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Storm-petrels are strictly surface feeders that ob- 
tain their food by pattering (Ashmole 1971). Fish, 
squid, copepods, euphausiids, and amphipods are re- 
corded as their prey (Palmer 1962), although there is 
no detailed information on prey composition. I stud- 
led the prey and seasonal changes in the diet of 
Leach's Storm-Petrels (Oceanodroma leucorhoa) breed- 
ing on Daikoku Island (42ø56'N, 144ø52'E) from May 
to September 1982. For a description of the island, 
see Abe et al. (1972). Leach's Storm-Petrels arrive at 
the island in late April and lay eggs during June. 
Chicks hatch in mid-July and fledge in September 
and early October. 

Adult petrels were caught on their nesting grounds 
by hand or with a swooping net from 2100 to 2300. 
Their stomach contents were drained as much as pos- 
sible using a stomach pump with a plastic tube (4.5 
mm diameter, 15 cm length; Grubb 1971). Petrels with 
empty or nearly empty (<0.5 cc) stomachs included 
parents caught just after exchanging incubation du- 
ties or feeding chicks, or birds already sampled. These 
petrels were excluded from the analysis. Undigested 
items were fixed in 10% formalin and preserved in 
70% ethanol. Almost all could be identified to class. 

Squid were separated from other items by noting the 
presence of beaks or eye lenses, and fish by the pres- 
ence of scales or bones. Fish and squid were so di- 
gested that they could not be identified further, but 
copepods and euphausiids were identified to species 
level. Amphipods were identified to family level by 
Y. Kamihira. 

Samples were collected from 307 stomachs, of which 
178 contained recognizable items and 129 only or- 
ange oil. Many samples taken in June but few taken 
in September contained only orange oil (Table 1). 
The seasonal change in the proportion of samples 
containing only orange oil was significant (x 2 = 20.24, 
df = 4, P < 0.001). The stomach oil of petrels is a di- 
etary product (Imber 1976). This suggests that the 
digestion periods in September are shorter than in 
earlier months, although seasonal diet changes (see 
below) also may account for the proportion of orange 
oil in the samples. Weights of samples varied among 
the months (F4,302 = 2.53, P < 0.05), but those from 
June to September were similar (F3,2• = 1.10, NS; Ta- 
ble 1). Mean weights in August and in September, 
when many breeders fed chicks, were much lower 

than the maximum estimate of a food load of a parent 
to a chick (œ = 8.0 g, Watanuki 1985). This suggests 
that the stomach pump did not remove large items 
(as observed with penguins by Volkman et al. 1980). 

The diet composition is given in Tables 1 and 2. 
Petrels fed on squid, amphipods, euphausiids, and 
copepods in May and June. Most euphausiids eaten 
in May were Tysanoessa Iongipes and T. inermis. In Au- 
gust and September fish and euphausiids (Euphausia 
pacifica) dominated. Fish eggs occurred in July. The 
percentages of euphausiids and of fish increased later 
in the breeding season (euphausiids: X 2= 10.1, df = 
4, P < 0.05; fish: X 2 = 21.9, df = 4, P < 0.01; Chi-square 
test for monthly variation), while those of squid and 
amphipods did not change seasonally (squid: X 2= 
2.9, df = 4, NS; amphipods: X 2 = 2.4, df = 4, NS). Peb- 
bles and plastic were found every month. 

When the monthly data were combined, fish, squid, 
and euphausiids dominated; amphipods, copepods, 
and fish eggs were the next important; and decapods 
and isopods were least important. Among euphau- 
siids, E. pacifica dominated, while T. longipes and T. 
inermis occurred less commonly. Calanus cristatus was 
the only copepod eaten. The mean lower length of 
squid beaks recovered from stomachs was 2.7 mm 
(n = 5), which corresponds to a weight of about 35- 
40 g (estimated from Imber 1976: Table 3). The length 
of the vertebral column of one fish sample was 0.9 
mm; the corresponding body length is about 3-6 cm 
(estimated from Tatara et al. 1962: Table 1). Linton 
(1978, cited in Brown 1980) found myctophid fish in 
the diet of Leach's Storm-Petrels, so it is possible that 
petrels in the northwestern North Pacific also eat 
lanternfish and fish and squid larvae (Takeuchi 1972). 

The dominant prey (euphausiids, squid, and fish) 
remain deep in the sea during the day and rise to the 
surface at night (Brinton 1967; Kawaguchi 1969; Ro- 
per and Young 1975, cited in Naitto et al. 1977), al- 
though surface swarming of E. pacifica occasionally is 
observed during the day (Komaki 1967). Less impor- 
tant prey (C. cristatus and amphipods) show no such 
diurnal vertical migration (Sekiguchi 1975, Murano 
et al. 1976). These facts suggest that the food of the 
surface-feeding Leach's Storm-Petrels is abundant at 
night but scarce during the day. The foraging period 
of the petrels was not determined in this study. Gor- 
don (1955) observed nocturnal activity of Leach's 
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TABLE 1. Weight of Leach's Storm-Petrel stomach samples (• _+ SD), number of samples containing only 
orange oil, and number and contents of samples containing items. Percentages are given in parentheses 
(percentages of total stomach samples per month for those containing only orange oil; percentages of 
samples containing items per month for all others). 

