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Finding of No Significant Impact
for the
Kealia Pond National Wildlife Refuge Comprehensive Conservation Plan
Maui County, Hawai‘i

The U.S. Fish and Wildlife Service (Service) has completed a Comprehensive Conservation Plan
(CCP) and Environmental Assessment (EA) for Kealia Pond National Wildlife Refuge (Refuge).
The CCP will guide management of the Refuge for 15 years. The CCP/EA describes our
proposals for managing the Refuge and their effects on the human environment under three
alternatives, including the no action alternative.

Decision

Based on our comprehensive review and analysis in the CCP/EA, we selected Alternative C for
implementation, because it will guide management of the Refuge in a manner that:
e Achieves the mission of the National Wildlife Refuge System, and the purposes, vision,
and goals of the Refuge.
Maintains and restores the ecological integrity of the Refuge habitats and populations.
Addresses the important issues identified during the CCP scoping process.
Addresses the legal mandates of the Service and the Refuge.
Is consistent with the scientific principles of sound wildlife management and endangered
species recovery.
e Facilitates priority public uses appropriate and compatible with the Refuge purpose and
the Refuge System mission.

Summary of the Actions to be Implemented

Implementing the selected alternative will have no significant impacts on the environmental
resources identified in the CCP/EA. Refuge management under the selected alternative will
protect, maintain, and enhance habitat for endangered species and resources of concern, and
improve the Refuge’s capability to provide food for migrating and wintering waterbirds,
including shorebirds and waterfowl. Improving the Refuge’s coastal and wetland habitats will
increase the value of these lands and waters for a variety of native plants and wildlife.

The availability and quality of wildlife-dependent recreation on the Refuge will improve under
the selected alternative, but within a regional context, the cumulative change would be small. A
summary of the CCP actions we will implement follows.

Under Alternative C, restoration efforts and increased water management capabilities are intended to
achieve the maximum potential for enhancing and maintaining biological requirements for
endangered waterbirds, and indirectly benefit wintering migratory waterbirds. The Refuge will plan
and implement the physical alterations needed to maximize our ability to control water in the Main
Pond and adjacent vegetated mudflats, significantly remove the most aggressive pest plants, and
control larger areas of pickleweed on the flats. Physical restoration includes: construction of a water
control structure at the N. Kihei Rd. culvert, additional groundwater sources (wells) to maintain
water on the flats, and reconfiguration of topography to hold water longer.



Molokini, after establishment as an overlay refuge, will be managed as a seabird colony with periodic
visits to monitor the population and continue the long-term banding. In addition, we will initiate a
native plant restoration plan, particularly the rare ‘ihi (Portulaca molokiniensis) and a few other
species found only on that islet, with a minimum of 2 additional visits per year. These visits will also
be used to monitor tree tobacco for endangered ‘Oka‘i ‘aiea (Blackburn’s Sphinx Moth). The
potential for their presence on Molokini is high given that they are found on Maui and Kaho‘olawe.
Volunteers will assist with propagating plants in the Refuge’s greenhouse and outplanting will be
conducted by Federal and State biologists under a cooperative agreement with DLNR.

Climate change analyses for Kedlia Pond NWR will be evaluated for applicability to management
strategies. Refuge staff will participate in development of climate change assessment protocols.
Visitor services will be expanded with the Refuge open on weekends and additional efforts made to
provide vegetated barriers and/or blinds to provide better viewing opportunities and increase areas
for wildlife viewing. Visitor services staff will provide educational programs and materials.

Public Involvement and Changes Made to the Selected Alternative Based on Comments

We incorporated a variety of public involvement techniques in developing and reviewing the
CCP/EA. This included three planning updates, several meetings with partners, and public
review and comment on the Draft CCP/EA. The Service responses to public comments are
provided in the CCP, in Appendix K. -

Based on the public comments we received and considered, Alternative C as described in the
- Draft CCP/EA has been slightly modified to clarify our management strategies to retain the use
of methoprene as a secondary tool to control spotted-wing midges, if needed.

Conclusions

Based on review and evaluation of the information contained in the supporting references, I have
determined that implementing Alternative C as the CCP for Keilia Pond National Wildlife
‘Refuge is not a major Federal action that would significantly affect the quality of the human
environment within the meaning of section 102(2)(c) of the National Environmental Policy Act
of 1969. Accordingly, we are not required to prepare an environmental impact statcment.

QL,Q ). - 9| 28|u

heiing Regional Director ' Date




Supporting References

U.S. Fish and Wildlife Service. August 2011. Kealia Pond National Wildlife Refuge, Draft
Comprehensive Conservation Plan and Environmental Assessment.

U.S. Fish and Wildlife Service. September 2011. Kealia Pond National Wildlife Refuge
Comprehensive Conservation Plan.

Note: This Finding of No Significant Impact and supporting references are available for public
review at Maui National Wildlife Refuge Complex, Milepost 6 Mokulele Highway, Kihei, HI,
and U.S. Fish and Wildlife Service, Hawaiian and Pacific Islands National Wildlife Refuge
Complex, 300 Ala Moana Boulevard, Room 5-231, Honolulu, Hawai‘i 96850. These documents
can also be found on the Internet at http://pacific.fws.gov/planning/. Interested and affected
parties are being notified of our decision.
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/Note to Reviewers: Throughout the CCP document, all attempts have been made
to use appropriate diacriticals related to the Hawaiian language (i.e., ‘okina and
kahakd). However, places where diacriticals may not appear occur in the maps
and literature cited. Due to limitations of the Geospatial Information System
software used for the maps developed in the plan, some diacriticals may be
missing where place names or legend text appear.
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Readers’ Guide

Native species discussed in this document are referred to by their Hawaiian names. Common English
names and scientific nomenclature can also be found in the glossary in Appendix A. The U.S. Fish and
Wildlife Service endeavors to be accurate in its use of the Hawaiian language and correctly spell
Hawaiian words, including the diacritical marks that affect the meaning and aid in pronunciation. This
guide is provided to simplify pronunciation for the reader.

When Captain Cook arrived in the Hawaiian Islands in 1778, the Hawaiians had a totally oral tradition. In
1820, western missionaries standardized a written version of the Hawaiian language that features eight
consonants and five vowels.

Consonants Vowels

H - as in English A - pronounced like the a in far

K - as in English E - pronounced like the e in bet

L - as in English I - pronounced like the ee in beet
M - as in English O - pronounced like the o in sole
N - as in English U - pronounced like the oo in boot

P - as in English
W - after i and e pronounced v
- after u and o pronounced like w
- at the start of a word or after a,
pronounced like w or v
(‘) - ‘okina - a glottal stop

Special Symbols

Two symbols appear frequently in Hawaiian words: the ‘okina and the kahako. These two symbols change
how words are pronounced. The ‘okina itself looks like an upside-down apostrophe and is a glottal stop —
or a brief break in the word. An example of this in English is in the middle of the expression “uh-oh.” The
‘okina is an official consonant — just as any of the other consonants.

The kahako is a stress mark (macron) that can appear over vowels only and serve to make the vowel sound
slightly longer. The vowels a, €, 1, 0, and @ sound just like their non-stress Hawaiian vowels with the
exception that the sound is held slightly longer. Missing the ‘okina or kahakd can greatly change not only
the how a word sounds, but also its basic meaning. A popular example of how an ‘okina and a kahako can
change the meaning of a word is “pau’:

* pau = finished, ended, all done
* pa‘u = soot, smudge, ink powder
* pa‘li = moist, damp

* pa‘li = skirt
Refuge Place Names
Kealia (kay-AHH-LEE-ah) meaning: salt encrusted
Ma‘alaea (MAHH ah-la-AY-ah) meaning: red colored earth
Molokini (Mo-lo-KEE-nee) meaning: many ties

Readers * Guide vii
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Waterbirds
Ae‘o (EYE oh)

Hawaiian Stilt Himantopus mexicanus knudseni

SPECIES STATUS:

Federally listed as Endangered
State listed as Endangered
State recognized as Indigenous

‘Alae ke‘oke‘o (ah-lye KAY oh KAY oh)

Hawaiian Coot Fulica alai

SPECIES STATUS:

Federally listed as Endangered
State listed as Endangered
State recognized as Endemic

Nené (NAY-NAY)
Hawaiian Goose Branta sandvicensis

SPECIES STATUS:

Federally listed as Endangered
State listed as Endangered
State recognized as Endemic

‘Auku‘u (ow-KOO 00)

Black-crowned Night Heron Nycticorax nycticorax
hoactli

SPECIES STATUS:
State recognized as Indigenous

Koloa maoli (ko-LOWah MAOW-Iee)

Hawaiian Duck Anas wyvilliana

SPECIES STATUS:

Federally listed as Endangered
State listed as Endangered
State recognized as Endemic

Brenda Zaun
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Migrant Shorebirds
‘Akekeke (ah-kay-KAY-kay)

Ruddy Turnstone Arenaria interpres

SPECIES STATUS:
State recognized as Indigenous
U.S. Shorebird Conservation Plan - High Concern

Hunakai (hoo-nah-KYE)

Sanderling Calidris alba

SPECIES STATUS:

State recognized as Indigenous

Hunakai means “sea foam.” Their habit of running along the
receding waves on the shore in search of small sand crabs
apparently reminded early Hawaiians of the sea foam or
hunakai left behind by the waves. It shares the name with a
coastal plant.

Kioea (kee-oh-AY-ah)
Bristle-thighed Curlew Numenius tahitiensis
SPECIES STATUS:

State recognized as Indigenous
IUCN Red List Ranking - Vulnerable

Kolea (KOHH-lay-ah)
Pacific Golden Plover Pluvialis fulva
SPECIES STATUS:

State recognized as Indigenous
U.S. Shorebird Conservation Plan - High Concern

“Ulili (0O00-lee-lee)
Wandering Tattler Heteroscelus incanus

SPECIES STATUS:
State recognized as Indigenous
U.S. Shorebird Conservation Plan - Moderate Concern

©Michael Walther

©Michael Walther
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Seabirds
‘A (AHH)
Red-footed Bobby Sula sula

SPECIES STATUS:
State recognized as Indigenous

Noio (NOY-oh)

Black Noddy Anous minutus
SPECIES STATUS:

State recognized as Indigenous

North American Waterbird Conservation Plan -
Moderate concern

‘Ua‘u kani (OO-ah oo KAH-nee)
Wedge-tailed Shearwater Puffinus pacificus

SPECIES STATUS:
State recognized as Indigenous

‘Iwa (EE-vah)
Great Frigatebird Fregata minor palmerstoni

SPECIES STATUS:
State recognized as Indigenous

‘Ou (OH)
Bulwer’s Petrel Bulweria bulwerii

SPECIES STATUS:
State recognized as Indigenous

Laura Beauregard

N

J
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Other Native Animals
‘Oka‘i ‘aiea (OHH-kah ee eye-AY-ah)

Blackburn’s Sphinx Moth Manduca blackburni

SPECIES STATUS:
Federally listed as Endangered
State listed as Endangered

State recognized as Endemic -l
")

Ellen VanGelder

Honu ‘ea (HO-noo AY-ah)

Hawksbill Turtle Eretmochelys imbricata

SPECIES STATUS:
Federally listed as Endangered
State listed as Endangered

George Balazs

Honu (HO-noo )
Hawaiian Green Turtle Chelonia mydas

SPECIES STATUS:

Federally listed as Threatened

State recognized as Indigenous

TUCN Red List Ranking - Endangered

Laura Beauregard

‘Tlio-holo-i-ka-uaua (EEE-lee-oh HO-loh EE
kah OO-ah OO-ah)

Hawaiian Monk Seal Monachus schauinslandi

SPECIES STATUS:
Federally listed as Endangered

Pueo (poo-AY-oh)

Hawaiian Short-eared Owl Asio flammeus
sandwichensis

SPECIES STATUS:
State recognized as Endangered on O‘ahu
State recognized as Endemic

©Tom Dove
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Native Plants - Herbs
‘Akulikuli (AAH-koo-lee-KOO-lee)

Sea Purslane Sesuvium portulacastrum

SPECIES STATUS:
State recognized as Indigenous

‘Aki‘aki (AH-kee AH-kee)
Beach Dropseed Sporobolus virginicus

SPECIES STATUS:
State recognized as Endemic

Pohuehue (POHH-hoo-ay-HOO-ay)
Beach Morning Glory Ipomoea pescaprae

SPECIES STATUS:
State recognized as Indigenous

Kaluha (kah-loo-HAHH)
Alkali Bulrush Scirpus maritimus

SPECIES STATUS:
State recognized as Indigenous

‘Thi (EE-hee)
1hi Portulaca molokiniensis

SPECIES STATUS:
Federally listed as Endangered

Forest & Kim Starr
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Native Plants - Shrubs & Trees
Hala (HAH-lah)

Beach Vitex Pandanus tectorius

SPECIES STATUS:
State recognized as Indigenous

‘Ohelo kai (OHH-heh-loh KYE)
Hawai‘i Desert-thorn Lycium sandwicense

SPECIES STATUS:
State recognized as Indigenous

Naio (NYE-oh)
False Sandalwood Myoporum sandwicense

SPECIES STATUS:
State recognized as Indigenous

Naupaka Kahakai (now-PAH-kah kah-HAH-
kye)

Beach Naupaka Scaevola taccada

SPECIES STATUS:
State recognized as Indigenous

Pohinahina (POHH-hee-nah HEE-nah)
Beach Vitex Vitex rotundifolia

SPECIES STATUS:
State recognized as Indigenous

Laura Beauregard
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Ae ‘0 duo © Tony Temple

Chapter 1. Introduction

Kealia Pond National Wildlife Refuge (NWR or Refuge) was established in 1992 to preserve,
restore, and manage essential habitat for two endangered Hawaiian waterbirds: the ae‘o (Hawaiian
stilt) and ‘alae ke‘oke‘o (Hawaiian coot). The 704-acre Refuge is situated along the south-central
shore of Maui in the isthmus separating the West Maui Mountains from the East Maui volcano,
Haleakala. Refuge habitats include open water (200 acres), vegetated flats (450 acres), and upland
(54 acres). Kealia Pond is a significant foraging and nesting area for Hawai‘i’s endangered wetland
birds, and is host to hundreds of migratory shorebirds and waterfowl during winter months. In
addition, the Refuge provides coastal beach strand habitat for native plant species, endangered ‘lio-
holo-i-ka-uaua (Hawaiian monk seal), threatened honu (Hawaiian green turtle), and endangered honu
‘ea (hawksbill turtle).

The proposed 19-acre Molokini Unit of the Refuge encompasses a crescent-shaped islet located
between the Islands of Maui and Kaho‘olawe. It has a diameter of about 0.4 miles and hosts a colony
of ‘ua‘u kani (wedge-tailed shearwaters) that nest from March-December. Other inhabitants include a
smaller nesting population of ‘ou (Bulwer’s petrel), ‘iwa (great frigate), noio (black noddy), and noio
koha (brown noddy) that use the island for roosting. The ‘ihi plant (Portulaca molokiniensis) is a rare
Hawaiian endemic known from only two locations, one on Molokini and one on Kaho‘olawe.

The Molokini Unit, Kealia Pond NWR, and Kakahai‘a NWR (located on the southeastern coast of
Moloka‘i) make up the Maui National Wildlife Refuge Complex (Complex). This Comprehensive
Conservation Plan (CCP) will focus on the Kealia Pond NWR and the Molokini Unit.
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1.1 Purpose and Need for the CCP

The purpose of the CCP is to provide the Service, the National Wildlife Refuge System (Refuge
System), partners, and citizens with a management plan for improving fish and wildlife habitat
conditions and Refuge infrastructure, for wildlife and public use on Kealia Pond NWR over the next
15 years. An approved CCP will ensure that the Service manages to achieve the Refuge purpose,
vision, goals, and objectives to help fulfill the mission of the Refuge System.

The CCP is needed for a variety of reasons. Primary among these is to establish improved habitat
conditions on the Refuge’s wetland habitats, which are degraded by invasive plants and animals. The
plan also recognizes and identifies threats to the endangered ae‘o and ‘alae ke‘oke‘o, including
predation by nonnative mammals, limited water supply, and human disturbance. There is a need to
address public concern about the seasonal conditions within the wetland and the associated biological
processes. Refuge public use programs have been analyzed for Refuge System wildlife-dependent
priority public uses and to determine what improvements or alterations should be made in the pursuit
of higher quality programs.

1.2 Planning and Management Guidance

The Service, an agency within the Department of the Interior, is the principal Federal agency
responsible for conserving, protecting, and enhancing fish, wildlife, and plants and their habitats.
Refuge management is guided by Federal laws, Executive orders, Service policies, and international
treaties. Fundamental guidelines are found in the mission and goals of the Refuge System and the
designated purpose of the Refuge as described in establishing legislation, Executive orders, or other
documents establishing, authorizing, or expanding a refuge.

Key concepts and guidance of the Refuge System derive from the National Wildlife Refuge System
Administration Act of 1966 (16 U.S.C. 668dd-668ee) (Administration Act), the Refuge Recreation
Act of 1962 (16 U.S.C. 460k-460k-4), as amended, Title 50 of the Code of Federal Regulations
(CFR), and the Fish and Wildlife Service Manual (FW). The Administration Act is implemented
through regulations covering the Refuge System, published in Title 50, subchapter C of the CFR.
These regulations govern general administration of units of the Refuge System.

1.2.1 U.S. Fish and Wildlife Service Mission

The mission of the Service is “working with others, to conserve, protect, and enhance fish and
wildlife and their habitats for the continuing benefit of the American people.” National natural
resources entrusted to the Service for conservation and protection include migratory birds,
endangered and threatened species, interjurisdictional fish, wetlands, and certain marine mammals.
The Service also manages national fish hatcheries, enforces Federal wildlife laws and international
treaties on importing and exporting wildlife, assists with State and Territorial fish and wildlife
programs, and helps other countries develop wildlife conservation programs.
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1.2.2 National Wildlife Refuge System

The Refuge System is the world’s largest network of public lands and waters set aside specifically
for conserving wildlife and protecting ecosystems. From its inception in 1903, the Refuge System
has grown to encompass over 550 national wildlife refuges in all 50 States, and waterfowl production
areas in 10 States, covering more than 150 million acres of public lands and waters. More than

40 million visitors annually fish, hunt, observe and photograph wildlife, or participate in
environmental education (EE) and interpretive activities on national wildlife refuges.

1.2.3 National Wildlife Refuge System Mission and Goals

The mission of the Refuge System is “to administer a national network of lands and waters for the
conservation, management, and, where appropriate, restoration of the fish, wildlife, and plant
resources and their habitats within the United States for the benefit of present and future generations
of Americans.” The goals of the Refuge System, as articulated in the Mission, Goals, and Purposes
policy (601 FW1), follow:

e Conserve a diversity of fish, wildlife, and plants and their habitats, including species that are
endangered or threatened with becoming endangered;

e Develop and maintain a network of habitats for migratory birds, anadromous and
interjurisdictional fish, and marine mammal populations that is strategically distributed and
carefully managed to meet important life history needs of these species across their ranges;

e Conserve those ecosystems, plant communities, wetlands of national or international
significance, and landscapes and seascapes that are unique, rare, declining, or
underrepresented in existing protection efforts;

e Provide and enhance opportunities to participate in compatible wildlife-dependent recreation
(hunting, fishing, wildlife observation and photography, and EE and interpretation); and

e Foster understanding and instill appreciation of the diversity and interconnectedness of fish,
wildlife, and plants and their habitats.

1.2.4 National Wildlife Refuge System Administration Act of 1966

The Administration Act, as amended by the National Wildlife Refuge System Improvement Act of
1997 (Improvement Act), requires us to develop a CCP for each national wildlife refuge in an open
public process. The Administration Act states that the Secretary shall provide for the conservation of
fish, wildlife, plants, and their habitats within the Refuge System, and ensure that the biological
integrity, diversity, and environmental health of the Refuge System are maintained. House Report
105-106 accompanying the Improvement Act states *“...the fundamental mission of our System is
wildlife conservation: wildlife and wildlife conservation must come first.”” As later made clear in the
Biological Integrity, Diversity, and Environmental Health (BIDEH) policy (601 FW 3), “the highest
measure of biological integrity, diversity, and environmental health is viewed as those intact and self-
sustaining habitats and wildlife populations that existed during historic conditions.”

Each refuge must be managed to fulfill the Refuge System mission as well as the specific purpose(s)
for which it was established. The Administration Act requires the Service to monitor the status and
trends of fish, wildlife, and plants on every refuge. Additionally, six wildlife-dependent recreational
uses are granted special consideration in the planning, management, establishment, and expansion of
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units of the Refuge System: hunting, fishing, wildlife observation and photography, and EE and
interpretation. When determined compatible on a refuge-specific basis, these six uses assume priority
status among all public uses of the refuge in question. The overarching goal is to enhance wildlife-
dependent recreation opportunities and access to high-quality visitor experiences on refuges, while
managing refuges to conserve fish, wildlife, plants, and their habitats. The Service is directed to
make extra efforts to facilitate wildlife-dependent visitor opportunities.

When preparing a CCP, refuge managers must evaluate all general public, recreational, and
economic uses proposed or occurring on a refuge for appropriateness and compatibility. No refuge
use may be allowed or continued unless it is determined to be appropriate and compatible. Generally,
an appropriate use is one that contributes to fulfilling the refuge purpose(s), the Refuge System
mission, or goals and objectives described in an approved refuge management plan. A compatible
use is defined as a use that, in the sound professional judgment of the refuge manager, will not
materially interfere with or detract from the fulfillment of the mission of the Refuge System or the
purpose(s) of the refuge. Current Appropriate Use Findings and Compatibility Determinations for
existing and proposed uses for Kealia Pond NWR are in Appendix B.

The Administration Act also requires that, in addition to formally established guidance, the CCP
must be developed with the participation of the public. Public comments play a role in identifying
issues, guiding alternatives considered during development of the CCP, and selecting a preferred
alternative. It is Service policy to develop CCPs in an open public process; the agency is committed
to securing public input throughout the process.

1.3 Relationship to Previous and Future Refuge Plans

Planning has been a part of refuge operations since their beginning. Although not all were conducted
in a comprehensive fashion, or with public participation considered adequate today, a considerable
number of plans were completed over the years to guide managers. Additional smaller “step-down”
plans and management agreements (plans addressing one program or resource) will be developed for
the Refuge in conjunction with the CCP. Current management plans include:

e Fire Management Plan - 2004
Integrated Pest Management Plan - 2008
Station Safety Plan - 2010
Highly Pathogenic Avian Influenza Disease Contingency Plan - 2009
Avian Botulism Disease Contingency Plan - 2008
Emergency Preparedness Response Plan - 2010
Continuity of Operations Plan - 2010
Station Hazardous Communications Plan - 2010

In progress Memorandum of Agreement (MOA)s include:
e U.S. Coast Guard - Molokini Islet Access
e Hawai‘i Department of Land and Natural Resources (DLNR) - Molokini Islet Management
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1.3.1 Future Planning

The CCP will be revised every 15 years or earlier if monitoring and evaluation determine that
changes are needed to achieve the Refuge purpose(s), vision, goals, or objectives. The CCP provides
guidance in the form of goals, objectives, and strategies for Refuge program areas but may lack some
of the specifics needed for implementation. Step-down management plans will therefore be
developed for individual program areas, as needed, following completion of the CCP. Step-down
plans require appropriate NEPA compliance.

1.4 Refuge Establishment and Refuge Purpose

1.4.1 Refuge Establishment

Kealia Pond NWR was established administratively in 1992 under the authority of the Endangered
Species Act of 1973 (ESA). The Service acquired a perpetual conservation easement from the
property owner, Alexander & Baldwin Inc. (A&B), in order to manage the property as part of the
Refuge System. A conservation easement is a transfer of usage rights from a property owner to the
Service which creates a legally enforceable land preservation agreement for the purpose of
conservation. The property owner retains partial ownership rights over the land but relinquishes
rights to use the property for development. The Service holds interest in the property and is
authorized, in accordance with the easement, to manage the property for Refuge purposes in
perpetuity.

The Refuge was funded through the Land and Water Conservation Act of 1965. Prior to
establishment as a national wildlife refuge, the Service and State of Hawai‘i periodically conducted
avian surveys at Kealia Pond and consistently observed high numbers of ae‘o and ‘alae ke‘oke‘o,
both of which were Federally listed as endangered species in 1970. Their endangered status and need
for suitable habitat was the impetus for protecting this large wetland from future development. The
total official acreage equals 703.884 acres.

Table 1.1 Refuge Acquisition History for Kealia Pond NWR

Date Acquisition Authority | Comments
Conservation Easement on 436.97 acres
12/08/1992 | ESA Tract 10C - Main Pond
ESA Facilitation Ea_sgment of 0.26 acres
12/08/1992 Tract 10R - Utility easement along entrance road
Conservation Easement on 253.65 acres
ESA Tract 10C - Parcels B1 & B2 - vegetated flats
12/23/1992 Parcel B - Ma‘alaea Flats (59.985 ac)
ESA Conservation Easement on 0.68 acres _
03/12/1997 Tract 10C - Parcel B - Boardwalk parking area
Fish and Wildlife Act Conservation Easement on 12.324 acres
04/06/2010 | of 1956 Tract 10C-3- Headquarters and Visitor Center site
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The Service is in the process of establishing Molokini
islet as an “overlay refuge” attached to the Kealia
Pond NWR. The designation will protect Molokini’s
large colony of nesting seabirds and help with
restoring native plant species. The islet is currently
under U.S. Coast Guard (USCG) ownership, but its
transfer to the Service is under negotiation. A land-
ownership transfer would create a permanent refuge
in lieu of an overlay refuge.

The overlay refuge would include only the land itself,
and the State would continue to manage the
surrounding Molokini shoals as a State Marine Life
Conservation District. Molokini USFWS

1.4.2 Refuge Purpose

The purpose(s) for which a refuge was established or acquired is of key importance in refuge
planning. Purposes are specified in or derived from the law, proclamation, Executive order,
agreement, public land order, donation document, or administrative memorandum establishing,
authorizing, or expanding a refuge, refuge unit, or refuge subunit. When an additional unit is
acquired under an authority different from the authority used to establish the original unit, the
addition takes on the purpose(s) of the original unit, but the original unit does not take on the
purpose(s) of the newer addition.

By law, refuges are to be managed so as to achieve their purpose(s). When a conflict exists between
the Refuge System mission and the purpose of an individual refuge, the refuge purpose supersedes
the Refuge System mission. Refuge purpose(s) are also the driving force in the development of the
refuge vision statements, goals, objectives, and strategies in the CCP and are critical to determining
the appropriateness and compatibility of all existing and proposed refuge uses. Kealia Pond NWR
was established with the purpose ... to conserve (A) fish or wildlife which are listed as endangered
species or threatened species, or (B) plants ...” (16 U.S.C. 1534, ESA).

1.5 Refuge Goals

Goals and objectives are the unifying elements of successful refuge management. They identify and
focus management priorities, resolve issues, and link to refuge purpose(s), Service policy, and the
Refuge System mission. A CCP describes management actions that help bring a refuge closer to its
vision. A vision broadly reflects refuge purpose(s), Refuge System mission and goals, other statutory
requirements, and larger-scale plans as appropriate. Wildlife, habitat, and visitor services
management goals then define general targets in support of the vision, followed by objectives that
direct efforts into incremental and measurable steps toward achieving those goals. Finally, strategies
identify specific tools and actions to accomplish objectives. The Refuge vision statement is found on
the inside front cover of this document. The following are our goals; their order does not imply any
priority in this CCP.
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Na Pahuhopu Pu‘uhonua Holoholona

Kia‘i a malama i na ‘aina palialia a me alialia wai maoli nohokau a me na palialia noho manawa
no ka malama ‘ana i ka mo‘aukala ola pono o na manukai/wai Hawai‘i ‘ane make loa.

Ho‘onui aku 1 na kaianoho o na holoholona ‘ane make loa no ka ho‘omahuahua hou ‘ana aku ia
lakou iho.

Kia‘i, ho‘6la hou, a malama i na kaianoho lihikai no ka pono no ka ho‘opunana ‘ana o na honu
kai, manu kai, a me ka kiikahi o k€ia mau kaiaola pio/pau wale.

Kia‘i a malama i ka ‘aina li‘ili‘i ma waho mai o Moloka‘i i kapa ‘ia o Molokini i kaianoho no na
manu kai ho‘opiinana.

‘Ohi‘ohi 1 na waiwai ‘epekema (nana, noi‘i, a me ka ho‘a‘o ‘ana) no ke kako‘o ‘ana i na
makemake o ka malama ‘ia ‘ana ma ka pahuhopu helu 1 a helu 4 no ka pu‘uhonua holoholona.

Ho‘omakaukau i kumu waiwai nui no na kaianoho makaukau no na holoholona ‘ahiu, a e kokua
ho‘i i ka lehulehu ma ka ho‘ona‘auao a a‘o mai ia lakou e pili ana i na i‘a, na holoholona hihiu, a

me na waiwai nohona ‘6iwi o k€ia wahi nei i kapa ‘ia o Kealia Pond NWR.

Ho‘omakaukau ho‘i i polokalamu waiwai loa no ke a‘o ‘ana i na haumana e pili ana i na
kumuhana kiipono a me ka hana lima pu ma na kaianoho holoholona hihiu.

Refuge Goals

Protect and maintain seasonal and semi-permanent wetland habitats to meet the life history needs
of endangered Hawaiian waterbirds.

Expand protected species’ habitat to promote their recovery.

Protect, restore, and manage coastal habitat for the benefit of nesting sea turtles, seabirds, and the
integrity of the fragile ecosystem.

Protect , restore, and maintain offshore Molokini islet habitat for seabird nesting.

Gather scientific information (survey, research, and assessments) in support of adaptive
management decisions on the Refuge under Goals 1-4.

Through quality wildlife-dependent recreation and learning opportunities, visitors understand and
appreciate the unique wildlife and habitats of Kealia Pond NWR.

Provide students and teachers high-quality hands-on environmental education programs that
foster a connection with nature and the Refuge.
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1.6 Relationship to Ecosystem Planning Efforts

When developing a CCP, the Service considers the goals and objectives of existing national,
regional, and ecosystem plans; State/Territorial fish and wildlife conservation plans; and other
landscape-scale plans developed for the same watershed or ecosystem in which the refuge is located.
To the extent possible, the CCP is expected to be consistent with these existing plans and assist in
meeting their conservation goals and objectives (602 FW 3.3). This section summarizes some of the
key plans that were reviewed by members of the planning team during CCP development.

Beach Management Plan for Maui. The Beach Management Plan is specific to Maui County and is
a guiding policy document to promote beach preservation and sustainable development of the coastal
zone. The Plan includes issues on coastal erosion and beach loss, and recommendations for more
efficient management of shoreline areas for resource conservation and erosion mitigation. Kealia
Pond NWR’s southern boundary does not include beachfront habitat at this time; however, protecting
the integrity of the shoreline habitat also protects the Refuge’s coastal flats habitat for endangered
waterbirds. The Refuge’s coastal habitat goal and strategies references this plan not only for the
habitat but also to establish collaborative efforts with Federal, State, and County agencies,
organizations, and landowners who have similar goals.

Hawai‘i’s Comprehensive Wildlife Conservation Strategy, 2005. With passage of the Commerce,
Justice, and State Appropriations Act of 2001, Congress mandated each State and Territory to
develop its own comprehensive wildlife conservation strategy. Hawai i’s Comprehensive Wildlife
Conservation Strategy thoroughly reviews the status of the full range of the State’s native terrestrial
and aquatic species, over 10,000 of which are found nowhere else on Earth. Hawai‘i’s Species of
Greatest Conservation Need include all native terrestrial animals, all endemic aquatic animals,
additional indigenous aquatic animals identified as in need of conservation attention, a range of
native plants identified as in need of conservation attention, and all identified endemic algae. This list
includes: terrestrial mammal (1), birds (77), terrestrial invertebrates (~5,000), freshwater fishes (5),
freshwater invertebrates (12), anchialine pond-associated fauna (20), marine mammals (26), marine
reptiles (6), marine fishes (154), marine invertebrates (197), and flora (over 600). Details on all the
listed wildlife taxa are provided in fact sheets that contain information for taxa, closely related
groups of species, and species facing similar threats.

Hawai ‘i Nongame Management Program (Draft), 2000. The goal of the Hawai‘i Nongame
Management Program is to manage, preserve, and protect the native avifauna and their habitats for
their intrinsic, recreational, scientific, and educational values and to provide opportunities for the
residents and visitors to Hawai‘i to use and enjoy these resources. A major focus of the program is
on management and recovery of endangered species, including projects to monitor, manage habitat,
and recover populations and control of predators affecting endangered species. Other nongame
projects include increased surveillance of nonnative pests, construction of facilities and infrastructure
to promote management or recreational opportunities to enjoy nongame resources, and maintenance
of those facilities.

Draft Revised Recovery Plan for Hawaiian Waterbirds, (Second Draft of Second Revision), May
2005. The ultimate goal of the recovery program is to restore and maintain multiple self-sustaining
populations of Hawaiian waterbirds within their historic ranges. The recovery of the endangered
waterbirds focuses on the following objectives:
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e Increasing population numbers to Statewide baseline levels (consistently stable or increasing
with a minimum of 2,000 birds for each species);

e Establishing multiple, self-sustaining breeding populations throughout each species’ historic
range;

e Establishing and protecting a network of both core and supporting wetlands that are managed
as habitat suitable for waterbirds, including the maintenance of appropriate hydrological
conditions and control of invasive nonnative plants;

e For all four species, eliminating or controlling the threats posed by introduced predators,
avian diseases, and contaminants; and

e For the koloa maoli (Hawaiian duck), removing the threat of hybridization with feral
mallards.

U.S. Pacific Islands Regional Shorebird Conservation Plan, 2004. Conservation and restoration of
shorebird habitats is essential for the protection of endangered and declining shorebird populations.
Wetlands, beach strand, coastal forests, and mangrove habitats are particularly vulnerable on Pacific
islands due to increasing development pressures and already limited acreage. Monitoring and
research needs include assessment of population sizes and trends; assessment of the timing and
abundance of birds at key wintering and migration stopover sites; assessment of habitat use and
requirements at wintering and migration areas; exploration of the geographic linkages between
wintering, stopover, and breeding areas; and evaluation of habitat restoration and management
techniques to meet the needs of resident and migratory species. Education and public outreach are
critical components of this plan. Resource management agencies of Federal, Territorial,
Commonwealth, and State governments will need to work together with military agencies,
nongovernmental organizations, and the scientific community. On a larger scale, coordination at the
international level will be key to the conservation of vulnerable species, both migratory and resident.

Recovery Plan for U.S. Pacific Populations of the Green Turtle (Chelonia mydas), 1997. The honu
is listed as threatened throughout its Pacific Range, except for the endangered population nesting on
the Pacific coast of Mexico, which is covered under the Recovery Plan for the East Pacific green
turtle. By far, the most serious threat to these honu is from direct take of turtles and eggs, both within
U.S. jurisdiction and on shared stocks that are killed when they migrate out of U.S. jurisdiction. In
Hawai‘i, honu populations appear to have a somewhat less dire status, probably due to effective
protection at the primary nesting areas of the Northwestern Hawaiian Islands (NWHI) and better
enforcement of regulations prohibiting take of the species. However, an increase in the incidence of
the tumorous disease, fibropapillomatosis, in the Hawaiian honu threatens to eliminate improvements
in the status of the stock. Another serious threat to honu populations throughout the Pacific is
associated with increasing human populations and development. In particular, human development is
having an increasingly serious impact on nesting beaches.

