
















































Koloa Maoli (Hawaiian duck) 

Life History 

Koloa maoli, often referred to as koloa, breed year-round with 
nesting ( egg-laying and incubation) peaks from January through 
April, with a 2nd annual peak during September and October 
(Swedburg 1967, Malachowski et al. 2018, 2019). Based on a 28-
day incubation period and 65 days to fledge, brood-rearing then 
peaks February through July and October through December (Table 
3). Nests occur in a variety of habitats on dry ground, including 
forests, seasonal wetlands, grasslands, taro loi, reservoir shorelines, 
bogs, and along streams, typically within 100 meters of water 
(Malachowski et al. 2018). Nests, including those in taro loi, are 
typically made from grasses and sedges and are well concealed in 
dense vegetation (Engilis et al. 2002, Malachowski et al. 2018). 

Waterfowl breeding life history events are nutritionally demanding. High protein is required for 
hens to successfully lay eggs and for ducklings to molt from downy to juvenal plumage. Female 
koloa also require high energy to successfully lay eggs, likely similar to that reported for other 
dabbling ducks (168-212% basal metabolic rate; Alisauskas and Ankney 1992), and incubate 
their clutch for 28 days. Female mallards increase consumption of invertebrates up to 72% of 
their diet during egg-laying (Swanson et al. 1985); similar trends likely occur in female koloa. 
High availability of invertebrates is essential for duckling growth of all dabbling ducks (Sedinger 
1992). For example, mallard and other dabbling duck ducklings consume more than 90% 

"Duckling growth is 

directly related to 

the availability of 

invertebrates." 

(Sedinger 1992) 

invertebrates during the first 2 weeks after hatch and many species retain 
about 50% invertebrates in their diet after 3 weeks, which is necessary to 
molt and grow rapidly (Chura 1961, Sugden 1973, Street 1978). No 
detailed food habit studies are available for koloa, but over half of the 
foods documented by Engilis et al. (2002) are animals, mostly 
invertebrates. 

Invertebrate Taxa in Koloa Diets 

(Engilis et al. 2002) 

Ogligochaeta (earthworms) 
Physidae (bladder/pouch snails) 
Planorbidae ( orb/ramshom snails) 
Hydrobiidae (mud snails) 
Thiaridae (thiarid/trumpet snails) 
Decapoda (crayfish) 
Tendipidae (midges, blood worms) 
Syphidae (flowerfly larvae) 
Coenagrionidae ( damselfly larvae) 
Large insects 

Molt is the most understudied life history event of adult 
waterfowl, especially island species such as koloa. Although 
the seasonality of molt observed in North America dabbling 
ducks differs from island waterfowl species (Weller 1980), 
molt is a nutritional demanding life history event that 
requires abundant energy and protein resources. Without the 
constraints of long-distance migration and photoperiod cues 
at high latitudes, molt in koloa may be protracted compared 
to North American dabbling ducks, but energetics and 
nutrient requirements are likely similar. Adult dabbling 
ducks go through large compensatory changes in breast and 
leg muscles during molt (Hohman et al. 1992), but wing 

molt may be delayed, or feathers may be shorter if protein resources are limited (e.g., Pehrsson 
1987, Richardson and Kaminski 1992) suggesting that waterfowl use a mixed strategy of protein 
reserves and acquisition for feather synthesis. 
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Nutrient acquisition of adult dabbling ducks during 
molt is related to a complex interaction of factors, 
including environmental conditions, availability of 
food resources, timing of molt, body condition, and 
adaptive trade-offs (Hohman et al. 1992, Combs and 
Fredrickson 1996, Fox et al. 2013). Chronology of 

Plant Toxa in Koloa Diets 

(Engilis et al. 2002) 

Echinochloa crus-galli (barnyard grass seeds) 
Paspalum urville (vasey grass seeds) 
Filamentous green algae 
Agricultural grains (rice, com, wheat) 

molt varies by sex and age; molt intensity tends to be higher during wet than dry periods ( e.g., 
Miller 1986, Anderson et al. 2000); these observations are likely similar for koloa. Some studies 
show that dabbling ducks consume invertebrates in larger proportion than are available during 
molt; other studies show high energy plant foods are consumed in larger amounts than animal 
prey suggesting that both are necessary to maintain good body condition and successfully molt. 

