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Abstract

At-risk Hawaiian waterbirds utilize a variety of wetland habitats, including /o i kalo
(Indigenous wetland agro-ecosystems used to grow Colocasia esculenta, a staple Hawaiian
crop); however, how these systems support species recovery remains understudied. This
represents a significant knowledge gap, as the expansion of Hawaiian agro-ecosystems has the
potential to provide numerous ecosystem services that benefit both local and Indigenous
communities, as well as the environment, while simultaneously supporting the recovery of
endangered waterbirds in the face of threats such as sea level rise. These benefits include local
food production and, in turn, improved food security, cultural (re)connection, and the creation of
habitat for endemic and endangered wildlife. Despite these benefits, the management actions
necessary to maintain a /o ‘i may be perceived as disruptive or harmful to the waterbird species
inhabiting them. Actions such as the clearing of vegetation, fluctuations in water levels, and
presence during nesting periods, could impact nesting success, so policies that restrict these
actions during the nesting season are sometimes imposed on farmers. This study aims to lay a
foundation for better understanding the relationships between stewards and the Ae‘o (Hawaiian
Stilt, Himantopus mexicanus knudseni), ‘Alae “ula (Hawaiian Gallinule, Gallinula galeata
sandvicensis), ‘Alae ke‘oke‘o (Hawaiian Coot, Fulica alai) and pure/hybrid Koloa maoli
(Hawaiian duck, Anas wyvilliana). To address this question, I will conduct surveys, inquiring
about management and the steward’s thoughts regarding waterbirds at their site, and measure the
alert response and flight-initiation distances of waterbirds within their respective wetlands when
approached by stewards. To further elucidate these interactions, | will replicate this study at
multiple types of sites where waterbirds interact with land stewards, such as state and county
parks, and government-managed wetlands. | expect to find that steward perceptions and desired
level of interactions, frequency of caretaking, and waterbird species type will be correlated with
alert and flight initiation distances when birds are approached by stewards, compared to non-
stewards. The findings of this study will help to elucidate the responses of different waterbird
species and underscore the contributions of managed wetlands to waterbird recovery.
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Motivation



The persistence of endangered waterbirds in the Hawaiian Islands is challenged by
habitat loss, sea level rise, and invasive predators (Harmon et al. 2021). Hawai‘i was once home
to over 30 endemic waterbird species, making it a hotspot for biodiversity (Paxton et al., 2021).
Today, only six native waterbirds remain on the main Hawaiian Islands, and the majority are
considered to be conservation reliant (Reed et al., 2012). These species have experienced
significant population declines, and conventional conservation methods have proven insufficient
to reverse this trend (Idle et al., in prep). The control of invasive species is critical to ensuring
waterbird persistence, due to impacts of invasive plants on nesting habitat and invasive predators
on nesting success (Veitch and Clout, 2002; Harmon et al., 2020). Additionally, sea level rise is
predicted to further reduce the availability of nesting habitat by ~30%, but restoration of
Indigenous agro-ecosystems has the potential to increase suitable habitat by 130% (Harmon et
al., 2021; van Rees et al., 2018, 2020).

This project aims to address these challenges by elucidating how wetland stewards
influence waterbird behavior. Specifically, this research will focus on the Ae‘o (Hawaiian Stilt,
Himantopus mexicanus knudseni), ‘Alae ‘ula (Hawaiian Gallinule, Gallinula galeata
sandvicensis), ‘Alae ke‘oke‘o (Hawaiian Coot, Fulica alai), and pure/hybrid Koloa maoli
(Hawaiian duck, Anas wyvilliana).

A central goal of this project is to address a gap in understanding regarding the influence
of community involvement on waterbird recovery, as the management of Indigenous agro-
ecosystems like /o ‘i kalo has not heretofore been considered a substantial contributor. These
systems provide nesting and foraging habitat for waterbirds and offer an opportunity for
coexistence between humans and these at-risk species, while simultaneously achieving local food
security (Harmon et al. 2022, Opie et al, in prep). Current protocols for critical habitat
designation prioritize federal and state-managed wetlands, but the potential for smaller,
community-managed wetlands like /o i kalo has largely been unrecognized in planning for
statewide recovery strategies. These wetlands have been integral to Hawaiian culture for
centuries and offer essential ecosystem services that could play a significant role in waterbird
conservation (Winter et al., 2018, Harmon et al. 2021).

