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Conservation problems and research needs
for Bristle-thighed Curlews Numenius
tahitiensis on their wintering grounds
JEFFREY S. MARKS and ROLAND L. REDMOND

Summary

The Bristle-thighed Curlew Numenius tahitiensis is a rare shorebird that breeds in western
Alaska and winters on oceanic islands in the tropical and subtropical Pacific Ocean.
Before human colonization, the islands on which curlews winter were devoid of terrest-
rial predators, allowing curlews to evolve a rapid moult during which about 50% of
adults become flightless. Especially when flightless, these birds are vulnerable to harvest
by humans and to predation by introduced mammals such as dogs and cats. On atolls
where they are harvested by humans, curlews tend to occur only on uninhabited islets.
Consequently, human encroachment in Oceania has probably reduced Bristle-thighed
Curlew numbers and altered winter distribution of the species. Future studies should
(1) identify concentrations of wintering curlews, focusing in the Tuamotu Archipelago;
(2) determine whether migratory stopover sites exist in the central Pacific between Hawaii
and the southern end of the wintering grounds; and (3) establish a monitoring pro-
gramme to assess population trends in several parts of the winter range. A comprehens-
ive plan is needed to provide for the existence of predator-free islands throughout key
portions of the winter range.

Introduction

Shorebirds (suborders Charadrii and Scolopaci: Gochfeld et al. 1984) that breed
at arctic and subarctic latitudes typically lay a four-egg clutch and seldom
attempt to breed more than once each year (Myers et al. 1987). The trade-off for
this low parental investment is high survivorship that allows multiple breeding
attempts during an individual's lifetime (Evans 1981, Evans and Davidson 1990).
Most shorebirds that breed at high latitudes are long-distance migrants that
winter along continental coasts (Morrison 1984, Hayman et al. 1986). Spending
most of their lives south of the breeding grounds, it is essential that shorebirds
winter in areas where their chances of survival are high (Evans 1981). During
migration, shorebirds tend to concentrate at traditional staging sites to replenish
fat stores. Because these staging sites are restricted in size and surrounded by
vast expanses of unsuitable habitat, they act as geographic bottlenecks for many
shorebirds (Myers 1983, Myers et al. 1987). Thus, conservation of shorebird
populations depends in large part on the existence of wintering areas and
migratory stopover sites where the risk of mortality is low.

Bristle-thighed Curlews Numenius tahitiensis breed in subarctic tundra in two
areas of western Alaska (perhaps representing separate populations) and winter
on small islands in the tropical and subtropical Pacific Ocean (Stickney 1943,
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McCaffery and Gill 1992). Their breeding populations probably consist of no more
than 7,000 individuals (Gill and Redmond 1992), and they were recently desig-
nated as a candidate for the U.S. Fish and Wildlife Service's list of threatened and
endangered wildlife. Adults inhabit the wintering grounds from July or August to
early May, and immature birds (less than three years old) remain on the wintering
grounds throughout the year (Marks and Redmond 1994).

Bristle-thighed Curlews are the only migratory shorebirds that winter exclus-
ively on oceanic islands. Their winter range was virtually free of terrestrial
predators before the arrival of humans. Freedom from predation is probably
responsible for their unusual moult, during which about 50% of the adults
become flightless for approximately two weeks during autumn (Marks et al.
1990, Marks 1993). In addition, some individuals exhibit extreme longevity
(surviving >23 years), and annual survivorship at the northern edge of the
winter range is at least 85% (Marks 1992). Even though the breeding grounds
are still relatively pristine, nest predation can be high during some years
(McCaffery and Gill 1992). Given their high survivorship and potentially low
reproductive success, Bristle-thighed Curlew populations will predictably be
highly sensitive to factors that increase mortality away from the breeding
grounds.

Among shorebirds, moult-induced flightlessness is unique to Bristle-thighed
Curlews. Because flightless curlews are known from both the Northern and
Southern Hemispheres (Marks et al. 1990), flightlessness is probably a wide-
spread phenomenon in Bristle-thighed Curlews. On Laysan Island in the north-
western Hawaiian Islands, approximately 50% of the adult curlews become
flightless for a brief period (perhaps two weeks) during the prebasic moult in
autumn (Marks 1993). In marked contrast to volant individuals, flightless cur-
lews are extremely secretive and seldom appear in the open during the daytime.
Their typical reaction to humans is to seek cover in dense vegetation (pers. obs.).
Flightless curlews run swiftly, but they can be readily captured by humans that
pursue them diligently.