Evolving with endemic avian predators that were extant at the time of Polynesian settlement 
(Olson and James 1982b), koloa likely used wetlands with emergent vegetation cover during 
molt. Emergent wetlands also likely provided invertebrates, seeds, and other plant foods for 
koloa to maintain good body condition during molt. With the extinction of avian predators, 

introduction of mammalian predators, and anthropogenic changes to water resources, koloa 
adapted to use reservoirs during molt, likely providing increased protection from mammalian 
predators. Reservoir use by molting koloa has declined, likely due to increased human 
disturbance (Uyehara 2007). 

Distribution and Population Trends 

Prior to 1900, koloa were described as widespread and common on all the main Hawaiian Islands 
except Lana'i and Kaho'olawe, occurring in habitats ranging from freshwater wetlands on the 
"hottest" coasts of the islands to streams up to 7,000 ft (Banko 1987). By the early 20th century, 
koloa populations had apparently declined quickly on all islands except Kaua'i. Black (1901) and 
Henshaw (1903) stated koloa were becoming scarcer. About a decade later, Bryon (1915) 
described them as very rare on all islands but Kaua'i. This decline coincided with the 
introduction (1883) and subsequent expansion of mongoose, extraction of groundwater from the 
coastal plains, and development of lands for sugarcane production. Alteration and drainage of 
coastal wetlands continued during the early 20th century when the Mana Plain wetlands were 
drained beginning in 1923 resulting in a substantial decline ofkoloa from an estimated 400 to 5 

birds per square mile in the remaining wetlands and ditches by the late 1940s (Schwartz and 
Schwartz 1953). 

Given their secretive nature and use of many inaccessible habitats ( e.g., high elevation riparian 
wetlands), koloa population status is and has been largely unknown. Winter counts during 2012-
2016 on Kaua'i ranged from 838 to 1,019 koloa with a 5-year modeled average population 

estimate of 947 birds (Paxton et al. in press). Because not all habitats are surveyed, these counts 
and population estimate likely represent minimum numbers. However, the recent population 

estimate is well below historical estimates of 400 birds per square mile in coastal wetlands on 
Kaua'i (Schwartz and Schwartz 1953). 
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Table 3. Seasonal chronology of occurrence in lowland wetlands and life history requirements for koloa maoli 
(Hawaiian duck, Anas wyvilliana). Relative abundance based on monthly survey data at Hanalei National 
Wildlife from 2010 to 2016 (USFWS unpublished data). Life history information compiled from Munro 
(1944), Richardson and Bowles (1964), Swedberg (1967), Engilis et al. (2002), Uyehara (2007), Malachowski 
and Dugger (2018), Malachowski et al. (2018, 2019). Molt has not been studied in koloa; thus, it was 
hypothesized based on observations of flightless birds by USFWS staff and molt patterns for closely related 
North American mallard (Anas platyrhynchos). 

Low 
Life History Event Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Courtship 
Nest searching 
Egg-laying• (6-12d)

Incubation (28d)

Brood-rearin (65d) 

(hypothesized) 

Pre-basic molt r3 
Pre-alternate molt r3 
Pre-basic molt � b 

Pre-alternate molt � 
Molt migration 
Juvenal molt 
Botulismc 

-

? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 

Matrix 

Nutritional 
Needs 
Foods 

Habitat& 
Flooding 
Regime 

Water Depth 

Cover 

Pre-breeding 
Protein 

High Energy 

Egg-laying 
High protein 

Calcium 

Incubation 
Energy 

Brood-rearing 
High protein 
High energy 

-- Detailed food habit studies not available--

Aquatic insects, snails, worms, crustaceans Invertebrates, 
Wetland plant seeds, duckweed, other vegetation including aquatic 

Filamentous green algae insects; wetland 
Mallards consume 70% volume animal foods plant seeds; other 

Likely same as Temporary and seasonal wetlands; Shoreline and 
nesting & brood shallows of deeper wetlands 
rearing, except Short emergent vegetation; 
not observed in Herbaceous riparian habitat along streams 

taro loi Forests and montane bogs 

Shallow 
< 10 inches 

Taro loi 
Nest site usually dry 

Close to water 
(average=26.7 m; range 0.1-100 m) 

