreased but
food consuption remained high, after Day 62 its weight stayed relatively constant but its food intake
decreased significantly.

The growth rate between Day 37 to 59 of a captive young receiving limited food was similar to that
of the chick on an unlimited diet. The latter apparently did not utilise all the food it consumed.

Wild Gannets received an average of 1.2 feeds/day and a maximum daily intake of 650 g which
contained 2.2 KJ to 5.7 KJ of energy depending on whether Pollack or Mackerel was fed. A young
Gannet probably consumes c. 30 kg of fish between hatching and leaving the colony.

Feeding conditions for Gannets on Ailsa Craig in the mid 1970s were extremely good.
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Leg injuries in small Petrels
J. A. Love

Both Storm Petrels Hydrobates pelagicus and Leach's Petrels Oceanodroma leucorrhoa
are occasionally found to suffer minor injuries to a leg or foot. The data presented here
were gathered during ringing operations on North Rona from 197I to J974 (Love 1978)
and (with A. R. Mainwood) on Foula and the Summer Isles in 1974and 1976. All birds of
both species were examined and 'processed' by J. A. Love.

TYPES OF INJURY

The most frequent injury encountered was a missing foot, leg or part of leg. Amongst
the 58 petrels classed as 'injured' 38 (or 66%) displayed this type of damage. A further 8
(14%) were missing one or two toes on a foot. Two petrels had broken toes and another
two had healed fractures of the tarsus: a fifth petrel had what appeared to be a deformed
foot. In seven other individuals I had omitted at the time to specify in my notes the nature
of the injuries. Threlfall (1974) has illustrated various injuries typical of Leach's Petrels.

INCIDENCE OF INJURIES

Reviewing the situation reported by other authors the proportion of petrels with
injuries varies somewhat from colony to colony (Table I). Also it would seem that Storm
Petrels are less prone to injury than Leach's. But the data must be treated with caution.
Some observers for instance, may differ in their assessment of what comprises an injury,
whilst others may be less scrupulous in recording the incidence, especially when large
catches of petrels are being dealt with. The abundant data quoted by Scott (1970) was
collected on Skokholm over twenty years by many different people and must surely
underestimate the frequency of injury. The proportion of young non-breeding birds in the
catch may be important too, since it is not unreasonable that older birds have experienced
more opportunities for injury in their lifetime. Such factors may explain the widely
differing incidence of injury amongst Leach's Petrels caught in Newfoundland (Threlfall
1974) and Maine (Morse and Bucheister 1977). Even the same observer may be
inconsistent. The low incidence of injuries in Storm Petrels on the Summer Isles
(compared with my catches on North Rona and Foula) may be due to my missing some

TABLE I. THE INCIDENCE OF LEG INJ URIES TO SMALL PETRELS FROM DIFFERENT COLONIES

Place Time of year Leach's Petrel Storm Petrel Source

sample % injured sample % injured

North Rona late June. July 71-74 1140 2.0 622 I.J this study

Foula end July. early Aug 74 41 2.4 654 1.4 this study

Summer Isles mid-Aug 76 2742 0.7 this study

St Kilda May to Aug 61-62 97 2.0 85 0 Waters 1964

Skokholm all season. mostly July 10.189 0.4 Scott 1970

Fa roe July 1968 400 3.0 847 2.3 Lovegrove 1968

Newfoundland all season? 1970 913 5.0 Threlfall 1974

Newfoundland all season? 1973 259 4.6 Threlfall 1974

Maine all season 1963-76 1254 0.6 Morse and Bucheister
1977
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amongst the large catches made on the Summer Isles, when I had less opportunity to
examine critically each bird during times of rush catches in the nets. Indeed I detected
more birds (32) with injuries to the right leg (being the one to which I applied the ring) than
with injuries to the left leg (17birds). Furthermore the Summer Isles catches, ha ving been
made in mid-summer, may have included more non-breeding young birds.