May June July August September 

Total stomach samples 71 63 69 65 39 
Mean weight (g) 2.28 + 1.27 1.81 + 0.85 1.84 + 0.83 2.07 + 1.31 1.74 + 1.22 
No. of samples containing 

only orange oil 29 (40.8) 37 (58.7) 33 (47.8) 24 (36.9) 6 (15.4) 
No. of samples containing 

items 42 26 36 41 33 

Euphausiids 9 (21.4) 5 (19.2) 8 (22.2) 17 (41.5) 18 (54.5) 
Copepods 8 (19.0) 2 (7.7) -- -- -- 
Amphipods 9 (21.4) 6 (23.1) 4 (11.1) 10 (24.4) 5 (15.2) 
Isopods -- -- 2 (5.6) 2 (4.9) -- 
Decapods 3 (7.1) -- I (2.8) 2 (4.9) I (3.0) 
Squid 16 (38.1) 11 (42.3) 13 (36.1) 10 (24.4) 8 (24.2) 
Fish 5 (11.9) 5 (19.2) 12 (33.3) 18 (43.9) 24 (72.7) 
Fish eggs -- 1 (3.8) 8 (22.2) 2 (4.9) -- 
Pebbles 3 (7.1) 4 (15.4) 4 (11.1) 8 (19.5) 1 (3.0) 
Plastic 4 (9.5) 5 (19.2) 6 (16.7) 3 (7.3) 2 (6.0) 

Storm-Petrels at sea and suggested that at least some 
feeding occurs in the dark, as postulated by Harrison 
et al. (1983) for the Sooty Storm-Petrel (O. tristrami). 
H. Ogi (pers. comm.) observed daytime feeding ac- 
tivity of Leach's Storm-Petrels. These findings indi- 
cate that the petrel is an opportunistic feeder rather 
than an obligatory nocturnal one. 

The quantities of E. pacifica in the stomach samples 
coincide with its abundance in the southern region 
of the Kurile Islands, the suspected feeding area of 
this species (Fukuchi 1977). Petrels ate C. cristatus in 
May, when the copepod reaches the sea surface in 
the northern region of the North Pacific (Sekiguchi 
1975). Thus, the occurrence of a prey species in the 
diet may be correlated with geographical and season- 

TABLE 2. Composition of crustacean prey. 

Prey taxa No. prey 

Euphausiids 
Euphausia pacifica adult 290 
Tysanoessa longipes adult 6 
T. inermis adult 2 
Unidentified 32 

Copepods 
Calanus cristatus adult 21 
Unidentified 1 

Amphipods 
Hyperiidae 2 
Melphidipiidae 2 
Calliopiidae 17 
Synoppidae 2 
Unidentified 21 

al changes in the prey's availability. The seasonal 
changes in the abundance of prey species, however, 
do not always correlate with changes in the petrel 
diet. The number of squid larvae rapidly increases 
beginning in July in the North Pacific north of about 
42-43øN (Kubodera and Jefferts 1984). Euphausia pa- 
cifica, myctophid fish, and Pleurogrammus larvae are 
abundant in this region in April and May but scarce 
in July and August (Takeuchi 1972). Squid, however, 
occurs in the petrel diet in every month, and many 
E. pacifica and fish occur in August and September. 
Breeding adults may feed selectively on euphausiids 
and fish later in the season when they feed chicks 
because of the energetic advantages of these prey 
over squid (Clark and Prince 1980). An alternative 
hypothesis is that food preferences are different be- 
tween breeders and nonbreeders, and that seasonal 
changes in the proportion of nonbreeders in the pop- 
ulation contribute to seasonality in the diet compo- 
sition. 
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In temperate urban areas, feral Rock Doves (Colum- 
ba livia) usually feed in flocks (Goodwin 1970). Al- 
though the term "flock" can be applied to avian 
groups that vary in their daily composition (Crook 
1965, Morse 1980), it often is assumed that feral pi- 
geon feeding aggregations that are fairly constant in 
size are made up of the same individuals from one 
observation to the next. Murton et al. (1972), for ex- 
ample, suggested that the composition of large pi- 
geon flocks feeding on spilled grain in the port of 
Manchester is stable, but this may not be the case in 
habitats where pigeons depend on small, unpredict- 

able sources of food. We conducted a study through- 
out the summer of 1984 on a small flock of urban 

Rock Doves in central Montreal, Quebec to deter- 
mine the stability of flock composition in this type 
of habitat. The study was done in the context of work 
on the cultural diffusion of a novel food-finding be- 
havior (Lefebvre in press). For the cultural diffusion 
study, it was essential to know to what extent urban 
Rock Dove flocks are open or closed populations. 

Forty-eight Rock Doves were captured with 
drugged seed (Thearle et al. 1971) at 0600 on 2 morn- 
ings in late May on a part of the McGill University 