Shallow 
< 10 inches 

Interspersion of Variable vegetation types but Accessible 
emergent typically well concealed in dense cover; good 

vegetation & open herbaceous cover or under shrubs; interspersion of 
water Grasses, fems, taro habitats; Taro 

-

High protein 
Energy 

Likely similar 
to brood-rearing 

foods 

Historically 
molted on large 

reservoirs; 
Ephemeral 
lakes in wet 

years (?); Taro 
Likely same as 
brood-rearing 

Escape and 
thermal cover; 

Taro loi 

• Includes observations ofnests (Swedberg 1967, Malachowski et al. 2018) and nest initiation dates back calculated based on age
of ducklings (Malachowski et al. 2019).
b Pre-basic molt of female mallards is disrupted with body molt occurring outside the breeding season and the wing molt
occurring after brood rearing.
c Based on number of dead carcasses and sick birds observed (USFWS unpublished data). Number of birds weighted by search
effort does not vary by month (Reynolds et al 2021 ).
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'Alae 'Ula (Hawaiian common gallinule) 

Life History 

'Alae 'ula is one of seven recognized subspecies of the common gallinule ( Gallinula galeata ), 
which was recently split from the Eurasian moorhen (Gallinula chloropus). 'Alae 'ula have 
shorter wings, larger facial shields, longer tarsi, and slightly greater body mass than their North 
American conspecifics ( G. g. cachinnans; van Rees et 
al. 2020). These trends are characteristic of island 
waterbird species where reduced predation pressure 
and lack of long-distance seasonal migration selects 
for shorter wings and longer legs to traverse wetland 
and upland vegetation. van Rees et al. (2020) also 
proposed that increased inter- and intra-specific 
competition for limited wetland resources and 
subsequently increased agnostic behaviors are 
selection pressures for the larger body size and longer 

legs observed in 'alae 'ula. 'Alae 'ula. Photo by Gary Kramer, USFWS.

In Hawai'i, 'alae 'ula breed year-round with peak nesting occurring from March or April through 
August (Shallenberger 1977, Byrd and Zeillemaker 1981 ). A second peak has also been observed 
during the fall at some locations in some years. Availability of nesting cover and protein for egg­
production may determine when nesting occurs. 'Alae 'ula are cooperative breeders where older 
young will stay on the natal territories and help feed younger broods. Multiple brood family units 
are common in Hawai'i and among other subspecies. Females and one or more daughters of 
other subspecies have been documented to share a nest site. 

Male and female 'alae 'ula aggressively defend territories and nest sites from conspecifics and 
other waterbirds. Aggressive and courtship displays by 'alae 'ula are similar to those described 
for the American coot (Fulica americana). The size of actively defended nest territories likely 
varies based on habitat condition ( cover) and resource available but has been documented to be 
greater than 25 ft from the nest site in Hawai'i. 

Nest building begins shortly before egg-laying. 'Alae 'ula build nests over water in a wide 
variety of relatively dense, marginal emergent vegetation (Berger 1972). Nests have also been 
observed in short emergent vegetation or floating-leaved vegetation with little or no cover 
provided (ARH personal observation). Interspersion of emergent and submerged aquatic ( open 
water) habitats with a high amount of edge habitat is considered favorable for breeding (Chang 
1990). Nests have been reported in both native and introduced species of emergent vegetation 
(Shallenberger 1977). Vegetation used for nest construction is likely dependent on surrounding 
vegetation. Only 64% of nests in taro lo'i contained taro leaves (Byrd and Zeillemaker 1981), 
suggesting that 'alae 'ula prefer other wetland vegetation for nest construction. Of those nests in 
taro loi, taro leaf fragments made up about one half of the nest material. Other vegetation used in 
nest construction includes leaves of sedges, millet, climbing dayflower, and California grass 
(Byrd and Zeillemaker 1981). Water depths at nests at Hanalei National Wildlife Refuge 
averaged 2.5 inches, which is shallower than depths reported from other locations (11-80 inches; 
Byrd and Zeillemaker 1981). 
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'Alae 'ula lay 1 egg per day and have an average clutch size of 5.6 eggs (Relton 1972, Krauth 
1972, Byrd and Zeillemaker 1981). The incubation period is 19-22 days with slightly 
asynchronous hatching, suggesting that incubation may begin before the last egg is laid. Young 
are fed by their parents (and older siblings); they start to feed independently at 21-25 days. 
Brood rearing continues for a total of 40-50 days and juveniles disperse from natal territory 
around 72 days (range 52 to 99 days). 

