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The endangered Hawaiian Duck (koloa ma#ias wyvilliana), a non-migratory and
island-endemic species, experienced a significaptiation decline during the twentieth
century due to factors such as habitat loss, oveels introduced mammalian predators,
and hybridization with introduced feral Mallards platyrhynchos). A key objective for
Hawaiian Duck recovery is to establish a protected managed network of wetland
habitats; however, development of effective habitahagement plans is stymied by the
lack of information on patterns of habitat useafation to fundamental resource
requirements. Furthermore, many generalizatiogardeng dabbling duckehavior and
resource requirements that guide seasonal wetlamégement objectives in North
America may not apply to tropical regions and idlagstems. In this thesis, | compare
the behavioral repertoire of the Hawaiian Duck vaiibsely related island-endemic
waterfowl and migratory North Americainas, | investigate the behavioral response of
Hawaiian Ducks to wetland habitat management amdcialtivation, and | examine the
effects of environmental, climatic, temporal, andial factors on the activity budgets of
Hawaiian Ducks.

| conducted instantaneous focal sampling ©84 observation sessions; 328.8 hr)
throughout the annual cycle from September 2018ugust 2011 at managed wetlands
and taro lo‘i within Hanalei National Wildlife Refie (NWR), Kaua'i. | documented 73
specific Hawaiian Duck behaviors in eight broadaabr categories including foraging,
maintenance, resting, locomotion, alert, courtsaim intraspecific and interspecific
agonistic interactions. | found that the behaviogpertoire of the Hawaiian Duck was



similar to that of the Mallard; however, subtleiaéions in the form and linkage of
certain courtship displays, such as nod-swimmirgyevobserved. Additionally, male
Hawaiian Ducks were occasionally associated witlot+rearing females (11% of brood
observations), and this behavior appeared to bala strategy whereby females received
little perceived benefit , but males may have pitigdlg garnered additional breeding
attempts or maintained pair-bonds for subsequesgding seasons.

After accounting for sex, pair status, month, aneetof day, the diurnal
behavioral activities of Hawaiian Ducks differedween managed wetlands and taro
habitats Fg 960= 30.3,P < 0.001). Hawaiian Ducks utilized taro predomithafor
resting (44%), maintenance (21%), and foraging (1 3%hile birds used managed
wetlands for a variety of activities, including &ging (11%), maintenance (28%), resting
(27%), and locomotion (22%). Social activitiesttigalarly courtship, occurred more
frequently in managed wetlands than in tadg € 11.9,P < 0.001). In managed
wetlands, birds foraged slightly more with increascover ofCyperus spp. ( = 0.18,P
< 0.001) andrimbristylislittoralis (r = 0.17,P < 0.01) and decreasing coverldifochloa
mutica (r = -0.15,P < 0.01) and wetland vegetation height(-0.22,P < 0.001). Within
taro habitat, the behavioral activities of Hawaiuncks differed significantly between
birds in lo‘i and on dikesHg 46s= 142.8,P < 0.001); birds utilized lo‘i dikes for resting
(60%) and maintenance activities (21%), whereadsk@ntered lo‘i primarily to forage
(45%).

The activity budget of Hawaiian Ducks was strongRuenced by time of day
(F1s.2715.7¢= 6.4,P < 0.001), and birds spent more time engaged imeabehaviors (i.e.,
foraging, locomotion, and alert) and less timeingstluring early morning and evening
than during late morning and afternoon. Whilersgreeasonal shifts in most behavioral
patterns were not detected, males allocated mmeetth courting (1.1 vs. 0.3%t; =
6.92,P = 0.009) and mate-guarding (0.5 vs. <0.1%+= 9.83,P = 0.002) in managed
wetlands between November and March than the refeaof the year. The effects of
sex Fs.960= 6.06,P < 0.001) and social statuBs(sso= 6.69,P < 0.001) on activity
budgets were also significant. Females spent mmoeeforaging (18 vs. 12%) and less

time in alert, locomotor, and social behaviors thsales. Paired birds allocated more



time to aggression towards conspecifics, mate-gogrend courtship, and within taro
lo'i, paired birds foraged more and rested lesa tivgpaired birds.

Overall, Hawaiian Duck allocated diurnal activitydgets differently in managed
and cultivated wetland habitat at Hanalei NWR, ssfjgg that both systems may play
an important role in fulfilling fundamental dailyd seasonal resource requirements. The
increased range of activities and foraging taaismsd in managed wetlands may indicate
the greater habitat diversity (e.g., vegetationditire, patchiness, plant species richness,
range of water depths) provided by seasonal wetlahdgeneral, Hawaiian Duck
allocated less time to diurnal foraging than NdthericanAnas, such Mallard and
Mottled Duck @. fulvigula), suggesting that Hawaiian Duck may have lowelydad
seasonal energy demands, have access to highéy giet, or allot more time to
nocturnal foraging activities. Also, unlike mangfth American migratory waterfowl
that demonstrate significant behavioral plastigitadjusting activity budgets to meet
seasonal energy demands associated with breedaottingn wintering, and migration,
Hawaiian Duck did not exhibit a strong seasondt ghimost behaviors which may
reflect their non-migratory nature and asynchrondesistory cycle.
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HAWAIIAN DUCK ( ANASWYVILLIANA) BEHAVIOR AND RESPONSE TO
WETLAND HABITAT MANAGEMENT AT HANALEI NATIONAL WILD LIFE
REFUGE ON KAUA'l

INTRODUCTION
Quantifying how birds allocate time to various wities on a daily and seasonal basis
provides insight into how they respond to myriaidhetic, environmental, temporal,
social, and life-history factors (Caraco 1979, écetlal. 1984, Paulus 1988a, Davis and
Smith 1998, Arzel et al. 2007). Wildlife manageas use activity budget data to
determine the fundamental requirements of a spéCamisier 1978-1979, Ashkenazie
and Safriel 1979, Goldstein 1988), identify impattevetland habitats and microhabitat
characteristics (Frederickson and Drobney 197%eJet al. 1984, Paulus 1984a, Paulus
1988b), and, ultimately, guide wetland managembjgadives designed for conserving
or managing bird populations (Frederickson and Deyhl979, Kaminski and Prince
1981, Quinlan and Baldassarre 1984, Paulus 198&imuket al. 1995, Sutherland 1998).
Among birds, one of the most intensively studiechtare waterfow! (order
Anseriformes) with over 100 studies having beeniphbd on the activity budgets of
Anatids during the past forty years. Due to streegsonal variation in climate and
resource availability, most temperate- and subatoteding waterfowl have regular and
predictable annual cycles that are centered omatlgaind temporally isolated life
history events, such as pair-formation, migratimeeding, molting, and wintering
(Johnsgard 1975, Johnsgard 1978, Bellrose 198Ag@nd Sayler 1992). These key life
history events often involve a shift in resourcguieements (e.g., nutritive or habitat),
and consequently, a distinct seasonal redistribugfaactivity budgets. The activity
budgets and diet choice of birds during winter spdng will affect body condition (i.e.,
fat and protein reserves), which influences thedireg success and survival of birds
during the subsequent breeding season (i.e., semsonal interactions; Ankney and
Maclnnes 1978, Krapu 1981, Myers 1981, Teunissah 4985, Webster et al. 2002,
Arzel et al. 2007, Devries et al. 2008). Howewtudies on the activity budgets of
dabbling ducks (genusnas) have focused on isolated phases of the annual (gcle

breeding, wintering), and few studies have inveséd the allocation of behavioral



activities in a single species over the entire ahoycle (Hickey and Titman 1983,
Paulus 1984b, Arzel et al. 2007). Furthermorendeeer studies have investigated the
activity budgets and cross-seasonal interactiontiopical and isolated, island-endemic
Anas species (Sorenson 1992, Reynolds 2002, Reynokls 2010).

Non-migratory tropical and island-endemic dabbligks experience an entirely
different suite of ecological demands than theignatiory mainland counterparts
(Terborgh and Winter 1980, Oring and Sayler 1992e@ 1996). Unlike the dramatic
seasonal variation in climate experienced in teatpesind subarctic regions, tropical
regions may have mild climates and year-round nesoavailability. Lacking severe
climatic and environmental pressures, many trogiedbling ducks evolved sedentary
life styles, either not moving among seasons oringpielatively limited or short
seasonal movements (e.g., from inland to coasts)ewther tropicaAnas make
nomadic movements in response to rainfall and @ssocwetland availability (Frith
1959, 1982, Oring and Sayler 1992, Roshier et(fl82 In isolated island systems,
reduced mobility may conserve isolated island pajiahs since migratory or nomadic
behavior may reduce individual fitness (MacArthnd&Vilson 1967, Weller 1980).
Also, in tropical regions with stable climate arehyround resource availability,
breeding at a particular time of year may not plevan overall advantage or
disadvantage to survival and breeding succesftire; individuals may vary
considerably in the timing, duration, and syncheasiof the breeding season and molt
cycle (Immelmann 1971, Siegfried 1974, Frith 198@renson 1992, Weller 1980, Oring
and Sayler 1992, Young 2006). Accordingly, thdydand seasonal behavioral activity
budgets of tropicainas may vary significantly from North American migragoAnas
(McKinney et al. 1978, McKinney 1992Furthermore, many of the generalizations
related toAnas behavior, habitat use, and fundamental resouragreegents that guide
seasonal wetland habitat management objectivesnipdrate and subarctic regions of
North America may not necessarily apply to tropregjions and isolated, island systems.

The Hawaiian Duck (koloa maoknas wyvilliana), closely related to the
widespread MallardA. platyrhynchos), is one of two endemic speciesArfas extant on
the Hawaiian Islands (Olson and James 1982, Brawaé 1993, Rhymer 2001).



Similar to many tropical dabbling ducks, the HaaaiDuck evolved in response to
relatively mild climatic and environmental condii®a As a result, the Hawaiian Duck
has an extended breeding season and exhibits maskedhrony in breeding schedules
(Swedberg 1967). Although most of the limited magtecords on Kaua'i are between
December and May, the Hawaiian Duck breeds yeard¢8wedberg 1967, Engilis et al.
2002, USFWS 2011) and is non-migratory, presumataking only relatively short

daily movements and some seasonal, intra- andisitard movements (Perkins 1903,
Swedberg 1967, Engilis et al. 2002, Malachowski Badger, unpubl. data). Once
common on all of the main Hawaiian Islands excegtai and Kaho'olawe (Perkins
1903, Olson and James 1982), the Hawaiian Duckremped significant population
declines during the twentieth century (Schwartz Sokdwartz 1953, Banko 1987) and
was extirpated from all islands within their historange except Kaua'‘i and Ni‘ihau by
1962 (Swedberg 1967). The primary reasons forispeecline included wetland habitat
loss and degradation, overexploitation, and intcedumammalian predators (Henshaw
1902, Swedberg 1967, Banko 1987). More recenyligritlization with feral Mallards

has threatened remaining populations (e.g., O‘®tawi, Hawai‘i) with loss of genetic
integrity (Browne et al. 1993, Engilis et al. 20QBjehara et al. 2007, Fowler et al.
2009). Due to these pressures, the Hawaiian Dasklisted as Federally endangered in
1967 (USFWS 1967) and currently has the highesivexy priority among the four
endangered waterbirds that occur on the main Hawdslands (USFWS 2011).

One of the objectives for Hawaiian Duck recovertoigstablish a protected and
managed network of critical wetland habitat (USF®2081). Habitat restoration and
management activities conducted by state and fedgeacies began in the latter portion
of the 20th century in the Hawaiian Islands anduded the establishment of Hanalei,
Hulg‘ia, and James Campbell NWRs (USFWS 2011). Whaleesl studies have
investigated wetland management techniques andudtgirial practices on these NWRs
(e.g., Chang 1990, Gee 2007, Wirwa 2007, Gutschertz2011), none have quantified
and compared Hawaiian Duck use of major habitaggygnd behavioral response to
wetland habitat management. Whereas the respdmarin American migratorAnas

to wetland management has been researched extgnsive habitat management
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techniques have been refined over decades of wWwlspecific habitat needs and use of
managed wetlands is virtually unknown for tropidabbling ducks, such as the Hawaiian
Duck, that may use the same wetland system thraiighe annual cycle. Rather than
providing resources to compliment one specificqubof a species’ annual cycle (e.g.,
winter), wetland management objectives in the Hamdislands must provide habitat for
Hawaiian Duck and other endangered waterbirds girout the entire annual and life
cycle of the species. However, a critical obstatl@eveloping effective habitat
management plans for Hawaiian Duck involves thepawof information on the patterns
of habitat use in relation to fundamental dailyorgse requirements (e.g., foraging and
roosting habitat) and seasonal life history requests (e.g., breeding and molting
habitat) of this species. By quantifying Hawaildnck behavioral patterns in natural
wetlands and agricultural habitat (i.e., taro) witthese protected areas, it is possible to
assess the relative roles provided by habitat tgpelsthe period of the year when each is
most important.

In this thesis | examined similarities and diffezea in the behavioral repertoire
of the Hawaiian Duck and closely related islandeanit waterfowl and migratory North
AmericanAnas, | investigated how various factors (e.g., wetlaathitat type) influenced
the behavioral activities of the Hawaiian Duck, &mcplored whether Hawaiian Ducks
exhibited seasonal changes in key behaviors, ssichwatship and foraging. The
specific objectives of this study were to: 1) désethe behavioral repertoire of male and
female Hawaiian Ducks, 2) quantify and comparebitgavioral response of the
Hawaiian Duck to wetland habitat management aradaltivation, and 3) investigate
the effects of environmental, climatic, temporald aocial factors on the activity budget
of Hawaiian Ducks. | predicted that the behavioeplertoire of the Hawaiian Duck
would be very similar to that of the Mallard duetheir close genetic relationship and the
lack of strong climatic and ecological pressures Would drive the evolution of a
unique set of behaviors. However, | expected Haavaiian Ducks would allocate less
time to foraging than North Americainas species due to their non-migratory nature and
potentially lower daily and seasonal energy demama@éso predicted that Hawaiian

Ducks would exhibit only subtle seasonal variatiooverall time-activity budgets due to
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their apparent asynchronous annual cycle and saydifestyle. If any seasonality in
life-history events occurred, | expected it to bestrevident in the proportion of time
allocated to courtship behaviors during pair-foriorat Last, | predicted that Hawaiian
Ducks would utilize managed and agricultural wedkafor different activities (e.qg.,
greater foraging activity in managed wetlands) wudifferences in wetland

characteristics (e.g., vegetation cover and straftand resource availability.

STUDY AREA

My study was conducted at Hanalei National Wildiefuge (NWR) on the north shore
of Kaua'iCounty, Hawai'‘i (21° 12.052’ N, 159° 28.352’ W; Fif)). Situated in the
lower Hanalei River Valley, this 371 ha refuge Bd4s4 ha of managed wetland habitat
(KNWRC 2008) and 53.0 ha of cultivated taro (k&olocasia esculenta) lo‘i (Gee

2007). Taro is a traditional Hawaiian food sousod farmed in shallowly flooded fields,
or lo'i, similar to rice paddies. Ditches and dikeccount for 25.8 ha of refuge area
(KNWR 2008, Gee 2007). The remainder of HanaleiRI¥dnsists of ephemerally
flooded pasture (36 ha), lowland forest (224 hafl @verine habitat (Asquith and
Melgar 1998, KNWR 2008).

The Hanalei River headwaters form on Mount Waialke' (1,569 m elevation)
and flow 25.2 km north to Hanalei Bay. The lowes km section of the Hanalei River
flows through Hanalei NWR where water is diverteddro lo‘i and managed wetlands.
Precipitation at Hanalei NWR varies between a nadft dry season (10.9 — 16.4 cm/mo
from May to October) and a wet season (17.3 — 28/no from November to April);
mean annual rainfall at Hanalei NWR is 208.8 cniN€DC 2012; Appendix A). In
addition, precipitation on Kaua'i varies signifi¢gnwith altitude and latitude, and
between Hanalei NWR and Mount Wai‘ale‘ale (1,010l precipitation increases by
over 50 cm/km (NCDC 2012). Temperatures at HariWR fluctuate very little
throughout the year. The mean high temperatu2é.3° C in February and 29.4° C in
August; the mean low February and August tempezatare 17.2° and 20.7° C,
respectively (NCDC 2012; Appendix B)
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Hanalei NWR was established in 1972 under the Egelad Species Act to aid
in the recovery of endangered Hawaiian waterbindsugh the preservation and
management of critical habitat. The refuge supgpiore endangered birds including the
Hawaiian Duck, Hawaiian CooE(lica alai), Hawaiian Common Moorhei&éllinula
chloropus sandvicensis), Hawaiian Black-necked StilH{mantopus mexicanus knudseni),
and Hawaiian Goos@(anta sandvicensis). The islands of Kaua'i and Ni‘ihau may
support approximately 90% of remaining non-hybrediz-dawaiian Ducks (Engilis and
Pratt 1993, Engilis et al. 2002), and Hanalei iselved to be the single most important
low elevation wetland site on those islands (Bab887, USFWS 2011).
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METHODS

BEHAVIORAL OBSERVATIONS

| selected a representative sample of managedmnistia = 6) and taro complexen €

6) from those in Hanalei NWR as focal areas folembing data on Hawaiian Duck
behavior (Fig. 2). Complete randomization of stedgs was not feasible due to refuge
regulations and potential disturbance to endangeegdrbirds. Of the 13 actively
managed wetland impoundments at Hanalei NWR, tgsdesix units based on the
criteria of maximizing visibility of wetland, minimring disturbance to endangered
waterbirds, and including a representative samplais in various management stages.
The area of managed wetland study units ranged &8® ha to 3.26 ha (Appendix C).
Of the 290 taro lo‘i on the refuge, | selected @8that were grouped into six complexes
of four to eight lo‘i each. The size of individdali ranged from 0.09 to 0.49 ha, and the
area of lo'i complexes ranged from 0.85 to 1.5%A@pendix C). These six complexes
were distributed across the refuge and includearity of taro stages. Additionally, |
selected units that represented a diversity offeming styles; sampling sites were
farmed by five of the nine taro leaseholders orréfiege.

Surveys were conducted from 3.0 m high tower blimdsom blinds located on
hillsides. | randomized the order that sites waséed on a weekly basis. For each
month, | stratified behavior surveys by time of gdadich was divided into four periods:
30 min before sunrise to late morning (early moghitate morning to midday (late
morning), midday to early evening (afternoon), aady evening to 30 min after sunset
(evening). To calculate duration of each periadivided the duration of daylight (i.e.,
30 min before sunrise to 30 min after sunset) iheofour sampling periods.

