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Abstract

Stomi-petrels are extremety difficult to ¢ensus and
poputation ¢stimates are. therefore, crude. Only two species
Aeach’s Oceanodroma levcorhoa and Fork-talded O, furcata
storm-petred) appear to be sufticiently abundant and widespread
~that conservation eftorts are not needed at present. Four species
CAshy O homochroa, Matsadaira's O, matsuddirae, Tristram’s
2 pristrami, and Madeiran O, castrod are likely to number
tewer than 10 000 individuals in the Pacitic, and should be
~designated as threatened, Tristram's Storm-Petrel s known to

he declining. Long-term conservation plans for these specics
~hould be developed and implemented. Black O. melania and
Least (). mmicrosoma storm-petrels may have populations of
ewer than 20 000 individuals and should be monitored
caretally. Storm-petrels are vulnerable to habitat destruction
~d mammalian predators. Modification of nesting areas by
auman development and livestock can greatly reduce breeding
suceess 1 these species, Livestock should be prohibited in arcas
where threatened species breed. Removal of introduced
predators from sshands and restrictions on travet 1o breeding
slands desegned 1o reduce accidental or intentional
ntroductions of domestic cats and rats shoutd be given high
riofity in conservation plans., -

Résume

Les pétrels tempéte sont difficiles & dénombrer, si bien
aue los donnges sur ies populations sont des estimations brutes,
Il semble que deux espéees seulement soient suffisamment
shondantes ot répandues pour ne pas exiger dinitiatives de
conservatton. 11 s agit du Pérel cul-blanc Oceanodroma
fencorhou et du Petrel & queue fourchue O. furcata. Compie
ienu de leur population vraisemblablement inféricure & 10 000
ndividus dans le Pacifique, on peut considérer que le Pétre!
cendré O. homaochroa. le Pétrel de Matsudaira O. marsudairae,
i Pétrel de Tristram O. tristrami et le Pétrel de Castro Q. castro
~ont des espéces meénacées. On sait que les effectifs du Pétrel de
Tristram connaissent actuellement un déclin, Il y a tout lieu de
préparer et d'exéeuter des plans de conservation A long terme
pour ces especes. Les eftectifs du Pétrel noir O. melania et du
Petrel minime O. microsoma compient peut-étre moins de
20 (000 individus et devraient taire ’objet d'une surveillance
attentive. Les pétrels tempéte sont vulnérables i la destruction
de I'habitat 1 aux mammiteres prédateurs. La perturbation des
licux de niditication par les humains et le bétail risque de
compromettre la reproduction de ces espéces. On devrait
interdire le paturage dans les lieux de nidification des espéces
menacées. Les plans de conservation devraient insister sur

i*¢limination des prédateurs non indigénes dans les Tles de
reproduction et sur la restriction des déplacements en vue
d’empécher I'introduction accidentelle ou intentionnelle de
chats domestiques ¢f de rats, |

1. Introduction

The North Pacilic has the greatest diversity of
storm-petrels in the world. Nine of the 20 species of
storm-petrels (Leach’s Oceanodroma teucorhoa, Fork-tailed
Q. furcata, Madeiran O. castro, Tristram’s O. tristrami,
Swinhoe's Q. monohris, Matsudaira's O. matsudairae, Ashy
0. homochroa, Black O, melania, and Least Q. microsoma)
have breeding ranges either wholly or partially in the North
Pacific. In addition, three other species are occasionally seen
foraging in the North Pacilic (Oceanites oceanicus,
Oceanodroma markhami, and 0. tethys), but none of these
appears to breed above the Tropic of Cancer (see Huey 1952;
Blake 1953, Lockley 1983; Harrison 1987). An extinct species,
Guadalupe Storm-Petrel Oceanodroma macrodactyla, bred
until the early 1900s on Guadalupe Island, off Mexico (Jehl
1972). |

Although the breeding and pelagic ranges of all the
species except Matsudaira’s Storm-Petrel are fairly well
documented, the exact locations and colony sizes of breeding
populations, particularly in the western Pacific and off Baja
California, Mexico, are not completely known, Storm-petrels

are extremely difficult to census cither on the breeding grounds
or dt sca. On their breeding grounds. their nocturnal switling

Mights, cryptic coloration, and small size make counting them
difficult. Their burrow locations often are difficult to find or
unreachable, and even if all burrows can be found, simply
counting the number of burrows exaggerates estimates of
population sizes because occupancy rates are less than 100%
and sometimes as low as 40%. Nests can have multiple
entrances, and nest attendance is irregular, further complicating
counting and identifying active nests. In some locations, several
species of storm-petrels breed in the same arcas. For example,
on Isla Partida, Mexico, Black and Least storm-petrels nest
together in different parts of the saine rock crevices, On Hippa
[sland, British Columbia, and on St. Lazaria Island, Alaska,

