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is scant evidence that its primary function is as a badge
of aggression.

S. Hilty and M. B. Robbins (Hilty, in litt.) observed
an intraspecific crest display by males of O. mexicanus
in Chiapas, Mexico, in June 1975: “Both birds held
their crests fully erect as they snapped and scuffled for
perhaps 45 s. Without knowing the context of the
aggression, it seemed to be birds contesting a territorial
boundary . . . there was some head tilting as the birds
lunged at each other repeatedly.” Hilty (in litt.) also
reported that both males and females will readily in-
vestigate playbacks of tape-recorded calls, but do not
raise their crests when responding.

Female royal flycatchers incubate eggs in an enclosed
niche, which is entered through a vertical slit, in a
loosely constructed hanging nest (Skutch 1960). Males
do not incubate eggs or feed the young but continue to
defend the nesting territory throughout the nesting pe-
riod. Skutch reported that the partially spread crest of
a female could be seen gleaming in the shadows in the
back of the open niche, which seemed to diminish the
value of the otherwise cryptic coloration of the sitting
bird. The brilliant crest of the incubating female, in
combination with the open gape, may be especially
effective in startling or momentarily deterring avian
and mammalian predators that discover the nest. Al-
though crests (red or orange with dark terminal band)
exhibit “coral snake” colors, they do not appear to be
snake mimics (e.g., multiple bands). The small nest
cup would seem to prevent exaggerated side-to-side
movement of the head and crest and there is no evi-
dence that royal flycatchers ever perform a crest display
in defense of the nest.

Roosting habits of the male royal flycatchers are un-
known. However, if Skutch is correct about sexual roles
during incubation, then it seems unlikely that males,
or females away from the nest, could become cornered
by predators in a confined space during the day when
the crest could have a “startle effect” on predators with
color vision. In the absence of evidence that royal fly-
catchers are unpalatable or dangerous to potential
predators, it seems unlikely that the crest functions as
an aposematic signal.
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In summary, the scant data suggest that crest displays
are performed during at least two circumstances in free-
living birds: (1) courtship display; and (2) intra- and
interspecific aggression. Crests of both sexes (crest length
of sexes is nearly identical) may play an important role
in courtship, and ultimately, it would appear that sex-
ual selection is the agent responsible for their elabo-
ration. Because the brilliant crests are concealable,
moderate increases in feather length through sexual
selection may not be subject to selection from predators
with color vision (i.e., birds). Interpretation of crest
displays in hand-held birds is uncertain, but they may
represent a ritualized behavior induced by the shock
of being mist-netted and hand-held rather than an an-
tipredator defense. Likewise, the data do not corrob-
orate the hypotheses that crest displays are aposematic
warning signals or snake mimics.

I thank Mercedes Foster, Steve Hilty, Ted Parker,
Bob Ridgely, Mark Robbins, Tom Schulenberg, W.
John Smith, and Dick Zusi for sharing their field ob-
servations of royal flycatchers and commenting on the
manuscript.
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Information on the diet of Leach’s Storm-Petrel
(Oceanodroma leucorhoa) has been obtained almost
exclusively from breeding colonies where crustaceans
(mainly euphausiids, but with amphipods and cope-
pods locally important) and fish (mainly myctophids)
make up the bulk of the diet (Linton 1978, Watanuki
1985, Vermeer and Devito 1988). Almost nothing is
known about this species’ foraging habits in the tropical
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FIGURE 1.

Section of strip chart showing continuous sea surface temperature (T) and salinity (S) during the

day of our observation; during the time between the two arrows the ship was stopped for storm-petrel collection.

open ocean where it is commonly found during the
nonbreeding season (Crossin 1974, Pitman 1986). The
only reference that we know of'is Ainley’s (1984) com-
ment that Leach’s Storm-Petrel “feeds rather heavily”
on marine insects (Halobates spp.) while in the tropics.

While conducting marine bird and mammal survey
transects in the eastern tropical Pacific (ETP), we
stopped our research vessel at approximately 13:00
LMT on 19 November 1988 at 3°44'S, 114°08'W to
investigate an inordinately large concentration of storm-
petrels. We had observed only small to moderate num-
bers of Leach’s and Galapagos (0. tethys) storm-petrels
earlier in the day (0.59/km? and 0.34/km?, respective-
ly), but in the area of concentration we saw hundreds
of storm-petrels at any one time in groups of 50 to
over 200. Most of the birds were sitting on the water,
apparently satiated (see below), but others were in scat-
tered flocks hovering over the water and feeding. Leach’s
Storm-Petrel was the predominant species though a
few Galapagos Storm-Petrels were also present. One
Pomarine Jaeger (Stercorarius pomarinus) and one
White-winged Petrel (Pterodroma leucoptera) were the
only other bird species present.

