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Appendix ES-1 Spelling of Hawaiian Names

Place name Hawaiian spelling
Aiea ‘Aiea
Aihualama ‘Aihualama
Aimuu Aimuu
Alaiheihe Alaiheihe
Alau Alau
Ekahanui ‘Ekahanui
Halawa Halawa
Haleauau Hale‘au‘au
Halona Halona
Hawaii Hawai ‘i
Hawaii loa Hawai‘iloa
Helemano/Halemano | Helemano/Halemano
Honolulu Honolulu
Honouliuli Honouliuli
Huliwai Huliwai
Kaaikukai Ka‘aikiika“‘i
Kaala Ka‘ala
Kaawa Ka‘awa
Kaena Ka‘ena
Kahaluu Kahalu‘u
Kahana Kahana
Kahanahaiki Kahanahaiki
Kaimuhole Kaimuhole
Kaipapau Kaipapa‘u
Kaiwikoele Kaiwiko ‘ele
Kalauao Kalauao
Kaleleliki Kaleleiki
Kalena Kalena
Kaluaa Kalua‘a
Kaluakauila Kaluakauila
Kaluanui Kaluanui
Kamaileunu Kamaile ‘unu
Kamaili Kama‘ili
Kamananui Kamananui
Kapakahi Kapakahi
Kapuna Kapuna
Kauai Kaua‘i
Kauhiuhi Kauhiuhi
Kaukonahua Kaukonahua
Kaumoku Nui Kaumoku Nui
Kaunala Kaunala
Kawaihapai Kawaihapai
Kawaiiki Kawaiiki
Kawailoa Kawailoa
Kawainui Kawainui
Kawaipapa Kawaipapa
Kawaiu Kawaii
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Keaau Kea‘au
Kealia Kealia
Keawapilau Keawapilau
Keawaula Keawa‘ula
Kihakapu Kihakapu
Kipapa Kipapa
Koiahi Ko‘iahi
Koloa Koloa
Konahuanui Konahuanui
Koolau Ko‘olau
Kuaokala Kuaokala
Laie La‘ie

Lanai Lana‘i
Lualualei Lualualei
Lulumahu Lulumahu
Maakua Ma‘akua
Makaha Makaha
Makaleha Makaleha
Makaua Makaua
Makua Makua
Malaekahana Malaekahana
Manana Manana
Manini Manini
Manoa Manoa
Manuka Manuka
Manuwai Manuwai
Maui Maui
Maunauna Maunauna
Maunawili Maunawili
Mikilua Mikilua
Moanalua Moanalua
Mohiakea Mohiakea
Mokuleia Mokulei‘a
Molokai Moloka‘i
Nanakuli Nanakuli
Niu Niu
Nuuanu Nu‘uanu
Oahu O‘ahu
Ohiaai ‘Ohi‘a‘ai
Ohikilolo ‘Ohikilolo
Oio ‘O‘io
Opaeula ‘Opae‘ula
Paalaa Uka Pa‘ala‘a Uka
Pahipahialua Pahipahi‘alua
Pahoa Pahoa
Pahole Pahole
Palawai Palawai
Palehua Palehua
Palikea Palikea
Papali Papali
Peahinaia Pe‘ahinai‘a
Pohakea Pohakea
Puaakanoa Puaakanoa*
Pualii Puali‘i
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Puhawai Piuhawai
Pukele Piikele

Pulee Pule‘e
Punapohaku Punapohaku
Puu Hapapa Pu‘u Hapapa
Puu Kailio Pu‘u Ka‘ilio
Puu Kanehoa Pu‘u Kanehoa
Puu Kaua Pu‘u Kaua

Puu Kawiwi

Pu‘u Kawiwi

Puu Kumakalii

Pu‘u Kiimakali ‘i

Puu Pane Pu‘u Pane
Puuhapapa Pu‘u Hapapa
Puukaaumakua Pu‘u Ka‘aumakua
Puukailio Pu‘u Ka‘ilio
Puukainapuaa Pu‘u Ka‘inapua‘a
Puukanehoa Pu‘u Kanehoa
Puukaua Pu‘u Kaua
Puukawiwi Pu‘u Kawiwi
Puukeahiakahoe Pu‘u Keahiakahoe
Puukumakalii Pu‘u Kamakali ‘i
Puulu Pi‘ulu

Puuokona Pu‘u o Kona
Puupane Pu‘u Pane
Waahila Wa‘ahila
Wahiawa Wahiawa
Waialae Nui Wai‘alae Nui
Waialua Waialua
Waianae Kai Wai‘anae Kai
Waiawa Waiawa

Waieli Wai‘eli

Waihee Waihe‘e
Waikane Waikane
Wailupe Wailupe
‘Waimalu Waimalu
‘Waimano ‘Waimano
Waimea Waimea

Waimea Waimea
Wiliwilinui Wiliwilinui

*Diacriticals unknown
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Tutorial: Operating the OANRP Database

Overview

The Oahu Army Natural Resources Program Database (OANRP Database) is a multi-level database,
coordinating diverse data from rare plant observations, reintroductions, rare snail monitoring, plant nursery
propagation, and weed/ungulate management. The database files are developed with Microsoft Access. It is
recommended that Access software versions 2007-2016 be used.

The database allows the Army staff to know which plant individual has been collected, matured, or died thus
providing a better understanding of the genetic diversity that remains for any given rare species that the Army
must manage. Using this database, the Army maintains consistent tracking and reporting for its managed rare
species.

The OANRP Database is based upon the criteria established by the Hawaii Rare Plant Restoration Group
(HRPRG). As part of the Makua and Oahu Implementation Plans, the Army Propagation database has been an
19 year effort in developing and coordinating the collection, propagation, management, and tracking of rare
species.

The following appendix will briefly cover the database requirements and database procedures. Only important
search criteria will be discussed. Most data fields are self-explanatory. This tutorial will be a guide to the
database reports presented in previous OANRP status updates.

Several database reports may take a several minutes to compile within the database, thus pdf versions of the three
major database reports (Population Unit Status, Threat Control Summary, and Genetic Storage Summary) have
been created and may be found in the database reports subdirectory. Therefore, running the database may not be
necessary unless more information is needed beyond the pdf version of the reports provided. Data provided is as
of June 30, 2018.

Modification to the data and/or structure of the database is prohibited. The database version provided is read-
only. Itis intended for Implementation Team and collaborating agencies only. Distribution of the database
structure and/or data is prohibited without the consent by the Oahu Army Natural Resources Program.

Questions may be directed to:

Roy Kam

Natural Resources Database Programmer Specialist
Oahu Army Natural Resources Program

Email: rkam@hawaii.edu

Linda Koch

Natural Resources GIS Specialist

Oahu Army Natural Resources Program
Email: Ikoch@hawaii.edu


mailto:rkam@hawaii.edu
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Database Settings
Setting Database Directories and Security Warning

Database directories

The database must be placed under the following directories. Copy the following directories and data files from
the data disc to the C: drive. Database path and GIS files must be within the following directories. All
subdirectories should be under C:\

&, Local Disk (C)
Access
COAMRPDatabase_DistnibuteVersion

ArmyGI5Data

DatabaseReports
DatabaseTables

Microprop

SeedBank

Descriptions of the files within each subdirectory are as follows under
C:\Access\OANRPDatabase _DistributeVersion:

OANRPDatabase_DV.accdb
Front-End database file what most database users see, the database file manages the data forms, queries
and reports. Data used in the OANRP Database is kept in the back-end data file
(OANRPDataTables_DV.accdb) located in the database tables subdirectory. Forms are locked and may
only be used for viewing purposes.

C:\Access\OANRPDatabase_DistributeVersion\ArmyGISData\
GIS shapefiles depicting the rare plant sites, managed areas, and fence lines.

C:\Access\OANRPDatabase_DistributeVersion\Database TablesS\OANRPDataTables_DV.accdb
Back-End database file containing data for the Front-End database file.

C:\Access\OANRPDatabase_DistributeVersion \Microprop\Microprop.accdb
Lyon Arboretum Micropropagation Database. Contact Nellie Sugii for more information.

C:\Access\OANRPDatabase_DistributeVersion \SeedBank\SeedBankDataTables\SeedBankDataTables.accdb
Army SeedLab Database data. Contact Tim Chambers for more information.

C:\Access\ OANRPDatabase_DistributeVersion \DatabaseReports
Population Unit Status, Threat Control Summary, and Genetic Storage Summary PDF reports for each IP
taxa.
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Setting Default Date Format

The default date format for most computers is normally set to mm/dd/yy. The format can be confusing and not
sort properly for Access database records. Although, not required, the date format for computers using this
Access database should be changed to yyyy-mm-dd. Examples assume you are using Windows 10.

]

Fansds |nester | Koo s |aguegee | Adrnerers

s e Open Regional and Language Options by RIGHT clicking the
el e ot -I'|| Start button E clicking Control Panel, clicking Clock, Language,
Dt e st || and Region, and then clicking Region. Under the Formats, change

Sht e D \ the Short Date to yyyy-MM-dd.
Loy lebe: ehdeked, BANIAARS dhil oy -

ong time Fereenzs It .
Fimbidiy of ok Sundiy -

N ko e Change to yyyy-MM-dd
xarnphss

shart date AN-GL-10

ong deke; Tuesclyy, Kay 15, 2010

shart teme 11033 &b

anq time 113250 A

Adtboral uestings...

G mnlra b W aboul changeg lieguigis wod mgional Tomats

[ ok | Caes Sk

Security Warning

Security features in Microsoft Access 2007, 2010, 2013, and 2016 automatically disables any executable content.
The Access database with customized, buttons, commands, etc. will have a warning and not work unless the
following is set within your computer.

To help you manage how executable content behaves on your computer, Office Access 2007-2016 database
content must be enabled when the Security Warning appears.

17 Army Propagation Database
i ArmyPropagation Tracking = Edit  View = Records | Printing =~ Query Design  Utilities ~ Close Current Window

@ Security Warning  Certain content in the database has been disabled Options... — After Opening the OANRPDatabaSE_DVaCCdb flle
— in Microsoft Access, click on Options when it
icrosof ice Securi ions ]
i appears at the top of your screen.

@ Security Alert

VBA Macro
Access has disabled potentially harmful content in this database.

A window stating Security Alert will appear. Click
on the button to select Enable this content, and click

‘ If you trust the contents of this database and would like to enable it for this session A _ -1 - . .
erly c Enable Ui content paabliECUY  OK. Enabling the content will allow the database
‘Warning: It is not possible to determine that this content came from a Wain Me
trustworthy source. You should leave this content disabled unless the 9

functions to operate.

content provides critical functionality and you trust its source.
More information

Database Form

File Path:  C:\Access\ArmyPropagationDatabase\ArmyPropagationDatabase-DV.mdb

mmmenme  2NADING content will have to be done every time
the database file is opened. You may avoid having
this Security Warning appear if the Access
subdirectory is added to the Trust Center Locations.
Contact Roy Kam if you need to establish a Trust Center

P Location.

) Help protect me from unknown content {recommended)
@ Enable this content; T
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Data Search Methods

Most data form and report sections start with a
Find Form. These Find Forms have drop downs
that allow you to find an existing record. In the
adjacent example, locating the Sources record for
Alvin Yoshinaga.

Find Source Form

Find Collector, Source, Staff Record

Using the * (asterisk), in a Find Form represents a
wild card. Such as Organization *= Search for all oshinaga

Sources with any Organization. In this case, we
will just search for the Last Name = Yoshinaga. Tables Menu |

On the bottom of each Data entry form (such as the Sources
Form), there are a set of Navigation buttons. These buttons
allow you to go to the previous or next record. Pressing the tab
or enter keys moves from one data field to another.

Exil Sources
Recordi M < 1of1 P H “ Filteved | Search

Short cuts: Shift + F2 in any text field (within a data entry form or datasheet) will bring up the Zoom window.
The Zoom window will allow you to view the complete text entered in that data field. See example below.

Population Reference Sites Bo To Populstion Refererce Site: [

+=Double Click to open associated data table

Cryptocarya manni

|

Kaluala, where: TNC lrail hits confour tail, 0o south to first guich. Head _a Kalua'a, where TNC trail hits contour trail, go south to first gulch. Head up - =
up guich take left splt, when small side guich coming down from right qulch take left split, when small side guich coming down from right hand side, @
head up ridge past Alemac.




Appendix ES-2

Main Menu

Main Menu

0ahu Army Natural Resources Program
Database
Distribution Version
Main Menu

Open the OARNPDatabase_DV.accdb either by
double clicking the file, creating a shortcut on your
desktop, or by opening MS Access and opening the
file. The database will open to the Main Menu.

The database is broken up into 2 parts, Database
Forms and Database Reports. We will primarily
cover the Database reports. Database Forms are self-
explanatory and is only for viewing purposes. The
forms are provided for detailed review of individual
observations. Only pertinent data fields will be
discussed in detail.

Database Reports

Restricted Data!
Data provided is only for Implementation Team (IT) members onhy!
Data may not be distributed or provided to any third party.

Exit Database

I I I Database FOFmS Forms Menu
Database Forms -Read Only

The Database Forms menu is broken up into
several sections. They are Taxa, Pop Units,
PopRef/HRPRG, Reintro, Sources, and Weeds.

Taxa | Pop Units ” PopReffHRPRG ~ Mursery | Reintro | Sources I Weeds I

Population Reference Areas I

Most buttons under each tab will open a “Find”
form that will allow you to find an existing database

I’eCOI’d . Plant Population Reference Sites |

Hawaii Rare Plant Restoration Group

HRPRG Observation Sites and Observations |

For the purpose of this tutorial, we will discuss
forms of the PopRef/HRPRG tab with comprise of
the Population Reference and Population Reference
Sites. All other sections are supplemental and self-
explanatory.

Snail Sites and Observations

Snail Population Reference Sites |

Snail Observation Form |

Main Menu |

PopRef, Sites, and Observations

Population information is broken up into three sections, Population Reference Areas (PopRef), Population
Reference Sites (PopRefSite) and Observations. Both In situ and Reintro observations will be covered in this
section.



Appendix ES-2

Population Reference Areas (PopRef)

Population Codes Population Reference, also known as PopRef for short,
is a boundary system that allows a consistent
identification of plant or animal populations. The
PopRef is normally valleys, summits, ahupuaa, bogs,

or areas that biologists have continuously
o L] Northern Koozt ] acknowledged within observations from past decades.

i akaua Gulch Hidden valley above Kaawa on Kuoaloa Ranch land

Record: 4 4 30f109 | » M 7 Filtered | Search

It should be noted that the Population Reference is not
necessarily the name for any given population. It is only
used as an identifier to compile different plant or animal
populations within a given area. For example: Makaua
on the Windward Koolau of Oahu (highlighted in blue).
The GIS boundary is based upon Makaua’s ahupuaa as LR SRS =
AKA’s PopRef. But a plant population within Makaua Bl B ¥ (e
PopRef, its population name may be named something e %
different like a puu, or other landmark within Makaua. '

Population Reference Site (PopRefSite)

The Population Reference Site (PopRefSite) is the primary data table in establishing plant or animal population
sites. The PopRefSite identifies the Population Name, whether it is In situ, Ex situ or Reintro, and provides
directions to the site, etc. The PopRefSite is only site information; observation information from various surveys
is kept in the observation section discussed later.

Determining what is a population or Population Reference Site is always very difficult and can vary by taxon.
Normally populations are determined by the botanist in the field. Population determination criteria normally used
is topography, distance from one population to another (Army normally uses 1000 ft. buffer distance), genetic
dispersal, geographic features (streams, veg. type changes), etc.

Find Populstion Reference Site Form To view an existing PopRefSite record,
Find Population Reference Site Record - Plants from the menu click on the Population
Reference Sites button, a Find

Population Reference Site Record form
will appear and select AKA under the
PopRef drop down as in the example.
From that, you could also see all of the
T — AKA Populations under the Population
Wakaa Gulch Insity Reference Site ID Drop down. Select

Makaua In sity

Makaua Gulch fenced site In situ SC h Kaa . A KA-A
Reintro in the small fence with the wild plant Reintro
Makaua mauka REINTRO Reintro

Population Reference Site Population Reference
Datasheet Site Form

Tables Menu
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Within the PopRefSite record, TaxonCode, PopRef, and PopRefSite (Site Letter) are kept. All three data fields
build the TaxonCodePopRefSitelD (aka PopRefSiteID or PopRef Code). The PopRefSitelD is found on the
bottom of the form in this case SchKaa.AKA-A. The PopRefSitelD is the unique key field that provides
consistent population identification. The format of the PopRefSitelD is always TaxonCode.PopRef-SiteL etter.

Population Reference Site

POpuIaliOn Reference Sites Go To Population Reference Site: | El

T

In s [

Up hidden walley trail to first sub-gulch on the right side above the big waterfall to _
i _

ThreatType+ | ThreaiTaxon | ThreatManaged ThreatComments -
BTB [=] Mo No
Cattle No Yes E|
Fire No
o =
Pig fes

Rat No
Slug No

2005-03-03

Indiv Plants |
# of Observations: B Observations |

|Record: M 4 1ofl [ | “ Filtered | Search |

U ToonCoeopRefSielD: Schkas AKAA

Population Reference Site Name (PopRefSiteName) is the name used to identify the population. It is normally
be a brief descriptive name. Detailed directions or descriptions are entered in the Directions to Site field.

IP Management Unit Name: Management Unit commonly known from.

IP Population Unit Name (PopUnit): The PopUnit is used when several PopRefSites need to be tracked
together. Such as a taxon with several sites throughout the Northern Waianae Mountains, Northern Waianae
could be used as a PopUnit Name.

InExsitu: Identifies whether the PopRefSite is a naturally occurring wild (In situ), or Reintroduction (Reintro),
etc.

Directions to Site: Detailed directions to locate the population.

Threat Control Status: What the threat control is being conducted (Yes, No, Partial)
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Observations
HRPRG Observation Form 2
HRPRG Observation Entry Form

Clicking the Observations
button on the bottom of the

PopRefSite Form will open [Papulation Structure | Habitat Characteristics | Individual Plant Observations || Callection

up the corresponding

Observations.
ObservationDate:
Observations of the I—

Population Reference Site e —

are entered by the = r— —
ObservationDate.

Observation Date is
normally the day that the
Population Site was
surveyed. If the Binber2 a4 S o wbor b, Lot o] e
individual(s) were not

found during the survey,

J -02- _L\".II
the observation date and
record is still be filled out.
If the Survey tOOk SeVera| Exit Observation Form I Population Ref Site I A;Lﬁ;":g(ﬁ?:::a‘;‘:ﬁ;‘ | Print Current Observation Record

observation days, then the
start date is entered in the
ObservationDate.

|Record: M 4 1of6 oMb | “ Filtered | Search

Observer Directions may be entered if it is different from the PopRefSite Directions. Observer Directions may
be a different route or situation that would represent the directions for that survey day.

Population Structure HRERG Observation Form 2
The Population Structure should are e
always entered for any observations,
even if the number of plants Obsarvatons.
observed are incomplete (not all
plants observed).

CountedNumindiv | EstimatedNum|ndiv PopStructureComment

Age Class always is required, where
CountedNumIndiv (Counted

Number of Individuals) is considered oo, e e el B
a more accurate count of the number C \

of plants. EstimatedNumIndiv

(Estimated Number of Individuals)

may be entered Only when the Frencigy | Percent | ActualCount Condition | Fercent | ActusiCount Ugtlevel | Percent | ActwalCount
# | vegzatve  [o] #| =1 Eal =]

CountedNumiIndiv is not entered.
EstimatedNumindiv is used when the
number of plants is numerous.
EstimatedNumIndiv should not be
entered when the number of p|ant3 it Dbservation Form | Populalion Fef Site | b Piint Cunent Observation ecord |
can be counted. Record: M < [Lofé | » M b= | 7 Filtered | Search |
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EstimatedNumIndiv may not be a number range, if a range such as 100-200 is provided, the conservative number
100 is entered, and 100-200 may be entered in the PopStructureComment.

Accurate Observation is checked off when the Population Structure’s Age Classes and CountedNumindiv/
EstimateNumIndiv contain an accurate and representative count of the PopRefSite population. Many
observations over different survey dates may have the Accurate Observation checked off.

As opposed to the Accurate Observation check box, the Current Accurate Observation check off box may only
T have one observation checked. The
HRPRG Observation Entry Form Current Accurate represents the
population structure that is
considered both current and

HRPRG Indiv Plant Summary Form

HRPRG Current Accurate Observation accurate. The most recent
Aorurate and Current Population Structire observation may not always be the
0 tion Revi .
s St | o | T e e Current Accurate observation, thus
e i) Dafe _AccursioObs _ Obs the Current Accurate is used to
[SchKaa.aka-A [ 2008-11-08] . A A
[Schikaa.aka-a [ 2007-02-01] Identlfy the proper POpUIatlon
IMHAM = Structure numbers that currently
v [ohkasikia || 2005.06.07) represents the population in reports
B [Senkaa.akas ][ 20031219 and queries.
~ [Senkaaakan ][ 20030435
O O . .
| I ' Clicking on the button on the
v o bottom “All Current/Accurate
* veatie [] e PopStruc Obs Review” will pull up
dose | a review form to show all
observations for the site and which
ones were Accurate, and which one
: : is tagged as the Current/Accurate.
Exit Observation Form I Population Ref Site I ’;&;T’:”:bc“'m_%a::‘:: Piint Current Observation Recard I
|Record: 4 10f6 oM F | “ Filtered ‘ Search ‘
IV. Database Reports
Starting from the Main Menu, click on the Reports Menu
Database Reports button. The Database Reports ~ Database Reports
menu provides reports for various sections of the InsitiObs | Nursery | ImpPlan |  MgmtUnit
database. Reintro I Support Data ” Annual Reports Weeds I VegMon | Ling |
Similar to the Database Entries, cllcklpg ona 1P Population Unit Plant
button within the Database Reports will open a Counts/Threats/Intersitu Summaries

Find Form that will assist in selecting data
records for the report.