L:cach‘s and Fork-tailed storm-petrels occur in adjacent nest
sites (Vermeer et al. 1988; Boersma, pers., obs.). At sea, their

small size, solitary nature, and large range make them difficult
to detect and to accurately count; Leach’s Storm-Petrels are
known to fly 200 km/day while foraging (Billings 1968).
Because of the inherent limitations in censusing
storm-petrels, most researchers are likely conservative in theis
abundance estimates. Most published data on abundance are
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+ = breeding popatations knewn from arca. but no estimates of populalion sizes avallahic:

Table 1 . S e
Crude cstimates of population sizes for nine species of storm-petrelds known o

breed in the North Pacific, Units are in thousends. Location names are ay
follows: Bonin = Bonin and surrounding islandy; China = islands off China,
including Taiwar Japan = islunds off Japan and Karew; Russia = islunds in the
Sea of Okhotsk, including Kuril Is.; AK = islunds off Alaska, including Aleutian
1« BC = islands off British Columbia: WA & OR = istands off the Washington
and Oregon consts: CA = islands off Catifornia coast: MX = islands off Baju
California; CAm = islands of f Centrat America; HI = islands in the Hawaiian Iy,
chain: ATL = breeding siles in the Atlantic.,
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Species Bonin China Japan ) Kussii AK BC WA & (OR CA MX C oAy 1/ Aty
Leach's e 4 2000 200+ 3SO00-6800 11002300 400 0 A Y
Fork-tailed e - — |00+ 003000 300-1300 8§ + I

Madciran e " ¥ (+) - - - -~ .- { %3 (P11 'Y
Tristrant’s 4 I L} - . , o

Swinhoe's ¥ + >% y 31} — O ' ‘

Malsudaira’s 37 — = e | - -

Ashy —_ —- — — . - §

Black — — - - . TRE RIE el

£.east e - - - My e

(+) = tonbreeding populations have been sighted in arew:
1 = estimate of population size extremely crude: Figure |
7 = gecurrence of species in arei possible, but not documented
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Fork -taticd storm petrels

little more than crude estimates and probably accurate only to RUSSIA - - o
within an order of magnitude of true population size. In some '- | , "
locations. time and resources have permitted thorough .- / |
censusing of populations (e.g., Ashy Storm-Petrels on the | / | h o
Farallon Islands). but this is rarely possible. For this reason. SR R | | oA
assesstiient of the current status of most specics is crude tsee AT | N

Table 1). More importantly, tracking changes in storm-petrel SR - I T
nopulations is difficult: pechaps only gross differences such as -‘

changes in an order of magnitude of abundance of breeding

populations may be detectable in most populations. For ths

reason, we feet it is prudeit to err on the side of caution an |

planning for storm-peirel conservation. In this paper. we review o LEACH'S

the cutrent status and threats to storm-petrels in the North

cific and highlight issues that should be addressed in future

work on the conservation of storm-petrels. | N s
l ‘1 w ey
3. Specles accounts: disteibution and abundunce S, ~
o :
2.1, Leach’s Storm-Petrel e
This is the most abundant and widespread of the species
breeding in the North Pacific (Fig. 1; Table 1). Inthe North
Pacitic. its breeding range extends from Hokkaido, Japan, A
across the entire North Pacific Rim to Baja Cabfornia. A | '\
conservative total population size for the species is between 10 FORK-TALED -
and 15 miltion {see Dement’ev and Gladkov 1951 Abe et al. | _— - . "L?w-\k
1972: Sowls ct al. 1978; Golovkin 1984; Hascgawi 1984, e e
Yermeer and Sealy 1984; 1'icev and Flim 1985; Watanukl | -
1985a; Byrd and Day 1986; Withur 1987, Watanuki ct al, 1988 |
for greater detail). T is much rarer off the contiguous 48 states 2.2, Fork-tailed Storm-Peirel |
of the United States than elsewhere in its breeding range, and “This is the second most abundant and widespread of the
reaches peak abundance above 357N latitude, Leach’s storm-petrels of the North Pacitic {Tuble b, The core of s
Storm-Petrels are also widespread in the Atlantic, with large distribution is in the offshore ishinds of Aliaska, particularly an
breeding populations off castern Canada and sialler the castern Aleution Bslands (Fig Ty i generad, s Fanpe does
populations off Great Britain (Palmer {062: Wilbur 1969 Tuck not exlend as far south as that of Leach's Storm-Petrel, with no
and Heinzel 1978). The largest breeding colony is jocated off breeding seposted south of Korea ot south ot bureh s Calitornig
Newfoundland and is estimated to hiave 3.36 miltion breeding (Harris 1974: Sowls et al. 1980: Won and Lee 1986: Taoka cf
pairy (Skicpkovych and Montevecchi 1989). It nonbrecding al. 1989). lis nonbreeding range is m subarctic and temperate:
range is extensive: in the Pacific it extends from the Bering Sca waters (see Fig. 1), The total population size of the species s
lo 10°8, with rare sightings near the equator (see Fig. 1), between five and 10 million (see Sowls et al. 1978; Golovkin