We collected six Leach’s Storm-Petrels, including
five from sitting groups and one bird that was actively
feeding. The feeding bird was carrying a fish in its beak
that was also collected. We took the specimens back
to the ship and immediately examined the stomach
contents.

Every bird had been feeding exclusively on a gono-
stomatid fish, Vinciguerria lucetia; stomachs were
crammed with recently ingested fish as well as fish
mush and otoliths. The mean weight of the six birds
that we collected, to the nearest 0.5 g, less the weight
of the stomach contents, was 42.0 g (range = 38.0-
45.0 g); all had a light to moderate amouni of subcu-

taneous fat. The mean weight of the stomach contents,
to the nearest 0.5 g, was 8.5 g (range = 7.0-10.0 g).

Stomach contents averaged 20.4% of the body mass
with a range of 15.6-24.4%. (This last mean is biased
downward because one of the birds regurgitated and
lost part of its stomach contents when it was collected.
Also, we did not include as stomach contents the fish
that was carried in the beak of the feeding bird we
collected.) The range that we recorded is in close agree-
ment with Croxall et al. (1988) who found that meal
sizes for adult Wilson’s Storm-Petrels (Oceanites
oceanicus) breeding at South Georgia Island ranged
from 15-25% of adult body mass. The birds that we
collected appeared to have recently fed to satiation,
suggesting that 25% was probably an accurate upper
limit to the food-carrying capacity of Leach’s Storm-
Petrel (at least for a diet of fish).

In addition to the above, on 1 August 1989, at
22°43'N, 114°20'W, two separate Leach’s Storm-Pe-
trels flew onboard the authors’ drifting research vessel,
45 and 90 min after dark. One regurgitated four and
the other five Vinciguerria. The prey were half-digested
and therefore were probably taken around dusk. We
released the storm-petrels unharmed.

These were the first recorded instances of Leach’s
Storm-Petrel feeding on Vinciguerria. Harrison et al.
(1983) found unidentified Vinciguerria and V. nim-
bariato be a small but not insignificant part of the diets
of nine of the 18 breeding seabirds that they studied
in Hawaii; Mérzer Bruyns and Voous (1965) reported
that a Sooty Tern (Sterna fuscata) flew aboard their
ship at night in the ETP and regurgitated approxi-
mately six fairly fresh Vinciguerria cf. lucetia. We also
found small numbers of Vinciguerria in the stomachs
of Black Storm-Petrels (Oceanodroma melania), White-
winged Petrels (Pterodroma leucoptera), and Juan Fer-
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nandez Petrels (Pterodroma externa) that were col-
lected in the ETP during the daytime.

The storm-petrels that we collected had been taking
adult V. lucetia that had fed recently, possibly at the
surface. The abdominal area of all of the more intact
fish was noticeably distended. We examined the stom-
ach contents of a freshly caught fish dropped from the
beak of the feeding storm-petrel that we collected. This
fish was an adult (51 mm, standard length; Ahlstrom
and Counts 1958) and was similar in size to most of
the other fish that were found in the stomach samples.
Its stomach was packed with freshly ingested copepods,
but also contained a few euphausiid parts, an amphi-
pod, and two fish larvae (G. Moser, pers. comm.). Diet
studies on Vinciguerria elsewhere have found copepods
to be their main prey (Shevchenko 1986, Clarke 1974).

Despite the fact that V. lucetia may be the most
abundant and widespread fish in the ETP (Ahlstrom
1969), any daytime surface occurrence of this species
is probably an unusual phenomenon. It belongs to a
genus of midwater fishes known to undertake diurnal
vertical migrations, and postlarval forms are rarely en-
countered at the surface, even at night (Clarke 1974).
For example, dolphinfish, (Coryphaena hippurus), a
large, diurnal, surface predator, occurs throughout the
ETP but rarely takes Vinciguerria (Pitman, unpubl.
notes); deeper-foraging tunas, on the other hand, prey
heavily on Vinciguerria in the ETP (Alverson 1963;
Pitman, pers. observ.).