Understanding how wetland stewards, including /o ‘i kalo farmers, interact with
waterbirds—and how these interactions influence the birds’ behavior, as measured by indicators

like flight-initiation and alert distances—can provide important insights into appropriate policies



for land managers of wetland sites. As conservation strategies integrating local knowledge and
land-use practices simultaneously address issues like habitat loss and invasive species
management while also supporting local food production (Greer, 2005), documentation of
human-wildlife interactions in these spaces is critical to improved decision making and policy.
By better defining the relationships between stewards and waterbirds, this research will
contribute to a growing body of literature documenting the benefits of community-based

conservation stewardship of wetlands (Harmon et al. 2022, Opie et al., in prep).

Background

Building on the concept of /o ‘i as ecological keystones with vital environmental and
cultural functions (Winter et al., 2018), and the demonstrated success of these social-ecological
systems in providing critical waterbird habitat (Harmon et al., 2022), this research seeks to
expand on these concepts. Specifically, this research aims to elucidate the relationships between
wetland stewards and waterbirds. This project will address key gaps in our understanding of how
community-managed systems contribute to the recovery of endangered species and how humans
can coexist with at-risk wildlife.

Previous work suggests that involving Indigenous and local communities through
collaborative management in conservation not only improves the effectiveness of management in
achieving goals but can also help de-escalate conflicts and engage other institutions in the care of
biocultural resources (Winter at al. 2021). Similarly, other studies have underscored the critical
importance of managed wetlands to endangered waterbirds (Brisbin et al. 2002, USFWS 2011,
Harmon et al. 2021, Opie et al, in prep), but the role of human stewardship in these habitats
remains underexplored.

We aim to address this knowledge gap regarding the behavioral responses of waterbirds
to human presence, particularly in relation to management activities. Flight-initiation distance
(FID) and alert distance (AD) are widely recognized as effective indicators of how animals
perceive human presence, reflecting the stress or disturbance caused by human activity (Livezey
et al. 2016). However, few studies have examined how these behaviors might differ in response
to wetland stewards who are actively engaged in habitat management. Feng and Liang (2020)
showed that waterbirds can distinguish between humans based on clothing and will shorten or

extend their flight initiation distance in response to different groups of individuals. Thus,



waterbirds may distinguish between people who are stewards, perceiving them as less of a threat
compared to people who are not stewards.

This research will explore these relationships by investigating how different groups,
particularly wetland stewards and non-stewards, affect waterbird behavior. By assessing
waterbird behavioral data and human survey responses, this project will deepen our
understanding regarding how community involvement influences waterbird conservation
outcomes. Furthermore, it will build on the growing literature on human-wildlife coexistence,
providing new insights into the potential for integrating Indigenous agro-ecosystems into broader

conservation strategies.

Objectives

We aim to answer the following research questions: (1) Do waterbirds exhibit different
behavioral responses, such as alert distance and flight-initiation distance, when approached by a
wetland steward compared to a non-steward? (2) How does the frequency of wetland caretaking
and management relate to individuals’ attitudes toward waterbirds, their level of interaction with
them, and their interest in fostering a connection?

The central hypotheses of this project are: (i) Waterbirds will exhibit shorter alert and
flight-initiation distances when approached by a wetland steward compared to a non-steward,
and (ii) individuals who frequently participate in wetland caretaking and management will show
a stronger interest in forming a connection with waterbirds, engage in more frequent interactions
with them, and express more positive attitudes toward their presence compared to those who

participate less frequently.