After arriving at survey sites, | scanned the syeea for 5-10 min and counted
the number of male and female Hawaiian Ducks i éebitat type. Habitat types were
broadly classified as managed wetland and tarahisWeach habitat type, | recorded if
individuals were in the unit or on a dike. Witharo, | categorized cover classes as taro,
wet or dry non-vegetated fallow, wet or dry fallewth predominantly non-taro emergent
vegetation, and harvested. To minimize the chahcecording observer-influenced

behavior, | waited at least 5 min after arrivingatvey sites before beginning behavior



surveys; however, in most (86.0%, 846 of 984) sys\this wait time was 10 min
(mean = 31.6 min, median = 21.8 min). | randonalested focal individuals for
behavioral sampling by counting the total numbéraivaiian Ducksif at the survey
site, obtaining a random numbegyffom columni of a random number chart, and
counting birds left to right until | reached tfi&individual. Focal observations were not
conducted on ducklings; however, females with bsomdre sampled. | assumed birds
selected for focal observation were different indiiials. It is possible that the same birds
were sampled on more than one occasion; howeweamn ghe relatively large number of
birds observed at Hanalei NWR (e.g., 323 + 23, thasediurnal surveys conducted
between March and August 2015 6; Malachowski and Dugger, unpubl. data) and our
use of randomization procedures, this was unlikelsignificantly affect results.

| used instantaneous focal sampling proceduresn@in 1974) to quantify the
time-activity budgets of Hawaiian Duck between $egter 2010 and August 2011. |
recorded the behavioral activity of focal individkat 10 sec sample intervals using a
digital voice-activated recorder and electroniceirtBaldassarre et al. 1988, Dugger and
Petrie 2000). | observed birds with a 20-60x spgtscope or 10x binoculars from
approximately 7-315 m away. Since the completeabieinal repertoire including
specific foraging, courtship, display, and socih@viors has not been fully described for
the Hawaiian Duck (Engilis et al. 2002), | invenéal the behavioral activities of
Hawaiian Duck prior to the main study period. Adxhal behaviors and descriptions
were added to the inventory as they occurred duhiadield season (Appendix D). Due
to the similar behavioral repertoire between thevaiean Duck and Mallard, | adopted
behavior terminology derived for Mallard (Lorenz519 Johnsgard 1960, Johnsgard
1965, McKinney 1965). | classified Hawaiian Dualavioral repertoire into 73 distinct
behavioral activities; however, for most analysegpuped behaviors into six general
behavioral categories: foraging, resting, mainteeatocomotion, alert, and social
(includes courtship, intraspecific agonistic int#i@ans, and interspecific agonistic
interactions). Instantaneous behaviors were retbed events and states, where events
were instantaneous occurrences of a behavior,tatesoccurred in a continuum

(Altmann 1974). For example, a bird that briefguged between dabbling bouts was in a



10

foraging state. Behavioral states and events w@reébined to determine the total
proportion of time for each behavior. Since maayrtship behaviors involved modified
maintenance movements, | differentiated betweesetheo states based on the
orientation and proximity of focal individuals terhales and males, the nature of
interactions among conspecifics, and the overaltexd of the situation (McKinney
1965). In situations where the function of thesevements was not apparent, behaviors
were classified under maintenance activities; harewost courtship behaviors were
clearly evident. All data were collected by ons@iver.

When focal birds moved out of sight, | recordedahetr as “out of view” until
the individual returned into view. No “out of viéwbservations were included in
analyses or used to calculate total survey tim¢helfocal individual remained out of
view, left the survey site, or switched habitataypand if a bird of similar sex, age, and
pair status was present in the same habitat typeawer class at the survey site, |
continued the observation session by watching lteenate bird (Losito et al. 1989);
otherwise, the session would end. To maximizerttiependence of behavioral
responses among focal samples, no more than owibedl observation session was
conducted per survey site per time period in argl@y, and most (94.0%, 925 of 984)
observation sessions at a given survey site w@arageed by 1 day. Observation
sessions lasting between 5-30 min (mean = 20.0 maaljan = 20.0 min) were used for
subsequent analyses because | did not want tsamples towards more sedentary
behaviors that may occur more frequently in lorggssions or more active behaviors
that may occur during shorter sessions. Furthezntbe differences in variance between
samples of varying duration were inconsistent, darsiges were large, and sample
durations were relatively evenly distributed amomgnths, time of day, and habitat
types.

During observation periods, | determined the sakage (juvenile or adult) of
each focal individual using plumage characterigttasgilis et al., unpubl. data). Since
birds in formative and first alternate plumage.(ifiest year birds) were not always
discernible from birds in definitive basic and aftgte plumage, they were grouped with

adults. Pair status of focal individuals was rdear at the end of each observation
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session. To avoid mistaking temporary associatiatis paired status, | classified birds
as paired only if they 1) exhibited synchronizetivéites (particularly, agonistic
behaviors), 2) maintained a close spatial relatigné@pproximately 3.0 m) during most
of the observation session, and 3) mutually avoatetireatened other Hawaiian Ducks
when nearby (Paulus 1983). | also recorded iflfoxhviduals associated with possible
Mallard-Hawaiian Duck hybrids on a sample intervilybrids were identified based on
plumage characteristics (Engilis et al., unpubiajia

Instantaneous climate variables were recordedhaihSntervals and then
averaged over the focal observation period. | mmeaswind velocity (km/hr) using a
handheld anemometer, and | estimated cloud coveafi precipitation intensity (0 =
none, 1 = light, 2 = moderate, and 3 = heavy). tlyrclimate variables (total rainfall
and mean temperature) were obtained from a USG&tdi station at Princeville Ranch,
approximately one km north of Hanalei NWR (NCDC 2D1In addition, anthropogenic
disturbances to focal individuals were recorded.

To test the hypothesis that birds allocate activitglgets differently during
various life history events, | defined two seasersood rearing (December-May) and
pair formation (November-March). While Hawaiiandkumay breed throughout the
year on Kaua'i, Swedberg (1967) observed 72% obdisdetween December and May
(n=64). Similarly, the extrapolated hatch dat&b¥% of unique broods detected on
Kaua'i during my study period was between Decenalner May 6 = 72; Appendix E).
Pair formation may also occur throughout the ybawever, most observations suggest a
peak in pair formation between November and Mag&hkegdberg 1967, Engilis et al.
2002).

MANAGED WETLAND SAMPLING

| used quadrat sampling procedures to charactkab#at features within each of the six
managed wetland units selected for behavioral Sagpt Hanalei NWR. Thirty
sampling points were randomly selected for eachagaa wetland. For the three small,
adjacent rice mill units, | randomly selected tample points per unit. To select

sampling points within each site, | recorded therpeter of the sampling site using a



12

handheld Global Positioning System (GPS) unit, irtgmbthe location data into a
Geographical Information System (GIS; ESRI ArcG&sion 9.3, 2008), and used the
“Create Random Points” tool in the “Data Managemiesls” toolbox.” | uploaded the
resultant sampling points into a GPS unit thatddu® locate each point (accuracy.0
m). | marked sampling points with a pin flag.héh used a random number generator to
select the angle at which each 1.0 x 0.5 m quadxatpositioned on the sampling point.
At each sampling point | measured water deptheamergent vegetation height at
the pin flag. Within each quadrat, | visually esdted total vegetation cover, vegetation
cover by species, and percentage of sub-canopywatem, and | measured maximum
vegetation height. | sampled wetlands in Septer@b&0 and every other month
between October 2010 and August 2011. During saoipling session, | returned to the
same sampling point locations and used the sang®mnay selected bearings to orient the
qguadrat. If I could not relocate pin flags (4.0%samples), | used a GPS unit to relocate
and remark the sampling point (accuracy m). | summarized monthly sampling data
within each wetland sampling site by calculating theans of each wetland habitat

variable.

STATISTICAL ANALYSES

Activity data were converted to proportions of tieregaged in each behavior during each
focal observation session (Baldassarre et al. 1988(it transformations were applied to
proportions before analyses to improve homogerditsariances and meet the
assumption of normality (Ramsey and Schafer 2008%ed individual focal observation
sessions as the sample unit to determine thear$dtip between dependent variables
(proportion of time engaged in each behaviorak¥tand explanatory variables (e.g.,
habitat type, time of day, sex, pair status, andtimo Since individual behaviors in a
focal observation sample were not independent {he.proportion of time spent in one
behavioral activity affects the proportion of tisigent in other activities), factorial
multivariate analysis of variance (MANOVA) using M&’ lambda test criterion was
used to simultaneously evaluate the effects ofamgibry variables on time-activity
budgets (Ramsey and Schafer 2002).
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If MANOVA indicated significant effects of explaraty variablesP < 0.05),
univariate analysis of variance (ANOVA) was usedutdher examine the effects on
separate behaviors after controlling for all otkseplanatory variables. To assess the
effect of pair status on activity budgets, focahpées conducted on birds with
undetermined pair status, juvenile birds, and fesalith broods were removed from
analysis. If logit transformations failed to nodima the data and satisfy the equal
variance assumption, | used the Kruskal-Wallis tesiompare the untransformed
proportion of time engaged in the activity betweaplanatory variables (Ramsey and
Schafer 2002). The Kruskal-Wallis test was alsadue evaluate the effects of
explanatory variables on specific foraging and adaehaviors (i.e., courtship and
display, intra-specific agonistic activities, amtier-specific agonistic activities).

| used Spearman correlation analysis to examineglaéonship between
behavioral activities and managed wetland habaagbles and climate variables. | used
Fisher's exact test (Ramsey and Schafer 2002)ssasf the proportion of focal samples
involving anthropogenic disturbances differed betwenanaged wetland and taro
regions. To determine the relative frequency a@uoence of each behavior within a
behavior category, | divided the mean proportiotirae engaged in the behavior (e.qg.,
dabbling) by the mean proportion of time engagetthébehavior category (e.qg.,
foraging).

For parametric and non-parametric procedures,usaeliP-values for each
family of a-priori comparison tests using the Bemjai-Hochberg method to control the
false discovery rate at 5% (Benjamini and Hochld&€@b5). All time-activity budget

values are reported as untransformed means + sthadar (SE).
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RESULTS

Between September 2010 and August 2011, | collec@s focal samples on Hawaiian
Duck totaling 369.4 hours. From this dataset, fa®4l samples from 224 females and
760 males totaling 328.8 hours met the criteridliese data analyses (Table 1). The
population of Hawaiian Duck at Hanalei NWR was bthtowards males, and the
proportion of females in the population ranged fi8®%o in September 2010 to 22% in
February 2011 (monthly mean = 29.0 = 1.29%, 3089 birds). The mean percentage of
paired females was highest between November andige., peak pair-formation
months), when 80.3 + 6.5% of focal adult femalesenmaired (Fig. 3). The percentage
of paired, adult females dropped to 59.3 + 6.9%duthe remainder of the year. The
proportion of paired, adult males peaked in Septr{d6.7%) and October (72.7%) and
declined to 15.7 £ 1.8% during the remainder ofytbar.

Hawaiian Ducks were most frequently observed siongly pairs; however, small
groups of three to ten birds, particularly bachetales, were common throughout the
year. While uncommon, larger concentrations (3ntlviduals per complex) were more
frequently observed between June and Septembebthanmonths. The largest flock of
Hawaiian Ducks observed in any single managed nettlmit was 124 birds (in unit
DU2) during July 2011. Although not occurring duia count survey, the largest flock
of Hawaiian Ducks observed during the field seasaa 271 ducks (also in DU2 in July),
and the largest flock counted in a taro lo‘i wa® birds in a single non-vegetated wet
fallow in May 2011. These larger concentrationslafvaiian Ducks were observed
during evenings.

Focal Hawaiian Ducks were observed near possilalkakdi-Hawaiian Duck
hybrids in 1.9%1( = 19) of observation sessions. Possible male tglassociated with
Hawaiian Ducks, joined courting groups, and dispthio Hawaiian Duck females.
Differences in display behaviors between hybrids ldawaiian Ducks were not
qualitatively noticeable. Female Hawaiian Duckseygaired with possible hybrid
Mallard-Hawaiian Ducks in 1.3%n & 3) of observation sessions in which the female wa

the focal individual.
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HAWAIIAN DUCK BEHAVIORAL REPERTOIRE

| documented 73 specific Hawaiian Duck behaviorsight broad behavior categories
including foraging, maintenance, resting, locomotialert, courtship, and intra- and
interspecific agonistic interactions (Appendix D).

Foraging behaviors

Hawaiian Ducks were observed using ten foragingbieins. Head-dipping, dabbling,
and probing were the most common foraging tactics@nstituted 51.0%, 30.9%, and
8.1% of time spent foraging pooled among all halypes (Table 2). Birds were
observed dabbling seeds (elgugdwigia octovalvis, Cyperus spp.), filamentous green
algae (Chlorophyceae), duckweddrina aequinoctialis), and large mosquito fern
(Azolla filiculoides) from the water surface. Nibbling the seeds, ésaand
inflorescences of vegetation accounted for 2.7%0@ging time and included
L.octovalvis, Cyperus spp.,Fimbristylislittoralis, Fimbristylis dichotoma,

Schoenopl ectus juncoides, Echinochloa crus-galli, Paspalum spp., and othersA

relatively common form of this foraging behaviovaived stripping or breaking the seed
pods ofL. octovalvis and dabbling the released seeds off the surfatteeafiater column.
Hawaiian Ducks also accessed the seed headsexfGgfierus spp. by walking or
swimming over the base of the plant, bending tleel $ead into the water, and then
nibbling and dabbling the seeds from the waterasexf Birds probed in mud and matted
vegetation, particularfy. littoralis, to access seeds and invertebrates, such as snails
(Gastropoda) and worms (Oligochaeta). Diving waseoved infrequently and never

occurred during a focal observation session.

Maintenance, resting, locomotion, and alert behaviors

| recorded 16 maintenance behaviors of the Hawdiack, but preening was most
common, accounting for 90.1% of maintenance timagp@adix F). Locomotor
behaviors involved swimming, walking/running, ahdrfg (not associated with
courtship or agonistic interactions), which comgai§6.8%, 18.5%, and 4.7% of

locomotion time, respectively (Appendix F). Timeest flying was considered an
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underestimation, because flying behavior was nairged once birds exited the
observation area. Resting behaviors includedngadind sleeping with head tucked back
or bill drawn in close to chest. Resting behavisese not differentiated, except for
brooding which accounted for 0.4% of resting bebavAlert behavior among Hawaiian
Ducks typically involved maintaining an uprighteet posture and extending the neck
while motionless or scanning (94.2%). Vocalizihgad-pumping, sky-looking, flushing,
and bill-flicking each accounted for less than 2.8time spent in alert behavior. Birds
infrequently escaped disturbances by swimminghesaw the water surface (i.e.,

submerged swimming), but this behavior did not o@ua focal sample interval.

Courtship behaviors and pair formation
| documented 20 distinct courtship behaviors (AgipeD). Courtship displays among
male Hawaiian Ducks most frequently involved vasiehakes, including head-shaking,
tail-wagging, body-shaking, and wing-flapping, whaccounted for 24.6%, 14.7%,
6.5%, and 4.5% of courtship observations, respelgtivGrunt-whistles, head-up-tail-up,
and down-up displays combined for 22.2% of malatsbip behavior, while nod-
swimming accounted for 10.1%. Head-up-tail-up Gigp were frequently followed by
nod-swimming; however, the nod-swimming displayastonally followed the grunt-
whistle and down-up displays or occurred indepehdeany precursor display. Dash-
and-dive and jump-flight displays were usually,ugb not exclusively, performed by
males. Primary display behaviors of females inetliohciting and nod-swimming. Both
sexes partook in nuptial flights, which accountedd#.3% and 22.9% of male and female
courtship behavior, respectively; however, thisdasidered an underestimation since
this behavior was not recorded after birds flewafutiew or exited the study area.

| withessed 20 copulation events, and seven ogthesnts occurred during focal
sampling. Copulation usually occurred in water(18); however, two forced copulation
events occurred on dikes or matted vegetation.icailg, copulation was immediately
preceded by shallow pre-copulatory head-pumpingp filke male as the female
performed nod-swimming and/or assumed the pre-at@uy prone position (i.e.,

partially submerged with flattened body and nederaed). Post-copulatory behavior
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often involved vigorous preening and bathing, nalvaming, wing-flapping, various

shakes, bridling, dash-and-dive displays, turnimgiack-of-the-head, and/or leading.

Agonistic interactions
Intraspecific agonistic behaviors among Hawaiiarclomvolved threats and aggression
(44.7%), receiving aggression and submission (29.8%e mate-guarding (25.4%).
Threats and aggressive behavior included bill-ftigk bill-jabbing, bill-pointing, bill-
threatening, chasing, feather-pulling, forced capah, inciting, pecking, pursuit flights,
vocalizing, and wing-flapping. Paired females iedimates to attack selected
individuals; however, unpaired and paired femalss performed inciting displays,
presumably to express agitation towards nearbysndbaired males vigilantly and
persistently guarded mates by maintaining an plesture and positioning themselves
between their mate and other males. Paired miesraate-guarded by escorting other
males away from females. These guarding behauites escalated into more
aggressive threats and chases. Gestures of @pwsre occasionally performed by
harassed or brood-tending females towards intruchalgs, and males occasionally
attempted forced copulation with females; howetleyse behaviors were not detected on
a focal sample interval. Hawaiian Ducks also eedag agonistic behavior with
possible Mallard-Hawaiian Duck hybrids in eight ebh&tion sessions.

Interactions between Hawaiian Duck and Hawaiian @om Moorhen, Hawaiian
Coot, Hawaiian Black-necked Stilt, and Hawaiian &oaccounted for 49.5%, 25.2%,
14.0%, and 7.0% of interspecific agonistic activigspectively (Appendix G).
Agonistic interactions occurred less frequentlylm@ommon MynaAcridotheres
tristis), Cattle EgretBubulcusibis), migratory Lesser Scaupythya affinis), Pacific
Golden PloverPRluvialis fulva), and Nutmeg MannakirLonchura punctulata). Overall,
90.1% of interspecific interactions involved aggies towards or submission by
Hawaiian Ducks. While migratory Anatids (AppendHi), including several species of
Anatini (e.g., Northern Pintailnas acuta], Northern Shoveler4nas clypeata],
American WigeonAnas americanal], Green-winged Tealjnas crecca], Mallard),

occurred at Hanalei NWR during the sampling perflmtks and individuals generally
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remained separated from Hawaiian Duck and interastwere rare (< 1% of

interspecific agonistic activity).