Pacific Coast Joint Venture, Hawai 4, 2006. This strategic plan for waterbirds and wetlands
identifies management strategies for a diversity of resident and migratory species with varying life
history requirements across multiple sites to fulfill archipelago-wide conservation goals to “protect,
restore, increase, and enhance all types of wetlands, riparian habitats, and associated uplands
throughout the Pacific Coast region to benefit birds, fish and other wildlife” (Henry 2006). To
accomplish this goal, six strategies are employed: protection, restoration, enhancement and
management advocacy, outreach, and research. Habitat goals for the Pacific Coast Joint Venture
(PCJV) strategic conservation plan in Hawai‘i represent long ranging concepts that provide direction
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for conservation objectives and actions. They are based on the strategies identified by the PCJV and
support goals identified by other avian conservation plans for Hawai‘i.

Draft Recovery Plan for the Blackburn’s Sphinx Moth (Manduca blackburni), 2003. The ‘6ka‘i
‘aiea (Blackburn’s sphinx moth) is federally listed as endangered. This taxon is currently known to
occur on three of the seven major Hawaiian Islands. No known ‘cka‘i ‘aiea populations are entirely
protected from the numerous factors threatening the species’ recovery, and the moth is endangered
throughout its range. Needed conservation and recovery activities include protection, management,
and restoration of habitat; out-planting of native Nothocestrum spp. (‘aiea) host plants; and a captive
breeding or translocation program.

Recovery Plan for U.S. Pacific Populations of the Hawksbill Turtle, 1998. The honu ‘ea (hawksbill
turtle) is listed as endangered throughout its range. In the Pacific, this species is rapidly approaching
extinction due to a number of factors, but the intentional harvest of the species for meat, eggs, and
the tortoiseshell and stuffed curio trade is of greatest impact. Increasing human populations and the
concurrent destruction of the habitat are also of major concern for honu ‘ea. The status of this species
is clearly of highest concern for the Pacific and it is recommended that immediate actions be taken to
prevent its extinction.

1.7 Planning and Issue Identification

In September 2009, approximately 250 copies of Planning Update #1 were mailed and hand-
distributed to interested individuals, local conservation groups, research organizations; County, State,
and Federal government agencies; and the Office of Hawaiian Affairs (OHA). Planning Update #1
described the planning process, Refuge purpose, and draft wildlife and habitat, and public use goals,
and preliminary issues to be considered in the CCP.

1.7.1 Public Scoping Sessions

The public scoping period for this CCP was from October 21-November 20, 2009. A public meeting
was held in Kihei, Maui on November 5, 2009. At the meeting, the Refuge staff explained the CCP
planning process; the Refuge purpose, vision, and management; and preliminary management issues,
concerns, and opportunities. We received written comments and answered questions that addressed a
number of issues and concerns from residents. Planning Update #2 (mailed February 2010)
summarized the comments we received and listed preliminary management issues we used to draft
alternatives and refine goals and objectives.

The core planning team evaluated the issues and the topics documented during scoping. Issues
(defined as matters of controversy, dispute, or general concern over resource management activities,
the environment, land uses, or public use activities) are important to the planning process to help
identify topics to be addressed in the plan, pinpoint the types of information to gather, and help
define alternatives for the plan. In Planning Update #3 (mailed March 2011), we described the three
alternatives being considered with the preferred alternative identified. Concurrent with mailing,
Planning Updates 1-3 were also posted on the Refuge Website.
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Planning Update #4 and the Draft CCP and Environmental Assessment (EA) were published in
August 2011 with a public comment period August 19-September 19, 2011. A public meeting on the
Draft CCP/EA was held in Kihei, Maui on September 8, 2011.

1.7.2 lIssues Addressed in the CCP
The following issues were addressed in the planning process:

Wildlife and Habitat Resources: Endangered waterbirds are the primary management focus, but
management also considers and includes endangered ‘6ka‘i ‘aieca and honu ‘ea, threatened honu,
migratory shorebirds, waterfowl, seabirds, and native plant species. The Service is concerned with
threats posed to native habitats and wildlife at Kealia Pond from invasive plants like California
bulrush and pickleweed, and pest animals such as rats, mongooses, and cats.

Invasive aquatic insects and fish: Environmental conditions within the pond often times lead to
increased emergence of native and nonnative midges (non-biting insects) and fish die-offs. The
occurrence of these events is reported as a nuisance by local communities. The CCP identifies
strategies to ameliorate midges and tilapia while adhering to the purpose of the Refuge.

Facilities and Facilities Maintenance: The maintenance of current facilities includes the 7,500
sg.ft. headquarters and visitor center (HQ/VC); vehicles and farm tractors; metal shipping containers
that house shop maintenance and office storage; boundary fencing; ditches, dikes, and
impoundments; water control structures; and wells and pumps. Due to the environmental conditions
(e.g., constant wind containing salt spray and precipitation, warm temperatures, high humidity)
associated with this coastal marine environment, degradation of equipment and facilities is
accelerated and often exceeds normally acceptable mainland standards for maintenance costs and
schedules.

Visitor Services Activities: Kealia Pond NWR provides opportunities for EE and interpretation,
wildlife observation, and wildlife photography during much of the year. The Service must balance
visitor use and wildlife protection and will ensure public use activities do not result in disturbance to
wildlife and habitat. Compatibility Determinations (CD) for EE, interpretation, wildlife observation,
and photography were approved in 2004, but have been re-evaluated during the CCP planning
process.

Law Enforcement: Refuge officers are responsible for upholding Federal laws and regulations that
protect natural resources, the public, and employees. The sole Zone Officer is stationed in Honolulu
and has responsibilities that extend to all of the Hawaiian and Pacific Islands refuges.

Adaptive Management: More data on impacts of pest species; seabird nesting on Molokini; and
inter-island dispersal patterns of endangered waterbirds is needed. This lack of data hinders the
Service’s ability to respond effectively to resource changes and to use adaptive management to
evaluate the effectiveness of its management practices. The CCP identifies inventory, monitoring
and research needs and the public’s role in determining and meeting these needs.
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Figure 1.2 — Refuge Land Status & Boundary
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Figure 1.3 — Molokini Islet Unit
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Chapter 2. Refuge Management Direction

2.1 Considerations in Design of the CCP

In thinking through appropriate actions for this long-term conservation plan, the planning team
reviewed and considered a variety of resource, social, economic, and organizational aspects
important for managing the Refuge. As is appropriate for a national wildlife refuge, resource
considerations were fundamental in developing the CCP. House Report 105-106 accompanying the
Improvement Act states . . .the fundamental mission of our System is wildlife conservation: wildlife
and wildlife conservation must come first.”

Local, State, and Federal agencies and elected officials were contacted by the planning team to
ascertain priorities and problems as perceived by others. The team also contacted Refuge users,
nonprofit groups, and community organizations to ensure that their comments and ideas were
considered during CCP development.

2.2 General Guidelines

To reduce the length and redundancy of the individual objective descriptions, common elements are
presented below.

2.2.1 Implementation Subject to Funding Availability

Actions will be implemented over a period of 15 years as funding becomes available. Routine
maintenance, repair, replacement, and improvement of existing facilities will continue, also
dependent on funding. Annual priorities will follow CCP guidelines, although funding initiatives,
unforeseen management issues, and budgets may vary from year to year. The CCP will be reviewed
every year and updated as necessary throughout its life.

2.2.2 Interagency Coordination and Collaboration

Ecosystem planning efforts discussed in Chapter 1, Section 1.6 involve collaboration among Federal,
State, and local agencies toward mutual goals. The Service will continue to maintain regular
discussions and partnership with the DLNR. Topics for discussion continue to be the endangered
waterbirds at Kealia Pond NWR and surrounding private and public lands, and wildlife monitoring.
Upon establishment as an overlay refuge, the Service will seek a collaborative effort with DLNR for
consultation and assistance in continuing the seabird monitoring program and development of a
native plant restoration plan.

2.2.3 Threatened and Endangered Species Protection and Recovery

Protection of threatened and endangered (T&E) species is common across all alternatives. It is
Service policy to give priority consideration to the protection, enhancement, and recovery of T&E
species on national wildlife refuges. The protection of federally listed species is mandated through
Section 7 of the ESA, called “Interagency Cooperation,” is the mechanism by which Federal
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agencies ensure the actions they take, including
those they fund or authorize, do not jeopardize the
existence of any listed species. To ensure adequate
protection, the Refuge is required to review all
activities, programs, and projects occurring on
lands and waters of the Refuge to determine if they
may affect listed species. If the determination is
that an action may affect an endangered species,
then the Refuge conducts a formal review, known
as a consultation, to identify those effects and
means to mitigate those effects.

Endangered ‘alae ke ‘oke ‘o USFWS

2.2.4 Historic and Cultural Resource Protection

Cultural resources on refuge lands receive protection and consideration in accordance with Federal
cultural resources laws, Executive orders, and regulations, as well as policies and procedures
established by the Department of the Interior (DOI) and the Service. Refuge management actions will
support the State of Hawai‘i’s vision statement “to promote the use and conservation of historic and
cultural resources for the education, inspiration, pleasure and enrichment of the public in a spirit of
stewardship and trusteeship for future generations” (State Historic Preservation Plan 2010-2014).

The Native American Graves Protection and Repatriation Act (NAGPRA) is a Federal law passed in
1990 that provides a process for museums and Federal agencies to return certain Native American
cultural items — human remains, funerary objects, sacred objects, or objects of cultural patrimony —
to lineal descendants, and culturally affiliated Indian tribes and Native Hawaiian organizations. A
Native Hawaiian organization includes any organization that: (a) serves and represents the interests
of Native Hawaiians, (b) has as a primary and stated purpose of the provision of services to Native
Hawaiians, and (c) has expertise in Native Hawaiian Affairs, and includes the Office of Hawaiian
Affairs and Hui Malama i na Kupuna ‘0 Hawai‘i Nei. The DOI has interpreted this definition to also
include the Hawaiian island burial councils and various ‘ohana (extended families).

During early planning of any projects, the Refuge will provide the Service’s Regional Historic
Preservation Officer (RHPO) a description and location of all projects and activities that affect
ground and structures, including project requests from third parties. Information will also include any
alternatives being considered. The RHPO will analyze these undertakings for potential to affect
historic properties and enter into consultation with the State Historic Preservation Officer (SHPO)
and other parties as appropriate. The Refuge will also ask the public and local government officials to
identify any cultural resource impact concerns. This notification is generally done in conjunction
with the review required by NEPA or Service regulations on compatibility of uses.

2.2.5 Fire Management

The suppression of wildfires and the use of prescribed or controlled fire are a long-standing part of
resource protection, public safety, and habitat management on national wildlife refuges. The Fire
Management Plan (Appendix G) provides detailed guidance for the suppression and use of prescribed
fire. The plan outlines wildfire response and prescribed fire objectives, strategies, responsibilities,
equipment and staffing; burn units; implementation; monitoring; and evaluation.
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2.2.6 Participation in Planning and Review of Regional Development
Activities

The Service will actively participate in planning and studies for ongoing and future industrial and
urban development, contamination, and other potential concerns that may affect the Refuge’s wildlife
resources and habitats. The Service will continue to cultivate working relationships with pertinent
State and Federal agencies to stay abreast of current and potential developments and will utilize
effective outreach tools and technologies and EE as needed to raise awareness of the Refuge’s
resources. The Refuge will participate in local community initiatives to protect, steward, and enhance
natural landscapes and wildlife habitat. We will continue to identify and pursue new opportunities for
land acquisition that will benefit the Refuge purpose.

2.2.7 Adaptive Management

Based upon 522 Departmental Manual (DM) 1 (Adaptive Management Implementation policy),
Refuge staff shall utilize adaptive management for conserving, protecting, and, where appropriate,
restoring lands and resources. Within 43 CFR 46.30, adaptive management is defined as a system of
management practices based upon clearly identified outcomes, where monitoring evaluates whether
management actions are achieving desired results (objectives). The recently published DOI Adaptive
Management Technical Guide also defines adaptive management as a decision process that
“promotes flexible decision making that can be adjusted in the face of uncertainties as outcomes from
management actions and other events become better understood.”

Adaptive management accounts for the fact that complete knowledge about fish, wildlife, plants,
habitats, and the ecological processes supporting them may be lacking. The role of natural variability
contributing to ecological resilience also is recognized as an important principle of adaptive
management. It is not a “trial and error” process, but rather emphasizes learning while doing based
upon available scientific information and best professional judgment considering site-specific biotic
and abiotic factors on Refuge lands. Adaptive management results in effective monitoring and
evaluation of the CCP.

Part of measuring the success of and adaptively managing the Refuge also includes the formal 15-
year revision of the CCP. The revision will be initiated by the Service and will involve many of the
same steps as this CCP including comprehensive review of management plans and research; working
closely with partners; and engaging the public.

2.2.8 Integrated Pest Management

In accordance with DOI policy 517 DM 1 and Service policy 569 FW 1, an integrated pest
management (IPM) approach will be utilized, where practicable, to eradicate, control, or contain pest
and invasive species (herein collectively referred to as pests) on Refuge lands. The IPM will involve
using methods based upon effectiveness, cost, and minimal ecological disruption, which considers
minimum potential effects to nontarget species and the refuge environment. Pesticides may be used
where physical, cultural, and biological methods or combinations thereof are impractical or incapable
of providing adequate control, eradication, or containment. If a pesticide will be needed on Refuge
lands, the most specific (selective) chemical available for the target species will be used unless
considerations of persistence or other environmental and/or biotic hazards will preclude it. In
accordance with 517 DM 1, pesticide usage will be further restricted because only pesticides
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registered with the EPA in full compliance with the Federal Insecticide, Fungicide, and Rodenticide
Act and as provided in regulations, orders, or permits issued by EPA, that it is registered for use in
the State of Hawai‘i, may be applied on lands and waters under Refuge jurisdiction.

Environmental harm by pest species refers to a biologically substantial decrease in environmental
quality as indicated by a variety of potential factors, including declines in native species populations
or communities, degraded habitat quality or long-term habitat loss, and/or altered ecological
processes. Environmental harm may be a result of direct effects of pests on native species, including
preying and feeding on them; causing or vectoring diseases; preventing them from reproducing;
outcompeting them for food, nutrients, light, nest sites, or other vital resources; or hybridizing with
them so frequently that within a few generations, few if any truly native individuals remain.
Environmental harm also can be the result of an indirect effect of pest species. For example,
decreased waterfowl use may result from pest plant infestations reducing the availability and/or
abundance of native wetland plants that provide forage during the winter.

Throughout the life of the CCP, most proposed pesticide uses on Refuge lands will be evaluated for
potential effects to Refuge biological resources and environmental quality. Pesticide uses with
appropriate and practical best management practices (BMP) for habitat management as well as
facilities maintenance will be approved for use on Refuge lands where there likely will be only
minor, temporary, and localized effects to species and environmental quality based upon non-
exceedance of threshold values in chemical profiles. However, pesticides may be used on Refuge
lands where substantial effects to species and the environment are possible (exceed threshold values)
in order to protect human health and safety (e.g., mosquito-borne disease).

Although human nuisance is not discussed at length in the IPM policy, the Service is committed to
continue to address nuisance species of nonnative midges when not in conflict with the Refuge
purpose and within available funding. For more information on strategies related to control of pests,
see Appendix E.

2.2.9 National Environmental Policy Act Compliance

Since this CCP is programmatic in many issue areas, it may not contain the necessary detail on every
future action outlined to adequately present and evaluate all physical, biological and socioeconomic
impacts. For example, “step-down” plans required for various management actions such as visitor
services and transportation will be developed after publication of the CCP. Thus, before certain
objectives or actions are implemented, a decision will be made in coordination with the Regional
NEPA Coordinator on whether separate step-down NEPA compliance (categorical exclusions,
environmental assessments, or an environmental impact statement) are needed.

2.2.10 Law Enforcement

Officers’ Responsibilities

Fish and wildlife law enforcement issues on lands and waters of the Kealia Pond NWR are under the
jurisdiction of the Service Zone Officer based in Honolulu. The role of the Zone Officer is to conduct
patrols and document law enforcement incidents and coordinate and/or meet with all refuge project
leaders, law enforcement supervisors, and refuge officers. The Hawaiian and Pacific Islands Zone
Officer is highly mobile and is frequently deployed temporarily to various areas throughout the State
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of Hawai‘i and across the Pacific Region. The need for a dedicated Refuge Officer for the Complex
has been identified in the Implementation Plan (Appendix C).

Officers’ Authority
The Zone and Refuge Officers are primarily responsible for enforcing refuge and wildlife laws,
including but not limited to:
e Administration Act;
The Lacey Act;
Archaeological Resources Protection Act;
Endangered Species Act;
Migratory Bird Treaty Act; and
Marine Mammal Protection Act.

Zone and Refuge Officers are also empowered to enforce all criminal laws, including traffic
violations, drugs, and warrants for arrest as they relate to trespass, hunting, fishing, and the taking of
wildlife on Federal lands, and in some instances boating safety related to refuge lands and waters.
Service Officers work joint patrols and coordinate with the State Division of Conservation and
Resources Enforcement (DOCARE), Maui Police Department, and the Sheriff Division of the State
Department of Public Safety.

2.3 Summary of CCP Actions

Wildlife and Habitat Restoration efforts and increased water management capabilities are intended
to achieve the maximum potential for enhancing and maintaining biological and ecological
requirements for endangered waterbirds, and indirectly benefit wintering migratory waterbirds
(Figure 2.1). The Refuge will plan and implement the physical alterations needed to maximize our
ability to control water in the Main Pond and adjacent vegetated mudflats, significantly remove (or
attain less than 10 percent cover) the most aggressive pest plants, and control larger areas of
pickleweed on the flats. Physical restoration includes: construction of a water control structure at
the N. Kihei Rd. culvert, additional groundwater sources (wells) to maintain water on the flats, and
reconfiguration of topography to hold water longer.

The increased capability to dewater and flood the Main Pond will enable the Refuge to use water
level to control the three nuisance issues (spotted-winged midges, pest tilapia, and windblown
sediment). Maintaining water coverage at 20-30 percent in the Main Pond December-February has
resulted in a reduction of midges and lower abundance of tilapia. Flooding into the adjacent sedges
and flats in March will provide habitat for breeding ‘alae ke‘okeo and a shorter midge season with a
lower intensity/density of nuisance midges. Water level will be maintained until natural recession
occurs for ae‘o breeding activity.

Molokini, after establishment as an overlay refuge, will be managed as a seabird colony with periodic
visits to monitor the population status and trends. The monitoring will include three to six visits
during seabird nesting season (March-November). In addition to maintaining consistent data
collection for “ua‘u kani, the extra visits will allow us to begin an ‘ou monitoring program to
determine the population parameters. After 3 years, the Refuge will evaluate the necessity to
monitor annually and the potential to monitor every 2-3 years. In addition, we will initiate a native
plant restoration plan, particularly ‘ihi (Portulaca molokiniensis) and a few other species found only
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on that islet, with a minimum of two additional visits per year during the nonnesting season
(December-February). These visits will also be used to monitor tree tobacco for ‘cka‘i ‘aiea. The
potential for their presence on Molokini is high given that they are found on Maui and Kaho‘olawe.
Volunteers will assist with propagating plants in the Refuge’s greenhouse and outplanting will be
conducted by Federal and State biologists under a cooperative agreement with DLNR.

Climate change analyses for Kealia Pond NWR will be evaluated for applicability to management
strategies. Refuge staff will participate in development of climate change assessment protocols.

Visitor Services. Visitor services will be expanded with the Refuge open on weekends and additional
efforts made to provide vegetated barriers and/or blinds to provide better viewing opportunities and
increase areas for wildlife viewing. Visitor services staff will provide educational programs and
materials. Recruitment and training of volunteers to provide additional programs will increase.

2.4 Goals, Objectives, and Strategies

Goals and objectives are the unifying elements for successful, adaptive refuge management. They
identify and focus management priorities, resolve issues, and link to refuge purposes, Service policy,
and the Refuge System mission. A CCP describes management actions that help bring a refuge
closer to its vision. A vision broadly reflects the refuge purposes, Refuge System mission and goals,
other statutory requirements, and larger-scale plans as appropriate. Goals then define general targets
in support of the vision, followed by objectives that direct effort into incremental and measurable
steps toward achieving those goals. Finally, strategies identify specific tools and actions to
accomplish objectives. Unless specifically stated, all objectives are applicable throughout the life of
this plan.

The goals for Kealia Pond NWR are presented on the following pages, followed by one or more
objectives that pertain to it. The goal order does not imply any priority. Some objectives pertain to
multiple goals and have simply been placed in the most reasonable spot. Similarly, some strategies
pertain to multiple objectives and for clarity these strategies are listed under each relevant objective.
Following the strategies, a brief rationale generally describes how management strategies will be
implemented to achieve the intended objectives. The rationale may also, where necessary, discuss
means to minimize potential impacts to non-target species and habitats. It also provides further
background information pertaining to the importance of an objective relative to legal mandates for
managing units of the Refuge System, including refuge purpose, trust resource responsibilities
(federally listed T&E species and migratory birds), and maintaining/restoring BIDEH.
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Table 2.1 - Kealia Pond NWR Management Summary

Key Themes Objectives Scope of Management
1.1 Protect seasonal ponds 26 acres
Seasonal
& Semi- 1.2 Protect vegetated flats 135 acres
permanent
Wetland 1.3 Protect open water 197 acres
Habitat
[9p)
|<TZ 1.4 Protect coastal flats 60 acres
|_
= Upland 2.1 Enhance shrub land  acres
=9 Habitat 75 acres
L 2.2 Protect buffer zone
ﬁo?)?:a: 3.1 Protect and enhance coastal 3 acres
abrta strand
ISIEI. 4.1 Protect seabird nesting 19 acres
Habitat
Scientific Track nesting success; impacts of pest plants &
Data 5.1 Conduct inventory, monitoring, animals; water quantity & quality; abundance
and research of endangered waterbirds; monitor plants for
‘0ka‘i ‘aiea presence; monitor seabird nesting
on Molokini; study most effective IPM
strategies; and conduct research on ‘alae
ke‘oke‘o intra- & inter-island dispersal patterns
Assess watershed volume; assess water
5.2 Conduct scientific assessments resources, assess bathymetric configurations;
develop climate change assessment protocols;
and evaluate SLAMM analyses
Visitor
Services 6.1 Provide opportunities for wildlife >12,000 visitors
observation & photography
6.2 Evaluate fishing program Complete fishing CD; d_evelop brochures;
analyze fish
6.3 Expand interpretation and >10 programs annually
outreach
volunteers 6.4 Expand volunteer program >75 volunteers
Environmental | 7.1 Expand EE partnerships 5-12 programs annually
Education
7.2 Expand internship program 4-5 interns
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2.4.1 Goal 1.

Protect, maintain, and enhance seasonal wetland habitats to meet the life
history needs of endangered Hawaiian waterbirds.

Objective 1.1: Protect, maintain, and enhance seasonal wetland habitat in constructed ponds.
Protect and maintain a mosaic of seasonal wetland habitat in Kanuimanu Ponds (20 acres) and
Baitfish Ponds (6 acres) for the life history needs of ae‘o and ‘alae ke‘oke‘o with the following
attributes:

e 75% of pond bottom composed of undulating, irregular topography that creates exposed,
small, low islands with 4:1 slopes April-July for breeding ae‘o;

e A mosaic of mudflat (dry and saturated) and open water (<12 in.) interspersed with 30-60%

cover of native emergent vegetation;

Stable water level (1-2.5 ft. depth) in all ponds December-March for ‘alae ke‘oke‘o nesting;

1-4 in. open water depth, 6 in. maximum by September;

Predation of <1% of ae‘o or ‘alae ke‘oke‘o occurring within this habitat per year;

No tilapia present;

<25% cover of pest plants (marsh fleabane, California bulrush, and California grass);

Levees and slopes covered with 10-50% native groundcover vegetation with <4 in. height;

Abundant nektonic and benthic invertebrates with densities of 480-720 invertebrates/yd?;

‘Alae ke‘oke‘o brood-rearing within 55 yds. of nesting habitat;

Limited public access during ‘alae ke‘oke‘o nesting December-March; and

Minimal human disturbance during ae‘o nesting season April-July.

Strategies for Achieving the Objective

Control pest plants using mowing, brush cutting, excavation, water level management, prescribed fire,
and herbicides (see IPM, Appendix E)

Continue partial to complete closures to public access on levees to minimize disturbance to
waterbirds, particularly during breeding season

Propagate and plant native species to establish natural vegetative cover on pond levees and slopes

Control tilapia with traps and nets, lowering water level, and/or drying the ponds August-September

Use IPM techniques to set back wetland succession and promote a mosaic of vegetation/open water to
maximize territories for ‘alae ke‘oke‘o

Pulse water from brackish wells to inundate emergent vegetation for ‘alae ke‘oke‘o nesting (Nov.)

Maintain water cover at 70-80% to control pest plants November-December

Maintain stable water level of 1-2.5 ft. for ‘alae ke‘oke‘o January-April

Pulse water during draw down to promote abundance and availability of invertebrates

Slow drawdown of water to eliminate pest fish and promote invertebrate/algal and plant response

Allow water to recede in mid-April to trigger ac‘o nesting by May

Maintain 60-70% water coverage for breeding ae‘o

Allow periodic dewatering from August-October to recycle nutrients and promote invertebrate
abundance and diversity

Maintain stable water level and/or pulse water slightly during ae‘o nesting

Control predators with live-traps, snap-traps, bait stations, and water level management

Control cattle egret colonies by removing roosting trees, and/or direct removal of individual birds

Add fill and compact levees to maintain integrity, prevent flooding and erosion

Use heavy equipment to reconfigure pond topography to increase water coverage
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Rationale

Ae‘o require different loafing and foraging habitats during the breeding (April-August) and
nonbreeding seasons. Recently hatched ae‘o require shallow water of less than 2 inches to forage.
During the remainder of the year, fledglings through adults can forage in water as deep as 6 inches.
Seasonally regulating water depth stimulates germination of beneficial plant species, controls pest
plants, and provides a variety of macro-invertebrates for young and adult ac‘o to feed upon, thereby
creating and maintaining maximized production and carrying capacity of the wetlands. A mosaic of
open water and vegetation serves as microhabitat for ae‘o thermoregulation. Dewatering the pond
during nonbreeding season is beneficial for recycling nutrients, removing pest fish, and allowing staff
to perform IPM (herbicide and mechanical) treatments before flooding. This drying cycle enhances
soil aeration and invertebrate productivity.

Breeding ae‘o require dry to unsaturated mudflat habitat for building nests. Prebreeding water
drawdowns help dry the mudflats for nesting. Saturated mudflats can be used as nest sites, but result
in ae‘o expending additional energy to build nests robust enough to counter the excess moisture. The
drawdown is timed to coincide with minimal or no ‘alae ke‘oke‘o nesting or chick rearing, part of a
cycle of wetting and drying of habitat to make it suitable to a greater number of birds throughout the
year and increasing species diversity. Thus, ac‘o nesting habitat temporarily follows where ‘alae
ke‘oke‘o habitat existed previously.

The target distance between nest site to vegetation and water is approximately 5-20 feet. These slow
breeding season drawdown rates also stimulate ample numbers and diversity of invertebrates
throughout the brood-rearing period, allowing adults with broods to establish feeding territories and
reduce inter-brood conflicts that can result in injury or death to young chicks.

‘Alae ke‘oke‘o prefer stable water levels (1-2.5 feet depth) for nest building and brooding. To
prepare ponds for nesting, water levels are maintained at a constant level to provide adequate sites
that are secure from predation. Fluctuating water levels would require nesting adults to continually
expend energy to build the nest up or be isolated on dry ground and subject to greater predation.

Ae‘o and ‘alae ke‘oke‘o are easily disturbed during their nesting seasons and will depart the nest
when danger is perceived, leaving the nest, eggs, or young exposed to predators and the weather.
Eggs can also be destroyed by prolonged exposure to high temperature, wind chill, and rain. Human
disturbance must be minimized during the nesting period to reduce the risk of nest abandonment.

Nests, eggs, and young are vulnerable to a variety of predators including rats, mongooses, dogs, cats,
cattle egrets, and ‘auku‘u (black-crowned night-heron). Predator control success is defined, in part,
by an increase in ac‘o nest success. Nesting islands with surrounding water help protect ae‘o eggs
and chicks from cats, mongooses, and rats. Predator control and control of pest fish species (tilapia)
also improve habitat condition and increase nest success. The target of removing all tilapia from the
constructed ponds is attainable as no outside sources contribute directly to them. These ponds will be
filled from a groundwater well, precipitation, and possibly some upwelling and/or seepage.

Low vegetation on levees creates important habitat for ‘alae ke‘oke‘o as well as other species.
Maintaining vegetation height of less than 4 inches provides foraging areas where ‘alae ke‘oke‘o can
graze on short grass and feed on associated invertebrates. Levees are also used as loafing habitat by
shorebirds. Planting of native vegetation along slopes prevents erosion and also provides additional
habitat.
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Objective 1.2: Protect , maintain, and enhance seasonal vegetated flats for foraging, loafing, and
breeding.
Protect and maintain up to 135 acres of vegetated flats for all life history (foraging, loafing, breeding)
requirements of ac‘o and ‘alae ke‘oke‘o with the following characteristics:
e A mosaic of flats and open water (<7 in., 1-4 in. optimal) interspersed with 30-60% cover of
emergent vegetation and algae that provides seeds and green browse April-August;
e No California bulrush, mangrove, or California grass;
e Undulating, irregular bottom topography creating exposed non-saturated substrate (e.g.,
shoreline, islands) with gradual slopes;
e <50 ft. width of emergent vegetation along shorelines for nesting ‘alae ke‘oke‘o December-
March;
e Predation of <3% of ac‘o or ‘alae ke‘oke‘o per year;
¢ No human disturbance during breeding season, minimal disturbance remainder of year; and
e Abundant epiphytic invertebrates (e.g., dragonflies) and aquatic benthic/nektonic macro
invertebrates (density 480-720 invertebrates/yd?), crayfish, and small forage fish.

Strategies Applied to Achieve Objectives

Mow and rototill to open pickleweed-dominated north shoreline of the Main Pond

Use IPM strategies including mowing, brush cutting, excavation, water level management, prescribed
fire, and herbicides

Propagate and plant native species in place of pest plants to provide nesting structure for ac‘o and
visual obscurity for ‘alae ke‘oke‘o territories

Control predators with live-traps, snap-traps, bait stations, and water level management

Manipulate water levels to expose islands and mudflats for foraging waterbirds

Flood Main Pond into vegetated flats in March to provide nesting habitat for ‘alaec ke‘oke‘o

Mow and rototill wetland habitat on the north side of N. Kihei Rd. culvert to increase mudflats

Minimize human disturbance by installing fences and signs, particularly along the south side of the
Main Pond (N. Kihei Rd.) by 2013

Construct a water source in vicinity of the Baitfish Ponds to flood the vegetated flats by 2016

Construct low berms to extend hydroperiod and promote plant response by 2019

Install predator-proof fence around the wetland perimeter to decrease mammalian predator
immigration from sugarcane fields by 2020

Rationale

Vegetated flats extend beyond the Main Pond (open water) around its perimeter. The flats located on
the north side of the Main Pond are over 900 feet-wide in contrast to the south side flats that are
narrow and less than 260 feet wide. A mosaic of flats and open water (<7 in., 1-4 in. optimal)
interspersed with 30-60 percent cover of emergent vegetation and algae provides seeds and green
browse for ‘alae ke‘oke‘o, maximizes visual barriers for ae‘o nest territories, and provides
concealment and thermal cover April-August. The south side is susceptible to wind-generated waves
and human trespassing; therefore, the north flats provide higher-quality habitat for waterbirds. A
majority of the management activities to control pest plants occurs on the north side during late
summer and fall.

The hydrology of shallow water habitats benefits breeding, resting, and loafing requirements for ae‘o
and ‘alae ke‘oke‘o as long as dry areas adjacent to water and vegetation are available. A mosaic of
vegetative cover created by mowing and rototilling shoreline vegetation provides thermoregulation
cover for protection from inclement weather and pair bonding and brood-rearing habitat. Based on
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experience in the Main Pond, a long-term transition to native wetland plants and nonnative waterbird
forage plant species is anticipated. To keep birds from flying over the bridge to access the other side
of the outlet, habitat enhancement on the north side of the N. Kihei Rd. culvert will not be performed
near the bridge, thus reducing the potential for road kill.

Predator control efforts increase prior to and during ae‘o breeding season around areas of high-
density nesting. Due to their vulnerability in the vicinity of primary nesting area, partial to complete
public access closures during ae‘o nesting/brood-rearing periods increases fledging success. With
increased habitat restoration on the flats, management of water, and effective predator control, ac‘o
nest success should increase.

Objective 1.3: Protect , maintain, and enhance open water habitat for waterbird life history

requirements.
Protect and maintain up to 197 acres of open water habitat in Kealia Pond for all ae‘o and ‘alae
ke‘oke*o life history requirements year-round with the following characteristics:
e <50 ft. width of emergent vegetation along shoreline of vegetated flats;
e Open water with <12 in. depth over 30-40% of the pond during ae‘o breeding season (April-
July)
>80% reduction of tilapia;
<720/yd? spotted-winged midge density;
Predation of <3% ae‘o and/or ‘alae ke‘oke‘o occurring in this habitat per year;
Abundant epiphytic invertebrates and benthic/nektonic macro invertebrates (density of 480-
720 invertebrates/yd?), crayfish, and small forage fish; and
e No human disturbance.

Strategies Applied to Achieve Objectives

Continue partial to complete closure of Kanuimanu Ponds during breeding season, as needed

Control pest fish by deploying nets and traps to remove fish biomass when water recedes

Control windblown sediment by sheetflowing water through Well D water distribution line August-
December

Control overabundance of spotted-winged midges with methoprene (no more than one treatment per
year)

Use water control structures and well pump for water control for plant and invertebrate response and
water manipulations

Control predators with live-traps, snap-traps, bait stations, and water level management

Control tilapia via chemical treatment to remnant water in the outlet in September

Construct a six-bay water control structure at N. Kihei Rd. bridge to control water in the Main Pond
by 2016

Control water in the Main Pond to maintain 30% cover December-February to control midges and
tilapia

Flood Main Pond into vegetated flats in March to provide nesting habitat for ‘alae ke‘oke‘o
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Rationale

Flooding and dewatering in the Main Pond is dependent on surface and groundwater; precipitation;
and the natural recession April-July. Water management is performed August-December (or longer
depending on the onset of winter rains) by direct pumping from brackish water wells.

The Main Pond is the primary source of nuisance issues (including spotted-winged midges, dead fish,
and windblown sediment) for Refuge neighbors and yet this habitat is the most difficult to control.
The abundance of spotted-winged midges varies from year to year but has occurred from mid-
December to mid-April in most years. The highest abundance was approximately 96,000 larvae/yd?.
Based on monitoring and the level of complaints, we estimate 480-720 midge larvae/yd?is a level
that is tolerable by neighbors yet provides sufficient forage for endangered and migratory waterbirds.
The short-term control of spotted-winged midges has been an application of the insect growth
regulator methoprene which has shown to decrease the adult nuisance. However, a natural long-term
control is sought such as water manipulation to control midge density. When this control is
established, methoprene will be used as a secondary option.