Approach
Study Sites

Fieldwork will be conducted on the islands of O‘ahu and Kaua‘i at wetlands being
utilized as habitat by at least one of these four focal waterbird species. A site is defined as a
managed wetland and may include state and federal wildlife sanctuaries/refuges, parks, lo ‘i kalo
(Indigenous wetland agro-ecosystems used to grow kalo [Colocasia esculenta], a staple
Hawaiian crop), loko i ‘a (Indigenous Hawaiian fishpond), and other wetland areas where active

environmental management is taking place. These management efforts may pursue a range of



goals; however, a site was considered eligible if some type of management occurred at least once
per week for a minimum of two hours.

My list of sites currently consists of wetlands managed by Ho‘okua‘aina, the State of
Hawai‘i’s Department of Land and Natural Resources, The North Shore Community Land Trust,
and Waihe‘e Wai Farms, but I am working to add sites to my study. A full list of sites (Table. 1)
and a map of their locations (Fig. 1) can be found below. The size of these sites ranges from 5 to
22 acres, with significant variation in personnel and visitor numbers. Some are privately owned
with limited access, while others host hundreds of visitors monthly through community work
days and events. Management priorities also differ, focusing on varying goals such as food
production, biodiversity, and/or connection to ‘aina. Despite these differences, all sites provide
habitat for waterbirds and deliver various ecosystem services, benefiting both people and the

surrounding environment.

Name = Wetland Type =
Hamakua Marsh State Wildlife Sanctuary
Ho'‘okua‘aina Lofi
Kaluakalana Lo‘i/State Park
Kawainui Marsh State Wildlife Sanctuary
Na Mea Kipono Learning Center Lofi
Waiale‘e Lako Pono Lo‘i/lLoko i'a
Waihe'e Wai Farms Lofi

Table 1. Study Sites. Names and categories of surveyed wetlands.
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Figure 1. Map of O‘ahu. The approximate locations and names of surveyed sites are displayed

in the map above. Wetlands are color coded based off of the included legend.

Study Design

To better understand the relationship between wetland stewards and the waterbirds in
their care, 1 will measure alert distance (AD), the distance at which a waterbird shows a
behavioral change in response to an approaching person, and flight-initiation distance (FID), the
distance at which the bird changes direction of movement to move away from the person, in
response to two types of pedestrian approaches: site stewards and non-stewards. Starting distance
(SD) has been shown to be a significant factor in the response behavior of birds (Blumstein
2003) and will also be recorded prior to each approach. The order of approaches will be
randomized. A site steward is defined as someone who engages in wetland management
activities for at least two hours per week, while a non-steward is an individual with no
involvement in such activities.

Prior to AD and FID measurements, five-minute point count surveys will be conducted
using the variable circular plot method (Buckland et al. 2001) to survey the diversity and density
of waterbirds in the wetland as well as the number of people within 20 feet of the wetland’s

perimeter. For each focal waterbird species present at a site, three replications will be conducted



per pedestrian group (steward and non-steward). If fewer than three individuals are present, or if
individuals are engaged in behaviors that make them unsuitable for approach (such as nesting,
swimming, or brooding), those replications may be skipped. Only birds that are foraging or
resting on shallow mudflats or banks will be included.

The approach procedure will involve a pedestrian walking toward the focal bird at
approximately 0.5 meters per second along a clear line of sight, avoiding dense vegetation or
obstructions. Approaches will generally be conducted in the morning, between 8:00 AM and
11:00 AM, but may also take place in the afternoon depending on the availability of wetland
stewards. At tidally influenced sites, the tide will be recorded, and approaches will ideally occur
during the morning low tide. All approaches will occur during the birds’ breeding season which
typically peaks between February and September, however; this varies by species. Pedestrian
clothing will be standardized: managers will wear typical work clothes and non-managers will
wear a green long-sleeved top and black pants.

Starting distance, alert distance, and flight initiation distance will be measured using a
Sig Sauer® Kilo1200 Laser Rangefinder (Fig. 2). Observations of the focal waterbird’s behavior
before, during, and after the approach will be recorded, along with environmental variables such
as time of day, weather, wind, habitat type, and distance to refuge (e.g., water or vegetation
cover). The presence of conspecifics and heterospecifics near the focal bird will be recorded. If
the bird is part of a group, the closest conspecific will be selected as the focal individual.

