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Executive Summary 

Hawaiian waterbirds face a suite of threats, including depredation of eggs and 

chicks, flooding of nests, and loss of habitat; however, information on the extent of these 

threats is limited. State and federal entities have created over 6,000 ha of protected 

wetland habitat across Hawai‘i for Hawaiian waterbirds, where management tools, such 

as invasive species control and mammal-exclusion fencing, are currently in use and may 

greatly increase egg and chick survival. While research suggests that mammalian 

predators are the top cause of nest depredation in Hawaiian waterbirds, predator species-

specific impacts have not been evaluated. Furthermore, the impacts of predator species on 

other causes of nest failure, such as nest abandonment, have also not been evaluated. As 

suitable Hawaiian waterbird nesting habitat is limited, creating new habitat and/or 

expanding current habitat is crucial to the persistence of these species and doing so 

requires a better understanding of how different predator species, as well as nest-site 

characteristics, impact waterbird nesting success. Thus, the objectives of this project were 

to: (1) continue monitoring hatching and fleding rates of Hawaiian Stilts (Aeʻo – 

Himantopus mexicanus knudseni), Hawaiian Gallinules (ʻAlae ʻula – Gallinula galeata 

sandvicensis), and Hawaiian Coots (ʻAlae keʻo keʻo - Fulica alai) on Oʻahu; (2) identify 

nest-site factors that impact nest depredation and nest abandonment in Hawaiian Stilts; 

(3) examine predator species- specific impacts on nest depredation and nest abandonment 

in Hawaiian Stilts. 

 For nests monitored by our team in the 2022 nesting season, Hawaiian Stilts had a 

hatch rate of 64% and a fledging rate of 67%. Only 5% (n = 1) of nests failed due to 

abandonment, while 20 35% (n = 6) failed due to unknown causes. We only recovered 

the bands of one chick, but no carcass. Cause of death could not be determined for the 

other banded chick whose body was never recovered. Hawaiian Coots had higher 

hatching success than Hawaiian Gallinules in both Hāmākua Marsh and Kawainui Marsh 

(60% and 3%, respectively), however there was only a small number of nests found 

between the sites for Hawaiian Coots (n=5). Nest flooding, depredation, and 

abandonment were the identified causes of nest failure for both species in both wetlands. 

The Small Indian Mongoose (Herpestes auropunctatus) were the only confirmed predator 

of coot and gallinule nests.  

Our study will examine species-specific predator impacts and ground cover on the 

nesting and fledging success of Hawaiian Stilts. Our results further corroborate past 

research that land managers should consider increasing mammalian trapping, or 

constructing mammal-exclusion fences, in high-density nesting areas. Our observations 

of fledging success for Hawaiian Stilt chicks suggest that manipulation of water levels is 

likely important for managing waterbird chick prey abundance, and thus chick survival.  
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Introduction 

This report fulfills the annual reporting requirements for the permit agreement listed 

below. The reporting period is January 1, 2022– December 31, 2022. 

 

Permit  

Number: TE-25955C-3  

Effective date: February 12, 2020  

Expiration Date: February 11, 2025 

 

Hawaiian Waterbird Nesting Ecology 

 

Egg Survival 

Nest depredation has been identified as a major threat to Hawaiian waterbird nesting 1 

success (Harmon et al. 2021). Hawaiian waterbirds have a variety of potential 2 

mammalian, avian, and aquatic predators, including introduced rats (Rattus spp.), feral 3 

cats (Felis catus), Small Indian Mongooses (Herpestes auropunctatus), Cattle Egrets 4 

(Bubulcus ibis), Barn Owls (Tyto alba), catfish (Order: Siluriformes), and American 5 

Bullfrogs (Lithobates catesbeianus), as well as native Black-crowned Night-Herons 6 

(‘Auku‘u; Nycticorax nycticorax hoactli) and Hawaiian Short-eared Owls (Pueo; Asio 7 

flammeus sandwichensis) (Harmon et al. 2021; U.S. 59 Fish and Wildlife Service 2011). 8 

Where a bird decides to nest can impact the likelihood of nest success, particularly for 9 

ground-nesting species. Ground cover, as well as vegetation structure near nests, may 10 

impact the probability of nest depredation and abandonment (Picman 1988; Kristiansen 11 