CAUSES OF INJURY

A Storm Petrel found to have a deformed foot may have had a congenital lesion as was
postulated by Waters (1964) for a Leach's Petrel on St Kilda. Injuries to toes and webs
could have resulted from disease: one each of Storm and Leach's Petrels from North Rona
was found to have blisters on the webs of a foot, typical of Puffinosis. Stewart Murray
(personal communication) has encountered a similar affliction in four Storm Petrels from
St Kilda, and one other from North Rona.

Threlfall (1974) favoured the view that gulls and Puffins could inflict injury, while
Harrison (1955) has added predatory fish such as mackerel. Since feeding petrels
habitually patter their feet at the sea surface, they may invite foot damage from small fish,
or even death from larger ones. Ritchie (1955) witnessed a shark capturing a Wilson's
Petrel Oceanites oceanicus as it pattered along the surface of the sea. Differences in such
feeding methods could account for the Leach's Petrel seemingly being more susceptible to
injury than Storm Petrels.

EFFECTS OF INJURY

Body weights of injured petrels were found to be no different from uninjured ones
(Table 2), a situation noted by Lovegrove (1968) amongst his Faroe catches. On
Skokholm Scott (1970) retrapped six Storm Petrels, each missing a leg, up to three years
after their having been ringed. Alien (1962) and Harris (1969) were able to show that leg
injuries did not appreciably impair the breeding success of the Madeiran Petrel
Oceanodroma castro. Thus it would appear, during the breeding season at least, that
injured petrels are not disadvantaged. (However only those birds which have survived the
injury are caught, thus it is not surprising that disadvantages of the injury are difficult to
determine).

Just prior to their departure from northern waters to spend the winter far to the south,
Leach's Petrels may be blown inland or washed ashore exhausted during unusually severe
autumn gales. Two large scale 'wrecks' occurred in 1891 and in 1952(Boyd 1954). There
would appear to have been an abnormally high incidence of leg/foot injuries amongst the

TABLE 2. BODY WEIGHTS OF INJURED LEACH'S AND STORM PETRELS COMPARED WITH
UNINJURED BIRDS (ALL DATA COLLECTED BY AUTHOR).

Place Mean budy weight (g) ± SI. dev. (sample size)

Leach:\. Petrel Storm Petrel

North Rona injured 46.8 ± 5.1 ( 12) 27.0 ± 1.4 (7)

uninjured 47.1±3.4 (252) 26.5 ± 2.5 (77)

Foula injured 47.0 (I) 24.1 ± 0.9 (9)

uninjured 43.8 ± 3.8 (45) 25.2 ± 2.9 (620)

Summer Isles injured 25.0 ± 1.5 (15)

uninjured 24.7 ± 1.8 (453)
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casualties. Wynne-Edwards (1954) noted seven of 27 Leach's Petrels found in Ireland in
1891 to have been injured whilst Harrison (1955) encountered six amongst 25 birds
wrecked in 1952. Together these amounted to 24% of the sample compared to 0.6 to 5%
incidence at breeding colonies (Table I). This difference is statistically significant
(x 2= 549.6; p<O.OOI). Storm-wrecked specimens can of course be subjected to a more
thorough inspection in the hand than mist-netted birds. In addition, prior to their demise
and in such a weakened or disadvantaged state, storm-wrecked birds were seen to have
been attacked by gulls. However it could be that, since their feet are used to manoeuvre in
flight, those birds with major injuries might suffer some disadvantage causing them to be
more easily driven ashore in bad weather.

