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Abstract
Cooperative breeding, which is commonly characterized by nonbreeding individuals that assist others with reproduction, is common in avian species. However, few
accounts have been reported in Charadriiformes, particularly island-nesting species. We present incidental observations of cooperative breeding behaviors in the
Hawaiian Stilt (Himantopus mexicanus knudseni), an endangered subspecies of the
Black-necked Stilt (Himantopus mexicanus), during the 2012–2020 nesting seasons
on the Hawaiian islands of O‘ahu and Moloka‘i. We describe two different behaviors that are indicative of cooperative breeding: (a) egg incubation by multiple adults;
(b) helpers-at-the-nest, whereby juveniles delay dispersal and reproduction to assist
parents and siblings with reproduction. These observations are the first published accounts of cooperative breeding in this subspecies and merit further investigation, as
cooperative breeding may improve population viability of the endangered, endemic
Hawaiian Stilt.
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1 | I NTRO D U C TI O N

referred to as “kin-selection” (Browning et al., 2012; Hamilton, 1964).
In many cooperatively breeding avian species, nonbreeding individ-

Cooperative breeding is found throughout the world in both inver-

uals, referred to as “helpers” (Skutch, 1935), may assist the breeding

tebrate and vertebrate animals (Canestrari et al., 2008; Junghanns

pair during reproduction through their assistance with nest building,

et al., 2017; Tanaka et al., 2018). Cooperative breeding is commonly

incubation, predator deterrence, and/or provisioning chicks (Koenig

characterized by nonbreeding individuals that assist others with re-

& Dickinson, 2016; Komdeur et al., 2017; Stacey & Koenig, 1990).

production, potentially even delaying or foregoing their own breed-

These helpers are often closely related to the breeding individu-

ing to engage in these behaviors (Brown, 1987; Cockburn, 2006;

als and may be previous offspring of one or both breeders (half or

Koenig & Dickinson, 2004). Individuals may delay or forego their

full siblings of the brood) or siblings of one of the breeders (uncle/

own dispersal and reproduction due to limitations in necessary re-

aunt of the brood), therefore receiving indirect fitness benefits from

sources for successful reproduction (Gonzalez et al., 2013; Walters

this behavior (Cornwallis et al., 2009; Langen & Vehrencamp, 1999;

et al., 1992), to inherit parental resources or resources in surround-

McCarthy et al., 2001; Price et al., 2011). Although less commonly

ing territories (Kokko & Ekman, 2002; Ligon & Stacey, 1991), or to

reported, cooperative breeding may also include nest sharing, by

increase reproductive success in related individuals, a behavior

which multiple breeding individuals lay their eggs in the same nest

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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(Barve et al., 2019; McRae, 1996); however, nests with unusually

Hamilton, 1975), these cases have been ascribed to intraspecific

large clutch sizes may, alternatively, be due to intraspecific brood

brood parasitism.

parasitism, or “egg dumping,” by unrelated females (Yom-Tov, 1980).

The Hawaiian Stilt is relatively long-
lived, with the oldest, a

Drivers of nest sharing are poorly understood. However, some hy-

male, observed 29 years after banding as an adult on Oʻahu (Reed

potheses include saturation of quality habitat (Barve et al., 2019) or

et al., 2014). Hawaiian Stilts typically begin breeding at 2 years of

the need for multiple females to defend a territory from challengers

age (Reed et al., 1998). Longevity and delayed reproduction are com-

(Hannon et al., 1985).

mon characteristics of cooperative breeders (Brown, 1978, 1987).