Genetic Storage Collection |

For the purpose of this document, we will cover Snail Population Structure Summary |
the reports normally generated for the Year-End
Annual report Report buttons identified in RED are reguired Annual Reports

There are three sections consisting of four reports
that are normally printed annually. The sections
are IP Populations, Genetic Storage, and Snail Back to Main Menu
Population as shown in the figure to the right.
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g] Find IP PU ex situ Summaries

Project/Plan: TaxonCode™: PopulationUnitName™:

[Makua Implementation Plan[w | apd |* [»]and [ =
Both MIP and OIP: IP PU Status Data Management Designation
’—‘z[ Report Year: (Exclude Mo Management"?)

20 16| : -

Population Unit Status-Exec. Summary

PU In situ-Ex situ Review

Population Unit Status w/ Orig IP Data

IP Population Unit Status with PopRefSites |

IP PU Threats |

PU Seed Storage

PU Founders in Outplanting |

PU Micropropagation

Close

Executive Summary
The Executive Summary

Makua Implementation Plan - Executive Summary - Plants

Taxon Status and Threat Summaries
Under the IP Population Unit button, the
menu has threat reports (in red) Exec.
Summary, Taxon Status (Population Unit
Status) and the Threat Summary (IP PU
Threats). Buttons with red text will signify it
is a report used in the year-end annual report.
Project/Plan and Report Year must be
selected for the reports to run. In the Report
Year Field, select 2016. Report Year is
defined below under Total Mature, Immature
and Seedling 2016.

# of 5table IP Population Units: 45 o 101
= Ungulate Threat o Taon witin Population Unit

Mo Shading = Absence of Ungulste threat to Taxon within Fopulation Unit

. . ~ comumeg B OTPEE
database report combines data Jemgm gem o em  fREe iPenn SRR Pmes
d - d f th T St t PlantTaxon Matres  Fopulaton UnitName  petemm.  behre  mmature  Seeding  zpig RECOn  memil, Unguates T et

erived 1rom the |axon status
Neraudia anguiats 100
Summary Report, Genetic P w w = w0 WA ves
Summary Report and Threa‘t Makua 78 &7 [ 75 2 8% 100% No
[T 181 97 s © 207 2 &7 00 No
Summary. See below for further N ; - —

A ‘sianss Kai Mau 1 1 2 1 2 o
details. Neraudia anguista Totst 378 B 101 1 s15 &7 ot
Population Unit Status Summary

Population Unit Status - Makua Implementation Plan
Action Area: In
TaxonName: Cyanea grimesiana subsp. obatae Target # of Matures: 100 ¥MFS PU Met Goal: 2of 4
Toml  Totsl  Total Totsl Totsl Totsl T;:hl Tml Totsl Wik Wi Se;d“l? QJ”DIa'ned Cuplnked OJDI:med FU
. . Man Seeding i M. L LT Mam mmature ng aue mmature  See q .
Nane”"‘ o Grigrai Ol;';?al oreg;‘aT ';]E:':E Imzrr::_”E SZE;IIL"Q Coront Cumsnt suant | famemt  Camert  Game  Cament  Garent  Catent LEE‘E?S Eb;;‘a"“" Trend
Pahole to West Menage forstability | 22 24 o | % o | 7 26 o | & 1 0 & 2 0 | 2017-0509Smell changes were
a noted during
menitoring in the lsst
year
nTotal: | 2 32 o | = » o | 7 36 o | e 1 o e o o |
Action Area: Out
TaxonName: Cyanea grimesiana subsp. obatae Target # of Matures: 100 #MFS PU Met Goal: 2of 4

Toml  Tolal  Total Total Total Totl T;:hl Tml Total | wia Wi Wi Cublmkd Qutmkd Cuplmies -

. . Man Seeding i M. L LT Mam mmature ng aue mmature  See q .

Naneu"‘ e Orl;j'::l Ol;';‘;al oreg;‘aT ';?:':E Imzr;'f:_”z S’;ﬂ"g Coront  Cumsnt gusnp | famemt | Camert  Gamem  Camemt  Gament  Camnt LEE‘E?S Eb;;‘a"“" Trend

Kaluaa Manage forstability | 0 0 o | 1z 7 0 | 124 17 o | 2 1 0 122 18 0 | 20180407 A new cersus wes
initisted bt not yet
Makaha Genetic Storage | | 12 55 0 | 13 56 0 | o 0 o 12 55 o | 2016-02-09A new censLs was
initisten bt not yet
Morth branch of Mana | = o o | == & o | == &5 o | o 0 o sz & 0 | 201605114 new cemsis wes
South Bkahanui reintroduction for initisted bt not yet
stability
Palikea [ South Manage forstabilty | 3 &0 o | 19 1| e 10 o | = 7 0 202 & 0 | 20170425 Agaitionsl plants
Palawail ware reintoduced
Isst year
OutTotal: | 8 &0 o | =m 157 1] 1130 148 o | 10 0 1120 142 o
Totalfor Taxore| 20 B4 o | e 193 1 | 1z oame o | e 6 ] 1184 188 o |

The Population Unit Status Summary, shown above, displays the current status of the wild and outplanted plants
for each PU next to the totals from the previous year for comparison. The report also depicts the original IP
Totals for the different age classes. The PUs are grouped into those with plants that are located inside the MIP or
OIP AA (In) and PUs where all plants are outside of both AAs (Out).
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Population Unit Name: Groupings of Population Reference Sites. Only PUs designated to be ‘Manage for
Stability’ (MFS), ‘Manage Reintroduction for Stability/Storage,” or ‘Genetic Storage’ (GS) are shown in the table.
Other PUs with ‘“No Management” designations are not managed and will not be reported. "No Management"
PUs may be shown by not checking the "Exclude No Management" box on the report menu.

Management Designation: For PUs with naturally occurring (in situ) plants remaining, the designation is either
‘Manage for Stability’ or ‘Genetic Storage’. Some MFS PUs will be augmented with outplantings to reach
stability goals. When reintroductions alone will be used to reach stability, the designation is ‘Manage
Reintroduction for Stability.” When a reintroduction will be used for producing propagules for genetic storage,
the designation is ‘Manage Reintroduction for Storage’.

Total Original IP Mature, Immature, Seedling: These first three columns display the original population
numbers as noted in the first Implementation Plan reports of MIP (2005) and OIP (2008). When no numbers are
displayed, the PU was not known at the time of the IPs

Total Mature, Immature and Seedling (Year): This displays the SUM of the number of wild and outplanted
mature, immature plants and seedlings from the previous year’s report. These numbers should be compared to
those in the next three columns to see the change observed over the last year.

Total Current Mature, Immature, Seedling: The SUM of the current numbers of wild and outplanted
individuals in each PU. This number will be used to determine if each PU has reached stability goals. These three
columns can be compared with the previous columns to see the change observed over the last year.

Wild Current Mature, Immature, Seedling: These set of three columns display the most up to date population
estimates of the wild (in situ) plants in each PU. These numbers are generated from OANRP monitoring data, data
from the Oahu Plant Extinction Prevention Program (OPEP) and Oahu NARS staff. The estimates may have
changed from last year if estimates were revised after new monitoring data was taken or if the PUs have been split
or merged since the last reporting period. The most recent estimate is used for all PUs, but some have not been
monitored in several years. Several PU have not been visited yet by OANRP and no plants are listed in the
population estimates. As these sites are monitored, estimates will be revised.

Outplanted Current Mature, Immature, Seedling: The last set of three columns display the numbers of
individuals OANRP and partner agencies have outplanted into each PU. This includes augmentations of in situ
sites, reintroductions into nearby sites and introductions into new areas.

PU LastObs Date: Last Observation Date of the most recent Population Reference Site observed within a PU.
Where thorough monitoring was done, the estimates were updated. Although, there are sites that may have been
observed more recently, but a complete monitoring was not done.

Population Trend Notes: Comments on the general population trend of each PU is given here. This may include
notes on whether the PU was monitored in the last year, a brief discussion of the changes in population numbers
from the previous estimates, and some explanation of whether the change is due to new plants being discovered in
the same site, a new site being found, reintroductions or augmentations that increased the numbers or fluctuations
in the numbers of wild plants. In some cases where the numbers have not changed, NRS has monitored the PU
and observed no change. When the PU has not been monitored, the same estimate from the previous year is
repeated.
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Threat Control Summary

Threat Control Summary Makualmplementation Plan

Action Area: In

TaxonName: Alectryon macrococcus var. macrococcus

#

Matue

MAUR  Unguiztes Weads Rals IuE Fire
Pop uta ol nithams ManagememCesignaton PENIS  paanageq Managed Managed Manzged Maraged
Kahanahall to Keawapllay  Manzge for sblity 1 Yes Parthi 100%  Farmalls Mo Mo
Mk Manage for sablity ] Parmal100%  Farmml 25w Mo Ma Nz
South Mohlaksa Zenelc SoEe z Yes Mo o Mo mo
Vikst Makalsha Gemetk Stoag 13 L] Mo Ko Mo Mo
Action Area: Out
TaxonName: Alectryon macrococcus var. macrococcus
®
l\::a'. 4R Unguiates Wesds matz ShgE Fre
Pop uta ol nithams ManagememCesignaton PENIS  paanageq Managed Managed Manzged Maraged
Cenfral Kaluza to Central Manage for stEnlity 3 Partial 056 Par i 0% o Mo mo
Waiall
Mzkaha Manage for sablity 23 Yes Partel 100%  Paroal100% Ma Mo
WVislanas Kal Gemllt SwRAE a L] No L] L] -]

= Thr zaft 0 Tawon within Populaton Unl
Mo Shadling = Abmence of Sres? 30 Taxon within Populston Unk

Unguilate Managed = Culmihatbn of Caflle, Goats and P Freas

YazeAll PopRatsies wihih Popularion Ui Fiy & st oo olis

M v Al PO Rt Sia w Iin Poprailanion 1Unit hiw e 1o Sneat ool

Par thaifl =Par oot of mature o I Populathn Unkl St haw = Srest conr ol
Parfial 100/ = Al PopReiSiies within Population Unk have Sreat parflaly on rolied
Partial %= Threat parfialy nT olied, but no mature pants.

The Threat Control Summary summarizes the threat status for each Taxon Population Unit. Yes, No or Partial is
used to indicate the level of threat management. Partial management has additional percentage based upon the
number of mature plants being protected.

Population Unit Name: Groupings of Population Reference Sites. Only PUs designated to be ‘Manage for
Stability’ (MFS), ‘Manage Reintroduction for Stability/Storage,” or ‘Genetic Storage’ (GS) are shown in the table.

Management Designation: Designations for PUs with ongoing management are listed. Population Units that are
MFS are the first priority for complete threat control. PUs that are managed in order to secure genetic storage
collections receive the management needed for collection (ungulate and rodent control) as a priority but may be a
lower priority for other threat control.

# Mature Plants: Number of Mature Plants within the Population Unit.

Threat Columns: The six most common threats are listed in the next columns. To indicate if the threat is noted at
each PU, a shaded box is used. If the threat is not present at that PU, it is not shaded.

Threat control is defined as:

Yes = All sites within the PU have the threat controlled

No = All sites within the PU have no threat control

Partial %= Percent of mature plants in Population Unit that have threat controlled

Partial 100%= All PopRefSites within Population Unit have threat partially controlled

Partial (with no %) = All PopRefSites within Population Unit have threat partially controlled and only immature
plants have been observed.
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Ungulates: This threat is indicated if pigs, goats or cattle have been observed at any sites within the PU. This
threat is controlled (Yes) if a fence has been completed and all ungulates removed from the site. Most PUs are
threatened by pigs, but others are threatened by goats and cattle as well. The same type of fence is used to control
for all three types of ungulates on Oahu. Partial indicates that the threat is controlled for some but not all plants in
the PU.

Weeds: This threat is indicated at all PUs for all IP taxa. This threat is controlled if weed control has been
conducted in the vicinity of the sites for each PU. If only some of the sites have had weed control, ‘Partial’ is
used.

Rats: This threat is indicated for any PUs where damage from rodents has been confirmed by OANRP staff. This
includes fruit predation and damage to stems or any part of the plant. The threat is controlled if the PU is
protected by snap traps and bait stations. For some taxa, rats are not known to be a threat, but the sites are within
rat control areas for other taxa so the threat is considered controlled. In these cases, the box is not shaded but
control is “Yes’ or “Partial.” Partial indicates that the threat is fully controlled over part of the PU.

Slugs: This threat is indicated for several IP taxa as confirmed by OANRP staff. Currently, slug control is
conducted under an Experimental Use Permit from Hawaii State Department of Agriculture, which permits the
use of Sluggo® around the recruiting seedlings of Cyanea superba subsp. superba in Kahanahaiki Gulch on
Makua Military Reservation. Until the label is changed to allow for application in a forest setting, all applications
must be conducted under this permit. Partial indicates that the threat is fully controlled over part of the PU.

Fire: This threat is indicated for PUs that occur on Army lands within the high fire threat area of the Makua AA,
and some PUs within the Schofield West Range AA and Kahuku Training Area that have been threatened by fire
within the last ten years. Similarly, PUs that are not on Army land were included if there is a history of fires in
that area. This includes the PUs below the Honouliuli Contour Trail, the gulches above Waialua where the 2007
fire burned including Puulu, Kihakapu, Palikea, Kaimuhole, Alaiheihe, Manuwai, Kaomoku iki, Kaomoku nui
and Kaawa and PUs in the Puu Palikea area that were threatened by the Nanakuli fire. Threat control conducted
by OANRP includes removing fuel from the area with pesticides, marking the site with Seibert Stakes for water
drops, and installing fuel-breaks in fallow agricultural areas along roads. ‘Partial’ means that the threat has been
partially controlled to the whole PU, not that some plants are fully protected. Firebreaks and other control
measures only partially block the threat of fire which could make it into the PU from other unprotected directions.
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Genetic Storage Summary

2017-08-08

Paoe 1of 1
Genetic Storage Summary Makua Implementation Plan
Storage
Partial Storage Status Storage Goals Goals Met
# of Potential Founders # Plants # Plants .
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Leeward Puu Kaua Genetic Storage 9 o o 1 o o 1 o o 0 1 1 11%
Makaha Manage for 3 ] 12 3 2 o 15 2 1 0 14 14 93%
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The Genetic Storage Summary estimates of seeds remaining in genetic storage have been changed this year to
account for the expected viability of the stored collections. The viability rates of a sample of most collections are
measured prior to storage. These rates are used to estimate the number of viable seeds in the rest of the stored
collection. If the product of (the total number of seeds stored) and (the initial percentage of viable seeds) is >50,
that founder is considered secured in genetic storage. If each collection of a species is not tested, the initial
viability is determined from the mean viability of (preference in descending order):

1. other founders in that collection

2. that founder from other collections

3. all founders in that population reference site
4. all founders of that species

Number (#) of Potential Founders: These first columns list the current number of live in situ immature and
mature plants in each PU. These plants have been collected from already, or may be collected from in the future.
The number of dead plants from which collections were made in the past is also included to show the total
number of plants that could potentially be represented in genetic storage for each PU since collections began.
Immature plants are included as founders for all taxa, but they can only serve as founders for some. For example,
for Hibiscus brackenridgei subsp. mokuleianus, cuttings can be taken from immature plants for propagation. In
comparison, for Sanicula mariversa, cuttings cannot be taken and seed is the only propagule used in collecting for
genetic storage. Therefore, including immature plants in the number of potential founders for S. mariversa gives
an over-estimate. The “Manage reintroduction for stability/storage’ PUs have no potential founders. The genetic
storage status of the founder stock used for these reintroductions is listed under the source PU.
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Partial Storage Status and Storage Goals: To meet the IP genetic storage goal for each PU for taxa with seed
storage as the preferred genetic storage method, at least 50 seeds must be stored from 50 plants. This year, the
number of seeds needed for each plant (50) accounts for the original viability (Estimate Viability) of seed
collections. In order to show intermediate progress, this column displays the number individual plants that have
collections of >10 seeds in storage. For taxa where vegetative collections will be used to meet storage goals, a
minimum of three clones per plant in either the Lyon Micropropagation Lab, the Army nurseries or the State’s
Pahole Mid-elevation Nursery is required to meet stability goals. Plants with one or more representatives in either
the Lyon Micropropagation Lab or a nursery are considered to partially meet storage goals. The number of plants
that have met this goal at each location is displayed.

# Plants that Met Goal: This column displays the total number of plants in each PU that have met the IP genetic
storage goals. As discussed above, a plant is considered to meet the storage goal if it has 50 seeds in storage or
three clones in micropropagation or three in a nursery. For some PUs, the number of founders has increased in
the last year; therefore, it is feasible that NRS could be farther from reaching collection goals than last year. Also,
as seeds age in storage, plants are outplanted, or explants contaminated, this number will drop. In other PUs
where collections have been happening for many years, the number of founders represented in genetic storage
may exceed the number of plants currently extant in each PU. In some cases, plants that are being grown for
reintroductions are also being counted for genetic storage. These plants will eventually leave the greenhouse and
the genetic storage goals will be met by retaining clones of all available founders or by securing seeds in storage.
This column does not show the total number of seeds in storage; in some cases thousands of seeds have been
collected from one plant.

% Completed Genetic Storage Requirement: Describes the percent of Founder Plants that have met Genetic
Storage goals. Genetic storage of at least 50 seeds each from 50 individuals, or at least three clones each in
propagation from 50 individuals, is required for each PU. If there are fewer than 50 founders for a PU, genetic
storage is required from all available founders. For example, if there are at least 50 seeds from five individuals, or
at least three clones in propagation from five individuals, then listed in the tables is 10%.

See Taxon Status Summary above for details on In/Out Action Area, Population Units, and Management
Designation.
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Snail Population Status Summary
Number of Snails Counted

Achatinella mustelina

ESU: A Pahole to Kahanahaiki

MMR-A Manage for stability 215 anmT0502 36 w7y 22 0 Yes Partial es Yes No

Kahanahaiki E xclosure

PAHB Manage for stability 28 2016-08-20  § 13 7 0 es Partial es es Mo

Pahole Exclosure

ESU Total: 243 94 120 29 0
Size Class Definition= *=Total Snails were Trans Located or Reinroduced = Threat to Taoon at Popula ion Regrence Site
SizeClass DefSizeClass No Shading = Absence of threat © Taxon at Populaton Reference Sie
Large =18 mm “fes=Threat iz being controlled at PopReSie
M edium &-18mm Mo=Threstis not being controlled 5t FopRefSits
Small < & mm

Partial=Thre st is being partislhy controlled st PopRefSite

Table shows the number of snails, size dasses, and threats to the snailzin the ESU sies. Yes = threatis being controlled; Insome cases the
threat may be present but not actvely preying on A, musteling.

The Snail Population Status Summary describes the current population size and threat control. Size Classes varies
by snail taxon and definitions are listed on the lower left corner of the report. Threat Control consists of Yes, No,
or Partial. Partial is where only some of the threat is being controlled at the site.

Population Reference Site: The first column lists the population reference code for each field site. This consists
of a three-letter abbreviation for the gulch or area name. For example, MMR stands for Makua Military
Reservation. Next, a letter code is applied in alphabetic order according to the order of population discovery.
This coding system allows NRS to track each field site as a unique entity. This code is also linked to the Army
Natural Resource geodatabase. In addition, the *common name" for the site is listed as this name is often easier to
remember than the population reference code.

Management Designation: In the next column, the management designation is listed for each field site. The
tables used in this report only display the sites chosen for MFS, where NRS is actively conducting management.
These sites are generally the most robust sites in terms of snail numbers, habitat quality, and manageability.
Other field sites where NRS has observed snails are tracked in the database but under the designation 'no
management.' In general, these sites include only a few snails in degraded habitat where management is
logistically challenging. The combined total for sites designated as MFS should be a minimum of 300 total snails
in order to meet stability requirements.

Population Numbers: The most current and most accurate monitoring data from each field site are used to
populate the 'total snails' observed column and the numbers reported by 'size class' columns. In some cases,
complete monitoring has not been conducted within this reporting period because of staff time constraints,
therefore, older data are used.