SUMMARY

The type and incidence of foot injuries of Storm and Leach's Petrels from mist net catches at various
colonies are discussed, and possible causes for the injuries are reviewed. Such injuries may not
disadvantage birds during breeding but may render them more susceptible to 'wrecking' during
autumn gales.
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Abnormalities and diseases of the feet
of Storm Petrels

Stuart Murray
In 1975-78, 1681 Storm Petrels and 220 Leach's Petrels were caught on St Kilda, Outer
Hebrides. No detailed records were kept but it was noted that some had injured feet. The
commonest injuries were torn webs of the foot, and part of the foot, including a toe,
missing. Rarely a foot, or even an entire leg was missing. One Storm Petrel had a withered
foot. Otherwise all the injured birds appeared healthy and the deformities were assumed
to be mechanical rather than due to disease. The situation was different in 1979 when four
out of 910 Storm Petrels examined between 23 July and 16 August each had one
apparently diseased foot. In the first bird the webs of the foot were split and bleeding and
the ankle was swollen.The second bird had separate 'tight' blisters on the upper side of
each web which burst when lightly touched; the foot was neither discoloured nor bleeding.
The third bird had a whole foot discoloured, spongy and peeling; there were no blisters but
the foot was bleeding near the toes. In the last, the foot was swollen, soft and festering.

Waters (1964, Scottish Birds 3: 73-81) described three 'injured' Leach's Petrels among
97 caught on St Kilda. One had an atrophied foot, one a leg missing from the upper end of
the tarsus and one an opaque eye. When the latter bird had originally been caught at the
same site three years earlier eye damage had not been observed. J. Love (pers. comm.)
noted damage to the webs and feet of a combined total of 5145 Storm and Leach's Petrels
at North Rona, Foula and the Summer Isles, between 1971 and 1976; he suggested that
disease may have been responsible for some of the injuries, noting blisters on the web of
one foot of one bird of each species.

In 1980, 909 Storm Petrels were caught on St Kilda. These were not examined critically
for foot damage but abnormal birds were not noticed. One Storm Petrel among 30 Storm
Petrels and 17 Leach's Petrels caught on North Rona in June 1980 had a swollen ankle.
The swelling was very obvious and was carefully examined, but did not appear to be the
result of a break or dislocation. The skin around the joint was unbroken, and the webs of
both feet intact, with no sign of blistering.

The above conditions may be caused by a disease similar or related to the disease,
puffinosis, which affects Manx Shearwaters breeding on Skomer and Skokholm Islands
(Dane, 1948, J. Anim. Ecol, 17: 158-164). Puffinosis-like diseases have been recorded at
several Scottish seabird colonies. Davis (1966, British Birds 59: 84-85) observed affected
juvenile Great Black-backed and Herring Gulls and possibly nestling Shags on Fair Isle
each year of 1957-63. It has also been described affecting Fulmars: on North Ronaldsay at
least 7 of 68 affected young died after becoming blind and on Fair Isle a few older birds
had blistered webs (Macdonald et al., 1967, British Birds 60: 356-360). Other species
found with similar blistering of the feet include juvenile Black-headed and first year
Common Gulls (Jennings & Sonlsby, 1958, Ibis 100: 305-312).

The clinical signs of puffinosis in Manx Shearwaters vary with the severity of the
disease, the commonest being blistering of the webs of the feet, although conjunctivitis
and paralysis of the legs, have also been observed. The disease causes annual and severe
mortality of fledgling Manx Shearwaters on Skomer and Skokholm Islands (Dane et al.,
1953, J. Anim. Ecol. 22: 123-133) but has rarely been found in adults (P. Nuttall pers.
comm.). A total of 10,189 Storm Petrels on Skokholm were examined for injuries: 41 had
major leg or foot damage but none had blisters on the webs, (Scott, D. Phi!. thesis, Oxford
1970). At present the relationship between puffinosis of Manx Shearwaters and the
puffinosis-like diseases described above is not known.

Stuart Murray, Pittenkerrie Cottage, Glassel, Banchory, Kincardineshire AB3 4BY.
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A case of extreme feather abrasion and
moult in immature Little Gull (L. minutus)

A. Paterson

A flock of first year Little Gulls, up to sixty strong, summer in the area of the Rio
Guadalhorce between Torremolinos and Malaga. These birds arrive in late March and
early April and at this time many exhibit very visible abrasion of the primary wing feathers
and to a lesser extent on the tail. The extent of the flight feather abrasion is at times such
that it causes the flight to be laboured.