TIME-ACTIVITY BUDGETS

Effects of habitat type and wetland characteristics

After accounting for sex, pair status, month, anetof day, behavioral activities of
Hawaiian Ducks differed between managed wetlandsdao habitats (MANOVA,;
Wilks’ A = 0.84,F¢ 960= 30.3,P < 0.001). The effect of habitat type was sigmifitfor
all behavioral categories except alert behaviobl@&). In managed wetlands, the
activity budgets of Hawaiian Ducks were relativelsenly distributed between
maintenance, resting, locomotion, and foragingnv@osely, birds used taro
predominantly for resting (44.3%), maintenance 32d), and foraging (15.0%). Within
taro the behavioral activities of Hawaiian DuckB8eted significantly between birds in
lo'i and on dikes (MANOVA; Wilks'A = 0.35,Fg 46s= 142.8,P < 0.001; Appendix I).
Hawaiian Ducks utilized taro lo‘i dikes for restif§0.0%) and maintenance activities
(21.1%), whereas birds entered lo‘i primarily todige (44.8%).

Hawaiian Ducks spent a slightly greater proportbtime foraging when using
taro than when using managed wetlands. Amongctaver classes (excluding samples
on dikes), birds spent the greatest percentageneffbraging in harvested lo‘i (62.8%)
and the least in non-vegetated dry fallow (22.6%p@&ndix J). In managed wetlands,
foraging behavior was negatively correlated witrememergent vegetation height and
mean water depth (Table 4). Hawaiian Ducks foragiigghtly more with increasing
cover ofCyperus spp. and-. littoralis and with decreasing cover Of mutica andL.
octovalvis. The primary foraging tactics used by HawaiiarcBwere head-dipping and
dabbling; however, birds allocated foraging tactiferently between managed wetlands
and taro (MANOVA,; Wilks'A = 0.97,F10,9s6= 3.15,P < 0.001; Table 2). Probing in
mud and matted vegetation constituted a largerqgtimm of foraging behavior within
managed wetlands (13.9%) than taro (3.8%), whdneds spent more foraging time
head-dipping in taro (56.1%) than in managed wetgd4.1%).
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Hawaiian Ducks allocated more time to resting whging taro (44.3%)
compared to managed wetlands (26.8%), and witha tards rested significantly more
on dikes (60.0 + 1.6%) than in lo‘i (12.7 £ 1.9%NAVA, F; 473= 361.7,P < 0.001). In
managed wetlands, birds allotted more time to reaemice (28.3% vs. 21.3%) and
locomotion (22.0% vs. 7.5%) than in taro. Humaliatesl disturbance was similar among
managed wetlands (10.4%) and taro (14.0%; Fisleadst testP = 0.097; Appendix K).
The proportion of time engaged in social behavioyrbirds was generally low,
but higher in managed wetlands (1.3%) than in (&r8%%). More specifically, courtship
occurred significantly more frequently in managestlands (0.5 £ 0.1%) than in taro (<
0.1%; Kruskal-WallisH; = 26.8,P < 0.001), and copulation, which occurred in 1.4% o

observation sessions in managed wetlands, didawotran any samples in taro.

Daily and seasonal variation in behavior

Time activity budgets varied significantly acrosse of day (MANOVA; Wilks’'A =
0.89,F1527157¢ 6.4,P < 0.001). The effect of time of day was signifitéor foraging
(Kruskal-Wallis,Hs = 34.8,P < 0.001), resting (ANOVAF3 g65= 16.3,P < 0.001), alert
(ANOVA, F3965= 9.8,P < 0.001), locomotion (ANOVAF; g65= 8.8,P < 0.001), and
maintenance (ANOVAF3 ¢65= 5.9,P < 0.001) behaviors, but not for social behaviors
(Kruskal-Wallis,Hs; = 7.53,P = 0.057). Across all habitat types, birds alldtteore time
to active behaviors, such as foraging, locomotamd alert behavior, and less time to
resting during early morning and evening than dufate morning and afternoon (Table
5).

The activity budgets of Hawaiian Duck also variednthly (MANOVA, Wilk's A
= 0.89,Fe6 51425 1.70,P < 0.001; Appendix M). Overall, the proportiontwhe
engaged in alert behavior (ANOVA;1 965= 3.57,P < 0.001) and interspecific
interactions (Kruskal-Wallig;; = 26.8,P = 0.005) differed significantly by month.
Agonistic interactions between Hawaiian Duck anaviizgan Black-necked Stilt
occurred most frequently between April and Julyuskal-Wallis,H; = 10.0,P = 0.002),
while interactions with Hawaiian Common Moorhen ({gkal-Wallis,H;; = 18.85,P =
0.06) and Hawaiian Coot (Kruskal-Wallld;; = 18.40,P = 0.07) varied only marginally
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by month (Appendix N). The effects of rainfallemsity, cloud cover, wind speed, and
monthly rainfall on the proportion of time birdsesp in foraging, resting, social and alert
behaviors were not significant.

On a seasonal basis, Hawaiian Duck slightly reatled behavioral activities
during months associated with peak pair formatian, (November through March;
(MANOVA, Wilk’'s A =0.97,Fg970= 4.73,P < 0.001). The mean proportion of time that
males spent courting (1.1 = 0.3% vs. 0.3 = 0.1%dKal-Wallis,H; = 6.92,P = 0.009;

Fig. 4) and mate-guarding (0.5 + 0.4% vs. < 0.1%ydKal-Wallis,H; = 9.83,P = 0.002)

in managed wetlands was significantly higher betwdevember and March than other
months. Birds also engaged in slightly more deftavior (12.7 + 0.7% vs. 9.9 + 0.5%,;
ANOVA, F1975=29.17,P < 0.001) and less foraging (11.6 £+ 1.3% vs. 14101#%;
Kruskal-Wallis,H; = 4.27,P = 0.039) during peak pair formation months; howetle
differences were subtle. The activity budgets afdiian Ducks varied only marginally
with peak brood rearing season (i.e., Decembeutirdvay; MANOVA, Wilk's A =
0.99,F6970= 1.79,P = 0.098). Among females, brooding only occurmed.3% (3 of
224) of observation sessions, all of which occutretiveen November and March.
While the proportion of time allocated to foragidig not depend on seasonal periods
related to brood rearing, birds exhibited seasshdis in relative use of various foraging
tactics. For example, probing constituted 22.4%0cdging activity during July and
August, and only 3.8% of foraging activity durirgetremainder of the year.

Effects of sex and pair status

The behavioral activities of Hawaiian Duck differddyhtly between sexes
(MANOVA, Wilks’ A = 0.96,Fs gs0= 6.06,P < 0.001; Table 6). The proportion of time
spent foraging was significantly higher in femal&8.5%) than in males (11.8%), and
these sex-specific differences in foraging timeewmost evident between October and
April (Kruskal-Wallis,H; = 13.08,P < 0.001) when females and males allocated 19.2 +
2.9% and 9.4 = 1.0% of time to foraging, respegyiFig. 5). During the remainder of
the year, females and males spent similar propwtid time foraging (15.8 £ 2.7% vs.
14.8 £ 1.5%, respectively; Kruskal-Wallid; = 0.27,P = 0.604). However, while
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percentage of time spent foraging differed amongthmfor males (Kruskal-Walli$];,
=21.2,P=0.031), it did not differ for females (Kruskal-Ws, H;; = 5.2,P = 0.921).

Overall, males spent a greater proportion of timgaged in alert and locomotor
activities than females. Furthermore, males atextanore time to social activities,
particularly courtship (Kruskal-Walli$]; = 4.89,P = 0.027) and intraspecific agonistic
interactions (Kruskal-Walligi; = 6.97,P = 0.008). The relative frequency of foraging
behaviors used by male and female Hawaiian Duclsssivailar (MANOVA, Wilks’' A =
0.99,F10,956= 1.07,P = 0.382).

Pair status also affected the behavioral pattefrirgawaiian Ducks (MANOVA,
Wilks’ A = 0.94,F¢ 632= 6.69,P < 0.001), but the nature of those differences deéeé on
habitat (MANOVA, Wilks’A = 0.97,F¢ 9s2= 3.68,P = 0.001; Table 7). When using taro,
paired birds foraged more (27.1% vs. 13.0%) angtddess (35.3% vs. 47.4%) than
unpaired birds; time spent in these behaviors wiendar for paired and unpaired birds
using managed wetlands. Overall, paired birds wagaged in more social behavior
(1.8%) than unpaired birds (0.7%), allocating ntoree to aggressive behavior towards
conspecifics (Kruskal-Walligl; = 18.63,P < 0.001), mate-guarding (Kruskal-Wallld;
= 25.50,P < 0.001), and courtship (Kruskal-Wallld; = 5.89,P = 0.020).



100.0

90.0
80.0
70.0 a —
. g
2 60.0
: [\
€ 50.0
g / \ Female
& 40.0 ——Male

30.0 7

20.0 J \Y/
. /\\\//

0.0 . l . . .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Figure 3. Monthly variation in the percentage aired male and female Hawaiian Ducksnfie = 557;N temaie = 149) between
September 2010 and August 2011 at Hanalei NatMfildlife Refuge, Kaua'i.

ec



2.50

g
o
S

H

al

o
—y
—

® Managed wetland

Taro lo'i

=
o
S

Percentage of time spent courting

0.50

iiiiia

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 4. Monthly variation in the percent timie{ SE) male Hawaiian Ducks allocated to courtshipvaies in managed
wetlands K = 388 observation sessions) and taro lo¥(372) at Hanalei National Wildlife Refuge, Kauttm September 2010
to August 2011.

44



N
ol

N
o

w
(3]

w
o

N
(&)

" Female
E Male

Percentage of time spent foraging

10 -

Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec
Month

Figure 5. Monthly variation in the percent timiey SE) male if = 760 observation sessions) and female 224) Hawaiian
Ducks spent foraging at Hanalei National WildlifefRge, Kaua'i from September 2010 to August 2011.

T4



Table 1. Abundance and distribution of diurnaldegbral observation sessions
conducted on male and female Hawaiian Ducks in gehavetlands and taro lo‘i at

26

Hanalei National Wildlife Refuge, Kaua'i betweenp8amber 2010 and August 2011.

Number of observation sessions

Time of day Sex Managed wetland  Taro lo‘i Total
Early morning Male 92 99 191
Female 30 24 54
n 122 123 245
Late morning Male 93 94 187
Female 20 25 45
n 113 119 232
Afternoon Male 100 89 189
Female 22 32 54
n 122 121 243
Evening Male 103 90 193
Female 32 39 71
n 135 129 264
Grand total 492 492 984
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Table 2. Relative frequency of occurrence (%)oo&ging behaviors exhibited by
Hawaiian Ducks using managed wetlanals 208 observation sessions; 18.3 hr) and
taro lo‘i (n = 151; 24.6 hr) at Hanalei National Wildlife Refydfaua‘i from September
2010 to August 2011. Behaviors occurring less th@fo of the time were listed as trace

(tr).

Relative frequency of occurrence (%) of foraginbdgors

Foraging behavior Managed wetlands Taro lofi Overall

Dabble 29.5 32.0 30.9

Head-dip 44.1 56.1 51.0

Up-end 2.7 tr 1.3

Probe 13.9 3.8 8.1

Nibble vegetation 4.3 1.4 2.7
Peck tr tr tr
Snatch/snap tr -- tr
Manipulate food tr tr tr

Search 3.9 45 4.2
Other tr tr tr




28

Table 3. Comparisons of the percent time: (SE) that Hawaiian Ducks spent in six
behavioral categories in managed wetlamds 492 observation sessions) and taro Io'i (
= 492) at Hanalei National Wildlife Refuge, Kaultbm September 2010 to August

2011.

Percent time spent per behavior

Behavior Managed wetland ~ Taro lo'i Test statisttued®  P-value
Forage 11.1+1.0 15.0+1.3 4,59V 0.032

Rest 26.8+x1.4 443 +1.6 56.50 <0.001
Maintenance 28.3+1.2 21.3+1.0 21.25 <0.001
Locomotion 220+1.1 7.5+04 148.90 <0.001
Alert 10.6 £ 0.6 11.4+0.6 0.74 0.388
Social 1.3+0.2 05+0.1 11.88"Y  <0.001

@Test statistics aré-values from separate ANOVAs after accounting ¢, air status,
time of day, and month unless otherwise indicdt#dKruskal-WallisH-values.



Table 4. Correlations between foraging behavibtdawaiian Ducks and habitat characteristics in agaa wetlands at Hanalei
National Wildlife Refuge, Kaua'i between Septempei0 and August 201h € 452 observation sessions).

Spearman correlation coefficients (

Habitat variable Forage Dabble Head-dip Nibble feien  Probe
Emergent vegetation height-0.22" -0.15" -0.15" -0.07 -0.21"
Water depth -0.12 -0.06 -0.03 0.01 011
Total vegetation cover 0.05 0.04 -0.09 0.07 0.14
Cover by select species:
Cyperusspp. 0.18" 0.11 0.04 0.11° 0.16
Fimbristylismiliacea  0.17" 0.15" 0.02 0.14 0.16"
Ludwigia octovalvis  -0.23" -0.17 -0.14 -0.06 -0.18
Urochloa mutica -0.15 -0.12 -0.15" -0.04 -0.05
Echinochloa crus-galli ~ 0.07 0.03 0.02 0.15 -0.02
Paspalumurvillei  0.02 -0.01 0.09 0.08 -0.76

Significance of Spearman correlation analyses ®éhjamini-Hochberg correction are indicated by ssgepts;” P <0.001,”
0.001<P<0.01, 0.01<P<0.05, 0.0xxP<0.10.
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Table 5. Diurnal variation in time-activity budgdt + SE) of Hawaiian Ducks using managed wetlamds 492 observation
sessions) and taro lonE 492) at Hanalei National Wildlife Refuge, Kaultbm September 2010 through August 2011.

Percent time spent per behavior

Test
Early Late statistic

Habitat Behavior morning morning Afternoon Evening valué' P-value

Managed wetland Forage 19.0+2.4°° 73+17 ~® 64+15~° 11.4+19~<® 2935V <0.001
Rest 14.8 +2.00CP 345+3.3 A 30.6+3.00 27.8+2.6" 8.03 <0.001
Maintenance 26.8 + 2.1 33.2+2.8P 31.3+2.38 22.8+2.08 3.39 0.018
Locomotion 25.2+2.08¢ 17.5+22 AP 20.2+23AP 243+20°B° 6.31 <0.001
Alert 12.4 +1.38° 7.0+08 AP  99+13A° 124+1.08° 8.05 <0.001
Social 1.7 +0.48 0.5+0.1 ~Ac® 16+0.6" 1.2 +0.3®8 10.91"  0.012
n 122 113 122 135

Taro lo‘i Forage 18.0+2.8 75+19 AP 135+26® 205+28®@ 1481 0.002
Rest 32.4+3.00¢® 539+30 A% 50.9+32A° 40.6+3.28<® 10.16 <0.001
Maintenance 27.0 £+ 2.2>© 216+2.1 18.9+2.1» 17.8+1.94 4.40 0.005
Locomotion 9.0 + 1.0® 56+0.8 AD  6.6+0.8 8.5+0.9® 2.90 0.035
Alert 129+13©  11.0+1.4 9.6+1.00? 11.9+1.1© 2.72 0.044
Social 0.5+0.2 0.4+0.1 05+0.1 0.6+0.1 1.08""  0.783
n 123 119 121 129

2Test statistics are-values from separate ANOVAs after accounting for, pair status, and month unless otherwise ineticat’
Kruskal-WallisH-values. Multiple comparison tests with a Benjariiochberg correction indicate significant diffeoes P <
0.05) between time periods with superscripts (Aaryemorning, B = late morning, C= midday, and Bwening); superscripts in

parentheses represent marginally significant difiees (0.05 P < 0.10).

01
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Table 6. Sex-specific differences in time-actintydgets £ + SE) of Hawaiian Ducksn(
male= 760 observation sessiomszmae= 224) in two primary habitat types at Hanalei
National Wildlife Refuge, Kaua'i from September 20tb August 2011.

Percent time spent per behavior

Test statistic

Habitat  Behavior Male Female valu¢ P-value
Managed Forage 10.3+1.1 142 +2.5 259  0.108
wetland Rest 25.0+£1.6 33.7+3.2 5.18 0.023

Maintenance 28.4+1.4 27926 0.16 0.688
Locomotion 24.1+1.3 140+ 1.6 8.46 0.004
Alert 10.8 +0.7 95+1.2 1.08 0.299
Social 1.5+0.2 0.5+0.1 3.8 0051
n 388 104

Taro lo'i Forage 13.3+1.4 20.4+3.1 288  0.105
Rest 455+1.8 40.6 £+3.4 <0.01 0.979
Maintenance 20.4+1.1 24.1+2.6 3.84 0.051
Locomotion 7.7x05 6.7x0.8 4.47 0.035
Alert 125+0.7 7.9+0.8 10.93 0.001
Social 0.6+0.1 0.3+0.1 2.3 0.126
n 372 120

Overall  Forage 11.8+0.9 175+£2.0 4'¥9 0.026
Rest 35.0+1.2 374+24 1.93 0.165
Maintenance 24.4+0.9 259+1.8 1.92 0.166
Locomotion 16.1+£0.8 10.1+0.9 11.58 <0.001
Alert 11.7+0.5 8.6 +0.7 9.28 0.002
Social 1.0+0.1 0.4+0.1 6.57  0.010
n 760 224

& Test statistics aré-values from separate ANOVAs after accounting iimetof day,
month, and pair status unless otherwise indic&t®&d¢ruskal-WallisH-values.
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Table 7. Comparison of activity budgeitst{ SE) between paireah & 193 observation
sessions) and unpaired £ 513) Hawaiian Ducks using managed wetlands aiodda
at Hanalei National Wildlife Refuge, Kaua'i from@ember 2010 to August 2011.