Information on the non-breeding ecology of Bristle-thighed Curlews comes
from work conducted in the north-western Hawaiian Islands between 1988 and
1992 (Marks et al. 1990, Marks 1993, Marks and Redmond 1994) and from short-
term studies in the Marshall Islands (Johnson 1979) and the Tuamotu Archipe-
lago (Gill and Redmond 1992). Little is known about curlews in other parts of
Oceania. For example, staging areas presumed to exist between Hawaii and the
southern end of the winter range have not been identified (Marks and Redmond
1994). Moreover, the effects of humans and introduced predators on curlews
have not been examined critically, especially when adults are flightless. Given
the devastating impact that humans have had on the avifauna of oceanic islands
(e.g. Holyoak 1973, Moors 1985, Loope et al. 1988), Bristle-thighed Curlews are
probably highly vulnerable to human-caused perturbations on their wintering
grounds (Amadon 1953, Marks et al. 1990).

Gill and Redmond (1992) called for additional research on the distribution,
numbers and ecology of Bristle-thighed Curlews in the Pacific. In this paper we
expand upon their recommendations. Specifically, we (1) bring together current
information on the distribution and numbers of the species in Oceania; (2)
identify potential threats to wintering birds, focusing on the implications of
moult-induced flightlessness; (3) examine the relationship between the presence
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of humans and curlews on atolls and small islands with different degrees of
human disturbance; and (4) recommend directions for additional research and
monitoring on the wintering grounds.

Distribution and numbers on the wintering grounds

Bristle-thighed Curlews winter (i.e. reside on the non-breeding grounds) from
the north-western Hawaiian Islands south-west to the Marshall Islands, south
to Fiji, and east to the Pitcairn Islands at the south-eastern end of the Tuamotu
Archipelago (Figure 1). Extralimital winter records exist for the Caroline and
Mariana islands in western Micronesia (Baker 1951), Norfolk Island and the
Kermadec Islands north of New Zealand (Veitch 1974, Turbott 1990), and Easter
Island, 2,315 km east of the Pitcairn Islands (Vilina et al. 1992).

Information on curlew numbers in various archipelagos from throughout the
winter range is presented in Table 1. The largest known concentrations of
Bristle-thighed Curlews (700-800 birds) are in the north-western Hawaiian
Islands, with most of the birds occurring on Laysan Island, Lisianski Island and
Midway Atoll (pers. obs.). U.S. Fish and Wildlife Service personnel have
counted more than 200 curlews on Palmyra Atoll in the northern Line Islands
during each of three visits between 1987 and 1992 (unpubl. data, U.S. Fish and
Wildlife Service, Honolulu, HI). Also in the northern Line Islands, Dick Watling
(in /iff.) estimated that 50-100 curlews were present on Washington Island
(Tabuaeran) during February 1993. Kepler et at. (1994) counted 83 curlews at
Caroline Atoll in the southern Line Islands in September 1988. Using line tran-
sects, they estimated that about 300 curlews wintered on the atoll; but because
154 curlews were calculated from a single flock of seven birds on one transect,
their population estimate is probably inflated.

Gill and Redmond (1992) estimated that 250-300 curlews winter on Rangiroa
Atoll in the northern Tuamotu Archipelago. Curlews winter throughout the rest
of the Tuamotus (Bruner 1972, Lacan and Mougin 1974), but population estim-
ates do not exist for atolls other than Rangiroa. Based largely on information
from local residents, Lovegrove et al. (1989) concluded that the status of Bristle-
thighed Curlews in the northern Tuamotus has remained unchanged over the
last 50 years. Nevertheless, residents of Rangiroa Atoll "stressed that curlews
seem to be less common than 15-20 years ago" (Gill and Redmond 1992).