Abrasion, together with moult, continues as birds remain in the area throughout May
and June. Abrasion may be accelerated as the Rio Guadalhorce is heavily polluted by,
amongst others, chemical effluent from an ammonia factory.

On 20th June, 1982, one such immature was found in a totally flightless state and the
following notes made.

Superficially the bird appeared in reasonable physical condition with no apparent
emaciation nor parasitic infestation.

Wings: primaries> I - 6 only present in each wing and these were considerably worn,
having only about 50% of the normal surface area. The other primaries were totally
absent and there was no sign of pin.

secondariest- all in a very advanced state of abrasion and showing only the shaft and the
terminal dark tip, itself rather reduced in size.

coverts» some signs of moult and feather tips heavily abraded.

tailt- totally abraded with only shafts showing for 2/3 of length with innermost pair moulted
or lost but no new growth in pin.

head and bodyt- some moult in progress and apparently only just under way on head and
back. Heavy wear of feathers on head.

DISCUSSION

This is the most extreme example of feather abrasion noted in the summering flock of
Little Gulls seen to date. Although extreme feather abrasion is common, notably of the
flight feathers and tail, this is the first instance of a bird being rendered flightless and yet
showing no new feather growth. The possibility that extreme chemical pollution may
exacerbate the abrasion is noted but not proven.

Andrew Paterson Edificio San Gabriel, 2-4°-A, cl Escritor Adolfo Reyes, Torremolinos,
Malaga. ESPANA.
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GOULD, P.J., FORSELL, D.J. and LENSINK, c. J. 1982, Pelagic distribution and abundance of seabirds in
. the Gulf of Alaska and Eastern Bering Sea, 38p text, 197 maps and 4 appendices. Biological Service

Program of the Fish and Wildlife Service, V.S. Dept. of the Interior. Available from: Dr. P. J. Gould,
U.S. Fish and Wildlife Service, 1011 East Tudor Road, Anchorage, Alaska 99507, U.S.A.

The pace of research on sea birdsat sea has accelerated considerably over the past decade; there has
though been very little actually published on the subject in the form of books of refereed papers,
Financially, the biggest seabird research project has been that conducted by the Outer Continental
Shelf Environmental Assessment Program off Alaska, and as might be guessed from the number of
maps, this is an atlas, mapping many of this project's findings, It is also typically atlas-shaped and is
difficult to fit onto the average bookshelf.

After an introductory section covering previous knowledge and a good description of rationale and
methods, the Gulf of Alaska and Eastern Bering Sea are treated separately in both text and maps, The
text briefly describes distribution patterns for each species seen in each area in one or two paragraphs.
The maps are presented in the form of figures printed within rectangles in a grid covering the area
surveyed. Each species or species group is shown for the four seasons of the year for both aerial and
shipborne survey methods.:The figure printed is a density index probably closely related to numbers
of birds per krn-, Appendices include a short summary of the status of all marine species of Alaska,
and tables of average densities and other parameters for large sub-units of the areas surveyed.

I am not exactly sure who this atlas has been produced for. There are likely to be two main groups
of users with differing needs; the managers who need to know the potential impact of oil spills, and
ornithologists who would like to know more of the "how and why" of bird distribution. There is little
attempt to analyse why birds are located where they were found, this presumably being to reduce the
size of the publication; hopefully analyses will be published in the future perhaps by members of the
research teams whose data has beenused in this compilation. The ornithologist may be able to deduce
a certain amount from the detailed maps, but the presentation of the maps makes them difficult to
read easily. The figures are presuma bly shown in the best interests of accuracy, but the maps would
surely have been easier to interpret if shading or symbolism had been used; this would not have been
impossible using a computer aid.