At higher taxonomic levels ( e.g., genus, family), foods of 'alae 'ula are generally similar to that 
of the North American subspecies (Bannor and Kiviat 2002, DesRochers et al. 2009b). Although 
often considered herbivorous, 'alae 'ula are omnivorous, consuming predominantly plant foods 
with animal prey likely increasing prior to breeding. The proportions of plant and animal foods 
in 'alae 'ula diets are unknown but plant foods could range from 35 to >80% of their diet as has 
been reported for other subspecies, depending on life-history requirements and prey availability. 

'Alae 'ula are gleaners (pick individual seeds and aquatic invertebrates from vegetation or water) 
and grazers ( cut leaves and stems of live vegetation). Small, hard food items, such as seeds of 
grasses (Poaceae), sedges (Cyperaceae) and smartweeds (Polygonaceae), and pondweeds 
(Potamogetonaceae) and snails (Gastropoda) are considered important foods of 'alae 'ula. They 
also commonly graze on vegetative material and recent observations suggest leaves and stems 
may be more prevalent in their diet than seeds (DesRochers et al. 2009, LHF personal 
observation). Aquatic arthropods, including beetles (Coleoptera), true bugs (Hemiptera), ants and 
wasps (Hymenoptera), true flies 
(Diptera), spiders (Araneida), 
crustaceans (Crustacea), and 
dragonflies and damselflies (Odonata) 
are common in gallinule diets ( see 
summaries in Bannor and Kiviat 2002, 
Gutscher-Chutz 2011). 

Invertebrate Taxa in 'Alae 'Ula 

Diets (Hawai'i-specijic) 

Lymnaeidae (pond snail) 
Physidae (bladder/pouch snail) 
Planorbidae (orb/ramshom snail) 
Thiaridae (thiarid/trumpet snail) 
Arachnida (spider) 
Orthoptera (grasshopper) 

Plant Taxa in 'Alae 'Ula Diets (Hawai'i-specijic) 

Cyperaceae (Sedges & Rushes) 
Bolboschoenus maritimus (kaluha seeds & seed stalks) 
Cyperus javanicus ( ahuawa seed stalks) 
C. polystachyos (manyspike flatsedge seed stalks & shoots)
Eleocharis geniculata (bent spikerush seed stalks)
Schoenoplectus spp. (akaakai seeds)
Poaceae (Grasses)
Cynodon dactylon (Bermuda grass seed stalks)
Echinochloa spp. (millet seed stalks)
Urochloa mutica (California grass leaves <4 inches)
Eleusine indica (Indian goosegrass)
Setaria pumila (yellow foxtail seed)
Other
Typha spp. ( cattail male flowers)
Egeria densa (waterweed stems & leaves)
Batis maritima (pickleweed leaves; low nutrient value)
Filamentous green algae
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Table 4. Chronology of life history events for 'alae 'ula (Hawaiian common gallinule, Gallinula galeata 
sandvicensis). Relative abundance based on relatively consistent count numbers between summer and winter 
surveys (Paxton et al. in press). Life history information compiled from Shallenberger (1977), Chang (1990), 
Bannor and Kiviak (2002), DesRochers et al. (2009ab ). Development of young birds, body mass, and breeding 
ecology are similar to the North American subspecies (G. g. cachinnans; Bannor & Kiviak 2002, DesRochers 
et al. 2010). 

