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Hundreds dwetland bird speciegse ricelandannuallyin the Gulf Coast Prairie
region of Louisiana and Texa$Auch of the original ecosystem wasansformed for rice
and other cropsattle ranchingflood control, andbtherhumanuses. Flooded
production and idled ricelands provide critidataginghabitat for breeding, migrati
and wintering wetland birdsRicelandsm coastal Louisiana and Texas provide
approximately 42% of the estimathdbitatcarrying capacity fowintering waterfowl in
this region In 2010, the Deepwater Horizon oil spill in the Gulf of Mexico prompted
enactmenbf the Migratory Bird Habitat Initiativé MBHI) by USDA Natural Resources
Conservation Service. The MBIgtovided avian habitat, including flooded ricelands,
inland from oil impacted aread/ly objectives wereo: 1) estimateand model variation
in biomasof wasterice and natural sesdspotential waterfowl foragen Gulf Coast
Prairiericelands, 2) estmate and model variatian wetland lird use ofricelandsand 3)
conductsensitivityanalyse®f bioenergetics modelsy varyingforaging thresholdand
true metabolizable enerdy ME) values. A growing seasonf ~270 daysllows Gulf

Coastrice producers tgrowtwo rice cropg(i.e., the second termed ratooWyasterice



wasgreatest inproductionfields with harvested and standiratoa crops, and natural
seed biomass was greatest in idiettls with standing vegetatior\Wetland bird species
richnessand waterbird abundaneeeregreatest in shallowly floodedi 15 cm)ricelands
with sparseverticalvegetation1i 20 cm) and dwek abundance was greatest in shailow
intermediately (130 cm)flooded ricelands with short vegetati@ii 15 cm) Shallowly
flooded rice fields containing harvested or standing ratoon cropshatidwly flooded
idled fieldswith standing vegetatioprovided abundanpotentialfoods for waterfowl and
waterbirds. Bioenergetics moels indicated thgplannerdn the Gulf Coast Prairie region
may be underestimating riceland habitat requiremientaaterfowlby 10,000 ha.
Models were most sensitive to chasge seed biomass estimates, and less sensitive to
changes in foraging thresholds and TME valu€sllectively, theseesults will facilitate
conservatiorpartners taefine modelsfor consering habitatsfor waterfowl and other

waterbirds in th&ulf Coast Prairie
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CHAPTER |

INTRODUCTION

Hundreds of wetland bird species that include waterfowl, wading birds, and shorebirds
annually use nutrient rich interior and coastal wetlands iGthie CoastPrairie(GCP) region of
Louisiana and Texas (Esslinger and Wilson 2001, Wilson and Essling2y 2&die et al. 2008,

Marty et al. 2015). Pristine habitats of the GCP included extensive coastal marshes and prairies,
freshwater wetlands, and savannas (Esslinger and Wilson 2001). However, much of this original
ecosystem was lost or transformed fioerand other commercial crops, flood control, and other

land uses (Dahl 2011). The region has an impervious clay pan, long growing season, mild
climate, abundant rainfall (T713 cm annually; Gosselink et al. 1979, Hobaugh et al. 1989), and
an abundancef land that provides optimal rice producing conditions. The modern rice industry

in the GCP began in the late 1800s. Rice agriculture continued to expand within the GCP
through the 1900s to >400,000 ha, but has declined to approximately 148;6@D15(USDA

2016). Despite recent declines, rice remains among the dominant crops in the GCP landscape.

Although ricelands are not considered as diverse and productive as natural wetlands,
vegetation structure of rice is dense herbaceous, similame seasonal wetlands. Production
and idled ricelands provide critical wetland habitat for breeding, migrating, and wintering
wetland birds, and are an important source of dietary energy (Meanley 1956, Remsen et al. 1991,
Rettig 1994, Elphick and Oring 28, Eadie et al. 2008, Stafford et al 2010). Flooded ricelands
typically provide abundant energy throughste rice natural seeds, tubers, and invertebrates

(Low and Bellrose 1944, Fredrickson and Taylor 1982, Kross et al. 2008, Hagy and Kaminski
15



2012, Shummer et al. 2012, Marty et al. 2015). The Gulf Coast Joint Venture (GCJV), a
partnership around which collaborative conservation for migratory bird habitats is based in the
Western Gulf Coast, endeavors to provide habitat for millions of wetlandémrdsally during
winter (U.S. Departmerdf the Interior and Environmental Canada 1,986slinger and Wilson
2001, Wilson and Esslinger 2002.S. Department of the Interior et al. 201Ricelandsn

coastal Louisiana and Texas provide approximately 4P&becestimated carrying capacity for
wintering waterfow! in the GCJV region (Petrie et al. 2014).

In 2010, the Deepwater Horizon oil $pil the Gulf of Mexico affectedasthectaragef
coastal wetland bird habitats along the Gulf Coast, which prompted natural resource agencies to
develop programs for enhancing inland habitats for migratory birds (Davis et al. 2014, Kaminski
and Davis 2014). One of these programs was the MigratodyHibitat Initiative (MBHI),
which was implemented through the Natural Resources Conservation Service (NRCS) and led to
cooperative efforts among conservation organizations, agricultural producers, and a variety of
other landowners to enhance habitatrfogratory birds on private lands (Davis et al. 2014,
Kaminski and Davis 2014). In the GCP, one of the primary objectives was to flood production
and idled ricelands and other wetland habitats during autumn and winter.

Because ricelandme a major compeent of thecarrying capacity for waterfowl
wintering in the GCJVprecise contemporary estimatesa@fsterice and natural seeltiomass
are necessary for effective habitat conservation planning and implementatiment estimates
of wasterice and natral seechiomassused in GCJV carrying capacity models were derived
from studies that were relatively limited in temporal and spatial replication, and therefore likely
did not fully capture the variability in food resources across space and time witldCthée

region (T. C. Michot and W. Norling, U. S. Geoloal Survey, unpublished data).

16



The need for precise and contemporary food resource estimates, and the initiation of the
MBHI both afforded me the opportunity tovestigatewasterice and natural sedgdomassand
wetland bird use of GCP production and idled ricelands. The objectivey fdisgertation
research were t@¢Chapterll; 1) estimatevasterice and natural seed biomass in production,
seedrice, and idled rice fields with an acceptable level of precision@3#%6; Stafford et al.
200@,b); 2) modelvariation infield-level rice and natural seed biomass in production and idled
rice fields in November, relative to weather, soil, and field classifications for comparison with
similar research conduct@dthe MAV (Stafford et al. 2006b); and 3) estimate and compare
November wastgice and natural seed biomass by seed variety (i.e.,fi@ld&rand
conventional); (Chapter lll; 4) estimate and model variation in duck and other waterbird (i.e.,
waders, shorebird, rails, and other birds) species richness and abundance in relation to habitat
characteristics and riegeed varieties of productiaice fields, and habitat characteristics of
idled rice fields; (Chapter IV; Shvestigateeffects that applying GUand FATs at different
ecological scales, and using average versus spgoéeific TME valueshave on available
metabolizable energy ME) estimates; and subsequent habitat requirements necessary to
support LCP waterfowl populations from Auggtarch; and 6) compare estimates of habitat
requirements from my study to current GCJV estimaRrgviously published data collected in
2010 as aart of my Masters pilot study are included ina@ter Il, lll, and 1V(Marty 2013,

Marty et al. 2015)
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CHAPTER I

SPATIO-TEMPORAL EVALUATION OF WASTERICE AND NATURAL SEED
BIOMASS IN PRODUCTION AND IDLED RICE FIELDS IN THEGULF COAST

PRAIRIES OF LOUISIANA AND TEXAS

The North American Waterfowl Management Plan (NAWMP) was implemented
in 1986 to increase continental waterfowl populations that declined duriregathe
1980s from widespread drought and anthropogenic land uses in Prairie Pothole and
Parkland Regions of the northern United States and southern C&h&d®épartment of
Interior and Environment Canada 1986). The NAWMP established habitat and
population goals for species in North America, and charged Joint Ventures (JV) with
implementing NAWMP recommendations at regional scales. Sinegtinag, the
NAWMP has adapted arelolved as new scientific information has become available to
support waterfowl conservation decisions (Humburg and Anderson 2014).
Thefood-limitation hypothesis has been conceived and supportedibmptific
literature indicaihg that habitat conditions (i.efgod biomass habitat and food
availability, cover, etc.) and diet quality (i.e., seadgjetationand invertebrates) can
influence body condition, survival, migration phenology, and clutchisib@ds(Lack
1947; Heitmeyer 1988, 2006; Loesch and Kaski 1989; Moon et al. 200Dsnas et al.
2016. During nonbreeding periods, habitat and resource use is essential for successful

completion of spring migration and subsequent breeding (Paulus 1988, Davis et al. 2014).
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Diet composition and access to Iiguality foraging habitats influence body condition,
including nutrient reserves for migrating and wintering waterfowl (Delnicki and Reinecke
1986, Jorde et al. 1995, Ballard et al. 2006). Wetland habitat conditions encountered by
waterfowl, particularlyin late winter and early spring, may influence subsequent
reproduction and recruitment (Heitmeyer and Fredrickson 1981, Kaminski and Gluesing
1987, Raveling and Heitmeyer 1989, Osnas et al. 2016). Williams et al. (1999) suggested
availability of food resurces as a factor with potential to influence survival of waterfowl
populations during nebrealing periods.Bioenergetics models, which represent a class
of resource depletion models, are used to integrat®tiklimitation hypothesis with
conservatio plans for migrating and wintering waterfowkenerally, JVs in non
breeding areas for waterfowl presuthat foodabundancend availability dung non
reproductive seasons can influencaterfowl body condition and survival (i.e., tleod
limitation hypothesis; Williams et al. 2014)'he Gulf Coast Joint VenturéJCJV) of
NAWMP endeavors to provide foraging habitat for approximately 14 million ducks and
1.6 million geeseAnatidag annually during winter, emphasizing the importance of the
Gulf Coast IPairies (GCP) ecoregion of Louisiana and Tefxaissustainment of North
American waterfowl and waterbird populations (U.S. Department of the Interior and
Environmental Canada 1986, Esslinger and Wilson 2001, U.S. Department of the Interior
et al. 2012).Given the need to support il1®% of the continental waterfowl population
during winter, the GCJV prioritizes conservation actions that enhance food availability
within the GCP ecoregion.

The Chenier Plain (CP) of Louisiana (LCP) and Texas (TCP) and Texks Mi
Coast (TMC) are GCJV initiative areas (i.e., conservation planning regions) where
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migrating andwvintering waterfowl commonly consume energy rich food resources such
aswaste ricg3.34 kcal/g; Reinecke et al. 1989) and natural seeds (2al/g kKaminsk
et al. 2003).Rice isanimportantagricultural seed used by wetland biedsl isoften
grown in areas where natural wetlands previously occurred because of hydric soils (Eadie
et al. 2008). Most rice grown in the United States is produced @Gehteal Valley of
California, theMississippi Alluvial Valley (MAV), and theGCP (Petrie et al. 2014).
Although @mmmercial agriculture and other anthropogexativitieshave alteredhe
natural biotic communities of thetendscapes, rice and other dianpk provide
important habitat$or diverseguilds ofwaterfowl and waterbirds (Hobaugh et al. 1989,
Reinecke et al. 198€|Iphick et al. 2010Dahl 2011, Marty et al. 2015). Inthe
southeastern United States, rice agriculture extaodsss southeastekfissouri, eastern
Arkansas, western Mississippi, and northern Louisiana, south and westward into the CP
and TMC,; these latter two regions formed the core areas of my research.

The rice growing region is one of the most important waterfow! hakitahe
GCP ecoregion, yet numbers haleclinels i nce t he 198006s. I n the
producers planteapproximately 429,993 I rice in southwest Louisiana and along the
upper coast of Texas (U.S. Department of Agriculture [USDA] 2017). However, low
commodily prices, high productions costs, farm policy, urban development, and
restrictions on water supplies hanegluced rice production in the GCP, wathly
140,000 haof rice planted in 2015 (USDA 2017)n addition to the aforementioned
commercial rice prodttion, seed rice (i.e., rice grown and harvested for subsequent
planting) is prodaed in the GCP ecoregion. Se#zk production in Louisiana decreased
63% from 6,074 ha in 2006 2,221 ha in 2018Conversely, durin@008 2011, seed
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rice production in Teas increasedB% from 8,036 ha to 16,7%%&. Howeverseedrice
production in Texas has steadilgclined since 201With only 1,171 ha planted in 2015.
Seedrice production has declined of late because, 1) the commercial rice price has not
followed oher commodities and has been suppressed for a long period of time causing
growers to rotate to other crops, 2) the seeding rate of rice has been significantly reduced,
and 3) yields of the newly developed rice varieties is increasing (L. Cannon, Louisiana
Department of Agriculture and Forestry, personal communicatidhiis, a more
complete understanding of food resource dynamics provided by riceland systems is
needed to support programs, policies, and management actions that encourage the
sustainability drice productiorwith respect to waterfowl and other wetland birds.
Spatiectemporal dynamics of rice lost during harvest (i.e., waste rice) and natural
seeds for foraging waterfowl have been studied extensivalynre of the rice growing
regions of theJnited States (Miller et al. 1989; Reinecke etl@89; Loughman and
Batzer 1992Manley et al. 2004; Stafford et al. 2G0IB; Kross et al. 2008b; Greer et al.
2009; Havens et al. 2009; Hagy and Kaminski 2012). Abundaneasté ricds
variable and influenced by region, sampling month, harvégber(i.e., conventional or
stripperheadey, andpostharvest farming practices includingurning, disking, rolling,
flooding, orthose remaininglry and with standing stubb(&tafford etal. 2006, Kross
et al. 200&, Havens et al. 2009). Increased harvester efficiency and early planting and
harvest result in marked decompositiomaiste riceduring fall (Manley et al. 2004,
Stafford et al. 2006). Overa 71% decline invasterice biomassfrom time of harvest
(271 kg [dry]/ha; midlate September) through late fall (78.4 kg [dry]/ha; late November
early Decembgrhas been documente@dthe MAV (Stafford et al. 2006). By
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comparisonmanagecmergentvetlandsin the MAV may contaimaturd seed biomass
of 556 kg [dry]/ha(Kross etal. 200®). These results have important implications for
waterfow! habitat conservation planning and implementation, beceeskeldsthat are
winter floodedaccount for 11% and 44% of the estimated hab#atyingcapacity for
wintering ducks in the MAV and Central Valley of Californiaspectively (Petrie et al.
2014). Productioand idledricelandsin coastal Louisiana and Texas provide
approximately 42% of the estimated carrying capacity for wintevaigrfowl in the
GCJV region (Petrie et al. 2014). Thus, preaisdcontemporary estimates whsterice
and natural seed biomass, and an understanding of their temporal dy@aenes;essary
for effective habitat conservation planning and implemesnati

Agricultural practicedor rice productiordiffer among the three primary growing
regions of the United States and are influenced by climate (i.e., length of the growing
season), economics, water resources, soil characteristics, and other factoey @¢ahl
2004, Eadie et al. 2008, Stafford et al. 2010, Marty et al. 2015). Inthe CP and TMC,
producers regularly grow and harvest a second rice crop (i.e., [&panish origin from
the wordretonq meaning a sproytjn November from the first rice crapat isharvested
in Julyi August This practice is generalhot possible in the MAV or Central Valley of
Californiabecause of shortened growing seasons (Bollich and Turner 1988, Hobaugh et
al. 1989, Eadie et al. P8, Havens et al. 2009, Stafford et al. 201®anting and harvest
practices for seedce include a single harvest in autumn, followedahyidle period
through winter and springAdditionally, crop rotation strategies differ among rice
growing region®f the United StatesGrowing rice in the same field during consecutive
years would increase disease and weed prevalence, and decrease soil fertility resulting in
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reduced yields (Hohman et al. 2014).the Gentral Valley of California and the MAV,
rice fields are commonly rotated between yeaith other cropsuch asoybeanwheat,
or corn. However, in the GCP, rotational options are limited, and producers typidkzly
rice fields for 12 years In idle rice fields, natural vegetation (i.e., messil plants)
such as grasseBdaceag sedgesQyperaceag rushesJJuncaceag and forbs
(Polygonaceagwill typically grow and produce abundant seeds and tubesrsell as
providesubstrates foaquatic invertebrates (Low and Bellrose 1944, Fredriclsw
Taylor 1982, Kross et al. 2008Hagy and Kaminski 201Zchummer eal. 2012, Marty
et al. 2015). During idle years, some producers will graze cattle to aid in the reduction of
prevalent weeds and grassebjch provides an economic return fromedl land
(Craigmiles 1975; Hobaugh et al. 1989

Rice producers plant different rice varietigslearfield® rice varieties proide
superior weed control compared to traditional rice varietiedhence have become
increasingly popular for agriculture se@002 (Wilson et al. 2010More than 60% of
all rice hectares the United States are now planted in Clearfieldrieties (Wilson et
al. 2010). Clearfiefdis a norgenetically modified crop technology that provides
selective herbicide resistancertce plants, thereby enabling increased control of
broadleaf and grass plants in rice fields (Croughan 2003). Despite apparent advantages
for producers, there is growing speculation among waterfowl hunters that traits related to
Clearfield® rice (e.g., moe effective weed control) are leading to decreased use, or
avoidance, of fields by waterfowl. If waterfowl and other granivoroussads avoid

fields planted witiClearfield® rice varietiesthere could be implications for waterfowl
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and other avian faging strategies, body condition, and subsequent survival of
waterfowl.