In the order Charadriiformes, or waders, gulls, and auks, bipa-

However, cooperative breeding behavior has not been described in

rental care is most common and cooperative breeding is facultative,

published literature for this subspecies. Here, we present the first

whereby pairs and cooperative groups coexist and dispute territo-

published observations of cooperative breeding behavior by juvenile

ries (Cockburn, 2006; Lees et al., 2013; Walters & Walters, 1980).

and nonbreeding adult Hawaiian Stilts on the islands of O‘ahu and

The Hawaiian Stilt (Himantopus mexicanus knudseni), a member of

Moloka‘i during the 2012–2020 nesting seasons. We describe two

the family Recurvirostridae (stilts and avocets), is a federally endan-

different cooperative breeding behaviors: (a) egg incubation by mul-

gered, subtropical subspecies of the Black-necked Stilt (Himantopus

tiple adults; (b) helpers-at-the-nest, whereby juveniles delay disper-

mexicanus) that breeds in wetlands across the main Hawaiian Islands.

sal and reproduction to assist parents and siblings with reproduction.

Hawaiian Stilts are pair breeders, and it is common for both the male
and female to incubate eggs (Coleman, 1981). Pairs establish nesting
territories, varying from 21 to 70 m2 in area (Coleman, 1981), that
they protect and defend from potential predators and conspecifics
that may destroy nests or kill chicks (Robinson et al., 2020). Hawaiian

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Study sites

Stilts are sexually dimorphic once they reach maturity; males have
metallic black plumage, while females have lighter brown glossy

Our study sites include wetlands on the Hawaiian islands of Oʻahu

plumage (Coleman, 1981). Similar to other stilt species (Ackerman

and Molokaʻi (Figure 1). Observations recorded in this paper are

et al., 2014), Hawaiian Stilts typically lay a maximum of four eggs

from four locations: (a) the Marine Corps Base Hawaii-Kaneohe Bay

per pair (Coleman, 1981). Although there have been reports of stilt

(MCBH-KB), located on the east side of O‘ahu; (b) Waiawa wetland,

species laying more than four eggs (Coleman, 1981; Every, 1974;

located on the west side of O‘ahu; and (c) Kōheo wetland and (d)

F I G U R E 1 Map of (a) O‘ahu and (b)
Moloka‘i within the Hawaiian Islands
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Kaunakakai Wastewater Reclamation Facility (KWRF), both located

by a chain-link fence, and invasive mammal populations are con-

on the south shore of Molokaʻi.

trolled via trapping year-round.

Hawaiian Stilts utilize ~60 ha of habitat at the MCBH-KB for nesting, including the Nu‘upia Ponds Wildlife Management Area, Salvage
Yard wetland, Sag Harbor wetland, Hale Koa wetland, and the Water

2.2 | Observations from surveys

Reclamation Facility. With the exception of the Water Reclamation
Facility, water levels are not managed by MCBH-KB staff and vary

On Oʻahu in 2018, 2019, and 2020, weekly nest surveys were con-

with direct rainfall and tidal fluctuations. Waiawa wetland is part

ducted in multiple wetlands across the island during the peak nest-

of the Pearl Harbor National Wildlife Refuge and measures ~11 ha.

ing season of the Hawaiian Stilt, which runs from approximately

Waiawa is composed of two ponds that receive brackish artesian

February to August (Harmon et al., 2021). All nests were monitored

well water by way of pumps managed by the U.S. Fish and Wildlife

during the incubation period until all eggs hatched or the nest failed.

Service. Trapping of invasive mammals is conducted at both sites,

Incidental observations of cooperative breeding behaviors were re-

including trapping of Small Indian Mongooses (Herpestes auropunc-

corded by in-person observers or nest cameras. On Molokaʻi, water-

tatus), rats (Rattus spp.), and feral cats (Felis catus).

bird surveys were conducted at least once per week since 2012 in

The Kōheo wetland is a four-ha salt marsh located on the eastern

multiple wetlands across the island to determine waterbird densi-

boundary of Kaunakakai. In 1989, the wetland was filled illegally for

ties and habitat use, as well as to relocate individuals, which were

development, but in 2000, the fill was removed, and the site sur-

marked with a United States Geological Survey (USGS) Bird Banding

rounded by T-post and hog wire fence. The site is now utilized by

Laboratory leg band and three plastic, colored leg bands. Nesting

students of all ages for wetland and waterbird research projects.

observations were incidentally recorded.