1998; Hoover 2006; Bonesi and Palazon 2007; Jedlikowski et al. 2015). While previous 12 

research has examined environmental variables within the nest site that are important for 13 

nesting success of Hawaiian Stilts (Harmon et al. 2021), more research is needed that 14 

examines spatial variables, such as distance to roads, urban areas, and nests of 15 

conspecifics. This same research also identified introduced mammals as the top predators 16 

of Hawaiian Stilt nests; however, predator species-species impacts still need to be 17 

examined. Building on this previous work, the aim of this study was to: (1) determine 18 

nesting success of Hawaiian Stilts (Aeʻo – Himantopus mexicanus knudseni), Hawaiian 19 

Gallinules (ʻAlae ʻula – Gallinula galeata sandvicensis), and Hawaiian Coots (ʻAlae keʻo 20 

keʻo - Fulica 71 alai) on Oʻahu; (2) identify nest-site factors that impact nest depredation 21 

and nest abandonment in Hawaiian Stilts; (3) examine predator species-specific impacts 22 

on nest depredation and nest abandonment in Hawaiian Stilts. 23 

 

Chick Survival 

In addition to egg survival, knowledge of chick survival is essential for informing 24 

management of endangered, Hawaiian waterbird populations. However, monitoring 25 

precocial chicks, such as Hawaiian Stilts, is challenging, as they leave the nest within 26 

hours of hatching. Prior research from two wetland sites on Oʻahu indicates that the top 27 

cause of stilt chick deaths is depredation (Warnock and Warnock 1993; Eijzenga 2009; 28 

Jessica Idle, unpublished data). However, to effectively guide management decisions, 29 

more research in other wetland sites is needed, as factors that impact chick survival may 30 

differ by site. The primary objective of this project was to determine Hawaiian Stilt chick 31 
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survival rates and factors that impact Hawaiian Stilt chick survival in Hāmākua Marsh 32 

and Kawainui Marsh 33 

Methods 

 

Study Sites 

Nesting surveys for Hawaiian Stilt, Hawaiian Gallinules, and Hawaiian Coots were 34 

conducted in 2022 in Hāmākua Marsh and Kawainui Marsh located in Kailua, Hawaiʻi 35 

(Fig 1.). Nest camera data for Hawaiian Stilts that was collected at both Hāmākua Marsh 36 

and Kawainui Marsh to be used to evaluate predator species-specific, and ground cover 37 

impacts on nesting success. Telemetry tracking data for Hawaiian Stilt chicks was 38 

collected from in 2022 at both Hāmākua Marsh and Kawainui Marsh to be used to 39 

evaluate predator species-specific, and ground cover impacts on fledging success. 40 

 

Data Collection 

Egg Survival: Nest surveys are conducted weekly year-round at Hāmākua Marsh to 41 

identify new nests. With weekly surveys from February to August during the stilt nesting 42 

season. Researchers walk transects looking in the vegetation and mudflats for coot, 43 

gallinule, and stilt nests. Active nests were noted in the software application, “Collector” 44 

(ESRI, 2021, 18.0.3). Following nest discovery, Spypoint game cameras mounted on T-45 

posts were placed ~3 m from each active nest, following protocols defined by the 46 

USFWS permit. To minimize researcher influence on abandonment cameras were placed 47 

on nests with 4 or more eggs, or multiple weeks of observed incubation. Cameras were 48 

checked each week to replace batteries or SD cars as needed. The nests were physically 49 

checked twice a week for nest status, and the game camera was left until two weeks after 50 

the last chick hatched, or the nest failed. Nest were considered failed if there were eggs 51 

remaining in the nest past the estimated hatch date without continued incubation, or the 52 

eggs were observed to be predated or destroyed. Game cameras were checked to verify 53 

the fates of each nest.  54 

To evaluate ground cover, stationary cameras on poles, programmed to take 55 

photos at predetermined times throughout the day, were set up at 30 randomized points 56 

throughout the wetland. We utilized the photo system, KiloCam, a custom printed circuit 57 

board (PCB) designed by researcher Austin Greene with a ESP32-Cam microcontroller to 58 

take 2MP photos when programmed. Cameras are currenlty deployed and still collecting 59 

data. To capture habitat type selection for nesting, a photo will be taken at each nest upon 60 

discovery. The same KiloCam camera setup mounted on a 6 m telescoping pole will be 61 

used to take a photo of the nest area. The photos will be taken in the same westward 62 

direction, angled 90° towards the ground. Researchers stood 1 m behind the nest while 63 

taking the picture, to minimize disturbance. Cover types were limited to three broad 64 

categories: water, mudflat/bare ground, and vegetation. To analyze habitat type 65 

availability one day of each week was selected. The photos from each camera at a 66 

specific time from that day were also selected. Habitat type selected for nesting was 67 

compared with the habitat type availability analysis that took place within that same 68 

week.  69 

Nearby vegetation species will be identified upon discovery of the nest, and the 70 

percentage of vegetation cover on each nest will be measured using a square quadrat 71 