The GCJV regiomprovides essential habitat to large concentrations of wintering
waterfowl andother wetland birds. However, olack of acurrentunderstanding of
spatial and temporalynamicsof wasterice and natural seed biomass justifies need for a
regionwide study to estimate abundances of these important fdrésiousbiomass
estimates ofvasterice and natural seeds in the GCJV regieere derived fromtsidies
with limited temporal and spatial replicatipandexisting information ioutdated (T. C.
Michot and W. Norling, U.S. Geological Survey, unpublished data).

My objectives were to: 1gstimatewvasterice and natural seed biomass in
production, seedice, and idled rice fields with an acceptable level of precision (CV
QL5%; Stafford et al. 20@60), 2) modelvariation infield-level rice and natural seed
biomass in production and idled rice fields in November, relative to weather, soil, and
field classifications for comparison with similar research conduatdatie MAV
(Stafford et al. 200&b), and 3) estimate and compare November wasteand natural
seed biomass by seed variety (i.e., Clearfieldd conventional) | hypothesized that
wasterice and natural seed biomass in production, sesatl idled rice fields would vary
temporally and among field classifications. | predicted that wastebiomass would
increase from AugusNovemberin fields with harvested and standing ratoon crops,
becaus®f the increase ofaste riceesultingfrom the ratoon crgung practices in the
GCP in contrast to the MAV. Additionally, | predicted that wagte and natural seed
biomass would decline from Augti$tovember in seedce fields, similar to MAV
pattens (Manley et al. 2004 Stafford et al. 2@p@ecaus@o ratoon crops anggroduced
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in seedrice fields. Finally, | hypothesized that biomass of natural seeds would be lower
in Clearfiel fields due to superior weed control, and thecild be nadiscermable
difference inrice betweerrice varieties.My study provides needed contemporary spatial
and temporal estimates whsterice and natural seed biomdss GCJV waterfowl
conservation planningnd isan important contribution for use in bioenergetizsdels to

refine potentihcarrying capacity estimates ftire regions.

Study Area

| conducted my study in agricultural landscapes of the CP of Louisiana and Texas
and the TMC. The CP encompasses areas of southwest Louisiana and southeast Texas,
roughly ganning from Lafayette, Louisiana, westwardHouston, Texasand extending
inland 130 160km from the coastline (Figure 2.1). The TMC extends from Galveston
Bay to Corpus Christi, Texas, and inland from the coastline approximately 170 km
(Figure 2.1). My specific study area included the Louisiana parishes of Acadia, Allen,
Calcasieu, Camergitvangeline, Jefferson Davis, St. Landry, and Vermilion, and the
Texas counties of Brazoria, Chambers, Colorado, Jackson, Jefferson, Liberty, Matagorda,
and Wharton. These counties aligned closely
Mid-Coast Initiaive Areas.

Historically, these regions contained extensive coastal marshes and prairies,
freshwater wetlands, and savannahs. Today, the CP and TMC contain coastal marshes
along the Gulf of Mexico, buhany of the historicoastal prairies and savannaséa
been converted for cultivation of rice and other crops (Esslinger and Wilson 2001). The
climate is sukropical and humid with an average growing season of 270 days, 13-freeze

days per year, antemperatures ranging from°@ in DecembérJanuary to 30C Julyi
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August (Chabreck et al. 1989). Average annual precipitation decreases east to west in the
CP from144 cmnear LafayetteLouisianato 113cm per year near Houstohexasand

77 cm per year near Corpus Christexas(Gosselink et al. 1979, Hobglu et al. 1989).

The CP and TMC regions are subject to frequent and sometimes intense weather
disturbances; on average, tropical storms make landfall approximately once every 1.6

years and hurricanes every 3.3 years (Roth 1999).

Methods

Sampling Design

| randomly collected soil cores based on a stratifiadlti-stage survey design
with primary, secondary, and tertiasgmplingstrata 1) rice farms; 2) production and
idled rice fields within farms; and 3) soil cores collected within fields (Staffoadl et
2006,b; Marty et al. 2015).1 derivedmy sampling universe dsCPfarmers from
Louisiana rice producers who enrolled in th8DA Natural Resources Conservation
Service Migratory Bird Habitat InitiativeMBHI; Kaminski and Davis 2014) and Texas
produces who cooperated with Ducks Unlimited, Inc. through private land wetland
restoration program@.e., the Texas Prairie Wetlands Projecfhe MBHI andTexas
Prairie Wetlands Projeetre incentivebased habitat management programs which
promote conservatioand flooding of natural and agricultural habitats for waterfowl. |
considered these databases representative &mitseangroducers within my study
region, because local agronomists advised that agricultural practices employed by
producers wergypical of the populatiorof commercial rice producers within rsyudy
area(S. D. Linscombel_ouisiana State University Agricultural Center [LSUAC]

personal communication). | selected producers randomly, and stratified samples into
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LCP, TCP, and TMC regiondn 2010,l selected total of 25 producemnd allocated
selections between regions roughly in proportion to average area planted to rice in each
region(LCP [60%],n= 15; TMC [40%],n = 10). During each yea?011 2013, |

randomly selected5 producerscross the LCP, TCP, and TMC regions, aalibcated

my selection among regiofms proportion toplanted rice acreage as measured in 2011
(LCP [64%],n = 16 producers; TCP [12%},= 3 producers; TMC [24%} =6

producers). | randomly sekedd and sampled two production and two idled rice fiédds

ead producer | defined fields as areas of varying size surrounded by exterior levees that
contairedrice orweretemporarily idled.| sampled seedce fields only during 2012

2013 in the TMCand TCP due to limited access of these producers. Inthe TMC in 2012,
| selectedfour seeerice producers From these | sampldtree fieldseachfrom two
producers and two fieldsachfrom the otheitwo producersr( = 10 fields) In2013, |

sampled thee producers from the TMC and one from the T&P 9 fields,n = 3fields,

respectively).

Field Sampling

Field classifications of producticand idled rice fields included) Julyi August
harvest only(first harvest, FH)2) fields harvesteth Augustand again in Novembdor
a ratoon crogharvested ratoon, HR3) fields in which a second crop was grokurt not
harvested and left standing, generally for crawfish aquaculture or waterfowl habitat
(standing ratoon, SR); 4) fields harvesteduhi Augud butwith no ratoon crop grown
(no ratoon, NR); 5) idle fields with standing natural vegetation (standing idle, Sl); and 6)
disked idled fields (disked idle, DI)Application ofthese field classifications wa®st

mutually exclusive. For example, allqoiuction rice fields were harvested Julygust,
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but each was subject to one of several unique practices (e.qg., classificatiptisa®
affectedfield dynamics (e.g., food dynamics, water deptygetation conditionduring
autumn. Thus, some of my identified field classifications are best viewed as a
combination of farmingctivity and sampling period.

During the 2010 and 2011 field seasdnsstablishedn each selected field
single random directional {180°) transect and extraatl 10 soil ©res (10 cm diameter
and depth), each spaced ~25 m affdenley et al. 2004, Stafford et al. 2@)6 | used
data from 2010 and 2011 to calculate optimal sample sizes by field classification for the
remainder of my study. herefore, during 2012 and 2013 field seasons, | collected 10
soil cores from FH, Sl, and DI fields, 15 cores in&@# NR fields, and 6 cores in HR
fields (J.R. Marty, unpublished data). Additionallyrithg August and November 20112
2013, | collected 15asl cores from each randomly selected seed field, using the
same sampling protocol as for conventional production and idled fiekdectedl5
August and 1 Novembers mytargetsamplingdatesbecause these corresponded to the
beginning of the e&r and late conservation planning periods identified by the GCJV
(Esslinger and Wilson 2001 For both sampling periods, | collected soil cores from
production rice fieldsil7 days after harvest dior the November sampling period,
immediately aftefarmers indicated theatooncrop would not be harvested and left as a
forage base for crayfisiPocambarusspp.) or aswaterfowlhabitat In addition to
August and Novembaollectionperiods,| collectedsoil coredrom idled rice fieldsn
early Octobef010 g = 10 cores/field) and in early October 2012 fromrs£(6 core$
and DI fields ¢ = 10 cores)becauseesds of many moissoil plants had not matured
and dehisced bmid-August This allowed me to examitemporal dynamics of moist
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soil seechiomasgn idled fieldson a finer scal€2010,n = 15 fields,n = 250 cores;

2012,n =50 fields,n = 378 soil cores).

Laboratory Procedures

| replicated core sample processing procedures from previous and related studies
(Manley et al. 2004; Stafford at. 200&,b; Kross et al. 2008 b; Hagy et al. 2011; Hagy
and Kaminski 201p | stored soil cores a13° Cto preserve seed biomass and deter
germination and decompositi¢iurkin et al. 1994, Stenroth and Nystrom 2Q08)
randomly selected soil cores for processing from the freezer regardless of collection date
to minimize bias resultinffom potential storage degradation. Once thawed, | used a
mixture of 3% solution of hydrogen peroxidex(4), a mixture o250 cni baking soda
and approximately 1L water, or a combination of these to oxidize clay and facilitate
sediment transport througieves (Bohm 1979; Kross et al. 2@Q1§. | washed the cores
through a series of sieves containing mesh sizes 4 (4.75 mm), 10 (2.0 mm), and 50 (300
pKm) to remove rice and natural seeds containing whole or partially intact endosperm (i.e.,
C50% of seedemaining; Stafford et al. 2006 | allowed samples to air dry before
sorting. When dry, | extracted ricadginatural seeds with endospefm . 50% of seéd
remaining). | considered germinated seeds to be potential waterfowl food if the primary
shootwasless than or equal to the length of the seed if the endospermasfirm
(Stafford et al. 2006, Marty et al. 2015). | dried seed samples to constant mass (+ 0.5
mg) at 87°C before weighing to the nearest 0.0001g (Manley et al. 2004, Stafford et a

2006, Marty et al. 2015).
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Statistical Analysis
SeedBiomassin Production, Seed and Idled Rice Fields

Using data collected during Augiidtovember, 20102013,1 used PROC
SURVEYMEANS in SAS vH (SAS Institute 20150 estimateneans for wastece
andnatural seed biomaésr eachfield classificatiorwithin GCP production, seertce,
and idled fields. Additionally, | used SURVEYMEANS tdiesatemeanwasterice and
natural seed biomassr eachfield classificatiorand withineach ecoregion in prodiien
and idled rice fieldsie., LCP, TCP, TMCStafford et al. 2006 Marty et al.2015). |
analyzed and reported natural see&xmasausing only seeds considered waterfowl foods
(Hagy and Kaminski 201Z;able 21). Furthermore, | estimated means faasterice
and natural seed biomass for Clearffedohd conventional seed varieties and field
classification within the GCP. | tested for differences in wasgeand natural seed
biomass between rice seed varieties using PROC TTEST in SAS v9.4 (SA8dnsti
2015).

| applied sizespecific seed bias correction factors to account for rice and natural
seed loss during sieving and ndetection or nomecovery of seeds by technicians (Hagy
et al. 2011 Hagy and Kaminski 2032 | partitioned seeds into smé&18 mn?),
medium(18i 40 mn?), and largg>40 mnt) size classes and applied correction factors of
1.35, 1.10, and 1.07, respectively (Hagy et al. 2011, Marty et al. 2015). | applied
correction factors at the core sample lebetause it was the levelahich most bias
was generated (Hagy et al. 2011, Marty et al. 201&)alyzed data collected under the
multi-stage survey design by incorporating appropriate weights and selection

probabilities corresponding to thiereelevels of sampling (Stafford el. 200®, Marty
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et al. 2015).The probability of selecting a producer wa®;, wherep; andP; were
numbers of producers selected and enrolled each year in each stfeeunGCJIV

initiative area), respectively. The probability of selecting a field fwias wherefi was

the number of fields {13) randomly selected amofkgfields farmed by producer

Finally, the probability of selectingsil core within a field s 6 core9/(C;j/8.107 x

107), wheren coreswasthe number of cores collected in each fiefdl the potential
number of cores was the ar&;(ha) of field within a producerdivided by the area of a
core sample (8.10¥ 10’ha; Stafford et al. 20@). The inverse of the product of the
threeselection probabilities is the sampling weight used in the SURVEYMEANS
procedure.The SURVEYMEANS procedurauses Taylor series linearization to estimate

variances for mulstage surveys (SAS Institute 2015

Modeling Variation in November SeedBiomass

| evaluated for differences Movember wasteice and natural seed biomass
productionrice fieldsandtotal seed biomass (i.e., waste rice and natural seed combined)
in idled rice fields in relation to varieuexplanatory variablesThe GCJV identified 1
November as the starting date of their late planning period, which generally coincides
with large increases in waterfowl abundance in the GCP region. Although August
estimates of seed biomass are importidoyyember estimatearethe primary estimates
used by the GCJV to estimate winter carrying capadityerefore] identified potential
fixed effectinfluences on November sebbmass as 1) field classificati¢gRC), 2) soll
type (SOIL),3) precipitation PRECIP), and ¥seed variety (VAR).I did not include a
year effect to avoid potential cofounding with precipitation, asdny goal wasot

evaluate models representative of all years of my study
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| obtained precipitation data from thNational Oceanic ahAtmospheric
Administrationodés Applied Climate I nformation
likely created favorable germination conditidns rice and moistoil seeds in idled rice
fields. | did not include a precipitation variable for productioe fields because fields
were already floodedl calculated precipitation as cumulative precipitation frtame of
first sampling in August until the time of second sampling in Novembeid not
include a temperature variable because temperature waseabol 0 A C 099 % of day
following the first sampling period through the ratoon harvest, which ithtkshold
temperaturdor rice seed germination (Yoshida 1981, Miller and Street 2008ng
USDAG6s Web Soil Survey, | oammdUSPAI2016).lzed soi |l a
surveyed rice producers and categorized rice seed variety as either conventional rice or
Clearfiel®®. | developed a set of a priori candidate models, each representing a possible
biological scenario fowasterice and natural seed bi@ss inproductionrice fields and
total seed biomass (i.evaste riceand natural seeds) in idled rice fields
In evaluatingNovember, 2010201 3wasterice and natural seed biomass
production and idled rice field$ used inear mixed models in Rnie4; Bates and
Maechler 2016; R Development Core Team 2016). | used mixed efiedisisbecause
models included the aforementioned fixed effects in addition to a random effect of
landowner. | included landowner as a random effect because | sampledsuriget of
landowners from a much larger population of GCP rice producing landowners.
Inspection of residual plots and histograms indicated thatldeethssvere not normally
distributed. Subsequently, natural log transformed se&tbmassrior to analysis. |
compared modelwhich wereselectedsubsets of the global modedingAk ai ke 6 s
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Information Criterioradjusted for small sample sigilCc; Burnham and Anderson
2009,andc onsi der ed mo ®tZuhits fromithe top ntpdel a€ @ompetitive
(Burnham and Anderson 2002)developed models using plausible combinations rice
production effects (FC, VAR) and ecological effects (PRECIP, SONhen calculating
K, | considered fixed and random effects as paramelteaculated marginal and
condtional R? statistics as a means to assess the fit of each candidded (Nakagawa
and Schielzeth 2013). backtransformed estimates froomly the most explanatory
model. For my top model, | performed patise comparisons of leastjuared means
(IsmeansLenth 2016) to test for differences in seed biomass among fixed effects. |
consideredresultst at i st i ¢ al KOy0s $didmot mddél average beeatse tdy
goal was to investigate parameter estimates from each supported model, aigd mod

contained a random variable of landowner.