KWRF consists of two 1 ha ponds, one of which is maintained at a
water level preferred by the Hawaiian Stilt. The facility is surrounded

3 | R E S U LT S
3.1 | Incubation by multiple adults
On 25 May 2019 in Waiawa wetland, a Hawaiian Stilt nest was found
with three eggs. A Bushnell trophy camera was used to monitor this
nest, and using consecutive photographs, two males and one female were observed taking turns incubating the nest (Figure 2). The
breeding pair was potentially assisted by a male offspring from a previous year; however, we were unable to determine the relatedness
of these individuals. Our camera continued to monitor this nest for
30 days after the nest was discovered. From our observations, these

F I G U R E 2 Two male Hawaiian Stilts foraging near a nest site,
while one female incubates a nest with three eggs in the Waiawa
wetland unit of the Pearl Harbor National Wildlife Refuge on O‘ahu
on 25 May 2019. Photograph taken from a nest camera

(a)

(b)

eggs never hatched, although all adults continued to incubate the
nest for at least 30 days.
On 25 April 2020, a nest with five eggs was found within
MCBH-KB on O‘ahu (Figure 3a). A Bushnell trophy camera was used

(c)

F I G U R E 3 (a) Hawaiian Stilt nest found with five eggs on 25 April 2020 in wetlands in the Marine Corps Base Hawaii—Kaneohe Bay
on O‘ahu. Photograph taken by JLI. (b) Two female Hawaiian Stilts standing over the nest with five eggs found in the Marine Corps Base
Hawaii—Kaneohe Bay on O‘ahu. Photograph taken from a nest camera. (c) One female Hawaiian Stilt incubating the nest with five eggs,
while one female and one male forage near the nest site in the Marine Corps Base Hawaii—Kaneohe Bay on O‘ahu. Photograph taken from a
nest camera
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to monitor this nest, and using consecutive photographs, two fe-

4 | D I S CU S S I O N

males were observed taking turns incubating the nest, along with
one male (Figure 3b,c). From 18 May 2020 to 20 May 2020, this nest

Cooperative breeding has rarely been documented for avian spe-

hatched three chicks, and on 21 May 2020, the adults stopped in-

cies in the order Charadriiformes (Cerboncini et al., 2020; Lees

cubating the last two eggs and left the nesting area with the three

et al., 2013; Walters & Walters, 1980). In this study, we present the

chicks.

first published observations of cooperative breeding behaviors (in-

On Oʻahu, three additional nests were discovered with more

cubation by multiple adults and helpers-at-the-nest) in multiple pop-

than four eggs. For one nest, we only observed two adults, a male

ulations of Hawaiian Stilts on two islands more than 100 km apart.

and a female, incubating the nest, and we confirmed with a nest

While cooperative breeding has been thought to primarily occur

camera that two eggs hatched, one egg was depredated, and two

among related individuals (i.e., kin selection; Brown, 1987; Clutton-

eggs were abandoned prior to hatching. For the other two nests, we

Brock, 2002; Hatchwell, 2009), recent studies suggest a much

were unable to determine how many adults were incubating the nest

broader diversity of cooperative breeding systems that involve com-

or the fate of the nests.

plex alliances of relatives and nonrelatives (Riehl, 2013). It is still un-

On 25 May 2017, a nest containing eight eggs was discovered

clear whether the observed cooperative breeding behaviors in this

at the Kōheo wetland on Moloka‘i. One adult male and two adult

study only occurred in related individuals, as we were unable to de-

females were observed taking turns incubating the nest. Five eggs

termine relations among observed individuals in some of the cases.

hatched from this nest, while three eggs were depredated, and

While we did observe two female Hawaiian Stilts incubating a nest

later, two chicks were depredated; the remaining three chicks were

with five eggs, which could be indicative of a shared nest between

banded, and blood collected for future determination of parental

two related females (McRae, 1996), all five eggs may have been laid

lineage. Two additional nests were discovered with five and eight

by one female and the other female was assisting in incubation (i.e.,

eggs on Molokaʻi, but no further data were collected for these nests

helper-at-the-nest). Alternatively, an additional egg may have been

beyond initial identification.