Percent time spent per behavior

Test statistic

Habitat  Behavior Paired Unpaired valué' P-value
Managed Forage 146 +2.4 11.0 1.3 167 0.301
wetland Rest 27.8+3.2 240+£1.8 0.75 0.388

Maintenance 26.3+2.4 28.6 +1.7 0.65 0.421
Locomotion 17.0x+1.8 24515 3.00 0.084
Alert 11.8+1.2 10.8+0.8 0.27 0.601
Social 2.6 +0.7 1.1+0.2 3.5¥  0.059
n 105 260

Taro lo'i Forage 27.1+3.8 13.0+1.7 1398 < 0.001
Rest 35.3+3.9 474 +£2.2 9.47 0.002
Maintenance 18.9+2.4 21.4+1.4 3.08 0.080
Locomotion 83x11 6.9+0.6 6.18 0.013
Alert 96+14 11.1+0.8 0.99 0.321
Social 0.9+0.2 0.3+0.05 5.8  0.016
n 88 253

Overall  Forage 20.3+2.2 120+1.1 1199 < 0.001
Rest 31.2+25 35,5+15 2.88 0.090
Maintenance 22.9+1.7 250+1.1 4.38 0.037
Locomotion 13.1+1.2 15.8+0.9 0.10 0.749
Alert 10.8 +£0.9 10.9+0.6 1.22 0.270
Social 1.8+ 0.4 0.7+0.1 9.4  0.002
n 193 513

& Test statistics are-values from separate ANOVAs after accounting iimetof day,
month, and sex unless otherwise indicaf®dKruskal-WallisH-values.
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DISCUSSION

THE BEHAVIORAL REPERTOIRE AND SOCIAL INTERACTIONS BHAWAIIAN
DUCK

While previous observations have partially desctibecial behaviors of Hawaiian Duck
(Johnsgard 1965, Weller 1980, Engilis et al. 20€#}, study provides a more complete
account of Hawaiian Duck behavioral repertoire snthe first to quantify their specific
behavioral activities. Similar to other insulandemic dabbling ducks of the Pacific, the
phylogeny of the Hawaiian Duck has been variabtedebatable (Lack 1970, Weller
1980, Livezey 1991, 1993, Browne et al. 1993, Rhy2@91); however, there is general
agreement that Hawaiian Duck is a close relatihefLaysan DuckAnas laysanensis),
Mallard and North American allies within the Matliacomplex that includes the Mottled
Duck (A. fulvigula) and Mexican DuckA. platyrhynchos diazi; Browne et al. 1993,
Rhymer 2001). Thus, this group Afias species serves as the best direct comparison
with Hawaiian Duck. Consistent with our predictiove found that the behavioral
repertoire of the Hawaiian Duck was similar to tbathe well-described Mallard
(Lorenz 1951, Johnsgard 1965, McKinney 1965, Jadumas$975, Drilling et al. 2002).
Unlike the Laysan Duck that exhibits novel ternestioraging behaviors (e.qg.,
Brine fly [Scatella sexnotata] chasing, “dive-bomb” fly-catching) to exploit ssmally
abundant food sources (Warner 1963, Reynolds 2@@2}lawaiian Duck did not
display any unique foraging behaviors, and obsematat Hanalei NWR indicate that
the Hawaiian Duck uses the same repertoire of fiogaigctics as those described for the
Mallard and Mottled Duck (Goodman and Fisher 19&hnsgard 1965, Kear and
Johnsgard 1968, Paulus 1984b, Stutzenbaker 198Bndet al. 2002). While both the
Hawaiian Duck and Laysan Duck have developed cleaphological differences with
Mallard (e.qg., body size, pelvic dimensions, pluetdgvezey 1993, Engilis et al. 2002),
these changes have not accompanied a discernibtatadn of the fundamental foraging
behaviors of Hawaiian Duck. Livezey (1993) promb#®at the comparatively long
tarsometatarsus and middle toe and short tibiosastiawaiian Duck developed in
response to terrestrial foraging activities, asé¢hgelvic dimensions may improve
terrestrial locomotion at the expense of aquatipplsive power; however, birds at

Hanalei NWR exhibited relatively little terrestri@raging (e.g., <1% of time when on
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taro dikes) and fed primarily by head-dipping aatbliling in shallow water. If
terrestrial foraging is common in Hawaiian Duckpdturs at night or in habitats other
than lowland wetlands.

While Hawaiian Duck exhibited similar maintenanoel aesting behaviors to
Mallard, Mottled Duck, and Laysan Duck, their locaor and alert behaviors,
particularly response to potential predators, apggeenore similar to Mallard than
Laysan Duck (McKinney 1965, Johnsgard 1960, Pal@@tb, Marshall 1989, Reynolds
2002). The Laysan Duck and, until approximateB00,years ago, the Hawaiian Duck
evolved with avian predators rather than mammairaadators (Olson and James 1982,
1991; Burney et al. 2001); however, the Hawaiiacireadily takes flight when
disturbed or startled, whereas the Laysan Duclkdfeezes to avoid detection (Marshall
1989, Reynolds 2002). The wing dimensions andhaasierni, which is generally
proportional to size of breast muscles, of botls¢hi@sular species have undergone
reduction compared to Mallard; although, the reiducis more pronounced in Laysan
Duck (Livezey 1993). These crucial disparitiepatential flight ability and behavioral
response to predators and disturbance may partiafilain why the Hawaiian Duck
persisted in the main Hawaiian Islands followindyResian contact and introduction of
mammalian predators, whereas the Laysan Duck desepg.

The courtship behaviors of Hawaiian Duck were kinto those reported for
Mallard, Mottled Duck, and Laysan Duck; howeveg torm and linkage of these
courtship displays slightly differed (Lorenz 199bhnsgard 1960, Johnsgard 1965,
Weller 1980, Paulus 1988c, Moulton and Weller 198Pypical ofAnas, Hawaiian Duck
courtship activity was generally initiated by aissrof introductory displays (e.g., head-
shaking, head-flicking, body-shaking) by malesmBgkes occasionally performed the
nod-swimming display to elicit courtship displaysrh males. Introductory displays and
female nod-swims were generally followed by thengnwhistle, the head-up-tail-up
display, and/or the down-up display by males. otuer of these three displays was
variable; however, the grunt-whistle occurred nfesjuently. Weidman (1956)
suggested that the grunt-whistle, head-up-tailamol, down-up in Mallards represented

different intensities of courtship behavior, wh#re grunt-whistle was performed during
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low intensity situations, and the head-up-tail-ng down-up were performed during
high intensity situations. Likewise, Johnsgardg@Pfound that the grunt-whistle was
performed more frequently during the early painfation period of Mallards, whereas
the down-up occurred more frequently during peakfpamation months. Similar to
Mallard and Mottled Duck (Johnsgard 1965, Paul4ay, the head-up-tail-up display
of Hawaiian Duck was often linked with nod-swimmingowever, unlike the Mallard
and Mottled Duck, Hawaiian Duck males performecepehdent nod-swimming
displays, supporting observations made by Johngg@&b). Also confirming
observations of Johnsgard (1965), the form of neursning by Hawaiian Duck differed
slightly from Mallard and Mottled Duck in that Hailaan Duck tended to nod the head
during this display, a variation also exhibitedltaysan Duck.

Other courtship behaviors that may differ from Medl and Mottled Duck include
the jump-flight and dash-and-dive displays. Asorggd for Mallard (Lebret 1958),
Hawaiian Duck males performed jump-flight displéysttract the attention of females.
However, unique to Hawaiian Duck, females were edsely observed performing
simultaneous jump-flights with mates. Due to thety in which this display was
observed, the function of this behavior by femadasot clear. Female jump-flights may
serve to reinforce pair-bonds or to elicit sexuaplhys from males, as in nod-swimming.
Dashing-and-diving has been described as a forbatbing in soménas species, and
this behavior may stimulate others to join bathiMgKinney 1965); however, paired
Hawaiian Duck males and females were infrequeriieoved dashing-and-diving both
individually and simultaneously during courtshiplgrost-copulation activities. Other
post-copulatory behaviors involved vigorous pregrand bathing, nod-swimming, wing
flapping, various shakes, and bridling (males anly)was not always clear if these post-
copulatory behaviors, including dashing-and-divisgyved as display behaviors that
strengthened pair-bonds or as normal movementntove water and rearrange feathers
that were displaced during copulation. Based ernvigorous and exuberant nature in
which these behaviors were performed, they likelys a purpose more complicated

than the normal maintenance function.
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Whether the relative frequency of occurrence otsemale courtship displays
differs between Hawaiian Duck and closely reladeds is still uncertain. Paulus
(1988c), who used similar sampling techniques, (mstantaneous focal sampling), found
that Mottled Ducks generally allocate comparabtpprtions of courting time to each of
the major displays. However, discrete behaviovahés that are rare or of short duration
relative to the sample interval (e.qg., specificrtship displays) are not adequately
measured by this sampling design (Martin and Bat@€®7), and future studies directed
at quantifying these rare courtship events woultefiefrom a continuous sampling
approach.

Male Hawaiian Ducks were associated with brood4teméemales in 11.3% (19
of 168) of brood observations (Appendix E); howetee function of this behavior is
unclear. Male parental care and pair-bond maimemauring brood-rearing has been
described foAnas of the tropics and Southern Hemisphere (Siegfti@#, McKinney
and Brewer 1989, Sorenson 1992), and Weller (1pBfosed that brood care by males
is more common in island endemic species. YetHfwaiian Duck, the rate of mate
attendance during brood-rearing is comparatively, lnd the relationship of the
attending male to the female or brood was unknottending males were often
passive, seldom displayed, and provided little nsfe which contrasted the typical
assiduous mate-guarding behavior of paired medasilarly, White-cheeked Pintail
(Anas bahamensis bahamensis) males did not provide direct care for the brdoalyever,
those males followed and occasionally defended thates and performed pair-bond
maintenance displays (Sorenson 1992). Thus, whservations were limited, brood
attendance by Hawaiian Duck males seemed primaritye a male strategy in which
females accepted, or at least tolerated, certeending males, but received little apparent
benefit. Given the heavily skewed sex ratio atdd@mMNWR compared to relatéhas
(Bellrose 1980, Moulton and Weller 1984, Reynol@82), male attendance may incur
certain fithess advantages, such as providing iadditbreeding attempts after the first
brood fledges or fails, or maintaining pair-bondsthe subsequent breeding season.
Alternatively, with a subset of females in breedogdition year-round and the

opportunity to obtain more than one mate in a giveseding season, males may only
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attempt to maintain pair-bonds with brood-tendiegéles until they have the
opportunity to switch mates (McKinney 1985, Soren$692, Oring and Sayler 1992).
While the Hawaiian Duck appears to be seasonallyagamous (Engilis et al. 2002,
Malachowski and Dugger, unpubl. data), concurremsieoial polygyny may occur during
the asynchronous and extended breeding seasonmdtiteg system, pair-bond
dynamics, and the role of male attendance duringdrearing warrants future study.

Similar to the Mallard and Mottled Duck, the HavaaiiDuck allocated minimal
time (<1%) to agonistic interactions (Jorde 198&yIBs 1988c); however, most (90%)
interspecific interactions involved aggression tom¥geor submission by the Hawaiian
Duck. Also, while often short in duration, theseeunters occurred in 13% (131 of 984)
of observation sessions, suggesting that evenrteeamount of time that Hawaiian
Ducks spent interacting with other waterbirds maysignificant and could potentially
influence Hawaiian Duck behavior and distributiaiHanalei NWR.

In summary, the behavioral repertoire of the HaavalDuck appeared similar to
that of the Mallard, which is consistent with thelinse genetic relationship and the
absence of strong climatic and ecological pressimasvould drive the evolution of a
unique set of behaviors. Subtle variations infthe and linkage of certain courtship
displays compared to Mallard may reflect ancestedlavioral traits from their
divergence from Laysan Duck. While foraging stgaéde more closely resemble those of
Mallard and Mottled Duck, it is not clear if the mpbological differences of Hawaiian
Duck (e.g. pelvic limb dimensions) would align wgimilar behavioral plasticity
exhibited by Laysan Duck if presented with compberdiabitat and resource restrictions

as experienced on Laysan Island.

HAWAIIAN DUCK BEHAVIOR AND RESPONSE TO WETLAND HABTAT
MANAGEMENT AND TARO CULTIVATION

Effects of habitat type and wetland characteristics

Hawaiian Ducks allocated diurnal activity budgefsedently in managed and cultivated
wetland habitat at Hanalei NWR. Birds used tafiodiod dikes primarily for foraging
and resting, whereas birds utilized managed wetlémda variety of requirements,

including maintenance, rest, food, and courtsHipe increased range of activities
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performed in managed wetlands may reflect the grdwtbitat diversity provided by
wetlands including vegetation structure, patchinessergent wetland plant species
richness, and range of water depths. Consistehtthis pattern, Hawaiian Ducks
employed a more diverse suite of foraging tactiohianaged wetlands. While birds
spent slightly more time foraging when using taihe, difference seems of minimal
biological consequence, and it is not clear howeviatl food diversity and production
varies between habitat types at Hanalei NWR.

While the relationship was weak, Hawaiian Ducksxpeore time foraging in
managed wetland units that contained ntargttoralis andCyperus cover. F. littoralis
was abundant in most wetland units, bover was highest in early successional
wetlands. These moist-soil plant species provigh keed production, important
nutrient sources (e.g., carbohydrates and proBesRochers et al. 2010), and are among
the species targeted by wetland management at éldIR (Smith 2011). Birds were
observed nibbling seed heads of several emergedtangdeplant species, suchs
littoralis, E. crus-galli, C. javanicus, andC. polystachyos. In addition to seed production,
wetland plants, such &s littoralis andE. crus-galli, provide cover and roosting habitat,
as well as important structure for aquatic inverdéds, such as Chironomidae (e.g.,
midges), Astacidea (e.g., crayfish), and Molluseay(, snails), which may be a valuable
source of proteins and lipids for Hawaiian Duck {®n2011, Engilis 2002).

Additionally, the relatively rapid vegetative brelmikvn of these plants also promotes
conditions (i.e., habitat and nutrients) for ineérate growth (Smock and Stoneburner
1980, Magee 1993, Smith 2011), and observatiofsrafiing behavior suggest that birds
probed in matted vegetation, particuldfylittoralis, and soil to access invertebrates and
seeds.

Among taro cover classes, Hawaiian Ducks allocHtedjyreatest proportion of
time to foraging when using harvested lo‘i; howeWeraging time was relatively high
for all cover classes. Taro provides benefits éearnbirds in the form of cover and
production of aquatic invertebrates (Gutscher-CR0tk1) that includes taxa reported in
the diet of Hawaiian Duck (Henshaw 1902, Perkin@3l$chwartz and Schwartz 1953,
Munro 1944, Engilis et al. 2002). In addition, Haian Duck were observed feeding on
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Chlorophyceae (filamentous green algaepgequinoctialis (lesser duckweed), afd
filiculoides (large mosquito fern) which were abundant in miafiyand possibly linked

to large nutrient influxes associated with fergliapplications. The greater foraging
effort in harvested taro may reflect greater avality of aquatic invertebrates due to soil
disturbance associated with foot action by farnaeis the accumulation of large amounts
of residual plant material, which provides struetand food for invertebrates. While
behavioral observations provide initial informatiom Hawaiian Duck use of taro, a more
complete understanding of the relative value ofoter taro cover classes could be
achieved through studies that assess diet andahabiection of Hawaiian Ducks across
the annual cycle.

As predicted, Hawaiian Ducks generally allocatess lef their diurnal activity
budget to foraging (13%) than North Americamas species (e.g., Kaminski and Prince
1981, Paulus 1984b, Paulus 1988a, Turnbull andaBaktre 1987). For example,
Mottled Ducks spent 39% and 53% of daytime feedimgng non-breeding and breeding
seasons, respectively; however foraging time vasidastantially depending on month,
stage of the breeding cycle, and sex (Paulus 1984lthough mean monthly foraging by
Hawaiian Ducks ranged from 4 to 19% for males atal Z9% for females, time spent
foraging is generally lower and less variable tN&llards in North America, which
spend 7-64% of daytime feeding in wetlands (Dwyeal €1979, Kaminski and Prince
1981, Turnbull and Baldassarre 1987, Dugger andeP2200, Johnson and Rohwer
2000). Given Hawaiian Duck have an approximat@8oSsmaller body size and mass
than Mallard, our results seem inconsistent withldbdy size hypothesis, in which
smaller bodied species have higher mass-specifiabukc rate and allocate more time
to feeding (Calder 1996, Gloutney et al. 2001); besy, food intake rate was not
measured. Instead, the relatively large dispamifpraging time between Hawaiian
Ducks and North Americafinas might suggest that Hawaiian Ducks have lower daily
and seasonal energy demands associated with nmidtel and sedentary lifestyle,
allocate a greater amount of time to nocturnaldgorg activities, or have access to higher

quality diet or greater food availability.
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Whereas Hawaiian Ducks generally spent less timegiog than closely related
Anas, they allocated relatively more time to diurnalim@nance, alert, and locomotor
behaviors. For example, maintenance behaviorsuated for 9% of Mottled Duck
diurnal activity budgets (Paulus 1984b) and gehelass than 13% of Mallard activities
in wetlands (Kaminski and Prince 1981, Turnbull &aldassarre 1987, Dugger and
Petrie 2000); however, Hawaiian Ducks spent 25% @time in these behaviors. Also,
Hawaiian Ducks tended to exhibit slightly more alehavior (11%) than Mottled Ducks
(8%; Paulus 1984b, Paulus 1988b) and Mallards (2#&minski and Prince 1981,
Turnbull and Baldassarre 1987, Dugger and Peti@®R0Increased maintenance and
alert behavior in Hawaiian Ducks relative to thBseth AmericanAnas might be
explained by lower energy demands and the oppadyttmallocate diurnal activities to
those other than foraging. Elevated alert acésitompared to Mallard and Mottled
Duck may also correlate with higher levels of hurdaturbance (i.e., farmer and
USFWS activities; Appendix K, L), smaller wetlandtgh sizes, which make
disturbances more difficult to avoid, or increasistt of predation, as birds with smaller
body sizes may be more susceptible to avian padéticWilliams et al. 1994).