Threat Control: It is assumed that ungulate, weed, rat and Euglandina threats are problems at all the managed
sites. If this is not true of a site, special discussion in the text will be included. If a threat is being managed at all
in the vicinity of A. mustelina or affecting the habitat occupied by A. mustelina a "Yes" designation is assigned.
The "No" designation is assigned when there is no ongoing threat control at the field site.
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Linking Access Database Query into ArcGIS -Distribution Database Version

There may be times that information found inthe 0 0 & ST ST LI S Ll
Access database is needed in a GIS map. The 3 BEREBSD N seiB: 510 0L KRN N
following shows you how to link a query from o A s I

Access into an ArcGIS project. The Population

Reference Site query will be used as an example. $i )

Note there are several steps needed to bring in an i

Access Database query. If you don’t feel T

comfortable in doing this, contact Roy Kam TN

(rkam@hawaii.edu) and he will walk you through. il

In your ArcGIS Project, make sure you have the :
Rare Plants or Rare Snails shapefile (or whatever iy

shapefile you are linking) as one of your layers. K
Click on the Add Button'*", and choose Database S

Connections. If you do not have Database L Ferer
Connections listed (versions ArcGIS 10.3 and up),

you will need to add it before you start. Go to
ArcCatalog>Customize (Tab)>Customize Mode>Under the Commands Tab, select ArcCatalog (left column) and
on the right chose Add OLE DB Connection. Drag Add OLE DB Connection from the Commands list onto the
toolbar in ArcCatalog. . Data Link Properties =

Provider | Connection | Advanced [ A1 |
, Then Select Add OLE Database Select the data you want to connect to:
Add Dara - H H OLE DB Provider(s)
P = T —— - % B 3| -] e o ConneCtlon' and click on Add. Microsoft Jet 4.0 OLE DB Provider
sl S Microsoft Office 12.0 Access Database Engine OLE DB Provide|
% Atkd OLE DB Comrrection . . . Microsoft OLE DB Provider for Analysis Services 9.0
# ficd Sl (atauste Canmertian A Data |_|nk PI’OpeI’tIeS W|ndOW Microsoft OLE DB Provider for ODBC Drivers
& CehiuRarcFlasi Dl base_Cameclionde . . Microsoft OLE DB Provider for OLAP Services 8.0
will appear. Select Microsoft Micosof OLE DB PovderforOrce
OLE DB Provider for ODBC Mot OLE OB Prowefor S e
D rive rs' mgg:‘zﬂsf;iDE Simple Provider
OLE DB Provider for Microsoft Directory Services
SQL Server Native Client 10.0
g S OLE [H) awscles add < m f
T oF NP | ngimty wd Lyt - Lo
] Dats Link Properties B [ ok |[ cancel |[ e |
Cornection | Advanced | Al
b Then in the Data Link Properties window, select the Connection tab. Under the
e Connection Tab, select Use Connection String and click on the button Build.
@ Use connection string select LUata Source ]
Connection string:
jw Machine Data Source |
’ E"I‘JES’E':E:':Z“D"'D oot Data Source Name Type Description
Password dBASE Files User
[T Blank password 7] Alow saving password A Eccel Files User
3 Bt il co o e In the Select Data Source window, T Loy
* select the Machine Data Source tab,
and select MS Access Database then

click OK. ow

OK | [ Cancel ][ hHep |

A Machine Data Source is specific to this machine, and cannot be shared.
"User" data sources are specific to a user on this machine. "System” data
sources can be used by all users on this machine, or by a system-wide service.

[ ok [ canesl |[ Heb
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o “ ' In the Login Window, Click on the Database button (leave Login Name and
e e Password blank).
Authorization
Login name: ]
Password: ] Help

Select Database

In the Select Database window, change the Drives to C: and S et =
browse to OANRFDatabase_DVmdb o\

Cancel

[E=reh ~
[ ACCESS | i
E= OANRPDatabase | =

Hel
£ AmyGISData |

£ DatabaseReports
(3 DatabaseTables ~

-

o

[

g =
=1 =

& |

= £3

[ Exclusive

List Files of Type: Drives:

Access Databases ("m + = c: Windows - Metwork...

C:\Access\OANRPDatabase _DistributeVersion\ OANRPDatabase_DV.accdb

Click Ok to close the windows, until you are back at the Add Data window. You will now see a new OLE DB
Connection.odc listed.

. . Double click on the OLE DB Connection.odc. The window
wld Data
= p— Jepalt- 2 ase will then open the Access Database and list all tables and
' . : ries.
_# Ackd OLE DE Coremction que
_E‘Auukp:talux:taszr.:mnmmn
o OznuRarePlert Doty i chor. -
ol Comeconde L o Dt ——
Look in: [g OLE DB Connection.odc '] 1 @ g | = 'l E| B v @
== Append HRPRG AgeClass Count ESArcaIsF
==| Append HRPRG AgeClass Countl EarcGIs
==| Append Reintro AgeClass Count EarcGls T
== Append Wild to Reintro Query 1 ESArcGIS T
haame; add | =] ArcGeoDatabase PopRef Sites Link Query ESArcaIsF
e (1= — . 5| ArcGeoDatabase PopRef Sites Link Query 1 ArcGISF
Snon vf BB | notnets ane Layers | Iﬂl ==| ArcGeoDatabase PopRef Sites Link Query 2 E Collectit |
== ArcGIS Current Population Structure PopRefSite Query E=] Collectit ||
Browse through the list until you find ArcGIS == ArcGIS PopRefSite AgeClass Link EdCollecti
Current Population Structure PopRefSite Query. = .
This query in the Access Database lists all of the
- - - Name: lati i
Rare Plants and Rare Snails with their current e ————
Population Structure and whether the site is In show of tpe: | patasets and Layers ) [ coneel |
situ or Ex situ. Click Add. The query will now

appear as a Layer in your map project.
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File Edit View Bockmarks Intent Selection Geoprocessing Customize Windows Help

De2Ea Bxo & - 127 - EGEE L Oawng k [m]
Editor~ SRE:Mme il K~ k@
e e Go to the shapefile, right click and select Join under the Joins

S8 and Relates.

s
5 VAGIS\DatatAnimalsiSnails
= B Rare Snails

.
=) [ VAGIS\Data\Hunting

[ Snares

.
1 [ VAGIS\Data\PlantsNative

) Copy
| I VAGIS\Dats\Bag X Remove
- O Matural Res

Open Attribute Table

R | Joinsand Relates r loin..
o O WCEF P ZoomToLayer Removeloins)  +
= Relats...
=8 E‘G['::"‘“‘“ Visisle Scale Range. v RemoueRelate(s])
- Use Symbel Levels y
= (5 Chlsersiroyka{  Selection v
B hu_popre
il [
= B3 Chlserslropka{  Edit Features v
= O MU_NoMU_|

5 Csersvogay 0 Comvert Features to Graphics..

2 [ Landowner3
=1 B3 ChUsersiroyka Datz i
5 @ Oshulorth
B Oahuscuth
(3 AtmyPropagatil @ Create Layer Package...

BB AIcGIS Curte i Propenier

Save As Layer File...

Join Uata [T |

Join lets you append additional data to this layer's atiribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

Join attributes from a table -
1. Choose the field in this layer that the join will be based on:

TaxonCodeP -
The last procedure is to join the Rare Plant shapefile with the 2. Choose the table to join to this layer, or load the table from disk:
Access Query. Select TaxonCodeP from the Rare Plant GIS |EEl ArcGIS Current Population Structure PopRefSite Q1. |
Shapefile, and TaxonCodePopRefSitelD from the Access Lkt it L
database query. The data will now appear together in the 3. Choose the fied n the table to base the join on:
Snare shapefile attribute table. TexanCodeFopRefStelD v

Join Options

@ Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

“) Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

o) (e
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Attribute Table from ArcGIS.

Example of Rare Plant shapefile joined to Access Database Query.

< Rare Plants GIS Shapefile table data » Access Database data
RarePlants
0BJ| ID| SPECIES | POPULATION TaxonCodeP LOCATION S0U FULL_SCIEN X Y HATU| Statu] TaxonCode PopRefllame
» 1| 0 |AleMacMac | SBW-A AleMacMac SBW-A Mechiakea gulch L Alectryen macrococcus macrococcus 590515.562 | 2376426.50004 | Yes |E AleMacMac Schofield Barracks Mil
2| 0|AkMacMac | SBW-C AleMacMac SBW-C Puu Kumakalii JL Alectryon macrococcus macrococcus 590981.875 | 2375960.25005 | Yes |E AleMacMac Schofield Barracks Mil
3| 0 |AleMacMac | SBW-D AleMacMac SBW-D Puu Kumakalii L Alectryen macrococcus macrococcus 591323.250 (2375402.75002 | Yes |E AleMacMac Schofield Barracks Mil
4| 0|SehTr ALA-C SchTriALA-C Kaala JL | Schiedea trinervis S89030.703 | 2378443.74343 | Yes |E SehTri Hit. Kaala NAR
5| 0| SchTr SBW-G SchTri. SBW-G Puu Kalena JL | Schiedea frinervis S89841.375 | 237862749597 | Yes |E SchTri Schofield Barracks Mil
6| 0 |CyaAcu ALA-B Cyadcu ALA-B Kaala JL Cyanea acuminata 589083.312 | 2378560.75002 | Yes |E CyaAcu Mt. Kaala NAR
7| 0|CyaGriOba | SBW-A CyaGriOba. SBW-4A Kaala 2400" L Cyanea grimesiana obatae 590057.000 (2378433.99994 | Yes |E CyaGriOba Schofield Barracks Mil
8| 0 |CyaCal Ma CyaCal ALA-A Kaala JL Cyanea calycina 588965.812 | 2378293.99994 E CyaCal Mt. Kaala NAR
9| 0 |CyaCal Ma CyaCal ALA-A Kaala JL Cyanea calycina 588996.187 | 2378697.74996 E CyaCal Mt. Kaala NAR
10 | 0 [CyaCal Ma CyaCal ALA-A Kaala JL Cyanea calycina 589218.125 | 2378451.00001 E CyaCal Mt. Kaala NAR
11| 0 [CyaCal Ma CyaCal.SBW-A Kaala JL Cyanea calycina 589493.687 (2377636.75002 | Yes |E CyaCal Schofield Barracks Mil
12 | 0 [CyaCal Ma CyaCal SBW-A Kaala JL Cyanea calycina 589268.312 | 237782524999 | Yes |E CyaCal Schofield Barracks Mil
13| 0 [CyaCal SBW-A CyaCal.SBW-A Kaala JL Cyanea calycina 588281.999 | 2378048.50004 | Yes |E CyaCal Schofield Barracks Mil
14 | 0 [CyaCal SBW-C CyaCal SBW-C Puu Kalena 2300" JL Cyanea calycina 580479.812 | 2376867 99994 | ves |E CyaCal Schofield Barracks Mil
15| 0 [CyaCal SBW-C CyaCal.SBW-C Puu Kalena 2800" JL Cyanea calycina 580307.312 | 2376571.74996 | Yes |E CyaCal Schofield Barracks Mil
—p-Access Database data joined query >
RarePlants
PopReflame FedStat | TaxonC p Popl InExsitu Obser AccObs | CurAccObs Immature Large Mature Medium
¥ | Schofield Barracks Milita| E AleMachlac.SBW-A Mohiakea In situ 2013-05-20 es es <Null= <Null= 2 | <Nulk= <
Schofield Barracks Milta| E Al chlac. 5SBW-C Naorth of P i (Dead) In situ 2012-04-04 Yes es 0 | =Nult= 0 | =MNulk=
Schofield Barracks Milita) E Al BW-D of P i In situ 2012-08-27 Yes es 0 | =Null= 0 | <Hull=
Mt. Kaala NAR E SchTriALA-C Lower 2 Poles Ridge In situ 2002-10-23 es es 5 | <Null= 5 | <Mull=
Schofield Barracks Milta| E SchTriSBW-G Kalena, in notch In situ 2007-08-20 Yes Yes 0 | =Nult= 0 | =Mulk=
Mt. Kaala NAR E CyaAcuALA-B Kaala, one gulch N of Alstri ridge In situ 2003-03-13 Yes Yes <Null> =Null> 19 | <Null> <
Schofield Barracks Milita| E CyaGriOba.SBW-A North Haleauau In situ 2005-10-03 Yes Yes 0 | =Nul= 0 | <MNull=
Mt Kaala NAR E CyaCal ALA-A Kaala In situ 2013-06-06 Yes Yes <Nul= =Null= 3 | =MNulk= <
Mt. Kaala NAR E CyaCal ALA-A Kaala In situ 2013-06-06 Yes Yes <Null> =Null> 3 | <MNull> <
. Kaala NAR E CyaCal ALA-A Kaala In situ 2013-06-06 Yes res <Null= <Null> 3 | <Mulk =
Schofield Barracks Milta| E CyaCal SBW-4A North Haleauau, Below ALA-O populati | In situ <Null= <Null= =Mull= <Nul= =Null= =Mull= <Mulk= <
Schofield Barracks Milita| E CyaCal. SBW-A North Haleauau, Below ALA-O populati| In situ <Null> <Null> =Null> <Null> =Null> =Null> <Nulk> <
Schofield Barracks Milita| E CyaCal. SBW-A North Haleauau, Below ALA-O populati | In situ <Null> <Null> <Null= <Null> <=Null> <Null= <Null= <
Schofield Barracks Milita| E CyaCal SBW-C Kaala-Kalena In situ 2008-10-25 YEes YEs <Null= <Nulk> 1 | <Mulk= <
Schofield Barracks Milita| E CyaCal.SBW-C Kaala-Kalena In situ 2005-10-25 Yes Yes <Null> =Null> 1 | <MNull> <
_| =Null= <Null> <Null> =Null= <Null= <Null= <Null= <Null= <Null= <Null> <Null= <Mulk= <
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DEPARTMENT OF THE ARMY
U.S. ARMY INSTALLATION MANAGEMENT COMMAND-PACIFIC
HEADQUARTERS, UNITED STATES ARMY GARRISON, HAWAII
745 WRIGHT AVENUE, BUILDING 107, WHEELER ARMY AIRFIELD
SCHOFIELD BARRACKS, HAWAII 96857-5000

REPLY TO NOV & 9 2047
ATTENTION OF NOY ¢ 2 LUl

Office of the Garrison Commander

Ms. Mary Abrams

Field Supervisor

U.S. Fish and Wildlife Service

300 Ala Moana Blvd., Room 3-122
Honolulu, Hawai, 96850

Dear Ms. Abrams:

This letter is to inform you of two fires that occurred on Schofield Barracks. The first
occurred on Schofield Barracks, West Range, above the fire-break road, on September
19, 2017. This fire, designated the “Mountain” fire, burned a total of 1.8 acres, much
less than was originally reported. Of this 1.8 acres, 0.25 acres occurred in an area
designated as Critical Habitat for the Oahu Elepaio (Enclosure 1). The Army Wildland
Fire Program coordinated fire-fighting actions and resources which included Aviation
Brigade helicopters. The fire was deemed extinguished on October 5, 2017. Please
find enclosed the fire report from the Directorate of Emergency Services (Enclosure 2.
The fire burned primarily non-native Eucalyptus forest with little understory. Please find
enclosed a list of plants burned in this fire (Enclosure 3).

The “Mountain” fire appears to have been caused by an artillery illumination round
fired during high-wind conditions. An internal investigation is being conducted to
determine how this deviation from range policy occurred and to prevent any
reoccurrence.

The second fire, designated the “HALO” fire, occurred on Schofield Barracks, South
Range on September 22, 2017, and burned a total of 0.33 acres, all of which occurred
in area designated as Critical Habitat for the Oahu Elepaio (Enclosure 4). The Army
Wildland Fire Program coordinated fire-fighting actions and resources for this fire as
well, including Aviation Brigade helicopters. The fire was deemed extinguished on
October 5. 2017. Please find enclosed the fire report from the Directorate of
Emergency Services (Enclosure 5). The fire burned mixed native/non-native forest,
including native koa, Christmas berry, paperbark, and strawberry guava, with thick
Guinea grass understory. Please find enclosed a list of plants burned in this fire
including pictures of the site (Enclosure 6).

The “HALO" fire was caused by demolitions training conducted by the United States
Marine Corps at Firing Point HALO. The Army is reviewing policy and procedures for
operations conducted at this firing point in order to minimize the chance of
reoccurrence.
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The total acreage of area designated as Critical Habitat for the Oahu Elepaio burned
by these two fires is 0.58 acres, which does not exceed the 3.7 acres allowed for
adverse modification.

If you have any questionsplease contact Ms. Kapua Kawelo, Senior Natural
Resources Manager, Directorate of Public Works, Environmental Division at (808) 655-
9189 or hilary k. kawelo.civ@mail.mil.

Sincerely,

Wophe Do

Stephen E. Dawson
Colonel, U.S. Army
Commanding

Enclosures
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Enclosure 1: Map of Mountain fire including area designated as Critical Habitat for Oahu Elepaio on
Schofield Barracks, West Range. Critical Habitat impacted is 0.25 acres.
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SIR/CCIR # 170913 ADD-ON # 15

REPORTING IOC, EOC, EAC: USAG-HI IOC/SSG Carter/TOR: 021738WOCT17
Subject: Add-On # 15 to Serious Incident Report # 170913

1. Category: 3-33(i)

2. Type of Incident: Range Fire

3. Date and Time:

a. DTG of Incident: 190920WSEP17
b. DTG of Receipt: 021738WOCT17

4. Location of Incident: Mountain Fire (4QEJ9142278490) North of Fire Break Road,
Schofield Barracks, HI

5. Personnel Involved:
a. Subject:

(1) Name: N/A

(2) Rank or Grade: N/A

(3) Race: N/A

(4) Sex: N/A

(5) Age: N/A

(6) Position: N/A

(7) Security Clearance: N/A

(8) Unit and Station of Assignment: N/A
(9) Duty Status: N/A

6. Additional Information #15: Per ARMY FIRE IC on the Mountain Wildfire we will be
starting the 72 hour watch period today at 1800 for the Mountain Fire. Fire update: Estimated
containment is now 100%. Up 5% because no smoke has been observed for several days. No
injuries and no property damage have been reported. Next update is in 72 hours 050CT7 @ 1800
hours. Unless conditions change and then a new update will occur ASAP.

Additional Information # 14: Good Evening, Per ARMY FIRE IC on the Mountain Wildfire
at 1800 28SEP17 Fire update: Estimated containment is now 95%. Up 5% because no smoke
has been observed today. There was no smoke observed today. We will keep the fire below
100% containment for several days because of the potential for re-burn as other fires have been
doing this. No injuries and no property damage have been reported. Tonight:

Firefighters will remain on shift supporting other ranges for training. Next update is in 48 hours
30SEP17 @ 1800 hours. Unless conditions change and then a new update will occur ASAP.
Additional Information #13 Fire update: Estimated containment is now 90%. Same as yesterday
due to smoke and few logs burning still. Minimal activity today very minor smoke observed. We
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will keep the fire below 100% containment for several days because of the potential for reburn as
other fires have been doing this. No injuries and no property damage have been reported.
Tonight: Firefighters will depart at end of shift. Next update is in 48 hours 28Sep17 @ 1800
hours. Unless conditions change and then a new update will occur ASAP

Additional Information #12 Fire update: -3 Army Firefighter and 2 Engines were at the
fire today and monitored the areas of concern on the southern line. A few pockets of
unburned fuel consumed today but nothing appears to have threatened the line. —Total
Fire areas is ¥ acres. No changes from yesterday —fire location is at Grid: EJ 03368
75235 -80% Containment. Up 15% from yesterday. —We will keep the fire below
100% containment for several days because of the potential for reburn as other fires
have been doing this. —No injuries and no property damage have been reported.
Tonight: Firefighters will depart at end of shift. Next update is 26SEP17 @ 1800 hours.

Additional Information #11: Per ARMY FIRE IC on the Mountain Wildfire at 1800 24SEP17
Fire update: Total Fire area is 6 acres. Of that 6 acres, 1.8 was in Critical Habitat. No new fire
growth and no change from yesterday. Minimal activity today mostly this afternoon with interior
areas still burning, Mostly logs and larger diameter fuels continuing to burn. Estimated
containment is now 90%. Same as yesterday due to smoke and a few logs burning still. No
injuries and no property damage have been reported. Tonight: Firefighters will depart at end of
shift. Next update is 25SEP17 @ 1800 hours.

Additional Information #10: Per ARMY FIRE IC on the Mountain Wildfire at 2000 23SEP17
Fire update: Total Fire area is 6 acres. Of that 6 acres, 1.8 was in Critical Habitat. No new fire
growth and no change from yesterday. Minimal activity today mostly this afternoon with interior
areas still burning, Mostly logs and larger diameter fuels continuing to burn. There are a few
areas near the line that are still of concern and may need bucket drops tomorrow. Estimated
containment is now 90%. Up 10% with less areas burning and very little smoke remains. No
injuries and no property damage have been reported. Tonight: 2 Firefighters and 2 engines will
be on and will monitor the fire as needed. Next update is 24SEP17 @ 1800 hours.

Additional Information #9: Per ARMY FIRE IC on the Mountain Wildfire at 1000 23SEP17.
Fire update: Total Fire area is 6 acres. Of that 6 acres, 1.8 was in Critical Habitat. No new fire
growth and no change from yesterday. Minimal smoke observed in the interior of the fire.
Estimated containment is now 80%. Today’s plan: 3 firefighters and 2 engines will monitor and
respond as needed. MEDIVAC AIRCRAFT ON STANDBY IF NEEDED. Next update is
23SEP17 @ 1800 hours.