“dumped” by an unrelated female (i.e., intraspecific brood parasitism), as we were unable to determine which female laid which eggs.

3.2 | Helpers-at-the-nest

The breeding pair we observed in Waiawa wetland was potentially
assisted by a male offspring from a previous year; however, we were
unable to determine the relatedness of these individuals. Thus, the

During the 2012–2015 nesting seasons at the KWRF on Moloka‘i,

second male may have been an unrelated cobreeder (Davies, 1992).

marked nonbreeding juveniles of Hawaiian Stilts were observed

Furthermore, limited information exists on juvenile dispersal

helping parents and siblings defend nesting territories. The observed

behavior of Hawaiian Stilts (Reed et al., 1998), although we did ob-

individuals were marked with leg bands as chicks, and so relatedness

serve delayed dispersal, coupled with helping-at-the-nest, in seven

among individuals in this population was known.

marked juveniles within the KWRF on Molokaʻi. While we moni-

In May and June of 2012, a 1-year-old marked female juvenile

tored 278 nests during our nesting study on Oʻahu (Harmon, Wehr,

(USGS leg band #91438709) was repeatedly observed displaying

et al., 2021), it was often difficult to determine how many different

territorial behavior, such as “broken wing” and defense calls, at the

adults participated in incubation, as most observed individuals on

nest of her marked parents, as well as at the nest of her marked

O‘ahu were unmarked. Thus, we were only able to report on shared

grandmother. In May of 2013, that same marked female (91438709),

incubation from three nests. Future studies that examine genetics

her unmarked mate, and the female's four marked 1-year-old siblings

and dispersal behavior of Hawaiian Stilts, particularly in marked pop-

(91438772, 91438719, 91438720, 91438721) were observed de-

ulations, may help to determine how widespread cooperative breed-

fending their parents' nest by displaying “broken wing” and making

ing behaviors are in this subspecies, and whether related individuals

defense calls to a group of unrelated marked stilts. In April of 2014,

disperse as family groups and colonize new habitats, such as recently

these five siblings (91438709, 91438772, 91438719, 91438720,

restored wetlands.

91438721), now 3 and 2 years old, along with a marked 1-year-old

Island systems are typically colonized by pair-b reeding spe-

male sibling born in 2013 (91438729), were observed displaying

cies (Cockburn, 2003), but as island populations become denser

“broken wing” and making defense calls to a group of unrelated

and habitats more saturated, cooperative breeding is more likely

marked stilts at the nest of their parents. In March of 2015, a non-

to occur (Cockburn, 2003; Covas, 2012). For example, a shortage

breeding marked male from the 2014 brood (91438717) was ob-

of territory openings may occur because higher quality habitats

served displaying “broken wing” and making defense calls to a group

are saturated with established breeders (Arnold & Owens, 1999;

of unrelated marked stilts at the nest of a marked male sibling that

Hatchwell & Komdeur, 2000). The manipulated stable conditions

hatched in 2013 (91438729).

at the KWRF on Moloka‘i may explain the cooperatively defen-

On 07 April 2013 and 25 April 2013 at the KWRF, this same fam-

sive behaviors of the group of related individuals toward unrelated

ily group of marked individuals, consisting of three generations, was

individuals, although group defensive behaviors are common in

observed protecting chicks from a group of unrelated stilts by form-

semi-colonial breeders (Robinson et al., 2020). Alternatively, co-

ing a perimeter around the chicks and making defense calls.