Overall, Hawaiian Ducks spent 36% of the time regtivhich is similar or
slightly higher than the diurnal values reportedrfonbreeding (36%; Paulus 1988b) and
breeding (24%, Paulus 1984b) Mottled Duck. Makaeathibit substantially more
variability in resting activity depending on seasgear, geographic location, and habitat
(8-54%; Kaminski and Prince 1981, Turnbull and Bakhrre 1987, Dugger and Petrie
2000). Hawaiian Ducks allocated significantly mbnee to rest when in taro than when
in managed wetlands, and like Mallards and MotBedks (Drilling et al. 2002, Paulus
1984b), Hawaiian Ducks typically rested on landhiM/Hawaiian Ducks loafed in open
water, on tufts and islands of matted vegetatiog. (€. littoralis), and under emergent
wetland vegetation canopy (e.g., tdrogpctovalvis), birds were most frequently observed
resting on the dikes of taro lo‘i that crisscrdss Hanalei NWR landscape. Similar to
previous surveys (Gee 2007, Gutscher-Chutz 201%}, & Hawaiian Ducks were on

dikes as opposed to in lo‘i, and birds spent 60%heftime loafing when on taro dikes.
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Taro dikes are elevated and often provide goodbiitsi, which possibly aides in
predator detection, and quick access to escape.cove

Courtship activities accounted for less than 1%lafvaiian Duck activity
budgets, but occurred significantly more frequemntlynanaged wetlands than in taro.
Data on courtship habitat requirements are rararatids; however, Weeks (1969)
found that within wetlands Mottled Ducks most oftesed small pockets of open water
surrounded by dense vegetation or water areas betwegetated islands for courtship.
Also, Heitmeyer (1985) determined that Mallards tafgen used shrub-scrub wetlands
in Missouri and suggested that habitat might béepred as it provided greater protection
from predators. | suspect that increased levetooftship activity by Hawaiian Duck in
managed wetlands were attributed to a variety @bfa, such as overall wetland size,
vegetation structure and distribution, and watetlle Wetland units at Hanalei NWR
were generally larger than taro lo‘i and had a heraish structure where pockets of
open water were interspersed amongst emergentndetgetation, which may provide

cover from avian predators.

Daily and seasonal variation in behavior

In addition to habitat type, the most importantdéaénfluencing the activity patterns of
Hawaiian Duck at Hanalei NWR was time of day. Ruiity, Hawaiian Ducks foraged
more and rested less during early morning and egdhian late morning and afternoon.
Since more birds occurred at Hanalei NWR duringeening and early morning than
other times of day (Appendix O), activity budgetadauggests that refuge wetlands
provide valuable foraging habitat for Hawaiian Dsidn Kaua'‘i. While a subset of the
Hawaiian Duck population likely uses Hanalei NWRotighout the day, large numbers
of birds were observed flying to refuge wetlandsrfradjacent wetlands and river valleys
during the evening (Malachowski, pers. obs.). Borgand locomotor activity increased
during this period and remained high during théyeaorning. Hawaiian Duck
abundance then decreased sharply during late nipraana birds remaining at Hanaleli
exhibited a lull in foraging and social activitydamcreased time spent resting. Variation

in the timing of activity patterns is common for myaNorth American Anatids (Paulus
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1988a). For example, peak diurnal foraging agtigitMottled Ducks occurs during
early morning; however, several studies indicaéé¢ Mottled Ducks and othémnas
species, such as Laysan Duck, American Black DAckupripes), Gadwall A.

strepera), and Green-winged Teal, may spend less ovenadl feeding diurnally than
nocturnally (Tamisier 1974, Paulus 1984a, 1988lynBkels 2002, Jones IIl 2012).
Quantifying nocturnal behavioral activities wouldlincomplete the picture of Hawaiian
Duck activity budgets.

While Hawaiian Ducks demonstrated generally coasigbatterns of daily
behavioral activities, the mechanisms for explajrimese patterns are unclear. The
timing and allocation of daily activities of dahi ducks can be driven by a variety of
abiotic and biotic factors, including thermal carahs (e.g., extreme cold or heat; Calder
and King 1974, Jorde et al. 1984, Paulus 1988mAuwfand Baldassarre 1987,
Reynolds 2002), resource availability (e.g., aquiaisect emergence, tidal stage;
Swanson 1977, Pietz and Buhl 1999, Johnson and &d2000), disturbances (Dimond
and Lazarus 1974 0ysi 1998), and risk of avian predation (Tamisier 19#sid 1987,
Dekker 1987). For instance, the relatively lowpmdion of time spent foraging by
Hawaiian Ducks during late morning and afternooarB@ould represent an attempt to
avoid heat stress and UV exposure by resting amdireng under cover (Reynolds
2002). Alternatively, variation in the timing ofudnal activity patterns may be
influenced by human disturbances or intraspeciit iaterspecific aggression and
competition at Hanalei NWR.

Consistent with my prediction, and unlike many Modimerican migratory
waterfowl, the Hawaiian Duck population using Hamn&WR did not exhibit a strong
seasonal pattern in most behaviors. This mayateteeir non-migratory nature and the
mild yearly climate. For example, North Americaaterfowl considerably increase their
foraging in preparation for migration and in exteeolimate (Miller 1985, McLandress
and Raveling 1981, Jorde et al. 1984, Paulus 1988k¢rnatively, it is possible that
seasonality was not detected because nocturngimgrancreased during certain times of
the year corresponding with energetically cosfiy history events. However, it is also

likely that the comparatively asynchronous lifetbrg cycle of Hawaiian Duck made
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important variation in individual behavior assoe@tvith each life-history stage difficult
to detect since individuals of any life-historyg#acould occur at any given time, and |
was unable to assign birds to a life-history stagen they were observed.

While strong seasonal patterns were not detectathaallocated to foraging by
Hawaiian Duck, birds exhibited seasonal shifthimitelative use of foraging tactics.
Hawaiian Ducks probed for food items more frequedtliring July and August than
other months, suggesting a seasonal shift in tadgatey items which may align with
food abundance and availability or life-history sifie (e.g., molting) dietary
requirements. Alternatively, seasonal fluctuation#ater levels may expose probing
substrates; however, foraging behaviors were mohgly correlated with water depth
(Table 4).

Males exhibited increased vigilance, courtship, arade-guarding behavior
during months generally associated with peak gamétion (i.e., November to March).
These patterns suggest that although Hawaiian back& staggered life-history cycles
and breed year-round, birds using Hanalei NWR hidles seasonality of the annual
cycle with courtship and pair-formation occurringma often between November and
March. Similar to otheAnas, many Hawaiian Duck pairs formed just prior to rinen
with peak courtship behavior (Fig. 3, Fig. 4), whiuggests pairs re-formed bonds that
originated during previous years or birds pairethwmore subtle and less visible
courtship displays (Paulus 1984a, Paulus 1988c,iMu/ 1992). As the number of
available females decreases, courting parties meslae in size and courting activities
may increase in frequency, intensity, and vispi{McKinney 1992). Consistent with
the evidence that peak pair-formation occurs duNpngember to March, the estimated
nest initiation date for 70% of unique broods=(67) observed at Hanalei NWR was
between December and May (Appendix E). Howevespite the apparent peak in
breeding during these months, the proportion afgoliemales remained high throughout
the year (62.4 + 5.6%, excluding juveniles and flemavith broods), suggesting that
Hawaiian Ducks maintain extended seasonal pair yomdich may afford females
increased dominance ranking and access to higladitygresources (Paulus 1983,

Heitmeyer 1985) or additional opportunities to Ine
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Time allocated to interspecific agonistic interan8 with other waterbirds was
generally low; however, Hawaiian Duck spent neawlige as much time engaged in
these activities between April and July (0.23 1394) than other months (0.12 + 0.02%),
and Hawaiian Duck were consistently the recipiehisggression. | suspect that this
pattern of interspecific interactions may be linkedeasonal shifts in waterbird
abundance, breeding activity, and territorialior example, during at least a portion of
April to July, the Hawaiian Moorhen, Hawaiian Coldgwaiian Stilt, and Hawaiian
Goose were nesting or raising young. The aggressture and heightened level of
territoriality of these waterbirds during this patimay have led to increased aggression
towards the Hawaiian Duck and possibly influencaitllychabitat use and activity
patterns of Hawaiian Duck on the refuge (Robingoml.€1999, Banko et al. 1999,
Bannor and Kiviat 2002, Pratt and Brisbin Jr. 2008FWS 2011). However, the
concept of an interspecific dominance hierarchym@grbe entire suite of endangered
Hawaiian waterbirds in regards to resource compat{e.g., food and loafing habitat),

density dependence, and successful brood-rearmgdtebeen investigated.

Effects of sex and pair status

Sex and pair status also affected the activity btelgf Hawaiian Ducks. While the
change in female foraging activity was not statadty significant on a monthly or
seasonal basis, there was evidence of dispropattioraging activity among sexes,
particularly between October and April when femalkscated twice as much time to
foraging than males (Fig. 5). Male and female N@dwnericanAnas, such as Mallards
and Mottled Ducks, generally allocate similar prdjpms of time to foraging, except
during the breeding season when females expereehggher nutrient demand (Dwyer et
al. 1979, Drobney 1980, Jorde 1981, Paulus 1984imbull and Baldassarre 1987,
Krapu and Reinecke 1992). This pattern of sexifipatifferences in foraging activity

of Hawaiian Ducks is consistent with the seasopalitygested by peaks in courtship and
pair formation between November and March. Alke,liigher nutrient demand of
reproductively active females could partially explarhy paired female Hawaiian Ducks

allocated significantly more time to feeding tharpaired females. Alternatively, among



45

North American Anatids, access to higher qualitita is often influenced by an
intraspecific dominance hierarchy, and paired birelserally dominate unpaired birds
(Raveling 1970, Alexander and Hair 1979, Paulus318&pp and Hair 1984). Females
would, therefore, benefit from mate-guarding argllance provided by a mate, and the
highly skewed sex ratio in favor of males at Hanaday allow females to garner
extended male care, which might explain the higammaonthly proportion of paired
Hawaiian Duck females throughout the year (62%)esE patterns also suggest that
males may forego feeding to obtain and defend m#teseby protecting paternity and
providing mates with the opportunity to increasefpng time (Ashcroft 1976, Jorde
1981, Krapu and Reinecke 1992).

In summary, behavioral activities of Hawaiian Dulikered between habitat
types, time of day, seasons, sexes, and sociakstats predicted, Hawaiian Duck
demonstrated increased courtship behavior betwesember and March, which
suggests subtle seasonality of the annual cyceddition, females allocated more time
to foraging than males, particularly during monttet may correspond with breeding.
Results also suggest that both managed wetlandsendontribute to fulfilling daily
and seasonal resource requirements for Hawaiiak.D8wedberg (1967) noted that all
the Hawaiian Duck’s necessary habitat requirem@mts forage, loafing and roosting
areas, nesting or molting cover) are seldom felfilwithin one location. As a result,
Hawaiian Duck will likely use more than one habuata daily basis (Perkins 1903,
Swedberg 1967, Shallenberger 1977, Giffin 1983keWwise, Mottled Ducks and
Mallards often make regular movements between &iatyppes used for different
activities (Jorde 1981, Jorde et al. 1984, Paud@8a, Heitmeyer 1985, Paulus 1988b,
Drilling et al. 2002). A more complete understamgdof Hawaiian Duck activity budgets
and behavioral ecology would benefit from telemstrydies that characterize daily and
seasonal movement patterns and relative habitatrug&aua'i, as well as studies that

guantify nocturnal behavior.

Management implications
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Daily and seasonal activity budgets suggest thiit managed wetlands and taro
contribute to fulfilling resource requirements odhiian Duck; however, the increased
range of activities performed in managed wetlanggssts that greater habitat diversity
is provided by seasonal wetland systems. Dikesrardaro lo‘i provide important
diurnal loafing habitat for Hawaiian Ducks usingat&abitat. In addition, our results
support management objectives to taggterus spp. and=imbrystis spp. as forage for
Hawaiian Duck. Nevertheless, in the absence @ dathabitat-specific differences in
food availability and production between managetlamels and taro, it is difficult to
assign relative value to each habitat type fordorg Hawaiian Ducks. Future research
should investigate Hawaiian Duck foraging ecologg aabitat-specific food availability.
Habitat management plans at Hanalei NWR aim teigeoa suite of habitat
conditions for multiple life history stages of endared Hawaiian waterbirds at any
given time. Results suggest this management girageappropriate because Hawaiian
Duck lacked strong seasonal shifts in activity leidgnd breeding activity was observed
year-round. However, the subtle degree of seagpalggested by peak courtship, pair
formation, and brood observation may help refireettiming of predator control
activities. While predator control is recommengedr-round, it may be
disproportionately important during peak breedirigew nesting females and broods are

vulnerable.



a7

LITERATURE CITED

Alexander, W. C., and J. D. Hair. 1979. Winter tprey behavior and aggression of
diving ducks in South Carolina. Proceedings ofAhaual Conference of the
Southeastern Association of Fish and Wildlife Cossian 311:226-232.

Altmann, J. 1974. Observational study of behaviesampling methods. Behaviour
49:227-267.

Ankney, C. D., and C. D. Maclnnes. 1978. Nutrieasarves and reproductive
performance of female lesser snow geese. Auk 954799

Arzel, C., J. Elmberg, and M. Guillemain. 2007.Iywfay perspective of foraging
activity in Eurasian green-winged teAhas crecca crecca. Canadian Journal of
Zoology 85:81-91.

Ashcroft, R. E. 1976. A function of the pairbondive Common Eider. Wildfowl 27:
101-105.

Ashkenazie, S., and U. N. Safriel. 1979. Time-epdéngdget of the semipalmated
sandpipeCalidris pusilla at Barrow, Alaska. Ecology 60:783-799.

Asquith, A., and C. Melgar. 1998. Waterbird regortHanalei and Huleia NWRs: 1996
& 1997. Prepared for Kauai National Wildlife Refugemplex. 18pp.

Baldassarre, G. A, S. L. Paulus, A. Tamisier, an®RTitman. 1988. Workshop
summary: techniques for timing activity of wintagivvaterfow. Pages 181-19®
M.W. Weller, editor. Waterfow! in winter. Univergibf Minnesota Press,
Minneapolis, Minnesota, USA.

Banko, W. E. 1987. Historical synthesis of recardeamic Hawaiian birds. Koloa-Maoli.
University of Hawaii, Manoa, HI, USA.

Banko, P. C., J. M. Black and W. E. Banko. 1999whkitgan Goose (Branta
sandvicensis), The Birds of North America Online (A. Poole, Edthaca: Cornell
Lab of Ornithology; Retrieved from the Birds of NloAmerica Online:
http://bna.birds.cornell.edu.ezproxy.proxy.libranggonstate.edu/bna/species/434

Bannor, B. K. and E. Kiviat. 2002. Common Gallin(@allinula galeata), The Birds of
North America Online (A. Poole, Ed.). Ithaca: Cdihab of Ornithology;
retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu.ezproxy.proxy.libranggonstate.edu/bna/species/685

Bellrose, F. C. 1980. Ducks, geese, and swans thManerica, 3 edition. Stackpole
Books, Harrisburg, Pennsylvania, USA. 540pp.

Benjamini, Y., and Y. Hochberg. 1995. Controllifng tfalse discovery rate: a practical
and powerful approach to multiple testing. Jounfdhe Royal Statistical Society
57:289-300.



48

Browne, R. A., C. R. Griffin, P. R. Chang, M. Hupl@and A. E. Martin. 1993. Genetic-
divergence among populations of the Hawaiian Duelysan duck, and mallard.
Auk 110:49-56.

Burney, D. A., H. F. James, L. P. Burney, S. L.ddlsW. Kikuchi, W. L. Wagner, M.
Burney, D. McCloskey, D. Kikuchi, F. V. Grady, Ra@e Il, and R. Nishek.
2001. Fossil evidence for a diverse biota from Kiaarad its transformation since
human arrival. Ecological Monographs 71:615-641.

Calder, W.A. 1996. Size, Function, and Life Hista@purier Dover Publications,
Mineola, NY, USA.

Calder, W. A., and J. R. King. 1974. Thermal andmarelations of birds. Pages 259-
413in D. S. Farner and J. R. King, editors. Avian biglogdol. 4. Academic
Press, New York, N.Y, USA.

Caraco, T. 1979. Time budgeting and group sizénediy. Ecology 60:611-617.

Chang, P. R. 1990. Strategies for managing endadgeaterbirds on Hawaiian National
Wildlife Refuges. M.S. Thesis. University of Maskasetts, Amherst, MA, USA.
87pp.

Davis, C. A., and L. M. Smith. 1998. Behavior ofgmant shorebirds in playas of the
southern high plains, Texas. Condor 100:266-276.

Dekker, D. 1987. Peregrine falcon predation on duckAlberta and British Columbia.
Journal of Wildlife Management 51:156-159.

DesRochers, D. W., S. R. McWilliams, and J. M. R&&d.0. Evaluating if energy and
protein limit abundance of Hawaiian moorhen. Jouoh&Vildlife Management
74:788-795.

Devries, J. H., R. W. Brook, D. W. Howerter, and ®.Anderson. 2008. Effects of
spring body condition and age on reproduction itlands (Anas platyrhynchos).
Auk 125:618-628.

Dimond, S., and J. Lazarus. 1974. The problemgifarice in animal life. Brain,
Behavior and Evolution 9: 60-79.

Drilling, N., R. Titman, and F. McKinney. 2002. Mad (Anas platyrhynchos), The
Birds of North America Online (A. Poole, Ed.). Itda Cornell Lab of
Ornithology; Retrieved from the Birds of North Anea Online:
http://bna.birds.cornell.edu/bna/species/658

Drobney, R. D. 1980. Reproductive bioenergeticwadd ducks. Auk 97:480-490.

Dugger, B. D., and M. J. Petrie. 2000. Geographitation in foraging patterns of pre-
incubating female Mallards. Canadian Journal ofldgyp 78:2240-2243.



49

Dwyer, T. J., G. L. Krapu, and D. M. Janke. 1979e0f prairie pothole habitat by
breeding Mallards. Journal of Wildlife ManagemeBt526-531.

Engilis, A., Jr., and T. K. Pratt. 1993. Status &agulation Trends of Hawaii Native
Waterbirds, 1977-1987. Wilson Bulletin 105:142-158.

Engilis, A., Jr., K. J. Uyehara, and J. G. Giffda@02. Hawaiian DuckAnas wyvilliana),
The Birds of North America Online (A. Poole, Edthaca: Cornell Lab of
Ornithology; Retrieved from the Birds of North Anea Online:
http://bna.birds.cornell.edu/bna/species/694.

Erickson, T. A., and C. F. Puttock. 2006. Hawaiétiand field guide: an ecological and
identification guide to wetlands and wetland plaritthe Hawaiian Islands. U.S.
Environmental Protection Agency.

Fowler, A. C., J. M. Eadie, and A. Engilis Jr. 20@entification of endangered
Hawaiian DucksAnas wyvilliana), introduced North American mallarda.
platyrhynchos) and their hybrids using multilocus genotypes. $&wmation
Genetics 10:1747-1758.