The text is probably a reasonable length for the manager wanting a concise summary, though
perhaps I would have unified the species accounts into one covering both areas surveyed. There is
some considerable duplication between the two area accounts at present. The duplication of each
species distribution map, one each for the ship-borne and air-borne surveys (while being admirably
truthful) has doubled the numbers of maps in the volume, A comprehensive analysis of the
differences between the two methodologies, and an attempt to produce a single map for each
distribution would perhaps have been preferable. Should this have proved impossible, I would have
used only maps from the ship-borne data, with additional comments gained from the aerial data,

Alaskan waters must contain some of the highest densities of sea birds at sea anywhere in the world.
The estimate for the summer population of these two areas is over 75 million birds, with higher
numbers during the migration periods, particularly during the autumn shearwater influx. One flock
of over 1,000,000 dark (Sooty IShort-tailed) shearwaters must have been one of the highlights of these
surveys, This rather puts to shame my own North Sea record of 30,000 Fulmars!!! It is a shame that
winter coverage was for understandable reasons, quite so bad.

This atlas is in spite of some flaws, a significant contribution to the understanding of this very
important area, I for one, am very pleased to see it published at last. Let us hope that future
publications will include some more detailed analyses of the patterns discovered,

Mark L. Tasker

TROPICAL SEABIRD BIOLOGY (1984), by R. W. SCHREIBER. Studies in avian biology No. 8,
Cooper Ornithological Society, 114pp. ($12.00, from Alien Press, Inc., P.O. Box 368, Lawrence,
Kansas, U.S.A.).

Twenty years ago biologists knew far more about seabirds breeding in tropical or subtropical
waters than they did about boreal orarctic species, In the last decade however, due to funding via off­
shore oil development, the pendulum has swung a long way in the other direction. With all the
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boreal{ arctic seabird studies in progress, tropical species were lucky to get a look-in. It is refreshing,
therefore, to see the present volume, which constitutes the proceedings of an international
symposium of the Pacific Seabird Group held at Honolulu, Hawaii in December 1982.

This well-produced (soft-back) volume, comprises a very brief introduction and six papers.
Ainley and Boekelheide start by making 'An ecological comparison of oceanic seabird

communities of the South Pacific Ocean'. The authors made five cruises through the S. Pacific to
Antarctica and found that the transition between subtropical and tropical waters (at about the 23°C
isotherm) coincided with a major change in seabird faunas. Tropical waters contained the greatest
diversity of seabird species which fed more by dipping, plunging and aerial pursuit than did other
avifaunas. Tropical seabirds were also more likely to associate in multi-species feeding flocks.
Seabirds in the Antarctic pack-ice tended to feed alone, and more often by pursuit diving. Although
the number of species in the latter area was lowest, the total biomass of seabirds there was higher than
elsewhere. These observations are consistent with two hypotheses: (I) food for tropical species is
relatively less abundant and more patchily distributed than it is for other marine avifaunas, and (2)
seabirds are tied by either morphological or behavioural adaptations to specific water types, and that
more habitats are available in the tropics. The authors hope to be better able to distinguish between
these two ideas once they have looked at water-temperature and salinity relationships for individual
species in detail.

The second paper by A.W. Diamond is entitled 'Feeding overlap in some tropical and temperate
seabird communities'. Diamond makes some interesting comparisons between two communities in
the Indian Ocean and one in the S. Pacific, as well as using data from the classic study by Pearson
(1968) at the Fame Islands, N. E. England. The use of overlap indices to examineseabird diets reveals
an unexpectedly high degree of dietary overlap between members oftropical communities, given that
they rarely experience a superabundance offood. The overlap indices for tropical species are as high
or higher than those from the temperate community. This study illustrates very clearly the level of
detail at which community biologists working on seabirds need to operate in order to investigate such
problems adequately.

Whittow next discusses 'Physiological ecology of incubation in tropical seabirds', in which the
factors which influence gas and heat transfer between the egg and its microclimate are reviewed.
Some comparisons between tropical and non-tropical seabird eggs are made.