The presence of tilapia in the Main Pond is inevitable because the fish remain in the outlet where the
deep channel retains water throughout the year. During rainstorms, tilapia from upstream irrigation
reservoirs enter the Main Pond with stream flow. Long periods of flooded conditions result in the
dispersal of fish from the outlet and the exponential increase in productivity, thus leading to
overcrowded conditions resulting in a fish die-off when water level recedes to approximately 50
percent coverage. The Main Pond is allowed to dry September-December for regrowth of kaluha
(saltmarsh bulrush), breakdown of organic material, soil aeration, and dispersal of accumulated
sediment.

When windblown sediment becomes a nuisance issue, water can be directed to the upper reaches of
the Main Pond via the Well D water distribution line to sheet flow over extensively dry portions to
hold down sediment. This will be performed after ae‘o breeding season September-December and
after IPM treatments on pest plants along the vegetated edge has been completed.

In 2001, an in-depth study of the pond hydrology (quantity and quality) was initiated in addition to
monitoring spotted-winged midges and tilapia abundance. Monitoring data from 2 years with low
winter water level December-February resulted in midge numbers below nuisance level. Duplication
of this water condition during key months (December-February) may be a long-term solution to
controlling midges and tilapia. In most years, midge abundance was high when winter flooding was
high (December-April). However, when water level was low and the salinity was high, the midge
abundance was lower and not a nuisance to neighbors.

If water pumping capability is maximized and the water control structure at the N. Kihei Rd. bridge
is constructed, the ability to maintain low water conditions (20-30 percent coverage) from the time

winter flooding occurs to end of February may be the solution to both controlling the abundance of
midges and also the abundance of tilapia. The shallow, salty water conditions and disconnect from
the pond outlet results in undesirable habitat for tilapia, thus their abundance will be controlled.
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Objective 1.4: Protect , maintain, and enhance coastal flats for ae‘o life history needs.
Protect and maintain up to 60 acres of seasonal coastal flat habitat at Ma“‘alaea Flats for all life history

requirements of ae‘o throughout the year with the following characteristics:

A mosaic of saturated and dry mudflats;

Open water <7 in. depth;

Documented predation level of <20% of ae‘o nests annually;

No human disturbance within 109 yds. of breeding territories;

Abundant invertebrates with densities of 480-720 invertebrates/yd?;

<30% cover of vegetation to provide cover and protection from wind;

<30% cover of pickleweed;

50-100 ft. width of vegetation along N. Kihei Rd.; and

Physical barriers to prevent vehicular access onto the coastal flats.

Strategies Applied to Achieve Objectives

Maintain recycled-plastic fence along N. Kihei Rd. to prevent vehicular access onto the flats

Construct water source (well, pump, water distribution line) at Ma‘alaea Flats to maintain shallow
water by 2014

Implement complete or partial closure of Boardwalk, if necessary to prevent nest abandonment and
egg/chick loss

Control predators with live-traps, snap-traps, bait stations, and water level management

Map topography of the mudflats to identify areas to construct low berms for water retention by 2013

Use IPM strategies including mowing, brush cutting, excavation, water level management, prescribed
fire, and herbicides to control pest plants

Propagate and plant native species in place of pest plants

Create low islands within the flats to diversify topography by 2016

Restore Ma‘alaea Flats wetland community to provide additional habitat away from the Boardwalk
by 2013

Alter bathymetry to retain water longer on Ma‘alaea Flats by 2013

Plant native shrub buffer along highway to reduce opportunities for waterbirds flying low over road
by 2014

Rationale

Ma‘alaea Flats is connected to the Main Pond outlet on the east side and receives ocean water during
higher high tides on the west end of the 60-acre flats. Natural flooding December-March appears to
be from high water levels in the Main Pond via the outlet. If the Refuge had the ability to maintain
water on the flats, there will be an increase in ae‘o use throughout the year. An additional source of
water will enable the Refuge to maintain shallow water until completion of the breeding season. In
addition, low berms on the east side, adjacent to the outlet will retain water on the flats instead of
draining into the Main Pond outlet, particularly when the sand plug is breached (naturally or by
hand). Monitoring human activities is a continuous need because of the connection to the beach
front. Signage and fencing is necessary to control human access and law enforcement is essential to
prevent disturbance to birds even during Boardwalk closures.
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2.4.2 Goal 2.

Expand protected species’ habitat to promote their recovery.

Objective 2.1: Enhance shrub land habitat for endangered ‘6ka‘i ‘aica (Blackburn’s sphinx

moth).
Enhance plant community to provide habitat for the endangered ‘6ka‘i ‘aiea with the following
characteristics:

e 1-5acres of dry to mesic shrub land and forest habitat;

e 60-80% native host plants including ‘aiea, lama, hao, ‘ohe, ‘ala‘a, ‘a‘ali‘i, wiliwili, maiapilo,
and naio;

e <40% pest groundcover plants and annual grasses;

e 10-30% tree tobacco; and

e Restrictions on public access to inhibit collection.

Strategies Applied to Achieve Objectives

Identify presence, location, and extent of plant species known to be used by ‘6ka‘i ‘aiea

Monitor plants for evidence of ‘Gka‘i ‘aieca activity (eggs, larvae, adults)

Use IPM techniques to remove pest plants (kiawe, marsh fleabane) around host species such as tree
tobacco

Conserve native plants known to host ‘6ka‘i ‘aiea , including lama, hao, ‘ohe, ‘ala‘a, ‘a‘ali‘i, wiliwili,
maiapilo, and naio

Propagate and plant native host species

Rationale

The ‘0ka‘i ‘aiea moth is currently found in association with topographically diverse landscapes that
contain low to moderate levels of nonnative vegetation. Vegetation types that support ‘cka‘i ‘aica
include dry to mesic shrub land and forest from sea level to moderate elevations (USFWS 2003).
Impacts to the moth’s habitat from urban and agricultural development, invasion by nonnative plant
species, habitat fragmentation and degradation, increased wildfire frequency, ungulates, and direct
impacts to the moth from nonnative parasites and insect predators have reduced the species’ range.

Most common native plants that the moth use are lama trees, hao, ‘ohe, ‘ala‘a trees, ‘a‘ali‘i, wiliwili,
and naio. The largest populations of ‘0ka‘i ‘aiea on Maui and Hawai‘i are associated with trees in
the genus Nothocestrum (i.e., tree tobacco). The necessary biological requirements of ‘Gka‘i ‘aiea
larvae for foraging, sheltering, maturation, and dispersal are the two documented host plant species
within the endemic Nothocestrum genus (N. latifolium and N. breviflorum) and the dry and mesic
habitats between the elevations of sea level and 5,000 feet and receiving between 10-100 inches of
annual precipitation which currently support or historically have supported these plants.

Although only a few ‘6ka‘i ‘aeia have been reported at Kealia Pond, the Refuge has the potential to
meet these requirements for both adult and larvae. A closely associated State wetland management
area, Kanaha Pond, is identified as such habitat.
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Objective 2.2: Expand Refuge boundary to maintain a buffer from upper watershed impacts.
Maintain 75 acres of upland habitat along the Refuge boundary to serve as a buffer from future land

use changes and protect wetland habitat from upper watershed impacts (filter pollutants, suspended

sediment, pest plant species from streams entering into the wetlands). Expand the Refuge boundary

to incorporate additional wetland habitat and upland habitat for the benefit of protected species (ae‘o,

‘alae ke‘oke‘o, honu, honu ‘ea, and seabirds) and wetland integrity.

Strategies Applied to Achieve Objectives

Maintain 75 acres of upland habitat along the Refuge’s north boundary with forest, scrub-shrub, and
grasses to minimize sedimentation from upper watershed

Acquire 9-34 acres of coastal wetlands at Ma‘alaea Flats from A&B to make the wetland a contiguous
property

Acquire kiileana property (approximately 4 ac.) located along the Refuge’s southeast boundary

Acquire 5-7 acres of coastal dune habitat as a conservation easement, from Kealia Resort in North
Kihei to the Refuge’s western boundary at Ma“‘alaea Flats

Evaluate the feasibility of expanding the Refuge’s north boundary (5-8 ac.) to incorporate additional
upland habitat as buffer around the wetlands

Evaluate the feasibility of acquiring Kealia coastal dunes at Ma‘alaea Flats

Rationale

The north side of the Refuge is comprised of upland vegetation and shrub habitat which provides a
buffer and filter for sheet-flow runoff into Kealia Pond (e.g., slows water and allows groundwater
seepage, filters sediments and pollutants before entering the vegetated mudflats and open water).
This area is dominated by dense stands of pest plant species (e.g., kiawe, ironwood, and koa haole).
While native plants are desirable, the existing vegetation provides an adequate buffer to shield
endangered waterbird habitats from urban disturbances. The remaining upland forest habitat beyond
the Refuge boundary is minimal but will be evaluated for an additional buffer zone for the wetland.

Suspended sediments contained in stream-flows from the upper watershed primarily derive from
sugarcane production and urban development and settle in the Refuge wetlands. Acquisition of 9-34
acres beyond the current boundary at Ma‘alaea Flats will effectively encompass the remaining
wetland and peripheral buffer of forest/shrub habitat on north side and coastal dunes on the south
side. A portion of this area is within the previously-approved Refuge boundary. We have initiated
discussions with the land owners for specific land parcels adjacent to Ma‘alaca Flats and the
Refuge’s southeast boundary and those will be the first priority for acquisition.
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2.4.3 Goal 3.

Protect, restore, and manage coastal habitat for the benefit of nesting sea
turtles, seabirds, and the integrity of the fragile ecosystem.

Objective 3.1: Restore and maintain coastal strand and dune habitat.
First restore and thereafter maintain 2-3 acres of the coastal strand and dune habitat for the benefit of
nesting sea turtles (primarily honu ‘ea) and nesting seabirds (‘ua‘u kani), and also to provide a
protective barrier to Ma‘alaea Flats. The coastal dune and beach strand habitat will be restored and
maintained for the following characteristics:
e Patchy distribution of low-growing (2-8 ft.), native woody species (e.g., ‘ilima, naupaka
kahakai, pilo, wiliwili, naio, hala) as a mosaic;
e 30-40% cover of native grasses (e.g., ‘aki‘aki) and herbaceous vegetation (e.g., ‘akulikuli and
kipiikai) on dunes;
e <25% of woody pest plant species (e.g., marsh fleabane, kiawe, and koa haole) in coastal
strand;
e <25% cover of herbaceous pest plant species (e.g., saltbush) and grasses (buffel grass, swollen
finger grass);
e Manage public use to reduce human disturbance during turtle nesting season; and
e Documented predation of no more than 1 seabird nest annually.

Strategies Applied to Achieve Objectives

Continue partnership with A&B with installation and maintenance of recycled-plastic fence along
Kealia Beach to prevent erosion of sand dunes by vehicles

Resume Kokua Kealia project to restore native coastal plants to the dunes adjacent to the Boardwalk
by 2012

Control predators with live-traps, snap-traps, bait stations, and water level management

Consult with State and/or County coastal engineers to identify climate change impacts and evaluate
alternatives to enhancing coastal habitat

Coordinate with adjacent landowners for water source to irrigate plants during establishment phase, if
necessary

Propagate native plants (‘akulikuli, pauhoehoe, ‘akia, naupaka, nanea, ‘Ohelo kai) in Refuge
greenhouse for outplanting

Install temporary sand fencing to facilitate restoration of impacted dunes

Use appropriate IPM techniques (chemical, mechanical, manual) that will not result in additional
erosion to control pest plant species

Rationale

Coastal dune communities are important to several rare and endangered plant and potentially animal
species. Coastal dunes are also fragile and easily altered by human activity. Coastal dune and beach
strand habitat also provides important foraging and loafing habitat for migratory bird species such as
the “alili (wandering tattler), kolea (Pacific golden plover), hunakai (sanderling), and ‘akekeke
(ruddy turnstone). Given the soil texture, relative position to the shoreline, and desirable plants
species; the strand provides suitable subterranean burrow habitat for “‘va‘u kani and ‘a‘o. This
coastal habitat is also suitable for ‘1lio-holo-i-ka-uaua pupping and rearing and by honu ‘ea and honu
for laying eggs and basking.
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Restoration of coastal dunes not only promotes habitat quality, it also enhances visitors’ experience
along the Kealia Coastal Boardwalk. Native species will be planted during the winter season to
minimize the need to water during the establishment phase. Planting will not be performed when
endangered birds are nesting. The dense vegetative growth of pest plants have provided an effective
buffer between the ocean and Ma‘alaea Flats therefore, careful planning and scheduling is needed to
ensure the integrity and stability of the beach and dunes is not impacted during control and replanting
efforts.

This section of the coastal strand and dune system is located at a greater distance from human
activity with fewer human impacts. The area is ideal for nesting sea turtles (no headlights or
condominium lights) and seabirds, in addition to ae‘o and migratory shorebirds on the mudflats.

2.4.4 Goal 4.

Protect, restore, and maintain Molokini islet habitat for seabird nesting.

Objective 4.1: Restore and manage Molokini for seabirds.
Restore up to 19 acres on Molokini for breeding seabirds, primarily ‘ua‘u kani (wedge-tailed
shearwater), and ‘ou (Bulwer’s petrel) with the following characteristics:
>30% native vegetation;
50-80% ‘ua‘u kani fledging success;
No nonnative predators;
No public access onto the islet;
Researchers access on islet from April-early November only.
Strategies Applied to Achieve Objectives
Maintain Memorandum of Understanding with DLNR and revise if needed
Finalize Memorandum of Understanding with the U.S. Coast Guard
Establish quarantine protocols for agency access
Continue long-term seabird banding
Propagate and plant native species during nonbreeding season (December-February)
Conduct ‘ua‘u kani breeding bird survey

Rationale

Molokini is in the process to be established as an overlay refuge unit of Kealia Pond NWR. Public
access on the island has been limited since the early 1900s due to the sensitivity of burrowing seabird
nest sites. Due to this, the seabird habitat is intact and very successful. The potential for native plant
restoration is high, even with the access logistics (boat transportation, terrain), because the Refuge
has volunteers to propagate plants in the greenhouse and references to historic (1913) and recent
botanical surveys are available to replicate native species including: ‘ihi, alena, nena, pili grass, pa‘u
o hi‘iaka, nehe, ‘chelo kai, ‘akulikuli, ‘ilima, and uhaloa.

A cooperative agreement with DLNR is essential to retain the consistency of management efforts,
transfer of information, and expertise.
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2.45 Goal 5.

Gather scientific information in support of adaptive management decisions on
the Refuge under Goals 1-4.

Objective 5.1: Conduct inventory, monitoring, and research to document progress and evaluate
management strategies to guide management decisions.

Conduct high-priority inventory and monitoring (survey) activities that evaluate resource
management and public use activities to facilitate adaptive management. These surveys contribute to
the enhancement, protection, use, preservation, and management of wildlife populations and their
habitats on- and off-refuge lands. Specifically, they can be used to evaluate achievement of resource
management objectives identified in this CCP. These surveys have the following attributes:

e Data collection techniques will have zero to minimal animal mortality or disturbance and
zero to minimal habitat destruction;

e Collect minimum number of samples (i.e., water, soils, vegetative litter, plants,
macroinvertebrates, vertebrates) to meet statistical analysis requirements for identification
and/or experimentation in order to minimize long-term or cumulative impacts;

e Studies will be designed to statistically detect early stages of habitat changes that would
minimize long-term or cumulative impacts;

e Use proper cleaning of investigator equipment and clothing as well as quarantine methods,
where necessary, to minimize the potential spread or introduction of pest species;

e Projects will adhere to scientifically defensible protocols for data collection, where available
and applicable; and

e Annual and cumulative reports will be completed for all inventory, monitoring, and research
activities to document results and provide comprehensive analyses.

Inventory, monitoring, and research — Kealia Pond

Inventory and monitor bird abundance with monthly census

Monitor breeding ‘alae ke‘oke‘o from December-April for reproductive success

Monitor breeding ae‘o from April-July for reproductive success

Monitor macroinvertebrate densities

Monitor mongoose and rat abundance with tracking tunnel surveys at least every 90 days

Monitor and document predation of waterbirds

Monitor banded ae‘o and ‘alae ke‘oke‘o

Monitor midge larvae by core sampling during high water conditions (December-April)

Monitor water quantity (surface water and groundwater)

Monitor water quality (abiotic parameters: pH, temperature, salinity, conductivity, turbidity,
dissolved oxygen)

Maintain and monitor weather station

Monitor fish abundance

Monitor vegetation response to IPM techniques

Monitor waterbird response to IPM strategies by sampling treated and untreated habitat

Conduct study to determine the most effective IPM strategies to control California bulrush and other
pest species

Research to determine invertebrate composition and relative abundance in vegetated mudflats and
open water habitats

Determine invertebrate composition and relative abundance at Ma‘alaea Flats
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Inventory, monitoring, and research — Kealia Pond (continued)

Monitor human activities along the coastal mudflats and dunes for potential effects that jeopardize
the integrity of the area

Periodically (once per 10 years) collect/analyze soil samples for contaminants, including streamflow
entry areas

Identify presence, location, and extent of plant species known to be used by ‘Gka‘i ‘aiea

Monitor plants for evidence of ‘Gka‘i ‘aica activity (eggs, larvae, adults)

Conduct research on ‘alae ke‘oke‘o intra- and inter-island dispersal patterns

Conduct study to identify alternative methods to control tilapia (reduce catch per unit effort)

Analyze fish to ensure they are safe for human consumption in potential fishing program (through
Department of Health (DOH))

Implement a pilot program to evaluate the impacts of a fishing program at the Main Pond

Inventory, monitoring, and research — MolokKini

Contract a complete archaeological and cultural investigation for Molokini when acquired as overlay
refuge

Determine the breeding population of ‘ou on Molokini

Monitor active nesting attempts by ‘ua‘u kani and ‘ou (February-March)

Monitor ‘ou breeding (March)

Monitor ‘ua‘u kani nest success and band chicks (October)

Monitor and document seabird predation

Conduct a vegetation survey for composition and relative abundance

Rationale

The Administration Act requires us to ‘... monitor the status and trends of fish, wildlife, and plants
in each Refuge.”” Surveys are used primarily to evaluate resource response to assess progress toward
achieving Refuge management objectives derived from the Refuge System mission, Refuge purpose,
and maintenance of BIDEH. Determining resource status and evaluating progress toward achieving
objectives is essential to implementing adaptive management on DOI lands as required by policy
(522 DM 1). Surveys will provide the best available scientific information to promote transparent
decisionmaking processes for resource management over time on Refuge lands.

Inventory, monitoring, and research studies are essential to high-quality habitat and population
management. Conducting censuses for endangered waterbirds and compiling data is critical to
evaluate population status and measure progress towards goals. Similarly, other populations, habitat
conditions and habitat management practices, including restoration efforts must be monitored to
evaluate their status and effectiveness. Population trends can be used to evaluate habitat
effectiveness and guide management actions. When Molokini is acquired as an overlay refuge, a
cultural and archeological investigation will be contracted to obtain information about the human
history of the islet. It will seek to answer various questions about the pre-contact activities of Native
Hawaiians and their interactions with the natural resources surrounding the Islet.

Refuges must collect site-specific information and conduct defensible research to provide
information for devising, guiding, and adapting management practices. Applied research on the
Refuge will help address management issues and questions, in theory, will result in improved
management decisions on both the Refuge and on a regional basis. The Refuge has always
maintained a close working relationship with State and local agencies, and universities to advance the
knowledge base of a variety of habitats and plant and wildlife species. We have been monitoring
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environmental parameters (water, weather), vegetation, waterbirds, and invertebrates, to varying
degrees, for the past 10 or more years and will continue to maintain consistent methodology in data
collection. These data have provided baseline information for management planning to optimize
habitat for endangered waterbirds, address nuisance issues, and evaluate adaptive management
strategies.

The Refuge's location at the base of the watershed makes the wetlands vulnerable to impacts from
upper land use activities. Periodic analyses of water and soils are a preventative measure to identify
contaminants and trace elements, and changes in what is entering into the Refuge property. Some
elements attach to soils but are not found in water, and vice versa; therefore, the need to sample both
in order to gain a broader picture of upper watershed impacts. Although soils can retain
contaminants over a period of time, water samples detect only one point in time but if collected
during similar conditions (high water flow from streams), the data provides a sufficient index for
long-term monitoring.

Opening the Refuge to a seasonal fishing program is in a discussion phase. A fishing program would
primarily be a management activity but can be an opportunity to involve the public, with the
stipulation that it does not negatively impact the endangered Hawaiian waterbirds. Time and
additional staff would be needed to plan, complete policy requirements, and investigate logistics of
operating a fishing program.

Objective 5.2: Conduct scientific assessments.
Conduct scientific assessments to provide baseline information to expand knowledge regarding the

status of Refuge resources to better inform resource management decisions. These scientific
assessments will contribute to the development of Refuge resource objectives and they will also be
used to facilitate habitat restoration through selection of appropriate habitat management strategies
based upon site-specific conditions. These assessments have the following attributes:

e Utilize accepted standards, where available, for completion of assessments; and

e Scale and accuracy of assessments are appropriate for development and implementation of

Refuge habitat and wildlife management actions.

Strategies Applied to Achieve Objectives

Based on the topography of the Main Pond, evaluate the need to periodically excavate and reconfigure
elevations to facilitate water management (flooding and dewatering capabilities)

Evaluate feasibility of using a pump at the pond outlet for water control (lowering water level)

Identify the quantity of water from the Pohakea, Pale‘a‘ahu, and Waikapi streams that reach the
Refuge

Conduct soil investigation to identify composition and profile and use data and hydrological processes
information to reconfigure topography in order to retain water for foraging and nesting ae‘o

Evaluate the topography of Ma‘alaea Flats and identify methods to separate from outlet (berm and
possible water control structure)

Collect and analyze soil (composition, profile) at Ma‘alaea Flats

Evaluate SLAMM Analyses for climate change planning

Conduct a biological assessment on Molokini (nonnative amphibians, invertebrates)
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Rationale

Appropriate environmental assessments are necessary to determine resource status, promote learning,
and evaluate progress toward achieving objectives whenever using adaptive management. These
assessments will provide fundamental information about biotic (e.g., vegetation data layer) as well as
abiotic processes and conditions (e.g., soils, topography) that are necessary to ensure that
implementation of on-the-ground resource management achieve resource management objectives
identified under Goals 1-4.

Three streams drain from 56 square miles of the West Maui Mountain watershed and 1 additional
stream drains a portion of the Haleakala watershed. These stream-flows are infrequent,
unpredictable, and uncontrolled. Preliminary data exists on the amount of surface water these
streams deliver, however, a comprehensive hydrological assessment is needed to determine the
amount (acre-feet) of stream flow that is needed to maintain water level at a suitable depth to manage
for ae‘o and ‘alae ke‘oke‘o throughout the year.

Changes in the upper watershed can have potential impacts to the Refuge in terms of water quality
and quantity; therefore, a more accurate assessment on these parameters is needed to ensure water is
available for endangered and migratory bird species. Water and sediment samples from streams were
analyzed in 2003 and provide a baseline for future monitoring of water quality. The function as a
settling basin has created the endangered waterbird habitat for which the Refuge was established and
thus, should be retained as much as possible. If streamflow subsides in the future, the Refuge will
need to pump water from the brackish water wells throughout the year to replicate natural conditions.
This would not only be costly, but also difficult to achieve for such a large wetland.

Ma‘alaea Flats is partially flooded with water from the outlet when the Main Pond is full. This
hydrological connection means that when the sandplug is breached (naturally or manually) water in
the flats drains as well. This has a negative impact on waterbird foraging and nesting habitat on the
flats. Planning, including evaluation of the elevational gradient and a new soil survey, is needed to
identify methods to hold water on the flats and maintain the level for ae‘o foraging and nesting.

Molokini will be a new addition to the Refuge System and, although the islet is managed by DLNR,
their activities are limited to monitoring ‘ua‘u kani nesting. A biological and vegetation assessment
is needed prior to restoration planning initiation. There is a high potential to re-establish native
plants and the capability of replicating the plant composition recorded in 1913. An inventory of
invertebrates is needed to ensure nonnative species (e.g., big-headed ants and yellow crazy ants) will
not negatively impact chick survival.
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2.4.6 Goal 6.

Through quality wildlife-dependent recreation and learning opportunities,
visitors understand and appreciate the unique wildlife and habitats of Kealia
Pond NWR.

Objective 6.1: Provide opportunities for wildlife observation and photography.
Provide visitors with the opportunity for self-guided wildlife observation and photography to
increase their knowledge and appreciation for wetland ecosystems and endangered species.
e Focus on wetland ecology and the endangered waterbirds that rely upon these wetlands;
e Provide viewing opportunities; and
e Directly link opportunities to EE and interpretation programs.

Strategies Applied to Achieve Objectives

Maintain safe access on all trails and Kealia Coastal Boardwalk by performing periodic inspections
and repairs

Install trail counter

Annually evaluate and implement a closure of the Kealia Coastal Boardwalk during ae‘o nesting
season, if necessary

Monitor waterbird response to visitor use to minimize potential impacts to the species and adapt
visitor use patterns

Complete the Complex brochure and bird species checklist

Coordinate with Hawai‘l Department of Transportation (HDOT) to establish a bus stop at the coastal
Boardwalk between Ma‘alaca and Kihei

Continue to accommodate recreational photographers visiting the Refuge and support existing
agreements

Open Kanuimanu Ponds to the public on weekends

Develop and implement a Visitor Services Plan (VSP) by 2017

Evaluate the need, location, and logistics of photo blinds on/adjacent to Kanuimanu Pond levees

Evaluate the potential for fee program on the Refuge

Rationale

The Kealia Coastal Boardwalk is open year-round for visitors, but tours are only provided upon
request. The parking area will only accommodate 12 vehicles, 2 disabled parking, and 2 buses;
therefore, it may be advantageous to have the Boardwalk as one of the stops for public transportation
when traveling from west (Lahaina) to east (Kihei). As long as the period between stops is adequate,
it may be a way to reach more people given the limited parking capacity.

Kealia Pond NWR has been more visible to the public since the opening of the Boardwalk. Visitor
use will increase significantly when the new HQ/VC is opened to the public. The Refuge relies on
static displays for self-guided visitation; however, additional opportunities for visitors and
educational groups are expected in the future. The step-down VSP is intended to enhance visitors’
knowledge of the value of wetlands, offshore islands and the wildlife that depend on their existence,
and Native Hawaiian traditional uses.

Kealia Pond NWR hosts hundreds of migratory waterfowl and shorebirds during winter months and
receives most of its visitors during that same period. With increased water control capabilities, the
Refuge will have some flexibility with attracting wetland birds into accessible areas for wildlife
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observation. During the nesting seasons for endangered ‘alae ke‘oke’o (December-May) and ae‘o
(April-August), continuous evaluation of waterbird use is conducted so Refuge staff can allow access
to visitors where birds remain undisturbed. Accessibility onto Kanuimanu Pond levees gives
photographers an opportunity to photograph wetland bird species. The size of the Main Pond and
background with the West Maui Mountains makes a scenic shot, particularly in the morning when
the sun’s glare is low and the trade-winds are light.

Recreational photographers have provided the Refuge with bird photographs for brochures by means
of SUP and the photographer’s approval to use his/her photographs. This has worked well in the past
and benefits the Refuge. Recreational photographers can access general public use areas and are
usually not identified upon check-in at the visitor contact station (HQ). Increased visitation will
require more law enforcement presence to protect wildlife and minimize vandalism. As an example,
the Kealia Coastal Boardwalk is the target of graffiti, destruction of property, trash dumping, and
camping. lllegal access to areas not open to the public can have detrimental impacts on waterbirds
and vegetation (e.g., additional introduction of pest species).

Public access onto Molokini is prohibited due to the sensitivity and geology of the islet. There are,
however, tour boat companies that provide snorkeling/diving opportunities in the surrounding waters
outside our jurisdiction. Access will be given to Federal and State biologists performing Refuge
duties. The Refuge brochure will mention Molokini as part of the Refuge System. Special Use
Permits to access other areas are issued on a case-by-case basis if compatible.

Objective 6.2: Evaluate feasibility of a recreational fishing program.
Investigate, research, and evaluate the compatibility of a seasonal fishing program as a management
tool for controlling pest species (tilapia) by 2016.

Strategies Applied to Achieve Objectives

As part of the VSP, determine the compatibility of fishing at Kealia Pond

Prepare materials related to fish ecology in Kealia Pond, (i.e., fish identification, biology, and
impacts of pest species)

Evaluate whether or not a fishing program is an effective management tool for removing biomass

Analyze fish for contaminants and human consumption (DOH)

Define the Refuge’s role and participation in the State Fishing Education Program

Rationale

The Refuge hosted the State Fishing Education Program (an annual public education event) from
1997-2002 at Kanuimanu Ponds. The intent of this objective is to evaluate the need (compared with
other management strategies to remove tilapia), compatibility, and feasibility of conducting a
controlled public fishing program. Other aspects that need to be considered are law enforcement,
safety, operating requirements (staffing), and outreach to the public. For the latter, the potential for
illegal fishing during “off-season” is a greater concern. A fishing program would primarily be a
management activity but can be an opportunity to involve the public, with the stipulation that it does
not negatively impact the endangered Hawaiian waterbirds and migratory birds. Time and staff will
be needed to plan, complete policy requirements, and coordinate logistics of operating a fishing
program.
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Objective 6.3: Provide interpretation and outreach programs.
Expand the Refuge’s interpretation and outreach programs to foster appreciation and stewardship for
wetland and cultural resources. Provide interpretive tours for visitors, birding groups, and other

educational groups.

Strategies Applied to Achieve Objectives

Maintain high-quality, updated displays and signs for Kealia Coastal Boardwalk and trails to
interpret the ecology, wildlife, and identification of wetland habitats and associated watersheds

Provide public presentations and interpretive tours on wetland ecology and wildlife, coastal habitats,
and cultural history

Keep the Refuge Website updated on available opportunities and current projects

Provide public presentations and interpretive tours on wetland ecology and wildlife, coastal habitats,
and cultural history

Prepare a pamphlet on Molokini for distribution to tour boat operators/companies

Incorporate Refuge opportunities and information into the Maui Visitors’ Bureau products

Participate in off-site programs including Earth Day, beach cleanups, watershed events, etc.

Provide information on the Refuge System to the public

Rationale

Interpretation is intended to create emotional and intellectual connections between the audience and
the resource as well as provide opportunities for visitors to make their own connections to the
resource. Outreach is two-way communication between the Service and the public to promote
involvement with the Refuge, and influence attitudes and actions, with the goal of improving joint
stewardship of our natural resources. We rely heavily on self-guided opportunities for visitors. This
is especially true for the Kealia Coastal Boardwalk which is approximately 2 miles from the HQ/VC.

Offering special talks at the Boardwalk by volunteers will enhance visitors’ knowledge and
understanding and encourage visitors to return. Volunteers may also assist with interpretation at
Kanuimanu Ponds, particularly for school groups or to lead groups of birdwatchers. The new Kealia
Pond HQ/VC is designed to prepare visitors for and enhance their experience on the Refuge.

Molokini is not accessible due to the sensitivity of the habitat and safety; however, informative
materials and interpretation of the property will be given to Refuge visitors, tour boat operators, and
others to develop awareness for seabird habitats.

We will increase outreach to direct more attention to the Refuge as an outdoor learning experience.
Specialized tours could be developed to meet the needs of the public. This will increase the Refuge’s
visibility as part of the community where people can explore the natural resources and gain a sense of
stewardship in becoming involved with Refuge programs.

2-24 Chapter 2. Refuge Management Direction



Kealia Pond National Wildlife Refuge Comprehensive Conservation Plan

Objective 6.4: Expand volunteer opportunities and partnerships.

Expand the Refuge’s volunteer program to foster appreciation and stewardship for the wetland
resources and assist with Refuge activities and facilities. Participate in partnerships and other
collaborative efforts that provide ecosystem-based opportunities to facilitate Refuge objectives.

Strategies Applied to Achieve Objectives
Continue to support volunteerism through partnerships and community groups
Post available opportunities and current projects on Website
Continue partnerships with community organizations, County, State, and Federal agencies related to
watersheds, wetland and coastal restoration, etc.
Establish a Friends group to promote and assist with the Refuge’s purpose and mission
Incorporate Refuge volunteer opportunities into State and County volunteer programs and Maui
Visitors’ Bureau products
Recruit and train volunteers to assist with visitors and school groups, particularly during peak hours
Seek volunteers to offer special programs at the kiosks of the Kealia Coastal Boardwalk
Recruit and train volunteers to assist in the Refuge VC and provide introductory information to
visitors

Rationale

Maui residents have a strong volunteer ethic and they are willing to help out if they know what is
available to them. The Refuge’s volunteer opportunities need to be advertised and the Refuge will
continue to participate in community events. With additional staffing, we will put more effort into
recruiting volunteers for all programs (biological, habitat, visitor services, EE, and interpretation).

The value of the coastal dunes to sea turtles and native plants is interpreted in Boardwalk panels.
The coastal dune restoration project involves Refuge volunteers and the community and helps to
instill a sense of stewardship of the natural resources. Volunteers will be recruited and trained to
operate the Kealia Pond VC and provide a point of contact to visitors at the Kealia Coastal
Boardwalk. Operation of the new VC is highly dependent on a robust volunteer program given the
current lack of permanent resources with which to staff it.

Establishment of a Friends group is a high priority for operating the visitor center and assistance with
other programs on- and off-Refuge (sea turtle monitoring program or Dawn Patrol). Volunteers
assisting with propagation and planting native plants will also be working in the greenhouse to
propagate plants specifically for restoring habitat on Molokini.
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2.4.7 Goal 7.

Provide students and teachers high-quality hands-on EE programs that foster
a connection with nature and the Refuge.

Objective 7.1: Provide a high-quality EE program.
Expand EE programs that connect children with nature and focus on the functions of wetlands and
coastal ecosystems as part of watersheds. Quality curriculum includes:
e Supports national and State Department of Education (DOE) standards;
Provides interdisciplinary opportunities that link natural resources through all subject areas;
Incorporates the Refuge System mission and Refuge purpose;
Involves the local community, volunteers, future Friends group, and partners;
Involves hands-on learning opportunities and stewardship components;
Incorporates current conservation issues and concerns; and
Located both on- and off-Refuge.

Strategies Applied to Achieve Objectives

Issue SUPs to EE organizations to conduct programs on the Refuge

Participate in teachers’ workshops

Design/produce a pamphlet for Boardwalk interpretive panels

Develop site-specific curriculum materials for educators

Provide formal learning experiences on the Refuge that support teachers’ curricula and DOE
requirements

Establish and train volunteer docents to greet students and oversee EE programs at the Kealia Coastal
Boardwalk

Rationale

Kealia Pond NWR is one of three wetlands on Maui that provides hands-on opportunities for school
children. Our proximity to schools and year-round access provides teachers, students, and other local
education organizations an opportunity to study natural resource management and conservation
issues in an outdoor setting. Hands-on experiences and exposure to wildlife career opportunities can
help direct students into natural resource disciplines. Teachers may not have the time and resources
to compile pre- and post-visit materials; therefore, the Refuge can provide packets geared for
different age groups for teachers to incorporate the visit into their curriculum.

We rely on partner organizations to provide formal EE opportunities to students by establishing
SUPs each year. Organizations include Hawai‘i Nature Center (conducting the wetland curriculum
at the Refuge for 14 years), Maui Digital Bus (for 8 years), and individual teachers on their own.
The new visitor services manager will be responsible for the EE program.