(1m2) placed over the nest after hatching or failure. The square quadrat will be marked 72 



4 

 

with 4 squares, and will be laid over the nest. The nest will be observed from above, and 73 

the total percentage of each quadrat that is covered by vegetation will be estimated using 74 

the ocular estimation method (Teaching, 2010). The density will be measured by visually 75 

estimating the percent of visual obstruction in the pole (VOR) by vegetation at four 76 

different segments (Journal & Jul, 1970). We will estimate the  average of percentage of  77 

VOR among the four different segments obstructed in the pole. The vegetation height and 78 

percentage of VOR, will be measured at four different cardinal directions at random 79 

points at 2 m distance from the nest. We will then average the vegetation density and 80 

height values among the four cardinal directions of each measurement (Chiavacci et al., 81 

2018; Journal & Jul, 1970). Distance to water will be recorded by measuring the distance 82 

from the nest to the nearest water body (Rader, 2005). 83 

 

Chick Survival. In 2022, Hawaiian Stilt chicks (pre-fledging) at least seven days of age 84 

were hand captured and fit with 4a bands, comprised of 3 Darvic color bands and one 85 

U.S. Geological Survey (USGS) aluminum band. For a subset of chicks, VHF radio 86 

transmitters (Holohil BD-2X) were glued to the backs of chicks using livestock glue in a 87 

small area about 1-2 cm above the uropygial gland (Warnock & Warnock 135 1993; 88 

Eijzenga 2009). Transmitters weighed no more than 3% of each individual’s body 89 

weight. If transmitters were observed loose, or fallen off, transmitters were resecured or 90 

reattached using the same methods. After the release of banded and radio-tagged chicks, 91 

we relocated chicks using VHF receivers or through band re-sighting every day for the 92 

first seven days after capture. After the first seven days, we relocated tagged individuals 93 

at least each day of the week until the tagged individual fledged. Causes of mortality 94 

were recorded when known, otherwise all tagged individuals were tracked until VHF 95 

transmitters fell off, VHF transmitter batteries ran out, or after the individual could no 96 

longer be re-sighted via bands. For each observation of a chick, we recorded GPS 97 

location and transmitter status (if applicable). 98 

 

Data Analysis 

Egg and chick survival. For Hawaiian Stilts in the 2022 nesting season, hatching rate, 99 

fledging rate, and overall nesting success were calculated. Hatching rate was calculated 100 

as the number of chicks hatched divided by the number of eggs laid. Fledging rate was 101 

calculated as the number of chicks that fledged divided by the number of chicks that 102 

hatched. Overall nesting success was calculated as the number of chicks that fledged 103 

divided by the number of eggs laid. Because only two stilt nests were discovered in 104 

Kawainui Marsh, we combined our calculations for both Kawainui and Hāmākua.  105 

For all Coot and Hawaiian Gallinule nests in the 2022 nesting season we did not 106 

track or monitor chicks. Thus, we only calculated hatching rate, which was calculated as 107 

the number of chicks hatched divided by the number of eggs laid. Calculations were 108 

made for each species for both wetlands combined due to the low numbers between the 109 

two. Nesting success, which we calculated as the number of nests that produced at least 110 

one chick divided by the total number of nests. Analyses are ongoing for the assessment 111 

of groundcover impacts on egg and chick survival. 112 
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Results 

Egg and Chick Survival 

Of 17 Hawaiian Stilt nests discovered in Hāmākua and Kawainui in 2022, 58% (n = 10) 113 

hatched at least one chick, 5% (n = 1) failed due to abandonment, and 35% (n = 6) had 114 

unknown fates (Table #1). Only two nests were discovered in Kawainui, both of which 115 

were successful; all other nests were discovered in Hāmākua. Out of 53 eggs that were 116 

laid, 64% (n = 34) hatched. Out of 22 chicks that hatched, 64% (n =22) survived to fledge 117 