(984: Vermeer and Sealy 1984: I'icev and Flint 1985 for
greater detail). | - _

113



*e—-

F z ' 1 4 [} ]
B:'E::;ieng (dark hutch) and nonbreeding range (light hatch) of Mudciran and Breeding (dark hatch) and nonbreeding range (light hatch) of Swinhoe's and

Tustram's storm-petrels. Breeding istands for Madeiran Storm-Petrel in the Matsudaira’s storm-petrels
Atlantic are, trom north to south, the Azores, the Canary Islands, lht_: Cape |
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2.3 Madeiran Storm-Petrel '
This specios is found breeding on oceanic islands in the
tropical Pacitfic and Atlantic oceans (Fig. 2). In the Pacific it ts
known to breed on islands off the castern coast of Japan (about additional three islands with a total population size of <10 000
KOO0 pairs: Hasegawa 1984), on Kauai in the Hawaiian (Rauzon et al. 1985; Table ). Because of its relatively small

Archipelago, where perhaps 10 pairs breed (although estimates population size and few sites for breeding, Tristram's has been
are difficult to obtain: Pratt et al. 1987; Harrison et al., in press), designated a “sensitive species” by the USFWS (Rauzon et al.

and iy the Galapagos (about 15 000 pairs: Harris 1969), 1985). Due to recent declines in populations near Japan and
Madeiran Storm-Petrels are rarely seen in waters off Russia, but overall smail breeding populations in the central Pacific,
they do not breed there (A, Golovkin, pers. commun.), The Tristram’s is also listed as a “near-threatened” species by the

- species’ 1otal population size is on the order of 50 000 tnternational Council for Bird Preservation (ICBP) and is under
individuals. although less than half that number may be consideration for inclusion in the World Conservation Union
breeding in the Pacilic (Table ). The Hawaiian subspecies is (IUCN) Red Data Book (Collar and Andrew 1988).
considered endangered by the State of Hawaii, and the U.S.
‘1sh and Wildlife Service (IUSFWS) is currently considering a 2.5.  Swinhoe’s Storm-Petrel
proposal to list the subspecies as endangered (Hatrison et al., in This species breeds from the Sea of Japan to islands
pPress ), | ncar Taiwan (Fig, 3), Its nenbreeding range is mostly tropical

| | and subtropical, extending through the Indian Ocean to Saudi

24, Tostram’s Storm-Petrel | Arabia (Lockley 1983), The total population size is probably
| Tristram’s Storm-Petrel breeds on a restricted number of fewer than 30 000 individuals (Table 1), The greatest
Islands tn the west-central Pacific (Fig. 2). Large nesting concentration of Swinhoe’s Storm-Petrel appears to be in the
colonies (>1000 individuals) are known from Laysan and Sea of Japan where over 10 000 pairs are thought to breed on
Midway islands, the Bonin Islands, Volcano Island, and several Verkhovski Island (Golovkin 1984, pers, commun,). Another
other small islands on the castern coast of Honshu, Japan large colony of about 7900 pairs has been reported on Ch'ilbal -
(Harrison et al. 1984; Hascgawa 1984). The species may be Islet off the southwest coast of Korea (Taoka et al. 1989). Other
dechining due to reduction of breeding colonies in the western small colonies (about 100 pairs) are known from islets around
Pacific following introduction of rats and cats onto several the Sea of Japan and off Korea, although total population sizes
l_slanf:is (see Hasegawa 1984), The population centre for the are unknown (Won and Lee 1986; Taoka et al, 1989; A,
species may be in the Hawaiian Archipelago where it is known Golovkin, pers. commun.). Swinhoe’s Storm-Petrel is included

to breed on five islands and likely to be breeding on an - in the Red Data Book of Russia as of 1984 (Golovkin 1984).
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2.6.  Matsudaira’s Storm-Peteel

This is the teast known of the storm-petrels found in the
North Pacific. Although its range extends castwards into the
western North Pacific, it is known to breed only on several of
the Bonin Islands in colonies thought to number more than
several thousand individuals (Fig, 3). Its winter range extends
inio the Indian Ocean to Africa, generally farther south than
Swinhoe's Storm-Petrel. There are no estinnates of the
population size of this species (Table 1),

2.7, Ashy Storm-Petrel

The species breeds only on five islands off Calitornia
and Mexico, and most of the population (approx, 4000
individuals; Ainley et al. 1990) is restricted to the Farallon
Istands (Fig. 4). There i1s one smalf colony in Los Coronadoes
Islands. Mcexico (Sowls et al. 1980), The tota population size s
abowt 830X}, probably an accurate estimate based on extensive
mist-netting on the Farallons and monitoring of the islands
within its breeding range (Table 1), The total population size iy
certainly fewer than 10 000 birds (Sowls et al. 19R0),
Enigmatically, Ashy Storm-Petrels have not been given
“threatened™ status, although more abundant and widespread
species have been considered for “threatened ™ designation (see
below). Given its confined breeding range and small population
size, this species clearly warrants designation as “threatened.”