Results
Soil Core Sampling Summary Statistics

From AugustNovember2010 2013, lanalyzed,896 soil coresrom 196
production, 22 seedce, and 200 idled rice fields within the GCP of Louisiana and
Texas. lanalyzedb,183 749, and 2,31 soil cores from production and idled ricelands in
the LCP, TCP, an@MC, respectivelyduring this same timel alsoanalyzed33soil

cores from seedice fields within the TCP and TMC regions.
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Gulf Coast Prairie Seed Biomas Estimates
Production Rice Fields

In 2010 2013first harvest FH) production rice fieldswasterice and natural sel
biomass in August were 25%§[dry]/ha(CV = 11%) and 140.g/ha(CV = 13%),
respectively (Table 2.2; Figure 2.2After first harvest, some producers elected to grow
and harvet a ratoon crop in November (hRvhile others left the ratoon crop standing
for subsequent crawfish producti(®R), or they didnot growa ratoon crogNR). In
Novembey 2010 2013HR production rice fieds wasterice biomassvas212.2kg/ha
(CV = 21%; 16% decreageand natural sedaiomass increased 31% to 188dha(CV
= 16%; Table 2.2; Figure 2)2 InNovember 2010 2013 SR production rice fields,
wasterice biomassncrease®31% to &87.7kg/ha(CV = 17%), andnatural seethiomass
increased 7% to 249.0kg/ha(CV = 28%; Table 2.2; Figure 2)2 In November201Q
2013NR production rice fieldswasterice and natural seed biomass was 3kg/ha
(CV =19%, i.e., 5% decline) and.03.6kg/ha(CV = 18%; i.e.,26% decline;Table 2.2;
Figure 2.3, respectively.Among ecoregions (i.e., LCP, TCP, TMC) from 202013,
wasterice and natural seed biomass in produrctice fields ranged from 32Kgy/ha(CV
= 84%) to 1,025 kg/ha (CV = 76%), and 541@/ha (CV = 49%) to 260 kg/ha (CV =

28%), respectively (Appendix A).

Idled Rice Fields

From August October 2010 2013 rice biomassn Sl fieldsdeclinedfrom 15.5
kg/ha (CV =80%) to 0.3kg/ha (CV = 97%) and remained negligitilem October
November 9.0 kg/ha; CV = 4%; Table 2.2; Figure 2.3). In Sl fieldsatural seed

biomassvas187.2kg/ha (CV = 2%) in August,2689 kg/ha (CV = 24%; i.e., Db
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increase) in October, ard®4 8 kg/hain November(CV = 17%; i.e.,13% increase; Table
2.2; Figure 2.8 In DI fields rice biomass was8kg/ha (CV = 49%) imlAugust 0.6

kg/ha (CV = 89%) in October, and 25%§/ha (CV = 69%; Table 22; Figure 2.3 by
November In DI fields, natural seeliomassvas1620 kg/ha (CV = 2%) in August,
477.3kg/ha (CV =25%; ie., 19846 increase) in October, a2d 0.9kg/ha (CV =21%;
i.e.,56% decline Table 2.2; Figure 2)3n November.Among ecoregions fropmice and
natural seed biomass in idled fields ranged from 0 kg/ha to 30.7 kg/ha (CV = 72%), and

1296 kg/ha (CV = 7%) to 52B.kg/ha (CV = 22%), respectively (Appendix A).

SeedRice Fields

In seedrice fieldsin Texas (i.e., TMC and TCRllowing thefirst and only
harvest (i.e., late JulYAugust 2012 2013), wasteaice and natural seed biomasgsre
127.6 kg/ha (CV =14%) and45.9kg/ha (CV= 33%), respectively (Table 2.3; Figure
2.4). In Novembey wasterice biomassleclined t064.0 kg/ha (CV =3%%, i.e., B%
decline) and natural seebiomass increased 12% to 5kgfha, CV = 43%; Table 23;

Figure 24).

Modeling Variation in NovemberRice and Natural SeedBiomass

Variation in wasteice biomass it CPproduction rice fieldsluring November,
2010 2013was best explained by the interaction of field clasdificeand seed variety.
This model had av of 0.53, and there were no competing models (Table 2.4). The
interaction of field classification and seed variety explained 27% of the variation in
wasterice biomass, while the combination of field classification and seed variety as

random effects explned 43%. Vdsterice biomass for no ratoon (NR) did not differ
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between conventia (65.6kg/ha 95% Cl = 34.7124.0) and Clearfiefrice varieties
(131.2kg/hg 95% CI = 89.1193.1;z= 1.873,P = 0.419; Table 2.5; Figure 2.5). For
harvested ratoon (HR), wagtiee biomass did not differ between conventiqi&9.8
kg/hg 95% CI = 135.0267.0) and Clearfiefirice varieties (118 kg/hg 95% ClI =
88.7152.3;z=-2.312,P = 0.189; Table 2.5; Figer2.5). Wasterice biomass did not
differ between conventional (7@8kg/ha 95% CI = 385.51,301.6) and Clearfiefdrice
varietiesin standing ratoon (SRE581.7kg/hg 95% CI = 35121 963.7;z= 0.495P =
0.996; Table 2.5; Figure 2.5For Clearfiel® varieties, wasteice biomass in SR fields
(581.7kg/ha, 95% CI = 315iD63.7)was 5.0 timegreater than HR fields (11%kg/ha,
95% CI = 8871 152.3;z=-5.717,P <0.001) and 4.4 timgegreater than NR fields (131.2
kg/ha, 95% CI = 8911193.1;z=-4.788,P <0.001; Table 2.5; Figure 2.5). Moreover, for
Clearfield® varieties, wasteice biomass did not differ between HR and NR fielts (
0.522,P = 0.995). When producers planted conventional rice varietiesterice
biomass irSR fields(708.4 kg/ha, 9% CIl = 385.51,301.6) was 3.Times greater than
HR fields (L89.8kg/ha, 95% CI = 135i®67.0;z=-3.724,P <0.00J), and 10.8 times
greater thamNR fields(65.6 kg/ha, 95% CI = 341124.0;z=-5.496,P = <0.001;Table
2.5; Figure 25). Additionally, for conventional varieties, wastiee biomass was 2.9
times greater in HR fields than NR fields<-2.886,P = 0.045; Table 2.5; Figure 2.5).
Variation in natural seed biomass@GCP production rice fields wasdst
explained by soil typéTable 2.6) Thismodel had av of 0.23. Other competing models
included the null model, an interaction model of field classification and precipitation, an

additive model of field classification and soil type, and singular variable models
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including fidd classification and rice seed variety. Soil type only explained 2% of the
variation in natural seed biomass, and fit for all models was [F8@0(10).

Variation intotal seed biomass (i.e., wasiee and natural seeds combined) in
idled rice fieldsm the GCP was best explathby field classification. Thiodel had a
w: of 0.65(Table 2.7). Field classification explained only 6% of the variation in total
seed biomass in idled rice fields, and fit for all models was g&at.10). Total seed
biomass was 2.2 timegeater in Sl fields (175.8 kg/ha, 95% CI = 112&2.8) than DI
fields (78.9kg/ha 95% CI = 55.1112.9;z =-3.583 P = <0.003; Table 2.8; Figure 2.6).
Additionally, an additive model containing field classification and precipitation was
considered aupportingmodel, and had & of 0.27. | detected a negative relationship
between total seed biomass and precipitation, where seed biomass declinee?8tyfo

2.54 cm of rainfall.

Gulf Coast Prairie Seed Biomass by Rice Seed Variety

Wasterice biomass in production rice fields was 2.1 times greater when planted
with conventional rice varietiegl{4.3kg/ha; CV = 21%) than when planted with
Clearfield® varieties(2260 kg/ha; CV = 18%t1964= -7.28 P <0.001;Table 2.9 Figure
2.7). Moreover, | detected a significant differeimc&ovember natural seed biomass in
production rice fields planted with conventional (Z2kg/ha; CV = 20%) and
ClearfieldP rice varieties (158.kg/ha; CV = 14%f1964=-5.59 P = <0.00% Table 2.9;

Figure 2.7).
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Discussion
Seed BiomassGulf Coast Prairie
Production Rice Fields

Ricefarming practice differ among regions of the United Statekich
subsequently influence dynamicswvediste riceand natural seeddn the MAV, growing
seasons are shorter ageherallyone crop of rice is harvested per sea@danley et al.
2004, Stafford et al. 2006). Stafford et al. (200§ reportedthatwage-rice biomass
declined>71% afterharvestin July-Augustto mid-Novemberin the MAV, mostly due to
decomposition.Among GCP production rice fields harvested once and not managed to
grow a ratoon crop during autumn after initial harvest, waseeand atural seed
biomasgleclined 56% and 33%, respectivetpm August November, similar to trends
for the MAV (Stafford et al. 2006). However, a 27@lay growing season in the GCP is
a primary factor affording producers an opportunity to grow a ratoon &oth
harvested and standing ratoon field classifications influenced Novemberngasaad
natural seed biomass. Because producers cannot grow a ratoon crop in the MAV, waste
rice biomass remaining in rice fields (78 kg/ha; Stafford et al. R086nwch lower
when compared to harvested and standing ratoon crops in the GC83@kg/ha; this
study).

McGinn and Glasgow (1963) investigated seed loss in rice fields in southwest
Louisiana and reprted that from miegSeptember tonid-November 69% and 98% dte
seeds decomposed in dry and flooded fields, respectively. Inthe MAMgy et al.

(2004) suggested that earlier maturing rice varietesilting in earlier harvesexposed

rice seeds to the environment for longer periods of tinaiinmn, exaerbating
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decomposition, germinatioandgranivory Stafford et al. (2006 placed enclosures

with rice seed into production rice fields in the MAV and found that 20% of the seeds
remained intact, 8% germinated, and 14% were consumed. The remaininga58% w
unaccounted for and assumgecomposedSimilarly, | placed 40 sealguacketsmade

of window screeneach containing 20 whole rice seeds in GCP production rice fields (
= 2 packetser field) following first harvest in Augu&013 | collected rice packets

prior to the second harvestearly November. Results indicated that in fields which had
not been flooded to produce a ratoon crop (i.e., dry, no ratoon fiekl8), 66% of rice
seeds decompose2l% germinated, anii2% remained intact as potential waterfowl
food. | did not observe any tears or openings in packets, which might have indicated
granivory. In fields which had been flooded to produce a ratoon crop (i.e., harvested
ratoon and standing ratoon, flooded fields; 17), 90% of rice seeds decomposed, 7%
germinated, and 3% remained intact as potential waterfowl foods. Regardless of field
classification, from AugustNovember, in the GCP littlseed remained intact and
available for waterfowl, whiclwas possibly attribtable todecomposition and warmer
ambient temperaturemmpared tahat ofthe MAV. As previously noted, ambient
temperature wereabove 10 C 39 % of days following the first sampling period
through the ratoon harvest, which is theeshold 6r rice £ed germination (Yoshida
1981, Miller and Street 2000).

The extended growing period in the GE€Bupled withadvancemenof earlier
maturing rice varietiethat began in the mithte 1960shave allowed rice producers to
successfully grow and harvestoah cropgSantos et al. 2003)Ratoon crop apparently
mitigate much of the decline in wastee biomasshatoccuss from August November
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throughdecomposition, germination, and granivory. When production fields are flooded,
thewaste riceghatremainsfollowing harvest otheratooncrop providesibundant high
energy seeébr migrating and wintering waterfowl.

Production rice fields classified atanding ratootypically containecerect
mature rice plantthat resulted fronfertilizing andirrigation following the first harvest
in Julyi August. Producers typically leave ratoon crops standing if thewesdd
forecasted agnprofitable or if they intend to produce crayfisiburing the 20182014
season, production rice fields accounted for 69% of layfond hectares in the CP
(1,165 ha; Foley 2015)The stubble or stalk of rigerovidesthe foundation for the
detritusbased food web for crayfish (McClain and Romaire 2004). Produatiefields
in the GCP with atanding ratooerop contained times more rice and.4times more
natural seed than fields witto ratoon, and 4 times more rice and 1.3 times more natural
seed than fields with a harvested ratodwlditionally, wasterice biomassn GCP fields
with a standing ratoowas nearly 11 timegreater than single harvested rice fields in the
MAV. Following the first harvest, if a rice producer elected to grow a ratoon ¢tmp, t
waste ricaemaining infields would have been available to early migrating and resident
waterbirds in fall é.g., ble-winged teal Anas discorh during the growing periodf the
ratooncrop (McClain and Romaire 2004As the ratoon crop grows and matures, fields
are typically flooded to 2@0 cm during winter for crawfish productipthese depths
could render som@age grain inaccessible to waterfowl. However, rice panicles
containing intact rice woultikely be available to waterfowgndconditions found in
crayfish fields support aquatic invertebrate communities which are essential protein
sources for many waterhi specieg¢Delnicki and Reinecke 1986)anley et al. 2004,
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Stafford et al. 2010)In CP rice fields, invertebrate density ¢(88 inverts/m) can
actually be greater than in natural wetlands4T4nverts/m; Kang 2011, Foley 2015).

Production rice field are a valuable source of abundant natural seeds (i.e.; moist
soil seeds) and tubers, despite significant efforts to control natural vegetation growth.
Many natural seed species are consumed by waterfowl and are valuable sources of
dietary energy and ogh nutrients during the neloreeding period. Seeds and tubers
persist in the seed bank until germination conditions are favorable. Conditions are
typically most favorable during idle (i.e., ng@noduction years) periods, when soils are
disked and precimtion creates moistoil conditions.

Manley (2004) reported a natural seed biomass of 7 kg/ha in the Mississippi
MAV, whereas in the previous studies in Louisiana reported variable seed biomass
ranging from 42 kg/ha (McAbee 1994) to 973 kg/ha (Hohmah &886). Results from
my study indicated that natural seed biomass estimates fell within the aforementioned
range among all survey periods and field classifications-gd®kg/ha). Perhaps natural
seed biomass estimates from McAbee (1994) were lesgshibae from my study because
of shorter growing seasons and different farming practices in northern Louisiana.
Moreover, natural seed biomass estimates reported by Hohman et al. (1996) were likely
greater than those derived from my study because of eenaants in weed control (e.g.,

herbicides, rice varieties, water management techniques, etc.).

Idled Rice Fields

In the GCP, ricelands not in rice productiuring a given yeaare considered
idled and araypically @ther disked (DI) or contain standjmatural vegetation (Sl).