Additional Information #8: Per Army Fire IC on the Mountain Wildfire at 2035
22SEP17 Fire update: Total Fire area is 6 acres. Of that 6 acres, 1.8 was in Critical
Habitat. No new fire growth and no change from yesterday. Minimal activity today
mostly this afternoon. Army Fire was able to keep the fire in check with about 6 meters
of additional growth interior and along flanks. Estimated containment is now 80%.
Today summary: 2 firefighters and 2 engines worked the fire mostly on eastern and
southern edges. Tonight: 2 Firefighters and 2 engines will be on and will monitor the
fire as needed. Next update is 23SEP17 @ 1000 hours.
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Additional Information #7: Per ARMY FIRE IC on the Mountain Wildfire at 1015 22SEP17.
Fire update: The Fire acreage is estimated at 6 acres and 1.8 acres of Critical Habitat. This is not
final acreage until DPW is able to verify from the ground. Estimated containment is now 70%.
Today's plan of action: 4 firefighters and 2 engines will be working the fire with the assistance
from the CAB. Next update is 22SEP17 @ 1800hrs.

Additional Information #6: Per ARMY FIRE IC on the Mountain Wildfire at 1635
21SEP17 Fire update: At 0800 today DPW Environmental was able to fly the perimeter
of the fire to update maps and acreage. The Fire acreage is estimated at 6 acres and 1.8
acres of Critical Habitat. This is not final acreage until DPW is able to verify from the
ground. Fire cause is believed to be from an aerial cluster. Estimated containment is
now 70%. Today summary: 5 firefighters and 2 engines worked the fire with the
assistance from the CAB. The CH47 tail number 782 did 8 bucket drops with a 2,000
gallon bucket. The UH60 did 8 bucket drops with a 660 gallon bucket. There was very
minimal fire spread today due to heavy saturation from the aircrafts. Tonight: 2
Firefighters and 2 engines will be on to support other ranges tonight and can monitor
fire as needed. Next update is 22SEP17 @ 1000 hours

Additional Information #5: Per ARMY FIRE IC on the Mountain Wildfire at 0935
21SEP17 Fire update: At 0800 today DPW Environmental was able to fly the perimeter
of the fire to update maps and acreage. The fire acreage may actually be less due to
better mapping today and we will update those acres as they are available. The Fire
acreage is estimated at 9 acres. Elepaio Critical Habitat that was burned is estimated to
be about 6 acres. Fire cause is believed to be from an aerial cluster. Estimated
containment is now 40%. Today: 4 ARMY firefighters and 2 Engines are working the
fire today with the assistance from the CAB with CH47 this morning and UH60 this
afternoon. Last night the fire grew minimally and conditions this morning are favorable
for suppression actions. The CH47, currently on scene, will be utilized to directly attack
any areas that are still burning and pre-treat surrounding vegetation to eliminate any
further fire spread on the flanks and head of the fire. Next update is 21SEP17 @ 1800
hours.

Additional Information #4: Per Army Fire Mountain Wild Fire Incident at 1645 20SEP17,
total fire acreage is 9 acres. Elepaio Critical Habitat that was burned is about 6 acres. Fire
cause is believed to be from an aerial cluster. Estimated containment is now 40%. Up 10% from
aerial bucket drops on the northern and western edge of the fire. The CAB with UH60 #440
assisted with 28 bucket drops and total of 19,000 gallons of water delivered on the fire. No
injuries or property damage has been reported today. Tonight: 2 ARMY firefighters and 2
Engines will remain on shift to monitor the fire. Last night the fire grew approximately 2 acres
overnight and we expect similar activity tonight. Next update is 21SEP17 @ 1000 hours.
Additional Information #3: Per Army Fire Mountain Wild Fire Incident total acre of fire
is 8.33, Elpaio Critical Habitat that was burned is about 5.07 acres. Cause of fire
believed to be from an aerial cluster. Estimated containment of fire is now 30%. No
injuries on property damage has been reported. 1 UH60 is on station and working the
fire with buckets, 4 Army firefighter and 2 engines are also on scene and securing the
fire edge along fire break road. The MEDEVAC helicopter supported the firefighting
effort yesterday (19 SEP 17), 1100-1400, dropping 19 buckets (12,350 gallons).
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DPW Environmental: As of 1045 20Sept17, the current range fire burning above the SB
Firebreak road burned more acreage of ‘elepaio critical habitat than allowed, annually, by the
current biological opinion (BO). The BO was issued by the U.S. Fish and Wildlife Service
(USFWS), for potential impacts to listed endangered species by training actions on SB.

The local USFWS was notified on 20Sept2017 of the fire and current impacts, by telephone. A
formal memo/report will be sent to the USFWS regarding the fire and the impacts

POC: Hilary (Kapua) Kawelo, hilary.k.kawelo.civ@mail.mil (808-655-9189/808-864-1014) or
Rhonda Suzuki, rhonda.l.suzuki.civ@mail.mil (808-656-5790/808-927-6655)

Additional Information #2: Per Army Fire Incident Commander on the “Mountain”
wildlfire, 19Sepl7 at 1710hrs. Fire update: The fire is located north of the Fire Break
near NFB marker 10. Located in an area that is not accessible by foot. Medivac
helicopter was ordered to assist with buckets and arrived on scene at 1100 and departed
around 1400hrs. 19 buckets (12,350 gallons) were delivered on the fire. Fire cause is
believed to be from a aerial cluster. The size of the fire is estimated at 5acres. Up 3
acres. This afternoon weather conditions and issues with aerial resources contributed to
the additional growth. Estimated containment is now 30%. No injuries or property
damage has been reported today. The fire may be Elepaio habitat. An aerial recon in the
morning will confirm this and if its in the habitat the USFWS will be notified. Tonight:
2 firefighters and 2 fire engines will be on tonight supporting training and will
periodically check this fire as well. Next update is 20Sep17 @ 1000 hours. 2x UH60’s
were requested and approved to be on scene tomorrow morning at 0830.

Additional Information: Per Army Fire Incident Commander on the “Mountain”
wildfire. 19Sepl17 at 1110hrs. Fire update: The fire is located north of the Fire Break
burning in an area that is not accessible by foot. Medivac helicopter was ordered to
assist with buckets and arrived on scene at 1100. Fire cause is unknown at this time.
The size of the fire is estimated at 2 acres. Estimated containment is now 40%. No
injuries or damage to resources or property has been reported today. Today: 3
Firefighters, 2 Engines, and 1 Water Tender will monitor the fire as needed. As of
1239hrs, Army Fire requested 2 UH60s ASAP to assist the Medevac UH60 on scene.
Total affected acreage is 4 acres.

Summary of Incident: At approximately 0900 hrs it appeared that there was smoke
coming from down range, however the cloud coverage was low at this time. Army Fire
was called to verify. At 0926hrs Army Fire reported that it appears to be 2 acres burnt
outside the North Fire Break road. Stated that they were requesting Medevac support.
OIC was called at 0950 to inform them of the fire. At 1000 hrs Mr. Au briefed on fire
and Medevac called for support

7. Remarks: None

8. Publicity: No Media

9. Next of Kin Notified: No

10. Affects International Relationships: No

11. Command Reporting: COL Stephen E. Dawson, Commander, USAG-HI
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12. Originating Point of Contact: Justin L. Turnbo, Directorate of Emergency Services,
Wildland Fire Management, USAG-HI at 655-1434 or justin.l.turnbo.civ@mail.mil.

13. This Report has been Approved for Release by: Kam Y Yu, Range Technician,
Schofield Barracks Range Control at 655-1434 or kam.y.yu.civ@mail.mil

14. Was USARPAC CG Informed: No


mailto:justin.l.turnbo.civ@mail.mil
mailto:kam.y.yu.civ@mail.mil
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Enclosure 3: Plants burned in the “Mountain” Fire

Scientific Name

Common Mame

PLANTS

Clidemia hirta

Koster's curse

Eucalyptus robusta

Lantana camara

Melaleuca quiguinervia

Paperbark

Schinus terebinthifolius

Christmasberry

Toona ciliata

Australian Red Cedar

Urochlog maxima

Guinea grass
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Enclosure 4: Map of HALO fire located within area designated as Critical Habitat for Oahu Elepaio on
Schofield Barracks, South Range. Total acreage of fire is 0.33 acres.
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Enclosure 5

IR/CCIR # 170929 ADD-ON # 9

REPORTING IOC, EOC, EAC:USAG-HI I0OC/SSG Difuntorum/TOR: 051711WOCT17
Subject: Add-On # 9 to Incident Report # 170929

1. Category: 3-33(i)

2. Type of Incident: Range Fire

3. Date and Time:

a. DTG of Incident: 221455WSEP17
b. DTG of Receipt: 051711WOCT17

4. Location of Incident: Firing Point HALO (EJ 93368 75235), Schofield Barracks, HI
5. Personnel Involved:
a. Subject:

(1) Name: N/A

(2) Rank or Grade: N/A

(3) Race: N/A

(4) Sex: N/A

(5) Age: N/A

(6) Position: N/A

(7) Security Clearance: N/A

(8) Unit and Station of Assignment: United States Marine Corps School of
Infantry (USMC-SOI) Kaneohe Bay, HI

(9) Duty Status: N/A

6. Additional Information # 9: Per Army Fire OP HALO fire is declared out. There will be no
further updates.

Additional Information # 8: Per ARMY FIRE IC on the OP Halo Wildfire: We will be starting
the 72 hour watch period today at 1800 for the Mountain Fire .Estimated containment is now
100%. Up 5% because no smoke has been observed for several days. No injuries and no
property damage have been reported. Next update is in 72 hours 050CT7 @ 1800 hours. Unless
conditions change and then a new update will occur ASAP.

Additional Information # 7: Good Evening, Per ARMY FIRE IC on the OP Halo Wildfire at
1800 28SEP17 Fire update: No new fire growth 90% Containment. Up 5%. No smoke was
observed today. We will keep the fire below 100% containment for several days because of the
potential for reburn as other fires have been doing this. No injuries and no property damage have
been reported. Tonight: Firefighters will remain onshift supporting other ranges for training.
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Next update is in 48 hours 30SEP17 @ 1800 hours. Unless conditions change and then a new
update will occur ASAP.

Additional Information # 6: Per Army Fire IC on the OP Halo Wildfire at 1800 26Sepl17. Fire
update: No new fire growth. Fire location is at Grid: EJ 93368 75235-85% containment. Up 5%
from yesterday. We will keep the fire below 100% containment for several days because of the
potential for reburn as other fires have been doing this. No injuries and no property damage have
been reported. Tonight: Firefighters will depart at end of shift. Next update is in 48 hours
28Sepl7 @ 1800 hours. Unless conditions change and then a new update will occur ASAP.
Additional Information # 5: Per Army Fire 1C on the OP Halo Wildfire at 1800 25 Sepl17: Fire
update: 3 army Firefighters and 2 Engines were at the fire today and monitored the areas of
concern on the Southern line. A few pockets of unburned fuel consumed today but nothing
appears to have threatened the line. Total Fire area is ¥z acres. No change from yesterday fire
location is at Grid: EJ 93368 75235 -80% Containment. Up 15% from yesterday. We will keep
the fire below 100% containment for several days because of the potential for reburn as other
fires have been doing this. NO injuries and no property damage have reported.

Additional Information # 4: Per ARMY FIRE IC on the OP Halo Wildfire update: 3 Army
Firefighters and 2 Engines were at the fire today and monitored the areas of concern on the
southern line. A few pockets of unburned fuel consumed today but nothing appears to have
threatened the line. Total Fire area is 1/2 acres. No Change from yesterday -Fire location is at
Grid: EJ 93368 75235 -65% Containment. Up 15% from yesterday. Tonight's Plan: ARMY Fire
is on scene with 2 firefighter and 2 engines. Will keep monitoring the fire and ensuring that the
southern area of concern does not get going. Will have to wait till daylight if direct Attack is
needed and utilize aircraft. Next update will be 24 hours from now on 25SEP17 @ 1800 hours.
Additional Information # 3: Per ARMY FIRE IC on the OP Halo Wildfire at 2000 23SEP17
Fire update: Total Fire area is 1/2 acres. No Change from yesterday -Fire location is at Grid: EJ
93368 75235 -50% Containment. No change from this morning. Only had UH60 for 1 fuel cycle
and there are still areas on the southern flank that are of concern. CAB supported with 1 UH60
for 2 hours and delivered 6500 gallons of water (10 Buckets). UH60 worked the southern area
that is still hot with fuels burning very close to containment line Tonight's Plan: ARMY Fire is
on scene with 2 firefighter and 2 engines. Will keep monitoring the fire and ensuring that the
southern area of concern does not get going. Will have to wait till daylight if direct Attack is
needed and utilize aircraft Next update will be 24 hours from now on 24SEP17 @ 1800 hours.

Additional Information # 2: Per ARMY FIRE IC on the OP Halo Wildfire at 1005 23SEP17.
Fire update: Total Fire area is 1/2 acres. No Change from last night. Fire location is at Grid: EJ
93368 75235 — 50% Containment. No change from last night. Today’s Plan: Army Fire is on
scene with 3 firefighters and 2 engines. Waiting on support from UH60, CAB or Medivac. Once
UHG60 arrives then bucket drops will be used to secure the edge and interior of the fire that
firefighters cannot access on the ground. Next update is 23SEP17@1800hours.
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Additional Information: Per ARMY FIRE IC on the OP Halo Wildfire at 2035 22SEP17. Fire
update: Total Fire area is 1/2 acres. Fire location is at Grid: EJ 93368 75235 -50% Containment.
Fire Cause was from demolition blasting. Summary of Actions: ARMY Fire responded to the
fire at 15:22 with 4 firefighters and 2 Engines and a Water Tender. Requested air support and
Medivac 30595 arrived at 1600. Flew 2.5 hours and delivered 8,500 gallons of water (13
buckets) to the fire. Tonight: 2 Firefighters and 2 engines will be on and will monitor the fire as
needed. Next update is 23SEP17 @ 1000 hours.

Summary of Incident: USMC-SOI was conducting training at FP HALO using
demolitions when range was ignited. Army Fire was notified and responded with 1
brush truck and 2 personnel. Medevac air notified to be on standby by Army Fire’s
recommendation. No size indicated as to how much area was consumed at this time.

7. Remarks: Land Operation Center will forward report to the Respective Command
Center.

8. Publicity: No Media

9. Next of Kin Notified: No

10. Affects International Relationships: No

11. Command Reporting: COL Stephen E. Dawson, Commander, USAG-HI

12. Originating Point of Contact: Justin L. Turnbo, Directorate of Emergency Services,
Wildland Fire Management, USAG-HI at 655-1434 or justin.l.turnbo.civ@mail.mil

13. This Report has been Approved for Release by Justin L. Turnbo, DES, Wildland
Fire Management, USAG-HI at 655-1434 or justin.l.turnbo.civ@mail.mil

14. Was USARPAC CG Informed: No


mailto:justin.l.turnbo.civ@mail.mil
mailto:justin.l.turnbo.civ@mail.mil
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Enclosure 6. Plants burned in the HALO fire.

Scientific Name | Common Name
Native Plants

Acacia koa ‘ koa

Non-Native Plants
Schinus terebinthifolius Christmas Berry
Melaleuca quinquenervia paperbark
Chlidemia hirta Koster’s curse
Urochloa maxima guineagrass

Burned koa.
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Guinea grass dominated understory
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Makaha/Keaau Fire Memorandum for Record
August 5-8, 2018

August 4, 2018

The Makaha/Keaau fire began likely due to arson in the afternoon of Saturday August 4, 2018. Senior
Natural Resource Management Coordinator (Rohrer) got alerted to the fire as well as many other ignitions
(Waianae ‘Baby girl’ fire) on Saturday afternoon by DOFAW Forester Peralta. Reports from Saturday
indicated that the fires where low in elevation and not likely to impact Army areas. The fire in Makaha
was at low elevation and burning near the condo towers. Peralta reported that the fires had not entered the
Forest Reserve.

August 5, 2018
Rohrer received a call from Natural Resource Management Technician Dave Hoppe-Cruz at

approximately 0830. Hoppe-Cruz reported fire burning through the Hibiscus brackenridgei fence in
Keaau. The fire was burning down slope through the fence unit. The fire was also spreading through the
Gouania vitifolia fence constructed by DOFAW. It was shocking to hear that the fire had crossed over
two gulches to reach the fences in Keaau. This spread apparently happened late Saturday and early
Sunday. This was terrible news as then endangered Hibiscus and Gouania was already being impacted by
the flames. Rohrer alerted Peralta to the situation. Peralta reported coordinating with HFD in an attempt
to get support for the area. Peralta was engaged with state crews with the Baby Girl fire in Waianae.
Oahu Natural Resource Manager Kawelo began to notify Army personel of the impacts in an effort to get
Army aviation support. Rohrer reported the incident to Program Manager Smith and began coordination
with K&S helicopters. Kawelo and Rohrer mobilized from home to Schofield base. After collecting gear
at the base Kawelo and Rohrer met Hoppe-Cruz on the road at Keaau at 1200. After a debriefing and
observing the fire status, Kawelo and Rohrer continued to Makua to meet K&S pilot Lang.
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Fire seen speading into Keaau on the orning of August 5 by David Hope-Cruz

K&S pilot Lang arrived in Makua at 1215. A quick aerial survey was conducted by Lang and Rohrer.
Unfortunately the survey revealed that the Hibiscus area had already burned over and the Gouania area
was about 75% impacted. The fire was spreading downslope through the Gouania fence. Lang began
water bucket operations in the Gouania fence trying to prevent damage to the Gouania and prevent the
fire spread toward Ohikilolo ridge and Makua Military Reservation. Lang continued water drops until

1800.
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Fire front spreading downslope in Keaau fence at midday Sunday August 5

Army Biologist Smith arrived onsite a 1300 and began to assist with operations. Army Wildland crew
Gibbs, Turnbo and Faber arrived on site at 1430 and debriefed with environmental staff. Wildland staff
staged operation in Keaau where they had a better view of the fire and helicopter water drops. Chief
Gibbs stayed in Makua to oversee operations.

Army Environmental personnel also assisted Army Wildland Fire by preparing the dip pond transferring
water from storage tanks to the pond. The pond was only 1/6 full upon arrival at Makua.

Army Blackhawks reported to the area at approximately 1530. One ship (Army 446) had significant
bucket issues and was forced to return to Schofield. Communications were also an issue initially however
after assistance from Schofield range control, communications were established with Army pilots using
frequency 122.925 on the ICOM handheld radios. Army Fire Turnbo requested 4 Blackhawk ships but
due to some difficulties there were never more than two on scene. One with a long line configuration and
one with a belly hook. Army ships delivered approximately two dozen 660 gallon buckets to Keaau
under the direction of Army Wildland Fire. Blackhawks were onsite for approximately 3 hours.

There was one additional survey conducted by Kawelo, Army Biologist Smith and Army Fire Chief
Gibbs. Preliminary mapping was completed on this flight. Unfortunately, the survey revealed that efforts
had not stopped the spread through the Gouania fence. However the fire had been held at the gulch
bottom of Keaau, stopping further spread toward Makua.
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August 5, 2018 Fire Extent
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Weather on Sunday was windy and mostly dry, however there were periods of showers in the back of the
valley and the showers occasionally reached the shoreline. As there were no firefighters on the ground
personnel did not take hourly weather.

Staff were onsite until 1930, a debrief was conducted and plans were made for the next day.