Refuge-specific EE programs should be developed for school groups. Development of all programs
will include pre- and post-visit materials for the teachers use. Teachers workshops will be held
annually to ensure DOE requirements are met. Volunteers will be recruited and trained to assist with
the program. All EE programs will have a stewardship component where students will participate in
a wetland restoration project. Currently, this includes hand removal of pest plants and outplanting
native plants. Cultural resources, which provide data and places to educate about changes in wildlife
populations and the landscapes they inhabit, as well as cultural knowledge about the traditional uses
of plants and animals, will be incorporated into EE curricula and programs.
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Programs for high school students included Baldwin High School (built nest platforms), Kihei
Charter School (comparison of pest plant controls), Lahainaluna High School (GIS), and Maui High
School (GIS). Hands-on opportunities give students a chance to experience a biologist vocation and
also provide another tool for investigating alternative management methods for the Refuge. Other
opportunities will likely become apparent as the Refuge implements programs and receives feedback
from teachers and educators.

Obijective 7.2: Provide high-quality internship opportunities.

Expand the Refuge internship program for Maui’s students. Interns will be introduced to natural
resource careers through hands-on work with, and training by, natural resource professionals to help
develop a new generation of enthused and effective conservationists and ecologists.

Strategies Applied to Achieve Objectives

Collaborate with the University of Hawai‘i campuses (Maui, Hilo) to host interns receiving credit
hours (i.e., Pacific Internship Programs for Exploring Science)

Develop an internship program for Kamehameha Schools in their Natural Resources Academy

Host AmeriCorps and Youth Conservation Corps students

Develop an internship program for public schools on Maui

Host Mainland and international interns

Explore the potential for housing on- or off-site

Rationale

The Pacific Internship Programs for Exploring Science (PIPES) operates as an umbrella program for
internship opportunities. Each summer all the PIPES student interns participate in a 4-day orientation
and a 10-week internship program focusing on tropical ecology, evolution, natural resources
management, and environmental education and outreach. Interns work on mentored research projects
with mentors from university, Federal, State, and Counties agencies, as well as non-profit
organizations.

The DOI is engaging young people across the country in conservation and energy efficiency projects
on America’s public lands, to inspire and provide career pathways in natural resource occupations
and related sciences, and to become better educated about the Nation’s ecosystems. Establishing an
internship with Kamehameha Schools will benefit high school students but also recruit Native
Hawaiians into environmental conservation fields. Interns play a vital role in helping the Refuge
System in preserving a national network of lands and waters for the conservation and management of
the fish, wildlife, and plants of the United States for the benefit of present and future generations.
Most internships last between 12-20 weeks and offer opportunities to:

e Gain valuable hands-on natural resource management experience;

e Earn college credit; and

e Gain a working knowledge of the Service useful for future career decisions.

The Youth Conservation Corps (YCC) is a program for young adults who are between the ages of
15-18; where projects are conducted for 8-10 weeks during the summer. Environmental awareness is
an integral aspect of the YCC program, with projects embracing both work and environmental
learning goals. The participants spend most of their time in the outdoors. All participants are
expected to gain an understanding and appreciation of the Nation’s environment and heritage equal
to 1 full academic year of study.
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Kealia Pond and West Maui Mountains © Tony Temple

Chapter 3. Physical Environment

3.1 Refuge Introduction

Kealia Pond is adjacent to Ma‘alaea Bay along the south-central part of the Island of Maui, Hawai‘i.
The Refuge is separated from the Bay on the south side by a narrow band of coastal dunes. Located
within the isthmus bounded between the West Maui Mountains and Haleakala, the Refuge is exposed
to the regularly occurring trade-winds (trades) that come from the northeast and subject to the less
frequent Kona (southerly) winds. Although the isthmus is less than 12 miles in length (north-south),
the Refuge lies within a dry area compared to the wetter north shore.

The Refuge wetlands were formed by the combined natural action of the wind, waves, and erosion
and act as a sump within the floodplain for the Waikapti watershed that drains approximately 56
square miles. This results in unique climatological and hydrological conditions that direct
management capabilities.

Molokini is an eroded remnant of a tuff cone, arising from Haleakala’s southwest rift in the
Alalakeiki Channel about 3 miles west of Pu‘u Ola‘i on Maui’s south shore. The islet reaches a
maximum elevation of 165 feet. The outer sea cliffs are pockmarked with weathered holes and
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shelves, and an average slope of about 73 degrees. The inner walls are not as steep with a 32-degree
slope. The inner walls terminate in vertical sea cliffs above a wave cut terrace at the water’s edge.
The ridgeline distance between the islet’s 2 northern points is nearly 3,200 linear feet and the total
area is about 19 acres. Submerged remnants of the cone extend seaward in an arc from the northwest
point.

3.2 Climate

Located 2,400 miles southwest of the nearest continental landmass, the Hawaiian Islands are the
most isolated archipelago in the world. The climate of Hawai‘i is generally constant throughout the
year, with only minor periods of diurnal and seasonal variability. During the summer season,
temperatures are slightly warmer, conditions are drier, and trades originate from the northeast. The
winter season is characterized by cooler temperatures, higher precipitation, and gustier winds. Native
Hawaiians recognized only 2 seasons of 6-months each: a warm season with drier weather and more
reliable trades and a cooler wetter season with more storms and fewer trades.

Modern analysis of climate records indicates the soundness of the Hawaiian system of seasons. The
wet season is now considered to extend 7 months October-April and the dry season May-September.
During the wet season, there may be two or as many as seven major storm events a year. Such
storms typically bring heavy rains and large stream runoff into the Pond and are often accompanied
by strong Kona winds that blow from the south. Rainfall and stream runoff are rare during the May-
September dry season.

One of the most noticeable features in Hawai‘i’s climate is the persistent trades. The north Pacific
anticyclone (high pressure area) moves south to north seasonally with the sun, and reaches its
northernmost position at summer half-year. This position brings the center of the trades across
Hawai‘i during May-September. Trades are prevalent 80-95 percent of the time during this period.
During October-April, the Pacific High moves south of the islands. Trades still blow across the
island much of this period, but with less frequency (50-80 percent of the time in terms of monthly
averages).

Maui’s topography has a profound effect on wind. The funneling effect of Haleakala and the West
Maui Mountains tends to accelerate the normal trades through the isthmus of the island. Kealia
Pond, being located at the south end of the isthmus, is exceptionally windy, even for Hawai‘i,
because of this effect. Data on wind speed and direction at Kealia Pond have been collected
regularly since 2002, shown in Figure 3.1. Wind speeds are greatest in the summer months with July
being the windiest. Wind is generally less consistent during the winter months, although there are
some very windy days associated with Kona winds that blow from the south instead of the north.
The timing and seasonality of winds at Kealia Pond have some important physical and biological
implications that will be discussed later.
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Figure 3.1. Average monthly wind speeds at Kealia Pond NWR, 2002-2006.
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The Hawaiian Islands are broadly separated into two physiographic zones: windward and leeward,
depending on the exposure to trades and associated precipitation. Kealia Pond is located in the
leeward zone of the island. As a result of this and the rainshadow effect from Haleakala, the area
around Kealia Pond is arid. Tributary streams to Kealia Pond drain 56 square miles of the West
Maui Mountains. Rainfall data at the Refuge has only been collected since 2000. However, there are
four National Weather Service cooperative weather stations near the Refuge with rainfall data from
1950 to the present. Of the four stations, monthly rainfall at Kihei (Station 514489) appears most
similar to that measured at the Refuge, based on the period of overlapping records.

Approximately 92 percent of the total annual rainfall at the Kihei station falls October-April. The
period May-September is typically quite dry and windy in the area. Annual precipitation at the Kihei
station for the period 1950-2010 has averaged about 13 inches per year but has varied greatly from a
minimum of 3 in/yr to a maximum of 30 in/yr. There has been slightly less precipitation and greater
variability during the last half of the 57-year record. Figure 3.2 shows the average monthly
precipitation at Kihei from 1950-2010.

The climate is usually warm and pleasant year-round with average January daytime temperatures
around 81° F and July/August averaging about 88° F. Evening lows in January average about 63° F
with the summer evening lows averaging 69° F. While there is very little variation in annual
temperature there appears to be an increase in the late 1970s which may correspond to the widely-
recognized shift in the Pacific Decadal Oscillation (PDO) from negative to positive phase in 1977.
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Figure 3.2. Annual cycle of average monthly precipitation (top) and total annual precipitation with 5-year
moving average (bottom) at Kihei, HI, 1950-2008.
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3.2.1 Global Climate Changes and Projections

Global climate change is supported by a continuously growing body of unequivocal scientific
evidence. The Intergovernmental Panel on Climate Change (IPCC) is a scientific intergovernmental
body organized by the World Meteorological Organization and the United Nations Environment
Programme in order to assess the causes, impacts, and response strategies to changes in climatic
conditions. According to the Fourth Assessment Report by the IPCC, global temperatures on the
Earth’s surface have increased by 1.33° F over the last 100 years. This warming trend has accelerated
within the last 50 years, increasing by 0.23° F each decade. Global ocean temperatures to a depth of
almost 2,300-feet have also increased, rising by 0.18° F 1961-2003 (Solomon et al. 2007).

Global forecasting models offer a variety of predictions based on different emission scenarios. The
U.S. Government agency Overseas Private Investment Corporation (OPIC) suggests that a further
increase in greenhouse gas (GHG) emissions could double atmospheric concentrations of CO, by
2060 and subsequently increase temperatures by as much as 2-6.5° F over the next century. Recent
model experiments by the IPCC show that if GHG and other emissions remain at 2000 levels, a
further global average temperature warming of about 0.18° F per decade is expected. Sea level rise
(SLR) is expected to accelerate by two to five times the current rates due to both ocean thermal
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expansion and the melting of glaciers and polar ice caps. Recent modeling projects sea level to rise
0.59-1.93 feet by the end of the 21 century. These changes may lead to more severe weather, shifts
in ocean circulation (currents, upwelling), as well as adverse impacts to economies and human
health. The extent and ultimate impact these changes will have on Earth’s environment remains
under considerable debate (OPIC 2000, Buddemeier et al. 2004, Solomon et al. 2007, IPCC 2007).

3.2.2 Climate Change in Hawai‘i

Climate change impacts expected for Hawai‘i are warmer temperatures (air and ocean), more severe
droughts and floods, and a rise in sea levels. Giambelluca et al. (2008) reported that air temperatures
in Hawai‘i have increased at a rate of 0.3° F/decade since 1975, which is comparable to the rate of
increase in global temperatures. Temperature observations at the Mauna Loa Observatory 1977-2006
indicate a warming trend of 0.4° F/decade. Rainfall intensity has increased 12 percent in Hawai‘i
between 1958-2006 but total rainfall has decreased about 15 percent over the last 20 years. These
changes have and will continue to affect biologic and water resources on Maui and the other islands
(Mimura et al. 2007, Oki 2004, Chu and Chen 2005, Turcotte and Malamud 2009, Fletcher 2010).

The Service is supporting the development of regional Landscape Conservation Cooperatives that
will integrate local climate models with models of climate-change responses by species, habitats, and
ecosystems. The local version of these Landscape Conservation Cooperatives is the Pacific Islands
Climate Change Cooperative (PICCC), headquartered in Honolulu, but working across the Pacific.
The PICCC was established in 2010 to assist those who manage native species, island ecosystems,
and key cultural resources in adapting their management to climate change for the continuing benefit
of the people of the Pacific Islands. The PICCC steering committee consists of more than 25
Federal, State, private, indigenous, and nongovernmental conservation organizations and academic
institutions, forming a cooperative partnership that determines the overall organizational vision,
mission, and goals.

Similar to the rest of the world, temperatures in Hawai‘i are rising. The EPA has estimated that the
average surface temperature in Honolulu has increased by 4.4° F over the last century. In particular,
nighttime temperatures are notably warmer, increasing by about 0.5° F per decade over the past 30
years. Recent studies have shown that this rising average night temperature is greater at high
elevation sites than lower areas. Sea surface temperature near the islands has been increasing
recently, showing a 0.72° F rise from 1957-1987. Sea level around the Hawaiian Islands is rising by
6-14 inches per century. Over the last 90 years, precipitation has also decreased approximately

20 percent (EPA 1998, Arakawa 2008, Giambelluca 2008).

Global and regional predictive climate simulations may not capture unique and important features of
the Hawaiian climate. Existing large-scale models show large variability and uncertainty for the
Hawaiian Islands; thus, applying these models to predict local conditions must be done with caution
until more fine-scaled models are developed. Models from the IPCC and United Kingdom Hadley
Centre’s climate model suggested that by 2100 annual temperatures in Hawai‘i could increase by 3°
F, with a slightly higher increase in fall. Other estimates predict a 5-9° F rise by the end of the 21
century. Future changes in precipitation are uncertain, dependent largely on shifts in EI Nifio/La Nifia
events. Some predictions forecast an additional rise of 17-25 inches by 2100, while others suggested
decreased precipitation. The trend in precipitation at the Refuge, shown in Figure 3.3, has been
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decreasing since 1950. The temperatures, as shown in Figure 3.3, have been on a slight rise since
1950 (TenBruggencate 2007, Timm 2008).

Figure 3.3. Annual cycle of average monthly temperature (top) and mean annual temperature with 5-year
moving average (bottom) at Kahului airport, 1955 -2008.
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Long-term climate change may be increasing temperature and reducing precipitation, groundwater
recharge, and streamflow in Hawai‘i for extended periods. Oki (2004) looked at long-term trends in
streamflow from 1913-2004 for seven streams in Hawai‘i, including three on Maui, that 1) had data
available, 2) were free of upstream regulation or diversion, and 3) represented a variety of physical
and climatological characteristics. He reported statistically significant declines in baseflow in all
seven streams but a statistically significant decline in total annual flow in only one of the streams.
These baseflow declines are consistent with a long-term downward trend in rainfall observed over
much of the State during that same period and may reflect a decrease in groundwater storage and
recharge. However, the author states that detection of the trends was dependent on the period of
record considered. He says that the downward trends may just reflect higher than average baseflows
from 1913 to the 1940s, followed by a period with little or no trend in baseflows.
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3.2.3 Sea Level Rise

According to the IPCC, the oceans are now absorbing more than 80 percent of the heat added to the
Earth’s climate system. Since 1961, this absorption has caused average global ocean temperatures to
increase and seawater to expand. Thermal expansion of the sea is the primary cause of global sea
level changes. Melting ice-sheets, ice caps, and alpine glaciers also influence ocean levels.
Worldwide, sea level changes have historically occurred on a small scale; however, scientific
evidence suggests that the current, accelerated rate of global change began between the mid-1800s
and 1900s. Similarly, sea levels in the Pacific have regularly changed over the centuries due to
variations in solar radiation. Since 1800, sea levels in the Pacific region have been rising. During the
last century, these levels have risen about 6 inches and this is likely to rapidly increase in the next
century (Noye and Grzechnik 2001, GAO 2007).

Due to localized geographic and oceanographic variations, it is not possible to discuss SLR on a
global scale. Near Pacific Island ecosystems, SLR is influenced by the rate and extent of global sea
level rise, as well as changes in episodic events, such as the El Nifio Southern Oscillation (ENSO)
and storm-related conditions. Topography and exposure to normal and storm swell produce localized
differences. Furthermore, it is important to note that shoreline sea levels are historically and currently
influenced by isostatic tectonic changes as the islands move with the Pacific Plate, which are not due
to global changes in sea level. Thus, sea level change in the Pacific is highly variable due to geologic
uplift (Michener et al. 1997, Carter et al 2001).

Sea level rise is expected to exacerbate inundation, storm surge, erosion, and other coastal hazards.

Currently, ocean waters only occasionally reach Main Pond during high tides with large waves. The
frequency of these events will likely increase due to SLR. It is also likely that Ma‘alaea Beach may
be more prone to erosion which may threaten habitat and infrastructure in the area.

In an effort to address the potential effects of sea level changes on national wildlife refuges, the
Service contracted the application of the Sea Level Affects Marshes Model (SLAMM) 6 for several
Pacific Region Refuges. This analysis is designed to assist in development of long-term management
plans. The SLAMM model predictions for Kealia Pond NWR suggest that inland inundation within
this Refuge will occur given SLR scenarios below 3 feet (eustatic). It is in the 3-feet scenario that
rising waters begin to have an impact on the main part of the Refuge. The dry land (and beaches)
between the Main Pond and the ocean, which acts as a natural impoundment against inundation,
becomes heavily eroded in higher scenarios.

There is little or no tidal influence within the Refuge, however, after 3 feet of SLR salt water is
predicted to move beyond the road barrier. Within this SLAMM application, a connectivity algorithm
was used to determine when floodwaters are predicted to penetrate beyond the road resulting in more
frequent flooding and salinity changes within the Refuge. Under the highest SLR scenarios, N. Kihei
Rd. is predicted to be regularly flooded and convert to ocean beach or open water if left as is without
human intervention.

There is always uncertainty about how regularly flooded wetlands will respond to SLR. The most
important effects of SLR at Main Pond and Ma‘alaea Flats are the gradual inundation and flooding of
historic wetlands and dryland areas, as well as increases in the salinity of wetlands. Salinity
alterations have the potential to shift aquatic plants and animal communities that do not tolerate high
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salinity. Higher sea levels may inundate these low-lying land areas, potentially helping Refuge
personnel to reclaim/restore former wetland areas for endangered waterbirds.

3.2.4 Ecological Responses to Climate Change

Evidence suggests that recent climatic changes have affected a broad range of individual species and
populations in both the marine and terrestrial environment. Organisms have responded by changes in
phenology (timing of seasonal activities) and physiology; range and distribution; community
composition and interaction; and ecosystem structure and dynamics. The reproductive physiology
and population dynamics of amphibians and reptiles are highly influenced by environmental
conditions such as temperature and humidity. For example, sea turtle sex is determined by the
temperature of the nest environment; thus, higher temperatures could result in a higher female to
male ratio. In addition, increases in atmospheric temperatures during seabird nesting seasons will
also have an effect on seabirds and waterbirds (Duffy 1993, Walther et al. 2002, Baker et al. 2006).

Changes in ocean temperature, circulation, and storm surge due to climate change will impact seabird
breeding and foraging. The ENSO has been shown to cause seabirds to abandon habitats, nest sites,
and foraging areas for colder/warmer waters. Studies have found that nesting success is reduced for
some species during this climatic event. Oceanographic changes associated with ENSO may also
increase or decrease food supply for seabirds and subsequently impact populations that forage
offshore. Shifts in marine temperature, salinity, turbidity, currents, depth, and nutrients will have an
impact on seabird and waterbird prey composition and availability. Although these potential changes
may impact seabirds throughout the Hawaiian Islands, contrary evidence suggests that seabirds may
have coped with and evolved around climatic changes in the past (Duffy 1993).

Warming has also caused species to shift toward the poles or higher altitudes and changes in climatic
conditions can alter community composition. For example, increases in nitrogen (N) availability can
favor those plant species that respond to N rises. Similarly, increases in CO; levels can impact plant
photosynthetic rates, decrease nutrient levels, and lower herbivore weights. Although there is
uncertainty regarding these trajectories, it is probable that there will be ecological consequences
(Vitousek 1994, Walther et al. 2002, Ehleringer et al. 2002).

Climate change has the potential to influence two important ecological issues in the State of Hawai‘i:
endangered species and pest species. The majority of U.S. endangered species are found in the State
of Hawai‘i. Species declines have resulted from habitat loss, introduced diseases, and impacts from
pest species. Changes in climate will add an additional threat to the survival of these species. For
example, warmer night temperatures can increase the rate of respiration for native vegetation,
resulting in greater competition from pest plants. Furthermore, climate change may enhance existing
pest species issues because alterations in the environment may increase the dispersal ability of flora
or fauna. Species response to climate change will depend on the life history, distribution, dispersal
ability, and reproduction requirements of the species (DBEDT and DOH 1998, Middleton 2006,
Giambelluca 2008).
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3.2.5 Climate Change at at Kealia Pond NWR

Most of the anticipated climate change impacts at Kealia Pond NWR involve water supply and water
quality. Tributary streams that flow into Main Pond originate in the West Maui Mountains, which is
one of the wettest places in the world. Hydrologic conditions at Main Pond are largely dependent on
streamflow inputs, which can be highly variable from year to year and are affected by climatic
conditions and upstream regulation. Both short-term interannual climate variability and long-term
decadal variability affect streamflows on Maui and the other islands. Many of the droughts in
Hawai‘i are related to El Nifio events, which are associated with drier than normal winters. The PDO
also influences Hawaiian climate. The pattern of ocean-atmosphere variability associated with ENSO
phenomenon occurs on a relatively short time scale of 1 to several years while the PDO is a longer
term phenomenon occurring over 1 to several decades. Rainfall and streamflow tends to be low in
winter during EI Nifio periods and high during La Nina periods, especially during positive (warm)
phases of the PDO. Temperature may be affected by PDO phases too. A number of studies suggest
that climate change could be a major factor in accentuating the current climate regimes and the
changes from normal that come with ENSO events (Mimura et al. 2007, Oki 2004).

It is difficult to assess the relative threat of long-term changes in rainfall and runoff to the Main
Pond. Certainly declines in rainfall and runoff, including baseflow, would affect the water supply for
the Pond. Warmer air temperatures may mean warmer water temperatures, decreased dissolved
oxygen (DO), and greater evaporation. Nuisance issues of blowing dust and fish kills may also be
expected to be more common. Presently, the water level record at Main Pond is not long enough to
assess whether or not the frequency of dry conditions has already increased in response to warmer
temperatures, increasing evaporation, and decreasing precipitation. However, any gradual, long-term
changes in rainfall and stream inflow may be overshadowed by more immediate and direct changes
in upstream regulation and diversion and land management practices. As will be discussed below,
such changes have the potential to greatly modify Pond hydrology and ecology.

More severe flooding would also affect the Main Pond in a number of ways. They may increase the
frequency or severity of disturbance in the Pond and may also increase sediment loads reaching the
Pond, which could affect water quality and Pond bathymetry. More severe flooding would also
underscore the hydrologic function of the Main Pond with respect to ameliorating flooding and
runoff to the ocean. The Main Pond is valuable for retaining storm water and reducing the velocity of
flood waters. This wetland minimizes flooding of N. Kihei Rd., protecting the road as well as
allowing through-traffic during most rain storms.

The Pond and surrounding area act as a buffer, capturing flood waters and holding them before they
move into the ocean (either as surface flow or subsurface seepage). The wetland also protects the
adjacent beach and offshore coral reef ecosystem from deleterious effects of erosion, sedimentation,
and eutrophication associated with flood waters.

Most of the islands of the northwestern end of the Hawaiian archipelago are low sand and coral
islands. A foot of SLR could inundate much of the dry land of the NWHI and high islets such as
Molokini will have high value for seabirds in search of new protected nesting areas above water.
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3.3 Geology and Soils

The Hawaiian Islands were formed by a series of volcanic eruptions that occurred at hotspots beneath
the Earth’s crust. As the tectonic plate slowly drifted, magma welled up from fixed spots creating a
linear chain of islands. Iron-rich, quartz-poor rock flowed out of thousands of vents as highly fluid
lava.

3.3.1 Kealia Pond

The Island of Maui formed from two shield volcanoes that were close enough that their lava flows
overlapped, forming an isthmus between them. The oldest volcano, now forming the West Maui
Mountains, is about 5,000 feet high. The younger volcano, Haleakala, on the east side of the island is
over 10,000 feet high. The isthmus that separates the two volcanic masses is formed from sandy
erosional deposits and is the prominent topographic feature for which the island is known: “the
Valley Isle.”

A general soil survey for Maui County, including Kealia Pond, was completed by the Natural
Resources Conservation Service (NRCS) in 1972. Soils at Kealia are all classified as Kealia silt
loam. This soil series is found along coastal flats throughout the island and is associated with nearly
level, poorly drained soils with high salt content. Ponding occurs in low areas after heavy rains, and
salts accumulate on the surface with drying and evaporation. A representative soil profile consists of
a dark reddish-brown silt loam about 3 inches thick with stratified layers of silt loam, loam, and fine
sandy loam below this. A brackish water table occurs at a depth of 12-40 inches. The soil has a
high concentration of salts and is moderately alkaline. It is highly erosive when dry and the surface
becomes loose and fluffy.

Soils profiles described at several cores collected at Kealia Pond were generally silt loams and silty
clays intermixed with layers of coarser sandy loams and fine sands at depth. The water table in the
cores was consistently encountered at the depth of the sand layer or in the soil horizon just above it.
This suggests that coarser textured sand layers may be acting as conduits or permeable horizons for
groundwater movement into, out of, or underneath and around the Pond. Reportedly there is a
hardpan underlying much of the bottom of the Pond itself, which probably acts to seal the Pond
bottom and minimize groundwater/surface water exchange (Smith and Medeiros 1952, Nakai and
Mayer 2001).

At two sites near the historic mouth of Waikapti Stream, the presence of the sands and rounded
basalts indicated that at one time the stream channel flowed with enough energy to carry and deposit
such material near the Pond. Presently, the stream lacks a defined channel near the Pond and does
not appear to transport and deposit such material anymore. In cores located away from the Waikapt
Stream channel, the sand layer still exists at depth but the sands are finer textured and there are no
rounded basalts. The more permeable soils near the mouth of Waikapai Stream result in water levels
that are much flashier and more variable than elsewhere, based on water level data from piezometers
installed near the Pond. There is a much larger range of water levels here as compared to elsewhere
around the Pond.
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The presence of permeable sand layers and/or a hardpan has implications for management proposals
to excavate the Pond or construct additional impoundments. If dredging or excavation is deep
enough to intersect the sand layers, this may facilitate the flow of subsurface water into or out of the
Pond or impoundment, depending on local head gradients. Groundwater in some of the shallow
wells around the Refuge, especially on the north shore and to the southeast, is very saline (as much as
70 parts per thousand (ppt) or more). Intersecting a deeper, permeable layer with high salinity
groundwater during dredging may cause saline groundwater to flow into the Pond and may alter
Pond ecology. Additionally, the presence of a hardpan layer underlying the Pond would be important
to consider as well. It is not known how thick this layer is or what is below this layer but removing
this impediment to drainage and groundwater movement would undoubtedly affect Pond hydrology
and water quality as well.

Chemical analysis of sediments in 2001 in the Pond found high salinity. The average conductivity of
1:1 soils to distilled water mix was approximately 4 ppt salinity. The high salinity of the sediments
was apparently the reason Hawaiian Commercial & Sugar Company (HC&S) abandoned plans to
drain the Pond and grow sugarcane in the early part of the 20" century. The high salinity of the
sediments may also be part of the reason for a lack of rooted vegetation in the Pond. The only
substantial area of emergent aquatic vegetation in the Pond is the area receiving freshwater from the
wells. Sediments upgradient in the stream channels are not saline, suggesting that salts are
accumulating in the Pond and not being transported to it (Smith and Medeiros 1952).

All the soils and sediments are very high in phosphorus (P) (total, extractable, and water soluble) and
ammonia-N but fairly low in nitrate-N. Phosphorus is commonly the nutrient limiting primary
productivity in aquatic systems but Kealia seems to be naturally rich.

3.3.2 Molokini

The tiny, crescent-shaped islet of Molokini lies 3 miles offshore of Maui. Molokini is a volcanic cone
that rises about 500 feet from the submarine flank of Haleakala to a summit only 162 feet above sea
level. The cone is capped by a crater 1,770 feet in diameter, although the northern rim is below sea
level and the crater is flooded by the sea. It was active about 230,000 years according to an age
measured from lava fragments contained in the cone. Molokini is completely exposed to trades
through the Maui isthmus on its north side and easterly winds wrapping around Maui to hit its south
side. Wave action is continuously eroding the islet as evident by the undercutting along the sides
(USGS 2008).

Hundreds of ancient cinder cones can be found all around Maui, but Molokini is unique because it is
one of the few that rose all the way from the deep ocean floor and erupted above the water. When the
islands were forming, molten lava flowed beneath the surface of the ocean through porous tubes.
These tubes also trapped water within their rocky structure. When magma erupts explosively in
shallow water, the liquid water heats, expands rapidly, and changes to steam, adding to the eruptive
force. Rock and cinder were spewed into the sky and formed a crescent shape as they fell (USGS
2008).

Shallow marine eruptions have two consequences for the appearance of the resulting cone. The first
IS grain size, because the ripping power of these marine eruptions leads to finer-grained deposits than
in cinder cones onshore. The second is the abundance of volcanic glass, because the lava fragments
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are quickly cooled by water before crystals can form. Glass is a geologically unstable material. It
alters rapidly to brownish-yellow clays, giving Molokini its earthy yellow color. In contrast, cinders
erupted on land are reddish and black. The Molokini deposits are basanite, a type of basalt with fairly
low amounts of silicon (Si) and high concentrations of sodium and potassium (USGS 2008).

3.4 Hydrology

The hydrologic processes that occur in the Hawaiian Islands are unique compared to continental
landmasses or temperate zones. Drainage basins are typically small and streams are characterized by
steep longitudinal profiles and numerous waterfalls. Due to its location, Kealia Pond has historically
served as a settling/deflation basin for a 56-square mile watershed extending to the West Maui
Mountains. There are three major streams that are tributary to the wetland: Pohakea Stream,
Pale‘a‘ahu Stream, and Waikapt Stream. All three streams are unpredictable and intermittent, some
of which is due to diversions for agriculture. Wilcox (1996) reports that most of Hawai‘i’s streams
are flashy, with flow rates that rise and fall rapidly in response to precipitation. Several other
streams occasionally flow into the wetland from the west side of Haleakala during very high rainfall
events. Historically, these streams may have flowed into the wetland more frequently.

Hydrologic conditions vary considerably seasonally and annually. During the wet season, the Main
Pond usually maintains moderate to high water levels due to increased precipitation and streamflow
with a maximum Pond depth of 3-4 feet. As summer progresses, precipitation decreases, less stream
water flows into the Pond, and the water levels recede. Some years, inflows are sufficiently high to
maintain water levels throughout the summer. Most years, the water level begins to recede by April
or May, resulting in very low water or even dry conditions in the Pond by late summer or early fall.

3.4.1 Annual Hydrologic Cycle

The information presented next is based on Pond water level data collected at Kealia’s Main Pond
from 1996-2006. Since June 2000, Pond levels have been recorded hourly with a datalogger.
Figures 3.4, 3.5, and 3.6 show the Pond levels and monthly precipitation for water years 1996-2007.
The relationship between precipitation and water levels can be observed in the figures, with wetter
years and wetter times of the year resulting in higher water levels.

In most years, the Main Pond fills quite abruptly (within days) due to a combination of rainfall and
runoff following the first major storm in the fall or winter. Usually, this occurs in October or
November, although it has happened later, as in 2000 and 2006. Rainfall directly on the Pond is a
fairly minor component of the total inflow into the Pond. The majority of inflow is from runoff and
streamflow. Inflow reaches the Pond in three forms: as direct streamflow from any of three major
tributaries to the Pond; as runoff and diffuse surface flow from the surrounding lands; and as
subsurface flow (groundwater seepage).

Of the three main streams flowing to the Pond, Waikapt Stream is the major contributor of inflow
during the wet season. Although this stream is dry much of the time, the volume of water is
considerable when it is flowing. Peak flow measurements were collected annually from 1963-1997
at USGS Station 16650500 Waikapii Stream, located just upstream of the Refuge at Lower Ma‘alaea
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Rd. The peak flows averaged 620 cubic feet per second (cfs) and ranged from 104-1,130 cfs. Flows
greater than 1,000 cfs are not uncommon in the record. Weekly estimates of flow were collected at
this same site by Refuge staff 2001-2006. The maximum estimated flow recorded was 450 cfs and
the site was dry about 80 percent of the weekly visits. Historically, Waikapt Stream was believed to
be perennial through its entire reach but the stream was fully diverted of all but peak flows many
years ago for the purpose of sugarcane irrigation (Maciolek 1971). There is presently a reservoir
upstream of the Refuge on Waikapa Stream that may affect inflows to the Pond. Within the past 5
years, water rights issues have come to the forefront between environmental groups, agricultural
companies, and user groups that include the Waikapti Stream. However, to date, the State's decision
to return water to some of the West Maui streams has not included the Waikapi Stream.

The other two streams, Pohakea and Pale‘a‘ahu, make up a smaller fraction of the streamflow to the
Pond. Weekly flow estimates of these two streams were collected by Refuge staff 2001-2006 as
well. These two streams are still intermittent but flow more consistently than Waikapa Stream.
Pohakea Stream was dry an average of 50 percent and Pale‘a‘ahu Stream was dry an average of 20
percent of the weekly visits. The maximum estimated flow was 94 cfs in Pohakea Stream and 25 cfs
in Pale‘a‘ahu Stream. Flows in Pohakea Stream have been greatly reduced since 2004, based on
Refuge staff observations. From 2001-2004, Pohakea Stream was observed to be dry 23 percent of
the weekly visits to the stream. In 2005 and 2006, the stream was dry 92 percent of the weekly visits.
The decrease is likely due to some upstream change in water or land management. Pohakea Stream
is not a major contributor of inflow to the Pond. The major effect of this change is that the area
around the outlet channel of this tributary has become slightly drier.

Groundwater levels are quite dynamic and generally follow the same seasonal patterns as surface
water levels in the Pond. There is large temporal and spatial variability in water table levels and
groundwater salinity. However, the groundwater system appears to be only weakly connected to the
surfacewater system and groundwater seepage to the Pond is a minor component of total inflow.
Groundwater does not seem to influence the Pond in terms of quantity or quality, although
groundwater storage adjacent to the Pond may buffer the Pond water levels to some extent.

During the wet season, inflows from rainfall and streamflow usually exceed outflows, maintaining
high Pond water levels through this season. As precipitation and runoff decrease in the late spring
and summer, Pond levels begin a slow, steady decline. This decline usually begins in April or May
and continues unabated throughout the dry season until the fall rains begin. Water is lost from the
Pond through three processes: 1) surface flows to the ocean; 2) groundwater seepage losses; and 3)
evapotranspiration losses. Based on the physical constraints to surface outflow discussed below and
the consistency of salinity measurements as the Pond recedes (discussed later), the primary water loss
from the Pond appears to be through evaporation.
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Figure 3.4. Water level depths and monthly precipitation at Kealia Pond NWR, water years
(WY) 1996-1999.
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Figure 3.5. Water level depths and monthly precipitation at Kealia Pond NWR, 2000-2003.
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Figure 3.6. Water level depths and monthly precipitation at Kealia Pond NWR, 2004-2007.
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Surface outflows to the ocean occur only occasionally in the winter at high Pond levels which are
greater than 4 feet mean lower low water (MLLW). The outlet channel from the bridge to the ocean
is usually blocked by a sandplug formed naturally by ocean currents and tidal action. This sandplug
and the berm separating the Pond from the ocean cause water to Pond. Large rain events will raise
the Pond level enough to breach the sandplug temporarily, allowing surface outflow to the ocean and
resulting in a rapid drop in Pond levels. The sandplug typically rebuilds within several days.
Although the water that outflows to the ocean contains some suspended sediment and organic matter,
Maciolek (1971) believed that, at the time of the report, this turbidity was not severe enough to harm
the Ma‘alaea coral reef community living at or to the west of the discharge point.