operative breeding in Hawaiian Stilts may also be a response to

|
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reduced reproductive success caused by introduced predators

a U.S. Fish and Wildlife Service permit [#TE-146777] and funded by

(van Rooij & Griffith, 2013; Sorato et al., 2012), as introduced

Ahupua‘a Natives LLC.

predators are the major cause of nest failure in Hawaiian Stilts
(Christensen et al., 2021; Harmon, Wehr, et al., 2021). Indeed, co-

C O N FL I C T O F I N T E R E S T

operative breeding behaviors by Hawaiian Stilts on O‘ahu were

The authors declare no conflicts of interest.

observed in areas with high nest depredation by introduced Small
Indian Mongooses, rats, and feral cats. Drivers of cooperative

AU T H O R C O N T R I B U T I O N S

breeding are often paradoxical. For example, both benign and
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lands (Harmon, Winter, et al., 2021), a decline in available nesting
habitat may provide a reproductive advantage to cooperative breed-

REFERENCES

ers. As clutch failure is one of the greatest threats to Hawaiian Stilts

Ackerman, J. T., Herzog, M. P., Takekawa, J. Y., & Hartman, C. A. (2014).
Comparative reproductive biology of sympatric species: Nest and
chick survival of American avocets and black-necked stilts. Journal
of Avian Biology, 45(6), 609–623. https://doi.org/10.1111/jav.00385
Arnold, K., & Owens, I. (1999). Cooperative breeding in birds: The role of
ecology. Behavioral Ecology, 10, 465–471. https://doi.org/10.1093/
beheco/10.5.465
Barve, S., Koenig, W., Haydock, J., & Walters, E. (2019). Habitat saturation results in joint-nesting female coalitions in a social bird. The
American Naturalist, 193, 830–8 40. https://doi.org/10.1086/703188
Bourne, A. R., Cunningham, S. J., Spottiswoode, C. N., & Ridley, A. R.
(2020). Compensatory breeding in years following drought in a
desert-dwelling cooperative breeder. Frontiers in Ecology & Evolution,
8, 190. https://doi.org/10.3389/fevo.2020.00190
Brouwer, L., Cockburn, A., & van de Pol, M. (2020). Integrating fitness
components reveal that survival costs outweigh other benefits and
costs of group living in two closely related species. The American
Naturalist, 195(2), 201–215. https://doi.org/10.1086/706475

(Harmon, Wehr, et al., 2021), determining the prevalence of cooperative breeding across populations, as well as the impact of cooperative breeding on reproductive success, is critical for managing this
endangered, endemic subspecies.
AC K N OW L E D G M E N T S
We thank our collaborators, the U.S. Fish and Wildlife Service,
the Marine Corps Base Hawaii—Kaneohe Bay, and the Kaunakakai
Wastewater Reclamation Facility. Oʻahu observations were made
while conducting a study under a U.S. Fish and Wildlife Service permit
[#TE-25955C-2] with funding from the State of Hawai‘i Department
of Land and Natural Resources, Division of Forestry and Wildlife
[award #011068-0 0001], and Sustainable Resources Group Int'l Inc.
[award# 011328-0 0001]. The Molokaʻi study was conducted under