August 5 Summary

Staff Time Total Hours

Kapua Kawelo 1000-1930 8.5

Joby Rohrer 1000-1930 8.5

Paul Smith 1300-1930 6.5
August 5 Air Asset Summary N545PH

Time Note

1215 Arrive at Makua and depart on aerial survey

1230 Aerial survey complete and water drops started

1400 Fuel run

1415 Water drops continue

1545 Fuel run

1600 Water drops continue

1730 Fuel Run

1745 Water drops continue

1845 Return to Makua and conduct aerial survey

1915 Depart to Turtle Bay

August 6, 2018

Army Biologist Smith reported directly to Makua arriving at 0800. Army Fire personnel were on site in
Keaau at 0800. Rohrer reported to Makua at 0830. Smith and Rohrer assist with aerial operations from
Makua valley. K&S pilot Kahekili arrived to Makua valley at 0830. Contract helicopter was prepared for
ops. Rohrer and Smith conducted aerial survey of Keaau fire line with K&S pilot at approximated 0840.
K&S pilot started bucket ops immediately following aerial survey. Rohrer and Smith started weather
monitoring at 0840 and communicated conditions to Army Wildland Fire hourly. Army Blackhawk 446
flew into the area at 0830 but left with apparent bucket problems without making radio contact. Army
446 (belly hook) and Army Blackjack 98 (longline) arrived on site at 0920 and immediately began bucket
ops under direction of Army Wildland Fire personnel located in Keaau Valley. At 0945, K&S pilot was
called off to support HFD until they could get their aircraft airborne. At 1000 Army 446 left scene for
refuel. K&S pilot returned at 1004 and immediately continued with bucket ops. At 1040, Blackjack 98
left scene to refuel. Army 446 returned to the scene at 1100 and resumed bucket ops. At 1130 K&S pilot
left scene for refuel and returned at 1144. Blackjack 98 returned to scene at 1215. Army 446 left to
refuel at 1230. After consultation with Army Wildland Fire personnel, K&S pilot was sent back to Turtle
Bay at 1240 to shutdown for 2-3 hours to save some duty day flight hours for later in the afternoon. At
1300 Natural resource staffer Lee arrived to replace Rohrer. At 1330, Blackjack 98 left for refuel and was
replaced by Dustoff 597. At 1408 Army Wildland Fire personnel request K&S pilot be recalled early due
to increased fire activity and requested an additional person to assist with visual monitoring of fire line.
Lee travelled to Keaau and provided visual support to Army Wildland Fire. Lee stationed along road lined
with Plumerias below Our Lady of Keaau and watched the area to the South. Smith stayed at Makua LZ
to assist K&S pilot upon return. Contact could not be immediately made with K&S pilot. At 1412, Army
518 arrived and commenced bucket ops. At 1423 Dustoff 597 dropped bucket at Makua LZ and left for
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fuel. K&S pilot was contacted and arrived back on scene at 1455 and immediately commenced bucket
ops. Blackjack 98 arrived back on scene at 1455 as well. At approximately 1530, K&S pilot conducted a
brief survey of Makaha valley and observed an active fireline approaching the area with the potential to
crest the ridgeline and either merge with the Keaau fire or move into Makua valley. At 1543, pictures of
the approaching fire were sent to Army Wildland Fire to evaluate if resources should be diverted to
address this new threat. K&S pilot left to refuel at the same time. K&S pilot returned at 1553 and was
directed by Army wildland Fire to conduct bucket drops on the Makaha line. At least one Army UH 60
was diverted to the Makaha line as well. Dustoff 597 arrived back on scene at 1626 and encountered
bucket problems until 1645, then commenced bucket ops.

- ; s o e -
F|re spreadlng in Makaha on mldafternoon on August 6

August 6 Summary
Staff Time Total Hours
Paul Smith 0800-1900 11
Joby Rohrer 0830-1330 5.0
Julia Lee 1300-1900 6.0
August 6 Air Asset Summary N545PH
Time Note
0830 Arrive at Makua shut down brief and prepare for survey
0850 Survey complete and begin water drops
0945 Depart to support HFD
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1004 Return and begin water drops
1008 Run for fuel
1018 Return and begin water drops
1130 Run for fuel
1144 Return and begin water drops
1241 Send to Turtle Bay for shutdown and fuel
1455 Return and begin water drops
1543 Run for fuel
1553 Return and begin water drops
1715 Run for fuel
1725 Return and begin water drops
1745 Return to Makua and conduct fire survey
1830 Return to Turtle Bay
August 6 Air Asset Summary Blackhawk 446: Short Line Configuration
0830 Arrive on scene and recon, no coms with ground personnel depart back to wheeler
0920 Arrive back on scene and begin bucket drops in Keaau
1000 Depart to Wheeler for fuel
1100 Returns from fuel and continues bucket drops in Keaau
1230 Depart to Wheeler for fuel

August 6 Air Asset Summary Blackhawk Blackjack 98: Long Line Configuration

0920 Arrive back on scene and begin bucket drops in Keaau
1040 Depart to Wheeler for fuel
1215 Returns from fuel and continues bucket drops in Keaau
1330 Depart to Wheeler for fuel
1455 Returns from fuel and continues bucket drops in Keaau
1630 Depart to Wheeler
August 6 Air Asset Summary Blackhawk Dustoff 597: Long Line Configuration
1330 On scene and starting bucket drops in Keaau
1423 Depart to Wheeler for fuel
1626 Returns from fuel and has bucket issues
1645 Bucket issues resolved and beginning bucket drops
1815 Depart for Wheeler
August 6 Air Asset Summary Blackhawk Army 518: Short line configuration
1412 On scene and starting bucket drops in Keaau
1600 Depart for Wheeler
Hourly Weather August 6, 2018
Time Temp RH Wind Speed Wind direction
0840 83.3 57 3.5 ESE
1000 89.0 55 3.0 ESE
1100 87.2 51 8.0 E
1200 86 49 6.0 SSE
1310 87.0 47 4.0 SE
1400 91.0 44 10 SE
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1500 90.0 48 10-15 ESE
1600 88.0 52 7 ESE
1700 82.0 57 10-12 ESE

August 7, 2018
Rohrer and Natural Resource Coordinator Valdez report to Makua at 0850. Wildland Fire Faber

conducted a recon in Keaau then arrives at Makua at 0900. Army Blackhawks 597 and 483 begin bucket
drops on active fire in Makaha at approximately 0850. K&S pilot Kahekili arrives in N545PH at 0915
and shuts down to remove doors. Rohrer, Valdez and Faber conducted an aerial survey, map the fire
boundary and Faber sends Blackhawks to Makua to shut down and await future instruction. The survey
reveals that the fire has not spread overnight in Keaau. Most active fire is in Makaha on the north side of
the valley moving up valley. At 1015 Faber conducts a briefing with Blackhawk crews and while
Kahekili makes a fuel run. The strategy is to continue to wet down the line in Keaau with the Blackhawk
597 with short line bucket under the direction of K&S Kahekili. Blackhawk 483 is assigned to continue
working in Makaha.

~

¥ - e “A

Makaha valley on morning of Agust 7. Fire most acvely burning on North side. Upper left of the
photo.
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North side of Makaha valley, Tamalopim peak along boundary of MMR visible in background
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At 1030 Valdez and Army Fire Faber relocate to Keaau to help direct helicopters. Rohrer stays in Makua.
Rohrer secures access to dip ponds in Makaha by contacting Landis Ornellas. Water drops continue
through the morning as directed by Wildland fire. DOFAW crew mobilize to Keaau after lunch and
Army fire moves all Army ships to Makaha. Rare Plant Program manager Dan Adamski reports to the
incident at 1300 and Rohrer returns to the baseyard. Adamski posts as a lookout at Keaau supporting

Wildland Fire. See table below for detailed accounting of ships and personnel.

August 7 Summary

Staff Time Total Hours
Missy Valdez 0850-1900 10
Joby Rohrer 0850-1330 4.5
Dan Admanski 1300-1900 6.0

August 7 Air Asset Summary N545PH

Time Note
0915 Arrive at Makua shut down brief and prepare for survey
1015 Survey complete and going on fuel run
1036 Return from fueling and begin water drops
1151 Shut down at Makua to preserve flight time for later in the day
1346 Run for fuel
1400 Return and begin water drops
1542 Return to Makua drop bucket and go for fuel
1700 Done for the day; shut down, replace doors and head to TBR
August 7 Air Asset Summary Blackhawk 597: Short Line Configuration
Time Note
0830 Arrive at Makua and after a recon begins water drops in Makaha
1000 Shut down in Makua and brief with Wildland Fire
1041 Depart Makua and begin Water drops in Keaau
1137 Drop bucket in Makua and depart to Wheeler for fuel
1220 Back on site hook bucket and resume water drops in Makaha
1310 Drop bucket in Makua and depart to Wheeler for fuel
1510 Back on site hook bucket and resume water drops in Makaha
1620 Drop bucket in Makua and depart to Wheeler for fuel
1723 Back on site hook bucket and resume water drops in Makaha
1819 Done for the day, departs for Wheeler
August 7 Air Asset Summary Blackhawk 518: Short Line Configuration
Time Note
1043 Arrive at Makua and after a recon begins water drops in Makaha
1200 Done for the day, departs to Wheeler
August 7 Air Asset Summary Blackhawk 483: Long Line Configuration
Time Note
0830 Arrive at Makua and after a recon begins water drops in Makaha
1000 Shut down in Makua and brief with Wildland Fire
1035 Depart Makua and begin Water drops in Makaha
1137 Drop bucket in Makua and depart to Wheeler for fuel
1205 Back on site hook bucket and resume water drops in Makaha
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| 1340 | Done for the day, departs for Wheeler
August 7 Air Asset Summary Blackhawk 437: Long Line Configuration
Time Note
1445 Arrive at Makua and after a recon begins water drops in Makaha
1516 Back to Makua to fix bucket
1520 Bucket fixed and return to Makaha for water drops
1558 Drop bucket in Makua and depart to Wheeler for fuel
1633 Back on site hook bucket and resume water drops in Makaha
1720 Back to Makua to fix bucket
1725 Bucket fixed and return to Makaha for water drops
1810 Done for the day, departs for Wheeler

Aerial efforts stop additional spread in Keaau. Extensive efforts in Makaha stop the active fire from
advancing further into the valley and possible spread over toward Keaau.

Hourly Weather August 7, 2018

Time Temp RH Wind Speed Wind direction
0900 81.2 60.7 5.6 NE
0930 86.8 57 6 NE
1020 89 47 6 NE
1100 88 49 7 NE
1200 87 48 6.0 NE
1300 84 64 10 NE

Weather was hot and day until the afternoon when the RH began to raise in Makua. As this was not the
case in Keaau the weather was taken after 1300 from Keaau by wildland fire.

August 8, 2018
No Army resources report to incident. DOFAW Peralta and crew work on the ground in Keaau with

K&S Kahekili support. Peralta reports fire contained and crew demobilizing in the afternoon. Occasional
smoke is reported from Makaha but no additional spread.
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1. It takes a significant amount of time for Army resources to respond. Weekend incidents
are especially bad for timely response.

2. Army Wildland as exceptional in responding quickly, requesting Army support and
communicating with Environmental.

3. Dip pond liners in Makua need repair.

4. Dip ponds need to be kept full, consider using range control staff to maintain while Army
fire is short staffed.

5. The overnight spread of this fire was completely unexpected, in future we should work to
ensure we monitor more closely.
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IMPC-HI-PWA 31 August 2018

MEMORANDUM FOR RECORD
SUBJECT: Kahuku Training Area Fires 27 July-9 August 2018

1. Summary

Two fires occurred at Kahuku training area on the same day and time. The fire’s cause is unknown
but pyrotechnics, illumination rounds and simulators, were found in area. The areas burned were
dominated by introduced trees and shrubs. Some native vegetation was also burned. There are no
known endangered species in these areas except for acoustic detection of the listed endangered
Hawaiian Hoary bats, Lasiurus cinereus semotus. Post fire surveys were conducted in order to
determine the scale of potential effects from these training related fires to trees >15 feet tall,
potential bat roosting trees, as the fire occurred during known bat pupping season, June 1-Sept 15.

The two fires will be referred to as the X-strip fire and the Bravo gate fire. X-strip is a landing zone
(LZ) adjacent to the western of the two fires. Bravo gate is located on the perimeter of the second,
eastern fire. The Army’s wildland fire crew was on the scene, fighting the fire using ground and
Army air assets.

2. X-strip fire

The total area burned in this fire was 15.08 acres (map below). The vegetation burned was
primarily ironwood. Some of the fire perimeter occurs along the margin of the open X-strip LZ.
This forest, grassland buffer is preferred foraging habitat for hoary bats. At least ¥ of the acreage
burned was covered by trees >15 feet tall, potential bat roosting trees. As this fire occurred during
bat pupping season, 1 June-15 Sept, there was potentially an effect on non-volant, roosting bat

pups.

Panorama of burn site from X strip LZ. This edge is favorable foragin abat fohary bats.
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Burned ulei, Osteomeles anthitifolia, a native woody vine.
Bottom of Pahipahialua gulch in the distance.
The X-strip fire burned to the gulch bottom in numerous locations.

3. Bravo gate fire
The total area burned in this fire was .44 acres (map above). The vegetation burned was
primarily ironwood and Eucalyptus. Twenty-five Eucalyptus trees >15 feet tall burned entirely.
Roughly 33 other trees >15 feet including Eucalyptus and Ironwood in the surrounding area
were affected by the fire. As this fire occurred during bat pupping season, 1 June-15 Sept, this
fire potentially affected non-volant, roosting bat pups in trees >15 feet tall.

4. Alist of plant species burned in both the KTA fires are included in the table below. Both fires
were dominated by Casurina glauca, ironwood, and are likely to re-colonize with this invasive
tree. This taxon re-sprouts readily from roots. In addition, not all the tops of the ironwoods
were burned, some trees were scorched closer to the bottom and should recover with time.
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Native Plants

Scientific Name

Commuon Name

Psydrax odoratum

alahe's

Osteomeles anthydifolia ule
Sphenomeris chinensis pala’a
Styphelia tameiameiae pukiawe
Waltheria indica uhaloa
Wikstroemia oahuensis akia

Non-Mative Plants

Scientific Name

Commuon Name

Ardisia elliptica

shoebutton ardisia

Casurina glauca

Ironwood

Chromolaena odorata

Devil weed

Clidemia hirta

Koster's curse

Cordyline fruticosa

Ti

Eucalyptus robusta

Swamp Mahogany

Lantana camara

lantana

Leucaena leucocephala koa haole
Phymatosorus grossus laua'e
Morinda citrifolia noni

Nephrolepis brownii

Oplismenus hirfellus

basket grass

Passiflora suberosa

corky passion vine

Phelbodium aureum

Pluchea carclinensis

Psidium catfleianum

Strawberry guava

Psidium guajava

commaon guava

Urochloa maxima

Guinea grass

5. Lessons Learned
e The Wildland fire program should be outfitted with GPS units and GIS capabilities so that
fires can be accurately mapped in real time. The Natural Resource Program is relied on
heavily during fires to provide maps and GPS services.
e The SIR reports should include coordinates for both fires when two separate locations are
burning. This allows for easier post fire survey follow up.
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6. The potential effect on roosting Hawaiian hoary bat pups is impossible to quantify. Although
more data is being collected on detection rates for bats in the Kahuku vicinity, these data do not
provide information on how frequently bats use forested areas of Kahuku training area for
roosting. Since this taxon is a solitary rooster, locating roosting sites is challenging. A total of
15.5 acres of habitat forested in trees >15 feet tall were impacted in these two fires.

Kapua Kawelo
Biologist
DPW Environmental
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Testing the effects of inoculation with arbuscular mycorrhizal fungi and the foliar
endophytic mycoparasitic yeast Moeziomyces aphidis on the disease severity from
Neoerysiphe galeopsidis in infected of Phyllostegia kaalaensis plants

Jerry Koko, Cameron Egan & Nicole Hynson
University of Hawaii at Manoa

Introduction

We measured the percent infection of Neoerysiphe galeopsidis (powdery mildew) on the leaves
of Phyllostegia kaalaensis, a critically endangered plant endemic to Hawaii. To combat the
powdery mildew, we treated plants with an endophytic mycoparasitic yeast, Moeziomyces
aphidis (END), arbuscular mycorrhizal fungi (AMF), as well as a combination of both AMF and
END (ANE). We treated the plants before infecting them with the powdery mildew and
measured disease severity after 11 weeks of exposure.

Methods

We collected soil from two different sites: Kapuna Gulch (KP) is a site where P. kaalaensis was
located historically and Kaluaa Gulch (HK) is a site where there is a current outplanted
population of the congeneric species, Phyllostegia mollis. From these sites we cultured and
extracted the AMF from the soil to create our AMF inoculum. We extracted the spores to ensure
we only added AMF to the plants rather than various pathogens or bacteria that could have
possibly been in the soil. We cultured M. aphidis from isolates prepared previously by Dr. Geoff
Zahn.

We treated the plants with AMF by pipetting ~150 spores from our spore inoculum which we
extracted from the soils. The END was added by mixing the cultured M. aphidis with 0.1% agar
and using a spray bottle to spray the contents onto the leaves. There was also a control
treatment (CON) which added filtered END treatment through a 10 um filter and no added AMF.
The leaves were sprayed until they were saturated. We sprayed the leaves once every four
days for 3 weeks.

To infect the plants we received leaves of P. kaalaensis that were infected by powdery mildew
from the greenhouse at the Oahu Army Natural Resources Program. We used those infected
leaves to rub the infected areas on our healthy leaves. We did this everyday until there were
signs of infections on our plants. The plants showed signs of infection after 5 days of exposure.

After 78 days we measured disease severity of the pathogen by image processing. We took the
third-youngest leaf that showed signs of infection from the plant. We then took the image of the
leaf by scanning it to the computer. Using the imaging software ImageJ, we estimated the total

area of the leaf and what percentage of the leaf area was infected.

Data in Figure 1 are presented as mean percent disease severity and standard error of the
mean. All data were analyzed using R 3.5.0. Comparisons between means were based on a
test of analysis of variance (ANOVA) at an 0.=0.05.
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Effect of Endophyte Treatment

The impact of the END treatment was significant in the defense against the pathogen powdery
mildew (P=0.002). Our results suggest that the effect of END was 4.6-fold that of CON (Figure
1). This confirms the hypothesis of Dr. Geoff Zahn, who proposed in his study using whole leaf
endophyte communities (Zahn & Amend 2017), that this mycoparasitic fungus may be
responsible for defending P. kaalaensis against powdery mildew.

The ANE treatment had significant implications in the defense of powdery mildew relative to the
control as well (P=0.001). The addition of both guilds of fungi, however did not perform
significantly better than the addition of just the endophyte (P=0.97). The endophyte alone
actually performed 1.3-fold on average better than the addition of both AMF and the endophyte.
Thus there was intermediate effect of the performance of the ANE treatment relative to the END
or AMF alone (see below and Figure 1).

Effect of AMF Treatment

While average disease severity was lower, our AMF treatment was not significant in the
prevention of powdery mildew compared to the CON (P=0.12). It was also not significantly
different than the END and ANE treatments as well (P=0.19 and 0.28, respectively). However,
The AMF treatment performed 1.9-fold on average better than the CON, indicating that AMF
alone do confer some defense relative to untreated controls (Figure 1).

Discussion

With respect to the management of powdery mildew, the results suggest it would be best to
spray the leaves of P. kaalaensis with M. aphidis before, or while, growing them in the
greenhouse. Because we only observed the plants before they were outplanted, it's hard to say
whether it is necessary to spray the plants prior to outplanting them in the wild or if it would be
very effective once they are outplanted.

The addition of AMF alone did not significantly increase the defense of P. kaalaensis against
powdery mildew. While focusing on different species of powdery mildew, another study also
found that AMF does not have any significant effect on defending against powdery mildew (Liu
et al. 2018). However, other studies have found that AMF had a significant effect in defense
against powdery mildew (Yousefi et al. 2011, Mustafa et al. 2016). It could be that the particular
pairing of AMF and P. kaalaensis doesn’t confer increased defense under short-term
greenhouse conditions relative to Moeziomyces aphidis alone or in tandem with AMF, but AMF
alone may be important in field settings where plants are exposed to other pests and this
deserves additional attention.
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Figure 1 The effect of each treatment on Disease Severity (percentage of leaf area covered by
powdery mildew). The treatments are the addition of M. aphidis (END), addition of arbuscular
mycorrhizal fungi and M. aphidis (ANE), addition of arbuscular mycorrhizal fungi (AMF), and a
control treatment with no addition of AMF and the addition of END after being filtered through a
10 um filter (CON). Different lowercase letters represent statistically significant differences (P<
0.05, Tukey’s HSD). The error bars represent 1 standard error of the mean.

Treatment

Disease Severity (%)
S

anl

END ANE AMF CON
Treatment
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ARTICLE INFO ABSTRACT

Threats to endangered insect species that act independently of those associated with habitat loss are often
suspected, but are rarely confirmed or quantified. This may hinder the development of the most effective re-
covery strategies, which are increasingly needed for listed insects. Since 2006, 14 species of flies within the
large, showy Hawaiian picture-winged Drosophila group have been added to the US threatened and endangered
species list. Many of these species are thought to be limited by host plant rarity, but also by predation on
immature stages by invasive ants. We tested the latter hypothesis with a field experiment involving Drosophila
crucigera, a more common surrogate for sympatric endangered species, and the invasive ant Solenopsis papuana,
on the island of O‘ahu. We established ant suppression and control plots across three forest sites. Within each
plot we placed a host plant branch piece, into which lab-reared flies had oviposited, and subsequently tracked
weekly emergence of adults. Numbers of flies that emerged were 2.4 times higher in ant-suppressed plots than in
control plots; this 58% reduction in survival from egg to adult in the presence of ants was similar across all three
sites. Among plots, numbers of emerged flies exhibited a pattern suggesting that the detrimental effect of ants is
density dependent. These results confirm that S. papuana, and possibly other invasive ant species, can strongly
impact the reproductive success of Hawaiian picture-winged Drosophila. They also point to several management

Keywords:
Endangered insects
Insect conservation
Invasive ants
Hawaii

Drosophila
Recovery plans

actions, beyond habitat restoration, that may improve the recovery of these imperiled flies.

1. Introduction

Conservation of endangered and other rare species is often hindered
by an incomplete understanding of their ecological requirements and
threats, including the importance of potentially numerous interspecific
interactions (Lawler et al., 2002). This is especially true for small and
understudied taxa like insects (New, 2007b), whose daunting diversity
amplifies this knowledge deficit. As a consequence, conservation of
insects has generally focused first on the basic need to protect or restore
habitat (New, 2007b; Samways, 2007), and the potential roles of ad-
ditional threats, such as negative interactions with invasive species, are
usually recognized but often remain uncharacterized. Confirming and
quantifying such threats can therefore provide a more complete set of
biological parameters for assessing the viability of endangered insect
populations, and thereby lead to improved recovery strategies (Schultz
and Hammond, 2003; New, 2007a).