Recent studies in the Pitcairn Islands indicate that approximately 150 curlews
winter on Oeno and Henderson islands (Brooke in press). Curlews are also
widespread in the Marshall and Gilbert islands of Micronesia (Amerson 1969),
and they occur regularly but in small numbers in Fiji and Tonga at the south-
western edge of the winter range (Watling 1982). Curlews also occur throughout
the Cook Islands, with an estimated 200 inhabiting both Palmerston Atoll in
i960 (Burland 1964) and Takutea Island in 1973 (Holyoak 1976) and 1989-1990
(McCormack 1991). Curlews have been collected in the Phoenix, Society, and
Marquesas islands (Stickney 1943), but we found no population estimates for
these archipelagos.

Threats from introduced predators

A variety of mammals capable of preying upon birds has been introduced to
Pacific islands, including three species of rat Rattus spp. (King 1985), a
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Table 1. Estimates of Bristle-thighed Curlew numbers for archipelagos in the main winter range,
including islands with the highest known numbers of curlews within each archipelago.

Archipelago

NW Hawaiian Islands
Laysan Island
Lisianski Island
Midway Atoll

Tuamotu Archipelago
Rangiroa Atoll

Pitcairn Islands
Oeno Island
Henderson Island

Marshall Islands
Erikub Atoll
Enewetak Atoll

Gilbert Islands
Makin Atoll

Tokelau Islands
Cook Islands

Palmerston Atoll
Takutea Island

Line Islands
Palmyra Atoll

Fanning Island
Phoenix Islands
Society Islands
Marquesas Islands

Population estimate

800

300-350
300-400

1 0 0

Present"
250-350

>i50
1 0 0

40-50
>3oo

1 0 0

5°
>1OO

27

40

Present
2 0 0

2 0 0

Present
>2O0

50-100

Present
Present
Present

Source

Marks unpubl.
Marks unpubl.
Marks unpubl.
Marks unpubl.

Bruner 1972
Gill and Redmond 1992

Brooke in press
Brooke in press
Brooke in press
Amerson 1969
Amerson 1969

Carpenter et al. 1968
Amerson 1969
Amerson 1969

Thompson and Hackman 1968
Holyoak 1980
Burland 1964

Holyoak 1976, McCormack 1991
Perry 1980

U.S. Fish and Wildlife Service
unpubl. data

Watling in litt.
Stickney 1943
Stickney 1943
Stickney 1943

" Inhabited by curlews but population estimates not available.

mongoose Herpestes auropunctatus, and feral and domestic populations of pigs
Sus scrofa, dogs Canis familiaris, and cats Felis catus. Although rats are a serious
threat to nesting seabirds (Kepler 1967, Atkinson 1985), they probably pose little
danger to wintering Bristle-thighed Curlews, even when the birds are flightless.
Curlews and other migratory shorebirds in Oceania are not as tame as nesting
seabirds and are unlikely to be attacked by rats. Mongooses occur in Oceania
only on Fiji and the main Hawaiian Islands (Nellis 1989), where curlews are not
abundant. However, they could become a serious threat to curlews if introduced
to additional portions of the winter range.

At Rangiroa Atoll, an islet inhabited by a single pig had almost no understorey
vegetation (pers. obs.). Pigs undoubtedly have similar effects on the vegetation
of small islands elsewhere in Oceania. In the north-western Hawaiian Islands,
curlews feed primarily in vegetated terrestrial habitats and avoid intertidal zones
for feeding (Marks and Hall 1992, Marks 1993). Islands with reduced vegetation
would have lower food availability and less cover for moulting birds. Con-
sequently, they would probably be avoided by curlews in areas where curlews
rely heavily on vegetated habitats for foraging and escape cover.

Feral dogs and cats occur throughout much of Oceania (King 1973, Perry 1980),
and they could pose a serious threat to curlews. Although volant curlews should
be able to escape from dogs, flightless curlews would be especially vulnerable to
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Table 2. Counts of Bristle-thighed Curlews* on Howland and Baker islands, northern Phoenix
Islands. Cats were introduced to both islands in the late 1930s and eliminated from Baker in 1964
and from Howland in 1986.