2.8, Black Storm-Petrel

This species breeds on the Channel Istands off Calitor-
Mg, and istands off both coasts of Baja Calitfornia, Mexico, und
the species “winters” as fur south as Panama (Fig. 4). Published
esthinates of the breeding abundance are generally vague and
viiry considerably, Approximately 150 birds breed in the
Channel Islands (Hunt et al. 1979; Spendelow and Patton 198X:

although Briggs et al. [ 1987} roughly estimate that 100 €000 may

oceur in California waters), but large numbers may breed on the
istands off the castern and western coasts of Baja California
(Davis 1972; Briggs et al, 1987; Table 1). Although no
complete censuses of this species have been done. population
sizes probably range from 10 000 to 100 000 individuals, Due
to the paucity of information concerning this species, # has
been listed as a candidate for inclusion in the IUCN's Red Data
Book (Collar und Andrew 1988).
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2.9, Leust Storm Pegeed

et Storm-Petrels appear 1o Be s abundant as Black
Storm-Petrels, and wie as widespread, although they Jo not
breed 1 the Channel Eskinds ¢brge 0 The species probabiy
nimbers between OO0 and SO 000 (Briees et al TUST 1 ahic

L, They often co-ocvur with Black Storm Petreds on s lands iy

the Gult of Calitornia, They have w sinnbiar nonbrecdiny rangee
to Black Storm-Petrels, althoueh they do not move as Hir norgh
on g regular bavis thie 3 e the Hlihk Storm Petrel the
Least Sterm-Petred has been isted as a candidate for fa lasaog
in the IUCN'S Red Pata Dook pending further rosearch cCnkla

and Andrew TURK),
Y Storm-petrel breeding hiotogy

Exteasive studies ol the breedimg bsdogy of wiorm

pcln.‘l'- have been carred out oo ondy atew ob the pecies in g
w locanions, Ondy Eeach's, Fork tled, Ashy gad Moo

storm-petrels have been studied in der .nl,tillhmu'h ot ndo
nation about the mologs of alt but Matsudarma' s Storom Peteer .
avanlable osee summuaes an Nindev. et al 19905 |

AN the spoevies appear to have a sy saeedar breedmy
otogy: wdults do nat begin drecdne untl they are three o tous
vears old: coutship Lasts for several wecks and consists ol
vociahizing during claborste acrial ssooops and crcles osverthe
colony. Males attract femades 1o the nesting site by cabling
After copubinon in the burrow the bards depart tor sea for
several weeks, pon return the femade s oo Bree ey,
ups o 2007 of her body wesght i Boersma TUK2 ) Roth wses
meubate and feed the vaung. The eppand vouny canhe
I]L'z.ll.'ttt.'tl for veveral tl.hh lllIHHL Ihu.‘ '*;HL dwcubadon period
(Boersoa and Wheclw rthl 1979; Bocrsma FR6G, Vermeer of
al. 1ORX), Egg-Taving and hatching are not highiv synchironous
and may extend for several months The tvpnead interval |
between laving and hatehng 15 40550 dav s and Hicmen o
between hatching and thedgang s between two and tlisee monthe
(Harris 1969, Boersma et al. JWSG; Zhao- ng | ORN: hnmu cl

al. [U8R),
Nadting habitat as vaesable sanpging trom exponed o hilx

to forest floors where storme-petteds use either natural creviees
oF exvavate burrows (Allan 1962; Harnse 1969 Hocramia ot al
19R0). Burrows can be as deep as several metres thockley
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The most severe threat to storm-petrel populations is
from predation by small introduced mammals——particularly rats
and cats (Moors and Atkinson 1984; Imber 1987), Rats and cats
are both extremely efficieni predators on burrow-nesting birds
and difficult to eliminate once introduced to an island (Kepler
1967, Crossin 1974: Jones and Byrd 1979 Moors and Atkinson
1984). Cats appear to have been responsible for the extinction
of the Guadalupe Storm-Petrel (Jeh! 1972) and, along with
introduced rats, they contributed to the elimination of a “huge”

1983}, but the average is probably 30-60 cm. Some individuals
nest in talus slopes penetrating several metres by using existing
openings among the rocks, others may dig side chambers off
existing Tufted Puffin Fratercula cirrhata burrows (Boersma,
pery. obs.). Soil eroston s believed to cause birds to be
gisplaced (sce Sowls et al. 1980).