(Table #1). Thus, overall nesting success was 41%. We were able to mark and monitor 22 118 

chicks, 9 of which were fitted with radio-transmitters and leg bands and 13 of which were 119 

only fitted with leg bands (Table #2). 120 

Of five Hawaiian Coot nests discovered in Hāmākua and Kawainui in 2022, 60% 121 

(n = 3) hatched at least one chick, 20% (n = 1) failed due to depredation, 20% (n = 1) had 122 

unknown fates (Table #3). Out of 22 eggs that were laid, 27% (n=6) hatched. Out of  For 123 

the depredated nest, we were able to confirm the predator as mongoose. Two nests were 124 

discovered in Hāmākua, three in Kawainui. 125 

 Of 18 Hawaiian Gallinule nests discovered in Hāmākua and Kawainui in 2022, 126 

33% (n = 6) hatched at least one chick, 11% (n = 2) failed due to depredation, 5% (n = 1) 127 

failed due to flooding, 5% (n=1) failed due to conspecific interaction, and 38% (n = 7) 128 

had unknown fates (Table #3). Out of 77 eggs that were laid, 28% (n=22) hatched. We 129 

confirmed that two nests were depredated by a mongoose. Six nests were found in 130 

Hāmākua, 12 in Kawainui. 131 

 

Additional Field Work 

In addition to waterbird surveys at Kawainui and Hāmākua Marshes, we were also 132 

contacted by residents to monitor Hawaiian waterbird nests at their site when discovered. 133 

Two Hawaiian Gallinule nests were monitored at Ulupō Heiau in Kailua, one of which 134 

successfully hatched, the other failed due to flooding.  135 

 

Discussion 

In 2022, we found the nesting success of Hawaiian Stilts was 58% in both Kawainui 136 

Marsh and Hāmākua Marsh. One experienced nest failure due to abandonment, but most 137 

of the failures went unknown with speculation that it was due to predation. This is due to 138 

the condition of the eggs and shells in and around the nest, but nothing definitive was 139 

captured on camera. The hatching rate and fledging rate for the Hawaiian Stilt were both 140 

at 64%, with overall nest success to be 41%. The causes of chick deaths were largely 141 

unknown. For the chicks that disappeared with radio tags, only the radio tags were 142 

recovered, except for one instance where the identification bands were found alongside 143 

the transmitter (Figure 2).  The nesting success of Hawaiian Gallinules was 33% and 144 

Hawaiian Coots was close to 60%. Both species had nest failures due to flooding, 145 

depredation, and abandonment. Only three depredation events were confirmed for the 146 

Hawaiian Coot and Gallinule, however similarly with the Hawaiian Stilt the remaining 147 

unknown fates are suspected to be due to a predator. The only confirmed introduced 148 

predator species of gallinule and coot nests was the Small Indian Mongoose (Herpestes 149 

auropunctatus). Gallinules were the only species to have a confirmed conspecific 150 

interaction as a cause of failure.  The 2022 data only contained nests from two wetlands, 151 

and only three nests were identified as depredated between the two species. Furthermore, 152 
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one depredation event took place in Hāmākua Marsh, which is a highly productive 153 

wetland with all three endangered waterbird species using the site for nesting, often at the 154 

same time. Competition among waterbird species in Hāmākua is likely high, potentially 155 

suggesting the need to expand habitat within this site or in nearby sites (e.g. Kawainui 156 

Marsh). Two of the depredation events took place in Kawainui Marsh, and while this site 157 

is a larger wetland than Hāmākua Marsh, it has limited suitable nesting habitat for 158 

Hawaiian waterbirds relative to its size. Thus, competition for suitable nesting habitat 159 

may be high. 160 

Management Recommendations 

 

The past Hawaiian Stilt nesting season was particularly dry. Areas near stilt nests with 161 

standing water soon evaporated, forcing fledgling chicks to move into wetter areas to find 162 

food, introducing conflict with other stilts. This past year managers used water pumps to 163 

transfer water from a nearby stream into the areas surrounding stilt nests that were drying 164 

up. This action allowed the fledgling chicks to remain in their respective area and 165 

minimize conflict and malnutrition. This resulted in a higher fledging success rate than 166 

the previous year, despite having less nests overall. With climate change expected to 167 

continue to impact precipitation amounts, similar management actions should take place 168 

when needed for subsequent nesting seasons.  169 
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Figure 1. Study sites on the island of O‘ahu, Hawai‘i, USA…………………………A-2 

Figure 2. Photo of recovered stilt bands from Hāmākua Marsh ……………………..A-3 
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Figure 1. Study sites of Hāmākua Marsh and Kawainui Marsh on the island of O‘ahu, 

Hawai‘i. 
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Figure 2. Photo of recovered bands and transmitter from Hawaiian Stilt chick that went 

missing. Suspected predation event. 
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Nest ID Site # of eggs laid # of eggs hatched # fledged chicks Nest fate 