Date Number of curlews counted

Howland Baker

March 1963 2 o
October 1963 2 5
October 1964 i3b 10
March 1976 o 14
November 1977 o 25
November 1978 o S5
April 1986 o 26
September 1986 26 12
September 1990 24 18

a Unpublished data from Pacific Ocean Biological Survey Program (1963-1964) and U.S. Fish and
Wildlife Service (1976—1990).
b Cats nearly eliminated by February 1964 but increased in number until completely eliminated in
April 1986.

predation because dogs pursue their prey for long distances and can use olfaction
to locate prey in dense vegetation. Cats can be devastating predators of island
birds (Kirkpatrick and Rauzon 1986), and although normally they do not prey on
species larger than themselves (Leyhausen 1979), they occasionally attack sea-
birds as large as cormorants Nannopterum harrisi and frigatebirds Fregata tnagni-
ficens (Konecny 1987). Because they hunt by stealth and often forage nocturnally
(when curlews would be less likely to detect them), we suspect that cats could
prey upon curlews whether or not the curlews were flightless.

Data from two sites in the Phoenix Islands suggest that cats influence the
distribution of Bristle-thighed Curlews. Cats were introduced to Howland and
Baker islands in the late 1930s. Eradication efforts in 1963 and 1964 were success-
ful at Baker but failed at nearby Howland. Subsequent visits to these islands
indicated that curlews were largely absent from Howland until cats were com-
pletely eradicated in April 1986 (Table 2). Curlew numbers were relatively stable
at Baker during the same period (Table 2). The absence of curlews at Howland
while cats were present may have resulted from predation or from curlews
leaving the island once they detected the cats. The rapid reappearance of cur-
lews following cat eradication suggests that curlews responded directly to the
presence of cats by moving elsewhere. We note that the effects of introduced
predators could differ between atolls and islands. An atoll could continue to be
inhabited by curlews as long as predators did not colonize all of the islets.
Predators introduced to isolated islands, however, would be especially devastat-
ing to curlews if the birds could not move to another island.

Threats from humans

Disturbance by humans (including subsistence hunting) is apparently a great
threat to Bristle-thighed Curlews on their wintering grounds. Perhaps because
of their large size, curlews are highly prized for food by local peoples in Oceania.
Reports of curlews being shot for food exist for the Line Islands (Kirby 1925)
and the Cook Islands (Burland 1964, Holy oak 1980). Curlews are also trapped
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and eaten in the Tokelau Islands (Wodzicki and Laird 1970) and the Tuamotu
Archipelago (Bruner 1972, Gill and Redmond 1992). Although the effects of
harvest on curlew numbers are unknown, the potential for humans to influence
numbers and distribution of curlews is great. For example, the fossil remains
of Bristle-thighed Curlews are common in the main Hawaiian Islands (Olson
and James 1982), yet today curlews are uncommon during migration and rarely
overwinter (pers. obs.). The presence of humans, or of predators introduced by
humans (e.g. dogs, cats and mongooses), could explain the absence of wintering
Bristle-thighed Curlews in the main Hawaiian Islands. At present, the effects
of humans on curlews can only be assessed indirectly. Curlews should actively
avoid humans in areas where they are persecuted by them. Indeed, curlews
tend to be especially wary throughout the central and southern portions of their
winter range where they are harvested by humans (e.g. Bakus 1967, Pearson
and Knudsen 1967, Child 1979, Holyoak 1980, Gill and Redmond 1992). This
contrasts with the situation in the north-western Hawaiian Islands, where cur-
lews have existed in the absence of human persecution for decades. On these
islands, curlews are very tame and often approach humans during the daytime
(pers. obs.). Nonetheless, even in the north-western Hawaiian Islands, curlews
readily become wary if disturbed by people.

Between 1988 and 1991, we captured, measured and marked 349 curlews by
spotlighting at night during five visits (ranging from 1 to 4.5 months in duration)
to Laysan Island. Laysan Island is part of the Hawaiian Islands National Wildlife
Refuge and is uninhabited except when researchers are present. Even though
our skill at catching curlews improved with each visit to the island, the birds
became so wary that our success rate declined steadily from 0.36 to 0.13 adult
captures per hour from our first to last visits (r = —0.957, n = 5> V = 0.005).
The decline in capture success resulted from a radical change in the behaviour
of adult curlews. Early in our study, adults typically stood still when we shone
our lights on them; by our fourth and fifth visits, however, they usually eluded
capture by running off or taking flight, even on the darkest of nights.