Rice seed biomass idled fieldswaslow (i.e., <30 kg/ha) among dleld classifications
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and sampling periodsThe presence of rice in idled fields likely originated from plants
that grew from wasteice seeds remaininigom the previous production year. Natural
seeds (i.e., moistoil seed¥ were the most common seeds observed in idledsfigid
idled rice fieldsDavis et al. (1961) reported a natlseed biomass of 364 kg/ha in
southwest Louisiana, which was greater than most estimasésniting natural
vegetatioranddiskedfields among all time periods from my studgeduction in natural
seed biomassould have resulted througiicreased control efforts through the use ef th
Clearfield® rice system and other more effective herbicide treatments and weed control
techniques than those elmped >50 yearago. | observed a general increasing trend in
naural seed biomass from AuguBtovemberin bothstanding idlecanddiskedidled
fields, particularly as seeds matured and dehigBe&ihecke and Hartke 2005, Kross et
al. 200®). Manyidled fields with standing natural vegetation were diskexhi August
October,which may havencorporated substantial amounts of natural seedostiglinto
the seed baniHagy and Kaminski 2012)Rice producers actively disked idled fields to
reduce growth of natural vegetation and future competition with subsequent plantings of
rice. However, in some cases where farmers did not continue digiuhgih fall and
winter, disking in summer and early fatlay have actuallpromoted growth of early
successional natural plant communitidsere adequate soil moisture existed
(Fredrickson and Taylor 1982, Gray et al. 1999, Kross et al. 2008 diskel fields,
natural seediomass increased from Augu€ictober andhendeclined fom Octobeir
November. The decline in natural sedibmassn diskedfieldsin late fallwas
presumably a result of decomposition, granivory, and germination, simtlaatt@hich
occurred inproduction rice fields (Stafford et al. 208)6
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SeedRice Fields

To my knowledge, no researohseed dynamics in segtte fields hacbeen
conductedn the GCP In Texas, seaof planted seedice increased during the early
2000s, peakenh 2011 at 16,796 ha, atés declinedo <2,000 ha in 2015In Louisiana,
areas of planted seette has been declined from 6,074 ha in 2005, to 2,221 ha in 2015.
However, in the advent of an increases@ed ricgoroduction, my studwill provide
baseline results fazonservation plannerd:ield classification in seeetice fields
resemble those @fsingle harvest ithe MAV and GCPRwhereno ratoon crop is grown
andthe fieldis idled following the first harvest in AugustThis cofrasts with the more
common practice for standard rice production in the GCP ecoregion of growing a ratoon
crop following first harvestl observed a &% decline inwasterice biomass and 12%
increase in natural sedibmassn seedrice fieldsfrom Augusti November Seeerice
fields were rarely flooded posiarvestwhich mostly restricteavaterfowlfrom accesmg
thelimited food resources in these fields by Novemb&mongfield classificationsaand
time periodswasterice and natural seddomassn seedrice fields werealways less
thanin standard production rice field&fter subtracting a givingip density of 50 kg/ha
from biomass estimates in Novembeedrice fields, approximatelg¢ kg/ha of seed
biomass would remain as potential waterfowdds. Thus, amcrease in production of
seed rican the GCPwould be a cause for concern among conservation plarasetisse
fields contain less sednsiomassandare therefore presumably of lessue to foraging

waterfowl.

46



Estimates of Precision

My goal was to estimate wastiee and natural seed biomass in production,Seed
and idled rice fields with an acceptable level of precisi@n CV =Q15%). Generally,
with the exception of wastece biomass estimates in FH production and sexsdfields,
and natural seed biomass estimates in FH and August Si fields, | did not achieve that
goal. Perhaps lower than desired levels of precision can be attributed to the variability in
farming methods within each field classification (i.e., FH, SR, HR, NRar&l DI). In
other words, within a field classification, rice producers may plant different seed
varieties, apply different herbicides or pesticides, use different farming machinery, or
apply different levels of treatment intensity. For example, in &d§, farmers may disk
fields once or multiple times per season. Presumably those fields disked multiple times
will contain less natural vegetation growth and seed production. Moreover, precision in
seedrice fields in August and November was lower thasired levels likely because of

a small sample size (300 soil cores in August, 333 soil cores in November).

Implications for Waterfowl

The GCJV is tasked with providing foraging resources for 14 million ducks and
>1.6 million geesannuallyduring thenonbreedingperiod (Esslinger and Wilson 2001
My results indicated that wastiEe and natural seed biomass was graatproduction
and idled rice fields in the GQRanthe MAV (Stafford et al. 20d§). Wasterice and
natural seed biomass in G@Rduction rice fields are as much asil.band 1535
times greater than rice fields in the MAV, respectively (Stafford et al.[200&nley et

al. 2004). Thus thenormal agriculture practice @rodudng a ratoon crop in the GCR
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a tremendous advamgi@, which provides abundant wasiee seed for notreeding
waterfowl that is less attainable in the MAV given current field classifications there.

The GCJV currentlgstimateghat production and idled ricelands account for
44% of thewaterfowlcarryingcapadiy in this region (Petrie et al. 2014). The potential
to over or underestimate energetic carrying capacity is affected greatly by the precision
of seed biomass estimates used in bioenergetics models. If current energetic carrying
capacity estimigs are substantially underestimated, conservation organizations could
unnecessarily spend significant amounts of limited funds to meet waterfowl energetic
needs. In contrast, if energetic carrying capacity is-esémated, waterfowl! habitat
conservatio activities may be inappropriately scaled back, leading to a landscape that is
insufficient to satisfy the energetic needs of target waterfowl populations. My results
indicated that wastdce and natural seed biomass in FH fields was 85 kg/ha gre=ader, a
18 kg/ha less than estimates currently used in GCJV bioenergetics models, respectively.
For HR fields, my results indicated that wagtee and natural seed biomass was 161
kg/ha less, and 59 kg/ha greater than current GCJV estimates, respectiveébR Fo
fields, my results indicad that wasteice biomass 64#g/ha less than estimates used by
the GCJV. Current GCJV bioenergetics models do not incorporate a natural seed
biomass estimate for SR fields. Additionally, the GCJV aggregates all idlddyfpds
into one fAidleo classificati-ocandnaMm r esul t s
seed biomass in Sl fields was 127 kg/ha and 115 kg/ha less than current GCJV idle field
estimates, respectively. Finally, my results indicated that Augusewes and natural
seed biomass in DI fields was 139 kg/ha and 140 kg/ha less than current GCJV idle field
estimates, respectively. Thugecommend the GCJV use estimates fthmstudy in
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their bioenergetics models, teese more contemporaggtimaesdiffer from previous
GCJV estimates, arate much moreepresentative angrecise than my 2010 pilot study

(Marty et al. 2015).

Modeling Variation in November SeedBiomass

The interaction between field classification and seed variety best explained
variation in November wastace biomass in production rice fields in Louisiana and
Texas. Wasteice biomass between rice varieties did not statistically differ within a field
classification. Although| was unable to collect the information, harvester hgeyester
operator variation, harvester type, speed at which a field was harvested, field conditions
and topography, grain moisture, or moisture on plant surface may have further influenced
harvester efficiency and November wasgte biomass (Wilson et.a2001, Stafford et al.
2006).

Models predicting natural seed biomass in production rice fields had little
explanatory power (i.eR? (0.10). Therefore, | could not reconcile influences of
measured variables on November variation in natural seed biorfRass model fit
supported my findings of no detectible difference in November natural seed biomass
between soil types (i.e., the best approximating model). Models presumably had poor fit
because the selected variables (e.qg., soil type, field classificatc.)were not the
dominant factors influencing variation in natural seed biomass. Otheguanified
variables likely influenced November natural seed biomass in production rice fields,
including fertilization and herbicide treatments, rice seaikvies, and field planting
techniques (i.e., aerial or drill). Development of better models to account for variation in

natural seed biomass may potentially be achieved by intensively monitoring a sample of
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fields prior to the time of planting througloMember to attain information regarding
prior field classifications implemented in the selected field, past and present fertilizer and
herbicide treatments, more precise weather data, and any other field classifications which
may be applied during the grawg season.

The best approximating model predicting variation in November total seed
biomasgq(i.e., waste riceand natural seed combined) in idled rice fields field
classification Idled rice fields in the GCP which were not planted with row crops, such
as soybean, typically contained standing vegetation or were actively disked throughout
the year to inhibit natural vegetation. My top model predicted that if producers allowed
natual vegetation to grow in idled fields, seed biomass would be significantly greater
than in actively disked fields. The growth and development of seeds, and subsequent
seeds shattering from the panicle during autumn presumably were what drove the
differerces in seed biomass differences between idled fields with standing vegetation and
disked fields. Repeated disking likely inhibited growth and maturation of natural

vegetation, and or buried seeds beneath the zone of sampling (10 cm).

Variety Effect on Gulf Coast Prairie Waste-Rice Biomass

In recent years, anecdotal reports have emerged suggesting ducks and geese may
be avoiding ricelands planted with Clearfeidce varieties. Hypotheses included
reduced natural seed abundances because of the nemtéveffveed control afforded by
Clearfield® varieties or other traits (e.g., greater pubescence of rice hull associated with
hybrid varieties) that may cause them to be less palatable food items. Frar@@IR,0
>60% of all planted rice in the United Statwas of a Clearfietvariety. Results from

the SURVEYMEANS procedure indicated a statistically greater wast¢248.23
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kg/ha) and natural seed (67.58 kg/hmymass in rice fields containing conventional vs.
Clearfield rice varieties.For both Clarfield® and conventional varieties, wasiee

biomass remained greater than the gisipgdensity of 50 kg/ha (Greer et al. 2008pr
conventional varietiesfjovember, 20102013natural seed biomass was greater than the
forage availability threshold df70 kg/ha (Hagy and Kaminsk015). However,

November, 2012013natural seed biomass in fields planted with Clearfield® rice was
below the forge availability threshold of 17Kkg/ha. Therefore it is plausible that

waterfowl may be avoidingce fieldsplanted with Clearfiel@l rice because of reduced
wasterice andnatural seethiomass Clearfield® rice was developed to control and

reduce red rice and natural seed production, therefore detecting a difference in natural
seed biomass between varieties was surprisng. Perhaps differences in wagtee

biomass was attributed to producer or harvester efficiency, undocumented field
treatments (e.g., herbicides, fertilizers, etc.), undocumented use of specific seed varieties
within the overarching categes of conventional and Clearfi€ldor a sampling

anomaly. If the apparent deficit that | detected is real, then perhaps a significantly lesser
amount ofwaste riceand natural seediccurs in Clearfiel fields, which could decrease
waterfowl! foraging eftiency and overall available energy. Hypotheticallgtevfowl

would be relegated tincreasdheir time searching for fields planted with conventional

rice varieties. If there is @ditional search timaeeded to find food resourcélsere may
bepossi ble negative implications related to I
discussed inhte food-limitation hypothesis (Williams et al. 2014An expanding

landscape of Clearfieftrice might hypothetically impose some of these negative
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consegences. Partly to this end, | investigated waterfowl use of rice fields planted with

Clearfield® and conventional rice varieties (Chaptey. |l

Research and Management Implications

Aside from fields where no ratoon crop was grown, wasteand naturaleed
biomass remained >200 kg/ha (2838 kg/ha) among field classificatioasad sampling
periods, which contrasteends forMAV rice fields (Manley et al. 2004, Stafford et al.
20060). These trends will undoubtedly becomereasingly important as resttions on
water usage in the GCP will likely only increase in the future, espeaiahei Texas
growing regions where recent droughts and substantial urban expansions from Houston
have occurredLCRA 2013). For waterfowl, access to abundant rice angralsgeeds in
GCP ricelands will provide critical foraging resources needed during thbreeding
periods | recommend that conservation, state, federal, anegpearnmental
organizationgontinue to implement and develop progrdhet help producersdcome
more conservation orientethd efficient (e.g., install more energy efficient water pumps
and water control structuresWithout financial incentives from conservation pragsa
rice producers may be lesglined to flood ricelandfor waterfowl canservation |
recommend that conservation partners promote programs and policies such as MBHI,
which provided valuable wetland habitat for migrating and wintering wetland birds
during the nonbreeding period, and subsequently one of the most severe sino@GDP
history. Within GCP rice producing regions, | recommend partners encourage the
practice of ratoon cropping, and possibly offering incentives to leave ratoon crops (or
portions of them) unharvested. Opportunities to produce ratoon crops arallgerr

afforded to producers in the MAV or the Central Valley of California because of a shorter
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growing season in thesegions. | also recommeitidat conservation partners encourage
producers to allovearly successional vegetation and grasses to gralled rice fields
as it provides the most natural seed for waterfowl in Novemalkhough dsking idled
fields hinders the development and maturatioaarfy succession vegetation to produce
seed resources for waterfowl, when combined with shalloadihg, this practice may
provide valuable invertebrate resources for many shorebirds and wading birds species
during the norbreeding periodlf disking is necessargonservation programs should
incentivize producers to waiintil late October when natiral seeds haveaturel and
dehisced.Importantly, conservation programs should emphasize the importance of, and
incentivize prodaersto shallowly flood (e.g., 130 cm) both production and idled rice
fields in autumn and winter to provide forage resosifoe migrating and wintering
waterfowl and other waterbirds (Reinecke et al. 1989, Elphick and Oring 1998; Elphick
et al. 2010) When shallowly floodede(g.,OL5 cm), the aforementioned practices may
allow for economic opportunities in the form of hunting and crayfish aquaculture (Grado
et al. 2001, 201IMcClain andRomaire2004 Stafford et al. 2010

To further increase profits and conserve natural reseureglvocate for
conservation programs and policies that encouiragéementation of water conservation
practices such as closing water control structures, using tail water recovery systems
(where feasible)and cost efficient irrigation pumps (Bouldinadt 2004). Floodingpost
harvest and idled ricelands may has®nomic, environmental, and agronomic benefits
For exampleManley et al. (2009) reported a decrease in export of suspended solids from
Mississippi rice fields when farmefisoded standingtubble, versus fields tilled pest
harvest. Moreover,Manley et al. (2005) reported that winteydding could save farmers
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$22 63/ha (USD 2002) isubsequertield preparation costs by reducing stubble biomass
by 4368% and natural vegetation B¥li 83%. Interspersion of stubble and open water
may be a proximate cue attracting waterfowptoductionand idlel rice fields

(Kaminski and Weller 1992, Havens et al. 2008gsults fromVan Groenigen et al.
(2003)indicated that foraging waterfowl increasesidue decomposition and reduced
weed pressure in the riggowing region of northern Californig-urthermore, Bird et al.
(2000) reported that intensiveraging by waterfowl irflooded plots decreased straw
biomass by 7276%.

My results indicated thdield classification and seed variety best predicted waste
rice biomass for production rice fields in the GCP. | recommend that conservation
partners promote programs and policies that encourage rice producers to plant
conventional rice varieties becauthey contained greater biomassvafte riceand
natural seethan fieldswith Clearfield® varieties. | was however, unable to determine if
rice varieties were hybrids. Hybrid rice varieties were developed to attain desirable
production traits such asiproved yield (Linscombe 2015). There is speculation among
hunters that waterfowl avoid fields planted with hybrid rice varieties because of
pubescent hulls that may be irritating when consumed. Therefore, | recommend that
future research investigatestpntial differences among seed varieties, and how variables
such as fertilizer and herbicide treatments affect natural seed biomass in production rice
fields, as none of my a priori candidate models explained substantial amounts of the
variation.

My spatially and temporallgomprehensivetudy investigatingvasterice and
natural see biomassn GCP ricelandss an important step toward helpingnservation
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planners makeecessary amendmemdsbioenergetic carrying capacity modelsesRlts

from my study will allow conservation planners to mpreciselyestimate carrying
capacity, whichwill enable refinement of habitat objectives and ensure more effective
use of limited conservation resources. My results will be of great importaupodicy
makers, especially given that ricelandstural wetlandsand marsh ecosysterase
becomingincreasingly threatened GCP regions My results may encouragmlicy

makers to direct funds and promote policies that conserve and promote ricéiuagsic

and or the restoration of naite producing land to native wetlands and prairies.
Furthermore, it is cl that the valuable riceland ecosystem in the GCP of Louisiana and
Texas provide nutrient rich resources for millions of migrating and vingevaterfowl

and other waterbirdsnnuallyduring the norbreeding season.
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Table 2.1 Seed tax@onsumed by dabbling ducks in {Gelf CoastPrairies of Louisiana and Texas.