We feel, however, that the storm-petrels that we col-
lected were taking Vinciguerria which were feeding at
the surface (rather than being driven there by predators
from below), and we offer two lines of evidence to
support this. First, most seabird flocks in the pelagic
waters of the ETP form in association with tuna/dol-
phin aggregations because these predators often drive
prey to the surface (Au and Pitman 1986). In those
situations, both prey and predatory fish are regularly
seen breaking the surface during their interactions and
that is where foraging birds focus their attention. In
the storm-petrel aggregation that is reported on here,
we saw no signs of predatory fish or prey in areas where
subgroups of storm-petrels were feeding. Additionally,
storm-petrels do not normally join mixed-species flocks
that are associated with schools of large, predatory fish-
es (Au and Pitman 1986).

Secondly, oceanographic data collected at the time
of our observation indicated that an anomolous phys-
ical event was correlated with the observed feeding
aggregation. Figure 1 shows a continuous strip chart
recording of sea surface temperature and salinity for
the day in question. Although the temperature re-
mained fairly constant throughout the day, the salinity
dropped precipitously (nearly 1 ppt) at approximately
13:00, when the storm-petrel concentration was noted.
In the immediate area of the bird aggregation, evidence
of convergent current flow at the surface was apparent
to the naked eye: a thin, jagged streak of foam at least
1 km long separated flat calm water from darker, heavi-
ly rippled water. Brown (1988) discussed the impor-
tance of similar oceanographic anomolies for Leach’s
Storm-Petrels foraging off eastern Canada.

It appears that a local, physical oceanographic pro-
cess may have served to concentrate an abundance of
prey (apparently mainly copepods in this case) which

attracted Vinciguerria to the surface. Similarly, Brown
etal. (1979) reported on the daytime surface swarming
in the Bay of Fundy of Meganyctiphanes norvegica, a
vertically migrating euphausiid normally found at the
surface only at night. The authors suggested that the
swarms may have actively swam to the surface to prey
upon copepods caught in turbulent upwelling.

Although daytime surface occurrences of diel ver-
tical migrators like Vinciguerria are most likely quite
rare, they can, as shown above, provide at least oc-
casional food sources for surface feeders. Myctophids,
which are also preyed upon by Leach’s Storm-Petrel,
are another group of vertically migrating midwater fishes
normally found at the surface only at night; they have
also been found on rare occasions to swarm at the
surface during the daytime (Alverson 1961).

Feeding on daytime surface swarms is one of several
possible ways that seabirds can feed on midwater or-
ganisms. We occasionally dipnetted Portuguese man-
o-war (Physalia) at night that had fish caught in their
tentacles, including Vinciguerria and myctophids. Birds
that we collected in the tropics occasionally had Phys-
alia tentacles draping from their beaks and it is possible
that instead of eating Physalia they were actually steal-
ing Physalia prey. We also occasionally observed
Leach’s Storm-Petrels feeding on dead fish and squid
floating on the surface. Scavenged specimens ranged
in size from over 1 m, from which birds had to tear
off pieces, to smaller organisms that were swallowed
whole.

These observations all indicate that care must be
taken in interpreting foraging habits of seabirds based
on the presumed behaviors of their prey species. For
example, Linton (1978) and Vermeer and Devito (1988)
studied the diets of Leach’s Storm-Petrels in eastern
Canada and British Columbia, respectively. Among
the identified prey in both studies was a high propor-
tion of midwater species that were vertical migrators,
generally known to occur at the sea surface only at
night, and from this the authors concluded that the
storm-petrels had been feeding at night. Our obser-
vations suggest that some ““nocturnal” prey species of
Leach’s Storm-Petrels also occur at least occasionally
at the surface during the daytime.

We thank David Ainley and Kees Vermeer for their
helpful review comments.

LITERATURE CITED

AnisTrOM, E. H. 1969. Mesopelagic and bathype-
lagic fishes in the California Current region. Calif.
Coop. Oceanic Fish. Invest. Rep. 13:39-44.

AHLSTROM, E. H., AND R. C. Counts. 1958. Devel-
opment and distribution of Vinciguerria lucetia
and related species in the eastern Pacific. U.S. Fish.
Wildl. Serv., Fish. Bull. 139, 58:363-416.

AmNLey, D. G. 1984. Storm-petrels, p. 58-63. In D.
Haley [ed.], Seabirds of the eastern north Pacific
and arctic waters. Pacific Search Press, Seattle, WA.

ALvVErsON, F. 1961. Daylight occurrence of mycto-
phid fishes off the coast of Central America. Pac.
Sci. 15:483.

ALVERSON, F. 1963. The food of yellowfin and skip-
jack tunas in the eastern tropical Pacific Ocean.
Bull. Int.-Am. Trop. Tuna Comm. 7:295-396.



Au, D.WK, anD R. L. PrtMAN.  1986. Seabird in-
teractions with dolphins and tuna in the eastern
tropical Pacific. Condor 88:304-317.