Midway Atoll at the far end of the north-western chain has been a U.S.
naval base since the 1940s. It became a wildlife refuge in 1988 under the joint
management of the U.S. Navy and the U.S. Fish and Wildlife Service. Virtually
all of the approximately 100 curlews that winter at Midway Atoll feed on Sand
Island during the day but leave each evening to spend the night on Spit Island
1 km away (pers. obs.). About 250 people reside on Sand Island, whereas Spit
Island is uninhabited. Introduced rats Rattus rattus, the only terrestrial mammals
inhabiting the atoll, are present on both islands. Even though people no longer
harass curlews at Midway, it is possible that the birds were persecuted from
the 1940s through the 1970s when the atoll supported a thriving naval base
occupied by up to 5,000 people (curlew numbers during this period are
unknown). Thus, the curlews' current habit of spending the night on an unin-
habited island may have resulted from events that occurred decades ago. Inter-
estingly, curlews remained tame during the daytime at both Laysan and
Midway, perhaps because they were pursued only at night at Laysan and were
not threatened by humans during the day at Midway.

In areas where curlews are trapped (rather than shot) for food, Sightlessness
would render them especially vulnerable to harvest. Indeed, local residents at
Rangiroa Atoll informed us that curlews were easily captured when they could
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not fly. The general absence of curlews on islands inhabited by humans (e.g.
Amerson 1969, Schipper 1985, Gill and Redmond 1992) suggests that humans
could alter the distribution of wintering curlews even where the birds are not
harvested.

Atoll ecosystems are extremely fragile and thus easily modified by humans
(Wodzicki 1981). The mere presence of humans, such as might occur with tour-
ism development or the establishment of military installations, could have
adverse effects on curlew numbers. We note, however, that some workers are
not convinced that curlews avoid humans. For example, J.-C. Thibault (in litt.)
feels that curlew numbers are not higher on uninhabited atolls than on inhabited
atolls in the Tuamotu Archipelago. Clearly, more information is needed on the
distribution of curlews and humans in Oceania.

Conservation and research needs

The conservation of Bristle-thighed Curlews will depend on the existence of
uninhabited, predator-free islands in key portions of the winter range. Unfortu-
nately, information on curlew distribution and numbers is either outdated or
non-existent for most of Oceania, and it would be extremely difficult and
expensive to obtain. Nonetheless, we believe that sufficient data exist to allow
conservation and research efforts to focus on the island groups most likely to
be in need of attention. The major concerns that must be considered in any
comprehensive plan to conserve Bristle-thighed Curlews are: (1) identification
of high concentrations of wintering curlews, (2) identification of migratory stop-
over sites, (3) monitoring of population trends, and (4) protection and manage-
ment of key islands and atolls throughout the winter range. Below, we suggest
locations in which each of these concerns might best be addressed.

Concentrations of curlews

The highest recent counts of Bristle-thighed Curlews are from Laysan and Lisi-
anski islands in the north-western Hawaiian Islands, Palmyra Atoll in the Line
Islands, and Takutea Island in the Cook Islands (Table 1). The vast Tuamotu
Archipelago is the most likely place to expect additional concentrations of win-
tering curlews because it has large numbers of uninhabited atolls (Table 3).
Consequently, expeditions to the Tuamotus during the "wintering" period (i.e.
September to April) should include efforts to monitor curlews with the aim of
identifying atolls with relatively high numbers of birds. Efforts to determine
curlew numbers in the Tuamotus have been attempted by Lovegrove et al.
(1989), but, as they noted, it is "extremely difficult to arrive at any meaningful
population figures". This difficulty underscores the need to determine numbers
using mark-resighting analyses and systematic surveys (see below).

Migratory stopover sites

Data from Laysan Island indicate that curlews wintering in the South Pacific
overfly the north-western Hawaiian Islands during both northward and south-
ward migration (Marks and Redmond 1994). Assuming that curlews cannot fly
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Table 3. Major archipelagos used by wintering Bristle-thighed Curlews classified by number of atolls
and islands that are inhabited by humans.