Size
Common name Taxon classification Referencé
Sedge (seeds) Cyperusspp. Small 1,4,56,7,8,10, 11, 14, 15
Sedge (tubers) Cyperusspp. Large 2,14
Crabgrass Digitaria spp. Small 8,9, 10
Virginia buttonweed Diodia virginiana Large 8,9, 14
Barnyardgrass Echinochloaspp. Large 1,2,3,4,5,6,7,8,9, 10, 11, 14, 1t
Spikerush Eleocharisspp. Small 1,5, 6,8, 10, 11, 14, 15
Morningglory I[pomoeaspp. Medium 16
Sprangletop Leptochloaspp. Small 16
Rice Oryza sativa Large 1,3,4,5,6,7,8,11, 14, 15
Panicgrass Panicumspp. Small 1,4,5/6,7,8,9, 13, 14, 15
Dallisgrass Paspalunspp. Large 1,56,7,8,9, 11, 15
Swamp smartweed Polygonum hydropiperoides Medium 3,4,5,6,7,8,9, 10, 13, 14, 15
Curlytop smartweed P. lapathifolium Medium 3,9, 10, 13,15
Pennsylvania smartweed P. pensylvanicum Medium 3,7,9, 1013, 15
Beaksedge Rhynchospora corniculata Large 5,6,9, 15
Curly Dock Rumex crispus Medium 16
Arrowhead Sagittariaspp. Medium 9
Foxtail grass Setariaspp. Medium 8,9, 16
Signal grass Urochloaspp Large 4,6,8,9, 15

21 - Chamberlain (1959), 2Combs and Fredrickson (1996); Babbert and Martin (2000),

4 - Delnicki and Reinecke (1986),-Dillon (1957), 6- Dillon (1959), 7i Forsythe (1965),

8 - Glasgow and Junca (1962)j Hagy (2012), 10 Heitmeyer (2006)111 Martin and

Uhler (1939), 12 Schoffman (1947), 13Tabatabai et a{1983), 14- Wills (1971), 15-Wright (1959,) 16 Survey of Gulf
Coast biologists.
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Table 2.2  Bias corrected estimates of meaasterice and natural seeiomassn productionand idledrice fields in the
Gulf CoastPrairies of Louisiana and Texagugust November 2010 2013.

Ricebiomass Natural seedbiomass
. Field — _
Sample perio classificatiod® n cores X SE CcvVv X SE cvVv
August FH 1947 252.77 27.6 10.9 139.98 17.7 12.6
November SR 368 837.69 140.3 16.7 248.96 70.1 28.2
HR 1069 212.24 45.3 21.3 183.54 28.9 15.7
NR 529 119.25 22.1 18.5 103.55 18.3 17.7
August Sl 1016 15.52 12.4 79.7 187.19 22.3 11.9
October 279 0.34 0.3 97.0 268.85 65.4 24.3
November 756 8.97 3.7 40.8 304.77 52.0 17.1
August DI 850 3.36 1.7 49.2 161.96 34.6 21.4
October 331 0.55 0.5 88.8 477.31 118.2 24.8
November 1118 25.51 17.6 68.9 210.94 43.7 20.7

Sample perioddield classificatiors, n cores, and gross bias correatstimatesof mean ¢§ wasterice and natural seed
biomasgqkg[dry]/ha), standard errors (SE), and coefficients of variation (CV; %) for production and idled rice field&irifthe
CoastPrairies o Louisiana and Texagugusi November2010 2013

2FH, first harvest; HR, harvested ratoon; SR, standing ratoon; NR, no ratoon; Sl, standing idle; DI, disked idle.

®Blanks denote sanfeeld classification

“Estimates corrected for seed loss duringisg@and nordetection or noimecovery of seeds by techniciaf$agy et al. 2011).
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Table 2.3  Bias carected estimates of mean wasite and natural seed biomassseedrice fields in theGulf CoastPrairies
of Louisiana and’'exas Augusi Novembey 20102013

Ricebiomass Natural seedbiomass
Sample Field - -
period classificatiofd hcores X SE Cv X SE cv
August FH 300 127.60 18.3 14.3 45.91 15.2 33.2
November NR 333 53.98 21.2 39.3 51.40 22.0 42.8

Sampleperiods, field classificatios)n cores, and gross bias correctstimatesof mean ¢f wasterice and natural seed
biomasgqkg[dry]/ha), standard errors (SE), and coefficients of variation (CV; %) formeedields in theGulf CoastPrairies
of Texas,Augusi Novembey 2010 2013

&FH, first harvestNR, no ratoon.

bEstimates corrected for seed loss during sieving aneiatection or nomecovery of seeds by technicians (HaggleR011).



Table 2.4  Results of linear mixed models predictiwgsterice biomassn production
rice fields in theGulf CoastPrairies duringNovember, 2012013

Models$ AlICc Al w K LL R’mag R’ond
FC*VAR 5429 0.0 0.52 8 -263.(0.27 0.43
FC 5455 26 0.14 5 -267.€ 0.24 0.39
FC+VAR 546.2 3.3 0.10 6 -266.€ 0.24 0.42
FC+SOIL 546.5 3.6 0.09 6 -267.0.24 0.40
FC+VAR 546.7 3.8 0.08 7 -266.( 0.25 0.43
FC+VAR+SOIL+FC*SOIL+FC*VAR 547.2 4.3 0.06 11 -261.¢ 0.28 0.43
FC*SOIL 550.6 7.7 0.01 8 -266.¢0.24 0.39
VAR 588.7 45.8 0.00 4 -290.: 0.02 0.28
VAR+SOIL 588.8 459 0.00 5 -289.2 0.03 0.28
NULL 589.3 46.4 0.00 3 -291.¢ 0.00 0.24
SOIL 590.0 47.1 0.00 4 -290.€0.01 0.24
VAR*SOIL 590.9 48.0 0.00 6 -289.z2 0.03 0.28

Results of linear mixed models predicting Novembasterice biomasin production
rice fields in theGulf CoastPrairies of Louisiana and Texaslovembey 2010 2013
aField classification(FC); Soil (SAL); Variety (VAR); Precipitation (PRECIPNull
model (NULL).

b Wasterice biomass (kg[dry]/ha).
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Table 2.5 Estimates of mean wastiee biomass irGulf CoastPrairieproduction rice
fields during November by field classification and seed variety, 2010

2013.
Meanseedbiomass
Seed wariety? Field X 95%LCL 95%UCL
classificatiofi
Clearfield® NR 131.18 89.1 193.1
HR 116.25 88.7 152.3
SR 581.73 351.2 963.7
Conventional NR 65.55 34.7 124.0
HR 189.84 135.0 267.0
SR 708.36  385.5 1301.6

Seed varietyfield classification predictedgross November bias correctestimatesof
mean (§ wasterice (kg[dry]/ha) biomassand 95% confidence limits from linear mixed
modelsfor production rice fields in th&ulf CoastPrairies of Louisiana and Texas,
November, 20102013

aBlanks denote sanseed variety

® NR, no ratoonHR, harvested ratoo$R, standing ratoon

“Estimates corrected for seed loss during sieving anelatattion or nomecovery of
seeds by techniciarjslagy et al. 2011)
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Table 2.6  Results of linear mixed modelsqglictingnatural seed biomags
production rice fields in th&ulf CoastPrairies duringNovember, 2010

2013
Models$ AlICc Al w K LL R’mag R’ond
SOIL 663.2 0.0 0.20 4 -327.£0.02 0.32
NULL 663.2 0.0 0.20 3 -328.£0.00 0.30
FC 664.0 0.8 0.13 5 -326.€ 0.02 0.31
FC+SOIL 664.2 1.0 0.12 6 -325.€0.03 0.33
VAR 665.2 2.0 0.07 4 -328.£0.00 0.30
VAR+SOIL 665.3 2.1 0.07 5 -327.£0.02 0.32
FC+VAR 665.8 2.6 0.05 6 -326.71 0.02 0.32
FC+VAR+SOIL 666.2 3.0 0.04 7 -325.€0.03 0.34
FC*SOIL 666.4 3.2 0.04 8 -324.£0.05 0.35
FC*VAR 666.5 3.3 0.04 8 -324.£0.04 0.33
VAR*SOIL 666.7 3.5 0.03 6 -327.10.02 0.33

FC+VAR+SOIL+FC*SOIL+FC*VAR 669.4 6.2 0.01 11 -323.( 0.07 0.38

Results of linear mixed models predicting Novemtatiural seed biomass production
rice fields in theGulf CoastPrairies of Louisiana and Texaslovember, 20102013
aField classification(FC); Soil (SAL); Variety (VAR); Precipitation (PRECIPNull
model (NULL).

b Natural seedbiomass (kg[dry]/ha).
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Table 2.7 Results of linear imed models predicting total seed biomass in idled rice
fields in theGulf CoastPrairies duringNovember, 20102013

Models AlICc Al W K Rmag R%ond
FC 7284 0.0 041 4 0.06 0.44
FC+PRECIP 7282 0.8 0.27 5 0.07 0.45
FC*PRECIP 731.0 25 0.12 6 0.07 0.45
FC+PRECIP+SOIL 731.3 2.8 0.106 0.07 0.45
FC*SOIL 7321 3.6 0.07 6 0.06 0.44
FC+SOIL+PRECIP+FC*PRECIP+F 733.4 49 0.04 9 0.09 0.46
*SOIL+SOIL*PRECIP

NULL 738.1 9.6 0.00 3 0.00 0.47
PRECIP 739.4 109 O 4 0.00 0.47
SOIL 7399 114 0 4 0.00 047
SOIL*PRECIP 7411 126 0 6 0.02 047
SOIL+PRECIP 741.1 127 0 5 0.01 0.47

Results of linear mixed models predicting Novemioéal seed biomassn idled rice
fields in theGulf CoastPrairies of Louisiana and Texaklovember, 20102013
aField classification(FC); Soil (SAL); Precipitation (PRECIPNull model (NULL).
b Total seecbiomass (i.e.waste riceand natural seed combined; kg[dry]/ha).
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Table 2.8 Edgimates of meaitotal seed biomasn Gulf CoastPrairieidledrice fields
duringNovember byfield classification2010 2013

Mean seedbiomass

Field X 95% LCL 95% UCL
classificatiof

DI 78.90 55.1 112.9
Sl 175.79 117.6  262.8

Field classification, Novembestimate$of mean (§ total seeél(kg[dry]/ha),and 95%
confidence limits from linear mixed modédty idledrice fields in theGulf CoastPrairies
of Louisiana and Texadlovember, 2012013

aDl, disked idle; Sl, standing idle.

bEstimates corrected for seed loss during sieving aneiatection or an-recovery of
seeds by technicians (Hagy et al. 2011).

“Waste riceand natural seed combined.
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Table 2.9  Bias corrected estimates weanwasterice and natural seesiomassn productiorrice fields by seed varietp
the Gulf CoastPrairies of Louisiana and Texadlovember, 20102013

Ricebiomass Natural seedbiomass
Sample Seed variety  ncores X SE CcVv X SE cv
period®
November Clearfield® 1277 226.03 395 17.5 154.27 21.1 13.7
Conventiona 699 474.26 97.0 20.5 221.85 43.8 19.8

Sample period, seed varietycores, and gross bias correctstimatesof mean (§ wasterice and natural seed biomass
(kg[dry]/ha),and 95% confidence intervalsrfproduction and idled rice fields in tlf CoastPrairies of Louisiana and

Texas,November, 20102013

aBlanks denotsame sample period
bEstimates corrected for seed loss during sievirjrendetection or nomecovery of seeds by techniciaf$agy et al. 2011)
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Figure 2.1 Gulf Coast Joint Venturhnitiative Areas and sampling regiom$ere soil cores were collectedlugust November,
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Figure 2.2 Estimates of mean wastige and natural sedzlomass (kg[dry]/ha; + SE) in production rice fieldsigusi November,
2010 2013

Bias carected estimates of mean wastee and natural seed biomass (kg[dry]/ha; + B8&nh PROC SURVEYMEANS, fronsoil
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Figure 2.3 Estimates of mean wastige and natural seed biomass (kg[dry]/ha; + SE) in idled rice fidlagst November, 2010
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Figure 2.5 Mean wastaice biomass (kg[dry]/ha) and 95% confidence limits by field classification and rice seed varieties in
production rice fieldsNovember, 2012013
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CHAPTER 1lI

WETLAND BIRD USE OF RICELANDS IN THEGULF COASTPRAIRIES OF LOUISIANA

AND TEXAS

Since early20" century,tall-grass prairie and wetlands in tBellf CoastPrairie(GCP)
regions of Louisiana and Texas were converted to agricultural lands, especially for rice
production. Rice is grown on irrigated or flooded land, hence this agriculture creates wet
croplandghatprovide breedingmigration,and wintering habitats fovaterbirds including
anhingas (Anhingidaexoots rails, and gallinulegRallidae) cormorants (Phalacrocoracidae)
grebes (Podicipedidaegulls (Laridae) kingfishers (Cerylidag)pelicans (Blecanidae)
shorebirds (Charadriidae, Recurvirostridae, Scolopagcitieres (Sternidaevaders(Ardeidae,
Threskiornithidae)and waterfowl (Anatidae; Hohman et al. 1994, Elphick 2000, Huner et al.
2002, Eadie et al. 2008, Marty 2013)hus, previousesearch has provided a basis for the
habitat importance of ricelands to birds worldwide (Elphick et al. 2010

For example, an estimat835 bird species (i.e., 169 aquatic and 166-lind specie$
use rice fields in ten world countries (Acostak®2010). In North America, hundreds of bird
species usace fields,which include28 species of conservation concern (Eadie et al. 2008,
Dittmann et al. 2015)Within the GCP region of the United States, @tenier Plain (CP) of
Louisiana (LCP) and Texd3CP) and the Texas Mi@oast (TMC) aranajor rice producing
regions thaprovide habitat for millions ofvetland birdsannually (Chabreck et al. 1989,
Hobaugh et al. 1989, Staffordat 2010, Marty et al. 2015). Remsen et al. (1991) observed 260

speces of waterbirds using GCP ricelands as wintering habitat in-seumtinal Louisiana.The
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Gulf Coast Joint Venturg3CJV) endeavors to provide foraging habitat for approximately 14
million ducks 1.6 million geesgand over 12 million shorebirdsnuallyduringautumnwinter,
which emphasiesthe importance of th&CP tosustain NorttAmerican waterfowl and wetland
bird populations (U.S. Department of the Interior and Environmental Canada 1986, Esslinger and
Wilson 2001, U.S. Department of the Interioaét2012 Vermillion 2013.