Frederickson, L. H., and R. D. Drobney. 1979. Hathitilization by postbreeding
waterfowl. Pages 119-13t T. A. Bookhout, editor. Waterfowl and wetlands —
an integrated review. Proceedings of the 1977 Sgmpg North Central Section,
The Wildlife Society, Madison, Wisconsin, USA.

Frith, H. J. 1959. The ecology of wild ducks inantd New South Wales. Il. Movements.
Commonwealth Scientific and Industrial Researcha@ization in Wildlife
Research 4:108-130.

Frith, H. J. 1982. Waterfowl in Australia. East-WE€=nter Press, Honolulu, Hawaiii,
USA.

Gee, H, K. 2007. Habitat characteristics of refugdlands and taro lo‘i used by
endangered waterbirds at Hanalei National WildR&fuge, Hawali'i. M.S. thesis.
South Dakota State University, Brookings, South@akUSA. 154pp.

Giffin, J. G. 1983. Abundance and distribution ajl&a on the Island of Hawaii:
movements, survival, reproductive success and dtadifitKoloa on the Island of
Hawaii. Pittman-Robertson report (W-18-R-7, W-18RR-IlI-H). Hawaii Div.
For. Wildl., Honolulu, HI, USA

Gloutney, M. L., R. T. Alisauskas, A. D. Afton, agd M. Slattery. 2001. Foraging time
and dietary intake by breeding Ross’s and LessewS®eese. Oecologia 127:78-
86.

Goldstein, D. L. 1988. Estimates of daily energpenditures in birds: the time-energy
budget as an integrator of laboratory and fieldligtst American Zoologist
28:829-844.



50

Goodman, D. C. and H. I. Fisher. 1962. Functionatamy of the feeding apparatus in
waterfowl (Aves: Anatidae). Southern lllinois Unigéy Press, Carbondale,
lllinois, USA. 193pp.

Green, A. J. 1996. Analyses of globally threateArndtidae in relation to threats,
distribution, migration patterns, and habitat USenservation Biology 10:1435-
1445.

Gutscher-Chutz, J. L. 2011. Relationships among@tgmacroinvertebrates, endangered
waterbirds, and macrophytes in taro lo‘i at HanBlational Wildlife Refuge,
Kaua'i, Hawai'i. M.S. thesis. South Dakota Statevénsity, Brookings, South
Dakota, USA. 243pp.

Heitmeyer, M. E. 1985. Wintering strategies of féamaallards related to dynamics of
lowland hardwood wetlands in the upper Mississipeita. Ph.D. dissertation,
University of Missouri, Columbia, MO, USA. 378pp.

Henshaw, H. W. 1902. Birds of the Hawaiian Islanidss. G. Thrum, Honolulu,
Hawaii, USA.

Hepp, G. R., and J. D. Hair. 1984. Dominance inteving waterfowl (Anatini): effects
on distribution of sexes. Condor 86:251-257.

Hickey, T. E., and R. D. Titman. 1983. Diurnal &it}i budgets of black ducks during
their annual cycle in Prince Edward Island. Canadiaurnal of Zoology 61:743-
749.

Immelmann, K. 1971. Ecological aspects of periodmroduction. Pages 342-388D.
S. Farner and J. R. King, editors. Avian biologylwne 1. Academic Press, New
York, New York, USA.

Johnsgard, P. A. 1960. A quantitative study of s¢kehavior of mallards and black
ducks. Wilson Bulletin 72:133-155.

Johnsgard, P. A. 1965. Handbook of waterfowl betra@ornell University Press,
Ithaca, New York, USA. 378pp.

Johnsgard, P. A. 1975. Waterfowl of North Americaliana University Press,
Bloomington and London. 575pp.

Johnsgard, P. A. 1978. Ducks, geese, and swahg @fdrld. University of Nebraska
Press, Lincoln and London. 404pp.

Johnson, W. P., and F. C. Rohwer. 2000. Foragihg\wer of green-winged teal and
mallards on tidal mudflats in Louisiana. Wetlan@s184-188.

Jones lll, O. E. 2012. Constructing a 24 hour tenefgy budget for American black
ducks wintering in coastal New Jersey. M.S. thedisyersity of Delaware.
Newark, DE. USA. 70pp.



51

Jorde, D. G. 1981. Winter and spring staging ecotafgnallards in south central
Nebraska. M.S. thesis, University of North Dak@aand Forks, ND, USA.
116pp.

Jorde, D. G., G. L. Krapu, R. D. Crawford, and M.Hay. 1984. Effects of weather on
habitat selection and behavior of mallards wingimNebraska. Condor 86:258-
265.

Kaminski, R. M., and H. H. Prince. 1981. DabblingK activity and foraging responses
to aquatic macroinvertebrates. Auk 98:115-126.

Kaua'i National Wildlife Refuge Complex (KNWRC). @8. Kaua'i National Wildlife
Refuge Complex Wetland Mapping [computer file]. UF&h and Wildlife
Service, Klauea, HI.

Kear, J., and P. A. Johnsgard. 1968. Foraging diyesurface-feeding ducks. Wilson
Bulletin 80:231.

Krapu, G. L. 1981. The role of nutrient reservemillard reproduction. Auk 98:29-38.

Krapu, G. L., and K. J. Reinecke. 1992. Foragingagy and nutrition. Pages 1-29B.
D. J. Batt, A. D. Afton, M. G. Anderson, C. D. Ardgyy D. H. Johnson, J. A.
Kadlec, and G. L. Krapu, editors. Ecology and managnt of breeding
waterfowl. University of Minnesota Press, MinneapoMinnesota, USA.

Krapu, G. L., K. J. Reinecke, D. G. Jorde, and SSigpson. 1995. Spring-staging
ecology of midcontinent greater white-fronted gedseirnal of Wildlife
Management 59:736-746.

Lack, D. 1970. The endemic ducks of remote islaWditdfowl 21:5-10.

Lebret, T. 1958. The “Jump-flight” of the Mallaréinas platyrhynchos L., the Teal Anas
crecca L., and the Shovelefpatula clypeata L. Ardea 46:68-72.

Lichvar, R. W., and J. T. Kartesz. 2009. North Aican Digital Flora: National Wetland
Plant List, version 2.4.(h{tps://wetland_plants.usace.army)md.S. Army
Corps of Engineers, Engineer Research and Develup@enter, Cold Regions
Research and Engineering Laboratory, Hanover, NELBONAP, Chapel Hill,
NC. 15DEC2012.

Livezey, B. C. 1991. A phylogenetic analysis arakslfication of recent dabbling ducks
(Tribe Anatini) based on comparative morphologykA08:471-507.

Livezey, B. C. 1993. Comparative morphometricguds ducks, with particular
reference to the Hawaiian Duékas wyvilliana, Laysan DuclA. laysanensis,
and Eaton’s Pintai\. eatoni. Wildfowl 44:75-100.

Lorenz, K. Z. 1951. Comparative studies on the bigaf Anatinae. Avicultural
Magazine 57:157-182.



52

Losito, M. P., R. E. Mirarchi, and G. A. Baldasgart989. New techniques for time-
activity studies of avian flocks in view-restrictbdbitats. Journal of Field
Ornithology 60:388-396.

MacArthur, R. H., and E. O. Wilson. 1967. The theof island biogeography. Princeton
University Press, Princeton, New Jersey, USA.

Magee, P. A. 1993. Detrital Accumulation and Pregesin Wetlandsl.n Waterfowl
Management Handbook. U.S. Fish and Wildlife Sertieaflet 13.3.14.
Washington, DC, USA.

Marshall, A. P. 1989. The behavior of Laysan du@sas laysanensis) in captivity and
on Laysan Island. Ph.D. dissertation. Ohio Statvéisity, Columbus, OH, USA.
185pp.

Martin, P., and P. Bateson. 2007. Measuring bemaaivintroductory guide,Bedition.
Cambridge University Press, Cambridge, UK. 176pp.

McKinney, F. 1965. The comfort movements of Anagid@ehaviour 25:120-220.

McKinney, F. 1992. Courtship, pair formation, amghsl systems. Pages 214-25@.
D. J. Batt, A. D. Afton, M. G. Anderson, C. D. Ardgyy D. H. Johnson, J. A.
Kadlec, and G. L. Krapu, editors. Ecology and managnt of breeding
waterfowl. University of Minnesota Press, MinneapoMinnesota, USA.

McKinney, F., and G. Brewer. 1989. Parental attendaand brood care in four argentine
dabbling ducks. Condor 91:131-138.

McLandress, M. R., and D. G. Raveling. 1981. Hypama and social behavior of
Canada geese prior to spring migration. Wilson &url93:310-324.

McKinney, F., Siegfried, W.R., Ball, 1.J. & Frof,G.H. 1978. Behavioral
specializations for river life in the African bladkick Anas sparsa Eyton).
Zeitschrift fur Tierpsychologie 48: 349-400.

McWilliams, S. R., J. P. Dunn, and D. G. Ravelih§94. Predator-prey interactions
between eagles and cackling Canada and Ross’ gagag winter in California.
Wilson Bulletin 106:272-288.

Miller, M. R. 1985. Time budgets of northern pitgavintering in the Sacramento
Valley, California. Wildfowl 36:53-64.

Moulton, D. W. and M. W. Weller. 1984. Biology andnservation of the Laysan Duck
(Anas laysanensis). Condor 86:105-117.

Munro, G. C. 1944. Birds of Hawaii, Tongg Publighi@ompany, Honolulu, HI, USA.

Myers, J. P. 1981. Cross-seasonal interactionseievolution of sandpiper social
systems. Behavioral Ecology and Sociobiology 8:203-



53

National Climate Data Center (NCDC). 20h#p://www.ncdc.noaa.gov/

Olson, S. L., and H. F. James. 1982. Prodromulseofdssil avifauna of the Hawaiian
Islands. Smithsonian Contributions to Zoology 36591

Olson, S. L., and H. F. James. 1991. Descriptidniiay-two new species of birds from
the Hawaiian Islands: Part I. Non-Passeriformesit@wological Monographs
45:1-88.

Oring, L. W., and R. D. Sayler. 1992. The matingteyns of waterfowl. Pages 190-213
inB. D. J. Batt, A. D. Afton, M. G. Anderson, C. Dnkney, D. H. Johnson, J. A.
Kadlec, and G. L. Krapu, editors. Ecology and managnt of breeding
waterfowl. University of Minnesota Press, MinneapoMinnesota, USA.

Paulus, S. L. 1983. Dominance relations, resousee and pairing chronology of
gadwalls in winter. Auk 100:947-952.

Paulus, S. L. 1984a. Activity budgets of nonbregdjadwalls in Louisiana. Journal of
Wildlife Management 48:371-380.

Paulus, S. L. 1984b. Behavioral ecology of mottledks in Louisiana. Ph.D.
dissertation, Auburn University, Auburn, Alabam&Al 152pp.

Paulus, S. L. 1988a. Time-activity budgets of needing Anatidae: a review. Pages
135-152n M.W. Weller, editor. Waterfowl! in winter. Univetgiof Minnesota
Press, Minneapolis, Minnesota, USA.

Paulus, S. L. 1988b. Time-activity budgets of neatttiucks in Louisiana in winter.
Journal of Wildlife Management. 52:711-718.

Paulus, S. L. 1988c. Social behavior and pairimgrblogy of mottled ducks during
autumn and winter in Louisiana. Pages 59%+/01.W. Weller, editor. Waterfowl
in winter. University of Minnesota Press, MinneapoMinnesota, USA.

Perkins, R. C. L. 1903. Fauna hawaiiensis: Vertehfaves). Columbia University
Press, New York, New York, USA.

Pietz, P.J., and D. A. Buhl. 1999. Behaviour patef MallardAnas Platyrhynchos
pairs and broods in Minnesota and North Dakotadfwl 50:101-122.

Poysd, H. 1987. Feeding-vigilance trade-off in the t@f&las crecca): effects of feeding
method and predation risk. Behaviour 103:108-122.

Poysd, H. 1998. Sleep-vigilance trade-off in Green-widdesals Anas crecca crecca).
Canadian Journal of Zoology 76:2214-2218.

Pratt, H. D. and I. L. Brisbin Jr. 2002. HawaiiaadE (Fulica alai), The Birds of North
America Online (A. Poole, Ed.). lthaca: Cornell LaitOrnithology; retrieved



54

from the Birds of North America Online:
http://bna.birds.cornell.edu.ezproxy.proxy.libranggonstate.edu/bna/species/697

Pyle, R. L. 2002. Checklist of the birds of Hawdtlepaio 62:137-148.

Quinlan, E. E., and G. A. Baldassarre. 1984. Astitbudgets of nonbreeding green-
winged teal on playa lakes in Texas. Journal odWd Management. 48:838-
845.

R Development Core Team. 2008. R: A language aadamment for statistical
computing. R Foundation for Statistical Computi¥genna, Austria.

Ramsey, F. L., and D.W. Schafer. 2002. The Stesis8leuth, A Course in Methods of
Data Analysis, % edition. Duxbury Press, Pacific Grove, CaliforiitgA.

Raveling, D. G. 1970. Dominance relationships agmhastic behavior of Canada Geese
in winter. Behaviour 37:291-319.

Reynolds, M. H. 2002. The foraging ecology, hahitsd¢, and population dynamics of the
Laysan tealAnas laysanensis). Ph.D. dissertation. Virginia Polytechnic Instéu
and State University, Blacksburg, Virginia, USA7p®.

Reynolds, M. H., J. S. Hatfield, L. H. Crampton, $1.Vekasy, and E. Tweed. 2010.
Circandian habitat use, home range and behaviouayfan TeaRAnas
laysanensis. Wildfowl 60:106-123.

Rhymer, J. M. 2001. Evolutionary relationships aondservation of the Hawaiian
anatids. Studies in Avian Biology 22:61-67.

Robinson, J. A., J. M. Reed, J. P. Skorupa, andf LOring. 1999. Black-necked Stilt
(Himantopus mexicanus), The Birds of North America Online (A. Poole, Ed.
Ithaca: Cornell Lab of Ornithology; Retrieved frahe Birds of North America
Online:
http://bna.birds.cornell.edu.ezproxy.proxy.libranggonstate.edu/bna/species/449

Roshier, D. A., V. A. J. Doerr, E. D. Doerr. 20@himal movement in dynamic
landscapes: interaction between behavioural siestemd resource distributions.
Oecologia 156:465-477.

Schwartz, C. W., and E. R. Schwartz. 1953. NotetherHawaiian Duck. Wilson
Bulletin 65:18-25.

Shallenberger, R. J. 1977. An ornithological surgeidawaiian wetlands, Vol. 1.
Ahuimanu Productions report to U.S. Army Corps nfjiaeers, Honolulu, Hl,
USA.

Siegfried, W. R. 1974. Brood care, pair bonds, plndhage in southern African Anatini.
Wildfowl 25:33-40.



55

Smith, C. C. 2011. The Art and the Science of WellaManagement at Hanalei NWR.
Hawali'i Wetlands Joint Venture Meeting, Lihue, HI.

Smock, L. A., and D. L. Stoneburner. 1980. The oesp of macroinvertebrates to
aguatic macrophyte decomposition. Oikos 35:397-403.

Sorenson, L. G. 1992. Variable mating system adfdestary tropical duck — the white-
cheeked pintailAnas bahamensis bahamensis). Auk 109:277-292.

Stutzenbaker, C. D. 1988. The mottled duck, itshistory, ecology and management.
Texas Parks and Wildlife Department, Austin, Tex#SA. 209pp.

Sutherland, W. J. 1998. The importance of behawiatudies in conservation biology.
Animal Behaviour 56:801-809.

Swanson, G. A. 1977. Diel food selection by Anaioa a waste-stabilization system.
Journal of Wildlife Management 41:226-231.

Swedberg, G. E. 1967. The koloa: a preliminary repo the life history and status of the
Hawaiian Duck (Anas wyvilliana). Department of Laaid Natural Resources,
Honolulu, Hawaii, USA.

Tamisier, A. 1974. Etho-ecological studies of tealtering in the Camarque (Rhone
Delta, France. Wildfowl 25:123-133.

. 1978-79. The functional units of wintering ducksspatial integration of their
comfort and feeding requirements. VerhandlungerQdarithologische
Gesellschaft in Bayern 23:229-238

Terborgh, J., and B. Winter. 1980. Some causegtofation. Pages 119-138 M. E.
Soulé and B. A. Wilcox, editors. Conservation bgyioan evolutionary-
ecological perspective. Sinauer Associates, SuadérMassachusetts, USA.

Teunissen, W., B. Spaans, and R. Drent. 1985. Brgexdiccess in Brent in relation to
individual feeding opportunities during spring stagin the Wadden Sea. Ardea
73:109-1109.

Turnbull, R. E., and G. A. Baldassarre. 1987. Attibudgets of mallards and American
wigeon wintering in east-central Alabama. Wilsorll&tin 99:457-464.

U.S. Fish and Wildlife Service. 1967. Endangereetsgs list—-1967. Federal Register
32:4001.

U.S. Fish and Wildlife Service. 2011. Recovery HlanHawaiian Waterbirds, Second
Revision. U.S. Fish and Wildlife Service, Portla@iegon. xx + 233 pp.

Uyehara, K. J., A. Engilis, Jr., M. H. Reynolds0ZOHawaiian Duck’s future threatened
by feral mallards. U.S. Geological Survey Fact $26887-3047.
[http://pubs.usgs.gov/fs/2007/3Q47




56

Warner, R. E. 1963. Recent history and ecologyefltaysan Duck. The Condor 65:1-
23.

Webster, M. S., P. P. Marra, S. M. Haig, S. Benadd,R. T. Holmes. 2002. Links
between worlds: unraveling migratory connectivityends in Ecology and
Evolution 17:76-83.

Weeks, J. L. 1969. Breeding behavior of mottledkdun Louisiana. M.S. thesis,
Louisiana State University, Baton Rouge, LA, USBpf@.

Weidmann, U. 1956. Verhaltenstudien an der Stoek@mias platyrhynchos L.). I. Das
Aktions-system. Zeitschr. f. Tierpsychologie 13:2208L.

Weller, M. W. 1980. The island waterfowl. lowa $tatniversity Press, Ames, lowa,
USA. 121pp.

Wirwa, N.L. 2007. Macroinvertebrate response to ag@ment strategies and habitat
condition at Kaélia Pond NWR, Maui, Hawaii. M.S. thesis, South Diako
University, Brookings, South Dakota, USA. 154pp.