Brown, R.G.B. 1988. The influence of oceanograph-
ic anomalies on the distributions of storm-petrels
(Hydrobatidae) in Nova Scotian waters. Colonial
Waterbirds 11:1-8.

BrowN, R.G.B., S. P. BARKER, AND D. E. GASKIN.
1979. Daytime surface swarming by Meganycti-
phanes norvegica (M. Sars) (Crustacea, Euphau-
siacea) off Brier Island, Bay of Fundy. Can. J. Zool.
57:2285-2291.

CLARKE, T. A. 1974. Some aspects of the ecology of
stomiatoid fishes in the Pacific Ocean near Hawaii.
U.S. Fish. Bull. 72:337-351.

CrossiN, R. S. 1974. The storm petrels (Hydrobati-
dae). Smithson. Contrib. Zool. 158:154-205.
CroxaLL, J. P., H. J. HuL, R. LipsToNE-ScotT, M. J.
O’ConNELL, AND P. A. Prince. 1988. Food and
feeding ecology of Wilson’s storm petrel Oceanites
oceanicus at South Georgia. J. Zool. (Lond.) 216:

83-102.

Harrison, C. S., T. S. HipA, AND M. P. Sex1. 1983.
Hawaiian seabird feeding ecology. Wildl. Monogr.
85:1-71.

The Condor 92:527-530
© The Cooper Ornithological Society 1990

SHORT COMMUNICATIONS 527

Linton, A. 1978. The food and feeding habits of the
Leach’s Storm-Petrel (Oceanodroma leucorhoa) at
Pearl Island, Nova Scotia and Middle Lawn Is-
land, Newfoundland. M.Sc.thesis, Dalhousie
Univ., Halifax, Nova Scotia.

MOoOrzer Bruyns, W.J.F., anp K. H. Voous. 1965.
Night feeding by Sooty Tern (Sterna fuscata). Ar-
dea 53:79.

PitmaN, R. L. 1986. Atlas of seabird distribution and
relative abundance in the eastern tropical Pacific.
Southwest Fisheries Center, National Marine
Fisheries Service, National Oceanographic and
Atmospheric Administration, Administrative Re-
port LJ-86-02C.

SHEVCHENKO, N. F. 1986. Feeding of Vinciguerria
nimbaria (Gonostomatidae) in the tropical zone
of the Atlantic Ocean. J. Ichthyol. 26(4):50-56.

VERMEER, K., AND K. DEvITO. 1988. The importance
of Paracallisoma coecus and myctophid fishes to
nesting fork-tailed and Leach’s storm-petrels in
the Queen Charlotte Islands, British Columbia. J.
Plank. Res. 10:63-75.

Wartanuky, Y. 1985. Food of breeding Leach’s Storm-
Petrels (Oceanodroma leucorhoa). Auk 102:884—
886.

SONG AS PART OF HIGH INTENSITY AGGRESSIVE INTERACTIONS
OF WINTERING WHITE-THROATED SPARROWS!
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Bird song is generally considered a component of re-
productive and territorial behavior of breeding birds
(Falls 1969, Thorpe 1961). Some songbirds sing out-
side of the breeding season in defense of nonbreeding
territories (e.g., Lack 1943) yet the functions of these
songs is not always known (Saunders 1947, Thorpe
1961). In the northeastern United States, White-
throated Sparrows (Zonotrichia albicollis) occur in small
flocks and are reported to sing fall songs until the end
of November and spring songs as early as mid-January
though not regularly until mid-February (Saunders

1 Received 18 August 1989. Final acceptance 27 No-
vember 1989.

1947, 1948). Breeding birds sing spontaneously on ter-
ritory or as part of fights or boundary disputes (Falls
1969). I report here of midwinter singing by White-
throated Sparrows (WTSPs) during high intensity ag-
gressive interactions under both field and laboratory
conditions.

Song of wild WTSPs was observed incidentally dur-
ing the course of experiments on aggressive behavior
of captive flocks of WTSPs (Wasserman et al. 1984).
Several groups of six WTSPs were being held in out-
door aviaries (1.2 x 1.8 x 2.4 m) set in a clearing
amongst dense scrub vegetation between 13 December
1979 and 15 January 1980. Birds had been captured
during October and November 1979 near our obser-
vation site at the Manomet Bird Observatory, Man-
omet, Massachusetts, and then randomly assigned to
flocks composed of white-striped (WS) and tan-striped
(TS) individuals (Lowther 1961). Birds experienced
ambient photoperiods and environmental conditions
and were fed Agway mixed seed and water ad libitum.