There appears to be a small amount of subsurface seepage through the sand beach berm and plug
from the Pond to the ocean. Water can be observed to be flowing out under the bridge on N. Kihei
Rd. even when the sandplug is in place and there is no surface outflow to the ocean. This indicates
the existence of subsurface seepage through the beach berm separating the Pond and the ocean. The
sand substrate of the beach berm is probably more permeable than the silts and clays underlying the
remainder of the Pond. The subsurface seepage outflow is estimated to be as high as 2 cfs or 4 acre-
feet/day, depending on the Pond elevation. Subsurface seepage losses will be head-dependent,
meaning the higher the Pond level, the greater the subsurface seepage outflow.

The elevation of the bottom of the box culvert under the bridge is 2.54 feet MLLW. As the water
level recedes below this elevation, the box culvert blocks any outflow under the bridge, isolating the
Pond from the area of seepage outflow. Seepage losses in other areas of the Pond are very small and,
it appears that Pond outflows at water surface elevations less than about 2.5 feet MLLW are solely
through evaporation. The Pond essentially acts as a closed basin as water levels recede below the
elevation of the box culvert at the bridge. This has important chemical and biological implications
since evaporation concentrates salts, nutrients, and other solutes, as will be discussed later.

One of the characteristics of evaporative losses at Pond levels less than 2.5 MLLW is that they are
quite predictable. The rate of evaporation varies seasonally but is consistent from year to year in the
absence of any significant inflows. The dry season rate of decline, without any pumping of well
water into the Pond, has averaged 0.023 feet/day (0.65 feet/month), with a range from 0.020 feet/day,
in 2002, to 0.026 feet/day, in 1999 and 2008 (Table 3.1). Variability in the rate of decline during the
dry season appears to be related mainly to fluctuations in evaporation rates and to occasional stream
inflows during the period of decline. Pumping groundwater into the Pond slows the rate of decline
considerably. In 2000, the rate was 0.01 feet/day and in 2001, it was 0.008 feet/day. In both years,
pumps were running fairly consistently throughout the spring and summer during the period of
declining water levels. The rate of water level decline is slightly slower in the cooler wet season. In
the absence of any groundwater pumping or inflows, it averages about 0.013 feet/day during the
winter months and about 0.18 feet/day during spring/fall months, based on data from 2007-2008.

At the previous well capacity of approximately 700 gallons per minute (gpm), groundwater pumping
slowed the rate of decline and stabilized the Pond elevation at about 1.00-1.30 feet MLLW (about
0.4-0.5 feet average Pond depth) in the summer. This elevation range represents about 50-60 percent
water coverage. Above this elevation, the evaporative losses are too great and the existing well
capacity cannot meet the demand.
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Table 3.1. Rates of Water Level Decline for Periods with No Significant Inflow to Pond.

Water Year Period with No Season Rate of Pond Level
Significant Inflow Decline (ft./day)

1998 2/24-5/21/98 Winter/Spring 0.021
1999 6/23-8/26/99 Summer 0.026
2000 4/17-9/5/00 Spring/Summer 0.010*
2001 4/1-8/1/01 Spring/Summer 0.008*
2002 8/24-10/11/02 Summer/Fall 0.020
2003 5/17-7/24/03 Spring/Summer 0.023
2004 9/5-24/04 Summer/Fall 0.022
2005 5/26-8/1/05 Summer 0.022
2006 7/4-9/5/06 Summer 0.026
2007 2/3-3/12/07 Winter 0.017
2008 2/22-4/30/08 Winter/Spring 0.018

Summer

Average 0.023

* Wells were pumping continuously during the summer period during 2000 and 2001. These years were not
included in the summer average rate of decline calculation.

There is about 2 feet of difference between winter maximum water levels and summer minimum
water levels. Maximum water levels typically occur in winter months of February -April, with mean
depths of about 3 feet. Even during the dry winter in 2006, the Pond was full by April. June, July,
and August levels have been quite variable, but are usually quite low in dry years. October and
November have consistently been the months of minimum water elevations. Early fall storms are
responsible for the higher elevations observed during October and November in some years.

3.4.2 Water Quality of the Main Pond

The water quality and algae information presented here is based on 5 years of monitoring at the Main
Pond from 2001-2006. In general, the Pond is extremely productive and hypereutrophic, meaning
chlorophyll-a concentrations greater than 100 parts per billion (ppb) as classified by the Organization
for Economic Cooperation and Development. Chlorophyll-a had a median concentration of 125 ppb
for the period but concentrations were greater than 1000 ppb on several occasions. Water
temperatures, salinity, turbidity, macronutrient concentrations, chlorophyll- a concentrations, and
algal biomass were usually greater in summer and fall at lower water levels. The Pond has a very
low relative depth (ratio of depth to surface area) and flat bathymetry, and is polymictic (mixed
continuously) due to the shallow depth and strong local winds. There is little spatial variability in
water quality conditions in the Pond because it is so well-mixed. Water quality is strongly related to
Pond water levels; this is the single most important factor affecting water quality. Pond depths and
water quality are strong controls of its biota as well (OECD 1982).

Temperature

Mean annual water temperature at Kealia is 76.6° F and ranges from an average of about 73° F in
winter (December-March) to 79° F in summer (June-September). This is very close to the annual
average of 75.2° F predicted for water bodies at this latitude. A time series plot of hourly water
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temperature and water level elevation is shown in Figure 3.7. Water temperature is strongly

dependent on time of day, season, and water level depth.

Figure 3.7. Water Temperature and Salinity, 2002-2007.
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Temperatures are higher and fluctuate more with shallow water depths. Daily maximums were as
high as 102 °F in July 2003 and 95 °F in September 2005, when water levels were around 1.0
MLLW or less. The diurnal difference in daily minimum and maximum temperatures often exceeds
the seasonal variation between winter and summer temperatures and can be as great 50 °F or more at

very low water levels (Lewis 1987).

Salinity

Salinity varies seasonally and interannually in the Pond, from fresh to brackish levels in winter to

hypersaline levels in summer and fall. A time series plot of hourly salinity and water level elevation

is shown in Figure 3.8. The range in salinity over a single season is large, from values less than 1 ppt
to values of 70 ppt or more. The maximum salinities observed represent values twice as saline as sea
water. This must be an extreme physiological stress on organisms living in the Pond. Given the
seasonal fluctuations in salinity, it is almost certainly a strong environmental control of biota in the

Pond.

Chapter 3. Physical Environment

3-19



Kealia Pond National Wildlife Refuge Comprehensive Conservation Plan

The strong seasonal changes in salinity are driven by evaporation and surface inflows. Streams
flowing into the Pond are characterized by very low salinity waters (about 1 ppt). With the initial fall
flooding of the Pond, low salinity stream waters are mixed with residual Pond waters, usually of high
salinity, to produce an initial salinity of 1-6 ppt. Salinity usually remains below 6 ppt throughout
winter and spring until water levels drop to about 2.5 feet MLLW. Below this elevation, there are no
longer any surface or subsurface outflows, only evaporative losses. As water levels drop below this
elevation, salinity starts to increase rapidly and predictably, due to evaporative concentration of salts.

The predicted and observed salinity as a function of elevation below 2.5 feet MLLW is shown in
Figure 3.7. The observed salinities were measured during the periods of no significant inflows.
Most of the measured points fall close to the line of predicted values, indicating good agreement.
Well water from the 2 production wells at Kealia is fresh (less than 1 ppt) so pumping groundwater
into the Pond can reduce the salinity, depending on the ratio of Pond water to well water.

There is a very strong and consistent relationship between water levels and salinity in the Pond. The
fact that the observations closely align with the predicted salinity assuming evaporative concentration
of salts points to evaporation as being the single major outflow from the Pond at levels below 2.5 feet
MLLW. Since evaporative losses from the Pond are predictable, it is possible to predict salinity in
the short term as well, in the absence of any significant inflows.

Figure 3.8. Predicted and observed salinity concentration as a function of water level elevation.
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Dissolved Oxygen

Like other field water quality parameters, DO varies diurnally and seasonally in relation to a number
of factors. The DO concentration in the Pond results from a combination of photosynthesis,
decomposition, algae biomass or organic matter concentration, temperature, water level, and mixing
in the Pond. Photosynthesis of algae produces DO while respiration of algae and decomposition of
organic matter consumes it. The higher the algal biomass, the greater the amount of photosynthesis,
generally speaking, leading to more DO production, at least during the day. On the other hand,
higher concentrations of organic matter will lead to more decomposition and consumption of DO.
The diurnal cycle of DO is largely a result of the balance between photosynthesis and respiration.
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A time series plots of hourly DO concentrations and water level elevation is shown in Figure 3.8.
Conditions in Kealia Pond are very productive, causing very large swings in DO on a daily basis,
with supersaturated DO concentrations during the day (meaning DO concentrations are much greater
than equilibrium concentrations with atmospheric O) and undersaturated conditions at night
(meaning DO concentrations are much lower than equilibrium concentrations with atmospheric O).
Dissolved O, expressed as percent saturation, commonly exceeds 300 percent during the day and
drops to near 0 at night, particularly at low water levels. The DO concentrations reached 20 ppm, the
maximum measurable with our instrumentation, on numerous occasions. As with salinity, the large
fluctuations in DO means that it is almost certainly a strong environmental control of biota in the
Pond.

The solubility of DO is also strongly temperature-dependent, with declining equilibrium DO
concentrations at warmer temperatures. Photosynthesis and decomposition are temperature-
dependent, too. This means diurnal and seasonal temperature variability contributes to DO
variability. At greater water depths (3 feet or more) and cooler temperatures, the range of DO is
more moderate and less likely to become extremely supersaturated or undersaturated. Lower water
levels have warmer temperatures, increased photosynthesis and decomposition, and greater
chlorophyll- a and algal biomass, which produce a wider range of DO conditions.

Potential of Hydrogen (pH)

Like DO, pH shows diurnal and seasonal variability in response to many of the same factors.
Dissolved CO; is the principal constituent controlling pH in the water column. The CO, acts as an
acid in water and lowers the pH. Photosynthesis consumes CO; and causes pH to increase during the
day, because of the removal of an acid. Respiration and decomposition produces CO, and causes pH
to decline at night, because of the addition of an acid. Seasonal effects on temperatures and water
levels will affect pH in the same way as DO, through the effects on photosynthesis and
decomposition. Buffering in the Pond may moderate some of the pH swings.

The range of pH in the Pond is generally 8.0-9.5, with greater diurnal fluctuation and lower
minimums (closer to 7.5) at lower water levels (about 2.0 feet or less) (Figure 3.9). The maximum
daily pH is usually between about 9.0-9.5 but at lower water levels, pH exceeded 9.5 on several
occasions. At very high water levels, the range of diurnal pH becomes smaller.

Turbidity

Turbidity is a measure of the amount of light scattered by suspended solids in the water column.
Suspended solids have a tremendous effect on the light environment of the Pond, thereby affecting
photosynthesis and primary productivity. The higher the turbidity or the concentration of suspended
solids, the less light will penetrate into the water column. There is an inverse relationship between
turbidity and Secchi depth (a measure of water clarity as determined by lowering a black and white
disk into the water).

Turbidity in the Pond is quite variable and ranges from 0 to greater than 1000 nephelometric turbidity
units (NTU), which is the maximum reading on the hydro-measuring device (Figure 3.9). Turbidity
is very strongly related to water depth and wind speed. At shallow depths, algal productivity is great,
increasing the biomass and solids concentrations in the Pond. Mixing depths likely extend all the
way to the sediment in shallow water, which means that any particle or material that has settled can
be resuspended by wind mixing. Algal biomass and total organic carbon are also important to
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turbidity since these are primary sources of suspended material. As pointed out above, algal biomass
increases with decreasing water levels. All of these factors mean that turbidity increases with
decreasing water levels. Daily fluctuations in turbidity are correlated with the daily fluctuations in
wind speed. Seasonally, mixing of settled material is more likely to occur during the dry season
because of more consistent trades and lower water levels.

There are questions as to the origin and cause of turbidity and suspended solids in the Pond. Initially,
we believed that suspended material was being brought into the Pond from upland areas through
tributary streams. While this probably occurred in the past, it does not appear to be now. Even
substantial surface storm runoff to the Main Pond rarely causes any measureable increase in turbidity
or total suspended solids (TSS). There is rarely any turbidity increase associated with major inflow
or abrupt water level increase in the Main Pond. This may be because the large expanse of flat,
vegetated area upstream slows stream-flow and traps sediment. Conversion from flood irrigation to
drip irrigation in the agricultural lands upstream in the 1970s probably reduced runoff and erosion
from these areas as well. Most of the suspended material in the Main Pond now is autochthonous
organic matter, meaning it is synthesized in the Pond rather than brought to it from the surrounding
drainage.

Figure 3.9. Hourly pH, turbidity, and water level data at Kealia Pond, 2002-2006.
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Secchi Depths

The Secchi is a small circular disk used to measure water transparency. The disk is mounted on a
line and lowered into the water until it is no longer visible. The depth at which this occurs is the
Secchi depth. Secchi depth measurements were made weekly or bi-weekly at the Pond from January
2004-April 2006. Secchi depths ranged from 0.05-1.4 feet and averaged 0.57 feet. Secchi depth is
negatively correlated with turbidity, TSS, volatile suspended sediments, total organic carbon, and
chlorophyll-a and positively correlated with water level depth, with increasing transparency and
Secchi depths at higher water levels. As such, it varies with water depths , wind speeds, and algal
biomass as a result of the same factors responsible for decreasing turbidity, TSS, organic carbon, and
chlorophyll-a .

Macronutrients

The macronutrients P and N are both essential for algal growth and both will often control algal
productivity in the aquatic environment. Total P (TP) and total N (TN) concentrations are high in the
Pond (median concentrations 0.502 ppb and 4.91 ppb, respectively) but bioavailable forms (soluble
reactive P, dissolved inorganic N) are very low. The median soluble reactive P (SRP) concentration
in the Pond is 0.007 ppb. The median dissolved inorganic N concentration (DIN) is 0.028 ppb.
Almost all of the nutrients are in particulate form, most likely associated with algae and organic
matter. This is not unusual in highly productive systems where the demand for bioavailable nutrient
forms is great. Concentrations of SRP and DIN do spike periodically and these spikes are almost
always associated with inflow to the Pond, suggesting the surface and/or subsurface inflows are
sources for bioavailable nutrient forms. The stream and piezometer sampling indicates that median
concentrations of SRP and DIN are higher than the Main Pond, although median concentrations of
total P and total N are lower. Surface and subsurface inflows may be important sources of
bioavailable nutrients for algae.

Concentrations of TP and TN are significantly greater in the summer than in the winter. The median
July-October summer concentration is 0.79 TP ppb and 7.1 TN ppb and the median January-April
winter concentration is 0.37 TP ppb and 3.1 TN ppb, respectively. The higher concentrations in the
summer are likely due to several factors including evaporative concentration (the same process that
concentrates salts in the summer). They may also indicate a source of internal nutrient loading from
the sediments or a nutrient contribution from groundwater seepage inflow. Most of the algae in the
Pond are not cyanobacteria so they are not obtaining N through the atmosphere. At low water levels,
total nutrient concentrations can become extremely high. Total P concentrations reached peaks of
11.2 ppb in July 2003 and 9.5 ppb in August 2005. Total N concentrations reached 45.0 ppb and
60.8 ppb during the same months. These high concentrations corresponded to the minimum water
levels for the respective years.

Chlorophyll-a

Chlorophyll-a is the green pigment found in plants that allows them to convert sunlight to energy.
Chlorophyll-a measurements indicate the biomass (weight) of phytoplankton in the Main Pond and
its primary productivity. Kealia Pond is quite productive, with chlorophyll-a concentrations greater
than 8,000 ppb observed in July 2003 and greater than 3,000 ppb in July 2005. These are extremely
high concentrations and they coincide with the timing of nutrient peaks described above.
Chlorophyll-a and algal biomass affect many other things in the Pond: turbidity, DO levels, pH,
organic carbon, nutrient cycling, light attenuation, and possibly food resources for invertebrates and
higher biota such as fish and waterbirds.
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Chlorophyll-a is inversely related to Pond elevation. Lower water elevations generally correspond
to periods of higher algal biomass. Light may be a limiting factor for algal growth, especially at
higher water levels. While turbidity, TSS, algal biomass, and total O content (TOC) decrease at high
water levels, allowing more light penetration, there is still a significant amount of the water column
that is without light. Under these conditions, winds could mix algae in and out of the photic zone and
thereby limit the time they spend in the photic zone.

Chlorophyll-a concentrations appear to build during quiescent periods with little water level change,
especially at the lower water surface elevations (less than about 2.0 feet). Chlorophyll-a
concentrations typically reach their annual peak at minimum water elevations. The high
concentrations observed in July 2003 corresponded to the minimum water elevation (0.82 feet) for
the year. Annual maximums in fall 2001 and fall 2002 corresponded to about 1.6 feet MLLW in
both years.

Dissolved Silicon

The soluble, bioavailable form of Si is soluble reactive Si (SRS). This element is an essential
nutrient for diatoms, which represent two-thirds of the total biovolume of algae in the Pond. The
concentration of SRS varied considerably in Kealia Pond, with a median concentration of 2.5 ppb
and a range from less than 0.1-17.1 ppb. Approximately 10 percent of the water samples had
concentrations below the detection limit of 0.1ppb. The concentration of SRS tended to be lower with
greater diatom biovolume, but the relationship was not very strong. Other factors like water depth,
light availability, macronutrient concentrations, and salinity may be controlling diatoms as well.

Algae

High salinity, sediments, turbid waters, and wind-driven waves limit the growth of any rooted
emergent or submergent vegetation and favor the growth of phytoplankton in the Main Pond.
Algae are responsible for most of the primary productivity in the Pond and were monitored
regularly at the Main Pond from 2002-2005. The following information is based on the results
from this monitoring.

The species, densities, and biovolume of algae varied considerably seasonally and interannually
(Figure 3.10). There was an average of 11 species of algae. Reynolds (1994) states that nutrient-
rich environments will usually have fewer niches to exploit and therefore, fewer number of algae
species. The three most common algal groups were diatoms, green algae, and blue-green algae
or cyanobacteria, as is common in small, highly enriched water bodies. Diatoms were the
dominant group, representing an average of 67 percent of the total biovolume of algae in the
Pond. Green algae were the second most dominate algal group. Generally speaking, diatoms
and green algae seem better adapted to fluctuating light conditions in well-mixed waters than
cyanobacteria. Being non-motile and non-bouyant, they typically occur in well-mixed waters
whereas positively bouyant algae, like planktonic cyanobacteria, persist in stable waters and still,
windless conditions.
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Figure 3.10. Algal group biovolume as a percent of total biovolume at Kealia Pond, 2002-2005.
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All of the algae in the Main Pond are generally smaller-bodied, planktonic algae, with higher growth
rates and lower sinking losses. They are generally tolerant of a wide range of salinities and light
environments and typically found in nutrient-rich waters. Most were non-flagellate, most were small
(geometric mean biovolume is 134 um? per cell), and many were osmotrophic. The dominance of
diatoms and other small-bodied algae may be because the Pond is continually disturbed through
wind-mixing, and runoff events, causing perennial “spring-like” conditions in this system. Very
shallow lakes are often arrested in a single successional stage, which explains their greater simplicity
and lower degree of seasonal variation in phytoplankton communities (Lewis 1996).

3.5 Topography/Bathymetry

The area around Kealia Pond has undergone substantial changes since the 1900s. Reportedly, Native
Hawaiians used the Pond for an easy supply of ‘ama‘ama and o‘opu and salt was mined from the
northeast shore of the Pond by European visitors. During the 1920s and 1930s, accelerated erosion
from agricultural development upstream of the area likely caused a great deal of sedimentation in the
Pond. Combined with the diversion of inflows, the Main Pond depth and volume were reduced
substantially. Since the 1930s, it has been intermittently dry, probably due to a combination of
sedimentation from the surrounding agricultural development and alteration and diversion of surface
flows to the Pond (Smith and Medeiros 1952).

The apparent decrease in Pond depth and capacity has generated a lot of interest and concern about
sedimentation in the Pond. One of the factors driving this concern is the dust that blows from the
exposed sediments of the Pond bottom during periods when it is dry. Dry periods during summer
correspond with the season of maximum wind speeds and frequencies. The blowing dust may be
viewed as a potential ecological threat to the coral reefs; however, Maciolek (1971) postulated the
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dust had little impact on the reefs and is less detrimental than the sedimentation from the outlet
stream when all sediments are discharged at once.

An obvious concern is that the reduced depth and capacity of the Pond has resulted in an increase in
the frequency of dry conditions and exposed sediments in the Pond. Several earlier studies have been
focused on the question of whether or not the Pond is filling in due to sedimentation and, if so, at
what rate. In the 1970s, there were three elevation surveys of the Pond and the surrounding area to
address this question. These were done by the U.S. Army Corps of Engineers (USACE) in 1970,
NRCS in 1972, and the Service in 1976.

In addition to the survey capacity curve, the NRCS did a sedimentation study in conjunction with an
environmental assessment of the area by Maui Electric Company (MEC) at the request of the Maui
Planning Commission. Based on the survey and the sedimentation study, the NRCS estimated that
the capacity in 1910 was about 450 acre-feet and that there was a 55 percent loss of capacity in the
Pond from 1910-1972 due to sedimentation. The corresponding Pond elevation at 450 acre-feet
capacity is not stated in the report, and it is hard to compare it to other more recent capacity estimates
without knowing the assumed water level elevation. Applying the 55 percent capacity loss to the
1910 estimate of a 450 acre-feet Pond means that the 1972 Pond capacity was about 200 acre-feet.

Included in the 1972 sedimentation study was an estimated sediment budget for the Pond. In 1972,
the Pond was estimated to be receiving 10.5 acre-feet of sediment annually with about 5 acre-feet of
this accumulated sediment lost to wind erosion and another 2.3 acre-feet lost to the Bay, leaving a net
addition of 3.2 acre-feet in the Pond. The sedimentation estimates emphasize the importance of dry
conditions and deflation to the Pond. The Pond acts as a settling and deflation basin maintained by
wind erosion of deposited silt. If the Pond were permanently inundated, this would preclude
deflation and may actually tend to channelize drainage directly to the ocean. While the blowing dust
is a nuisance issue to neighboring residents, Maciolek (1971) did not believe the blowing dust is
harming coral reefs offshore, pointing out that much of the material is deposited further, beyond
inshore Ma‘alaca waters.

A current elevation survey of the Pond was one of the most important information needs identified
by a Service workshop in 2000. In October 2000, the Service completed an elevation survey of the
Pond. The results of that survey are shown in Figure 3.11 and 3.12. It is not clear that the datums for
the older surveys are accurate and comparable to the newer survey information. However, if the
Pond has continued to accumulate 3.2 acre-feet of sediment per year as estimated in 1972, then an
additional 100 acre-feet or more of capacity should have been lost by now. This would represent a
50 percent loss of the estimated capacity in 1972, which appears unrealistically high, based on
observations by Refuge staff. The current maximum surface acreage is estimated at 197.
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Elevation & Contours
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To preserve the quality of this figure, this side was left blank intentionally.
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Figure 3.12. Pond volume and area as a function of water level elevation, USFWS 2000.
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Changes in land use and water management upstream may have affected the sediment input to
the Pond. Most of the sugarcane fields in the area were converted from furrow irrigation to drip
irrigation in the 1970s. Engot and Vanna (2007) report that furrow-irrigation efficiency ranges
from 0.3-0.7 while drip-irrigation efficiency ranges from 0.8-0.95. More efficient irrigation in
recent years has likely reduced erosion and runoff into the Pond. Runoff through ditches from
furrow irrigation may have contributed to small increase in sediment loads during non-rain
events. However change in land use such cattle ranching in and adjacent to the Main Pond may
have been the source of high sediment loads during rain events (Wilcox 1996).

3.6 Environmental Contaminants

A study of environmental contaminants at Kealia Pond NWR was completed in 1992, prior to its
establishment as a Refuge. The purpose of the survey was to determine contaminant concentrations
within and adjacent to the proposed acquisition boundary, specifically for pesticides, heavy metals,
petroleum byproducts, and certain physical parameters (e.g., particle size of sediment). Given the
history of the property and adjacent lands at the time, these analyses were essential in identifying the
present and future quality of the wetland (USFWS 1992).

The chemical analyses for approximately 80 pesticides and related breakdown product residues were
at levels below the analytical detection limits of the pesticide scan for samples within the Refuge
boundary; therefore, no detectable levels of pesticides were reported for soil samples collected.
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These results corroborate a 1986 contaminant survey of Kealia Pond which reported no detectable
levels of pesticides, including lindane, heptachlor epoxide, heptachlor, aldrin, DDD, DDT, ametryn,
and atrazine. These results suggest that soils at the Refuge are neither pervasively nor acutely
contaminated with traditional persistent pesticides above analytical detection limits of the scan.
These findings were unexpected given the long history of agriculture within the Waikapt watershed.

The study also included chemical analyses for 20 heavy metal compounds (mercury, lead, arsenic,
cadmium, chromium, copper, nickel, selenium, and zinc) from soil samples. With the exceptions of
cadmium, chromium, and nickel, the results did not indicate widespread or pervasive contamination
by heavy metals within the Refuge. Detectable levels of these exceptions were thought to be due to
the historical and then current use of the property by the military and aquaculture facilities (see Land
Use section 3.7).

Site inspection screening was performed during this same period, concentrating in areas of historical
use within and beyond the Refuge boundary, and areas used by the operational aquaculture facilities.
Evidence of petroleum-based waste was observed; however, the sources were identifiable. These
sites included areas around the old Maui airport at Ma‘alaea Flats along with over 40 abandoned
vehicles, and household and industrial items. Many of these sites were beyond the final boundary
delineation; however, they remain in the wetland within a much larger watershed and pose a potential
risk to wildlife and habitat. Following the contaminants survey and prior to the acquisition, most of
the potential contaminant sites had been remediated by the landowner (A&B) or their tenants.

The aquaculture facility was in operation in 1992 and was also evaluated for contaminants.
Unlabeled bags, bottles of chemicals, and oil patches in and around the former laboratory were
observed. These were cleaned up or removed by the County of Maui in accordance with their lease
agreement with A&B. The MEC surveyed their pole-mounted electrical transformers within the
Refuge and replaced one transformer that contained regulated levels of polychlorinated biphenyls
(PCBs). Currently, all transformers within the Refuge contain non-PCB fluid.

The Refuge will always be subjected to activities occurring in the upper watershed, thus it is
beneficial to periodically re-evaluate the soils. For this reason, a contaminants study was conducted
in 2001 to determine contaminant levels in superficial sediments throughout the Pond and streams
that supply runoff and assess potential hazards to aquatic biota. Of the 129 possible contaminants, 12
tests resulted in detectable levels of organic contaminants (polyaromatic hydrocarbons, acetone, and
methyl chloride). Polyaromatic hydrocarbons result from emissions of gasoline engines and
municipal incinerators; whereas volatile organics (acetone) result from domestic and industrial
solvents as well as emissions of gasoline engines. Although organic contaminants were detected in
sediment samples, none of these contained concentrations above effects levels (Kilbride 2002).

Endangered waterbird and migratory bird tissue is sampled only when dead birds are retrieved from
the wetland and submitted to the USGS National Wildlife Health Center in Honolulu. Aside from
testing for avian diseases, the tissue is analyzed for lead. To date, lead has not been detected in birds
from the Refuge. A small sample (10) of live tilapia was collected from Kealia Pond in 1999 to test
for organic contaminants. Results indicated no detectable levels in the tissue. The fish in the Pond
have yet to be sampled for metals but will need to be prior to consideration of any public fishing
program.
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Changes in upstream land use and presence of agricultural fields since the early 1900s have resulted
in deposition of sediments within the soil profile of the Pond. The potential for contaminants
entering into the Refuge will continue to be a concern and requires periodic monitoring to prevent
accumulation into the habitat and wildlife species.

3.6.1 Molokini Contaminants

The USACE has designated Molokini and 157 acres of the surrounding waters as Unexploded
Ordnance Removal, Formerly Used Defence Site, and confirmed the site has munitions and
explosives of concern originating from military activities. The Navy was tasked to conduct a surface
survey of Molokini. Two site surveys conducted in December 2006 and March 2007 found three
ordnance items that had to be disposed of prior to the turnover of islet: a 250-pound old-style bomb,
a 105mm projectile, and a 5-inch rocket with 3.25-inch motor. These items were destroyed in place.

3.7 Land Use

A diversity of land uses occur in the vicinity of Kealia Pond NWR, a majority of which is
agriculture. The towns of Kihei and Ma‘alaea are nearby the Refuge to the east and west,
respectively. One of the two power plants operated by the MEC borders the Refuge to the west. The
Waikapt watershed, beyond the Refuge boundary, has residential and commercial development.

Since the early 1900s, sugarcane has been the predominant crop cultivated within the lower sections
of the watershed and the fields surrounding the inland margins of the Refuge boundary. The three
channelized streams that feed into Kealia Pond from West Maui Mountains have been diverted to
irrigate the sugarcane fields creating minor flow to the ocean. Agricultural activities over the years
have drastically altered the landscape of the watershed through excessive vegetation clearing and
subsequent downstream sedimentation (Maciolek 1971, USFWS 1978).

The HC&S operates the only sugarcane plantation in Maui County and Hawai‘i as a whole. The
HC&S owns the 34,900-acre plantation surrounding Kealia Pond and produces over 172,000 tons of
raw sugar annually. In addition, HC&S employs over 900 Maui residents. Currently, the company is
researching new commercial uses of sugarcane, including alternative fuel (Maui County 2009).

On the northwest side of the Refuge boundary is the MEC’s Ma‘alaea Power Plant. The company’s
high voltage electric transmission line runs from the Ma‘alaea Power Plant east towards Kihei,
between the Refuge’s north boundary and the sugarcane fields.

The Puanani o Kula nursery, operating since 1989, is adjacent to the Refuge’s east boundary. This
landscaping operation grows both native and exotic plants on land leased from A&B. The KNUI
radio transmitting facility is also located on their property.

The closest town to the Refuge is Kihei, with condominiums starting across the eastern side of the
Refuge along Ma‘alaca Bay. Occupants of these buildings include full- and part-time residents and
vacationers. Constructed in the early 1970s, the largest condominium is Sugar Beach Resort with
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more than 200 units. Continuing east, S. Kihei Rd. follows the shoreline with commercial
development (resorts, condominiums, businesses) and residential housing.

A couple of transportation corridors are adjacent to the Refuge. Mokulele Hwy. is 6.5 miles in
length and situated north-south, connecting the towns of Kahului and Kihei. The Refuge’s entrance
road is off this four-lane highway. The south boundary is bounded by N. Kihei Rd. that bisects the
Refuge from Ma‘alaea Bay. This two-lane highway separates Kealia Pond (open water Pond and
flats) from Ma‘alaea Flats. The coastal property parallel with N. Kihei Rd. is narrow, approximately
1.25 miles long, and owned by A&B from the road right-of-way to the high water line. This property
continues westward to the Ma‘alaea community along the south boundary of the Refuge’s Ma‘alaca
Flats.

Land use beyond the Refuge’s boundary includes the community of Ma‘alaea, located more than 3
miles west of the Refuge. This area is primarily condominiums adjacent to Ma‘alaea Harbor
(developed in the 1950s) where numerous tour boats are docked. A new residential community at
Ma‘alaeca (Ohana Kai Village) is currently under construction and will include 1,100 single-family
homes within 257 acres at the intersection of N. Kihei Rd. and Honoapi‘ilani Hwy. and adjacent to
Pohakea Stream. A rock quarry and construction dump site is also located at this intersection on the
southwest side of Pohakea Stream.

The former Naval Air Station (NAS) Pu‘unéné is less than 1 mile northeast of the Refuge and
topographically directly upgradient. This area is currently used for drag racing and is behind the
National Guard’s training center off Mokulele Hwy. Further up the gradient within the Waikapt
watershed, beyond the sugarcane fields, is the town of Waikapt consisting of residential and
commercial development. Area above the town’s housing is too steep for development.

3.7.1 Previous Land Uses

The first Maui airport was constructed at Ma‘alaea Flats in 1929. On November 11, 1929, the first
scheduled air service from Honolulu to Maui was inaugurated. Planes used were eight-passenger
Sikorsky S-38 Amphibians. Ma‘alaea Airport was a level dirt field and was unusable in wet
weather. In 1935 the Inter-Island Airways began adding 16-passenger Sikorsky S-43s to its fleet;
however, the field was too small and too close to the mountains to meet desired safety criteria. Due
to these safety concerns, the airport was moved to Pu‘unéng, a few miles north of the Refuge.
Evidence of the paved runway from this former airport, now almost completely obscured by
vegetation, can still be seen in the Ma‘alaea Flats, beyond the Refuge boundary. A number of small
concrete pads or foundations are in the vicinity of the airport runway. Two large concrete
foundations, approximately 100 feet square, are on the west of the former runway (USFWS 1992).

During World War Il (WWII), the military used Ma‘alaea Flats for training activities. A concrete
wall, approximately 100 feet long and 15 feet tall, oriented parallel to the shoreline with soil piled up
to the top of the wall on the mauka side. The 1954 USGS Ma‘alaea Quadrangle refers to this
structure as a “Sea Wall”. Longtime local residents remember this structure as a gunnery range used
by the Marines for military training. The Navy used Molokini for target bombing practice because its
size and shape was somewhat similar to a battleship.
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Anecdotal information implied a potential landfill was located in Kealia Pond; however, the County
of Maui Department of Public Works, whose file information on landfills begins in the late 1960s,
has no information on this possible landfill. In addition, this landfill could not be located during the
preacquisition contaminants survey conducted in 1992. Mink (2000) mentions the use of the area as
a rubbish dump between 1925 and 1930 but there is no official record of this use. It is probable that
illegal dumping of residential and commercial waste did occur, however.

In 1970, Fish Farms Hawai‘i leased 25 acres of land on the northern boundary of the Main Pond to
harvest Malaysian prawn (Macrobrachium rosenbergii). Pacific Aquaculture Corporation purchased
this commercial operation in 1972 (Shallenberger 1977). Due to poor water quality, prawn
aquaculture ceased and Pacific Aquaculture Corporation began generating approximately 100,000
pounds of catfish (Ictalurus punctatus) annually. Cultivation of a catfish species (Clarias sp.) began
in 1984 after Pacific Aquaculture Corporation sold the facility to Maui County. When Kealia Pond
NWR was established in 1992, the aquaculture facility was called Kealia Fish Farm, Inc. This facility
stopped operations on September 30, 1995, and Kealia Fish Farm, Inc. officially closed on December
31, 1995. The Refuge still uses these ponds; however, they have been redesigned for waterbirds and
access by the public. In 2005 the Refuge hired a contractor to redesign the old Kealia Fish Farm
ponds for bird use and installed water distribution lines.

On the west side, near the Ma‘alaea Power Plant, Maui County funded a project in 1978 to provide
an alternate source of baitfish for the aku fishery. The project raised Cuban molly along with
‘ama‘ama (striped mullet) and ‘awa (milkfish). Funding for the project ended in 1987. The ponds
were partially restored 1990-1998 when a County-funded program used the area. These small ponds
(still called the Baitfish Ponds) are within the Refuge and managed for endangered waterbirds. In
2007, the Refuge combined the original six small ponds into one wetland management unit and
installed a pump on the existing sump to flood the Pond, as needed. Use of the area within the
Refuge boundary for cattle is evident from kiawe posts, barbed wire in forested habitat, and water
troughs but the period in time is unknown (DeLeon 1987).