6

|

Brown, J. L. (1978). Avian communal breeding systems. Annual Review
of Ecology, Evolution, and Systematics, 9, 123–
155. https://doi.
org/10.1146/annurev.es.09.110178.001011
Brown, J. L. (1987). Helping and communal breeding in birds: Ecology and
evolution. Monographs in Behavior and Ecology. Princeton University
Press. https://www.jstor.org/stable/j.ctt7z vrhd
Browning, L., Patrick, S., Rollins, L., Griffith, S., & Russell, A. (2012).
Kin selection, not group augmentation, predicts helping in an obligate cooperatively breeding bird. Proceedings of the Royal Society B:
Biological Sciences, 279(1743), 3861–3869. https://doi.org/10.1098/
rspb.2012.1080
Canestrari, D., Marcos, J., & Baglione, V. (2008). Reproductive success
increases with group size in cooperative carrion crows, Corvus corone
corone. Animal Behaviour, 75, 403–
416. https://doi.org/10.1016/j.
anbehav.2007.05.005
Cerboncini, R. S., Braga, T. V., Roper, J. J., & Passos, F. C. (2020).
Southern Lapwing Vanellus chilensis cooperative helpers at nests
are older siblings. Ibis, 162, 227–
231. https://doi.org/10.1111/
ibi.12758
Christensen, D. L., Harmon, K. C., Wehr, N. H., & Price, M. R. (2021).
Mammal-exclusion fencing improves nesting success of an endangered native Hawaiian waterbird. PeerJ, 9, e10722. https://doi.
org/10.7717/peerj.10722
Clutton-Brock, T. H. (2002). Breeding together: Kin selection and mutualism in cooperative vertebrates. Science, 296, 69–72. https://doi.
org/10.1126/science.296.5565.69
Cockburn, A. (2003). Cooperative breeding in oscine passerines: Does
sociality inhibit speciation? Proceedings of the Royal Society of London.
Series B: Biological Sciences, 270, 2207. https://doi.org/10.1098/
rspb.2003.2503
Cockburn, A. (2006). Prevalence of different modes of parental care in
birds. Proceedings of the Royal Society of London B, 273, 1375–1383.
https://doi.org/10.1098/rspb.2005.3458
Coleman, R. A. (1981). The reproductive biology of the Hawaiian subspecies
of the black-necked stilt, Himantopus mexicanus knudseni [doctoral
dissertation]. Pennsylvania State University.
Cornwallis, C. K., West, S. A., & Griffin, A. S. (2009). Routes to indirect
fitness in cooperatively breeding vertebrates: Kin discrimination
and limited dispersal. Journal of Evolutionary Biology, 22, 2445–2457.
https://doi.org/10.1111/j.1420-9101.2009.01853.x
Covas, R. (2012). Evolution of reproductive life histories in island birds
worldwide. Proceedings of the Royal Society of London B, 279, 1531–
1537. https://doi.org/10.1098/rspb.2011.1785
Davies, N. B. (1992). Dunnock behavior and social evolution. Oxford Series
in Ecology and Evolution. Oxford University Press.
Downing, P. A., Griffin, A. S., & Cornwallis, C. K. (2020). The benefits of
cooperative birds: Nonexistent or difficult to detect? The American
Naturalist, 195(6), 1085–1091. https://doi.org/10.1086/708515
Every, B. (1974). Abnormal clutch size of the black-winged stilt. Ostrich,
45, 226.
Gonzalez, J. C. T., Sheldon, B. C., & Tobias, J. A. (2013). Environmental
stability and the evolution of cooperative breeding in hornbills.
Proceedings of the Royal Society of London B, 280, 20131297. https://
doi.org/10.1098/rspb.2013.1297
Hamilton, R. B. (1975). Comparative behavior of the American avocet and
black-necked stilts. Ornithological Monographs, 17, 1–98.
Hamilton, W. D. (1964). The genetical evolution of social behavior. Theoretical
Biology, 7, 17–52. https://doi.org/10.1016/0022-5193(64)90038-4
Hannon, S. J., Mumme, R. L., Koenig, W. D., & Pitelka, F. A. (1985).
Replacement of breeders and within-
group conflict in the cooperatively breeding acorn woodpecker. Behavioral Ecology and
Sociobiology, 17, 303–312. https://doi.org/10.1007/BF00293208
Harmon, K. C., Wehr, N. H., & Price, M. R. (2021). Seasonal patterns
in nest survival of a subtropical wading bird, the Hawaiian Stilt

DIBBEN-YOUNG et al.