HS01-
2022 Hamakua 4 4 1 Hatch 

HS02-
2022 Hamakua 1 0 0 Fail 

HS03-
2022 Hamakua 1 0 0 Fail 

HS04-
2022 Hamakua 4 4 1 Hatch 

HS05-
2022 Hamakua 4 4 3 Hatch 

HS06-
2022 Hamakua 4 2 1 Hatch 

HS07-
2022 Hamakua 4 2 0 Hatch 

HS08-
2022 Hamakua 4 4 4 Hatch 

HS09-
2022 Hamakua 4 4 4 Hatch 

HS10-
2022 Hamakua 1 0 0 Fail 

HS11-
2022 Hamakua 4 0 0 Abandoned 

HS12-
2022 Hamakua 4 4 4 Hatch 

HS13-
2022 Hamakua 4 0 0 Fail 

HS14-
2022 Hamakua 1 0 0 Fail 

HS15-
2022 Hamakua 1 0 0 Fail 

KS01-
2022 Kawainui 4 2 1 Hatch 

KS02-
2022 Kawainui 4 4 3 Hatch 

Table 1. Hawaiian Stilt nesting and chick fates for 2022 nesting season. 
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Column1 Column2 Column3 Column4 Column5 

Band ID Nest ID Location Radiotaged Fledged 

OA:YK/ff 
HS01-
2022 Hamakua y y 

OA:SB/ff 
HS04-
2022 Hamakua y y 

OA:RY/ff 
HS05-
2022 Hamakua y y 

OA:RK/ff 
HS05-
2022 Hamakua n y 

OK/ff:OA 
HS06-
2022 Hamakua y n 

OA:KK/ff 
HS06-
2022 Hamakua y y 

OA:BK/ff 
HS08-
2022 Hamakua y y 

OA:RS/ff 
HS08-
2022 Hamakua n y 

WW/ff:OA 
HS08-
2022 Hamakua n y 

KW/ff:OA 
HS08-
2022 Hamakua n y 

OA:YS/ff 
HS09-
2022 Hamakua y y 

OA:YB/ff 
HS09-
2022 Hamakua n y 

OA:SK/ff 
HS09-
2022 Hamakua n y 

OA:OK/ff 
HS09-
2022 Hamakua n y 

OA:SW/ff 
HS12-
2022 Hamakua n y 

OA:RL/ff 
HS12-
2022 Hamakua n y 

LO/ff:AO 
HS12-
2022 Hamakua n y 

OA:OB/ff 
HS12-
2022 Hamakua y y 

YL/ff:AO 
KS02-
2022 Kawainui n y 

BY/ff:OA 
KS02-
2022 Kawainui n y 

WR/ff:OA 
KS02-
2022 Kawainui n n 

OA:GG/ff 
KS02-
2022 Kawainui y y 
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Table 2. Banded and tracked Hawaiian Stilt chicks for 2022 nesting season. 

Nest ID Species Site # of eggs laid # of eggs hatched Nest fate 

HG01-2022 HAGA Hamakua 2 0 Fail 

HG02-2022 HAGA Hamakua 6 0 Fail 

HG03-2022 HAGA Hamakua 4 4 Hatch 

HG04-2022 HAGA Hamakua 4 2 Hatch 

HG05-2022 HAGA Hamakua 5 0 Fail 

HG06-2022 HAGA Hamakua 5 5 Hatch 

HC01-2022 HACO Hamakua 4 3 Hatch 

HC02-2022 HACO Hamakua 4 0 Fail 

KG01-2022 HAGA Kawainui 3 0 Fail 

KG02-2022 HAGA Kawainui 3 0 Fail 

KG03-2022 HAGA Kawainui 1 0 Fail 

KG04-2022 HAGA Kawainui 6 0 Fail 

KG05-2022 HAGA Kawainui 7 2 Fail 

KG06-2022 HAGA Kawainui 5 0 Fail 

KG07-2022 HAGA Kawainui 4 0 Fail 

KG08-2022 HAGA Kawainui 5 0 Fail 

KG09-2022 HAGA Kawainui 6 0 Fail 

KG10-2022 HAGA Kawainui 4 3 Hatch 

KG11-2022 HAGA Kawainui 7 3 Hatch 

KG12-2022 HAGA Kawainui  3 Hatch 

KC01-2022 HACO Kawainui 6 2 Hatch 

KC02-2022 HACO Kawainui 4 0 Fail 

KC03-2022 HACO Kawainui 4 1 Hatch 

Table 3. Hawaiian Coot and Hawaiian Gallinule nest fates for 2022. 