Most species are active at the colony only at night, and
often stay at sea on moonlit nights (Boersma, unpubl. data;
Watanuki 1986), The diets and leeding ranges when on the

e T e e T L
r ' . - - "
PR R R

breeding colonies may be variable among the spectes. Black,
Ashy. Least, Fork-tatled. and Tristram’s storm-petrels all have
been reported feeding close to their breeding grounds (Ainley et
al. 1973), and Leach™s and Madeiran storm-petrels have been
reported feeding further offshore (Lockley 1983). Although the
proportions of different prey may vary among the storm-petrels
and within species depending on the Jocation and season, the

‘principal components of their diets are amphipods, copepuds,

- euphausiids, decapods, cephalopods, and small fish (Watanuki
1985b: Croxall et al. 1988 Vermeer and Devito 1988; Ridoux
and Ottredo 1989}, Storm-petrels have well-developed
olfactory systems (Bang 1966; Wenzel 1980) and find theiy
toud and perhaps their nest site by odour (Grubb 1974),

The hey to population stability in storm-petrels appears
to be their high adult survivorship. Most species have a very
low reproductis ¢ output (¢.g.. 0.3 chicks/pair for Madeiran
storm-Petrels inthe Galapagos: Harris 1969 0.7 for Ashy
Sorm-Petrels on Farallon Islands: D. Ainley, pers, commun,),
Any perturbations that greatly depress storm-petrels® low
reproductive output could lead to population dectine.,
partcalarly 1 lowered output resulis in low recruitment into the
adult lite stage. Evidence from Leach’™s Storm-Petrel (Gross
FO4T) suggests that storm-petrels are extremely long-lived birds
tor their bady size. Annual adult survivorship was estimated to
be 06,94 for breeding Leach's Storm-Petrels in Maine (Morse

~and Buchheister 19775, H is probable that adults of most Specics
often live more than 20 years. Given their low reproductive
output. 1t 18 fikely that the key Lo population stability in
storm-petrels 1+ their high annuoai adult survivorship, allowing a
relatively Tong life span. Threats that severely reduce adult
survivorship or greatly lower reproductive success have the
potential to cause storm-petrel populations to decline.

3. Predation

A farge variety of species dare known 1o eat storm-petrel
adults or nesthngs. Most of the major predators of storm-petrels
are mammals, particularly introduced mammals that hunt by
sense of smell. Storm-petrels may be particularly susceptible to
-predation by such predators because they have such a pungent
and unmistakable odour, | |

Mammalian predators and gulls, in particular, can
devastate storm-petrel colonies. Medium-sized mammals,
such as otters and foxes, can'dispose of a large number of
storm-petrel adults (Quinlan 1983). These types of predators
can have dramatic effects even when in low numbers, For
cxample, Boersma et al. (1980) reported that several hundred
storm-petrel wings were found at the entrance to a single otter
den. Gulls, as their populations increase, are oecoming serious
predators on small seabirds such as storm-petrels (e.g., Parslow
19635: Angles 1973; Boersma et al. 1980: Watanuki 19R6,
1988). Other avion predators. such as owls (Harris 1969; French
1979: Holt 1987: Vermeer et al. 1988) and crows and ravens
(Watanuki 1985a. 1986 Paine et al. 1990; Boersma, unpubl,
data), are regular predators of storm-petrels,

colony of Tristram’s Storm-Petrels from the [zu Islands off
Japan in less than 20 years (Hasegawa 1984). On Whaler
Istand, California, a colony of 20 000 storm-petrels was

destroyed in less than 40) years by the construction of a

breakwater to the island. This allowed rats to colonize the island
(Osborne 1972).

Besides threatening the survival of particular breeding
colonies or populations, predation pressures can result in
dramatic changes in species distribution and the composition of
scabird communities. For nine tslands with introduced foxes
and nine islands without foxes in the Shumagin Islands, Alaska,
a total of 3150 Fork-tatled and 6750 Leach’s storm-petrels
nested on istands free of introduced foxes. In contrast, no
storm-petrels nested on islands with foxes (data from Bailey
1978). In general, the distribution of storm-petrels tends 1o be
negatively correlated with the distribution of mammalian
predators, |

Increases in gull populations that are tolerant of
human-altered habitats (such as the Slaty-backed Larus
schistisagus and Glaucous-winged L. glawcescens gulls) may
Ciause decreases in smaller seabird species (Paine et al. 1990),
particularly storm-petrels and alcids (Watanuki 1986, 1988).
For example, for 174 Alaskan islands reported in Sowls et al.
(1978), both Fork-tailed and Leach's storm-petrels were less

likely to be found on islands with greater than the mean number

of gulls for all the islands. Species that cause and accelerate soil
crosion, such as puffins and introduced livestock, can destroy
storm-petrel nesting habitat and cause birds to desert (Sowls et
al. 1980). Introductions of livestock can be particutarly harmfu!
10 storm-petre! populations by opening up breeding habitat,
thereby making storm-petrels more vulnerable to capture by
avian or mammalian predators. The changes likely in storm-
petrel populations over the next century are somewhat un-
predictable due to the complex interplay between species and
the community cffeets that accompany changes in predator
populations (see Paine et al, 1991). However, it is most likely
that storm-petrel populations will decline overall,