Although iicelands contain rice and some other natural gradsese croplands are
structurallysimilar to emergent wetlandglphick et al. 200Q) In the GCP, ricelands uniquely
are used often for rice and crayfigtr¢camiarus clarki) production. These seasonally
sequential agricultural practices (i.e., rice followed by crayfish production) create habitats used
by resident and migratory wetland birdéassar et al. 198&einecke et al. 1989, Fasola and
Ruiz 1996, Eadieteal. 2008, King eal. 2010, Stafford et al. 2010). For instance, values of
ricefields span from providing nesting substrates for some spedespi@ple gallinule,
Porphyrio martinicusking rail, Rallus elegansfulvous whistling duckPendrocygna izolor;
Pierluissi et al. 2010), to provision of high energy grain for birds and other wildlife (Kaminski et
al. 2003; Elphick et al. 2010 Stafford et al. 2010). Importantly, ricelands provide valuable
nesting and broodearing habitat for mottled duckénas fulviguld, fulvous whistling ducks
and blackbellied whistling ducks@. autumnalis Durham and Afton 2003, Pickens and King
2012, Baldassarre 2014). Worldwidgpaoximately 86% of ricelands are shallowly flooded
(i.e., <30 cm) at least part dfd year (Elphick et al. 20b) Flooded ricelands provide abundant
foraging opportunities for wetland birds, because they yiglste rice natural seeds, tubers, and
aguatic invertebrates, as well as habitat for loafing and courtship (Rave and Coles 199

Manley et al. 2004, Eadie et al. 2008, Stafford et al. 2010). For example, diurnal activities of
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northern pintailsAnas acutin northunted rice fields in southwest Louisiana included 21%
feeding, 52% resting, 16% comfort movements, and 4% couiRaye and Cordes 1993).
Avian community structurand optimal foraging by birds are influenced by food
diversity and availabilityboth of which influencavian life histories (Lack 1954, Hutchinson
and MacArthur 1959, Hairston et al. 1960, Emlen 196&cMthur and Pianka 1966, Martin
1987). Production and idled rice fieldgpically contain food resourceaccess to which may
vary dynamically, based omater depth, vegetation height and density, disturbance (e.g., farming
and hunting)weather eventsush as drought, floods, and temperatgexd decomposition
other landscape and local fact@ieewton 1998; Schummer et al. 2010; Hagy and Kaminski
20123,b; Hagy et al. 2014). Moreovesgedpositionfor avian exploitationn relation towater
depthor kurial in substrats, naturally renderpotentialfood items unavailableyhich influences
differences between actual food density and food availability (Boutin 1990, Gawlik 2002).
Across many parts of North America, agricultural lands may be dominatsciape
features, but wetlands and uplands form habitat complexes that influence abundance and
distribution of wetland birds (Pearse et al. 2012). Gulf coastalandscapes generatigntain
an interspersion of production and idléck fields, other agcultural lands, natural wetlands,
pasturesforest patchesand urban areas thaamulativelyalso mayinfluencewetland bird
abundance andistributions. Developingconservation initiatives and incents/éor landowners
to promotespatial and tempordlboding of wetlands and production or idled ricelands is an
important strategy by conservatipartnersn the GCP.These directed efforts are needed to
meet desired population goals for priority avian and other wildlife species. Sometimes,
opportunities to enhance local and regional wetland and agricultural habitat conditions emerge

unexpectedly. For examplalbwing the April 2010 Deepwater Horizon Oil Spill in the Gulf
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of Mexico, the United States Department of Agriculture, Natural Resources Catiser
Service (NRCS) established the Migratory Bird
was to incentivize private landowners in eight states (Alabama, Arkansas, Florida, Georgia,
Louisiana, Mississippi, Missouri, and Texas) to flood productiod idledice fields and
managed wetlands to increase availability of habitats/é&gland birdsaway from potential oil
affected areafDavis et al. 2014) Specifically for ricelands, the primary management practice
wasto shallowy flood harvested ahidledrice fields during autumn and winter in coastal areas
of Louisiana and Texa®avis et al. 2014) Flooding postharvest production and idled rice
fields enrolled in MBHIincreased available habitat in tB€Pof Louisiana and Texasom
20102013 (Kaminski and Davis 2014, Davis et al. 201%hus, MBHI created anique
opportunity to assess wetla bird use of riceland management prastippomoted by MBHI.
Another unique aspect of my research involved assessment of waterfafl use
production fields planted to Clearfi€ldRice. Over 60% of all rice hectares in the United States
areplanted in Clearfiel@ rice varieties (Wilson et al. 2010). Clearfi@lés nongenetically
modifiedrice that provides selective herbicide resistatacplants, thereby enabling increased
control of broadleaf and grass plants in fieéds (Croughan 2003). Despite apparent
advantages for producers, there is growing speculation among waterfowl hunters that traits
related to Clearfiefd (e.g., more effctive weed control) are leading to decreased use or
avoidance of fields by waterfowklthough possible, results presented in Chapter | indicate
natural seetiomasdlid not differ between rice seed varieties. When | analyzed for differences
in wasterice biomass between rice varieties, | detected that mean-scestBomass was

significantly less in fields planted to Clearfi&€ldce than norClearfield varieties.If waterfowl
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and other granivorous wetland birds use less or avoid fields plante@heittfield® rice, there
could belandscapescale, carrying capacity implications related to food availability.

Beyond these implications, lingerimgsearcmeedsn the GCP includenvestigating
relationships between wetlan@duse of ricelands duringutumn and winteandfactors such as
field classificationswater deptg vegetation height and density, seed variety, and agricultural
wetland size These factors could influence the landscapes capacity to meet needs of millions of
wetland birds of corsvation interest to the Gulf Coast Joint Venture (GCJM).address these
uncertaintiesl conducted diurnadurveysof waterbirdsn production, seedand idled rice fields
in theLCP, TCP, and TMCegions toestimate species richness and abundahtigesebirds
from August March, 20102013 This period was selected because it spanned théaivest,
fall-migration, wintering, and springuigration periods for which MBHI data were desired. My
objective was to estimate and model variation in duckadiner waterbird (i.e., waders,
shorebird, rails, and other birds) species richness and abundance in relation to habitat
characteristics and riegeed varieties of production rice fields, and habitat characteristics of
idled rice fields. | hypothesizd that diurnal wetland bird species richnegsuld best be
predicted by time periods (i.e, month), vegetation characteristicswater depthd. predicted
thatvariationin duck and waterbird abundances would best be explained by vegetation
characteristicswvater depthand time periodsand would occur ishallowly flooded Q15 cm)
ricelandswhich containedparse vegetatioklphick and Oring (1998) indicated that median
water depths used hyetland birds ranged fromB3 cm for shorebirds, andZD cm forherons
and ibis. Besides water depthegetation characteristias differently-treated posharvestrice
fields affected wetland birdensity (Elphick and Oring 1998, 2003For example, density was

greatest in flooded fields where no vegetation mdatmns occurred, and in fields where

86



vegetation was incorporated into the soil by disking (Elphick and Oring 2003). Lastly and
specifically pertaining to ducks, | hypothesized that duck abundance in production rice fields
would not differ among rice seemrieties. Understanding how this community of wetland birds
usesricelandsamidvariableseed dynamicand other field treatmen{se., Chapter I) will

improve the overall vision for identifying bottlenecks in habitat needs for conservation planning

in the GCP

Study Area

| conducted my studin agriculturallandscapesf the CP of Louisiana and Texas and the
TMC. The CP encompasses areas of southwest Louisiana and southeast Texas, roughly
spanning from Lafayette, Louisiana, westward to Hoysleras,and extending inlan@30r 160
km from the coastline (Figure 2.1T.he TMC extends from Galveston Bay to Corpus Christi
Texas,and inlandfrom the coastlin@pproximately 170 knfFigure 2.1). My specifistudy area
included the Louisiana parishes of A@dAllen, Calcasieu, Cameron, Evangeline, Jefferson
Davis, St. Landry,and Vermilion, and the Texas counties of Brazoria, Chambers, Colorado,
Jackson, Jefferson, Liberty, Matagorda, and Wharfidrese counties aligned closely with the
GCJV0s ChamdiTexas Mioast Initiative Areas.

Historically, these regions contained extensive coastal marshes and prairies, freshwater
wetlands, and savannahs. Today, the CP and TMC contain coastal marshes along the Gulf of
Mexico, butmany of the historicoastal prairies and savannas have been converted for
cultivation of rice and other crops (Esslinger and Wilson 2001). The climate-isogidal and
humid with an average growing season of 270 days, 13 fdsmeper year, atemperatures
ranging from 14 C in DecembérJanuary to 30C Julyi August (Chabreck et al. 1989).

Average annual precipitation decreasast to west in the CP frob44 cmnear Lafayette
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Louisiana,to 113cm near HoustarnTexasand 77 cm near Corpus ChrjstiexasGosselink et
al. 1979, Hobaugh et al. 1989). The CP and TMC regions are subject to frequent and sometimes
intense weather disturbances; on average, tropical storms make landfall approximately once

every 1.6 years and hurricanes every 3.3 years (Rot) 199

Methods

Wetland Bird Surveys

| initially surveyed wetland birds from Decembifarch 20102011 in response to the
MBHI (Marty 2013). Subsequently, | conductadan surveys from Augudtlarch,2011 2013
to acquire data from bird migration and winteripds important to GCP conservation planning.
My populations of surveyed fields included theseolled in MBHI, the GCJV Texas Prairie
Wetlands Project (TPWP), and agricultural fields managed siyntlapractices promoteloly
MBHI. Specifically,| condwcted wetland bird surveys the same randomly selected
production, idled, and seegte rice fieldsfrom whichl collected soil cores (Chapter.llYhe
combination of these fields amwtential foodresources werbelieved to beepresentativefo
commonagricultural land management practices in the G&R.inscombe, Louisiana State
University Agricultural Center, personal communicatioR)eld classifications of production
and idled rice fields included) Julyi Augustharvest only(first harvest, FH)2) fields harvested
in August and again in Novembfar a ratoon crogharvested ratoon, HR3) fields in which a
second crop was growsut not harvested and left standing, generally for crawfish aquaculture or
waterfow! habitat (standing ratoon, SR);fi#lds harvested idulyi Augustbut with no ratoon
crop grown (no ratoon, NR); 5) idle fields with standing natural vegetation (standing idle, Sl);
and 6) disked idled fields (disked idle, Dpplication of these field classifications was not

mutually exclusive. For example, all production rice fields were harvested Aufust, but
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each was subject to one of several unique practices (e.g., classificaddnise? affected field
dynamics (e.g., food dynamics, water depth, vegetation conditions) @utamn. Thus, some
of my identified field classifications are best viewed as a combination of farming activity and
sampling period.

| surveyedbirdsfrom one or multiple vantagaoints following guidelines from the
IntegratedWaterbird Mamagement and Matoring Program ([IWMMP]; IWMMP 2010, 2025
| estimatedabundancef wetland birdgtotal birds/species/surveyjecause ricelands typically
contained vegetation and levees, which in some instances created visual obstructions preventing
me fromdetectimg all birdspresent To minimize multiple counting of individual birds, |
visually followed flushed birds and noted their location if they alighted in areas yet to be
surveyed (Kaminski and Prince 1981, Fleming et al. 2015). | conducted stromysinrise to
sunset and only in favorable weather (i.e., not on days with fog, rain, and winds >20 mph
O6Neal et al . 20)0I&gmedikt¢ledtaricanductiegta suavey, | mgaButed
water depth, vegetation height, aretticalvegetation deriy attwo randomly selected sites
within each field (Robel et al. 1970).created classes for water depth and vegetation height and
density (sensu IWMMP 2010, 2015). Water depthsdasncluded saturated soil (eth),
shallow (1 15cm), intermediate 15/ 30 cm), and deep flooded (>3Mn). Vegetation height
classes included none, shori {6 cm), intermediate (1810 cm), and tall$40cm). Vertical
vegetation density classes included none, sgar&®€ cm), intermediate (240 cm), and ders
(>40cm). | visually estimated percent coverage of water in each dietdhg each visit andsed

ArcMap10 to calculate wet ar¢ha) of eacHield.
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Statistical Analysis

Modeling Variation in Wetland Bird Richness

| evaluated for differences seasonaletland bid (Ducks and Waterbirdgpecies
richness across production and idled rice fields in the GCP in relation to various explanatory
variables. | included variables that may explain variation in wetland bird species riciviess
objective was to explain vaation in wetland bird species richness in satuidtedded wetland
areasthusl excluded portions of fields during surveys that were dry and the entire survey if a
field wascompletely dryfor this and subsequent analysés evaluating wetland bird spies
richness, | used linear mixed models inliRg4; Bates and Maechler 2016; R Development Core
Team 2016). | used mixed effects models because models included fixed and random effects. |
idertified the followingcovaiates as fixed effects favetlandbird species richness: 1) month, 2)
water depth3) vegetation height, 4) vegetation density, and/&jand size (i.e., area of field
surveyed) | included year as a random effect because of yearly variability in bird migration and
distribution within the Mississippi Flywayl natural log transformed species richness data prior
to analysis, becausespection of residual plots and histogramsdateddatawere not normally
distributed. | included year as a random effect, because evidence (i.e., lowest AICc) suggested it
increased explanatory power of mypdels (Zuur et al. 2009). developed set of a priori
candidate models, each represemtirpossible biological scenario feetland bird species
richness.| did not include precipitatiomariablebecause all survey fields included in the
analysis contained flooded agricultural wetlands, lamésoned that if rainfall created ephemeral
wetlands in fields, my surveys would capture birds using these and be categorized in saturated
soil or shallowly flooded categorie$.compared modelsusilyk ai keds | nfor mati on

adjusted for sample sifa&lCc; Burnham and Anderson 2002andconsideed models with
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A | CXunits from the top model as competitive (Burnham and Anderson 2D6alculated

R? statistics as a means to assess the fit of each canaiddtd (Nakagawa and Schielzeth

2013). | calculated backransformed estimates from grthe best supported modeldid not

model average because my goal was to investigate parameter estimates from each supported

model, and models contained a random variable of year.

Modeling Variation in Duck and Waterbird Abundance

| separatedvetlandbirds intotwo guilds 1) Ducks and?) Waterbirds\{aders,
shorebirds, rails, and oth¢e.g.,Grus americanalLarusspp.,Podilymbussp.). | did not
separate shorebirds from wading birds because of sample size limitdtextduded dry areas
of fields and the entire survey if the field wasmpletely dryas described abové excluded
geese from analyses because they were observed infregiientl% of all surveys across
years,n = 5,002). Additionally, | excludedeedrice fields from analyses, because they were dry
in 80% of all surveys across yeans{338) anchever flooded >tm.

Because birds were not detectedlifields during many surveys,usedzercinflated
Poissonzerainflated negative binomial modeand Hurdlemodels | compared AlCc and
Bayesian information criterion (BICc) valsiédrom the null model for bothuzks and
Waterbirds. Results indicated that a zeritated negative binomial me&diwas most appropriate
for my Duck count data, and agetive binomial Hurdlenodel was best suited for theatérbird
data. Therefore, | used zertdflated negative binomial regression modudt Jackma 2015)
to assess variation inugk abundance and a negative binomial Hurdle regression npsdél (
Jacknan 2015) for Veiterbird abundance.

Zero-inflated and Hurdle regression models combine a standard discrete distribution

(e.g., negative binomial; count data), with the binomial distribution (zeros present in greater
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number than predicted by the discretertstion; Ridout et al. 1998). Multiple processuch
as false negatives (zeros; e.g., when habitat is suitable and the observer fails to detect an
organism that is actually present, or when the habitat is suitable but the organism is not present),
and tue zeros (e.g., when habitat is not suitable, thus the organism is not observed) are
responsible for zeros in the response variable (Zuur et al. 2009)-inflated regression models
(i.e., mixture models), model false zeros separately frorrezeom counts and true zeros (Zuur
2009). Whereas, a Huslmodel contains two processé® first models the occurrence of a
zero (true and false) vs. n@aro countsthe secondhe relationship between naero counts
and covariates (Zuur et al. 2009).

| identfied the following factors or covariates as potential influences ethawd bird
abundancel) year, 2) month,)3vater depth4) vegetation heighty) vegetation density, art)
wetland size (i.e., area of field surveyedideveloped a set of a priori candidate models, each
representing a possible biological scenariodacks and Véterbirds. | compared models using
Akai keds | nf oadjostet forcampl€siZlCoe Buinttam and Anderson 2002
andconsideredmd e | s wi ¢ unitpfdmEhe top model as competitive (Burnham and
Anderson 2002) calculatedbacktransformed estimates frotine bessupported modelTo
assess variation in duck abundance in relation to rice seed variety (Cl€arfi€onvenibnal

varieties),| backtransformed estimatdsr om t he Avarietyo model as

Results
Wetland Bird Species Richness
| conducted 5,00%etland bird surveym 142 fieldsin the LCP, TCP, and TM@gions
during AugusitMarch 2010 2013 (i.e. production[2010,n = 10; 2011 2013, n = 50], idled

[2010,n = 10; 2011 2013, n = 50], and seedlice ricefields [2012,n = 10; 2013n = 12]). Of
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the 5,002 surveys, 60% (2,9961, n=632; SI,n = 610; NR,n =419; HR,n =540; SRn =
384)) containedvet ricelands and the remaining 40% (2,006) were tpbserved the following
number of species by taxon: 20 waterfowl, 9 shorebirds, 14 waders, 3 rails, and 7 species of
other birds (Table.3). Greatest encountered wetland bird species richnessl(tidp all
surveys occurred in idlech = 4 surveys) and production E 1 survey) rice fields. Among all
surveys, greatest waterfowl (ducks and geesgmciesichnesq9) observed was in a rice field
with no ratoon crop, angreatest Waterbirdpeciesichnesg10) occurred in first harvesh = 2
surveys) and harvested ratoan< 1 survey) rice fields.

Variation in wetland birdDucks and Waterbirdsgpecies richness across my GCP survey
region was best explained by an additive model containing erégatation densitywater
depth, and wetland siZ&able 3.2). Theombination ofvegetation density, water depth, and
wetland size explained 10% of the variation in wetland bird species richness. When holding
wetland size constant at the compusedrage of 17.9 wet ha (hereafter ha), species richness was
greatest in ricelands with shallow water depth and sparse vertical vegetation density ¢h8 wetl
birds/survey, 95% CI = 3iB.8) and least in saturated ricelands with dense vertical vegetation
(1.8 wethnd birds/survey, 95% CI = 1i 89; Table 3.3). Species richness increased ~1% for

each 1 ha increase in wetland siggy(ires 3.13.4).