Within the United States, Hawai‘i has many more federally listed

* Corresponding author.
E-mail address: pauldk@hawaii.edu (P.D. Krushelnycky).

http://dx.doi.org/10.1016/j.biocon.2017.09.023

threatened and endangered species than any other state (USFWS,
2017). The majority of these are plants and vertebrates, but endemic
Hawaiian insects and other invertebrates are increasingly being con-
sidered for listing, with 76 species now formally designated (USFWS,
2017). Among these, 14 species of Hawaiian picture-winged Drosophila
flies have been added to the federal threatened and endangered species
list since 2006 (USFWS, 2006, 2010, 2013). As with other taxa, this has
triggered a need among land managers for practical information on the
importance of, and potential ways to mitigate against, the various
factors hypothesized to impact picture-winged fly populations, in-
cluding factors that may be viewed as secondary to habitat loss.
Picture-winged Drosophila form a subset within the larger radiation
of Drosophila in Hawai‘i, and the > 100 recognized species are so
named because of the striking and highly diverse patterns of pigmen-
tation on their wings (Edwards et al., 2007). Most or all picture-winged
species are saprophytic, with their larvae feeding on bacteria and other
microbes within rotting tissues of their host plant species, typically in

Received 14 July 2017; Received in revised form 30 August 2017; Accepted 20 September 2017

Available online 09 October 2017
0006-3207/ © 2017 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/00063207
https://www.elsevier.com/locate/biocon
http://dx.doi.org/10.1016/j.biocon.2017.09.023
http://dx.doi.org/10.1016/j.biocon.2017.09.023
mailto:pauldk@hawaii.edu
http://dx.doi.org/10.1016/j.biocon.2017.09.023
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biocon.2017.09.023&domain=pdf

P.D. Krushelnycky et al.

the cambium layer beneath the bark of decomposing branches or stems
(Montgomery, 1975; Magnacca et al., 2008). Although a wide range of
host plants are used by the picture-winged group, most species are
moderately to highly specific in their host plant preferences, while a
few species are known to be generalists (Montgomery, 1975; Magnacca
et al., 2008). Rarity of host plants is therefore one of the primary causes
of endangerment of some of the picture-winged species (Foote and
Carson, 1995; USFWS, 2006, 2010, 2013).

While restoration of host plants is important for the recovery of
many of the listed picture-winged species, it may not always represent a
sufficient strategy. This is because non-native insect predators and
competitors are believed to be important additional threats that may
act independently of or synergistically with host plant declines (Foote
and Carson, 1995, USFWS, 2006, 2010, 2013). The most important
invasive predators are thought to be yellowjacket wasps (Vespula pen-
sylvanica), which may prey on both adult and exposed larval flies in
areas where they occur, and a variety of ant species, which are most
likely to impact the more sedentary immature stages but are also known
to attack adults (K. Magnacca pers. obs.). Invasive ants, especially a
handful of ecologically dominant species such as Linepithema humile,
Pheidole megacephala, Anoplolepis gracilipes and Wasmannia aur-
opunctata, are well-known to impact invertebrate species and commu-
nities both on oceanic islands and in continental ecosystems (e.g.,
Perkins, 1913; Cole et al., 1992; Human and Gordon, 1997; Hoffmann
et al., 1999; Le Breton et al., 2003; Carpintero et al., 2005; Abbott,
2006; Walker, 2006). Attempts to eradicate populations of these ants
for the conservation benefit of native species are increasingly common,
though with varying degrees of success (Hoffmann et al., 2016). While
all of these ant species and others are established in Hawai‘i, they tend
to be absent or occur at low densities in the mesic to wet montane
forests where many of the listed picture-winged flies occur (Reimer,
1994; Krushelnycky et al., 2005; Krushelnycky, 2015), especially in the
more shaded closed-canopy gulches typically favored by the flies and
their host plants.

One relatively inconspicuous and globally obscure species that
violates this generality is Solenopsis papuana. This small (ca. 1.5 mm
long) thief ant, which belongs to a taxonomically confused group and
whose name may change in the future (see Ogura-Yamada and
Krushelnycky, 2016), was first detected in Hawai‘i in 1967 and is now
widespread in mesic to wet forest ecosystems across at least several
islands (Huddleston and Fluker, 1968; Gillespie and Reimer, 1993;
Reimer, 1994). In these ecosystems S. papuana is generally rare on
vegetation distant from the ground (Krushelnycky, 2015), but has oc-
casionally been observed foraging up to a height of at least two meters
on tree trunks. More commonly, it attains high densities and is most
active in the soil and leaf litter (Ogura-Yamada and Krushelnycky,
2016, unpub. data). Although information on the biology and ecology
of this ant is limited, other species of thief ants (small Solenopsis species
formerly placed in the subgenus Diplorhoptrum) are reported to be
generalist predators, scavengers, and tenders of honeydew-producing
Hemiptera in subterranean environments (Thompson, 1980, 1989;
Tschinkel, 2006). Solenopsis papuana may therefore encounter and prey
upon eggs and larvae developing within decomposing host plant
branches, especially if the branches have been downed by tree fall or
wind breakage and then decompose on the ground. Fully grown larvae
subsequently exit the branches to pupate in the soil, exposing them
directly to foraging ants. Even eclosing, teneral adults may be vulner-
able as they dig to the surface and rest there to harden and melanize
their cuticles before they become fully flighted. Another invasive ant
species, L. humile, has been observed or inferred to attack larvae or
eclosing adults of fruit flies (Tephritidae) in orchards (Wong et al.,
1984; Buczkowski et al., 2014). Alternatively, picture-winged Droso-
phila eggs and larvae may be protected from ants within their internal
feeding environments, and late instar larvae, pupae and adults in the
soil may not be preferred prey for tiny ants like S. papuana.

Our objective was to test whether S. papuana reduces the
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reproductive success of picture-winged Drosophila flies with an experi-
ment that employed realistic field conditions for the ants and devel-
oping flies. We used a more common picture-winged species, Drosophila
crucigera, that is a generalist in its host plant usage, but is sympatric
with six endangered Drosophila species on the island of O‘ahu, and has
the same life history strategy and potential exposure to ants as the rarer
picture-winged species (Magnacca et al., 2008; Magnacca, 2014). This
surrogate Drosophila species should therefore provide a good re-
presentation of the vulnerability of this group of flies to S. papuana and
possibly other invasive ants in Hawai‘i, and clarify the magnitude of the
threat posed by ants to picture-winged fly recovery.

2. Materials and methods
2.1. Field plots

Twenty-eight 5 X 5 m plots were established in November of 2016
across three mesic forest sites in the central to northern Wai‘anae
Mountain range of O‘ahu: eight plots at Pu‘u Hapapa (810 m elevation,
1185 mm annual rainfall), eight plots at ‘Ekahanui (635 m elevation,
1210 mm annual rainfall), and 12 plots at Pahole Natural Area Reserve
(NAR) (480 m elevation, 1375 mm annual rainfall). Annual rainfall
estimates are obtained from Giambelluca et al. (2013). Each of the three
sites is characterized by a mix of native and alien vegetation, and each
is known to support both natural populations of picture-winged Dro-
sophila flies (Magnacca, 2014) and high densities of S. papuana ants (as
determined by prior mapping, Ogura-Yamada and Krushelnycky,
unpub. data). Other ant species were uncommon or absent in the plots.

At each site, half of the plots were randomly assigned to an ant
suppression treatment (suppressed), and the other half to an untreated
control (control). A shortage of flies in the lab colony (see below)
prevented the use of one of the plots at Pahole NAR, resulting in a total
of 27 plots used (13 suppressed, 14 control). Numbers of S. papuana
ants (hereafter “ants”) were monitored in each plot using nine cards
(half of a 7.6 X 12.7 cm index card) baited with a smear of peanut
butter: five cards were spaced around the perimeter of the fly emer-
gence cage in the middle of the plot (used to trap emerging adult
Drosophila, see below), and four cards were placed on the plot peri-
meters midway between each of the four corners. The cards were placed
on the ground, collected after 90 min, and numbers of ants were
summed over the upper and lower surfaces of each card. Although
monitoring of ant activity with baits does not necessarily indicate ant
colony density and may be influenced by weather and other factors, it is
a commonly used method for assessing relative abundances of foraging
ants in a given area, and is considered to be reasonably accurate pro-
vided that baiting is conducted with consistent methods and under si-
milar conditions (Bestelmeyer et al., 2000).

Following the initial ant monitoring event, 17 stations filled with
toxic ant bait were placed in each ant suppression treatment plot to
suppress ants over the course of the experiment. Sixteen stations were
spaced every 1.25m in a grid pattern, with an extra station placed in
the plot center (within the emergence cage), and were constructed of
3.81 cm (1.5in.) long sections of 3.18 cm (1.25in.) diameter PVC
tubing, fitted with PVC endcaps on the upper end to exclude rain. The
open bottoms were screened with Amber Lumite Screen (530 um mesh
size), and the stations were staked to the ground with wire. This station
design allowed access to S. papuana workers but excluded nearly all
other non-target arthropods, and is described in more detail in Ogura-
Yamada and Krushelnycky (2016). Inside each station, we placed
2.5 ml (0.5 teaspoon) of Amdro® Ant Block® granular bait (0.88% hy-
dramethylnon) within a disposable polypropylene tea bag, which al-
lowed ants to imbibe pesticide-laden oil from the baits while facilitating
their periodic replacement (Ogura-Yamada and Krushelnycky, 2016).
Amdro® Ant Block® bait was replaced in each station every four to six
weeks; timing of bait replacement at each site is indicated in Fig. 1. Ant
numbers in both suppressed and control plots were also monitored
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Fig. 1. Mean number of ants ( = SE) at bait monitoring cards in ant-suppressed and
control plots at the three field sites over the course of the experiment. First date in each
panel is prior to ant suppression using bait stations; timing of ant bait placement/re-
placement within stations is shown with small triangles along x axis. Gray shaded areas
indicate time periods spanning deployment of egg-laden host plant branches to date of
final adult fly emergence.

every four to six weeks (Fig. 1), using the bait card methods described
above.

2.2. Lab fly colonies

Wild D. crucigera flies were caught between March and May of 2016
from the Kalua‘a, Puali‘i, and Palikea areas of the central to southern
Wai‘anae Mountains, O‘ahu. Isolines were established from laying fe-
males in the Drosophila Lab of the Pacific Biosciences Research Center
at the University of Hawai‘i at Manoa, and resulting colonies were
maintained at 18-19 °C on a 12 h light/dark cycle, and kept in vials
with Wheeler-Clayton medium (Wheeler and Clayton, 1965). In No-
vember of 2016, mature females from the most productive colony were
segregated into groups of three, and each triplet was subsequently ob-
served for several weeks to confirm ample egg laying. Reproductively
active triplets were then used for oviposition on host plant material (see
below).

2.3. Host plant preparation

Live branches of Pisonia umbellifera trees (Nyctaginaceae), the most
common host plant of D. crucigera, were harvested from Kahanahaiki
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Valley, in the northern Wai‘anae Mountains on 25 September 2016. The
branches were cut into 28 pieces approximately 20 cm in length and
2.0-2.5 cm in diameter, and were put into a standard freezer for four
days to break cell walls and hasten decomposition upon thawing, and to
kill any insects that might already be in them. Soil and leaf litter was
also collected from Kahanahaiki Valley to inoculate the branch pieces
with the wild strains of bacteria and other microorganisms upon which
the fly larvae feed. This soil and leaf material was placed into plastic
tubs (30 x 18 x 11 cm), moistened with approximately 150 ml of
water per tub, and was covered with a snug but non-airtight plastic lid
to create a humid rotting environment. On 29 September, the host plant
branch pieces were thawed and paired to match diameters as closely as
possible, placed into screen bags (Phifer BetterVue Screen, charcoal
fiberglass window screen), and each pair was then placed into one of
the aforementioned tubs under a cover of damp leaf litter to initiate the
rotting process. The screen bags were used to exclude larger detriti-
vorous insects within the soil and leaf litter that might compete with D.
crucigera larvae, while allowing entry of smaller invertebrates like Acari
and Collembola that might help transfer microorganisms to the rotting
branches. After 27 days, the branch pieces were judged to have
achieved a desirable stage of decomposition; to avoid further break-
down, they were placed back into the freezer until needed.

2.4. Oviposition and field trial

Frozen prepared host branch pieces were thawed for three days
prior to oviposition, and each branch piece from a matched pair was
randomly assigned to either the ant suppression or control treatment.
Branch pieces were then individually placed in clean tubs (same di-
mensions as above) lined on the bottom with 2-3 cm of damp sand, and
a randomly selected triplet of female flies (subject to constraints de-
scribed below) was added to each tub for an oviposition period of ap-
proximately 72 h, then returned to a vial containing Wheeler-Clayton
medium. The next day, we carried the egg-laden branch pieces to the
field and placed them in the plots that matched their predetermined
random treatment assignments. Each branch piece was placed on the
ground in the center of its plot, loosely covered with leaf litter taken
from nearby, and a conical emergence cage was affixed over it.
Emergence cages were constructed of standard fiberglass window
screen material (Phifer BetterVue Screen, charcoal), and were 1 m in
diameter and supported by a central PVC post approximately 1 m tall,
with the perimeter staked to the ground with wire. This allowed
Drosophila larvae leaving the host branch to pupate in the soil, and
trapped adults subsequently emerging after pupation, while excluding
naturally-occurring Drosophila in the forest but presenting little if any
barrier to the movement of ants. Inside each cage, we placed a yellow
sticky trap (7.6 X 12.7 cm, Bioquip Products) held approximately
20 cm above the ground, and hung a Multilure (McPhail) trap (Better
Trap, Inc.) containing a 50:50 propylene glycol:water preservative
mixture and smeared on the interior surfaces with an attractant bait
consisting of fermenting mashed bananas inoculated with baker's yeast.
Emergence was monitored by checking for adult flies caught by either
trap, or resting on the cage walls, on a weekly basis from approximately
three to ten weeks post oviposition. Any flies detected were removed
through a zippered opening, without removing the cage; monitoring
was terminated after two consecutive weeks passed with no new adult
emergence at a site.

Due to a shortage of reproductively active triplets of female flies in
the lab colony, oviposition on the branch pieces destined for each of the
three field sites was conducted in turn, re-using some of the triplets for
more than one site. We used eight fly triplets for the eight Pu‘u Hapapa
branch pieces (randomly assigned) from 9 to 12 December 2016; the
same triplets were then used again for the eight ‘Ekahanui branch
pieces from 15 to 18 December 2016, with the constraint that each
triplet was randomly assigned to a branch piece with the opposite
treatment designation (ant suppression vs. control) as in the first
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oviposition period. Mortality of flies in the lab after the second ovipo-
sition period necessitated replacement of many of the original females
with new females that became available, and three new triplets were
added for the 11 branch pieces used during the third oviposition period,
from 26 to 29 December 2016, for the Pahole site.

2.5. Analysis

To compare numbers of ants between ant-suppressed and control
plots prior to treatment application, we used a Wilcoxon test comparing
the averages of the ant counts for each plot (n = 13 suppressed, n = 14
control) on the initial monitoring dates. To compare numbers of ants
between treatments during the fly development period, we used a
median test to compare average ant counts for each plot because of
highly divergent variances between suppressed and control plot data
after ant-suppression was imposed. For this comparison, we used the
average of all ant counts over the final three monitoring events for each
plot (n = 13 suppressed, n = 14 control), which roughly spanned the
period from when egg-laden branch pieces were placed in the plots to
when the final adults emerged (Fig. 1). To compare numbers of adult
flies emerged between ant-suppressed and control plots, we used a
generalized linear model fit with a negative binomial distribution and a
log link function to address the overdispersed nature of the count data.
Explanatory variables included in the model were treatment (sup-
pressed, control) and site (Pu‘u Hapapa, ‘Ekahanui, Pahole). Statistical
analyses were performed using JMP Pro Version 13.

3. Results

Ant numbers in the field plots on the initial monitoring date aver-
aged approximately 50-120 ants/card (Fig. 1), and were not sig-
nificantly different between plots assigned to ant suppression and
control treatments (Wilcoxon test, S = 173, p = 0.680). Ant numbers
subsequently dropped sharply in the suppressed plots after bait stations
were deployed, but remained relatively stable in the control plots
(Fig. 1). Over the final three monitoring events that spanned the period
during which flies were present in the plots, ant numbers in suppressed
plots were reduced relative to pre-treatment values by 96.5% * 1.1%
(mean * SE), compared to a 3.0% =+ 10.9% increase in the control
plots. Ant numbers during this period were highly significantly different
between suppressed and control treatments (median test, S = 0,
p < 0.001).

Drosophila crucigera adults emerged in the field cages from ap-
proximately four weeks after oviposition to about nine weeks after
oviposition, with a peak emergence at around six weeks after oviposi-
tion (Fig. 2). The timing of emergence was very similar between all
three sites, but numbers of flies emerged per plot were much lower at
Pahole compared to the other two sites (Fig. 2). We believe this likely
resulted from lower rates of oviposition on the branch pieces used at
Pahole, rather than from lower survival rates at Pahole. We infer this
because 51.5% (17 of 33) of the lab flies died during the 3-day ovipo-
sition period for the Pahole site. This compared to 0% (0 of 24) mor-
tality during the Pu‘u Hapapa oviposition period and 4.2% (1 of 24)
during the ‘Ekahanui oviposition period.

Higher numbers of flies emerged in the ant-suppressed plots com-
pared to the control plots at all three sites, even at Pahole where fewer
flies emerged overall (Fig. 3, left panel). Across all plots, the treatment
factor contributed significantly to variation in emerged fly numbers
(GLM, Wald %2 = 6.38, p = 0.012), indicating that emergence rates
were different between suppressed and control plots (Fig. 3, right
panel). The site factor also contributed significantly to variation in fly
numbers (GLM, Wald x* = 13.99, p = 0.001), owing to the large dif-
ference in emergence rates between Pahole and the other two sites.
Back-transformation of fitted coefficient estimates from the model
yielded estimates of 6.8 flies per ant-suppressed plot (4.2-10.8, 95% CI)
and 2.9 flies per control plot (1.7-4.8, 95% CI), indicating that an
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Fig. 2. Temporal pattern of adult fly emergence at each site over the course of the ex-
periment, as measured by captures in field cages monitored approximately weekly.

estimated 2.4 times as many flies emerged, on average, in plots where
ants were suppressed. One fly was observed on the central post of the
emergence cage in one of the control plots at ‘Ekahanui immediately
after the cage was removed at the end of the experiment, two weeks
after the last fly was seen inside the cage. We believe that this was likely
a naturally-occurring fly that landed on the post from outside the cage
after it was lifted, attracted to the baited trap inside. However, we re-
ran the GLM analysis with this fly included: the results were very si-
milar (Wald X2 = 6.05, p = 0.014 for the treatment factor), so we felt
comfortable excluding this fly from the dataset.

Excluding the 11 Pahole plots in which low fly emergence was likely
due to low oviposition rates in the lab, numbers of flies emerged per
plot exhibited a general negative relationship with the mean number of
ants recorded in the central portion of the plot (central five bait cards,
averaged over the final three monitoring events) (Fig. 4). However,
variation in fly emergence rates was high at lower ant densities, and the
strongly uneven variation in fly emergence across the range in ant
density (strong heteroscedasticity), as well as an under-representation
of values at higher ant densities, precludes a robust statistical test of
this relationship.

4. Discussion

Our results provide confirmation of the presumed detrimental ef-
fects of invasive ants on Hawaiian picture-winged Drosophila flies. For
our study species, D. crucigera, suppression of S. papuana ants in field
plots resulted in a 2.4-fold increase, on average, in the rate of successful
development from egg to adult. Equivalently, ambient densities of these
ants reduced the fly's survival rate to adulthood by 58%. This mortality
figure provides an important metric that can be used to parameterize
population models, and may help prioritize different management ac-
tions aimed at recovery of similar listed species.

We observed no evidence for direct impacts of our ant-suppression
treatment on non-target predatory arthropods, as no other species were
seen inside our bait stations with the exception of several individual
detritivorous springtails (Collembola). It is possible that some sec-
ondary effects on non-ant predators, arising from their consumption of
poisoned ants, could have occurred and thereby contributed to the
observed increase in Drosophila survival. However, we believe such an
effect is likely to be very minimal. In a concurrent study that examined
the effects of S. papuana suppression on the wider soil arthropod
community, there was no evidence for declines in the abundances of
predatory (or other) taxa post-treatment (Ogura-Yamada unpub. data).
Similarly, no non-target impacts on soil-surface arthropods were de-
tected when the same bait was applied in bait stations on Cousine
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Island, Seychelles (Gaigher et al., 2012). Even when the same or similar
ant baits have been broadcast, non-target impacts have either been
undetectable (Hoffmann, 2014) or restricted to generalist scavenging
species like cockroaches and crickets (Plentovich et al., 2010, 2011)
that would be unlikely to prey on picture-winged Drosophila.