4.1.  Long-term effects of predation on storm-petrel populations
In the future, several species could submit to the fate of
the Guadalupe Storm-Petrel. Ashy and Matsudaira’s storm-
petrels are particularly at risk due to their extremely limited
distribution amongst a few separate islands: Ashy Storm-Petrels
are concentrated on the Faralion Islands, and Matsudaira's
Storm-Petrels are known to nest only on the Bonin Islands.
Other species that nest on relatively few islands (Tristram’s,
Madeiran, Black, Least, and Swinhoe's) may ulso be vuinerable
because with increasing visitation by humans, introduction of
pred:ﬂlﬂrs s more likely. Nests in rock crevices may be less
sensitive to predation (see Hatch 1983), and thus species such
as Fork-tailed and Madeiran storm-petrels may be somewhalt
less vulnerabie to predation. The location of the crevice is also a
factor: nests on steep slopes are less accessible to many pred-
ators (Boersma, pers. obs.). Some species, such as Madeiran
Storm-Petrels (Harrison et al., in press), are particulurly site
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faithful. This being the case, it is unlikely that populations once
extirputed from an island will casily be reestablished by birds
from other distant locations,

The extinction in a mere 20 years of what appears to
have been the lurgest colony of Tristram's Storm-Petrels by
introduced cats and rats shows how vulnerable many of these
species tay be to population decline and extinction via
predation. These examples of the rapidity with which
introduced predators can decimate storm-petrel populations
suggest that islands where mammalian predators have become
established recently will rcqmrc intense and active management
if storm-petrels are to survive and breed at these sites. In the
long term, it will be of the utmost importance to prevent future
introductions in order to preserve most of the storm-petrel
species of the North Pacific,

§. Pollution

5.1, Plastics

Stormt-petrels, like other procellariiform birds, are prone
(o ingestion of plastics due to their foraging mode. All storm-
petrels are surface feeders, seizing primarily amphipods, squid.
cuphausiids, copepods, and small fish from the surface. Their
food items arc mostly pale, semi-translucent items that float @t
the surface of the water, much as plastics do—-hence storm-
petrels can and do ingest a large quantity of plastics {Rothsiein
1973 Furness 1985a. 1985b: Day ot al, 1985: Zonfrillo 198S:
Boersma 1986b: Ryan 1987: van Francker and Bell 1988}, The
incidence of plastic ingestion in adult storm-petrels can be
extremely high: Ryan (1987) estimated that 88¢% of White-
faced Storm-Petrel Pelagodroma marinag adults and 389 of
While-bellied Storm-Petrels Fregerta grallaria had plasties in
their digestive tracts, Thirty-three percent of the relaxed givzard
volume of Leach’s Storm-Petrels in the North Atlantic was
found to be composed of plastics (Furness 1985a), In contrast,
F% of the food samples regurgitated by Fork-tailed Storm-
Petrels contained plastic partictes (Boeresma 1986b). [t is likely
that all storm-petrel species ingest quantities ot plastics,
although the amount should vary with the overlap in their
faraging ranges and major shipping regions (Diy et al. 1U85),

Ryan and Jackson (1987) found that the average
hall-life of plastics in seabird digestive systems was one year, i
may be less for storm-petrels because they can eject their
stomich contents and often do at predators. However, if pliastics
accumulate in storm-petrel guts they may decrease digestive
eflticiency, and weigh the bird down. Al present there are no
data on the effects of plastic ingestion on flight or digestive
cificiency in storm-petrels. Ryan’s studies of larger scabirds
suggest that negative effects over the short term are small,
although long-term consequences are not known. For example,
Ryan and Jackson (1987) found no cases of obstructions and
little physical damage from plastic ingestion in their
examination of over 40X} scubird carcasses. A detailed and
experimental study of effects of plastic ingestion by Laysan
Albatross Diomedea immtabilis showed that only in a few
instances ingestion caases chick death, although ingestion of
large plastic volumes slowed growth of chicks significantly
(Fry et al. 1987; L. Silco, pers. commun.).

If plastics interfere with storm-petrel digestive
efficiency, expected effects include elevated mortality
(particularly at times of stress such as breeding or moult), and
decreased breeding success via limitation cither of the female’s
ability to form eggs or of the parents’ ability to feed their
young. Obstruction of the digestive system by plastics has been

reported as a mntrlbutmg cause of death in Wilson's Storm-
Petrels Oceanites oceanicus (Zonfrilo 1985 van Franeker and
Bell 1988). Chicks receive plastics in feedings tromi therr
parents (Ryan 1988) and can die from vbstructions (Ryan 1985,
van Francker and Bell 198%). However, because storm-petrels
generally ingest small particies (Ryan 19K7), they may not be
particulurly susceptible to this sort of problem.