NW Hawaiian Is."
Marshall Is.b

Gilbert Is."
Phoenix Is.c

Line Is.d

Marquesas Is.c

Tuamotu Arch.c

Society Is.c

Cook Is.c

Pitcairn Is.c

Tokelau Is.c

Tuvalu Is.c

Number

Humans

2

2 0

10

1

2

0

39
4
6
0

3
5

of atolls

No humans

2

8
0

2

2

0

37
3
1

2

0

1

Number

Humans

0

4
6
0

1

6
1

6

7
1

0

3

of islands

No humans

4
1

0

7
5
4
0

1

1

1

0

0

* pers. obs.
b Amerson (1969).
c Douglas (1989).
d Perry (1980).

non-stop between Alaska and the southern portion of their winter range (a
distance of more than 8,500 km), migratory stopover sites must exist somewhere
between Hawaii and the South Pacific. These sites could be essential for the
successful migration of curlews that winter throughout the South Pacific.

Migratory flight range estimates suggest that curlews departing from Alaska
could fly non-stop to the northern Line Islands, Phoenix Islands, Marshall
Islands and Gilbert Islands (Marks and Redmond 1994). Based on the presence
of large numbers of curlews during southward migration, a probable stopover
site is Palmyra Atoll in the northern Line Islands. Palmyra is uninhabited but
is slated for major development as a tourist facility. Consequently, the need to
determine its significance to curlews, and to take protective measures if neces-
sary, is especially urgent. The Phoenix Islands are largely uninhabited (Table 3)
and thus might also contain important stopover sites. In contrast, most of the
islands in the Marshall and Gilbert archipelagos are inhabited (Table 3), making
them less likely to be used by large numbers of curlews. Moreover, the island
groups south of these islands (i.e. Tuvalu, Fiji, Tonga and Samoa) are not
known to support large numbers of curlews. Another reason that the Line and
Phoenix islands are likely to contain staging sites is that they are along the most
direct route between Alaska and the islands thought to contain large numbers
of wintering curlews (i.e. the Cook Islands and Tuamotu Archipelago).

Assessing population trends

Monitoring of population trends should be based on information from several
widely spaced areas. Sites that can be visited relatively easily and that contain
large numbers of curlews would make the best locations. Likely sites would
include the north-western Hawaiian Islands (e.g. Midway Atoll or Laysan
Island), the Cook Islands (e.g. Takutea Island) and the Line Islands (e.g.
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Christmas Island or Palmyra Atoll). At each location, curlew numbers should
be assessed using mark-resighting analyses based on systematic surveys of
colour-ringed individuals. Special efforts should be made to assess numbers
during the moulting period when curlews are sedentary (i.e. October through
November) and during migration periods at suspected staging sites.

In addition to monitoring numbers, more data are needed on basic life-history
parameters such as moulting patterns, feeding habits and habitat affinities in
the Southern Hemisphere. Although this information is known for curlews in
the north-western Hawaiian Islands, it cannot necessarily be extended to cur-
lews at the southern end of their winter range. For example, Bristle-thighed
Curlews forage primarily in vegetated habitats in the north-western Hawaiian
Islands (pers. obs.). In the Southern Hemisphere, however, they forage extens-
ively in both vegetated and unvegetated habitats (Gill and Redmond 1992,
Kepler et al. 1994, Brooke in press). Consequently, the effects of habitat altera-
tion on curlews might differ between the northern and southern portions of
their winter range.

Protection and management

The protection of atolls and islands that are of high value to curlews will prob-
ably be the most difficult task to accomplish. Fortunately, the north-western
Hawaiian Islands are already protected as a National Wildlife Refuge and are
free of predators capable of capturing curlews. Wildlife sanctuaries have also
been established on several of the Line Islands (Perry 1980), Phoenix Islands
(IUCN 1991) and Marquesas Islands (IUCN 1991), and at Takutea in the Cook
Islands (McCormack 1991) and Atoll de Taiaro in the Tuamotu Archipelago
(IUCN 1991). Conservation efforts in the rest of Oceania will probably need to
involve the removal of predators on some islands and the establishment and
enforcement of regulations that prohibit the harvest of curlews. As noted previ-
ously (Gill and Redmond 1992), an effective conservation and monitoring effort
must involve the cooperation of the governments of the United States, France,
New Zealand and Kiribati.
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