(Himantopus mexicanus knudseni). PeerJ, 9, e10399. https://doi.
org/10.7717/peerj.10399
Harmon, K. C., Winter, K. B., Kurashima, N., Fletcher, C. H., Kane, H. H.,
& Price, M. R. (2021). The role of indigenous practices in expanding
waterbird habitat in the face of rising seas. Anthropocene, in press.
Hatchwell, B. J. (2009). The evolution of cooperative breeding in birds:
Kinship, dispersal and life history. Philosophical Transactions Royal
Society of London B Biological Sciences, 364, 3217–3227. https://doi.
org/10.1098/rstb.2009.0109
Hatchwell, B. J., & Komdeur, J. (2000). Ecological constraints, life history
traits and the evolution of cooperative breeding. Animal Behaviour,
59, 1079–1086. https://doi.org/10.1006/anbe.2000.1394
Junghanns, A., Holm, C., Schou, M. F., Sørensen, A. B., Uhl, G., & Bilde, T.
(2017). Extreme allomaternal care and unequal task participation by
unmated females in a cooperatively breeding spider. Animal Behaviour,
132, 101–107. https://doi.org/10.1016/j.anbehav.2017.08.006
Koenig, W. D., & Dickinson, J. L. (2004). Ecology and evolution of cooperative breeding in birds. Cambridge University Press.
Koenig, W. D., & Dickinson, J. L. (2016). Cooperative breeding in vertebrates: Studies of ecology, evolution, and behavior. Cambridge
University Press. https://doi.org/10.1017/CBO9781107338357
Kokko, H., & Ekman, J. (2002). Delayed dispersal as a route to
breeding: Territorial inheritance, safe Havens, and ecological constraints. American Naturalist, 160, 468–
4 84. https://doi.
org/10.1086/342074
Komdeur, J., Richardson, D. S., Hammers, M., Eikenaar, C., Brouwer, L.,
& Kingma, S. A. (2017). The evolution of cooperative breeding in
vertebrates. In Els (pp. 1–17). John Wiley & Sons Ltd. https://doi.
org/10.1002/9780470015902.a0021218.pub2
Langen, T. A., & Vehrencamp, S. L. (1999). How White-Throated Magpie-
Jay helpers contribute during breeding. The Auk, 116, 131–140.
https://doi.org/10.2307/4089460
Lees, D., Wetson, M. A., Sherman, C., Maguire, G., Dann, P., Cardilini, A.,
& Tan, L. (2013). Occurrences of cooperative breeding in the Masked
Lapwing Vanellus miles. Victorian Naturalist, 130, 84–85.
Ligon, J. D., & Stacey, P. B. (1991). The origin and maintenance of helping
in birds. American Naturalist, 138, 254–258.
Lin, Y. H., Chan, S. F., Rubenstein, D. R., Liu, M., & Shen, S. F. (2019).
Resolving the paradox of environmental quality and sociality: The
ecological causes and consequences of cooperative breeding in two
lineages of birds. American Naturalist, 194, 207–
216. https://doi.
org/10.1086/704090
McCarthy, M. A., Possingham, H. P., Day, J. R., & Tyre, A. J. (2001). Testing
the accuracy of population viability analysis. Conservation Biology,
15, 1030–1038. https://doi.org/10.1046/j.1523-1739.2001.01500
41030.x
McRae, S. B. (1996). Family values: Costs and benefits of communal
nesting in the moorhen. Animal Behaviour, 52, 225–245. https://doi.
org/10.1006/anbe.1996.0169
Mortensen, J. L., & Reed, J. M. (2016). Population viability and vital
rate sensitivity of an endangered avian cooperative breeder, the
White-Breasted Thrasher (Ramphocinclus brachyurus). PLoS One, 11,
e0148928. https://doi.org/10.1371/journal.pone.0148928
Price, M. R., Lee, V. A., & Hayes, W. K. (2011). Population status, habitat
dependence, and reproductive ecology of Bahama Orioles: A critically endangered synanthropic species. Journal of Field Ornithology,
82(4), 366–378. https://doi.org/10.1111/j.1557-9263.2011.00340.x
Reed, J. M., Elphick, C. S., & Oring, L. W. (1998). Life-history and viability
analysis of the endangered Hawaiian Stilt. Biological Conservation, 84,
35–45. https://doi.org/10.1016/S0006-3207(97)00077-3
Reed, J. M., Field, C. R., Silbernagle, M. D., Nadig, A., Goebel, K., Dibben-
Young, A., Donaldson, P., & Elphick, C. S. (2014). Application of the
complete-data likelihood to estimate juvenile and adult survival for
the endangered Hawaiian stilt. Animal Conservation, Zoological Society