3.7.2 Molokini Land Use

Molokini was withdrawn from lands ceded by the Republic of
Hawai‘i to the United States of America and set aside by Territorial
Governor W. F. Frear on September 13, 1910, to be administered
by the USCG for lighthouse purposes. In 1911, a 16-foot-tall tower
was erected on the southwest rim of the crater where it had a focal
plane of 173 feet above the water. Rabbits were introduced some
time around 1915 but apparently died out on their own by the
1960s.

In 1925, the Molokini light tower was replaced by another tower
187 feet above the water. This second light marked Molokini for 22
years until it was replaced in 1947 by another tower, which
displayed an electric light powered by batteries stored in a shack
built inside the base of the tower. In April of 1989, a powerful
storm toppled the 1947 tower and sent it tumbling down the crater.

Molokini navigation aid beacon
© Eorest & K?m Starr The USCG erected a temporary beacon and later the metal pole and
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solar-powered Aids to Navigation System light that they currently maintain on the islet (Dean 1991).

The marine environment surrounding Molokini, beginning from the high water mark at the islet
shorelines to depths of 180 feet (30 fathoms), has been designated by the State of Hawai‘i as the
Molokini Shoal Marine Life Conservation District, managed by DLNR and further included in
NOAA’s Humpback Whale National Marine Sanctuary.
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Ma ‘alaea Flats Laura Beauregard/USFWS

Chapter 4. Refuge Biology and Habitat

This chapter addresses the biological resources and habitats on the Refuge. The chapter begins with a
discussion of biological integrity. It then presents pertinent background information for each
conservation target identified in the CCP.

4.1 Biological Integrity Analysis

The Administration Act directs the Service to ensure that the BIDEH of the Refuge System are
maintained for the benefit of present and future generations of Americans. The Service’s policy on
BIDEH (601 FW 3) also provides guidance on consideration and protection of the broad spectrum of
fish, wildlife, and habitat resources found on refuges, and associated ecosystems that represent
BIDEH on each refuge.

Biological integrity lies along a continuum from a completely natural system to a biological system
extensively altered by considerable human impacts to the landscape. No modern landscape retains
complete BIDEH. However, we strive to prevent the further loss of natural biological features and
processes. Maintaining or restoring biological integrity is not the same as maximizing biological
diversity. Maintaining biological integrity may entail managing for a single species or ecological
community at some refuges and combinations of species or communities at other refuges.
Maintaining critical habitat for a specific endangered species, even though it may reduce biological
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diversity at the refuge scale, helps maintain biological integrity and diversity at the ecosystem or
national landscape scale.

On refuges, we typically focus our evaluations of biological diversity at the refuge scale; however,
these refuge evaluations can contribute to assessments at larger landscape scales. We strive to
maintain populations of breeding individuals that are genetically viable and functional. Evaluations
of biological diversity begin with population surveys and studies of flora and fauna. The Refuge
System’s focus is on native species and natural communities such as those found under historical
conditions. We strive to manage in a holistic manner the combination of BIDEH. We balance all
three by considering refuge purpose(s), Refuge System mission, and landscape scales. Where
practical, we support the return of extirpated native species in the context of surrounding landscapes.

The BIDEH of the Kealia Pond NWR (Table 4.1) and its watersheds have undergone major
alterations since pre-settlement times, primarily by agricultural practices and urbanization. There are
ditches and sluice gates that were built at least 400 years ago to let fish such as awa and ‘ama‘ama
into the pond. Large-scale sugarcane and pineapple farming began sometime in the early 1900s,
operations that eventually covered the lower elevations of central Maui. Any large acreage not in
pineapple or sugarcane production was used for cattle ranching.

Little is known about the pristine coastal wet vegetation due to early Polynesian settlers creating
fishponds and irrigated farmlands in the area. A small number of native plants still occur at Kealia
Pond, but their distribution before introduction of nonnative species is difficult to reconstruct. By the
early 1900s, upland conversion to farming dewatered streams that discharged into Kealia Pond. This
would have reduced the size of the wetlands, increased salinity levels, and likely reduced plant
diversity. The vegetated wetlands are now dominated by pickleweed. Native plants common in this
habitat are kaluha and ‘akulikuli with few pockets of makaloa and “ele.

Statewide migratory waterfowl numbers have shown a large decline since the 1950s. At Kealia
Pond, koloa mapu numbers fluctuated in the 1950s, but peak numbers are similar to the past 10 years.
However, peak koloa moha numbers had a large decline since the 1950s. Most of the common
shorebirds inhabiting Kealia Pond may also occur in non-wetland habitats. At Kealia Pond, counts of
kolea , ‘ulili , ‘akekeke, and hunakai show no obvious trends.

Nonnative mosquito fish and tilapia are the dominant fish species in Refuge’s Main Pond. We have
monitored the fish population since the late 1990s. Large tilapia die-offs frequently occur when the
water level recedes. The decomposing fish can produce a strong odor that permeates nearby
neighborhoods. However, over the past several years, the biomass of dead fish has declined. This is
probably due to recent drought conditions that reduced the residence time of deep water. Tilapia did
not have sufficient time to grow and produce large populations as observed in the 1990s. In the past 5
years we had 3 fish Kills, but the last major die-off occurred in 2005.
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Table 4.1. Biological Integrity, Diversity, and Environmental Health Characteristics.

Population/Habitat

Natural processes

Potential conservation
species: seabirds, ‘ihi

Habitats Attributes responsibl_e_for these Limiting Factors
conditions
Emergent | Seasonal, semi-permanent, | Periodic flooding; Pest species (California grass,
wetland permanent seasonal fluctuations/ California bulrush, marsh
drying, but more fleabane, pickleweed, red
Potential conservation permanent water mangrove; mongoose, rats, cats
species: endangered situations than typical and dogs); ditching, diked-
waterbirds, migratory seasonal wetlands impoundments; limited
waterfowl, and shorebirds quantity and control of water
resources; diverted and
unpredictable surface water
flow; and human development
Coastal Seasonal Periodic flooding; Pest species (pickleweed,
mudflat seasonal mongoose, rats, cats, and
Potential conservation fluctuations/drying dogs); limited water
species: endangered availability and control; road
waterbirds and, migratory kills of endangered species
shorebirds along N. Kihei Rd.
Coastal Beach strand/dune Onshore winds, salt Pest species (marsh fleabane,
dunes communities spray, sandy soil, wave kiawe, buffel grass);
and tidal action pickleweed, spiny amaranth,
Potential conservation mongooses, rats, cats, dogs,
species: seabirds, human disturbance; marine
shorebirds, endangered debris, and SLR
‘1lio-holo-i-ka-uaua and
honu ‘ea, threatened honu
Coastal Naupaka kahakai, Windblown accumulation | Pest species (kiawe, Guinea
dry forest | hinahina, ‘ilima, nai‘o of sand; seasonal grass, Bermuda grass; marsh
and flooding; salt spray fleabane, rats, cats and dogs);
shrubland | Potential conservation human disturbance
species: ‘Oka‘i ‘aiea, (squatting/camping); vehicular
seabirds, shorebirds access and damage; wind and
water erosion
Offshore | Seabirds, native plants Isolated eroding cinder Pest species (buffel grass and
islet cone; ocean winds, salt ants)

spray, volcanic tuff soil,
wave action
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4.2 Conservation Targets

Conservation targets are those species or habitats
that are most important to the management of the
Refuge. Management for these focal species and the
habitats that support them will benefit other native
species that are present on the Refuge. Table 4.2
identifies the priority resources of concern for Kealia
Pond NWR. As native species are referenced by
their Hawaiian names, Appendix A contains a list of
all scientific, English common names, and Hawaiian
names.

4.2.1 Conservation Target Selection

Ae‘o chick Laura Beauregard/USFWS

In preparing this plan, the Service reviewed other local, regional, and national plans that pertain to
the wildlife and habitats of the Islands of Maui and Molokini. The Service also sought input from
Hawai‘i State conservation agencies, nongovernmental organizations, and the general public. The
Refuge purpose (see Chapter 1) was reviewed as was the Refuge’s contribution to maintenance of
BIDEH. Potential management actions will be evaluated on their effectiveness in achieving Refuge
goals and objectives for the priority resources of concern.

Table 4.2. Priority Resources of Concern.

Focgl Habitat Type Habitat Structure — LAlEitery Qe Ber_lefltlng
Species Requirements Species
Flooded wetlands Open water Foraging, loafing Migratory
‘Alae (< 18 in. depth) waterfowl,
ke‘oke‘o Emergent wetland | Hemi-marsh with | Nesting, brood shorebirds, ae‘o,
kaluha sedge rearing, cover and koloa maoli
Mudflats Moist, saturated Foraging, loafing
soil
Levees Ground cover Foraging, loafing
vegetation
Flooded wetland Shallow water Foraging, loafing Migratory
Ae‘o (< 7in. depth) waterfowl,
Mudflats Adjacent Nesting, brood Shf’reb{rds’ ‘alae
vegetation (cover) | rearing ke‘oke‘o, a?ld
and shallow water koloa maoli
Beach areas; sand Sandy shoreline, Pupping, nursing, Honu, honu “ea,
‘Ilio-holo-i- | spits and islets, rocky areas, and resting, and shorebirds, and
ka-uaua including all beach | emergent reefs; as | molting seabirds
crest vegetation; well as vegetated
inner reef waters; areas for shelter
and open ocean
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aquatic vegetation;
coral reefs; sand
spits and islets; and
open ocean

disturbance are
required for nesting

SFoc:_JII Habitat Type Habitat Structure Life _Hlstory Other Ber_lefltlng
pecies Requirements Species
Dunes and coastal | Open beaches with | Basking and ‘Tlio-holo-i-ka-
Honu strand; shallow, a sloping platform | nesting uaua, honu ‘ea,
protected water and minimal shorebirds, and
with abundant disturbance are seabirds
aquatic vegetation; | required for nesting
coral reefs; sand
spits and islets; and
open ocean
Dunes and coastal Compacted sand; Nesting ‘Tlio-holo-i-ka-
Honu ‘ea strand; shallow, open beaches with uaua, honu,
protected water a sloping platform shorebirds, and
with abundant and minimal seabirds

‘Oka‘i ‘aiea

Dry to mesic forest
and shrubland; host
plants such as
Nothocestrum spp.;
native nectar
sources including
koaliawa, Ipomoea,

Sea level to 5,000
ft elevation, native
shrubs and trees

Adult and larval
feeding and
reproduction

Native plants,
moths, and
butterflies

extremely dry
conditions

steep rocky slopes

maiapilo, and

‘ilie‘e

Leeward coasts of | Volcanic tuff, loose | Propagation, Native plants,
“‘Ihi Molokini and rock at the base of | germination, seabirds

Kaho‘olawe; under | sea cliffs and on growth

Management of Refuge focal species and habitats that support them will benefit many of the other
native and migratory species that are present on the Refuge. Our management priorities may change
over time and since the CCP is designed to be a living, flexible document, changes will be made as
needed and at appropriate times as identified by Refuge personnel. Our conservation targets for
management are grouped by system and species (Table 4.3).
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Table 4.3. Conservation targets for the CCP.

System Targets Benefiting Resources
Wetland and deepwater
habitat

Dunes habitat

Migratory waterfowl, shorebirds, and endangered waterbirds

‘Tlio-holo-i-ka-uaua, honu, honu ‘ea, shorebirds, and native plants

Upland shrub/forest
habitat

Molokini islet Native plants, nesting and roosting seabirds, and other migratory birds
Species Group Targets | Benefiting Resources

Endangered species

Native plants and endangered ‘oka‘i ‘aiea

‘Tlio-holo-i-ka-uaua, ae‘o, ‘alae ke‘oke‘o, honu ‘ea, and ‘dka‘i ‘aiea

Waterbirds All waterbirds, migratory waterfowl
Shorebirds All migratory shorebirds
Seabirds

All birds that frequent coastal waters and nest and/or loaf on Molokini

4.3 Endangered Hawaiian Waterbirds

Kealia Pond NWR was established to provide protected habitat for two of Hawai‘i’s endangered
waterbirds, the ae‘o and ‘alae ke‘oke‘o. Statewide, the primary causes of their population decline
include loss of wetland habitat, predation by introduced animals, altered hydrology, habitat alteration
by nonnative plants, and disease. In addition, environmental contaminants may also potentially
threaten populations in certain areas. No critical habitat has been designated for any of Hawai‘i’s
endangered waterbirds.

The general recovery objectives for the endangered waterbirds, as described in the Draft Revised
Recovery Plan for Hawaiian Waterbirds, are the following: stabilize or increase species populations
to greater than 2,000 individuals; establish multiple self-sustaining breeding populations throughout
their historic ranges; protect and manage core and supporting wetlands Statewide; eliminate or
control the threat of introduced predators, diseases, and contaminants; and remove the Statewide
threat of the koloa maoli hybridizing with mallards.
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4.3.1 Ae‘o (Himantopus mexicanus knudseni) or
Hawaiian Stilt

The ae‘o is an endangered endemic subspecies in the Hawaiian
Islands, which is part of a superspecies complex of stilts found in
various parts of the world. The State population of this shorebird
fluctuates between 1,200-1,500 birds with a 5-year average of
1,350 birds. Adult and juvenile dispersal has been observed both
intra- and inter-island. As many as 1,079 ae‘o have been observed
at the Refuge at one time (Figure 4.1). The count of over 1,000
birds in 2003 was also 50 percent of the Statewide population
criterion for delisting the ae‘o (USFWS 2005, Robinson et al.
1999).

Ae‘o favor open wetland habitats with minimal vegetative cover
and water depths less than 9.4 inches, as well as tidal mudflats.
Ae‘o nest from April-July in simple scrapes on low relief islands or
on exposed flats around the perimeter on the Main Pond after water has receded. They will use
ephemeral wetlands to exploit seasonal abundance of food, feeding on small fish, crabs, polychaete
worms, terrestrial and aquatic insects, and tadpoles. Known predators include barn owls, pueo
(Hawaiian short-eared owl), mongooses, cats, rats, dogs, ‘auku‘u, cattle egrets, ‘akekeke, laughing
gulls, and large fish (Robinson et al. 1999, Rauzon and Drigot 2002).

Ae ‘o pair © Brian Barker

Figure 4.1. Peak counts of ae‘o at Kealia Pond, 1995-2010.
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4.3.2 ‘Alae ke‘oke‘o (Fulica alai) or
Hawaiian Coot

The ‘alae ke‘oke‘o is an endangered species endemic
to Hawai‘i. The State population has fluctuated
between 2,000-4,000 birds with the Maui population
between 200-1,000 birds. Inter-island dispersal is
most likely influenced by seasonal rainfall patterns,
wetland condition, and food abundance. The highest
count of ‘alae ke‘oke‘o at Kealia Pond was 1,126 : o ===
birds in 2009 (Figure 4.2). Cats, dogs, and ‘Alae ke ‘oke ‘o Laura Beauregard/USFWS
mongooses are the main predators of ‘alae ke‘oke‘o. Other predators include ‘auku‘u, cattle egret,

and large fish. ‘Alae ke‘oke‘o are susceptible to avian botulism outbreaks (Brisbin et al 2002,
USFWS 2005).

‘Alae ke‘oke‘o prefer freshwater ponds or wetlands, brackish wetlands, and manmade impoundments
with open water that is less than 12 inches deep for foraging. They favor nesting habitat that has open
water with emergent aquatic vegetation or heavy stands of grass. Nesting occurs mostly December-
April when water partially floods emergent vegetation, with opportunistic nesting occurring year-
round depending on rainfall. ‘Alae ke‘oke‘o will construct floating nests of aquatic vegetation, semi-
floating nests attached to emergent vegetation, or in clumps of wetland vegetation. ‘Alae ke‘oke‘o
feed on seeds and vegetative parts of aquatic and terrestrial plants, freshwater snails, crustaceans,
tadpoles of marine toads, small fish, and aquatic and terrestrial insects (Brisbhin et al. 2002).

Figure 4.2. Peak counts of ‘alae ke‘oke‘o at Kealia Pond, 1995-2010.
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Figure 4.3 - ‘Alae ke‘oke‘o (Hawaiian Coot) Nesting Areas
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To preserve the quality of this figure, this side was left blank intentionally.

4-10 Chapter 4. Refuge Biology and Habitat



Kealia Pond National Wildlife Refuge Comprehensive Conservation Plan

Figure 4.4 - Ae‘o (Hawaiian Stilt) Nesting Areas
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To preserve the quality of this figure, this side was left blank intentionally.
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4.3.3 Koloa maoli (Anas wyvilliana) or Hawaiian Duck

& The koloa maoli is an endangered waterfowl
endemic to the Hawaiian Islands. The former range
of the koloa maoli includes all the main Hawaiian
Islands except Lana‘i and Kaho‘olawe. The current
Statewide population of pure koloa maoli is
estimated at 2,200 birds. There is a high degree of
threat due to hybridization with mallards, the
greatest threat to this species’ continued existence.
SSRGS El i In 1989, 12 captive-bred koloa maoli were released
‘ O on Maui; however, because mallards were not
removed before the release, hybridization has
resulted in more hybrids present on Maui than koloa maoli. The population of pure koloa maoli on
Maui is probably fewer than 20 birds. In order for pure koloa maoli to successfully breed on Maui,
the removal of all hybrids and domestic resident mallards in the State will need to occur. Birds on
both O‘ahu and Maui are thought to be primarily koloa-mallard hybrids, with estimated counts of
300 and 50 birds, respectively (Engilis et al. 2002, Hawai ‘i Audubon 2005, Uyehara et al. 2007).

Koloa-mallard hybrids Mike Silbernagle/USFWS

The koloa maoli uses lowland wetlands, flooded grasslands, aquaculture ponds, and agricultural
areas. The Refuge provides suitable habitat for foraging, loafing, pair formation, and breeding. Nests
are placed in dense shoreline vegetation of small ponds, streams, ditches, and reservoirs. Types of
vegetation associated with the nesting sites of koloa maoli include fetched and bunch-type grasses,
rhizominous ferns, and shrubs. The diet consists of aquatic invertebrates, aquatic plants, seeds,
grains, green algae, aquatic mollusks, crustaceans, and tadpoles (Engilis et al. 2002, USFWS 2005).

Known predators of eggs and ducklings include mongooses, cattle egrets, cats, dogs, and possibly
rats and Samoan crabs. ‘Auku‘u and bullfrogs have been observed to take ducklings. Avian diseases
are another threat to koloa maoli with outbreaks of avian botulism occurring annually throughout the
State. In 1983, cases of adult and duckling mortality were attributed to aspergillosis and salmonella.

4.3.4 Nené (Branta sandvicensis) or Hawaiian Goose

The néné is a medium-sized goose endemic to the
Hawaiian Islands. Adult males and females are
mostly dark brown or sepia with a black face and
crown, cream-colored cheeks, and a buff neck with
black streaks. Females are smaller than males.
Compared to other geese, néné are more terrestrial
and have longer legs and less webbing between their
toes. The néné was listed as endangered in March
1967, and is the State bird of Hawai‘i.

Neéng historically occurred in lowland dry forests,
shrublands, grasslands, and montane dry forests and
shrublands. Habitat preferences of contemporary
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populations are likely biased as preferences may be influenced by the location of release sites of
captive-bred birds. Néné can be found from 0-7,900 ft (Mitchell et al. 2005, USFWS 2004).

In 1951, the wild néné€ population was estimated at 30 individuals. All populations since then are
being supplemented by captive-bred birds. As of 2005, the population was estimated at between
1,300-1,500 individuals, with 295-325 birds on Maui. Four néné were observed at Kealia Pond in
February 2009, however, they departed after a couple days. Kealia Pond has potential habitat for this
species, providing forage within the flats north of the Main Pond (Mitchell et al. 2005).

Current threats include: predation by mammals; insufficient nutritional resources; a lack of lowland
habitat; human disturbance; problems related to captive propagation; and inbreeding depression.
Predators of néné eggs and goslings include dogs, cats, rats, and mongooses. Dogs and mongooses
are also responsible for most of the known cases of adult predation. In recent years, néné have been
struck and killed by golf balls and vehicles (USFWS 2004b).

4.4 Other Hawaiian Waterbirds

‘Auku‘u (Nycticorax nycticorax hoactli)
or Black-crowned Night-Heron

~ The indigenous ‘auku‘u is a cosmopolitan species
+ resident to the main Hawaiian Islands. The black-

=+ crowned night-heron is a species of moderate

-~ concern in North America; however, ‘auku‘u in

, Hawai‘i are not given this designation. ‘Auku‘u

= feed throughout the Refuge. They breed in kiawe

=== trees west of Kanuimanu Ponds.

The ‘auku‘u is known to forage on crustaceans,
insects, fish, frogs, and mice. They have been observed eating the eggs and young of the endangered
ae‘o, koloa maoli, and ‘alae ke‘oke‘o. Nesting occurs in colonies in December-May in Hawai‘i.
‘Auku‘u are susceptible to human disturbance during nesting (Davis 1993, Mitchell et al. 2005).

4.5 Migratory Waterfowl

For centuries, migratory ducks, geese, and other waterfowl have wintered in the Hawaiian Islands
from September-May. Up to 300 koloa moha (Northern shoveler) and 200 koloa mapu (Northern
pintail) have been counted at Kealia Pond. Other common winter migrants observed at the Refuge
include green-winged teal, American wigeon, Eurasian wigeon, scaup, and mallard. Migratory
mallards do not pose the same hybridization threats to koloa maoli as the domestic, resident mallards
because they rarely breed during their winter stop-overs (Staples & Cowie 2001).
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Statewide surveys in the early 1950s estimated
wintering populations of up to 8,000 koloa mapu
and 2,000 koloa moha. Surveys from the early
1980s have averaged less than 900 koloa mapu and
fewer than 800 koloa moha Statewide. At Kealia
Pond, koloa mapu numbers fluctuated in the 1950s,
but peak numbers ranged around 70-80 birds. In the
last 10 years the counts had a similar range. Peak
koloa moha numbers in the 1950s at Kealia Pond
were 400-600 birds. For the past decade, peak
counts have ranged from 100-200 birds.

Koloa moha © Michael Walther

Waterfowl use the open waters of the Main Pond, vegetated wetlands along the pond shoreline, and
the north ponds where open water is interspersed with emergent vegetation. Impounded wetlands
provide habitat to a small number of waterfowl. Table 4.4 highlights attibutes, indicators, and
conditions for Refuge management for waterfowl. Low fall/winter water level below the vegetated
portion of Kealia Pond would restrict waterfowl populations to impoundments. Pest plant species
that displace emergent vegetation reduce food and cover. Waterfowl are susceptible to avian
botulism. Deterioration of water quality with increased urbanization would impact aquatic
invertebrates needed by migratory waterfowl for food.

Table 4.4. Waterfowl Ecological Attributes, Indicators, and Condition Parameters.

Key Ecological Attributes | Indicators Desired Conditions

Hydrology regime *Water level Water extends into emergent vegetation

Species abundance *Population counts Stable or increasing

Food availability *Coverage of emergent *Stable or increasing coverage
vegetation *High densities, but below nuisance level
*Abundance of invertebrates | that affect neighboring communities

4.6 Migratory Shorebirds

The Pacific Island Region functions as essential
migratory habitat for maintaining global shorebird
populations. Kealia Pond supports one of the largest
populations of migratory shorebirds in Hawai‘i.
Migration begins in August and most shorebirds
leave by April. Abundant migrants include kolea,
“ulili, ‘akekeke, hunakai, pectoral sandpiper, and
dowitcher. Shorebirds frequently use Ma‘alaea Flats
and the east portion of the Main Pond, however, the
entire Refuge provides shorebird habitat.

‘Akekeke forages during island visit © Michael Walther

Shorebird numbers have remained relatively stable
with fluctuations depending on winter water levels. Vegetation control in the wetlands has provided
shallow water habitat during years of high water. Shorebirds primarily use unvegetated mudflats,
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wetlands and tidal flats; however, estuaries, grasslands, and uplands are also important habitats.
Grasslands and beaches are important habitats for the kolea and the kioea (bristle-thighed curlew).
Table 4.5 notes attibutes, indicators, and conditions for Refuge management for shorebirds. See
Figures 4.5 and 4.6 for kolea and “lili counts.

Table 4.5. Shorebird Ecological Attributes, Indicators, and Condition Parameters

Key Ecological Attributes Indicators Desired Conditions
Hydrologic regime *Water level 1.8 ft MLLW
*Water coverage *80% coverage
Species abundance *Counts +Stable or increasing
Food availability Invertebrate density *High density, but below nuisance level

Threats to shorebirds in the Pacific Region include habitat loss, pest plants and animals (predation,
disease, and competition), human disturbance, and environmental contaminants. The kdlea is the
most common shorebird in the Pacific Region, with Hawai‘i supporting a substantial portion of the
Alaskan breeding population during winter. The kioea is the only migratory species that exclusively
winters in the Pacific. Thus, the Pacific Region is considered to be a critical area for supporting
hemispheric populations of both these species. Table 4.6 highlights the shorebirds of primary
conservation importance in the Pacific region (Engilis and Naughton 2004).

Table 4.6. Shorebirds of Primary Conservation Importance in the Pacific Region

Species Hawai‘i Winter Regional Conservation Category
Population Trend
Kolea 15,000-20,000 Unknown High Concern
Ae‘o 1,200-1,600 Unknown Highly Imperiled
Kioea 800 Unknown High Concern
“Ulili 1,000 Unknown Moderate Concern
‘Akekeke 5,000-7,000 Unknown Low Concern

Threats specific to Kealia Pond include: fall/winter water level extending to the upper reaches of the
wetlands; pest plant species encroaching onto unvegetated pond bottom; and deterioration of water
quality with negative impacts to aquatic invertebrate densities.
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Figure 4.5. Peak counts of kolea at Kealia Pond, 1994-2006.
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Figure 4.6. Peak counts of ‘ulili at Kealia Pond, 1994-2006.
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4.7 Raptors

4.8.1 Barn Owl (Tyto alba)

Barn owls were introduced to Hawai‘i in 1958 by the sugar
plantations in an attempt to control rats. While they are excellent
mousers, they also prey upon native birds. A night predator, both
males and females have dark eyes in a heart-shaped facial disk.
The legs are long and feathered with gray-colored feet (Denney
2010).

4.8.2 Pueo (Asio flammeus sandwichensis) or
Hawaiian Short-eared Owl

Yellow eyes and a round facial disk differentiate this species from
the Barn Owl. Unlike most owls, pueo are diurnal and are
occasionally seen hovering or soaring over open areas. Like short-
eared owls in continental environments, those in Hawai‘i primarily
consume small rodents, insects, and rarely, birds. The Refuge
offers breeding and foraging habitat for the pueo, although no
nesting has been documented to date. Males perform aerial displays
known as a sky dancing display to prospective females.

Found on all the main Hawaiian Islands from 0-8,000 feet, pueo are
likely susceptible to the same factors that threaten other native
birds, including loss and degradation of habitat, predation by
introduced mammals, and disease.

Pueo © Tom Dove

4.8 Seabirds

Migratory seabirds are occasional visitors to the Kealia Pond NWR on Maui. With the inclusion of
the Molokini Unit, nesting habitat for seabirds will also be within the Refuge.
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‘Ou in rock crevice Eric Vanderwerf /USFWS

4.8.1 ‘Ua‘u kani (Puffinus pacificus) or Wedge-tailed Shearwater

‘Ua‘u kani are widespread throughout the tropical and subtropical Pacific and Indian Oceans. There
are at least four large ‘ua‘u kani nesting colonies on Maui. All of these colonies are threatened with
predation by cats and dogs, seriously decreasing fledging success. The dunes adjacent to Ma‘alaea
Flats has the potential for ‘ua‘u kani nesting and in 2010 calls were heard but nests were not located.

The largest colony occurs on Molokini where mammalian predators are absent and fledging success
is high. Adult birds arrive in March to re-establish pair bonds and burrowing activity with a short
hiatus in April before eggs are laid. A majority of the burrows appear to be remnants from the
previous year’s nesting season and, despite the rocky substrate, some burrows extend beyond arms
reach. Other burrows are shallow and merely situated in rock crevices. In general, one egg is laid in
June and hatches in July (incubation averages 50 days), and parental care is relatively long, lasting up
to 3.5 months. During nesting, parents share duties with incubation and chick rearing (Whittow
1997).

4.8.2 ‘Ou (Bulweria bulwerii) or Bulwer’s Petrel

Indigenous to Hawai‘i, ‘ou have long pointed wings, a long pointed
tail, a black bill, and pale short legs. They are known to nest in rock
crevices on Molokini; however, the number of nesting pairs, active
nests, and fledging success is unknown. It is not often seen due to
its nocturnal habits and its small size makes it particularly vulnerable
to predation by rats and barn owls on islands where these pests have
been introduced (Megyesi and O’Daniel 1997).

4.8.3 Noio koha (Anous stolidus) or Brown Noddy

Noio koha are medium-sized, dark brown birds. Adults have an
ashy-white forehead and crown sharply demarcated from black lores, - = -
merging evenly into gray nape. They have a long, narrow, wedged- Noio kiha USFWS
shaped tail. The bill is black and stouter than the black noddy and the

legs and feet are dark brown. Young birds have a more restricted white cap on forehead than adults.
Noio koha are common in the NWHI, and also nest on several of the offshore islets. They typically
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remain near their breeding colonies year-round. Noio koha feed by
diving for small fish. They often prey on the same fish as aku
(skipjack tuna), and can be used to find tuna schools, leading to the
common name “aku bird” (Chardine 1996, Berger 1972).

4.8.4 Noio (Anous minutus) or Black Noddy

Noio resemble the closely-related noio koha, but are smaller with
darker plumage, a whiter cap, a longer, thinner bill and shorter tail.
Noio nest from March-August on ledges of coastal cliffs and caves
of the main islands and on several offshore islets. Nests are usually
located in sea caves or on high ledges. One egg is laid each season,
and nests are re-used in subsequent years. Chicks usually fledge in 5-
7 weeks, although rearing of individual chicks may be prolonged
during periods of low prey availability (Flint 1999).

VA L]
Noio Glen Fergus/lUSFWS
4.8.5 ‘lwa (Fregata minor) or Great
Frigatebird

‘Iwa roost on several of the offshore islets, including
Lehua, Mokumanu, and Molokini, and can be seen
flying high in the sky almost anywhere in the main
islands, but they are not known to nest on any of
them. ‘Iwa feet, like many seabirds, are located more
posteriorly than land birds which makes walking
difficult, but in the air they are graceful and
acrobatic. ‘Iwa means “thief” in Hawaiian and as
Soaring ‘iwa USFWS their name suggests, they obtain food by piracy,
chasing down other seabirds and forcing them to
relinquish their catch (Flint 1999).

‘Iwa are known to regularly predate on ‘ua‘u kani chicks from shallow burrows on Molokini. State
biologists have counted as many as 163 ‘iwa on Molokini, hunting and grabbing ‘ua‘u kani chicks.

4.9 Endangered Mammals

“Ilio-holo-i-ka-uaua (Monachus schauinslandi) or Hawaiian Monk Seal

‘Tlio-holo-i-ka-uaua are among the most critically endangered mammals in the world. Only about
1,200 seals are alive today. Most seals live in the NWHI, but there is a small and potentially growing
population of seals in the main Hawaiian Islands where a 2005 survey observed 76 individuals.

Its Hawaiian name means “the dog that runs in the rough seas.” They frequently haul out on
shorelines to rest and molt. Females also haul out on shore for up to 7 weeks to give birth and nurse
their pups. Pups and moms stay ashore until weaned. Mating occurs in the spring and early summer.
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Gestation is approximately 1 year. Pupping occurs in late winter and
~ spring. ‘Ilio-holo-i-ka-uaua can live to 25 years of age.
== * They feed on reef fishes, he‘e (octopus), squid, and lobsters down to
depths of 1,000 feet. Juveniles feed on a higher proportion of
nocturnal fish species. Food seems to be a limiting factor for
population growth at this time. Terrestrial habitat is used about one-
. third of the time and requirements there include haul out areas for
= pupping, nursing, and resting, primarily on sandy beaches, but

- virtually all substrates are used. Beachside vegetation is used for
protection from wind and rain.

Conflicts and interactions with a variety of ocean and beach users
are becoming more frequent and significant in the main Hawaiian
- Islands. Dogs have attacked ‘ilio-holo-i-ka-uaua, and they carry

. diseases that are potentially lethal to them. Human disturbance,
especially of mothers with pups, may be a threat at the Refuge.

i‘:%.ﬁ.f & i
‘Ilio-holo-i-ka-uaua rests on beach
© Jim Collin/ AP

4.10 Terrestrial Invertebrates

‘Oka‘i ‘aiea (Manduca blackburni) or
Blackburn’s Sphinx Moth

The ‘Oka‘i ‘aiea is one of Hawaii’s largest native
insects with a wing-span of up to 5 inches. Adults
are overall gray with black bands across the top of
their wings and five orange spots on each side of
their abdomen. Caterpillars are large and populations
contain two color morphs, bright green or gray. Both
morphs have scattered white speckles across their
back and a horizontal white stripe on the side of each .
segment. Caterpillars feed on plants in the ‘Oka ‘i ‘aiea © James Bruch, KIRC
nightshade family (Solanaceae), especially native

trees in the genus Nothocestrum, but also on nonnative solanacious plants such as commercial
tobacco, tree tobacco, eggplant, tomato, and Jimson weed. Adults have been observed feeding on the
nectar of koaliawa. The dry upland forest provides habitat potentially suitable habitat for the ‘Oka‘i
‘aiea.

Believed to be extinct in the late 1970s, the species was rediscovered in 1984 on East Maui.
Additional populations recently have been found on Kaho‘olawe, Lana‘i, and the Island of Hawai‘i.
Historically, the species likely occurred on Kaua‘i, O‘ahu, and Moloka‘i as well. ‘Oka‘i ‘aiea can be
found across a broad elevational gradient from 0-5,000 feet. This native Hawaiian moth was the first
Hawaiian insect to be added to the endangered species list. The Service is currently funding research
examining its life history, captive rearing, and conservation biology (USFWS 2003).
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4.11 Aquatic Invertebrates

Aguatic invertebrates are present in all wetland habitats with more species diversity in palustrine
wetlands. Midges are seasonally abundant in all wetlants except Ma‘alaea Flats and water boatmen
are abundant in all habitats year-round. Midges were guantitatively sampled in 1997 and the first
monitoring began the following year when the Main Pond had a density of 993 midge larvae per
square yard. A large emergence occurred in 2000 when densities of 25,977 larvae per square yard
were recorded. Monitoring showed a relationship between partial drying of the Main Pond and the
pond filling the following winter. Water boatmen are a common invertegrate at Kealia Pond NWR
may be a predominant food source for endangered waterbirds. Although abundant, they usually do
not create a nuisance. For example, in 2007 the Refuge recorded a maximum of 48,462 water
boatmen per square yard; however, the Refuge did not receive any complaints from neighboring
residents reporting a nuisance. Inventories of other invertebrates included 92 families of both
terrestrial and aquatic species. Five aquatic invertebrate families commonly occur in the Main Pond
(Wirwa 2007).