In the next paper 'Growth strategies in marine terns', N. P. Langham compares breeding and
growth parameters for temperate and tropical tern species. The paper provides details of clutch-size,
success of different sized broods, as well as a detailed examination of growth for Sterna sandvicensis,
S. hirundo, S. dougallii, S. paradisaea(temperate species), and S. sumatrana, S. bergii, S. anaethetus
and A nous tenuirostris(tropical species). The latter produce smaller clutches and have slower growth
rates than the temperate species.

R. E. Ricklefs presents a theoretical model of seabird energetics in the next paper, 'Some
considerations on the reproductive energetics of pelagic seabirds'. As the author points out, there
have been almost no theoretical advances in seabird biology since the pioneering work of N. P.
Ashmole and D. Lack in the 1960s.The aim of the present paper is to provide a theoretical framework
within which seabird energetics can be examined. Ricklefs develops a model which matches the
energy requirements of reproduction (i.e. of the egg, chicks and adults at the nest-site) to the ability of
the parents to transport energy from feeding area to the breeding colony. The main constraint on
pelagic seabirds is not their ability to obtain food but their ability to transport enough back to their
chicks at the colony. The chick feed-size of pelagic species averages 14 to 18% of adult weight. The
paper concludes by suggesting directions for future work, including the idea that seabird biologists
should examine both the biochemical composition of feeds and the energy requirements of
reproduction.

The final.paper in the symposium is by J. B. Nelson and is entitled 'Contrasts in breeding strategies
between some tropical and temperate marine Pelecaniformes'. Nelson concludes that there are
relatively few features of the biology of this group directly attributable to 'temperateness'or
'tropicalness" but that foraging mode (offshore! inshore) is the critcal factor determining a species
'breeding strategy. This review finishes with some interesting suggestions for future work, including
(a) studies of 'breeding stress', (b) reasons for the lack of cooperative breeding in seabirds (this is not
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strictly true since both Tschanz 1979 (Z. Tierpsychol.49: 10-34)and I have recorded something similar
to 'helpers' in Common Guillemots Uria aalge). (c) Differences in social behaviour in relation to
colony size and density. Nelson ends' with a strong plug for his own group: 'Perhaps the most
conceptually important data will come from that demanding and time-consuming project, the long­
term study of local populations and marked individuals, for which the Pelecaniformes are so well
suited. '

This volume is exceptionally well-produced and good value at $ I2.00. It contains a range of papers
with something for all seabird biologists.

T. R. Birkhead

CAMPHUYSEN C. J.and VAN DIJK J.1983.(Seabirds and estuary birds along the Netherlands coast, 1974­
79). Limosa 56 (3) : 83-230.

The current activities of the Dutch Seabird Watchers are very reminiscent of those ofthe Seabird
Group before Operation Seafarer. There is much seawatching carried out along their coasts and a
comprehensive beached bird survey is conducted. This special issue of Limosa is one important
difference between the two groups; it contains a comprehensive summary of all observed coastal bird
movement between 1974 and 1979, and a good attempt at demonstrating which weather conditions
produce the largest movements.

The text, in Dutch with an English summary, is organised in typical bird report style; a summary of
the physical features of the North Sea is followed by a section on observing and recording. Data
processing has a separate section and there is also a brief summary of weather conditions during the
six-year period. The main bulk of the issue is devoted to species summaries. Graphs of movements
past three divisions of the Dutch coastline (the Waddensee islands, North Holland and South
Holland) are presented for each of the commoner species. The issue is completed with a comparison
with other southern North Sea seawatching sites, and a chapter on weather conditions and pattern of
occurrence of birds at the coast.

:::::~:~=:~:=~-~~....;;::::r~.~'~
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One of the attractive illustrations from this special issue of Lirnosa.