Wetland Bird Summary Statistics

| detected 456,565 @tland birds across all species during the aforementid88b
surveys of wet ricelands. Despite great wetland bird abundance, | did not detect any birds in
31% of these surveyd.esser snow gees€liencaerulescenlswasthe most abundant bird
species observed among dry and flooded ricelamastb,546). This species was observed only

in 66 (1%)of the 5002total surveys. Ducks and geesllectively accounted fo82%
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(281,070) of all wetland bird observations (456,565), while waders, shorebirds, rails, and others
represented 17% (79,166), 17% (77,004),(3%491), and 1% (6,834), respectively. Greatest
duck density for an individual survey occurrednid-February, ira LCP disked idled field with
intermedate water depths (6aducks/ha). This field contained200 American greewinged

teal (Anas creccp 515 northern pintail4. acutg), and 6 mallardsA. platyrhynchos Greatest
density of waders (223 birds/ha) for an individual survey occurreddnalanuary, ira LCP
production rice field with a standing ratoon crogalf, denserice flooded to anntermediate
depth. Tis field containedl,240 white ibis Eudocimus albys Moreover, greatest shorebird
density for an individual survey was (312 birds/haid-December, ira saturated TMC disked
idled field without vegetation. This fiekbntainel an estimated 100 sandpipe@alidris spp.)
and 1,50@owitches (Limnodromusspp.) Wetland bird abundance in sesck fields remaned
low among all surveys (0.4 birds/ha) as segite fields were seldom flooded during winter.

Thus, | did not includ seedfice fields in abundance analyses.

Variation in Duck Abundance

Variation inDuck abundance was best explained by an additive ntioateincluded
vegetation height, water depth, and wetland sif@is model hac weight (v) of 0.75(Table
3.4). hblding wetland size constant at the computed average of 17.9 ha for all modeling
analysesduck abundanceras greatest in ricelands with intermediate water depths and short
vegetatim (447.3 ducks, 95% CI = 264.167.7), and least in ricelands with satechsoils and
intermediate vegetation igit (14.6 ducks, 95% CI = 7.80.5; Table 3.5). In shallowly flooded
ricelands, greatest duck abundarmecurred with short vegetation (360.0 ducks, 95% CI =
21681 597.9; Table 3.5). Duck abundanoedeeply floodd and saturated ricelands remained

low, but withindeeply flooded ricelandsas greatest in fields witthort vegetidon (i.e.,
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vegetation height extending above the surface of the wege8)ducks (95% Cl = 39.436.4;
Table 3.5). Duck abundancelecreasd 0.86% for each 1 ha increas wetland size (Figure 3.5
3.8).

The probability of measuring a false negative (false zero), versus counts of detected birds
and true zeros was greatest in ricelands with saturated soils and taditieeglkeight (97%, 95%
Cl = 95 98%), but least in ricelands with shallow water and short vegetation height (20%, 95%
Cl = 91 40%; Table 3.6). The probability of measuring a false negative decreased 1.8% for each

1 ha increasen wetland size (Figures 3.9.12).

Variation in Waterbird Abundance

Variation in abundanc#/aterbirdswas best explained by an additive maottheit
containedield classification, water depth, and wetland siZdne weight(w:) of this model was
0.88(Table 3.7). Waterbird abundancat the average wetid area (17.9 ha) was greatest in
shdlowly flooded fields with sparse vegetatig83.3Waterbirds, 95% CI $6.4122.9 and
least insaturated fields with dense vegetati@i.3Waterbirds, 95% CIl 42.4 24.Q Table 3.8).
Waterbird abundandecreased-1% for each 1 ha increase ietland size (Figures 3.133.16).

The probability of a riceland (e.g., productiondled rice field) being used by
Waterbirds was greatest sinallowly flooded fields with no vegetati§n6%, 95% CI = 7201%)
and leastn saturated fields with dense vegetat{66%, 95% CI| =52i 61%; Table 3.9). The
probability of a riceland being used by waterbirds increased ~2% for each 1 haanorea

wetland size (Figures 3.13.20).

Variation in Duck Abundance Relative to Rice Seeariety
Duck abundance did not differ between Clearfield® (65.4 ducks, 95% CI 09238

and conventional rice varieties (73.1 ducks, 95% CI.8-432.1; Table 3.10; Figure 3.21
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Moreover, the probability of measuring a false negative did not difiémaas 51% (95% CI =
35-68) and 49% (95% CI = 3a7) for Clearfield® and conventional rice varieties, respely

(Table 3.11; Figure 3.32

Discussion
Wetland Bird Species Richness

Shallow water @20 cm) provides foraging opportunities for the greatastiverof
wetland bird species (Elphick and Oring 1998, 2003), and fields devoid of or containing
intermediate levels of vertical vegetation may have been important for foraging efficiency and
predator detection or avoidance. Elphick and Oring (1998, 2003) saddkatwater depths
ranging from 1020 cm are preferred for wetland bird management, withotlver end of the
range excludig fewer wetland bird species than the upper end. Additionally, Hagy and
Kaminski (201d) reported ~90% of dabbling ducks forageananaged moissoil wetlands
flooded<16 cmdeep in western Mississippi. In Louisiana, Rettig (1994) found that 70% of
shorebirds and 50% of wading birds used wet fields with less than 50% vegetation cover.
Vegetation manipulations, such as diskingdljimg, chopping, or mowing, are potential sources of
variation in wetland bird use of ricelands. My results indicated that species richness was lowest
when fields contained dense vertical vegetatiS8ome avifauna utilize flocking to increase their
feeding efficiency or decrease their vulnerability to predators (Powell 1974, Morse 1977,
Cresswell 1994). Perhapsrtse vegetation precluded dsemany flocking shorebird, wader
and waterfowl species becausferisual and mobity obstructions However,because of the
secretive nature of many wetland birds which inhabit dense vegetation (e.g., bitterns, rails, etc.),

detection is often difficult even when suitable habitat is surveyed and birds are present (Allen
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2004, Conway 2005, Valente 2009). Therefaome species may have been present but | could
not detect them.

Wetland bird species richness increased ~1% for every hectare increase in wetland size.
Larger agricultural wetlands likely contained a greater diveddifgraging habitats and food
resources, facilitating use by a greater number of wetland bird spéigserous hypotheses
and theories have been posited to explain the spamesrelationship. The speciaea
relationship, originally proposed by Arrhenius (1921), suggests thatspeoges occur in larger
than smaller areas. MacArthur and Wilson (1967) advanced this concept by developing the
equilibrium model of speciearea relationships on islands (i.e., the theory of island
biogeography), postulating that smaller islands supgpartr species than larger islands.
Additionally, the habitat diversity hypothesis states that large areas have greater habitat diversity
than small areas, and thus should contain more species (Williams 1943). The passive sampling
hypothesis arguesthbtar ger ar eas should be greater o6targ
contain more species (Colemat al. 1982). Relating the habitat diversity and passive sampling
hypotheseso my studythediversity of agricultural practices and resulting hahitatsaics
created by rice and crayfish productiand waterfowl and other wetland bird conservation
createa diversity ofimportant habitats for diversity of wetland avifauridelow, | discuss avian
communities more specifically as they relate to diffetgpes of field classifications, vegetation

structure, and water depths in my study.

Duck Abundance

Duck abundance was best explained by an additive model containing vegetation height,
water depth, and wetland size. Greatest duck abundances occuicethimds with shallow or

intermediate water depths and short vegetation. My results approximate those for other rice
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agricultural systems in California and the Mississippi Alluvial Valley, where median water
depths used by dabbling ducks in Calmiarrice fields ranged from 122 cm (Elphick and
Oring 1998), and most dabbling ducks in the Mississippi Alluvial Valley foraged in <16 cm
(Hagy and Kaminski 2012b). Skaw water depths allow ducke access importariood
resources, such as wasiee, naturbseeds, tubers, and aquatic invertebrates present in
production and idled rice fields and managed msasitwetlands (Manley et al. 2004; Stafford et
al. 2006; Kross et al. 2008a,b; Stafford et al. 2010, Hagy and Kaminski 2012a,b; Marty et al.
2015).

Idled ricelands which are frequently disked, and ricelands flooded for extended periods,
often contain little to no vegetation. Additionally, disking incorpesgplant biomass into the
soil. Furthermore, harvesting a rice field involves clipping the stedk, which often reduces
vegetation height across the entire field. During harvesting of production rice fields, openings
are created when rice stalks are flattened by farm machinery. Flooding of production and idled
ricelands promotes decompositionptdint biomass and provides landowners economic and
agronomic benefits (Manley et al. 2005, Anders et al. 2008). Marefmvaging actions by
ducksin flooded ricelands exacerbate straw decomposition in winter (Smith 1992, Brouder and
Hill 1995, Bird etal. 2000). My results revealed that ricelands with intermediate and tall
vegetation typically attracted fewer ducks than those with no or short vegetatickstend to
avoid fields with tall, dense vegetation until it decomposes, topples, or operengiharwise
createdbecause of reduced predatory detection, mobility, and access to food resources
(Kaminski and Prince 1981, 1984; Anderson and Smith 1999; Gray et al. 1999; Havens et al.
2009; Stafford et al. 2010; Hagy and Kaminski 2012b). In my savely, ricelands with tall

dense vegetation generally were either Sl or SR fields.
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Duck abundance was greategthin deeply flooded ricelandshen vegetation height
was short or absenAlthough SRfields typically used for crayfish producti@ontained
unharvested rice crops, once floodablove water vegetation height typically ranged frarh®
cm. In southwest Louisiana and parts of southeastern Texas, crayfish production is an important
commercial enterpse (McClain and Romaire 2004). Floodiog crayfish production,
associate@quaculture practiceand straw decomposition reducatbvewater heighof
vegetaion. Absent or short vegetation above the water surfasefacilitate greater use by
ducks in fields where crawfish are being harvested, especially during times of minimal
disturbance when haggting machinery is not in usédditionally, dense vegetation persisting
below the surface of the watisrcriticalfor the productiorof crayfish and aquatic invertebrates
which are important food resources for waterfowl.

Flooding rice stubble establishes the detrltased food web for crayfish and other
aguatic invertebrates (McClain and Romaire 2004, Alford 20A4uatic invertebrates provide
essential nutrients, such as proteins their constituent amino acithet are important to pre
breeding waterfowl, especially female ducks in-pasic molt during winter and early spring
(Heitmeyer 1988, Richardson andrimski 1992, Barras et al. 2001). Foley (2015) reported
that rice fields flooded for crayfish production in the LCP and TCP supported diverse aquatic
invertebrate assemblages and contained 40 invertebrates/m2 in canal irrigated rice fields and 63
invertelrates/m2 in well irrigated rice fields. Albeit lower than estimates in the Central Valley of
California, where Loughman and Batzer (1992) reported chironomid larvae deoks@s400
invertebrates/m2, waterfowl likely used deeply floodee fields inpart to forage oaquatic

invertebrates.
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The probability of measurinfalse zeros versus true counts and zeros was greatest (84
97%) in saturated ricelands (i.e., water depthgm) regardless of vegetation height. However,
saturated soils were noefjuently used by ducks in GCP ricelands; thus, | cannot infer why
probabilities were so large. Furthermore, probabilities of observing a false negative were also
large for shallowly (57%), intermediately (68%), and deeply (66%) flooded ricelands with tall
vegetation. These results may indicate that waterfowl may have been present, but went
undetected because of visual obstruction from tall vegetation. To reduce the probability of
observing a false negative, an observer could walk or ride-#&redin \ehicle though fields to
flush birds. Alternatively, ducks actually were not present because the majority of them foraged

in ricelands nocturnally (Miller 1987, McNeil and Rodriguez 1996, Cox and Afton 1997).

Waterbird Abundance

Variation inwaterbirdaburdance in GCP ricelands was best explaineddgetation
density water depth, and wetland sizAbundance ofvaterbirds was generally lowestfields
with dense vegetation regardless of water depth. Fields containing dense vegetation likely
precluded us by avifauna who typically utilize flocking strategies to increase predator avoidance
and foraging efficiency (Powell 1974, Morse 1977, Cresswell 198Wyxeover, greates
waterbird abundances generally occurred in fields with sparse vegetation regafaaser
depth. Crayfish fields, and fields flooded for recreational purposes typically contained sparse
abovewater vegetation density\Sparse abovevater vegetation density likely increased predator
detection. Although aboweater vegetation densitpay be sparse, belewater density is often
dense and promotes the production of crayfish and other aquatic invertelle@dsig and

Romaire 20041
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Wetland birds use a diversity of available foods in production and idled rice fields
including aquaticnvertebrates, fish, and amphibians for essential nutrients during the non
breeding period (Krapu and Reinecke 1992, Gonzatds et al. 1996, Richardson 2001,

Kosteke et al. 2005, Baldassarre and Bolen 2006, Ma et al. 2009). Wading and shorebirds vary
greatly in body size and partition their foraging patches across water depths in wetlands and
agricultural fields; these strategies theoretically may reduce sntichinterspecific competition

for food (Nudds and Kaminski 1984, Davis and Smith 20@awlk (2002) suggested that

wading bird feeding constraints can be views@daontinuum with searchers (e.g., white,ibis

wood storkg Mycteriaamericang, snowy egretsggretta thuld) and exploiters (e.g.rgat blue
heron[Ardea herodiak great egrefArdea albg) occupying opposite ends of behavioral

foraging regimes. Searchers forage primarily in shallow and intermediate water depths and
abandon foraging plots quickly when prey density begins to decrease, whereas exploiters persist
in wetlands and fage in all water depths because of adaptations that mitigate the effects of
decreasing prey density (e.g., morphology, behavioral plasticity; Maurer 1996, Gawlik 2002).
During surveys, I observed fAsear chegnswlyd such
floodedricelands possibly exploiting emerging foods including crayfish from their boroughs.
Furthermore, | witnessed exploiters such as great blue herons and great egrets using freshly
flooded fields; however, they continued to use fields guecessive surveys.

Although | did not directly investigate water depth gradients used by individual species
of waterbirds, | observed birds with shorter legs (i.e., shorebirds, rails, ibis, snowy egrets, little
blue heron, etc.) generally occupying shako depths1i 15 cnj, while birds with longer legs,
such as great egrets and great blue herons,edraghallow and deep watei 30 cn).