Low 
Life History Event Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Courtship 
Nest searching 
Egg-laying• (6d) 

Incubation (I 9-22d)

Brood-rearing (40-S0d) - - - -

Dis ersal from natal territo (52-99d) -

Pre-basic molt (30d)

Pre-alternate molt 
Juvenal molt 
Botulismb 

Partial molt Partial 

Matrix 
Nutritional 
Needs 
Foods 
Omnivorous, 
plant foods 
dominant 

Habitat& 
Flooding 
Regime 

Water Depth 

Cover 

Pre-breeding Egg-laying 
Protein High protein 

High Energy Calcium 
Snails & aquatic insects ( true bugs, 

beetles, & dragonfly larvae) increase 
prior to incubation 

Bulrush, sedge and grass seeds 
Other hard seeds and leaves of 

wetland vegetation 

Incubation 
Energy 

Plant foods 
dominate 

Brood-rearing Molt 
High protein High protein 
High energy Energy 

Aquatic invertebrates likely increase 
to support feather growth 

Semi-permanent wetlands 
Seasonal wetlands near semi-permanent and permanent water 

High degree of interspersion of emergent vegetation and open water considered favorable 
Shallowly flooded taro lo'i 

Variable 

Grassy uplands adjacent to wetlands 
Dense grass and shrubs along ditches 

Nest site usually over water Variable water depths; 
From 3 inches up to 2 feet deep; Forage in adjacent uplands 
Reports of nests in water up to 6 
feet when vegetation is present 

(e.g., waterlily, floating grass mats 
along ditches) 

Interspersion of emergent 
vegetation & open water; 

dense emergent edge; bulrush, tall 
sedges, grasses, waterlily 

taro >4 months old 

Accessible cover Escape and 
thermal cover 

• Lay 1 egg/day; average clutch size 5.6 eggs.
b Based on number of dead carcasses and sick birds observed (USFWS unpublished data). Number of birds weighted by search
effort does not vary by month (Reynolds et al 2021).
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'Alae Ke'oke'o (Hawaiian coot) 

Life History 

'Alae ke'oke'o (Fulica alai), one of the least studied endemic species in the Hawaiian Islands, is 
closely related to the American coot. Most morphological measurements between the species 
overlap, with the exception oflonger bill lengths of 'alae 
ke'oke'o. Similar to 'alae 'ula, 'alae ke'oke'o breed year 
round, with nesting peaking May-July (Morin 1998). 
Byrd et al. (1985) and Engilis and Pratt (1993) suggest 
nesting may be opportunistic, dependent on rainfall. 
Availability of protein resources likely also influences 
timing of breeding. Aggressive and courtship displays by 
'alae ke'oke'o are similar to those described for the 
American coot, but territoriality is not well studied. Non-
breeding 'alae ke'oke'o may form large flocks. 'Alaeke'oke'o swi m mi n g near sparseemergen t 

veget a tion. Photo by Joh n Moses so, USGS. 

Nest platforms are large, either floating or anchored to sparse emergent vegetation (see summary 
in Pratt and Brisbin 2002). Nests can be as close as 20 feet but are more typically spaced 80 feet 
apart (Byrd et al. 1985). Females lay an average of 5 eggs, which is smaller than that reported for 
American coots, and incubate eggs for about 25 days (Shallenberger 1977, Byrd et al. 1985, 
Morin 1998). Although nest success is relatively high, chick mortality during the first 2 weeks of 
brood-rearing is also high (Byrd et al. 1985). Re-nesting and double-brooding have been 
reported, but no information is available on brood-rearing. 

In wetlands, 'alae ke'oke'o forage by pecking, dabbling on the water surface, immersing head 
and neck, and/or dividing. Feeding method is primarily related to depth of food underwater 
(Brisbin and Mowbray 2002). 'Alae ke'oke'o are omnivorous, with plant material likely 
dominant, similar to American coots. Leaves, seeds, and stems of aquatic plants and mollusks are 
reported as food items by Munro (1960). Otherwise, very little information is available specific 
to foods consumed by 'alae ke'oke'o. American coots primarily feed on pondweeds, sedges, and 
algae. Aquatic invertebrates, although less common, are likely an important part of their diet 
during breeding, particularly for egg-laying and growing young (Jones 1940, Desrochers and 
Ankney 1986, Driver 1988). Post-breeding dispersal is widespread (Pratt and Brisbin 2002). 