Seabird Group members will be interested in the relatively small number of pelagic species seen off
the Dutch coast; for example, the peak number per hour of Manx Shearwaters recorded during the
entire six-year period was 50, with the normal hourly mean being considerably less.Gannets were the
commonest of the pelagic sea birds, particularly during the autumn migration period. The lack of
these seabirds is more than compensated for by the large movements of ducks, inshore seabirds and
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waders along the coast. An example of this is the Little Gull migration. Large numbers of these move
north and east in late April/ early May, returning southwards in October and November; movement
peaks were over 500 birds/hour on some occasions. Massive movements of Eiders occur during
October off the Waddensee islands. Large scale hard weather movements to the south and west are
observed for several species if the Waddensee or ljsselmeer freezes over.

Overall this is an excellent documentation of seawatching results and the authors must be
congratulated for completing what must have been an extremely long and arduous task. I feel though
that there still has not been enough analysis of the causes and effects of these movements, whether off
Holland or Britain. It would be interesting for instance to see a more detailed analysis of wind effects
on observed movements - perhaps assisted by computer. Other meteorological factors, such as the
approach of a front has been shown elsewhere to have an effect on numbers of birds seen moving; this
is not mentioned in the summary of weather effects. It would be interesting to compare numbers of
birds observed moving in hard weather with known decreases in numbers in the areas the birds are
apparently leaving. Ultimately though there still appears to be little conservation value in
seawatching without a more comprehensive knowledge of movements happening elsewhere.whether
it be by night, at sea or high overhead. Hopefully the next move from the Dutch will be to make
observations out at sea.

Copies of the issue are available from Or Arie L. Spaans, Research Institute for Nature
Management, Kemperbergerweg 67, 6816 RM Arnhem, Netherlands. Price OF!. 25; you will be
invoiced with the booklet, do not send money.

Mark L. Tasker
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THE SEABIRD GROUP

The Seabird Group was founded in 1966to circulate news of work in progress on seabirds
and to promote cooperative research on them. It is run by an Executive Committee
composed of nine elected members and maintains close links with the three major British
national ornithological bodies - the British Ornithologists' Union, the British Trust for
Ornithology, and the Royal Society for the Protection of Birds. Membership (£5 per
annum) is open to all with an interest in seabirds; for details please contact the Secretary
(address below) - payment by banker's order and deed of covenant helps the Group.

Newsletter and Meetings. Three duplicated newsletters are circulated each year to
members. They contain all sorts of news including reports on research projects
(particularly those with a grant input from the Group - see below), details of meetings
etc. The usual venue for the Group's annual meeting is the BTO Ringing & Migration
Conference but in 1985 the Group will be running its own conference at Denstone College,
Uttoxeter (Staffs.), from IS-18th February, entitled 'Population studies and population
monitoring'. Information and Booking forms are available on request.

Seabird Group Grants. Each year the Group has some money available to help fund
research work conducted by members. All applications for grants should be submitted to
the Secretary by the end of January each year and will be considered by the Executive
Committee. Certain areas of research may be favoured particularly and details of these
will appear from time to time in the Newsletter.

'Seabird' journal, and previous resports. Offers of papers should be sent to Editor of
'Seabird' (see below). Members of the Seabird Group receive 'Seabird ' free of charge;
additional copies to members, and any copies to non-members, are £5 + SOp postage,
from the Secretary. At various intervals in the past the Group has published printed
reports (1-6), to which 'Seabird 7' is the successor. Copies of four earlier reports are
available from the Secretary as follows: issues for 1969, 1971, and 1975-6, at £2 + SOp
postage each; 1977-81 at £3 + SOp. There are no cost concessions for multiple orders.
Copies of the Proceedings of the 1982 (Denstone) Seabird Group Conference are also
available.

Who to write to. As appropriate, contact the Secretary (for general enquiries about the
Group and its activities, request for membership, grants, etc), the Treasurer (for
subscriptions, donations etc.), Newsletter editor, or Editor of 'Seabird', All may be
contacted through the following address: Seabird Group, cl0 RSPB, The Lodge, Sandy,
Beds. SG 19 20L. In mailing your enquiry, please specify which of the Officers above is the
intended recipient. Please help the Group to keep its costs down by enclosing a stamped
addressed envelope for reply.