|

DIBBEN-YOUNG et al.

of London, Institute of Zoology, 18, 176–185. https://doi.org/10.1111/
acv.12156
Riehl, C. (2013). Evolutionary routes to non-kin cooperative breeding in
birds. Proceedings of the Royal Society B: Biological Sciences, 280(1772),
20132245. https://doi.org/10.1098/rspb.2013.2245
Robinson, J. A., Reed, J. M., Skorupa, J. P., & Oring, L. W. (2020). Black-
necked Stilt (Himantopus mexicanus), version 1.0. In A. F. Poole, & F.
B. Gill (Eds.), Birds of the world. Cornell Lab of Ornithology. https://
doi.org/10.2173/bow.bknsti.01
Skutch, A. F. (1935). Helpers at the nest. The Auk, 52, 257–273. https://
doi.org/10.2307/4077738
Sorato, E., Gullett, P. R., Griffith, S. C., & Russell, A. F. (2012). Effects of
predation risk on foraging behaviour and group size: Adaptations in
a social cooperative species. Animal Behaviour, 84, 823–834. https://
doi.org/10.1016/j.anbehav.2012.07.003
Stacey, P. B., & Koenig, W. D. (1990). Cooperative breeding in birds: Long-
term studies of ecology and behavior. Cambridge University Press..
Tanaka, H., Frommen, J. G., & Kohda, M. (2018). Helpers increase
food abundance in the territory of a cooperatively breeding fish.
Behavioral Ecology and Sociobiology, 72, 51. https://doi.org/10.1007/
s00265-018-2450-5
van Rees, C. B., Surya, G., & Reed, J. M. (2020). Multiple sources of evidence for density dependence in the endangered Hawaiian stilt
(Himantopus mexicanus knudseni). Population Ecology, 62(2), 207–219.
https://doi.org/10.1002/1438-390X.12037

View publication stats

7

van Rooij, E. P., & Griffith, S. C. (2013). Synchronised provisioning at the
nest: Parental coordination over care in a socially monogamous species. PeerJ, 1, e232. https://doi.org/10.7717/peerj.232
Walters, J. R., Copeyon, C. K., & Carter, J. H. (1992). Test of the ecological basis of cooperative breeding in red-cockaded woodpeckers. The
Auk, 109(1), 90–97. https://doi.org/10.2307/4088269
Walters, J. R., Crowder, L. B., & Priddy, J. A. (2002). Population viability analysis for Red-
cockaded Woodpeckers using an individual-
based model. Ecological Applications, 12, 249–
260. https://doi.
org/10.2307/3061150
Walters, J., & Walters, B. F. (1980). Co-operative breeding by Southern
Lapwings Vanellus chilensis. Ibis, 122, 505–
509. https://doi.
org/10.1111/j.1474-919X.1980.tb00906.x
Yom-Tov, Y. (1980). Intraspecific nest parasitism in birds. Biological Reviews,
55, 93–108. https://doi.org/10.1111/j.1469-185X.1980.tb00689.x

How to cite this article: Dibben-Young A, Harmon KC,
Lunow-Luke A, Idle JL, Christensen DL, Price MR.
Cooperative breeding behaviors in the Hawaiian Stilt
(Himantopus mexicanus knudseni). Ecol Evol. 2021;00:1–7.
https://doi.org/10.1002/ece3.7509