Without additional detailed life history data, it is difficult to be
certain of the magnitude of population impact resulting from our ob-
served level of ant-induced mortality on picture-winged flies. For ex-
ample, we were unable to determine the number of D. crucigera eggs
laid in each host branch piece, because most of the eggs are inserted
beneath the bark, and so the rate of mortality from other causes is
unknown. We also were not able to determine which immature or early
adult life stages were most vulnerable to attack from ants. Similarly,
adult survival, mating success rates, and other parameters needed to
construct life tables or other population models are unknown. Even so,
some insight might be drawn from a relationship observed in biological
control projects: an analysis of 74 control efforts found that parasitoid-
induced mortality rates higher than about 40% often leads to successful
population suppression of the target insect species (Hawkins et al.,
1993). This level of immature-stage mortality, which was exceeded in
our study, may therefore serve as an approximate benchmark against
which to judge likelihood of strong population-level impacts on picture-
winged Drosophila flies. In actuality this benchmark may be

elevation forests of the Ko‘olau Mountains of O‘ahu, where four of the
same endangered species occur or were historically collected (USFWS,
2006). Moreover, many other Hawaiian Drosophila species in these
ecosystems also appear to be quite rare, even though they have not
received federal protection (Magnacca, 2014). Similarly, rare Droso-
phila species on other islands, including federally listed taxa, also likely
co-occur with S. papuana or other invasive ant species (USFWS, 2006,
2010, 2013). The populations of most or all of these rare species may in
fact be more strongly impacted than D. crucigera by ant predation, as a
result of synergism with other factors contributing to their rarity.
Conversely, Drosophila species occurring in higher elevation wet forests
should be largely unaffected by ants, owing to the absence or low
density of ants in these habitats (Reimer, 1994; Krushelnycky et al.,
2005).

Not surprisingly, our results exhibited a pattern suggesting that ant-
induced fly mortality may be related to the local density of ants, with
few adults emerging in plots supporting high relative ant abundances.
Fly emergence rates were more variable in plots with low ant densities,
including the ant-suppressed plots. This likely resulted from variation in
oviposition rates, or perhaps from variable pressure from non-ant pre-
dators or competitors among plots, or possibly because low ant den-
sities result in variable detection of fly prey. More complete distribution
and density mapping of S. papuana and other invasive ants across ha-
bitats supporting picture-winged Drosophila flies, particularly in the
vicinity of host plants of rare species, would therefore be valuable. This
would identify breeding locations where ant pressures are highest, as
well as potential refuge sites where ants are absent or occur at low
densities, and where flies might be translocated. Furthermore, while S.
papuana is now too widespread to make eradication realistic, our
method for suppressing it using bait stations was quite effective, if la-
borious, and could be used to create relatively small ant-free refuges at
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important existing or restored breeding locations. Gaigher et al. (2012)
report on an analogous effort to conserve native species on a tropical
island through the targeted control of invasive ants using bait stations.
Broadcasting the granular ant bait to control S. papuana at high-value
sites would be considerably less labor intensive, and may also result in
more effective suppression of ants, but for longer-term management
scenarios we would advise careful examination of non-target risks to
native insects before considering this approach.

In summary, our results clarify the nature of an important limiting
factor for potentially many rare species of Hawaiian picture-winged
Drosophila flies, and point to several practical actions that could be
taken to assist the recovery of this imperiled group of insects.
Quantifying the threats posed by invasive species on endangered insects
is likely to be especially important on highly invaded oceanic islands,
but many other regions worldwide also now support moderate numbers
of invasive species, including ants (Dawson et al., 2017). Furthermore,
although invasive ants have been found to impact a wide variety of
native arthropods both in Hawai‘i and in many other locations (Lach
and Hooper-Biii, 2010), not all species appear to be affected, and it has
been a challenge to identify comprehensive taxonomic or trait-based
criteria that reliably separate vulnerable from more resistant species
(Holway et al., 2002; Krushelnycky and Gillespie, 2010). This is likely
to be true with respect to other invasive predators as well. For rare
species that are difficult to sample quantitatively with standard mon-
itoring methods, specialized and targeted experimental studies such as
the present one may therefore be needed to understand the level of risk
from non-native predators or competitors. Consideration of these types
of pressures in conjunction with efforts to restore habitat may in turn
greatly strengthen recovery strategies for threatened and endangered
insects and other invertebrates.
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Summary

1. Understanding the role of environmental change in the decline of endangered species is
critical for designing scale-appropriate restoration plans. For locally endemic rare plants on
the brink of extinction, frugivory can drastically reduce local recruitment by dispersing seeds
away from geographically isolated populations. Dispersal of seeds away from isolated popula-
tions can ultimately lead to population decline. For localized endemic plants, fine-scale
changes in microhabitat can further limit population persistence. Evaluating the individual
and combined impact of frugivores and microhabitat heterogeneity on the short-term (i.e.
transient) and long-term (i.e. asymptotic) dynamics of plants will provide insight into the
drivers of species rarity.

2. In this study, we used 4 years of demographic data to develop matrix projection models
for a long-lived shrub, Cyrtandra dentata (H. St. John & Storey) (Gesneriaceae), which is
endemic to the island of O’ahu in Hawai’i. Furthermore, we evaluated the individual and
combined influence of a non-native frugivorous bird, Leiothrix [utea, and microhabitat
heterogeneity on the short-term and long-term C. dentata population dynamics.

3. Frugivory by L. lutea decreased the short-term and long-term population growth rates.
However, under the current level of frugivory at the field site the C. dentata population was
projected to persist over time. Conversely, the removal of optimum microhabitat for seedling
establishment (i.e. rocky gulch walls and boulders in the gulch bottom) reduced the short-
term and long-term population growth rates from growing to declining.

4. Survival of mature C. dentata plants had the greatest influence on long-term population
dynamics, followed by the growth of seedlings and immature plants. The importance of
mature plant survival was even greater when we simulated the combined effect of frugivory
and the loss of optimal microhabitat, relative to population dynamics based on field condi-
tions. In the short-term (10 years), however, earlier life stages had the greatest influence on
population growth rate.

5. Synthesis and applications. This study emphasizes how important it is to decouple rare
plant management strategies in the short vs. long-term in order to prioritize restoration
actions, particularly when faced with multiple stressors not all of which can be feasibly man-
aged. From an applied conservation perspective, our findings also illustrate that the life stage
that, if improved by management, would have the greatest influence on population dynamics
is dependent on the timeframe of interest and initial conditions of the population.

Key-words: avian frugivory, Cyrtandra dentata, elasticity analysis, endangered species,
microhabitat heterogeneity, plant population dynamics, restoration ecology, stage-structured
demographic model, stochastic demography, transient dynamics
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Introduction

The spatial distribution and abundance of organisms are
shaped by interactions with the environment. Human-
induced changes in the environment, such as alterations in
plant-animal interactions and degradation in abiotic con-
ditions, influence demographic vital rates (i.e. survival,
growth, and reproduction) and population dynamics, such
as the population growth rate. Recent research suggests
that plant endangerment is the result of the combined
influence of multiple environmental stressors (Sala et al.
2000; Didham et al. 2007; Brook, Sodhi & Bradshaw
2008). To explicitly evaluate the individual or combined
influence of targeted environmental change on population
growth rate requires a demographic modelling approach
(Morris & Doak 2002). Though many demographic stud-
ies have quantified the influence of various environmental
factors on plant population dynamics, few studies have
focused on the individual or combined impact of non-
native frugivores and alterations in abiotic conditions
(Godinez-Alvarez & Jordano 2007; Loayza & Knight
2010).

Tropical islands are biodiversity hotspots and, unfortu-
nately, have some of the highest rates of extinction and
species endangerment. For these reasons, tropical island
ecosystems are often ranked as high conservation priority
(Mittermeier ef al. 1998; Myers et al. 2000). The high
rates of extinction and species endangerment on islands
are due, in part, to the sheer number of localized endemic
species (Shaffer 1981; Gilpin & Soule 1986; Menges 1990;
Brigham & Schwartz 2003). Due to their geographically
limited ranges and adaptations to narrow ecological con-
ditions (Brown 1984), island endemic plants are likely
more sensitive to environmental change than common
widespread species. As a consequence, even small-scale
changes in the environment may have a disproportionally
large effect on the population persistence of island plants.
Thus, to effectively manage endangered species in an
island context, it is critical to understand how changing
environmental conditions influence population persistence
(Mittermeier et al. 1998; Myers et al. 2000). Surprisingly,
the demographic consequence of plant interactions with
environmental stressors is rarely studied for localized
island endemic species (but see, Krushelnycky et al. 2013;
Simmons et al. 2012).

A primary environmental driver of biodiversity loss on
islands is the introduction of non-native plants and animals
(Wilcove et al. 1998). Some of the most successful non-
native animals to invade island ecosystems are non-native
frugivores (Meyer & Butaud 2009; Shiels et al. 2014). The
effectiveness of non-native frugivores to replace the role of
native frugivores is dependent on the ecological similarity
of the dispersal agents (Schupp, Jordano & Goémez 2010).
Removal of seeds from a population to microsites that are
unfavourable for germination and establishment can lead
to localized recruitment depression (Godinez-Alvarez,
Valiente-Banuet & Rojas-Martinez 2002; Loayza & Knight

2010). In contrast, if seeds are not destroyed following con-
sumption and are dispersed away from the population to
suitable habitat for establishment, non-native frugivores
could have a positive influence on plant dynamics by
decreasing conspecific competition and increasing gene flow
between isolated plant populations (Slatkin 1985; Howe
1986; Bacles, Lowe & Ennos 2006; Schupp, Jordano &
Godmez 2010). Island species are also threatened by habitat
degradation and altered abiotic conditions (Wilcove et al.
1998). Altered abiotic conditions, such as a reduction of
optimal microhabitats, can have a particularly pronounced
impact on seedling establishment (Fetcher, Strain & Ober-
bauer 1983; Eriksson & Ehrlen 1992; Dostalek & Miinzber-
gova 2013). The suitability of microhabitat for seedling
establishment can be highly variable among species. Impor-
tant characteristics of optimal microhabitats for seedling
establishment include light availability (Denslow 1980),
substrate characteristics (Dostalek & Miinzbergova 2013),
disturbance frequency (Crawley & Nachapong 1985), and
sufficient water availability (Fetcher, Strain & Oberbauer
1983).

In this study, we investigated the combined effects of
abiotic and biotic environmental factors on the dynamics
of a localized endemic shrub, Cyrtandra dentata (H. St.
John & Storey) (Gesneriaceae), confined to a narrow
ecological threshold on the Island of O’ahu in Hawai’i.
The biotic stressor that we examined was a non-native
generalist bird, Leiothrix [utea, and the abiotic factor
that we assessed was alterations in microhabitats that
varied in suitability for seedling establishment, optimal
microhabitat (rock outcrops, defined as boulders covered
by moss in the gulch bottom and the rocky gulch walls)
and suboptimal microhabitat (soil). To assess how these
environmental factors influence local population dynam-
ics we asked the following questions: (i) Does seed fru-
givory by L. lutea and removal of optimal microhabitat
influence the short and long-term population dynamics
of C. dentata? (i) Under what combination of these
stressors does C. dentata maintain positive population
growth over the short and long-term? (iii) What life
stages and associated vital rates have the greatest influ-
ence on population growth rate over the short and long-
term? (iv) Does the intensity of these stressors influence
the relative importance of life stages and associated vital
rates on the short and long-term population growth
rates?

Materials and methods

STUDY SPECIES

Cyrtandra dentata is an endangered long-lived shrub endemic to
the island of O’ahu in Hawai’i. Cyrtandra dentata reaches repro-
ductive maturity at 0-8 m (L. Bialic-Murphy, unpublished data)
and produces white subumbelliform cymes, 3-9 cm long with
white fleshy ovate berries, 1-2-6 cm long (Wagner, Herbst & Soh-
mer 1999). The mean age of first reproduction for C. dentata is
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6 years (L. Bialic-Murphy, unpublished data). The reproductive
biology of C. dentata is poorly understood, but the white flowers
it produces suggest it is moth pollinated (OANRP 2003). The
mean number of C. dentata seeds per mature fruit is 1873 (L.
Weisenberger, unpublished data) and mean seed size is ca.
0-5 mm long (Wagner, Herbst & Sohmer 1999). The C. dentata
fruiting season is between September and November, with peak
fruiting in October (L. Bialic-Murphy, unpublished data). The
long-distance dispersal agents for Cyrtandra species in the Pacific
is unresolved but columbiform birds have been implicated (Cronk
et al. 2005). Previous research also suggests passive transport by
water is a short-distance dispersal vector for Hawaiian Cyrtandra
species (Kiehn 2001). Adventitious roots are produced from the
lower section of the main stems, anchoring plants to soil, rocky
gulch walls, and boulders in the gulch bottom (L. Bialic-Murphy,
pers. obs.).

Historically, C. dentata spanned the northern Wai’anae Moun-
tains and the leeward side of the northern Ko’olau Mountains on
the island of O’ahu, 300-610 m in elevation (Wagner, Herbst &
Sohmer 1999). The typical habitat is shady gulch bottoms of
mesic to wet forests. In 1996, C. dentata was listed as endangered
and by 2010, it was restricted to five geographically isolated loca-
tions (USFWS, 2012). Of those populations, only two sites,
Kahanahaiki and Pahole to West Makaleha, have >16 mature
plants and are representative of plants in earlier life stages (i.e.
immature plants and seedlings).

Leiothrix lutea is one of the most common non-native general-
ist birds in Hawai’i. The body mass of males is 21-3 + 0-28 g
and the body mass of females is 21-21 + 0-24 g (Male, Fancy &
Ralph 1998). Leiothrix lutea gut passage time is unknown but the
average gut passage time of avian seed and pulp consumers with
similar body size (i.e. 19-9-23-8 g) is 1-73 hours (Herrera 1984).
The diet preference of L. lutea is a mix of insects and small-
seeded fruits (Male, Fancy & Ralph 1998). Leiothrix lutea pri-
marily forage in the understory several metres off the ground,
rapidly moving from plant to plant (Male, Fancy & Ralph 1998).
The home range of L. lutea in Hawai’i is 3-07 £+ 0-32 ha for
males and 2-68 + 0-27 ha for females (Male, Fancy & Ralph
1998). Leiothrix lutea pair formation occurs in March and breed-
ing season is from March to mid August. During the non-breed-
ing season, L. lutea are highly nomadic, moving in large flocks
(<100 individuals) (Male, Fancy & Ralph 1998).

STUDY SITE AND MANAGEMENT HISTORY

We studied the demography of C. dentata in the Kahanahaiki
Management Unit (36 ha), located in the northern Wai’anae
Mountain Range, on the island of O’ahu (21° 32" N, —158°12
W). Kahanahaiki is a tropical mesic forest with a mix of native
and non-native flora and fauna. The mean monthly rainfall is 53—
227 mm (Giambelluca et al. 2013), and the mean daily tempera-
ture range is 16-24 °C (Shiels & Drake 2011). The Kahanahaiki
population is one of the two known C. dentata locations, with
more than 16 mature plants and has individuals in earlier life
stages (i.e. seedlings and immature plants). The population is
located in the main Kahanahaiki drainage, spanning from the
base of a seasonal waterfall to c. 150 m to the north. Within the
Kahanahaiki drainage, the plants are scattered throughout the
gulch bottom and along the steep rock walls. Though plants
occur throughout the study site, they are rooted in higher density
on rock outcrops than on soil.
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Since 1995, the O’ahu Army Natural Resources Program
(OANRP) has managed the Kahanahaiki C. dentata population.
Restoration efforts by OANRP included the control of feral pigs
(Sus scrofa) and semi-annual suppression of ecosystem-altering
invasive vegetation (OANRP, 2009). Sus scrofa directly impact
many plants through their physical disturbance to the forest. In
general, native seedlings, saplings, and mature plants increase in
density following S. scrofa control (Loh & Tunison 1999; Busby,
Vitousek & Dirzo 2010; Cole er al. 2012). Non-native plants are
a threat through their competitive displacement of native plants
(Vitousek 1996; Ostertag et al. 2009; Minden et al. 2010). Follow-
ing the suppression of these top-down stressors in the Kaha-
nahaiki fence, C. dentata started establishing at higher rates
leading to greater numbers of seedlings and small juvenile plants
(M. Kiehn, unpublished data).

DEMOGRAPHY DATA AND PROJECTION MATRIX MODEL

The life cycle of C. dentata was divided into four biologically dis-
crete life stages based on height to the apical meristem: reproduc-
tive mature (>80 cm), large immature (20 cm—80 cm), small
immature (2 cm-20 cm) plants, and seedling (<2 cm). We used
80 cm as the cut off for the reproductive mature life stage
because it was the minimum height that plants produced fruits at
the study site. Small and large juvenile were divided into two cat-
egories based on expert opinion by conservation practitioners
and observed differences in survival at the field site. In 2010, at
the start of this study, the Kahanahaiki C. dentata population
consisted of 45 mature plants, 158 immature, and 600 seedlings.
For four consecutive years (2010-2014), we permanently tagged
and monitored a subset of plants in the population annually.
Over the study period, a total of 507 plants were tagged and
monitored. For the mature and large immature life stages, all
individuals were monitored. For the small immature and seedling
life stages, we monitored a minimum of 60 plants annually to
ensure our effects on C. dentata habitat were minimal. For each
tagged plant, we collected data on height to apical meristem
(when possible), survival, and reproduction.

We used these field data to estimate the survival, growth, and
fecundity rates for each life stage and parameterize a matrix
projection model (Caswell 2001):

n(t+1) = An(r) eqn 1

where the vector n(z) represented the number of plants in four
discrete life stages at time 7 and n (¢ + 1) was the number of
plants in each life stage the following year. The transition matrix
A was composed of eight non-zero matrix elements (a;), which
represented the transition probabilities of the seedling (s), small
immature (si), large immature (/i), and mature (m) life stages
from time ¢ to ¢ + 1. Unobserved transitions over the study per-
iod were represented in matrix A as zeros:

G.\'(l - YS) 0 0 P

A= G G.Vi(l - Y,si) 0 0
0 OsiYsi oi(l=vy) 0

0 0 G Om

Matrix A was parameterized to include the probability of sur-
vival (o,), growth to the next stage class (y;), and fecundity (o,,).
Fecundity (¢,,) was calculated by dividing the number of seed-
lings counted in a given year by the number of mature plants the
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previous year. Matrix A captured the population demographic
transitions under management of feral pigs and invasive plant
competition while including frugivory by L. lutea. In 2011-2012,
there was unintentional impact of herbicide drift on mature
plants (based on qualitative field observations). Mature plants
wilted and shed their leaves 2 weeks after the control of ecosys-
tem altering vegetation, which occurred directly around the
plants. For this reason, the 2011-2012 survival of matures
(0,, =47%) was lower than to the other transition years
(G,, = 98%—81%). Since mortality from herbicide drift was not
expected to occur in the future and we wanted to make our
results were generalizable to other sites, we did not use the
2011-2012 o©,, data to calculate mature plant survival for the
2011-2012 matrix A transition year. Instead, we used the mean
survival of mature plants in 2010-2011, 2012-2013, and
2013-2014 for the 2011-2012 matrix A-c,, term.

SIMULATING THE EFFECTS OF MICROHABITAT
HETEROGENEITY AND FRUGIVORY

Matrix A represents field microhabitat conditions while main-
taining frugivory by L. lutea. To simulate the effects of
changes in microhabitat heterogeneity and frugivory by L. lutea
on the dynamics of the C. dentata population, we constructed
three additional matrices B, C, and D by modifying matrix A.
Based on the results of additional field experiments, we found
that frugivory by L. lutea and the availability of optimal
microhabitat impacted the fertility ¢, of matrix A (see
Appendix SIA and S1B, Supporting Information). To construct
matrix B, which captures the removal of frugivory while main-
taining field microhabitat conditions, we increased the ¢,, ele-
ment of matrix A by the percentage of fruits consumed by
L. lutea at our field site. To construct matrix C, which repre-
sents the removal of frugivory and suboptimal microhabitat,
we decreased the ¢, element of matrix B by the difference in
seedling establishment between the optimal and suboptimal
microhabitat. Lastly, to construct matrix D, which simulates
the influence of both stressors (i.e. frugivory and suboptimal
microhabitat), we decreased ¢,, of matrix A by the percent dif-
ference in seedling establishment between the optimal and sub-
optimal microhabitat. Given the relatively short duration of the
C. dentata fruiting season (i.e. 3 months), we assumed C. den-
tata germination and the number of seeds per fruit was not
temporally variable.