Young, H. G. 2006. Madagascar Téabs bernieri: the ecology and conservation of a
short distance migrant. Pages 252-25&.C. Boere, C.A. Galbraith & D.A.
Stroud, editors. Waterbirds around the world. TtaiG@nery Office, Edinburgh,
UK.



APPENDICES

57



Appendix A. Monthly precipitation at PrincevilleaRch, approximately one km north of Hanalei Natiéaddlife Refuge,
Kaua'i.
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Appendix B. Monthly mean temperatures (°C) at &uille Ranch, approximately one km north of Hanklliational Wildlife
Refuge, Kaua'i.
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Appendix C. Area (ha) of managed wetland units Jramd taro lo‘i (lo'i) study sites at Hanalei Natal Wildlife Refuge, Kaua'i.

Unit ID Unit type Area (ha) Complex area (ha)Unit ID Unit type Area (ha) Complex area (ha)
Al mw 1.22 1.22 K25 lo‘i 0.14 1.23
B3 mw 1.98 1.98 K26 loi 0.27

B4 mw 1.71 1.71 F21 loi 0.10

Cc2 mw 2.52 2.52 F22 loi 0.23

DU2 mw 3.26 3.26 F23 loi 0.19

RM1  mw 0.31 0.83 F24 lo'i 0.31

RM2  mw 0.26 K30 [o 0.28 1.41
RM3 mw 0.27 K31 lo'i 0.20

D1 loi 0.26 1.02 K32 loi 0.22

D2 loi 0.32 K33 loi 0.23

D17 lo'i 0.20 K34 loi 0.21

D18 loi 0.25 K35 lo'i 0.27

D19 lo'i 0.37 1.37 S15 loi 0.14 0.85
D20 lo'i 0.44 Sl16a loi 0.09

D21 loi 0.36 S16b loi 0.10

D26 lo'i 0.21 S19 lo'i 0.09

H46 loi 0.34 1.55 S20 lo'i 0.10

H47 loi 0.22 S24 loi 0.11

H52 lo'i 0.49 S25 lo'i 0.10

H53 lo'i 0.21 S28 lo'i 0.13

H58 loi 0.30

09



61

Appendix D. Hawaiian Duck behavioral activitieglaescriptions. Terminology
adopted from Lorenz (1951), McKinney (1965), andnkgard (1965).

Behavior Description

Forage
Dabble Filter feeding from the water or mud
Head-dip Submerging head and/or neck to forage
Up-end Pivoting downward while floating on the surfaced¢ach food items at
or near the bottom
Dive Up-ending and submerging entire body to reach fteads at or near
the bottom
Probe Inserting the bill into mud or matted vegetatioridcate food items
Nibble Nibbling the leaves, seeds, or inflourescensesgétation
vegetation
Peck Picking specific food items from the substrate
Snatch/snap Snapping flying insects from the air
Manipulate Repositioning food item in bill before swallowing
food
Search Locomotion and/or scanning movement interrupted onth foraging
activities

Locomotion
Fly Flying not associated with courtship or agonistt\aties
Swim Swimming not associated with foraging or agoniatitivities
Walk/run Walking or running not associated with foragingagonistic activities

Maintenance

Bath Wetting the feathers by head-dipping, wing-thraghomersaulting, or
dashing-and-diving
Body-shake Shaking the body to rearrange feathers or removeriram feathers;
combined with swimming-body-shake; also includdeequent shakes
such as wing-shaking
Defecate Voiding excrement
Drink Dipping the bill into water and tipping the heaatk to swallow
Head-shake Shaking the bill from side to side to remove wateathers, or other
particles from bill; includes head-flicks in whitihe head is jerked
upward while shaken laterally and rotated aroumdattteroposterior
axis
Preen Qiling, cleaning, rearranging, and nibbling of teats with bill or head;
includes bill-cleaning during preening bouts
Scratch Using the foot to scratch neck or head to reliavardtation or remove
feathers or particles
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Appendix D. Continued.

Behavior Description

Stretch A variety of stretching movements including legeth, wing-and-leg-
stretch, both-wing-stretch, and jaw-stretch
Wing-flap Fully opening and flapping wings to remove wategrrange feathers, or
perhaps increase bloody supply to flight muscles
Tail-wag Shaking tail from side to side to remove water fr@mhor rearrange
feathers

Rest

Rest Includes resting, loafing, and sleeping; head aukmrawn in close to
body or head tucked back behind wing
Brood Female covering ducklings

Alert
Alert Upright and erect posture with neck extended antiomiess or scanning
Bill-flick  Rapid flicks of the bill associated with alert aagitated behavior
Flush Sudden flight or escape as a result of disturbance
Head-pump Bobbing the head up and down while alert or agitabtéten precedes
flight
Sky-look Tilting the head laterally to view the sky
Submerged Swimming with body fully or mostly submerged to &se disturbance
swim
Vocalize Calls associated with alert behavior and agitation

Courtship and display

Belly-preen Similar to maintenance belly-preen, but performganale in a more
rigid manner and in a sideways orientation to dradle

Body-shake Similar to maintenance body-shake, but performethbie in a stiffer
manner and in a sideways orientation to the femiaddudes swimming-
body-shakes

Bridling Male flings head upward and backward while extegdipper body out

of the water

Copulation Male mounting female and copulating

Dash-and- Rapid swimming, rushing, or shallow rising over sweface of water
dive alternated with headlong diving into the water witimgs partially
opened or tucked back, in the context of courting
Down-up Male tilts forward to submerge chest and dip Intbiwater and then jerks
his head upward and vocalizes while holding hiedilposition
Grunt- Male extends his upper body high out of the wateitexarching his bill
whistle downward across the water and to his chest andgyevinasataeb call
Head-shake Shaking of the head used in the preliminary stafelssplaying; includes
head-flicks
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Appendix D. Continued.

Behavior Description

Head-up-tail- Male abruptly jerks his head and tail feathers upwehile pointing
up his bill towards female; frequently followed by redimming
Inciting Female follows mate while moving her bill back alwivnward to the
side to incite male to respond with a display
Jump-flight Steep 1-3 m ascent from water surface, followedhort (2-6 m),
horizontal flight and steep splashing descent orster
Leading Male orientates the back of the head toward theafemvhile
swimming ahead of her
Nod-swim Swimming low in water with neck out-stretched amdasionally
nodding the head forward
Nuptial flight One or more males pursuing a single female in sgaftnetimes
acrobatic flight; the female leads and may perforaiting displays
Pre-copulatory Bobbing head up and down; generally more shallapid; and
head-pump rhythmic than typical 'alert' head-pump
Pre-copulatory Female partially submerged with flattened body aeck extended
prone position
Preen-behind- Male moves bill over the inside of the wing feathgr a mock-
wing preening motion; includes wing-flash display
Tail-wag Wagging of the tail used in the preliminary stagedisplaying
Turn-back-of- Male raises head and turns the back of the heaarttsithe courted
head female
Wing-flap Male flaps wings in a slower and more exaggeratadmar than
normal wing-flap

Intraspecific interactions

Aggression Threats and aggressive behavior directed towarohanHawaiian
Duck; these behaviors involve bill-flicking, bilépbing, bill-pointing,
bill-threatening, chasing, feather-pulling, foraapulation, inciting,
pecking, pursuit flights, vocalizing, and wing-flapg

Receive Receiving aggression from or submitting to anottiawaiian Duck
aggression
Gesture of Female draws head back into shoulders, ruffles badkhead
repulsion feathers, fans tail, and opens bill widely whileabzing

Mate-guard Male maintains an alert posture and positions Hinb&tween his

mate and other males and/or escorts other maleg fagra mate

Interspecific interactions
Aggression Threats and aggressive behavior directed towarohanspecies

Receive Receiving aggression from or submitting to ano#pescies
aggression
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Appendix D. Continued.

Behavior Description

Pause Recorded with behavior event (e.g., pregranige is a brief pause between
preening bouts)
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Appendix E. Behavior and habitat use of Hawaiian Dck broods and brood-tending
females at Hanalei National Wildlife Refuge on Kaua

| recorded Hawaiian DuckAfas wyvilliana) brood sightings at Hanalei National Wildlife
Refuge (NWR), Kaua'i between September 2010 andu8ug011 to assess seasonality
of the annual cycle of Hawaiian Duck and to colleasic information on habitat use and
behavioral patterns of broods. | estimated dugkéige based on size and plumage class
(Gollop and Marshall 1954) and recorded brood bieinat first detection. | classified
Hawaiian Duck behaviors into six categories: fonggiresting and brooding,
maintenance, locomotion, alert, and social. Halbyj@es were broadly classified as
managed wetland and taro. Within taro, | categarizover classes as taro, wet or dry
non-vegetated fallow, wet or dry fallow with predoantly non-taro emergent
vegetation, and harvested. Also, within the tareet class, | categorized sub-classes
based on taro cover: early growth (<25% cover),ioradgrowth (25-50%), and dense
growth (>50% cover). Within each habitat typeedarded if individuals were in the unit
or on a dike. | recorded if broods and brood-tegdemales were associated with males.
Broods were differentiated based on chick age timeaand occasionally female
characteristics. For each unique brood, | estimbhgtch date based on age at first
sighting, and | estimated incubation start datasguming a 28-day incubation period
(Swedberg 1967).

| used instantaneous focal sampling proceduresn@in 1974) to quantify the
diurnal time-activity budgets of Hawaiian Duck fdesawith and without broods
between September 2010 and August 2011. | recdhgeblehavioral activity of focal
individuals at 10 sec sample intervals using ataligioice-activated recorder and
electronic timer (Baldassarre et al. 1988, Dugger Retrie 2000). Activity data were
converted to proportions of time engaged in eattabier during each focal observation
session (Baldassarre et al. 1988). Logit transétions were applied to proportions
before analyses to improve homogeneity of variaacgsmeet the assumption of
normality (Ramsey and Schafer 2002). | used inidizi focal observation sessions as the
sample unit to determine the relationship betwespeddent variables (proportion of
time engaged in each behavioral state) and exmggneaariables (e.g., breeding status).

Factorial multivariate analysis of variance (MANOY#Asing Wilks’ lambda test



66

criterion was used to simultaneously evaluate ffexs of explanatory variables on
time-activity budgets (Ramsey and Schafer 200RMANOVA indicated significant
effects of explanatory variableB € 0.05), univariate analysis of variance (ANOVAAw
used to examine the effects on separate behayterscantrolling for all other
explanatory variables. If logit transformationsdd to normalize the data and satisfy the
equal variance assumption, | used the Kruskal-W#t to compare the untransformed
proportion of time engaged in the activity betweaplanatory variables (Ramsey and
Schafer 2002). | adjustétivalues using the Benjamini-Hochberg method to rabihe
false discovery rate at 5% (Benjamini and Hochld&€@b). All time-activity budget

values are reported as untransformed means + sthadar (SE).

RESULTS

Between September 2010 and August 2011, | recdrd®@dHawaiian Duck brood
sightings, representing 67 unique broods, at HahBMR. Most nests (70%) were
initiated between December and May (exact binotestt P = 0.001; Fig. E1). Broods
were detected more frequently in taro (86%) thanagad wetlands(= 174; binomial
test;P < 0.001; Table E1); however, detection rates oblds may vary between habitat
types. Of broods sighted in taro, 31% were deteictehe taro cover class and 53% on
taro dikes. Within the taro cover class, most Heo(®1%) were observed in medium
growth taro.

Across all habitat types, Hawaiian Duck broods: ©5) were most frequently
observed foraging (25%) and locomoting (43%) &t fitetection (Table E2). Broods in
managed wetlands were observed foraging (27%)audrioting (73%). Within taro,
broods entered lo‘i primarily to forage (50%), véhblroods used dikes for maintenance
(31%), resting (21%), and locomotion (46%) actesti

Females with broods allocated activities diffengtitlan females without broods
after accounting for time of day, month, and hdtlitpe (MANOVA; Wilks’ A = 0.88,
Fe.00=2.25,P = 0.044; Table E3); however, the number of foeahgles involving
females with broods was limited € 10). Similar to Mottled Ducks (Paulus 1984),

brood-rearing female Hawaiian Ducks exhibited madegt behavior than other females
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using similar habitat types (21.2% vs. 6.7%). Ma&vaiian Ducks were associated
with brood-tending females in 11.3% (19 of 168pojod observations.

Although Hawaiian Duck broods were observed yeand) our results suggest
that Hawaiian Ducks may exhibit subtle seasonalitthe annual cycle with a peak in
nesting activity between December and May. Brdogkovations also suggest that
managed wetlands, as well as taro, are used by ildavwaucks during brood rearing.
Future studies involving radio-telemetry would go®a more complete picture of the
timing of nesting and relative habitat use by HaamraDuck broods, which may help

guide conservation and management actions (egdator control efforts).
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Figure E1. Monthly variation in the extrapolatedubation start dates and hatch dates of Hawaitark Dests based on broods
observed at Hanalei National Wildlife Refuge, Kalrgtween September 2010 and August 2012 §7 broods).
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Table E1. Percentage of Hawaiian Duck broads {74) observed in managed wetlands,
taro lo‘i, and ditches at Hanalei National WildlRefuge, Kaua'i from September 2010
to August 2011.

Habitat type Percentage of broods
Managed wetland
Wetland 11.5
Dike 1.7
Taro
Taro 26.4
Vegetated wet fallow 8.0
Non-vegetated wet fallow 4.0
Vegetated dry fallow -
Non-vegetated dry fallow 1.1
Harvested 0.6
Dike 46.0

Ditch 0.6




Table E2. Activity budgets (%) of Hawaiian Duclobds using eight habitat types at Hanalei Natididdlife Refuge, Kaua'i
from September 2010 to August 2011 based on brebdwor at first detectiom(= 95 observations).

Percentage of broods engaged in each behavior
Taro cover classes

Managed .

wetland Vegetated wet Non-vegetated Non-vegetated Ditch  Overall
Behavior Taro fallow wet fallow dry fallow Harvested Dike
Forage 23.1 44.4 66.7 33.3 100.0 100.0 -- -- 25.3
Maintenance -- -- 16.7 16.7 -- -- 30.8 -- 14.7
Rest and brood -- 7.4 -- -- -- -- 20.5 -- 10.5
Locomotion 76.9 37.0 -- 50.0 -- -- 46.2 -- 43.2
Alert -- 11.1 16.7 - - - -~ 100.0 5.3
Receive aggression -- -- -- -- -- -- 2.6 -- 1.1
n 13 27 6 6 2 1 39 1 95

0L
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Table E3. Activity budgetsi(+ SE) of female Hawaiian Ducks with € 10 observation
sessions) and without € 110) broods in taro lo‘i at Hanalei National dlife Refuge,

Kaua'i from September 2010 to August 2011.

Percent time spent per behavior

Test statistic

With brood  Without brood P-value
Foraging 13.4+95 21.1+3.2 0.338
Resting 384+94 40.8 £ 3.6 0.842
Maintenance 22.0+7.3 24.3+2.7 0.727
Locomotion 48+15 6.9+0.9 0.656
Alert 21.2+5.5 6.7 £0.7 0.005
Social 0.2+£0.2 0.3+£0.1 0.995

2 Test statistics are-values from separate ANOVAs unless otherwise igid; "

Kruskal-WallisH-values.



Appendix F. Relative frequency of occurrence (¥dpoaging f = 359 observation sessions; 42.9 hr), maintenémsed16; 79.3
hr), locomotor § = 850; 39.3 hr), and social € 295; 2.6 hr) behaviors performed by Hawaiian I3ua managed wetlands and
cultivated taro lo‘i at Hanalei National WildlifedRuge, Kaua'i from September 2010 to August 20&&haviors occurring less
than 1.0% of the time are listed as trace (tr) br&iations for cover classes: VWF (vegetated atdiv), NWF (non-vegetated
wet fallow), VDF (vegetated dry fallow), NDF (norgetated dry fallow).

Taro lo‘i cover classes

Behavior Managed wetlandsTaro lo'i Taro Harvest VWF NWF VDF NDF Dike Overall
Forage

Dabble 29.5 32.0 45.6 18.7 239 183 119505 74 309
Head-dip 441 56.1 49.2 70.6 70.5 70.7 tr - -- 510
Up-end 2.7 tr -- tr tr 1.2 -- -- -- 1.3
Probe 13.9 3.8 1.3 35 tr 3.7 374 323 -- 8.1
Nibble vegetation 4.3 1.4 tr tr 1.6 tr 103 -- 497 2.7
Peck tr 1.0 tr 3.1 tr tr 141 tr tr tr
Snatch/snap tr -- - -- -- - -- -- -- tr
Manipulate food tr tr tr tr tr tr tr 2.2 1.1 tr
Search 3.9 4.5 25 27 3.1 50 205143 411 42
Other tr tr -- -- -- -- 4.6 -- - tr
n 208 151 62 14 15 34 4 2 20 359

Maintenance

Preen 89.2 91.2 86.5 85.6 82.7 90.5 90.2929 928 90.1

Bath 3.2 1.2 59 1.7 3.0 2.1 - - -- 2.4
Scratch 1.9 1.9 1.7 1.7 3.6 1.9 - 27 1.9 1.9
Stretch 1.0 2.2 tr 1.7 15 tr 41 1.0 3.0 15
Tail-wag 1.4 1.3 1.4 29 1.6 2.0 21 14 1.1 1.4
Head-shake tr tr tr 1.1 2.3 tr 21 tr tr tr

¢l



Appendix F. Continued.

Taro lo‘i cover classes

Behavior Managed wetlandsTaro lo'i Taro Harvest VWF NWF VDF NDF Dike Overall
Body-shake tr tr tr 1.8 tr tr -- tr tr tr
Drink tr tr 1.2 19 36 1.1 15 tr tr tr
Wing-flap tr tr 1.3 15 14 tr -- tr tr tr
Defecate tr tr -- -- -- -- -- -- tr tr
n 465 451 65 13 16 41 6 8 302 916
Locomotion
Swim 87.9 44.1 814 88.2 826 74.3 - - tr 76.8
Walk/run 8.1 49.0 13.3 24 139 189 79.7919 91.7 185
Fly 4.0 6.8 5.3 94 34 68 203 81 79 47
n 444 406 66 16 16 42 5 7 254 850
Social
Courtship 39.3 17.0 37.8 50.0 62.4 -- - - 11 330
Intraspecific agonistic 47.2 51.8 51,5 389 376 774 1000 -- 525 485
Interspecific agonistic 13.5 31.1 10.7 11.2 - 226 -- -- 464 185
n 168 127 19 7 4 11 1 - 85 295

€L
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Appendix G. Mean proportion of time ¢ SE) Hawaiian Ducks spent in agonistic
interactions with other bird species£ 984 observation sessions) and relative frequency
(%) of interactionsr{= 131) at Hanalei National Wildlife Refuge, Kaub&tween

August 2010 and September 2011.