5.2, Petroleum

Storm-petrels are less susceptibie to direct orbing than -
most seabirds, largely because they infreguently tand on the
water. Nevertheless, storm-petrels were found viled after the
March 1989 Exvon Valde: oit spill(E. Basley. pers, commun. .
Thus. such large o8l spills could have adverse etfects on
storm-petre] papulations. However, a more constant and
potentially more serious threat comes fromingestion of
petroteam. Because their food is often enibedded in surface
shicks, storm-petrels hkelv-angest surface pollutants, such as o,
frequently with their meals (Boersma 19860, Studices on |
variety of scabsrds have shown that ol igestion can impin !
endocrine functions (Peakall et al. 19812 Butler ot al. 1988,
iterfering with ovulatton (Casanaugh and Holmes 10879 o1
even with immune functions (Peakadl et al. 1981 Fey and:
Lowenstine TUSS; Lowenstine and Fry TYRS) Other o
effects include inducing anemia (Leighton et al 1983 1955
and interference with normal renal tunctaon tLee et al. TORS)
Ingestion ol even smadl quantities of oil can cause elevated
metiabolic rates i aduii Leach™s Storm- Peareds (Peakall ot il
19X 1: Butler et al. TOR6), and chac ks 6f ord-dosed pirents sulfer
tront lowered hatching and tledging success, perhiaps because
the adults” increased enerectic deminds reduce the elfioieney
with which they can tend and feed their soung chnvelprece ol
al, 1984 Butler et al. 198%) Trivelpieae ctal c1984 abso tound
that Leach’s Storm-Petret chichs had greater morbadity anad
mortatity when fed by od-dosed parents, but i another stedy Iy
Bocrsiwa et o, (1988, Fork-tarded Storme-Petret chichs dosed
directly showed Tittle or no eftects from thewr exposawre. It
appears that storm-petrels sutfer prinmnl} fromechanges i
basal metabolic rate associated with olb ingestion, We sugpest
that storme-petrebs are less saseeplible than many speaics of
seabitds (o il ooty becuse thetr diets contam Liege 2munts
of n-hevanes that are staslar 1o o1l ({ObsE 1986, Boersima ot al,
| OXR). More studies need to be canducted o tudiy anderstand
the range of cftects of el ingestioman storme-petreds, although
the available evidence suggests that ml mgestion nuy de Press
storm-petrel populations,

§.3  Tovic contaminants | |
Toxie chemucals trequently become trapped in cerface
shicks, and thus storm-petrels due fo thoir toragimy method are
particularly prone toingesting these Minds of toans, Organe.
chiorine conlamimants are commeon in storim-petrel eges,
although the fevel of contamination varies (Ohdendord et atl.
1978; Pearcs et al. 1979 Elbott et al. 198, DDT and s
derivatives have been shown to promote eggshedt thinning in
Loach's, Fork-tailed. and Ashy stoem-petrels (Coulter and
Rizebrough 1973 Ohlendort et al, 1978 Pearce et al. 1979;
Henny ot al, TURY: Lukowskr 1983y, Bull et (1977 and
Murton ¢t al. (1978 have reported heavy metal contammation
in the tissue and cggs of Leach™s Storm-Petrels, The principal
source of such contaminants is not known: they may pick. up
heavy metals from their foods or from traces trapped in ol
sticks that are inadvertently ingested while foraging. Few other
effects of toxic chemicals have been reported, but it is bikely



thit storm-petrels would be at greater risk than many other
species to direct. inadvertent ingestion of floating toxins
(Bourne 1976; Lukowski 1983),

54.  Long-term effects of poilutants on storm-petrel
populations
In general. potlution problems are likely to attect ali
species, but to have greater impacts on popuiations with siali
population sizes (¢.g., Ashy and Matsudatra’s storm-petrels).
The species may be diftferentially susceptible according to the
degree of averlap of ther foraging and breeding ranges with the
distribution of polltttants on the occarn’s surface. Species that
foflow ships to ke advantage of their castoffs (Fork-tailed,
Black. Matsudaira’s, and possibly Least and Swinhoe's
storm-petrels. Lockley 1983) may be particularly susceptible to
‘o1l and plastic mgestion,