STOCHASTIC LONG-TERM POPULATION DYNAMICS

For the four scenarios A, B, C, and D we projected the stochastic
long-term population growth rate A;. To incorporate the effect of
temporal variation in demographic processes to fluctuations in
environmental conditions (i.e. environmental stochasticity) on
population dynamics, we used the 4 years of demographic data
to develop temporally varying stochastic matrix models for each
scenario A, B, C, and D previously defined:
n(t+1) = X(t)n(1) eqn 2
where X(7) is a random population projection selected at given
time ¢ from a pool of four yearly matrix transitions (2010-2011,
2011-2012, 2012-2013, and 2013-2014) for the corresponding sce-
nario (A, B, C, and D). The yearly matrices had an equal proba-
bility of being selected each iteration. The stable stage

distribution (SSD) was used as the initial stage structure n(0). We
assumed the time-varying model followed an identically indepen-
dent distribution (i.i.d.). For each scenario, we used eqn (2) to
calculate the stochastic growth rate A, with 95% confidence inter-
vals by simulation using 50 000 iterations, following Tuljapurkar,
Horvitz & Pascarella (2003):

loghs = zlg?o (;) log[P(t)/P(0)] eqn 3

where P(7) is the population size, i.e. the sum of the elements of n
(7) at a given time ¢. Confidence intervals were calculated using a
standard bootstrap approach, as outlined in (Caswell 2001; Mor-
ris & Doak 2002). To evaluate the individual and combined influ-
ence of the microhabitat and seed consumption by L. /utea on
population dynamics, we compared the A, of each scenario (A, B,
C, and D). To identify the relative importance of different life
stages on the stochastic population growth rate A for each sce-
nario, we calculated the elasticity E*S of A, to perturbation of
mean matrix elements p; following Tuljapurkar, Horvitz &
Pascarella (2003).

STOCHASTIC SHORT-TERM POPULATION DYNAMICS

We calculated the stochastic short-term population growth rate
for each management scenario (A, B, C, and D), using the
following formula:

1 N(l]o)
og
to — 1 N(11)

r([l,fl()) = eqn 4

The transient population growth rate was calculated as the
average of a 1000 independent sample paths of length
t = 10 years. The stage structure at n (¢ + 1) was calculated using
eqn (2). For a given year ¢ (r < 10), and for each management
scenario, we randomly selected one of the four yearly transition
matrices (2010-2011, 2011-2012, 2012-2013, and 2013-2014) with
equal probability to account for the effect of environmental vari-
ability. The timeframe of 7 = 10 years was used because it is the
recommended timeframe to evaluate population dynamics of crit-
ically endangered plants by the ITUCN red listing guideline
(IUCN, 2001) and a reasonable length of time of a restoration
management plan. Lower survival of mature plants in 2011-2012,
due to herbicide drift, likely resulted in a lower proportion of
individuals with high reproductive value in 2014 than would
otherwise be expected. If the stage structure of the population
had not been affected by herbicide drift, the short-term growth
rate would likely have been slightly higher (i.e. population ampli-
fication) prior to SSD being achieved. However, in order to simu-
late short-term projections that could be used by conservation
practitioners to manage the Kahanahaiki C. dentata population,
we chose to use the observed population size in 2014 as the initial
stage structure 7(0).

To identify the relative importance of life stages on the
short-term population growth rate, we conducted stochastic
transient elasticity analyses with respect to small changes in
matrix elements to unperturbed stage structure, e;,; (Haridas
& Tuljapurkar 2007; Haridas & Gerber 2010). The e;,; distri-
bution for each scenario (A, B, C, and D) was iteratively cal-
culated by simulation, using 1000 iterations. The four yearly
transition matrices X(7) were selected with equal probability
each iteration.
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Results

STOCHASTIC LONG-TERM POPULATION GROWTH
RATES

The stochastic growth rate of the C. dentata population
for scenario A (i.e. frugivory and field microhabitat condi-
tions) was positive (A, = 1-032, 95% CI [1-028-1-037]),
indicating a moderately growing population in the long-
term (Fig. 1a). Removal of frugivory by L. lutea while
maintaining field microhabitat conditions (scenario B)
increased the stochastic population growth rate by 1-7%
(Ay = 1049, 95% CI [1-044-1-054]), relative to scenario A
(Fig. 1a).

Maintaining frugivory while removing optimal micro-
habitat (scenario C) shifted the population growth rate
from positive to negative (A, = 0-968, 95% CI [0-964—
0-971]). The combined influence of both stressors (sce-
nario D) decreased the stochastic population growth rate
(Ay = 0-955, 95% CI [0-952-0-959]) and led to a declining
population trajectory (Fig. 1a).

STOCHASTIC SHORT-TERM POPULATION GROWTH
RATES

Over the short-term, the C. dentata population was pro-
jected to grow moderately under current field conditions
(i.e. frugivory and field microhabitat conditions)
(ry = 1-087, 95% CI [1-083-1-091]; Fig. 1b). Similar to
long-term projections, removal of frugivory increased the
short-term population growth rate (r, = 1-119, 95% CI
[1-115-1-124]). Removal of optimal microhabitat reduced
the short-term population growth rate (r, = 0-973, 95%
CI [0-969-0-976]). The combined impact of frugivory and
the removal of optimal microhabitat had the greatest
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negative impact on the population growth rate (r, = 0-941,
95% CI [0-938-0-944]).

STOCHASTIC SHORT AND LONG-TERM ELASTICITY

In the long-term, the survival of mature plants had the
greatest proportional impact on the population growth
rate, followed by the growth of seedlings, small immature,
and large immature plants and fertility (Fig. 2a). Removal
of optimal microhabitat for seedling establishment and
frugivory increased the relative importance of the survival
of mature plants on the long-term population growth rate.
It also decreased the relative importance of the survival
and growth of seedling, small immature, and large imma-
ture plants on the population growth rate (Fig. 2a).

In the short-term, fecundity had the greatest relative
importance on the population growth rate followed by
the growth of seedlings to the small immature life stage
(2b). The individual and combined impacts of seed con-
sumption by L. lutea and removal of optimal microhabi-
tat (scenario A, C, and D) reduced the relative importance
of the fecundity and growth of seedlings to the small
immature life stage (Fig. 2b).

Discussion

The influence of abiotic factors (e.g. light, soil type, eleva-
tion) on plant population dynamics has been well exam-
ined (Alvarez-Buylla et al. 1996; Brys et al. 2005; Colling
& Matthies 2006; Dahlgren & Ehrlén 2009; Souther &
McGraw 2014). However, the influence of frugivorous
animals or the combined effects of frugivory and micro-
habitat heterogeneity on plant population dynamics are
rarely measured, and studies on this topic have produced
mixed results (Godinez-Alvarez & Jordano 2007; Loayza
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Fig. 1. Stochastic short (R) and long-term () population growth rates of Cyrtandra dentata. The black bar is the median and the boxes
represent the inter-quartile range. The limits of the whiskers are 1-5x the inter-quartile range. The open circle is the mean of each man-
agement scenario. Scenario A = Field conditions (i.e. field microhabitat conditions and frugivory), B = No frugivory while maintaining
field microhabitat conditions, C = No frugivory and suboptimal microhabitat, D = Frugivory and suboptimal microhabitat.
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Fig. 2. Stochastic elasticities of Cyrtandra dentata (a) long- and (b) short-term growth rates to perturbation of mean vital rates. The vital
rates are survival (S), growth (G), and fertility (F) and the life stages are seedling (s), small immature (si), large immature (/i), and
mature (m). Scenario A = Field conditions (i.e. field microhabitat conditions and frugivory), B = No frugivory while maintaining field
microhabitat conditions, C = No frugivory and suboptimal microhabitat, D = Frugivory and suboptimal microhabitat.

& Knight 2010). Due to their adaptation to narrow eco-
logical conditions and limited geographical distribution,
localized endemics are likely to suffer stronger effects of
such stressors. Thus, to fully understand the drivers of
species decline, it is critically important to evaluate the
individual and combined impact of environmental change,
such as alterations in abiotic conditions and non-native
frugivores, on the short-term (i.e. transient) and long-term
(i.e. asymptotic) dynamics of rare species.

In this study, we found that rock outcrops (i.e. rocky
gulch walls and small boulders in the gulch bottom) were
an optimal microhabitat for C. dentata seedling establish-
ment. Though the mechanism underpinning higher seed-
ling establishment on rock outcrops is unknown, previous
research suggests that rocks covered by moss can main-
tain a moist microsite favourable for seedling establish-
ment (Ren ez al. 2010). We also found that C. dentata
seeds that were not contributing to local dynamics were
consumed by L. lutea and dispersed away from the popu-
lation. Under current field conditions (i.e. intensity of fru-
givory by L. lutea and microhabitat conditions at the field
site), C. dentata was projected to persist in the long-term.
Removal of frugivory moderately increased the long-term
population growth rate, as compared to field conditions.
Under suboptimal microhabitat conditions the long-term
population growth rate was negative, regardless of fru-
givory pressure. These results suggest that for C. dentata,
the removal of optimal microhabitat availability for seed-
ling establishment would have a greater influence on pop-
ulation  dynamics than  frugivory by L. lutea.
Furthermore, we found that the short-term transient
growth rate (i.e. over 10 years) was slightly higher than

the long-term growth rate. However, for each scenario,
the projected direction of the short and long-term growth
rates was not different. Additionally, there was more vari-
ation in the long-term projections than in the short-term
projections (Fig. 1). In the transient phase, the population
dynamics are strongly influenced by the initial condition
of the population (Ellis & Crone 2013). Conversely, the
stochastic long-term dynamics are strongly influenced by
variation in vital rates (Ellis & Crone 2013). Thus, greater
variation in long-term dynamic than in the short-term
dynamics of C. dentata can be explained, in part, by the
effects of the year to year differences in targeted vital
rates, after the strong effects of initial population struc-
tures has damped out. Though herbicide drift altered the
stage structure of the population by decreasing the pro-
portion of plants with high reproductive value, the popu-
lation was still projected to persist in the short-term. If
herbicide drift had not occurred, however, the population
would likely have grown faster in the short-term (i.e. tran-
sient amplification), which is important to consider when
evaluating the population dynamics of other C. dentata
population not experiencing this demographic distur-
bance.

Dispersal agents can provide enemy escape from preda-
tors in close proximity to parent plants, reduce conspecific
seedling competition, and increase seed germination for
species reliant on gut passage to maintain high seed via-
bility (Howe & Smallwood 1982; Willson & Traveset
2000). For species that produce more seeds than are
needed to maintain a persistent population, dispersal
away from geographically isolated populations can have a
positive effect on metapopulation dynamics. However, for
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species on the brink of extinction the removal of seeds
away from a population can shift the population trajec-
tory from persistent to declining. In this study, we found
that a majority of the seedlings at the field site either
established slightly down gulch or underneath the crown
of reproductively mature plants. This observation sup-
ports previous studies that suggest passive transport by
water is a short-distance dispersal strategy for Cyrtandra
species in Hawaii (Kiehn 2001). We also found that seed
germination from whole C. dentata fruits was relatively
high, which suggest this taxon is not dependent on gut
passage by frugivores to maintain high seed viability (see
Appendix S1, Fig. 2). These results suggest C. dentata is
not reliant on avian dispersal to maintain locally
persistent populations.

Following massive extinction of native Hawaiian birds
it is likely that many native species are dispersal limited,
which may eventually reduce plant fitness by decreasing
gene flow between populations. However, decreased gene
flow between populations may be mitigated by cross-polli-
nation between populations. For C. dentata, there are
only five known extant populations, only two of which,
Kahanahaiki and Pahole to West Makaleha, have >16
mature plants and individuals in earlier life stages (i.e.
immature plants and seedlings). Of those populations,
Pahole to West Makaleha was the only population closer
to Kahanahaiki (<3 ha) than the home range of L. lutea.
If rare long-distance dispersal between the Kahanahaiki
and Pahole to West Makaleha populations is occurring
by L. lutea, it may have an effect on plant fitness over
time by increasing gene flow between populations. How-
ever, to fully understand the effect of rare long-distance
dispersal would require a metapopulation approach,
incorporating extinction and re-colonization events, and
this is beyond the scope of this study.

For long-lived species, it is expected that later life
stages will have a larger impact than earlier life stages on
the long-term population growth rate (Silvertown et al.
1993; Haridas & Gerber 2010). The importance of later
life stages on population dynamics of long-lived species is
commonly explained by life history strategy. High survival
of mature plants can insulate long-lived species from envi-
ronmental variability and thus is the most important vital
rate for maintaining population persistence in the long-
term. However, recent research suggests that long-term
elasticity does not always adequately describe the impor-
tance of life stages and associated vital rate in the short-
term (Haridas & Tuljapurkar 2007, Haridas & Gerber
2010). In some scenarios, earlier life stages disproportion-
ally contributed to the population growth rate of long-
lived species over the short-term (e.g. 10 years), relative to
later life stages (Haridas & Tuljapurkar 2007; McMahon
& Metcalf 2008; Ezard et al. 2010; Haridas & Gerber
2010; Gaoue 2016). Consistent with these studies, we also
found a shift in the short and long-term elasticity patterns
of the C. dentata population growth rate to perturbation
of vital rates. Cyrtandra dentata long-term stochastic
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elasticity was dominated by the survival of mature plants.
However, in the short-term, the establishment of C. den-
tata seedlings had the greatest influence on the population
growth rate. These results have several management impli-
cations for C. dentata. First, with high mature plant sur-
vival (81% — 97%), there is likely little that can be done
to improve that vital rate. However, the importance of
mature plants on the long-term population growth rate
emphasizes the gravity of maintaining high survival of
matures over time. Secondly, management actions that
increase seedling establishment would have the greatest
positive impact on the population growth rate in the
short-term.

Studying the demography of rare and endangered spe-
cies is challenging due to limited replication (Morris &
Doak 2002). Despite the constraint of limited replication
valuable insight can be gained from population dynamic
studies of endangered species, such as quantifying the
likely outcome of management actions and assessing the
potential impact of environment parameters on popula-
tion dynamics (Morris et al. 2002; Garcia 2003; Ellis,
Weekley & Menges 2007; Marrero-Goémez et al. 2007,
Crone et al. 2011; Dostalek & Miinzbergova 2013). It can
also provide a proactive method of predicting the likely
outcome of management actions, which would otherwise
take several generations to detect (Menges 2000). For this
study, we were limited to one study site because it was the
only C. dentata population that was composed of more
than several individuals that we had permission to access.
Thus, results from this study may not be extrapolated
across varying habitat and ecological conditions. Future
integrative studies on the combined impact of plant inter-
actions with multiple environmental parameters would
benefit from having replication across multiple study sites.
Plant population response to environmental stressors
should be studied for more species varying in life history
in order to investigate if generalized patterns emerge,
which could be used to effectively manage rare plants and
the habitat that they depend on.

Regardless of the difficulties of studying endangered
species, the results of this study emphasize the importance
of protecting optimal microhabitat for seedling establish-
ment to maintain a positive population trajectory for
endangered species that are sensitive to fine-scale environ-
mental change. For C. dentata, a management strategy
that would prevent degradation of optimal abiotic condi-
tions for seedling establishment is the suppression of com-
petitive vegetation. One of the most invasive ecosystem
altering species at Kahanahaiki is Blechnum appendicula-
tum, which is a non-native fern that forms large clonal
colonies and prevents germination of many native species
in Hawaii (Wilson 1996). Blechnum appendiculatum has
started to encroach on rock outcrops at the Kahanahaiki
C. dentata field site. If left uncontrolled, B. appendicula-
tum will ultimately degrade optimal microhabitat for seed-
ling establishment and negatively impact local population
dynamics. The influence of fine-scale abiotic conditions on

© 2017 The Authors. Journal of Applied Ecology © 2017 British Ecological Society, Journal of Applied Ecology
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population dynamics also emphasizes the importance of
selecting reintroduction sites with appropriate microhabi-
tat for C. dentata, which will be necessary to delist this
taxon following the United States Fish and Wildlife crite-
ria (USFWS, 1998). The results of this study also illus-
trate that for localized endemic species on the brink of
extinction, such as C. dentata, non-native frugivores can
reduce local seedling recruitment of geographically iso-
lated populations. In combination with other environmen-
tal stressors, such as degradation of abiotic conditions,
frugivory by non-native birds can shift the population
growth rate of endangered plants from growing to
declining over time.
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Appendix S1. (A) Results of frugivory by Leiothrix lutea and (B)
Results of microhabitat heterogeneity.

Fig. S1. (1) Typical laceration markings on the remaining pericarp
of mature Cyrtandra dentata fruits. Incisor marks (white arrows)
are indicative of fruit consumption by birds. (2) Seedling germi-
nation from a mature C. dentata fruit when places on a mist bench
in the greenhouse.
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Name: Samuel Case
Project Title: Introduced game birds as seed dispersers in Hawaiian forests

Background and Justification

1. Project Background

Forest ecosystems of the Hawaiian Islands have increasingly faced threats of species
extinction and biological invasion, resulting in novel communities composed of native and non-
native species. Although many native Hawaiian plants rely on birds for seed dispersal, nearly all
native frugivorous birds are extinct (all on Oahu). Introduced vertebrate species have the potential
to substitute vacant roles in seed dispersal networks, but if they predate native seeds or consume
and disperse non-native seeds more frequently than native seeds, their cumulative impact on native
plant communities will be negative. To conserve Hawaiian forest ecosystems and secure
populations of at-risk plant species, it is important to understand the role of non-native invasive,
frugivorous species in seed dispersal of native and nonnative plants.

In the last century, several game bird species (Galliformes) were introduced to the
Hawaiian Islands for recreational hunting. On Oahu, the Kalij Pheasant (Lophura leucomelanos)
and Erckel’s Francolin (Pternistis erckelii) occupy a large range of forested habitat varying in
elevation and plant community composition. Both species are known to consume fruit, but their
roles in seed dispersal networks have remained largely unknown. The Kalij Pheasant and Erckel’s
Francolin are larger than any extant native forest bird, and their gape width and foraging behavior
might suit dispersal of native seeds adapted for consumption and dispersal by extinct corvids or
large flightless geese. On the other hand, anatomical differences, such as the powerful gizzards of
gallinaceous birds, may impair viability of certain seeds. Furthermore, there is concern that these
introduced game birds might predate endangered Oahu tree snails (Achatinella spp.).

Our study of game birds began in January 2017. We are using a multidisciplinary effort
involving advanced field techniques, experimentation, and predictive ecological modeling to
comprehensively measure the ecological impacts of these game bird species on seed dispersal. Our
project includes the following components: (1) Identification of diet; (2) Estimates of population
abundance; (3) Movement of birds; (4) Gut passage experiments; and (5) Fruit preference trials.
For (1) we are using game cameras and collecting fecal samples. From fecal samples, we will sort
and identify whole seeds and seed fragments and use genetic sequencing to classify invertebrates
in diet. For (2) we are using surveys of distribution and abundance at sites. For (3) we are live-
capturing game birds and attaching GPS transmitters to birds using harnesses. Transmitters are
supplying movement data for up to three years. During captures, we are banding birds and taking
morphological measurements. We are also recording fruiting phenology of plants at sites to
identify optimal fruiting times for long-distance dispersal based on game bird movement patterns.
We have tagged six birds thus far. For (4) and (5), we have collected live birds from the field and
temporarily contained them in an aviary where we will conduct fruit preference trials and gut
passage germination experiments starting in July 2018. Feeding trials will allow us to discern food
preference and resource tracking from opportunistic foraging, and through gut passage
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germination experiments, we are measuring the effects of the game bird digestive tract on seed
germinability, germination rate, and viability for each plant species considered. This project is
supplying DoD, DOFAW, OANRP, and other natural resource managers with important
information concerning novel ecosystem interactions and native plant conservation.

2. Preliminary Results

Our preliminary results suggest that game birds are important seed dispersers (or predators) at
our sites. Within Pahole Natural Area Reserve and Kahanahaiki, we are collecting fecal samples
and deploying game cameras. We are also necropsying individuals collected by local hunters. So
far, we’ve found that both Kalij Pheasants and Erckel’s Francolins are consuming seeds of native
and non-native plants (Table 1).
TABLE 1: Seeds consumed by game birds during 2017-2018 at Pahole Natural Area Reserve and
Kahanhaiki.

Kalij Pheasant (Lophura leucomelanos)

Plant Species Native Status | Endangered Species Status
Delissea waianaeensis Native Federally listed

Dianella sandwicensis Native Not listed

Solanum sandwicense Native Federally listed

Rubus rosifolius Non-native Not listed

Psidium cattleyanum Non-native Not listed

Passiflora edulis flavicarpa Non-native Not listed

Clidemia hirta Non-native Not listed

Erckel’s Francolin (Pternistis erckelii)

Plant Species Native Status Endangered Species Status
Delissea waianaeensis Native Federally listed
Leptecophylla tameiameiae Native Not listed

Cyanea grimesiana Native Federally listed

Solanum sandwicense Native Not listed

Psidium guajava Non-native Not listed

Rubus rosifolius Non-native Not listed

Rubus argutus Non-native Not listed

Clidemia hirta Non-native Not listed

We captured game birds for telemetry, banding, and morphological measurements. As a
part of a larger study of seed dispersal in Hawaii, the Hawaii VINE Project has collected
morphological data from common forest birds of Oahu. In comparing the morphology of game
birds to introduced passerines (Figure 1), we found that game birds had the largest gape width and
body mass in the current avian assemblage. This suggests that game birds may be capable of
consuming larger seeds and more seeds compared to songbirds; they may also disperse seeds
farther due to a longer digestive tract.
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FIGURE 1: Comparative morphology of common frugivorous birds o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>