Aggression towards Threats and aggression
Hawaiian Duck from Hawaiian Duck
Relative Relative

Species Percent of timefrequency Percent of time frequency
Hawaiian Moorhen  0.072 £ 0.010 44.4 0.008 + 0.003 5.2
Hawaiian Coot 0.040 + 0.009 24.7 0.001 + 0.001 0.5
Hawaiian Stilt 0.023 £ 0.007 14.0 -- --
Hawaiian Goose 0.011 £ 0.004 6.6 0.001 £ 0.001 0.4
Other 0.001 + 0.001 0.5 0.006 £ 0.003 3.9

Total 0.147 £ 0.015 90.1 0.016 + 0.005 9.9
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Appendix H. Waterbirds observed at Hanalei Natiédddlife Refuge, Kaua'‘i between
August 2010 and September 2011. Symbols for stReigresident endemic species),
Res (resident indigenous species; Hawaiian subspecendemic), Al (alien introduced
species; long established and breeding since b&#t®), An (alien introduced species;
new introduction since 1945 and apparently estaddly Vc (visitor species; common
migrant to Hawaii), Vr (visitor species; regulargrant to Hawai‘i in small numbers in
most or all years, Vo (visitor species; occasiongrant to Hawai‘i in some to most
years, Vs (visitor species; accidental stragglddawai‘i); * listed as endangered on the

Federal List of Endangered Species (Pyle 2002).

Family Common name Species Status
Anatidae American Wigeon Anas americana Vr
Brant Branta bernicla Vo
Bufflehead Bucephala albeola Vo
Cackling Goose Branta hutchinsii Vr
Gadwall Anas strepera Vs
Green-winged Teal Anas crecca Vr
Hawaiian Duck Anaswyvilliana Re*
Hawaiian Goose Branta sandvicensis Re*
Lesser Scaup Aythya affinis Vc
Mallard Anas platyrhynchos Al, Vo
Mallard-Hawaiian Duck Anas platyr hynchos x
hybrid A. wyvilliana
Muscovy Cairina moschata
Northern Pintail Anas acuta Vc
Northern Shoveler Anas clypeata Vc
Ring-necked Duck Aythya collaris Vr
Snow Goose Chen caerulescens Vs
Ardeidae Black-crowned Night-heron Nycticorax nycticorax Ri
Cattle Egret Bulbulcusibis An
Great Egret Ardea alba Vs
Charadriidae Black-bellied Plover Pluvialis squatarola Vr
Pacific golden Plover Pluvialis fluva Vc
Rallidae Hawaiian Common Moorhen Gallinula choloropus  Res*
sandvicensis
Hawaiian Coot Fulica alai Re*
Recurvirostridae Hawaiian Black-necked Stilt Himantopus Res*
mexicanus knudseni
Scolopacidae Lesser Yellowlegs Tringa flavipes Vr
Pectoral Sandpiper Calidris melanotos Vr
Ruddy Turnstone Arenariainterpres \Y/e
Sharp-tailed Sandpiper Calidris acuminata Vr
Wandering Tattler Tringa incana Vc
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Appendix H. Continued.

Family Common name Species Status

Threskiornithidae  White-faced Ibis Plegadis chihi Vs
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Appendix I. Comparison of time-activity budgets{ SE) of Hawaiian Ducks in taro
lo'i (n= 163 observation sessions) and on taro lo‘i d{kes329) at Hanalei National
Wildlife Refuge, Kaua'i from September 2010 to Asga011.

Percent time spent per behavior

Activity In taro lo‘i On taro dike Test statistic vallfe P-value
Forage 44.8 +2.7 0.3+0.1 30288  <0.001
Rest 12.7+1.9 60.0+1.6 361.68 <0.001
Maintenance 21.6£2.0 21.1+£1.2 0.29 0.591
Locomotion 12.7+£0.9 49+04 81.52 <0.001
Alert 75+0.6 13.3+0.8 15.32 <0.001
Social 0.60.1 0.4%0.1 0.6% 0.836

& Test statistics aré-values from separate ANOVAs after accounting for, pair status,
time of day, and month unless otherwise indicdt&dKruskal-WallisH-values.



Appendix J. Percentage of time spent foragingrasting & = SE) by Hawaiian Ducks in six taro cover classeldanalei
National Wildlife Refuge, Kaua'i from September 20tb August 2011n= 163 observation sessions).

Taro cover classes

Vegetated wet Non-vegetated wet Vegetated dry Non-vegetated dry
Behavior  Taro Harvested fallow fallow fallow fallow
Forage  48.4+3.962.8+8.1 38474 405+5.2 349+13.6 22.6+14.8
Rest 10.3+£23 6.4+5.1 126 £6.2 9.0+x27 39.0+18.1 47.8#1
n 71 16 17 45 6 8

8L



Appendix K. Percentage of Hawaiian Duck observasiessions with at least one anthropogenic distggbwithin managed
wetlands K = 492) and taro lo‘ir{ = 492) at Hanalei National Wildlife Refuge, Kaub&tween September 2010 and August 2011.

Percent of observation sessions with disturbances
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Appendix L. Relative frequency (%) of primary resges to anthropogenic disturbances
at Hanalei National Wildlife Refuge, Kaua'i betweBaptember 2010 and August 2011.

Primary response

Disturbance type n Alert Take cover Flush
Farmers 56 60.7 10.7 28.6
USFWS personnel 42 71.4 24 26.2
Public 7 57.1 28.6 14.3
Planes and helicopters 18 100.0 -- --
Sirens 6 100.0 -- --

Total disturbances 129 71.3 7.0 21.7




Appendix M. Monthly variation in the time-activipudgets of Hawaiian Ducka € 984 observation sessions) between
September 2010 and August 2011 at Hanalei NatMfildlife Refuge, Kaua'i.
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Appendix N. Monthly variation in percent timeé £ SE) Hawaiian Ducks spent in agonistic interactiaith other bird species at
Hanalei National Wildlife Refuge, Kaua'i betweernp8amber 2010 and August 2011 984 observation sessions).
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Appendix O. Diurnal variation in mean abundanceélafvaiian Ducks (birds/survey site;
X £ SE) using managed wetlanas< 751 counts) and taro lo‘'nE 580) at Hanalei
National Wildlife Refuge, Kaua'i between Septemb@10 and August 2011.

n Managed wetland : Taro_lo‘l Overall
In loi On dike Taro total
Early morning 367 2.7+0.3 14+0.21.3+0.1 26+03 2.7+0.2
Late morning 335 1.6+0.2 0.7+0.11.3+0.2 2.0+0.2 1.8+0.1
Afternoon 316 24+0.3 0.8+0.119+0.2 2.7+0.2 25+0.2
Evening 313 43+0.8 1.3+0.21.8+0.2 3.1+0.3 3.8+0.5

Overall 1,331 2.7+0.2 1.0+0.116+0.1 26+0.1 2.7+0.1




Appendix P. Mean (+ SE) water depth (cm), emergaland vegetation height (cm), total vegetatioeer (%), and cover by
Cyperus species (CYP; %)}chininochloa crus-galli (ECHCRU; %) Fimbristylislittoralis (FIMLIT; %), Ludwigia octovalvis

(LUDOCT,; %), Paspalumurvillet (PASURYV; %), andUrochloa mutica (UROMUT; %) in eight managed wetland units at Hanal

National Wildlife Refuge, Kaua'i between Septem®@10 and August 2011.

Unit ID Date n Depth EVH Total cover CYPspp. ECHCRU FIMMIL LUDOCTPASURY UROMUT
Al 09/22/10 30 7.1+13350+48 56.7+6.0 148+4249+17 10.7+27 9.6+3.1 11.3+39 44+06
10/27/20 30 86+1.351.7+69 685+59 121+3291+30 256+6.6 82+28 6.1+34 6.1+36
12/24/10 30 65+13 676+6.9 73.8+59 59+12183+51 352+70 124+3.2 82+36 4532
02/26/11 30 2.1+0.7 58.7+6.2 659+63 33+0.779+17 29.2+59 124+3.1 16.3+43 50+29
04/16/11 30 6.9+13 465+51 66.3+64 19+0.769+16 252+59 104+25 214+53 23+0.8
06/27/11 30 11.3+16564+66 61.3+6.1 38+1345+22 49+15 11.3+24 23.0+51 46+22
08/13/11 30 105+1563.2+79 616+60 3.7+1.028+14 69+24 13.7+23 240+49 7.0%£3.0
B3 09/28/10 30 5.7+0.8 0.3%0.2 04+0.1 -- -- - 01+01 -- --
10/30/10 30 4.6+0.7 3.7+13 20.1+6.4 - 03+02 19.1+6.2 1308 -- --
12/26/10 30 08+03 7.0+23 24676 tr 0604 235+74 08104 tr tr
02/25/11 30 14+04155+ 30 50.7+76 02+0119+07 407+7.0 92+3.0 03%+03 0.1z%0.1
04/17/11 30 - 231+31 703+68 05+0218+08 653+6.6 64+22 25+07 0503
06/26/11 30 4.2+0.7 27.7+34 744+62 24+0820+08 61.2+66 83+29 63+18 0.2+0.2
08/15/11 30 9.7+09 23.3+33 57.3+6.0 40+1727+05 415+54 52+14 56+18 02+0.2
B4 09/26/10 30 9.2+1.2288+45 699+54 7.4+19104+46 47.3+6.0 6.7+24 27+15 6545
10/29/10 30 95+12 31.6+50 548+65 88+377.8+35 315+6.0 73+23 6.8+27 24+16
12/26/10 30 9.0+14 29.7+59 452+6.8 28+0.811.0+45 183+49 89+23 58+20 27+19
02/25/11 30 11.4+13284+6.9 43.0+x6.7 12+059.7+47 104+40 97+19 97+29 4930
04/17/11 30 125+14229+6.1 372+6.2 13+0644+26 95+36 84+16 115+38 29+19
06/25/11 30 1.4+06 358+6.3 473+68 6.2+2726+16 68+3.0 83+20 17.0+45 19+11
08/13/11 30 2.4+0.7555+73 547+65 54+1819+10 134+39 55+13 157+48 2815

r8



Appendix P. Continued.

Unit ID Date n Depth EVH Total cover CYP spp. ECHCRU FIMMIL LUDOCTPASURV UROMUT
C2 09/27/10 30 11.9+1.4 67.2+89 77.8+57 6.0+£17 223+59374+6.1 26.7+44 02102 81+40
10/28/10 30 16.7+13 57.7+7.3 66.3+58 46+14 234+5726.1+48 193+3.2 02+01 35%20
12/25/10 30 16.1+1.4 465+80 559+6.2 3716 21.6+4911.9+29 234+34 -- 42+26
02/23/11 30 6.0+12 521+74 547+58 3.1+10 134+42 51+21 300+42 7.0+x29 95+37
04/16/11 30 155+14 36.1+53 426+53 08+05 15+07 14+13 26.7+40 56+21 5328
06/26/11 30 6.2+12 580+7.3 46.8+57 10+04 3.0+27 20+16 262+39 98+33 49131
08/15/11 30 56+12 66.2+78 47.7+6.0 1.1+05 36+3.0 35+24 23.7+44 115+39 45+3.2
DU2 09/13/10 30 24.0+2.7474+105 466+83 03+03 0.7x0.7 03+£03 225%6.1 - 27.0%+6.9
10/26/10 30 30.8+2.0 40.0+9.0 395+7.8 -- - - 148+42 -- 25.8+6.8
12/22/10 30 14.7+2.055.6+10.8 37.6+7.6 - - - 15.3+47 - 21.0+5.9
02/27/11 30 18.7+4.047.7+108 38.0+7.5 tr - - 109+38 - 25.1+64
04/18/11 30 0.8+0462.1+11.7 40.1+75 -- - - 93134 - 311x7.1
06/25/11 30 - 273+56 640+69 02+01 51+2816.1+49 125+36 05+05 339+7.6
08/12/11 30 9.7+20 -- 1.3+0.7 -- - tr tr -- 1.2+0.7
RM1 10/01/20 10 23.5%+3.9 - 7.4+33 - 44+26 - 20x20 - 15+1.2
10/30/10 10 249+42 21+17 9.2+36 - 41+28 - 15%09 - 0.6+0.5
12/22/10 10 25.2+3.332.2+14.0 253+10.3 0.1+0.1 21.8+9.9 - 25%14 -- 40+4.0
02/24/11 10 156+3.7 245+9.7 195+73 15+08 35+18 45+45 46123 - 1.6+1.3
04/16/11 10 9.1+26 350+9.3 398+10.3 34+13 57+29138+8.7 8838 -- 1.1+£09
06/27/11 10 7.7+2437.1+10.2 39.1+105 74+39 34+21145+89 65+1.8 -- 15+0.8
08/15/11 10 10.6+2.7 36.8+8.3 46.3+125 3.2+22 42+19157+97 34+13 - 26+14
RM2 10/01/10 10 13.3+24 06+04 09+05 -- - - 02+02 -- 0.3+0.3
10/30/120 10 95+16 29+29 51145 - - - 01%£01 - 1.0+£0.7
12/22/10 10 20.9+3.030.1+13.8 31.8+10.3 0.8+0.6 - 6.6+£39 50+23 - 145+7.8
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Appendix P. Continued.

Unit ID Date n Depth EVH Total cover CYPspp. ECHCRU FIMMIL LUDOCTPASURV UROMUT
02/24/11 10 139+29 185+49 400+82 18+11 02+02 28.0+99 1.0+05 -  6.7+34
04/16/11 10 - 36.3+120 743+94 47+18 104+89 36.2+128 7.3+24 - 54+32
06/27/11 10 6.4+1.7 276+55 755+98 196+74 25+20 283+9.1 7.8+31 -  44+26
08/15/11 10 14+10 26.6+6.5 749+9.7 17.3+48 18+12 38.0+7.6 4.6+20 - 33%19

RM3 10/01/10 10 28.6+3.6 0.6+06 09+0.8 - - - - - 01x01
10/30/10 10 354+34 09+09 0505 -- -- -- -- - 04+04
12/22/10 10 439+23 85+85 3535 - - -- - - 35+35
02/24/11 10 51+19 54+19 208+81 0.2+0.2 - 157+69 1.0+0.6 - 08+0.6
04/16/11 10 - 215+75 478+152 26+11 456+152 35+1.1 - 03%03
06/27/11 10 49+1.7 30.6+8.0 61.1+144 32+14 13+0.7 56.3+150 84+3.9 - --
08/15/11 10 12.6+2.0 23.8+6.3 52.0+126 19+14 12+09 42.1+12.8 10.3+6.3 - 03+0.2
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Appendix Q. Plant species occurring in wetlanddatalei National Wildlife Refuge, Kaua'‘i betweeepgiember 2010 and
August 2011. All species were detected in wetksantipling plots unless indicated by an asterisk 8fatus categories include
indigenous (N) and introduced (I). Indicator ssatategories include obligate wetland (OBL; alnadsfays is a hydrophyte,
rarely in uplands), facultative wetland (FACW; ukby&s a hydrophyte but occasionally found in ugla) facultative (FAC;
commonly occurs as either a hydrophyte or non-hgtayte), and facultative upland (FACU; occasionala hydrophyte but
usually occurs in uplands; Lichvar and Kartesz 2009

Family Scientific name Common name Statlisdicator status
Alismataceae  Sagittarialatifolia arrowhead, swamp potato OBL
Apiaceae Centella asiatica Asiatic pennywort FAC
Araceae Colocasia esculenta * kalo, taro OBL
Asteraceae Ageratum houstonianum bluemink FACU
Eclipta prostrate false daisy FACW
Emilia fosbergii pualele FACU
Sohagneticola trilobata wedelia FAC
Azollaceae Azollafiliculoides * large mosquito fern OBL
Caryophyllaceae Drymaria cordata var. pacifica pipili, whitesnow FAC
Commelinaceae Commelina diffusa honohono, climbing dayflower FACW
Convolvulaceae Ipomoea triloba littlebell FAC
Cyperaceae Cyperus difformis variable flat sedge OBL
Cyperusjavanicus Javanese flat sedge FACW
Cyperus odoratus rusty flat sedge FACW
Cyperus pilosus fuzzy flat sedge FACW
Cyperus polystachyos many-spike flat sedge FACW
Fimbristylis dichotoma forked fimbry FAC
Fimbristylislittoralis grass-like fimbry OBL
Kyllinga brevifolia short-leaf spike sedge FAC
Schoenopl ectus juncoides rock bulrush OBL
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Appendix Q. Continued.

Family

Scientific name

Common name

Statuisdicator status

Euphorbiaceae

Fabaceae

Lemnaceae

Lythraceae
Lythraceae
Myrsinaceae
Onagraceae

Poaceae

Phyllanthus debilis
Desmodium triflorum
Macroptilium lathyroides

Mimosa pudica var. unijuga

Lemna aequinoctialis *
Wolffia globosa *
Ammannia coccinea
Cuphea carthagenensis
Ardisia elliptica
Ludwigia octovalvis
Ludwigia palustris
Andropogon bicornis
Chlorisradiata *

Coix lachryma-jobi
Echinochloa crus-galli
Pani cum maximum
Paspalum conjugatum
Paspalum fimbriatum
Paspal um scrobiculatum
Paspalum urvillel
Paspal um vaginatum
Sacciolepisindica
Setaria spp.

Urochloa mutica

Niruri I
three-flower tick-trefoil I
wild bushbean I
sleeping grass I
Lesser duckweed I?
Asian watermeal I
valley redstem I
Colombian waxweed, tarweed I
shoebutton ardisia I
Mexican primrose-willow 1?
marsh purslane I

radiate fingergrass I
Job's-tears I
barnyard grass I
Guinea grass I
Hilo grass I
Panama crown grass I
ditch millet, Indian crown grass N?
Vasey's grass I
saltwater couch, seashore paspalum
glenwood grass I
I
California grass I

FAC
FAC
FACU
FACU
OBL
OBL
OBL
FAC
FACU
OBL
OBL

FACU
FACW
FACW
FACU
FAC
FAC
FAC
FAC
FACW
FAC

FACW
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Appendix Q. Continued.

Family Scientific name Common name Statuisdicator status
Pteridaceae Ceratopteristhalictroides watersprite I OBL
Rubiaceae Spermacoce assurgens woodland false buttonweed I FAC
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