6. Other threats

| Four additional types of disturbance may hiave some
negative impacts on storm-petrel poputation stability, First,
grazing and farming may imiure storm-petrel populations both
because they increase soil erosion, which ity mcreasc burrow
collapse. and also because they can make burrows and returnsng
adults more vistble to predators, Second, human disturbance
iy not attect afl species equally. For exampie, Leach's
Storm-Petre] appears 1o be less sensitive 1o investigator
disturbanee than Fork-tailed Stomm-Petrel. Increased tourism
near breeding groutkds of sensitive species may reduce nesting
MUCCONS, . | - .
Thirdiv. globat climate change could have adverse
stects on storm-petrel breeding success. Both short- and
long-term changes in ramfall patterns may have substantive
cttects on storm-petrels. Fork-tailed Storm-Petrels are less
- hikely to reter o teed and brood their chicks under rainy and
windy condiiions, and chick mottality is correlaled with rainfall
Boersma et al. 1980). Climate changes that bring more rain to
breeding areas will increase maintenance costs of storm-petrel
chicks and increase mortality. | *
| Finally. storm-petrels may experience problems from
competition with commercial fisheries. Storm-petrels probably
do notsutfer much from commercial fishing because they do
ot often become entangied in nets and do not compele directly
Mth most fisheries for food. However, the taking of small bait
Hish such as capelin or sand fance could prove damaging to
orm-petret populitions because they depend heavily on fish
dauring the breeding season. At present it is unknown if such
competilive mnteractions exist. SR

7. Remmmﬂndatiﬁns

Of the nine storm-petrel species in the North Pacific,
wo (Leach’s and Fork-tailed) are so widespread and abundant
that they do not appear to be threatened. The remaining seven
pecies are all of some concern either because they have limited
breeding distributions and relatively small population sizes, or
hecause little 1s known about their actual numbers and present
“fatus. Black and Least storm-petrels both may number 20 000
individuals, and are under consideration for listing as threatened
(Collar and Andrew 1988). Many species of storm-petrels are
known to nest on only a small number of islands (e.g., Ashy
and Madeiran storm-petrels), and several species (Ashy,
Matsudaira’s, Tristram’s, and Madeiran storm-petrels’
Hawaitan subspecies) likely number fewer than 10 000

individuals worldwide. Consideration should be given to
designating at least Ashy, Matsudaira's, Tristram’s, and
Madeiran storm-petrels as threatened, and long-term
conservation plans for each species should be developed as
well. Tristram’s Storm-Petrel is known to be declining and is
alrcady being considered for inclusion in the IUCN’s Red Data
Book as a threatened species (Collar and Andrew {988). The
remaining species, Swinhoe’s, Black, and Least storm-petrels,
should be considered sensitive species: breeding colonies and
overall population sizes should be monitored.

Overall, there are insufficient data in most cases to
determine if population sizes in any of the species are stable.
Given the fact that most of the species have relatively small
population sizes (5000-10 000 individuals), have a limited
number of breeding sites, and may be vulnerable to a wide urray
of threats, it would be wise to begin planning for their
conservation now.

Specifically, several steps need to be taken to assess the
present status of the most threatened of the storm-petrel species,
First and foremost, a survey to determine the Matsudaira’s
breeding grounds and estimate their population size needs to be
done. The breeding grounds of all storm-petrels in the western
Pacific and of the Black and Least storm-petrels in the Gulf of
California should be determined and an ¢ffort made 1o improve
the estimate of population sizes. In general, protocols for
determining population size, which can be used to track
changes in storm-petrel populations, need to be developed.
Comparisons should be made among the existing

%

~methodotogies—aerial nocturnal colony counts, mark and

recapture mist-netting, burrow counts, and counts of calling at
burrows—to determine their accuracy.

Given the threat posed by a wide variety of pollutants,
cftorts shoutd be increased to adopt and enforce more restrictive
gutdelines against discharge of plastics, petroleum, and other
toxic compounds into the world®s oceans,

The most potent and serious threat to storm-petrel
populations at present is predation, particularly by introduced
predators. Storm-petrels are successful breeders on remote and
isolated islands largely because these sites lack predators. As
Istands arc visited and altered by humans, storm-petrels will be
increasingly at risk.

Efforts to prevent introductions of mammals and
removal of these mammals on istands where they have become
established should be given the highest priority. In particular,
guidelines to reduce the chances of ships and boats making
introductions need to be developed and implemented. The most
casily controlled and damaging predators (such as cats and
foxes) should be immediately removed from any istands where
they threaten storm-petrel breeding colonies, and from islands
where they have recently eliminated colonies, in hopes that the

- birds will recolonize. Recordings and nesting boxes are known

o be effective in attracting storm-petrels (Podolsky and Kress
1989. Boersma, unpubl. data), At present, because rats are o
ditficult to remove, efforts should be directed toward preventing
introduction of these predators to seabird islands.

| In conclusion we must emphasize that, overall, the
impacts of poHutants and habitat disturbances pale in
comparison with the impacts of predation, particularly by
introduced mammals. Although successful management of
storm-petrel populations will depend on efforts to reduce
adverse cffects from all classes of threats. the key to storm-

petrel survival over the long term will lie primarily in careful
predator management, |
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