To avoid pseudoreplication, focal birds will be selected by systematically walking along
commonly used wetland walkways, starting at one edge and progressing to the other until all
replications are completed. Individuals will only be approached once per trial. After completing
all approaches for the first pedestrian group, a 60-minute buffer period will be observed before
starting the next round to reduce potential carryover effects. Sites will be revisited as needed to
meet replication goals. Starting distance will be included as a covariate during analysis. Either a

regression analysis or ANOVA will be used to analyze the distances measured.
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Figure 3. Approach Diagram. An illustration of how starting, alert, and flight-initiation

distances will be measured.

Site stewards will answer written surveys to explore their relationships with their
wetlands and waterbirds. The survey will include questions about their connections to the
waterbirds, whether they seek interaction with them, the frequency and type of caretaking
activities they perform, and their attitudes toward seeing the waterbirds. This approach will allow
managers to share information and context about their interactions with the waterbirds by
responding to questions such as, “How frequently do you engage in management actions within
the wetland?”” and “What are the goals of your organization's stewardship of this wetland?”
ultimately providing a deeper understanding of the relationship between stewards and their

waterbirds.

Analyses

Alert distance and flight initiation distance will first be analyzed with a principal
component analysis in conjunction with survey response data. Paired t-tests will analyze if there
is a difference between the two pedestrian groups (steward vs. non-steward) using the pedestrian
type as the independent variable and the distance response as the dependent variable. Finally,

regression analyses will be used to determine trends between distance responses and survey data.

Outputs
The primary output of this project will be a peer-reviewed publication that explores the

relationships between wetland stewards and waterbirds through both behavioral observations



(alert distance and flight initiation distance) and human survey responses. This paper will
contribute to the growing body of literature on human-wildlife coexistence in managed habitats,
particularly in culturally and ecologically significant wetland systems in Hawai‘i. In addition, a
summarized report of findings will be shared with participating wetland sites, and results will be
presented at academic conferences and local stakeholder meetings to engage both scientific and
community-based audiences. Data visualizations and GIS products will be developed to
communicate patterns of waterbird response and human interaction across site types. Educational
materials or short-form communication pieces; will also be created to raise awareness about the

role of human behavior and connection in wildlife conservation within wetland systems.

Outcomes

Collectively, these outputs will support efforts to integrate Indigenous and community-
based stewardship with conservation science and may inform future wetland management
strategies in Hawai‘i and beyond. Findings from this research may strengthen the case that
Indigenous resource management practices, such as those embedded in Hawaiian social-
ecological systems, can enhance human-wildlife coexistence, support endangered waterbird
populations, and contribute to local food production. I hope these publications will provide
valuable evidence for policymakers and state and federal wetland managers to more fully
incorporate Hawaiian systems, such as /o i kalo, into refuge design, management plans, funding

priorities, and long-term conservation strategies that protect both native waterbirds and cultural

practice.
Timeline
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Background Research
Methods Creation
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Field Data Analysis
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Write Capstone Final
Present to Partners
Journal Article Preperation
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Figure 4. Timeline. Project timeline for data collection, analysis, and final outputs from January
2025 to June 2026.

Resources

A laser rangefinder, tablet, and binoculars will be used for data collection in the field. A
computer with a licensed copy of ArcGIS will be used for data analysis and GIS product
creation. Access to reliable data storage and analysis software (Excel, R) will also support
quantitative and spatial analyses. Establishing and maintaining partnerships with wetland
stewards whose sites host the focal waterbird species is essential to meeting site selection goals.
Transportation between islands and field sites will be necessary to complete data collection. This
project is supported by the Hawai‘i Wildlife Ecology Lab and funding from the Hau‘oli Mau Loa
Foundation.
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Appendix - Permits

FISH AND WILDLIFE SERVICE Recovery Permit TE-25955C-3

University of Hawai‘i Human Studies Program IRB Protocol Number 2024-00775
University of Hawai‘i Animal Welfare Program Reference Number 4449

State of Hawai‘i Protected Wildlife Permit Number WL23-04
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