Population Trends 

Statewide biannual count data show large annual fluctuations in number of 'alae ke'oke'o. Pratt 
and Engilis (1993) attribute this to climatic and associated wetland conditions as high numbers 
follow years of high rainfall. Interisland movements, including dispersal to Ni'ihau and Hawai'i 
islands during the rainy season (Udvardy 1960, Mike Mitchell, USFWS [retired], personal 
communication), may also influence counts. Long-term trends in 'alae ke'oke'o count data 

suggest the population has increased since the 1986 (Paxton et al. in press). In contrast, data 
from 2006 to 2016 show week evidence for population declines on 4 of the 6 main islands; 
trends are inconclusive for the statewide estimates (Paxton et al. in press). 
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Table 5. Chronology of life history events for 'alae ke'oke'o (Hawaiian coot, Fulica ala,). Relative abundance 
based on count numbers that tend to be higher during summer surveys (Paxton et al. in press). 'Alae ke'oke'o 
likely disperse to newly flooded habitat during the rainy season. Life history information compiled from 
Shallenberger (1977), Byrd et al. (1985), Morin (1998), and Pratt and Brisbin (2002). lncudes diet items 
specific to Hawai'i (Munro 1960) and for closely-related American coots (Fulica americana; Brisbin and 
Mowbray 2002). 

Low 
Life History Event Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
Courtship 
Nest searching 
Egg-laying• (Sd) 

Incubation (25d)

Brood-rearing (?d) - - - - - -
Dis ersal from natal territo (?d) - - - - -

Pre-basic molt 
Pre-alternate molt 
Juvenal molt 
Botulismb 

Matrix 
Nutritional 
Needs 

????? 

Pre-breeding Egg-laying Incubation Brood-rearing Molt 

???? 

Protein High protein Energy High protein High protein 
High Energy Calcium High energy Energy 

Foods 
Omnivorous, 
plant foods 
dominant 

Seeds, leaves, & stems of aquatic plants (pondweeds, seagrasses, sedges) and algae (Chara sp.) 

Habitat& 
Flooding 
Regime 

Water Depth 

Cover 

Also feeds on terrestrial plants & fems 
Molluscs & aquatic insects Plant foods Aquatic 

(Coleoptera, Odonata, Hemiptera, dominate invertebrates 
Orthoptera, Diptera) likely increase likely increase 

to support 
feather growth 

Aquatic insects 
? 

Semi-permanent wetlands, permanent ponds, fishponds, & reservoirs 
Dispersal to seasonal wetlands during rainy season 

Variable 

Sparse emergent vegetation, abundant submerged aquatic vegetation 
Fresh, brackish and saline wetlands 

Shallowly flooded taro lo'i 
Nest site usually over water 

Variable water depths 
Often 12-15 inches 

Up to 2 feet deep or deeper if 
vegetation is present 

Variable water depths; 
Forage in adjacent uplands 

Sparse emergent vegetation 
Nest floating or anchored to 

emergent vegetation 
bulrush, tall sedges 
taro >4 months old 

Accessible cover Escape and 
thermal cover 

• Assumes 1 egg/day; average clutch size=5 eggs; mode=6.
b Based on number of dead carcasses and sick birds observed (USFWS unpublished data). Number of birds weighted by search
effort does not vary by month (Reynolds et al 2021).
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Ae'o (Hawaiian stilt) 

Ae'o is one of three recognized subspecies of the black-necked stilt (Himantopus mexicanus) and 
is most closely related to the North American subspecies (H mexicanus mexicanus). Ae'o use a 
variety of upland and wetland habitats with salinities ranging from fresh to hypersaline. Native 
plants characteristic of wetlands used by ae'o include 'ae'ae (Bacopa monnieri), 'akulikuli, 
makaloa, and other native sedges. 

Ae'o forage on aquatic invertebrates and fish while wading in water up to 4--5 inches deep 
(Telfer 1973, 1976) and commonly use wetlands with water< 9 inches deep (DOFAW 2015). 
Three visual feeding methods have been described for black-necked stilts: pecking prey on mud 
or the water surface, plunging their head to capture food in the water column, and snatching 
flying insects from the air (Hamilton 1975). They also use scythe-like sweeps where they swipe 
their head and bill though water or soft mud. Scythe-like sweeps and plunging have been 
reported for ae'o (see summary in Robinson et al. 1999). 