4.12 Marine Reptiles

-7 L TR DR

- ¥ 4121 Honu ‘ea (Eretmochelys imbricata)
- or Hawksbill Turtle

. The endangered honu ‘ea, or just ‘ea, is one of the

. smaller sea turtles and takes its species name
(imbricata) from the overlapping plates on its upper
shell and its common name from the shape of its

~ hooked jaw. The carapace (top shell) of an adult

¢ ranges from 25-35 inches in length and has a

o SERad ~ "tortoiseshell" coloring, ranging from dark to golden
Honu ‘ea Caroline Rogers/USS o ) brown, with streaks of orange, red, and/or black.

Honu ‘ea use different habitats at different stages of their life cycle, but are typically found around
coastal reefs, rocky areas, estuaries, and lagoons. Its narrow head and jaws allow it to get food from
crevices in coral reefs. They eat sponges, anemones, squid and shrimp. At night, from May-October,
mature females (20-50 years old) crawl ashore and excavate chambers above the high-tide line, in
which they lay their eggs. In 7-10 weeks the eggs hatch and the tiny hatchlings make their way to the
surface and out to sea (Perrine 2003).

Little information exists on the feeding behavior of post-hatchlings and juveniles living in pelagic
habitats, but most likely they are exclusively carnivorous (e.g., soft-bodied invertebrates, jellyfish,
and fish eggs). Subadult and adult turtles residing in nearshore benthic environments are almost
completely herbivorous; feeding primarily on limu (algae) and sea grasses. Marine debris can prove
deadly when it entangles honu or is mistaken for food and ingested. Plastics are particularly harmful
as they may remain in the honu’s stomach for long periods of time, releasing toxic substances, and
can clog the digestive system. Noise, lights, and beach obstructions are disruptive to nesting areas.
Rats, mongooses, and dogs prey on the eggs (Perrine 2003).
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4.12.2 Honu (Chelonia mydas) or
Hawaiian Green Turtle

The Hawaiian honu is listed as threatened under the
ESA. The name “green turtle” is derived from the
color of their body fat, which is green from the limu
they eat. Adult honu can weigh up to 500 pounds and
are often found living near coral reefs and rocky
shorelines. Hawaiian honu grow slowly compared to
other populations, with an average annual growth 5, AU R \
rate of approximately 0.5-2 inches. Turtles often Honu Laura Beauregard/USFWS
reach sexual maturity at 35-40 years of age (Gardner 1996).

Females may lay up to 6 clutches per season, with each clutch containing about 100 eggs. Evidence
shows that Hawaiian honu only migrate throughout the 1,500-mile expanse of the Hawaiian
Archipelago, and so make up a discrete population. Hatchlings and juveniles live in pelagic waters. A
majority migrate to French Frigate Shoals for nesting; however, within the past decade, there has
been an increase in number of honu nesting on the main Hawaiian Islands. There are a few periodic
reports of nesting honu on Maui prior to 2000 but it was not until that year when a female nested
regularly (every 2 years) until 2008. Between 2000 and 2010, there has been at least one female
nesting on Maui.

The same threats face honu as the honu ‘ea. Sea Turtle Dawn Patrol volunteers conduct early
morning walks on Ma‘alaea Beach from June-September to look for turtle tracks from the previous
night. Once observed, they contact the Refuge or DAR who are partners in the Maui sea turtle
monitoring program. Through this program, researchers collect information on clutch size, hatching
and emergence success, and genetics.

Honu and honu ‘ea crawling ashore to nest suffer fatalities when they start crossing roads. State DAR
staff reported turtle fatalies by vehicle prior to 1992. Since the refuge was established, fatalities
occurred in 1993 and 1996 and more recently in 2009 when hatchlings (emerging from nests next to
the North and S.Kihei Roads) were attracted to lights across the road and were run over. These
losses prompted the Service to collaborate with A&B to install a fence within the coastal strand
parallel with N. Kihei Rd. The Refuge maintains the turtle fencing along the coastal strand to prevent
adult turtles from entering onto the road.

New adult turtle fence Laura Beauregard/USFWS
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4.13 Native Plants

Native Hawaiian plants arrived to the archipelago via natural means such as wind, water, or birds.
According to Wagner et al. (1999), the native Hawaiian flora is comprised of roughly 956 species
within 87 families. Approximately 89 percent of these species are endemic (found only in Hawai‘i),
while the remainder are indigenous (naturally found in Hawai‘i and elsewhere). Since their
establishment, populations of Hawai‘i’s native vegetation have greatly declined. Few native plants
have escaped the impacts of urbanization and agriculture on the coastal and lowland habitats. Coastal
alterations such as agriculture, residential developments, recreational parks, military installations,
golf courses, and roads, have permanently displaced much of the native flora. With potential
expansion of the Refuge at Ma‘alaea Flats and Molokini, protection and outplanting will improve the
native plant diversity and distribution (Cuddihy and Stone 1994).

Although the Refuge was designed to protect waterbirds, native plant species do occur. Several
restoration efforts have contributed to native plant populations. Native species planted include
‘aki‘aki, ‘akulikuli, kaluha, naio papa, ulei, naupaka, akia, and makaloa. A 2006 botanical survey of
Maui’s offshore islets included a visit to Molokini. Native species pa‘tiohi‘iaka (Jacquemontia
ovalifolia) and ‘ilima (Sida fallax) were found scattered about the islet. It was noted that the diversity
of plants increased in open areas not dominated by invasive buffel grass. Along the lower portions of
the islet, close to the ocean, ‘ena ‘ena, ‘akulikuli, ‘Ghelo kai, and ‘ihi were found. Of the 35 plant
species observed during the survey, 9 (26%) were native and 26 (74%) were not.

‘Ihi (Portulaca molokiniensis)

The extremely rare coastal ‘ihi grows on volcanic tuff on Molokini. It is a low-lying herb with thick,
fleshy green leaves and small, bright yellow flowers. Federally listed as a species of concern, ‘ihi is
currently found in low numbers on Molokini, ‘Ale‘ale, and Pu‘ukoa‘e islets; as well as Kaho‘olawe.

It was first collected in 1913 by Charles Forbes who
identified it as Portulaca aff. lutea. Robert Hobdy
described it as a distinctly new species, Portulaca
molokiniensis, in 1982, noting that it differs from P.
lutea “in its conspicuous vegetative growth and
larger leaves, and especially in its dense head-like
clusters of flowers and spinose seeds.” During the
2006 botanical survey, ‘ihi was observed in a thicket
of buffel grass. Restoration plans include carefully
removing nearby pest grasses, allowing the ‘ihi to Y .
spread. Additional plants could be propagated } O % , X
through seeds or cuttings and out-planted in areas Ki
free of buffel grass.
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4.14 Pest Species

For the purpose of this CCP, a pest species is defined as a species whose migration and growth
within a new range is causing detrimental effects on the native biota in that range. Mammals, birds,
fish, amphibians, invertebrates, and plants can all be considered invasive. These species become
invasive because their population and growth are no longer balanced by natural predators or
biological processes that kept them in balance in their native ecosystems. In the absence of these
restraints, invasive species have the potential to compete with native species for limited resources,
alter or destroy habitats, shift ecological relationships, and transmit diseases. Native species as well
as nonnative species can become invasive when their natural ecosystem is out of balance.

Pest species are one of the most serious problems in conserving and managing natural resources. In
particular, the ecological integrity of Pacific Island environments is greatly threatened by invasive
species. Hawai‘i, which existed in isolation for millions of years, is an exceptionally ideal
environment for these species. Most native species lost their natural defense mechanisms and are
more vulnerable to introduced species (Pattison et al. 1998, Ikuma et al. 2002, Middleton 2006).

4.14.1 Mammals

Rat (Rattus spp.)

Three rat species are found throughout the Hawaiian
Islands. Polynesian rats arrived from the central
Pacific 1,500 years ago with the Polynesians;
Norway rats reached the Hawaiian Islands after the
arrival of Captain Cook in the 1770s; and black rats
most likely arrived in the 1870s. It is estimated that
these three species have populated nearly 82 percent
of the major islands.

Polynesian rats and Norway rats nest exclusively in
terrestrial habitats, while black rats are arboreal
nesters. This nesting difference may contribute to a Black rat  © Jack Jeffrey
larger population of black rats in Hawai‘i due to the presence of nonarboreal mongoose predators
(Tobin and Sugihara 1992, Hays and Conant 2007).

All three species in Hawai‘i are known predators of eggs, nestlings, young, and occasionally adults
of endangered waterbirds, seabirds, migratory shorebirds, and forest birds. Ground- and burrow-
nesting seabirds are particularly vulnerable to rat predation, even by the arboreal black rat. Rats also
consume plants, insects, mollusks, herpetofauna, and other invertebrates. Because these prey species
are also eaten by birds, a reduction in these populations may indirectly affect avian populations
(Olson and James 1982, Harrison et al. 1984, Brisbin et al. 2002, Engilis et al. 2002, Mitchell et al.
2005).

The use of snap-traps and ground-based application of diphacinone rodenticide to control rats in the
main Hawaiian Islands has shown a positive effect in native bird survival. Rat control is conducted
year-round near public use areas at Kealia Pond NWR with various methods including the use of
live-traps and snap-traps.
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Small Indian mongoose (Herpestes javanicus)
The small Indian mongoose was intentionally
introduced to numerous island ecosystems during
the 1800 and 1900s and has since expanded to large
portions of Asia, Africa, Europe, Oceania, and the
Americas. In 1883, the species was introduced to
“ .+ the main Hawaiian Islands as a biocontrol agent
W= against rats in sugarcane fields. The mongoose
inhabits all habitat types from 0-10,000 feet on the
islands of Hawai‘i, Maui, O‘ahu, and Moloka‘i. In
other areas of the world, mongooses appear to avoid
wet areas; however, in Hawai‘i, dense populations
of mongooses are concentrated in wet habitats.

The home range of a female in Hawai‘i is about 3.5 acres, and the main reproductive period occurs
from February-August. The high density of mongooses in the Hawaiian Islands is due to abundant
food and the lack of natural predators. They are voracious omnivores, consuming insects, reptiles,
mammals, amphibians, crabs, plants, and birds. In Hawai‘i, mongooses are diurnal predators that
primarily eat invertebrates and secondly small mammals. They are a major threat to any ground-
dwelling and -nesting species in Hawai‘i. These mammals are known to eat eggs, young, and adults
of endangered waterbirds, seabirds, and shorebirds. In addition, mongooses are known to consume
young honu (Staples and Cowie 2001, Mitchell et al. 2005, Hays and Conant 2007).

Mongoose populations have been managed at the refuge since 1996 using traps near waterbird
nesting areas during breeding seasons.

Cat (Felis catus)

Cats arrived in Hawai‘i in the early 1800s on
European ships and are now found on all the main
Hawaiian Islands from 0-10,000 feet. They are
frequently observed on the Refuge and are
occasionally caught in our trapping program.

Cats are natural hunters with their sharp teeth; the
upper teeth overlap the lower, giving them a firm
grasp to shake or tear prey to death. Food habits of
cats in Hawai‘i include insects, centipedes, v v 3
crustaceans, Iizards, mice, rats, bird eggs, and birds Neutered and released cat with endang(_ered waterbird
(Scott and Thomas 2000, Mitchell et al. 2005). © Michael Walther

Dog (Canis lupus familiaris)

The dog is a domesticated form of the gray wolf, a member of the Canidae family of the order
Carnivora. Abandoned, escaped, or pet dogs allowed to run loose can cause great harm to native
species and ecosystems. Dogs have caused terrible damage to native ground-nesting seabird colonies.
Dogs typically attack a large number of birds in a single incident by grabbing and shaking the birds
around with their mouths and leaving them for dead before heading to another nest or burrow.
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Axis Deer (Axis axis)

Axis deer originate from India and are also known as cheetal deer. Its coat is reddish-brown, marked
with white spots, and its underparts are white. It stands about 3 feet tall at the shoulder and weighs
about 185 pounds. Its lifespan is 20-30 years. It has a protracted breeding season due in part to the
tropical climate, and births can occur throughout the year. For this reason, males do not have their
antler cycles in synchrony and there are some fertile females at all times of the year. In 1959, nine
deer were introduced to Maui by the Territorial Legislature for increased hunting opportunities and to
provide subsistence for island residents. In 1968, the Maui population was estimated to be 85-90
animals. Today, reports of deer sightings occur throughout Maui from Hana to Kapalua with
numbers estimated in the thousands. The growing population of axis deer has created a number of
concerns ranging from vehicle accidents, poaching, ecosystem damage, and disease to crop damage
(Maui Axis Deer Group 2002).

4.14.2 Birds

There are a number of nonnative species that have been introduced through human activity. Maui’s
native birds coevolved in isolation and developed specialized life history requirements in order to
minimize competition. Most of the nonnative birds have been introduced just within the last 100
years and use the same habitats, eat the same foods, and use similar foraging strategies as our native
birds. Direct competition for limited food and habitat is a serious issue. These species are resistant to
avian pox and malaria and may serve as carriers for transmitting these devastating diseases.

Nonnative bird species are fairly common to abundant, and also play a role in spreading the seeds of
pest plants into native habitats. More study is needed and close monitoring is critical. One of the
nonnative birds identified as a pest species is the cattle egret.

Cattle egret (Bubulcus ibis)

The cattle egret was introduced to Hawai‘i in 1959 from Florida for
insect control on cattle and has become widespread. Rookeries
were documented on Ni‘ihau, Kaua‘i, O‘ahu, Hawai‘i Island,
Moloka‘i, Lana‘i, and Maui by the mid-1980s. Cattle egrets were
known to roost and nest in stands of red mangrove (now removed)
east of Kanuimanu Ponds and in kiawe adjacent to the access road
to those ponds.

Its diet primarily consists of grasshoppers, crickets, spiders, flies,
frogs, and nocturnal moths, but the bird will also consume prawns,
mice, crayfish, and the young of native waterbirds. Cattle egrets
have been documented taking chicks of all endangered waterbirds
species occurring on the Refuge. If numbers increase and predation
on endangered waterbirds exceeds our target limit, population
control measures identified in the IPM will be implemented
(Brisbin et al. 2002, Engilis et al. 2002, Hawai ‘i Audubon Society
2005).

Cattle egret
Laura Beauregard/USFWS
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4.14.3 Amphibians

Cane toad (Bufo marinus)

Cane toads or Pacific giant toads, which are native
to Latin America, have a broad geographic range
that includes a majority of the Pacific region. The
toads were brought to the Hawaiian Islands in 1932
to control insect pests. The adults only require water
for breeding, an event which results in thousands of
eggs per mating occurrence. Cane toads are active ) S % PN
at night and primarily feed on cockroaches, crickets, =SS E A
grasshoppers, grubs, earthworms, slugs, spiders, JUSFWS
centipedes, and snails. In addition, these highly invasive amphibians could be a potential predator of
endangered waterbird eggs and young (Yamamoto and Tagawa 2000, Staples and Cowie 2001).

4.14.4 Invertebrates

Although the Hawaiian Islands support a large number of native invertebrates, wide arrays of pest
invertebrates have invaded marine and freshwater habitats.

Spotted-winged midge (Polypedilum nubifer)

A common, widely-distributed insect in tropical and subtropical waters, the spotted-winged midge is
a nonnative aquatic invertebrate that was first identified on O‘ahu in the 1940s. It is unknown when
the species first appeared on Maui but accounts from lifetime residents indicate that similar flying
insects existed on Maui long before midges were initially identified in 1997 by Bishop Museum
when the nuisance issue arose. This midge species’ life history is comprised of a larvae form in the
upper layer of the pond sediment and a flying adult. Larval midges pass through four instars (or
phases) with individuals increasing in size in successive instars. Larvae are present in the top aerobic
layer of pond sediment where they feed on detritus and algae. At the completion of the fourth instar,
the midge larvae undergoes a metamorphosis, travels up through the water column and emerges as a
flying insect. Upon emergence, the adult’s objective is to mate, lay eggs, and die. A common
behavior during this period is for adults to congregate, or swarm, increasing their changes to find the
opposite sex. When the weather is calm, this behavior can be seen from a distance — a black column
that can rise to great heights.

Adults are not strong flyers and are attracted to light sources (and thus the nuisance aspect for
neighboring condominium residents). The length of the adult stage of this species is unknown:
however, studies on other midge species report that the adult life-span ranges from 3-5 days, with the
primary objective of reproduction. Once eggs are laid the adults die. Egg capsules will attach to
vegetation, or any structure in the pond, or are observed floating on the water surface. Upon
hatching, the first instar larvae move down through the water column to the pond sediment and the
cycle continues. The larvae-to-adult cycle is approximately 3 weeks, plus or minus a few days.

Midges are important in the diets of endangered waterbirds and are not considered a pest for the
recovery of the endangered Hawaiian waterbirds. At Kealia Pond, the spotted-winged midge has
received the attention of nearby residents when there are more than sufficient populations of midges
to support waterbirds and swarms are attracted to artificial light sources. Therefore, to reduce
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impacts to adjacent residences, a variety of studies have been conducted since 2000 to moderate large
emergences through habitat manipulation. Several insecticides were tested during this period and
methoprene, an insect growth regulator, was found to provide relief to adjacent residents. There are
no other products with similar results so its application must to be carefully monitored to reduce the
potential that midges would become resistant to it. Recent observations show promise that
moderately low water level during the winter months reduces midge production below nuisance
levels.

Ants

Hawai‘i is one of the few places on Earth believed to harbor no native ant species. Today, at least 47
ant species in 7 subfamilies and 24 genera have become established. Ants are a growing concern
since they can have negative effects on native and endangered plants and animals. Ants are known to
attack, injure, or kill young birds. Ants are also implicated in having negative effects on native and
endangered plants. Control of ants has potential on the Refuge to protect trust resources. The Service
is currently studying the efficacy of various baits and approved toxins on pest ants on O‘ahu and
Johnston Atoll. It is anticipated that the Refuge will adopt IPM methods to control ants based on the
results of these studies.

4.14.5 Plants

At the ecosystem level, pest plants have been shown to be capable of changing fire regimes, altering
nutrient cycling patterns, and modifying the surface runoff of water. Nonnative plants can physically
displace native species, and/or supersede them in competition for water, nutrients, or other limited
resources. They can provide habitat for pest animals such as rookeries for cattle egrets in stands of
kiawe or red mangrove. They can also be vectors and hosts for introduced pests and diseases to
which the native species lack natural defenses. Almost half the flora of the Hawaiian Islands is
comprised of naturalized nonnative plants, approximately 1,100 species. According to Staples and
Cowie (2001), pest plants in Hawai‘i share the following biological and reproductive characteristics:
Adaptable to and capable of thriving in different habitats;

Tolerant of variable conditions (such as light, temperature, moisture);

Fast growing;

Tolerant of disturbance;

Easily dispersible to new localities by seeds, fruits, spores, or vegetative parts;

Produce small seeds/spores early in life;

Long reproductive periods; and

Dispersed by animals and with no special germination requirements.

The control and eradication of pest plants has been the top priority of natural resource managers in
Hawai‘i. In the wetland habitats of the Refuge, pest plant species can drastically reduce the value of
wetland habitat to native species. Pest species outcompete more desirable plant species here, as well
as invade openwater and mudflat habitats. In addition, the high biomass characteristic of pest grasses
produces a high amount of fuel for fire. A combination of IPM techniques are employed at Kealia
Pond including chemical, mechanical (hand and tractor), prescribed burns, and water level
manipulations. Restoration efforts are continuous. Pest plants on the Refuge include California grass,
California bulrush, Indian marsh fleabane, kiawe, Mexican fan palms, red mangrove, and the large
acreage of pickleweed covering the mudflats. Pest plants targeted for removal on Molokini include
buffel grass, golden crown-beard, sourbush, Indian marsh fleabane, koa haole, and sandbur.
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California grass (Brachiaria mutica)

California grass is a sprawling perennial with culms
up to 19 feet long. Stolons and leaf sheaths are
densely hairy. It is suspected to have originated in
sub-Saharan Africa and occurs pantropically as a
pasture grass. California grass occurs in aguatic
environments and is reported to be well-adapted to a
wide range of soil conditions (sandy to clay). It
tolerates moderate shade but prefers full sun (Cook et
al. 2005).

It grows prolifically in wetland habitats, but it can California grass Mike Silbernagle/USFWS

also withstand severe drought. In addition to

displacing native plants, California grass alters and destroys aquatic environments, causing a
reduction in bird habitat. The grass also interferes with streamflow and poses a nuisance to marine
navigation when rafts of the grass float out to sea. The Hawai‘i-Pacific Weed Risk Assessment,
conducted by University of Hawai‘i (UH) and the U.S. Forest Service, identifies California grass as
“documented to cause significant ecological or economic harm in Hawai‘i” (Stone et al. 1992,
Motooka et al. 2003).

Indian marsh fleabane (Pluchea indica)

Indian fleabane is an erect shrub that grows up to
6.6 feet tall. It is native to temperate and tropical
Asia and northern Australia and is naturalized
elsewhere. In Hawai‘i, it occurs in lowland, coastal
habitats such as wetlands and fishponds. Initially
recorded on O‘ahu in 1915, Indian fleabane has
been identified on Maui, O‘ahu, Kaua‘i, and
Ni‘ihau. It prefers marshes and saline soils
(Motooka et al. 2003, GRIN on-line database).

Pluchea indi

Indian fleabane will out-compete native sedges on
the Refuge, reducing forage and nesting habitats for birds. It tends to harbor huge nests of paper
wasps, which are a hazard to Refuge staff and the public. The Refuge uses mechanical and chemical
techniques to control this pest species.

California bulrush (Schoenoplectus
californicus)

California bulrush is a perennial sedge found in
marshy areas from southern and western North
America to South America. It has tall, thin, dark
green stems which are usually triangular in cross-
section and woolly, bristly tan or brown flowers in
panicle inflorescences. It has characteristics
common in the sedge family, such as creeping. It is
intolerant of shade, but can spread rapidly by
vegetative means (Wagner et al. 1999, NRCS 2008).

I N

Californa bulrush Mike Silbernagle/USFWS

4-30 Chapter 4. Refuge Biology and Habitat



Kealia Pond National Wildlife Refuge Comprehensive Conservation Plan

Pickleweed (Batis maritima)

Pickleweed, native to tropical and subtropical
America and the Galapagos Islands, is a maritime
shrub that grows up to 2-3 feet long. The stems are
cylindrical with small succulent leaves and tiny
green flowers. The fruit is red, and is spread by
floating across the water surface.

Extremely invasive, pickleweed grows so thickly
that it can prevent young birds from moving
between Refuge ponds in attempts to gain access to
foraging areas. In a 2004 partnership with Ducks 5 7 .
Unlimited, levees were built up and widened to i ' Pickweed at Kanuimanu ponds USFWS
prevent flooding. Slopes were formed to provide

shallow water when ponds were full. Prior to the work, all pickleweed plants were removed and
Refuge volunteers have out-planted native vegetation on the levee slopes. Pickleweed also remains a
pest species in the mudflats. ;

Red mangrove (Rhizophora mangle)

The red mangrove is native to tropical America and
was introduced to Moloka‘i in 1902 for erosion
control. It is found on six of the main Hawaiian
Islands and forms dense, monospecific thickets
that will overtake fringing reefs and tidal strand,
saltwater wetlands, and other riparian habitats. Red
mangroves grow on prop roots, which arch above
the water level. Propagules become fully mature
plants before dropping off the parent tree. These are
dispersed by water until eventually embedding in
the shallows.

Red mangroves have posed a problem since the Refuge was
established. One restoration project addressed an old stand of trees
that were so dense that nothing grew under its canopy and it served
as a rookery for cattle egrets that pose a threat to nesting waterbirds.
When the mangrove was removed, the native sedge kaluha spread
and established in its place.

Mexican fan palm (Washingtonia robusta)

Native to Mexican desert washes where underground water is
continuously available, the Mexican fan palm was introduced as a
landscape ornamental. It has naturalized in Hawai‘i to become
invasive in disturbed areas. This palm is known to create
monospecific stands in riparian areas where the water helps disperse
its seeds. Dead fronds of the tree can create a fire hazard. The easiest
way to control the species is by removing the seedlings (Starr et al.

2003). Invasive Mexican fan palm
Jason Hanley/USFWS
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Kiawe (Prosopis pallida)

Kiawe is native to Peru, Colombia, and Ecuador. Over 150,000
acres of kiawe forests in Hawai‘i are descended from a single tree
planted in 1828 by Father Bachelot, the first Catholic priest in the
Hawaiian Islands. By 1840, progeny of the tree had spread to dry,
leeward plains on all of the islands. Most kiawe have thorns with

. strong, 1-inch-long spines. It usually flowers January-March, but in
| years with wet summers it also flowers September-October. The
small flowers are borne in pale yellow spikes 3-4 inches long and
0.5-inch in diameter (Nelson and Wheeler 1963).

On windy or dry sites, kiawe grows as a shrub or small, twisted tree
only 10-16 feet tall. Kiawe was considered a valuable tree for a
variety of reasons: its pods and seed are nutritious fodder; a small
honey industry depends on kiawe flowers; the wood is is used
directly for fuel and is also made into charcoal; and, the heartwood
is durable and preferred for fence posts (Felker 1981).

Kiawe thorns & seed pods F & K Starr

Kiawe overshadows native plants and its deep taproots use all
available water. Dense kiawe thickets have replaced native plants in
the coastal dry forest at Kealia Pond NWR.

Buffel grass (Cenchrus ciliaris)

Most native plants on Molokini are observed in open areas where
there is a break in the buffel grass, a species native to Africa, Asia,
Iran, and the extreme south of Europe. It is a perennial grass
growing to 20 inches tall. It spreads very quickly and will often kill
native plants by taking away nearby water. Removal of buffel grass
is the primary management action needed to restore the habitat for
native plant species on Molokini (Starr et al. 2003).

4.14.6 Diseases

Avian botulism Buffel gras ©F &K Starr
Avian botulism is a paralytic disease caused by ingestion of a toxin produced by the bacteria,
Clostridium botulinum. This bacteria is widespread in soil and requires warm temperatures, a protein
source and an anaerobic (no oxygen) environment in order to become active and produce toxin.
Decomposing vegetation and invertebrates combined with warm temperatures can provide ideal
conditions for the botulism bacteria to activate and produce toxin.

Birds either ingest the toxin directly or may eat invertebrates (e.g., chironomids, fly larvae)
containing the toxin. Invertebrates are not affected by the toxin and store it in their body. A cycle
develops in a botulism outbreak when fly larvae (maggots), feed on animal carcasses and ingest
toxin. Ducks that consume toxin-laden maggots can develop botulism after eating as few as 3 or 4
maggots. Outbreaks can occur most anytime on the Refuge, but typically occur during the summer
months during warm to hot weather. Thousands of birds have been know to die during a single
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outbreak in areas of high waterfowl concentrations. There is no seasonal pattern to this disease in
Hawai‘i.

Botulism is one of the few wildlife diseases we can actually manage effectively. Although we do not
know all the environmental triggers that cause Clostridium botulinum to start producing toxin, we do
know that if mortalities are detected early enough, certain management techniques, if implemented
quickly, can rapidly stop and mitigate the magnitude of waterbird mortality. Because animal
carcasses are an excellent source of protein, removing them reduces the potential for spreading.
Draining or flooding the wetland can change the environmental conditions sufficiently so as to stop
the production of toxin. The Refuge experienced a large outbreak in 1999 that prompted a standard
protocol to check areas for dead birds, especially when water starts receding or if a carcass is found.
In the event weak birds are found, the Refuge sets up a rehabilitation area to care for birds until they
show signs of recovery. Birds are released in “clean” (no incidents of botulism) wetlands on Maui
(with permission). Unfortunately, recovered birds do not become immune to botulism and remain
susceptible (USGS 2007).

Fibropapilloma tumor disease

Fibropapillomatosis (FP) of marine turtles is a debilitating neoplastic disease with a global
distribution that was originally described in honu in Hawai‘i in 1958. The prevalence in certain
coastal habitats has increased or remained high since systematic surveys were started in the early
1980s. These tumors can result in debilitation and even death to individual animals. Refuge staff and
Sea Turtle Dawn Patrol volunteers monitor the frequency and severity of FP occurring on honu
observed along the shoreline. These observations are reported to the National Marine Fisheries
Service. Research continues as to the cause and potential future remedies for this disease (Herbst
1994, Balazs 1991).

4.15 Habitats

4.15.1 Coastal Dune/Beach Strand

The Coastal area paralleling the shoreline, also
referred to as the beach strand, includes beaches,
coastal dunes, and the zone immediately inland of
the dunes. Beaches are the most seaward portion of
the coastal region and are composed of sand or
other loose materials that are constantly exposed to
waves and tides.

=

Coastal dunes are ridges or mounds of sand located - .
Ma"alaea beach strand Laura Beauregard/USFWS

immediately landward of the beach. These mounds
are formed by an accumulation of windblown sand that is trapped via obstacles such as vegetation.
Dunes are dynamic features that erode during periods of high waves (a process termed scarping) and
rebuild when heavy wave action subsides. The coastal dune ecosystem in Hawai‘i functions as a
natural, elevated buffer against erosion, flooding, high waves, storms, tsunamis, and other coastal
hazards (Wagner et al. 1999, UH 2006).
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Native vegetation on sandy or dune areas typically includes ‘aki‘aki, pchuehue, hinahina, naupaka,
pohinahina, nanea, alena, Reichardia picroides, ‘ohai, and nama. In addition to providing habitat for
native flora, the coastal dune areas at Kealia Pond NWR provide resting habitat for the endangered
‘7lio-holo-i-ka-uaua, and nesting habitat for endangered honu ‘ea and threatened honu. Dunes provide
resting and foraging habitat for seabirds and shorebirds including the kolea and kioea, two shorebird
species designated as a high conservation concern. These coastal dune areas formerly provided
nesting areas for the endemic pueo (Mueller-Dombois and Fosberg 1998, Hawai‘i Audubon Society
2005).

Recreational and coastal development pressures have severely impacted coastal dunes throughout the
State of Hawai‘i and the Island of Maui. Commercial and residential developments along the
coastline level the dune environment. Grading and landscaping alter the naturally occurring
topography and ecology of dunes. Soil filling compacts and traps dune sands and sand that is
removed by waves cannot be replaced. This trapping causes a continual decrease in sand and loss of
the beach environment. In addition, the continuous trampling by vehicles and pedestrians on the
dunes causes erosion and sand movement. Vogt (1979) found that fewer than 10,000 pedestrians
walking over sand dunes during a single season can eliminate dune vegetation and result in erosion.
Because the beach area in Hawai‘i is attractive to both visitors and residents, pedestrian traffic has a
significant impact on these areas (Tabata 1980, UH and Maui Planning Department 1997, DLNR
1999).

Dune management tools at the Refuge include planting native coastal vegetation; controlling pest

plants; and prohibiting vehicles (including all-terrain vehicles); and using fencing to block turtles
from entering the roadway.

4.15.2 Wetlands and Deepwater Habitats

,.}1
Lacustrine and palustrine wetlands occur at Kealia e e ’ e
Pond NWR as delineated by the National Wetlands e i M e
Inventory. Lacustrine wetlands occur in a treeless : —
depression and exceed 20 acres. Palustrine wetlands . /} } =
are non-tidal and dominated by trees, shrubs and = f r

emergent vegetation (Cowardin et al. 1979).

Lacustrine wetlands

Kealia Pond NWR is named after the main body of
water that provides all 200 acres of lacustrine —= g —
wetlands on the Refuge. In most years, major Wetland habitat Laura Beauregard/USFWS
winter storms fill the pond and water level gradually

drops throughout the rest of the year. By mid-spring, water coverage drops below the adjacent
palustrine wetlands and the lacustrine bottom becomes exposed. By summer, water is supplemented
through a water distribution system and a pump from a brackish-water well. The pond may remain
nearly full in some years when stream diversions are reduced during the summer.

Palustrine wetlands
The vegetated and small unvegetated wetlands surrounding the Main Pond and Ma‘alaea Flats to the
west make up 150 acres of palustrine habitat. The wetlands adjacent to the Main Pond are directly
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influenced by its hydrology. Except for sedge stands fringing the lacustrine wetlands, nearly all
vegetation is comprised of pest species, dominated by Indian marsh fleabane and pickleweed. The
Kanuimanu and Baitfish Ponds have vegetated cover of sedges that ranges from a fringe along the
side slopes to 40 percent coverage. Vegetation at Ma‘alaea Flats is dominated by similar pest species,
and sparse stands of sedges. This area is influenced by the hydrology of the Main Pond only at
extremely high water level when water backs up onto the flats. Supplemental pumping into the Main
Pond does not feed the flats due to mud bars at the outlet stream and, consequently, the flats remain
dry during the summer.

Installation of staff gauges in 1995 showed little change in sedimentation in the deeper areas of the
Main Pond. Accumulation of wind swept sediments is frequently observed during most summers at
the southeastern part of the Main Pond. Transect markers placed along the vegetation line measured
vegetation encroachment of up to 45 feet. This was likely the result of pumped water being
discharged in the area during the summer.

In the palustrine wetlands, Indian marsh fleabane appeared in the upper elevations of this habitat
during a series of dry years. West of the Main Pond, Pluchea was mechanically removed in 2007,
but has since become re-established. Pickleweed was mowed in 10-yard bands parallel to the Main
Pond shoreline in 2008 and again in 2009. California grass, present since the Refuge was acquired,
was mechanically removed in 2005. It has since grown back. Red mangrove was removed in 2003
east of Kanuimanu Ponds. Additional stands were removed in 2005 and 2011. Kanuimanu Ponds
were formerly fish farm ponds that were re-contoured for waterbird habitat in 2006. The former
Baitfish Ponds were redesigned in 2007.

Although Kealia Pond may provide over 100 acres of shorebird habitat, the absence of water control
structures limits shorebird use of vegetated habitat most of the winter and birds are concentrated in
exposed shallow-water edges. Ma‘alaea Flats is partially flooded only after the infrequent rains that
fall on the Refuge. Conversely, water covers most of the mudflats at the Main Pond except in those
years when the pond dries out in the fall.

4.15.3 Coastal Dry Forests

Hawaiian dry forests once supported a remarkable
diversity of tree species, however, researchers
estimate 99 percent of the original coastal dry forest
has been removed. The arrival of humans caused
the most severe environmental impacts to the
lowlands because these areas were favorable for
human habitation. Coastal dry forests were cleared
with fire followed by slash-and-burn agriculture.
Charcoal evidence from Maui has shown that
lowland areas were subject to frequent fires after
human settlement (Kirch 1982, Cabin et al. 2000,
Burney and Burney 2003).

* Kiawe-dominated dry forest Laura Baureard/FWS

Coastal dry forest at Kealia Pond is species poor with the majority of plants introduced since the 19"
century. Kiawe has replaced native plant species within the higher elevations of the Refuge,
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primarily along the northern border above the seasonally inundated zone. Trees are typically 30-40
feet tall. In open areas, understory of thick buffel grass is dominant with fingergrass. In wetter
areas, pickleweed is the dominant understory species along with ‘akulikuli and Indian marsh
fleabane. It can dominate semi-arid areas by using the brackish groundwater.

A variety of nonnative birds inhabit this forest including gray francolin, black francolin, Northern
cardinal, red-crested cardinal, and house finch. The necessary biological requirements of ‘Gka‘i ‘aiea
adults for foraging, sheltering, dispersal, breeding, and egg production are native, nectar-supplying
plants and the dry to mesic habitats between the elevations of 0-5,000 feet. Although only a few
‘oka‘i ‘aiea have been reported at Kealia Pond, with restoration management the coastal dry forest
area of the Refuge has the potential to meet these requirements.

While nonnative plants are a threat to remaining fragments of dry forest, the complete or rapid
removal of pest plants may have a negative impact on native species by changing forest structure,
microclimate, and disturbance involved with plant removal activities. Thus, small scale and large
scale experimental plots that remove some or all of the nonnative species may provide insight on
how to best manage the coastal dry forest at the Refuge (Pau et al. 2009).

4.15.4 Offshore Islet (Molokini)

There are no known federally listed T&E species of
migratory seabirds on the islet. The islet is
important nesting and roosting habitat for at least six
species of seabirds. A large colony of ‘va‘u kani of
approximately 3,200 adults was recorded in 1978.
Molokini also has confirmed nesting of ‘ou, a
species with a population of moderate concern.
Other seabirds, including ‘iwa, ‘a, and noio,
frequently use the islet for roosting.

A banding program was initiated on Molokini in 1999 by DLNR. It is an annual effort for known
colonies on Maui, Moloka‘i, Lana‘i and offshore islets ‘Alau and Molokini (total of nine sites),
providing a County-wide assessment. In comparison with other sites, Molokini consistently shows a
much higher number of birds banded than other main island sites, primarily because of the absence of
predators and human disturbance. From 1999-2010, the number of chicks banded ranged from 400-
650 nestlings, which is approximately one-third of the total active nests. State biologists started
banding adult birds at Maui colonies a few years ago and have recovered birds originally banded on
Molokini, confirming the dispersal of birds from Molokini to other colonies. Unfortunately, colonies
on the main Hawaiian Islands are subject to high predation by nonnative mammals and incidences of
human disturbance (shooting, eating, caving-in burrows), resulting in very low fledging success
(Fern Duvall, pers. comm.).

‘Ou are known to nest in rock crevices on Molokini; however, number of nesting pairs, active nests,
and fledging success is unknown. This species cannot exist in the presence of mammalian predators
that are prevalent on the main Hawaiian Islands, including mongooses, rats, and cats. This
emphasizes the value of offshore islets such as Molokini for ground-nesting seabirds.
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The earliest botanical surveys were conducted in 1913 (Forbes) and 1925 (Palmer). Only 10 species
were common to both visits and, of the total 21 different plants, 11 were native species. In 2006, the
Offshore Islet Restoration Committee (OIRC) recorded 35 plant species, only 9 of which were
native. Molokini is vegetated with nonnative buffel grass and six of the native plant species,
including ‘ihi, pa‘u o hi‘iaka, koali, ‘iwa‘iwa, ‘ohelo kai, and ‘ilima. Tree tobacco, which is a host to
the endangered ‘Oka‘i ‘aica on Maui, is also present, in addition to other pest plant species (Starr et
al. 2006).

One of the management objectives is to restore native coastal vegetation. It is expected that part of
the habitat restoration program would allow for transplant and restoration of many of the native
plants that were historically recorded on Molokini. This effort would increase the wildlife value of
the islet which is already excellent habitat for migratory seabirds and increase the chances of
continued survival for ‘oka‘i ‘aiea. The islet has burrows for underground bird nesters and numerous
plant species make for excellent above ground seabird nesting.

4.16 Ecological and Biological Research

The wetlands are an ecological unit that has a multitude of interconnections between and amongst the
physical, biological, botanical, and environmental variables. The presence of nuisance issues
(spotted-winged midges, tilapia, and windblown sediment) emphasizes the need to gain a better
understanding of these interactions in order to address the individual issues. Changing one link in the
chain may impact another function or process within the wetland.

In 2000, the Refuge held a workshop to discuss the existing and future potential of the Refuge to
increase endangered waterbird abundance, define restoration activities to optimize habitat for
waterbirds, and identify data gaps that need to be filled to gain a better understanding of the seasonal
conditions. Results of the workshop provided a basis for subsequent research and inventory projects
that were completed from 2001-2007. This information gathering phase was instrumental in
identifying the Refuge’s goals, objectives, and strategies.

Projects completed during this time period include:

e Topographic mapping of Kealia Pond (Figure 3.11);

e Preliminary soil characterization (soil composition, profiles) on the vegetated flats;

e Sediment samples from the Main Pond and stream channels that supply water to Kealia Pond

analyzed for contaminants (organic compounds, metals, and nutrients);

e Capacity of existing brackish-water wells evaluated (groundwater feasibility study) and all
three refurbished with two outfitted with more efficient pumps;
Water distribution lines installed on wells A and C to deliver water to target areas;
Staff gauges installed to monitor surfacewater levels;
Piezometers installed to monitor groundwater levels;
Datalogger installed for continuous water level recording in the Main Pond;
Weather gauge replaced for weather data and future evaluation of evapotranspiration rates;
Comprehensive water monitoring program, including data and analyses of surfacewater,
groundwater, abiotic factors (pH, conductivity, DO, salinity, temperature, turbidity), and
water quality (nitrates, phosphates, and TSS) 2001-2004;
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Chemical analyses of excess water from Ma‘alaea Power Plant as a potential source of water
for the wetlands: Although the water did not contain contaminants, this option was rejected
because the water was nutrient-rich which could result in higher eutrophic conditions in the
pond;

Stream flow into Kealia Pond evaluated: USGS installed temporary staff gauges on the
upper reaches of the streams to monitor periodicity and flow. The study also included
seepage runs to identify how much water was reaching the bounds of the wetlands;

Larvicide study to test the effectiveness of Bacillus thuringiensis var israelensis (Bti) and s-
methoprene on the nuisance spotted-winged midges (2001). The Bti comes in a pellet form
that sinks to the bottom and upon consumption, kills midges and other invertebrate larvae
(not species-specific) whereas s-methoprene is an insect growth regulator that inhibits the
midge larvae (species’ specific) from changing from larvae stage to adult flying stage.
Methoprene was more efficient at controlling midge abundance because it is specific to
midge species, only needs to be in contact with midge larvae to become effective, effective
period lasts for up to 28 days (compared to Bti’s effectiveness of 2-4 days); and the
methoprene only acts as a hormone suppressant that allows the larvae to live but not change
to an adult (which is the nuisance). A literature search of methoprene did not result in any
documentation that the pellets directly, or indirectly, impacted wetland bird species;

Midge study (3-year) to investigate the life history, density, larvae-adult emergence, and
control using methoprene. The life history information gained from this study was essential
in defining the protocol for future monitoring and methoprene treatments. The study results
provided us with information to develop a standard protocol for controlling midges based on
available data. There are specific criteria that need to be met to reduce potential, unknown
impacts to waterbirds and target the nuisance midge species with minimal impact to the
native species. Spotted-winged midge abundance differs each year and their
presence/absence in the wetland is due to a combination of ecological, biological, and
environmental conditions that are difficult to separate in the field. Midge larvae densities are
monitored from core samples which are the most effective method to identify the peak season
when treatment can be performed. Only one treatment is conducted in a season to prevent
resistance to the methoprene. The use of methoprene to control midges is considered a short-
tem method while the Refuge investigates more “natural” forms of control. We have
observed a lower density of midges when water level is low, even during December-January
which hints at the potential to use water level as a control method;

Native and introduced invertebrate community. A preliminary inventory of aquatic
invertebrates (included in Appendix A) at Kealia Pond was produced from this study;

A fish study was completed that provided preliminary assessment of fish population in the
Main Pond, recruitment into the pond, morphology, and diet. As expected, there is low
diversity of fish species in the pond, a majority of which were tilapia. The researchers were
unable to identify any native fish species that could tolerate the seasonal conditions that occur
in the wetland; and

Kanuimanu Ponds were recontoured to provide safe access to the public and create habitat for
endangered and migratory waterbirds. Physical improvements included: grubbing all
vegetation from levees; removal of interior levees to create larger management units; buildup
and compaction of pond levees; sloping sides to minimize erosion and create shallow water
along the edges when water is high; outfitting Well C (brackish water) with a pump and
electrical service; and installation of a water distribution line to direct water to individual
ponds. This project and volunteers’ native outplanting has created better quality habitat for
foraging and nesting waterbirds.
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Published studies include the following:

Rader, J.A. 2005. Response of Vegetation and Endangered Waterbirds to Habitat
Management Techniques at Kealia Pond National Wildlife Refuge. University of
Missouri, M.S. Thesis. 93pp.

The objective of this study was to measure and evaluate the response of vegetation and endangered
waterbirds from mechanical treatment of vegetated flats. Results of the study indicated a difference
in vegetation (primarily pickleweed) response from mowing and rototilling between areas of the flats
resulted in an increased interspersion of open water; however, the plots differed in the type of
vegetation that came in: plots on the east side of the flats came back as monotypic pickleweed and
the western plots responded with a more diverse assemblage of native plants and annual pest species.
Opening up the vegetation on the flats resulted in a higher use of the area by endangered and
migratory waterbirds. Both ‘alae ke‘oke‘o and ae‘o used the area for nesting and further
observations indicated Hawaiian waterbirds depend on early successional habitat for nesting and
foraging.

Wirwa, N.L. 2007. Macroinvertebrate Response to Management Strategies and Habitat
Condition at Kealia Pond NWR, Maui, Hawaii. South Dakota State University, M.S.
Thesis. 143pp.

The location of this study is on the vegetated flats that followed on earlier research by Rader (2005)
but the objective was to determine the macroinvertebrate relationships within specific plant
communities and habitat conditions, particularly areas associated with mechanical treatment of
invasive pickleweed. This study emphasized the importance of vegetation to invertebrate diversity
and density; however, it is also beneficial to maintain a diversity of habitat types (vegetated, mudflat,
and open water) to maximize species diversity for endangered waterbirds.

Koshorek, J.L. 2007. The Benthic Community of Kealia Pond (Maui, HI): Native and
Invasive Chironomids (Diptera: Chironomidae), Benthic Algae and their Interactions.
Loyola University Chicago. M.S. Thesis. 150pp.

The objectives of this research were to investigate the diets of both invasive and native chironomids
in Kealia Pond to identify their primary food resources, examine the factors influencing one possible
food source (benthic algae) and to determine if midge densities were related to benthic algal biomass
and/or community structure. A majority of the midge diet (from gut contents) was accounted for by
detritus and algae. The study found algal biovolume remained stable in the presence of larval midge
grazing; however, the population did not appear to be limited by algae as a food source, even when
midge densities reached nuisance levels. These data provided invaluable information on algae
species and midge diet that may be instrumental when evaluating control methods.

These research projects and monitoring programs have provided invaluable information for the
Refuge to evaluate with respect to understanding the wetland ecology and endangered waterbird
requirements, all of which need to be balanced with the need to ameliorate nuisance issues.
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New Headquarters and Visitor Center USFWS

Chapter 5. Refuge Facilities and Public Use Programs

5.1 Refuge Infrastructure and Administrative Facilities

The Refuge headquarters is located at Kealia Pond NWR along the entrance road off of Mokulele
Hwy. and includes a new office and visitor center building (HQ/VC), metal storage containers,
constructed impoundments, and brackish water wells with pump and appurtenances. The
infrastructure and facilities discussed in this section include fences and boundary markers, entrances,
roads, trails, administrative and maintenance structures, and water-related structures (Figure 5.1,
page 5-5). Facilities associated with specific public use programs (boardwalk, visitor/EE shelter) are
discussed in section 5.2.

5.1.1 Headquarters and Visitor Center

The first office (1995) was in a leased building at 101 N. Kihei Rd., across from the Refuge. In
1997, a double-wide trailer was placed near the Kanuimanu Ponds for the staff. In November 2006,
a fire of unknown cause(s) damaged the office beyond repair and a leased office trailer is serving as
the base of operations and visitor contact station until a new building is completed. Although
operation and maintenance cost of the new building is expected to be more than the original trailer
office, its energy efficiency will help minimize those costs.

The new Complex headquarters and Kealia Pond Visitor Center (HQ/VC) was funded by the
American Recovery and Reinvestment Act of 2009. It will become the primary visitor contact station
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for the entire Complex. The building is located off the main entrance road and includes
administrative offices, an exhibit hall, and multipurpose rooms. The design was based on Leadership
in Energy Efficiency and Design (LEED) criteria with the goal of attaining Silver status. Our LEED
elements include the use of photovoltaic panels for power and solar hot water system; water-efficient
fixtures; design and building placement to take maximum advantage of ambient lighting; and
landscaping with native plants.

The new VC exhibits portray the cultural history, ecology, and biology of the Refuge, and include
three-dimensional hands-on displays. A multi-purpose room will be available for Refuge-related
special events (e.g., guest lecturers and special presentations).

5.1.2 Maintenance Facilities

Our maintenance facilities are comprised of three metal shipping containers that serve as storage for
hand and power tools, biological supplies, and maintenance supplies. These containers are set in a
fenced maintenance compound where work materials and supplies (pumps, fencing, and carpentry
tools), Refuge vehicles, and heavy equipment are also stored. The lack of a covered maintenance
garage exposes our fleet and equipment to environmental elements and increased deterioration.
Heavy equipment attachments are covered with tarps to provide some protection from the
environment.

5.1.3 Trails

The Refuge has two areas accessible for pedestrian use. Although Kanuimanu Ponds and the Kealia
Coastal Boardwalk encompass only a small percentage of the total acreage of the Refuge, they do
provide quality experiences for the public while minimizing disturbance to endangered and migratory
waterbirds.

The Kanuimanu Ponds (20 acres), located at the end of the entrance road, are earthen ponds
constructed in 1970 by Global Marine, Co., that later transferred to Pacific Aquaculture Corp.
operating as Hawai‘i Fish Farm, Inc. The facilities raised freshwater prawns, Chinese catfish, tilapia,
and apple snails in the ponds and raceways until 1995, 3 years after Kealia Pond was established as a
national wildlife refuge.

The aquaculture operation was terminated by the Service primarily because of the conflict in
management practices, including target species requirements for water coverage and depth, and
native versus nonnative aquaculture species. Raising fish requires constant high water which limits
waterbird use of the ponds, especially for wading birds like the ae‘o. The endangered status of ae‘o
and ‘alae ke‘oke‘o requires us to ensure that management practices are optimal for their foraging,
resting, and nesting requirements.

The Kanuimanu Ponds’ levees were severely undercut and covered with dense pickleweed and
Indian marsh fleabane to an extent that areas had be closed to the public for safety reasons. In a
collaborative effort with Ducks Unlimited, Inc., we implemented a restoration plan to enhance
habitat for endangered waterbirds and also maximize visitor experiences in wildlife-dependent
activities (e.g., wildlife observation). The removal of pest plants, increased elevation and width,
and subsequent planting of native species has resulted in a safer path and creation of more diverse
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habitat for endangered waterbirds, throughout the year (e.g., shallow water habitat, better protection
from mammalian predators, and chicks’ access to adjacent ponds). The earth work was completed in
2004. Outplanting of native species and control of pest plants are continuous projects to maintain the
integrity of the levees and habitat quality.

The 2,200-foot-long elevated Kealia Coastal
Boardwalk is located off N. Kihei Rd. at Ma‘alaea
Flats. The $2.2 million cost for this boardwalk and
parking area was primarily funded by Central
Federal Lands Highway Division (CFLHD). We also
received funding from other Federal, State, and
County agencies, nongovernmental organizations,
and local businesses. The purpose of the Boardwalk
is to provide public access into an area that is
sensitive to pedestrian and vehicular traffic, and
prevent illegal entry onto the Flats when waterbirds
are present.

Kealia Coastal Boardwalk © Sonny Gamponia

The decking, handrails, and cap rails of the boardwalk are constructed of recycled wood/plastic
composite lumber, one of the prime uses for recycled plastic trash bags and waste wood fibers. The
composite material contains no toxic chemicals such as those used in conventional treated lumber.
Recycled wood/plastic composite lumber typically consists of a 50:50 mix of wood fibers from
recovered saw dust and waste plastics that include high-density polyethylene, polyvinyl chloride
(PVC), and others. This material has a longer lifespan than solid wood products, which results in
lower maintenance and replacement costs, no matter how harsh the environment. Since the official
opening of the boardwalk in September 2009, repair needs have been limited to defective boards
which were replaced by the manufacturer.

5.1.4 Roads and Parking Areas

The Refuge’s main access is the entrance road on a utility easement from A&B off Mokulele Hwy.
The 0.5-mile asphalt road leads to the HQ/VC, greenhouse, and Kanuimanu Ponds. Another right-
of-entry from A&B is for access to the old Baitfish Ponds through the sugarcane fields; however, this
dirt road is not open to the public. Parking areas on the Refuge include the VC (30+ spaces),
maintenance area, Kanuimanu Ponds (8 spaces), and the Kealia Coastal Boardwalk (15 spaces and 2
bus parking stalls).

5.1.5 Fences and Gates

The Refuge has both wood and chain-link fences and metal gates to maintain, some of which came
with the perpetual conservation easement and, therefore, aged and in need of replacement. Most of
these older fences and gates are located at the old Baitfish Ponds site. There are sections of barbed-
wire/kiawe-post fences on the Refuge that are remnants of former grazing operations. Other old
fences are in the forested areas and have lower priority for removal. Newer fences and gates are
located at the Refuge entrance, maintenance area, and the boardwalk. The Refuge boundaries are
delineated by signs but not an encompassing fence.
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5.1.6 Wells, Pumps, Water Distribution Lines, and Water Control Structure

The priority facilities at the Refuge are the three brackish water wells and sump with associated
water distribution lines. These must be kept in proper condition to manipulate water in the Main
Pond and constructed ponds, particularly during the driest months. Originally, we used three wells
that were constructed in 1970 for the aquaculture facility; however, the 25-foot casings (8 in. pipe)
on two of the wells were extremely corroded and required continuous repairs. In 2010, these wells
were abandoned and capped, and new wells were drilled. These new wells are outfitted with high-
capacity (800 gpm) pumps that are more efficient in energy use and pumping capacity than past
pumps. Each pump is tied in to a water distribution line that directs water to different areas of the
wetlands: the Kanuimanu Ponds (Well C); the main body of water on the east side (Well A); and the
north-central area of the Main Pond (Well D). All wells are 90-100 feet deep and contain brackish
water (2-4 ppt salinity) used for wildlife and habitat management purposes.

Installation of pumps and electrical service on Wells C and D was completed in April 2011 and they
are now in operation, primarily when conditions are typically the driest (August-December). The
wells and pumps are expected to last 20 years, beyond the scope of this CCP.

The old Baitfish Ponds, located on the northwest side of the Refuge were recently (2007)
reconfigured to combine the six individual ponds into one management unit. A sump, remnant of the
aquaculture facilities, is used to pump water into the pond through a water distribution line. The
current setup with a 425-gpm pump is the maximum capacity for drawing water from the relatively
shallow (25 ft.) sump and meets the Refuge’s needs for that area.

A concrete culvert under the N. Kihei Rd. bridge connects the main body of water north of the
highway to the ocean; however, a sandplug forms naturally and prevents continuous flow. This
culvert was likely intended to only pass water
through; however, it has become an important
component of the Refuge’s water management
program and capabilities to hold water or release
water for the benefit of endangered waterbirds.
Ideally, the Refuge would like this culvert to serve as
a water control structure with gates and flashboards
in order to maintain high water during ‘alae ke‘oke‘o
nesting season and provide the capability of
releasing water, as needed. The design for this water
control structure has been prepared; however, the
estimated $350,000 in funding for construction has
not been provided.

Sandplug between ponds and ocean USFWS

5.1.7 Visitor and Environmental Education Shelter

A 2.5-sided shelter is under construction at the Kanuimanu Ponds on the old office trailer frootprint.
The steel and wood structure is on a concrete and asphalt pad that allows accessibility to all visitors
and will include interpretive panels highlighting the resources the visitor can expect to see. The
project is funded by the CFLHD discretionary program and is intended to provide visitors and school
groups relief from the sun and wind.
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Administration & Public Use Facilities

Figure 5.1
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To preserve the quality of the map, this side was left blank intentionally.
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5.2 Visitor Services

When the Refuge was established in 1992, management oversight was from the Hawaiian and Pacific
Islands NWR Complex office in Honolulu. The first refuge manager, wildlife biologist, and refuge
ranger were hired in 1994 to provide on-site management. At that time, the aquaculture facilities,
with buildings, fish tanks, and pumps, were still in operation. The initial priorities were to monitor
the resources (primarily waterbird use) and interact with the community. During the first year open to
the public (1994-95), 95 visitors came to the Refuge. Visitation has increased to nearly 10,000 in
2009-10, primarily as a result of increased visibility (entrance signs, cleared entrance, and expansion
of Molulele Hwy.), outreach (off-site interpretation, special events, and public meetings), and
additional structures that are accessible by the public (Kealia Coastal Boardwalk).

The Refuge has the option of closing areas to public access during critical periods of endangered
waterbird breeding seasons. In past years, some or all of the Kanuimanu Pond levees have been
closed during ae‘o nesting and chick-rearing periods, and to a lesser degree ‘alae ke‘oke‘o nesting
season. These closures are temporary and intended to prevent human disturbance to waterbirds and
protect the public from aggressive birds protecting their eggs or chicks, primarily ae‘o that are most
susceptible to disturbance (April-July). These closures have not totally impaired visitors’
opportunities to view birds as many of the birds are visible from the parking area. Increased numbers
of waterbirds nesting in these ponds has resulted in more opportunities to observe birds and their
chicks.

The Refuge also has the option of closing all, or portions of, the Kealia Coastal Boardwalk if the
public activity is shown to disturb endangered waterbirds. This has not yet been necessary given the
current water conditions (e.g., Ma‘alaea Flats becomes dry in June/July) and the minimal, or absent,
nesting activity.

Our new visitor services manager has oversight of the public programs including the VC, volunteers,
EE, and interpretation. Although a majority of the visitors arrive from the continental United States,

the Refuge also receives a large number of international visitors (Canada, Asia, and Europe) and the
highest visitation is usually during January-February.

5.2.1 Accessibility of Recreation Sites and Programs

The Kealia Coastal Boardwalk is 8 feet wide and can accommodate 2 passing wheelchairs and slopes
are within Americans with Disabilities Act (ADA) requirements. The new HQ/VC is also designed
to meet ADA standards. The earthen levees of the Kanuimanu Ponds have some limitations on
accessibility. The levees are wide, flat, and compacted to allow minimal effort for wheelchairs;
however, due to the nature of the ponds there aren’t handrails or hold bars available. An advantage
at this site is the close proximity of waterbirds to the parking area and start of the levees. All of the
Refuge visitor facilities have accessible parking stalls marked for “Placard or Special License Plate
Required.”
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5.2.2 Special Use Permits

All activities on the Refuge are evaluated to ensure they are compatible with the Refuge purpose.
Public use activities include, but are not limited to: wildlife observation, photography, EE, and
interpretation. Compatibility Determinations (CD) for these activites were approved in 2004. These
CD were updated and included in Appendix B. The areas open to the public are concentrated in a
relatively small percentage of the Refuge’s total acreage mainly to take advantage of what already
existed when the Refuge was established. Wildlife observation and photography are general uses;
however, EE programs require a SUP to identify specific activities and general conditions that are
allowed while performing the activity, particularly since the programs include sampling for
educational purposes.

Periodically, the Refuge receives requests to access the wetlands beyond these public areas for
research, photography, or other purposes. If approved by the refuge manager, a SUP is issued.
Examples of past approved uses include: outside research projects (universities) and Federal, State,
and County investigations (e.g., updating flood zone maps and streamflow surveys).

5.3 Wildlife Observation and Photography

The Kanuimanu Ponds provide the primary wildlife viewing and photography access at the Refuge
for visitors. A walking trail around the ponds is an easy stroll and, although it is an earthen path on
pond levees, it is accessible to visitors in wheelchairs. Access is permitted when the gate is open and
staff is present. These ponds are the most heavily used by visitors, many of whom are birdwatchers
and amateur photographers. The highest quality wildlife viewing opportunity occurs August-April
when there is a high diversity and abundance of endangered waterbirds and migratory bird species.

The Kealia Coastal Boardwalk at Ma‘alaea Flats has interpretive panels and three kiosks that tell the
story of the wetland and its ecological and biological functions. The boardwalk includes three ramps
that provide access to the beach. Access to the boardwalk is provided year-round (365 days,
including Federal holidays) from 6:00 a.m. to 7:00 p.m. Gates were installed to prevent nighttime
parking and camping at the facility. The Boardwalk’s location off the highway makes it very visible
and popular with visitors and residents.

Photography for professional or commercial use on the Refuge requires a SUP.

5.3.1 Desired Future Conditions for Wildlife Observation and Photography

The Refuge has identified additional opportunities for the public to engage in wildlife observation
and photography. Viewing into the Main Pond from the Kanuimanu Ponds can be enhanced by
creating higher elevation platforms off the levees. This would require widening areas of the levees
bordering the Main Pond. This would allow visitors a better vantage point on a relatively flat
surface. In addition, photo blinds would benefit photographers and birdwatchers. A vegetated blind
was considered; however, woody vegetation impairs the integrity of the levee so our preferred option
is to construct a blind that would blend with the environment and withstand the regular tradewinds.
Although the location of the boardwalk is beneficial for informing and educating the public, the
quality of wildlife observation is low due to the current lack of water management capabilities at
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Ma‘alaea Flats. In most years, the Flats are dry from mid-June-December so wildlife observations
are limited to the pond outlet. The value of the visitors’ experience can be increased if the Refuge
had the capability to maintain shallow water habitat on the Flats during the dry season. This could be
accomplished by constructing a well, pump, and waterline on the upper flats.

Parking at the Kanuimanu Ponds is limited and is not likely to accommodate the increased visitation
expected with the new HQ/VC. An alternative to driving further down the Refuge road to access the
ponds is to walk along the road (0.3 mile) and, in the future, construct a boardwalk from the HQ/VC
to the ponds. The path of this boardwalk would traverse through kiawe forest, pass by a small
permanent pond on the west side of the road and terminate at the Kanuimanu Pond parking area.
This would facilitate interpretation of nonnative passerine birds, pest species, and other related
topics.

The Refuge has limitations on opening new areas to public access because our priority is to protect
endangered waterbirds. Currently, only the Boardwalk is open 365 days a year. Kanuimanu Ponds
and the current office are open Monday-Friday, except for Federal holidays. With additional staff and
volunteers, we plan to have the VC and Kanuimanu Ponds open on weekends in the future.

5.4 Interpretation

Interpretation at Kealia Pond NWR is in the form of displays, exhibits, and verbal communication
that highlight the ecology, biology, and cultural history of the area to accommodate a diversity of
visitor interests. The VC exhibit hall will provide 2- and 3-dimensional displays and hands-on
activities for the public. The diversity of topics that can be interpreted on the Refuge includes
everything from watersheds to aquatic invertebrates and careers in natural resource fields.

The Kealia Coastal Boardwalk is not staffed so the interpretive panels are essential for informing the
public about the resources and the ecological and biological functions that are either visible or hidden
from view. A map indicates the location of the HQ where visitors will be able to have one-on-one
interaction with Refuge staff and volunteers.

Currently, visitors check-in at the temporary office and are on their own to explore open areas of the
Refuge. Interpretive tours are available upon request and are typically given to school or other
groups rather than individuals. The tours are designed to meet the needs or interests of the group
with the intention of supplementing their in-class curriculum. Most school group tours include
hands-on exploration, including: water quality sampling, invertebrate sampling, pest plant removal,
and native planting. The interpretive program is popular with groups that are limited on time (2-3
hours) but want participants to experience the natural environment.

Off-Refuge interpretive programs are provided by staff and volunteers, as requested and if time
permits. These programs have been held for school groups, County of Maui programs (Kaunoa
Senior Center, Parks and Recreation), and Mainland groups (Elderhostel, birding groups).
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5.4.1 Desired Future Conditions for the Interpretation Program

We would like to increase outreach to local groups and visitors to direct more attention to the Refuge
as an outdoor learning experience. Specialized tours could be developed to meet the needs of the
public. This will increase the Refuge’s visibility as part of the community where people can explore
the natural resources and gain a sense of stewardship in becoming involved with refuge programs.

5.5 Environmental Education

Our goal is to provide a high-quality EE program with
specific learning objectives and diverse hands-on
opportunities. We seek to have the students engaged
outside where all senses are utilized. Thus, the new
HQ/VC does not include an indoor classroom; an EE
shelter is located outdoors near wildlife habitat and
acts as a staging area. Environmental education (as
opposed to interpretation) is a formal program geared
towards school curriculum for specific grade levels
and compliant with DOE requirements. Our current
EE program is minimal due to staff availability to A —
plan, design, and implement an appropriate wetland Students at Kealia Pond © Jay Franey
education program.

In lieu of Service staffing, EE is a collaborative effort with nongovernmental educational
organizations that have developed a wetland curriculum based on DOE standards. The organizations
that regularly use the Refuge for EE are Hawai‘i Nature Center (since 1997) and Maui Digital Bus
(since 2005). Under a SUP, these groups coordinate the schedule and provide the instructors for the
school group while the Refuge provides the site. This has proven to be a worthwhile cooperative
effort, which brings more than 1,300 students to the Refuge annually. A majority of the students are
within the Hawai‘i Nature Center program. Their wetland curriculum is popular with teachers and
includes all aspects of the wetlands, including wetland function, bird observations, invertebrates, and
biology (food chain, bird behavior, mucking in the mud for invertebrates).

Maui Digital Bus has an innovative program that teaches students the use of technologically
advanced equipment, including: water quality dataloggers, digital microscopes, and geographic
information system (GIS). A small bus was renovated into a mobile laboratory where students can
examine their samples (water, invertebrates), map locations with GPS, and gain hands-on experience
using advanced field equipment. This organization is growing in popularity and is continually
expanding upon their programs. Currently, the Refuge is working with Maui Digital Bus to
formalize an EE program specific to Kealia Pond NWR.

5.5.1 Desired Future Conditions for the Environmental Education Program

Refuge-specific EE programs will be developed for school groups of varying age levels.
Development of all programs will include pre- and post-visit materials for the teachers use once they
return to the classroom. Teachers’ workshops will be held annually to introduce the teachers to the
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opportunities so they can incorporate an onsite visit with their classroom activities. Volunteers
would be recruited and trained to assist with the program. All EE programs will have a stewardship
component where students would participate in a wetland restoration project. Currently, this includes
hand removal of pest plants and outplanting native plants.

A program for upper-level students (9-12" grades) will be developed based on scientific
methodology. Students would be given a management issue and within the school year or semester,
they would develop the methods to sample, evaluate, and form conclusions to what they observed.
Other opportunities will likely become apparent as the Refuge implements programs and receives
feedback from teachers and educators. We are open to creating new partnerships for EE with other
organizations.

5.6 Volunteers

Refuge volunteers are a vital component to the operations and management of Kealia Pond NWR.
Currently, 45-60 volunteers provide over 4,000 hours of labor on the Refuge annually. Our volunteer
projects include: Dawn Patrol, habitat management, pest species management, propagation and
outplanting of native plant species, maintenance, and interpretation.

5.6.1 Desired Future Conditions for the VVolunteer Program

With additional staffing, we will put more effort into recruiting volunteers for all programs
(biological, habitat, visitor services, education and interpretation). Development of a Friends group
“Friends of Kealia Pond NWR” is a high priority. Through the friends group we plan to recruit and
train new volunteers for staffing the VC and Boardwalk. VVolunteers will enable us to operate the VC
despite our limited staff positions.

5.7 Partnerships

Since 1997, the Refuge has collaborated with National Marine Fisheries Service (NMFS), DAR, and
Hawai‘i Wildlife Fund to monitor sea turtles (honu and honu ‘ea) nesting on Maui. As a partner, the
Refuge recruits, trains, and manages a group of 40-50 volunteers, called the Dawn Patrol, who are
assigned to walk sections of beach from Ma‘alaea to Makena and Lahaina to Ka‘anapali, June-
September. Information on individual nesting females and hatching/emergence success for Maui
contributes towards protecting and providing for threatened and endangered marine life, and
contributes to the Statewide monitoring effort.

The growing concern and stewardship of Maui’s terrestrial, wetland, and ocean resources has
resulted in numerous other collaborative efforts between Federal, State, County, nongovernment
organizations, and individuals in the form of partnerships. The Refuge participates in partnerships to
share information and work towards common goals of preserving, restoring, and outreaching
stewardship opportunities to others. Partnerships are primarily ecosystem based with the common
denominators concentrating on shared issues or problems. An increasing effort to combine resources
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has brought together the sharing of information and a more cohesive identification of Maui’s target
issues. Additional partnerships include:

Southeast Maui Watershed Partnership
Maui Pest Species Committee

Maui Conservation Alliance

Maui Wildland Fire Working Group
West Nile Virus Working Group
Hawai‘i Pacific Joint Venture

Maui Conservation Alliance

Maui Nui Botanical Gardens
Hawaiian Native Plant Society

5.8 Law Enforcement

The Refuge is located between two urban areas (Kihei and Ma‘alaea) and susceptible to a myriad of
law enforcement issues, including theft, vandalism, and trespassing. The highest number of incidents
occurs along N. Kihei Rd. where vehicle accidents occur at least six times per year. All these vehicle
accidents have resulted in damage of Federal property: sea turtle fence made of recycled plastic;
guardrails maintained by HDOT, and the pipe gates at the boardwalk. Of the accidents reported to
the Maui Police Department, contributing causes range from sleeping at the wheel to alcohol
consumption. The sea turtle fence has sustained repeated damage from vehicles bumping into it and
requires ongoing repair by Refuge staff.

The Kealia Coastal Boardwalk is located within the Refuge boundary; however, it is disconnected
from the entrance road making it difficult to monitor. Vandalism to the boardwalk occurs frequently
in the form of graffiti, trash dumping, and trespassing during closed hours. Frequent cleanups are
needed after tresspassers have used the area to party and drink alcohol. In 2007, a bronze turtle
sculpture located at the westernmost kiosk was stolen. It was returned to police a couple months
later. On another occasion, vandals removed the nuts/bolts of one section of the same kiosk for what
appeared to be a jumping-off site for mountain bikes or a motor bike. This is one of the more
challenging areas to manage and protect because it is visible from N. Kihei Rd. The gates to the
boardwalk are opened at 6:00 a.m. and closed at 7:00 p.m. by a contracted vendor. Although lights
may be an advantage to the safety and security of the boardwalk, the Refuge has not installed these
due to light pollution, sea turtle nesting season (May-December), and nocturnal seabird concerns.

Theft of Federal property is a continuous concern despite the precautionary measures that are in
place. The isolation of the Refuge from surrounding lighted areas has been a disadvantage and there
is a high cost of stolen equipment and supplies.

5.8.1 Desired Future Conditions for Law Enforcement

The Refuge will continue to have law enforcement issues, particularly with increased visitation and
exposure. The Pacific Islands’ Zone Law Enforcement Officer is stationed on O‘ahu and is
available, as needed; however, due to his/her schedule and availability, the timing is only after an
incident has occurred and no apprehension or citations have been given. We have identified the need
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to hire a dedicated Refuge Officer for the Complex in our implementation plan (Appendix C) in
order to help minimize or prevent incidents from occurring.

5.9 Outdoor Recreational Opportunities and Trends on Maui

The coastal and inland areas surrounding the Kealia Pond NWR have high potential for public
recreation. Located adjacent to one of Maui’s main population centers, the area provides easy and
safe public access to both the aquatic and terrestrial natural resources. The 1998 Kihei-Makena
Community Plan states that although careful resource management must be employed to protect
existing parks, shoreline recreational opportunities and access “must be increased to meet the
growing needs of the region and island residents.” In addition to the wildlife-dependent recreat