Telfer (1975, 1976) reported ae'o spent 70% of foraging time pursuing fish, sometimes trapping 
them in shallow water, and suggested vertebrate prey are an important part of their diet. Ae'o 
also consume water boatmen, beetles, and brine fly larvae. Invertebrates prey consumed by 
black-necked stilts in North America, including weevils, other fly larvae, and snails, may also be 
present in ae' o diets. Small quantities of seeds and other vegetative matter ( <2% by weight) have 
been recorded from stomachs of black-necked stilts (Wetmore 1925). 

Ae'o appear to be paired year-round but frequency of pairs is less during the winter (Coleman 
1981). Ae'o exhibit seasonal breeding patterns with peak nesting following the rainy season. 
Egg-laying begins during mid-February with incubation peaks during April-May (Coleman 
1981). Ae'o make a shallow scrape on coastal flats with no or limited low-growing vegetation or 
mudflats with very sparse emergent vegetation. They may also nest on high spots, small islands, 
or vegetation clumps over water and will build up nests if water rises (Telfer 1975, Coleman 
1981). Nests on edges of taro lo'i and managedwetland impoundments are common if vegetation 
is kept short. Nest lining varies with most vegetation added during incubation. 

Clutch size averages 4 eggs; nests with more eggs likely have eggs from > 1 female. Males and 
females share incubation for 23-26 days after which eggs usually hatch within 24 hours 
(Coleman 1981). Nest success tends to be relatively high, but the number of eggs that hatch is 
significantly lower than the number laid (Christenson et al. 2021). Nest success decreases later in 
the breeding season and increases with height of vegetation (Harmon et al. 2020). Chicks can 
leave the nest within 1-2 hours of hatching. Adults may brood chicks for up to 2 weeks but 
feeding of young has not been observed in the wild (Coleman 1981). Family groups may remain 
together for up to a year. 

Ae'o are strongly territorial but territories may be aggregated in suitable habitats with adults 
jointly defending the area around nests from conspecifics, other birds, and predators. Adults with 
newly hatched young are very aggressive toward unrelated young and have been observed 
attacking chicks not their own (Robinson et al. 1999). As adult densities increase, nest success 
rate decrease, suggesting the territoriality may influence reproductive success at higher 
population levels (van Rees et al. 2020). 
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Table 6. Chronology of life history events for ae'o (Hawaiian stilt, Himantopus mexicanus knusem). Relative 
abundance based on count numbers that tend to be higher during summer surveys (Paxton et al. in press). 
Ae'o likely disperse to newly flooded habitats during the rainy season. Life history information compiled 
from Coleman (1981), Chang (1990), and Robinson et al. (1999). Includes diet items specific to Hawai'i 
(Telfer 1975, 1976) and for closely-related North American black-necked stilt (H. mexicanus mexicanus; 
Robinson et al. 1999). 

Low 
Life History Event 

Courtship 
Nest searching 
Egg-laying• (4d) 

Incubation (23-26d)

Brood-rearin (?d) 

Pre-basic molt 
Pre-alternate molt 
Juvenal molt 
Botulismb 

Matrix 
Nutritional 
Needs 
Foods 

Habitat& 
Flooding 
Regime 

Water Depth 

Cover 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Pre-breeding 
Protein 

High Energy 

????? 

Egg-laying Incubation Brood-rearing 
High protein Energy High protein 

Calcium High energy 
Fish and aquatic invertebrates 

???? 

Molt 
High protein 

Energy 

Water boatmen, beetles, brine fly larvae, other fly larvae, weevils, molluscs 
Also feeds on terrestrial plants & fems 

0-9 inches

Diversity ofupland and wetland habitats 
Sparse, creeping, or short emergent vegetation 

Ephemeral, temporary, and seasonal flooding regimes 
Fresh, brackish, saline and hypersaline wetlands 

Shallowly flooded taro lo'i 
Nest site usually dry 

Shallow scrape 
Over-water on vegetation clumps 

0-9 inches

None to sparse emergent vegetation Accessible cover Escape and 
thermal cover 

• Assumes 1 egg/day; average clutch size=3.6 eggs.
b Based on number of dead carcasses and sick birds observed (USFWS unpublished data). Number of birds weighted by search
effort does not vary by month (Reynolds et al 2021 ).

Ae 'o. Photo by Adonia Henry. 
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