Furthermore, the probability that waterbirds used ricelands was greatest for skaBoe()
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and deep water dep ((BO cm), regardless of field classification. Wadhigl foraging depth is
primarily patitioned by body morphology such as bill and leg lengtid ranges from adjacent

dry uplands to water depthd0 cm (Kushlan 1986, Bancroft et al. 2002, Gawlik20 Elphick

and Oring (1998) reported that median water depths mgedhding birds ranged froni 20 cm.
Longer leg lengths provide opportunities to forage amid deeper water depths, whereas those with
shorter legs (e.g., sandpipers) are more restrintéaging opportunities. Bill morphology is
also related to birdsd diet and prey foraging
reported that little blue herons and great egrets, which have thicker bills than snowy egrets,
switched prey typs as hydrological conditions changed in foraging areas, whereas snowy egrets
did not switch. Additionally, behavioral plasticipermits birds to exploit a wider range of water
depths, such as tricolored herons that forage atop floating vegetatiorsauriwl amid deep water
(Smith 1995, Gawlik 2002). While conducting surveys, | witnessed white ibis,-falaibel ibis,

snowy egret, and little blue heron pleirgy on crayfish traps, perhapsing these structures as an
extension fl add etragsthat otheavisewsslidsnot e iragecessibde aue to

water depths. Similar to wading birds, shorebird foraging depth generally ranges from moist
adjacent uplands to water depths of 15 cm, and is primarily constrained by culmen and tarsus
lengths (Bakef979, Elner and Seaman 2003, Colwell 2010). Elphick and Oring (1998) found
that median water depths used by shorebirds in Cai#aice fields ranged fromid3 cm. The
probability that waterbis used ricelands was generally greatest in shallowly dlddidlds

regardless of vegetation densitilphick and Oring (2003) reported that shorebirds avoided

fields with tall or dense vegetation, and used fields which had been disked in greater numbers.
During spring migration in Louisiana, Rettig (1994) abeel 70% of shorebirds in rice fields

with <50% vegetation, although only 19% of fields contained <50% vegetative cover.
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Duck Abundance in Relation to Rice Seed Variety

Anecdotal observations have led to speculation amongJatalfowl hunters that ducks
may be avoiding rice fields planted with Clearfield® rice varieties because of forage limitations.
| deteced a statiscally greater wasteice and naturaseedbiomass in fields planted with
conventional rice varieties (Chapter 1). For both Clear®edohd conventional varieties, waste
rice biomass remained greater than the gidpglensity of 50 kg/ha (Greer et al. 2009). For
conventional varietiesfjovember, 2012013natural seed biomass was greater than tregéor
availability threshold of 10 kg/ha (Hagy and Kaminskl015). HoweverNovember, 2010
2013natural seed biomass in fields planted with Clearfield® rice was below tgefor
availability threshold of 10 kg/ha. Nonetheless, a zanflated negative binomial regression
model indicated tt duck abundance did not differ between Clearfield® and conventional rice
seed varieties. Although there was no statistical difference in duck abundance between rice seed
varieties, results indicated slightly fewer ducks in fields planted with Clea&fiete than
conventional rice, consistent with lessedbiomass in the former than the latter. | also
investigated the possibility that measuring a false negative existed, but did not find any
differences between rice varieties. The probability of maaga false negative was high
(~50%) regardless of seed variety indicating that habitat was suitable and birds were not present,
birds were present and | failed to detect them, or birds potentially foraged in fields nocturnally.
Thus, | conclude that &lbugh a difference iwasterice and natural seddomass may exist
between seed varieties, my surveys did not reveal any significant differences in duck use

between rice varieties.
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Importance of MBHI for Wetland Birds in the Gulf CoastPrairies

In 2010and 2011, in response to the Deep Water Horizon Oil Spill and subsequently the
beginning of one of the largest droughts in GCP history, the MBHI provided incentives for
landowners to flood production and idled rice fields and other wetland habitats dutirgn
and winter (Davis et al. 2014, Kaminski and Davis 2014). Financial incentives from MBHI
enabled farmers to pump and flood ricelands in Louisiana and Texas; the NRCS signed contracts
and obligated approximately 93,388 ha of land in this effort (Department of Agriculture
2010a,b). Conservation programs such as MBHI provided critical wetland habitat for millions of
wetland birds across southern Gulf of Mexico states (Borrow et al. 2013, Davis et al. 2014,
Kaminski and Davis 2014). During my reseh, | observed 53 wetland bird species using fields
enrolled in MBHI and those with similar management practices promoted by MBHI. The MBHI
flooding regimes provided habitats attractive to diverse wetland bird guilds which migrate
through and winter ithe GCP regions during the nonbreeding period. | rarely observed wetland
birds using dry rice fields, but, when observed, birds used dry fields adjacent to flooded fields.
Similarly, Elphick and Oring (2003) found that wetland bird richness and densig/gveater in
flooded than unflooded rice field in California. The most common species observed in MBHI
fields were lesser snow geese, greater whiteted geeseAnser albifron}, bluewinged teal
(Anas discors American greetwinged teal, northern shreler A. clypeatd, white-faced ibis
(Plegadis chihj, dowitchers, and sandpipers. Additionally, | observed one whooping crane
(Grusamericand in aLCP production rice fieldand bald eagledHaliaeetus leucocephalusm
TMC production rice fields, thiatter of which prey on waterfowl on migration and wintering

grounds (McWilliams et al. 1994).
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Management Implications

Models explaining variation in wetland bird use varied among gullusk use of
ricelands was best predicted by vegetation heigatemdepthand wetland size, while
abundancef other waterbirds was best predicted by field classification, water depth, and
wetland size. Water depth and wetland size influenced habitat use for all wetland bird guilds. In
my study, wetland birds reqed variable water depths within ricelands ranging from saturated
to >30 cmof water. Habitat complexes containing wetlands and agricultural resources are
attractive and promote diverse guilds of wetland birds (Elphick and Oring 2003, Hagy and
Kaminski 2A.2b, Pearse et al. 2012). | suggest consenvagtianners and policy makerseate
conservation programs that encourage landowners, rice producers, and complex managers to
flood both production and idled rice fields during autilearly spring for migratig, wintering,
and locally breeding wetland birds. Management practices within programs should emphasize
closing water control structures to capture rainfall following the first and ratoon harvests in
production rice fields and in idled rice fields (Manktyal. 2004, Eadie et al. 2008). In addition
to creating valuable shallow water and mudflat habitats, captured rainfall might save producers
money through reduced pumping or canal water costs, as well as benefitting aquifer
rejuvenation. | recommend cggrvation programs accommodate a suite of flooding regimes to
promote habitat complexes with variable water depths to meet the needs of multiple wetland bird
guilds, includingli 15 cm for shorebirds,i20 cm for herons and ibis, 122 cm for dabbling
ducks 18 26 cm for geese, and 22¥ cm for diving waterfowl! species (Elphick and Oring 1998,
2003; Hagy and Kaminski 2012b). Furthermore, height and density of vegetation in production
and idled rice fields will subsequently be reduced through the use aaprdigoding. Flooding
fields eventually creates natural openings through decomposition, and immigrating wetland birds

will further accelerate vegetation toppling (Anders et al. 2008). The-tiamgh concept is a
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classic wetland paradigm, originally cameed in northern prairie wetlands (Kaminski and
Prince 1981, Murkin et al. 1982), but can be extended tebneeding habitats to benefit wetland
birds (Smith et al. 2004, Havens et al. 2010, Hagy and Kaminski 2012b).

In addition to providing valuable etland habitat, winter flooding of ricelands can save
producers significant amounts of money annually. The costs ohpogtst field manipulations
can range from $6.65/ha for burning to $197/ha for chopping, rolling, tilling, or disking (Brouder
and Hil 1995, Horwath and van Kessel 2001). Compounding these costs across whole farms
could be significant for some producers. Flooding rice fields to attract foraging waterfowl can
reduce red rice and other weeds. Red rice,@iyaa sativais similar tocommercial rice, but
reduces yield and quality of commercial crops in the southern United States (Khodayari et al.
1987). Previous research has estimated that winter water management reduced red rice by as
much as 97% and potentially saved the rice ingiuabre than $290 million in 1997 (Smith et al.
1977, Smith and Sullivan 1980, Hobaugh et al. 1989). Furthermore, retaining some straw and
flooding fields during winter can improve nitrogen uptake in subsequent crops, reduce water
volume runoff, and redecsuspended and dissolved solids (Anders et al. 2008, Manley et al.
2009).

Market prices for rice and other alternative crops, such as soybean, are a significant
determinant for the extent of rice planted each year in the GCP. With potential fornjsing i
costs associated with seed, fuel, fertilizers, and herbicides, producers may elect to grow
alternative crops or stop farming altogether. If many producers stop farming or find it more
profitable to grow alternative crops, abundance of wetland bidatan the form of ricelands
could substantially decrease in the GCP. One of the greatest concerns for rice farmers and

conservation organizations has been recent droughts and subsequent water restrictions
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implemented by the Lower Colorado River Autlp(LCRA) in Texas. The LCRA controls the
water supply for most of the TMC and supplies about 60% of total irrigation demands for
agriculture (LCRA 2010, 2013). From 202015, the LCRA either restricted or eliminated
irrigation water for rice producers the region, seemingly hindering the TMC rice producing
industry. Recent rainfall has since replenished LCRA reservoirs and the supply of irrigation
water resumed in 2016. For future considerations, conservation programs such as MBHI may be
necessary tpromote flooding of agricultural lands, especially if restrictions on irrigation water
resume or rice pragttions costs continue to rise.

Loss of species and changes in community structure can sometimes be attributed to
fragmentation and habitat loss (Biand 1976). As fragmentation occurs, habitats become
smaller and increasingly isolated (Farina 1998, Wiens 1995). Research supports that this process
selects species better adapted to small, isolated wetlands, and affects the movement of
individuals thraugh a landscape, reducing alpdigersity (i.e., local diversity; Brown and
Dinsmore 1986, Fahrig and Merriam 1994, Farbairn and Dinsmore 2001, Whited et al. 2000).
As a result, betdiversity, or the difference in species diversity between habitagpected to
increase in fragmented landscapes because of isolation effects (Harrison 1997, Kneitel and Chase
2004). Gamma diversity, or regional diversity, is then determined by the alpha and beta
components affected by habitat loss and fragmentationy(C@@3). The understanding of
species composition and abundance patterns among sites is a central question in community
ecology, but is poorly documented for wetland birds in fragmented wetlands (Cox et al. 2000,
Gaudagnin et al. 2005). More than 99%haf prairie ecosystem in the Gulf Coast has been lost
to urbanization, agriculture and range improvement, and the remaining 1% persists in highly

fragmented patches (USGS 2000). | recommend future research investigating fragmentation and
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consequential aan community structure at regional and landscape scales in GCP agricultural

and coastal marsh habitats. | hypothesize that as habitats become increasingly fragmented by an
urban landscape, alpha avian diversity will decrease, beta diversity will incaedsgamma

diversity will remain similar.

One of the greatest knowledge gaps in the GCP pertains to nocturnal wetland bird use of
ricelands. Wetland bird species such as northern pintail, plovers (Pulvialis, Charadrius),
sandpipers, stilts (Himantopus), and most other Scolopacidae regularky thuagally and
nocturnally (Miller 1987, McNeil and Rodriguez 1996, Cox and Afton 1997). | recommend
future wetland bird research that investigates nocturnal use of ricelands, and monitoring bird
movements within and between ricelands and coastal marBleeent advancements in
unmanned aerial drones, night vision, radar, and thermal imaging techniques could enhance our
ability to quantify diurnal and nocturnal use of wetland birds in the GCP. Recent research has
used drones and thermal imaging to lecagsting ducks in the Prairie Pothole Region of the
United States (Delta Waterfowl 2016). Additionally, research investigating effects of
disturbance should be high priority for conservation planners in the GCP. For example, crayfish
is harvested dailfrom many of the flooded production and idled rice fields, especially in the
LCP. Furthermore, many flooded fields are subjected to frequent waterfowl hunting activities
from Septembédanuary. Quantifying effects of disturbance and ensuring that wéilaisd
have access to undisturbed habitats may be important to future conservation planning, especially
if flooded areas are reduced, or habitat fragmentation occurs, all of which may cause greater
densities of wetland birds on fewer habitats in this mregjitandscape. Although researchers
have identified complexes of wetlands that attract greatest abundances of dabbling ducks in

winter (e.g., Pearse et al. 2012), wetland complexes, including sanctuary components, have not
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been identified for waterfowl @hother waterbirds to my knowledge. Moreover, complexes
attractive to greatest abundances of wetland birds, although important for conservation of habitat
landscapes, may invoke density dependent effects on individuals. Thus, studies that relate
habitatuse to demographic metrics (e.g., daily survival, Lancaster 2013) are needed to identify
most suitable habitat complexes and incorporate this knowledge intddodstape and reserve

designs (sensu Fretwell 1972, Van Horne 1991)

109



Table 3.1 Wetland bird species enantered during surveys Gulf CoastPrairies ricelands,
August March 2010 2013.

Common

name Scientific name n

Waterfow
Snow goose Chen caerulescens 65,54¢
White-fronted goose  Anser albifrons 35,14
Canada goose Branta @anadensis 1,25¢
fggﬁ rican greemwinged A. crecca carolensis 73,25!
Blue-winged teal Anas discors 42,91(
Northern shoveler A. clypeata 28,172
Northern pintail A. acuta 21,05(
Gadwall A. strepera 7,84
Mallard A. platyrhynchos 2,182
Mottled duck A. fulvigula 2,08
American wigeon A. americana 371
Wood duck Aix sponsa 43€
Lesser scaup Aythya affinis 28:<
Redhead A.americana 11¢€
Ring-necked duck A. collaris 43
Ruddy duck Oxyura jamaicensis 13¢
Black-bellied whistling
duck Dendrocygna autumnalis 18¢
Fulvouswhistling duck D. bicolor 51
Bufflehead Bucephala albeola 10
Hooded merganser Lophodytes cucullatus 4

Waders
White-faced ibis Plegadis chihi 47,43:
White ibis Eudocimus albus 15904
Cattle egret Bubulcus ibis 6,89(
Great egret Ardea alba 3,921
Great blue heron A. herodias 544
Little blue heron Egretta caerulea 3,50¢
Snowy egret E. thula 597
Tricolored heron E. tricolor 122
Green heron Butorides virescens 97
Roseate spoonbill Platalea ajaja 86
American bittern Botaurus lentiginosus 28
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Table 3.1 Continued

Yellow-crowned

night-heron Nyctanassa violacea 23
Black-crowned night
heron Nycticorax nycticorax 8
Wood stork Mycteriaamericana 7
Shorebirds
Dowitchers Limnodromusspp 31,92¢
Sandpipers Calidris spp. 23,13:
Killdeer Charadrius vociferus 9,691
Yellowlegs Tringaspp. 5,554
Black-necked stilt Himantopus mexicanus 5,40:
Wi | sonds Gallinago delicata 81:
Long-billed curlew Numenius americanus 207
Black-bellied plover Pluvialis squatarola 20¢€
American avocet  Recurvirostraamericana 69
Rails
American coot Fulica americana 12,45¢
Purple gallinule Porphyrio martinicus 18
Other ails Coturnicopsspp.;Porzanaspp.;Rallusspp. 14
Others
Sandhill crane Grus @nadensis 3,531
Whooping crane  G. americana 1
Gulls Larusspp. 2,931
Piedbilled grebe  Podilymbus podiceps 18t
Doublecrested
cormorant Phalacrocorax auritus 172
Gull-billed tern Gelochelidon nilotica 10
Belted kingfisher  Megaceryle alcyon 4

Common and scientific names and tatatectionsf) of wetland birds encountered during
surveys of production and idled rice fields in the Gulf Coastal Prairies of Louisiana and Texas,
Augusi March 2010 2013.
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Table 3.2  Results of linear mixed models explaining variation in wetland bird species sg&m@ulf Coast Prairie

ricelands, AugustMarch 2010 2013.

Models AlICc Al ( w K LL R?
Vegetation density + Water depth + Wetland si 5067.9 0.0  0.99 10 -2523.% 0.10
Vegetation height + Water depthietland size 5077.3 9.4  0.01 10 -2528.C 0.10
Vegetation density + Water depth 5111.0 43.1 0 9 -2546.C 0.08
Water depth + Wetland size 5111.2 43.3 0 7 -2548.Z 0.08
Vegetation height + Water depth 5121.4 53.5 0 9 -2551.z 0.08
Month + Water depth 5126.8 58.9 0 13 -2549.2 0.08
Water depth 5151.5 83.6 0 6 -2569.5 0.06
Vegetation density + Wetland size 6251.4 11836 O 7 -3118.4 0.04
Vegetation height + Wetland size 6283.5 12156 O 7 -3134.4 0.05
EWetIand size 6314.3 12464 O 4 -3153.C 0.02
Vegetation density 6315.8 12479 O 6 -3151.7 0.02
Year+ Month 6344.3 1276.4 O 13 -3158.1 0.02
Month 6345.5 1277.6 0 10 -3162.1 0.02
Vegetation height 6353.4 12855 O 6 -3170.t 0.01
Year 6377.7 1309.8 0 6 -3182.€ 0.01
Null 6380.9 1313.0 O 3 -3187.4 0.00

Results of linear mixed models explaining variategtland bird@ species richness in ti@&ulf CoastPrairies of Louisiana and

Texas during AugusMarch 20102 0 1 3 . Model s

wer e

ranked

by

Akai keods

size (AICc) and includesp A Ic,@nodel weight W), number of stimable parameters (Kileviancel(L), andR? statistics

aWaterfowl, wading birds, and shorebirds species combined.
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Table 3.3  Estimated meawetland bird species richnessGulf Coast Prairie
ricelands, August March 2010 2013.

95% Confidence interva

Waterdepti#® Vegetation densify  * LCL UCL
Saturated No vegetation 2.15 2.0 2.3
Sparse 2.26 2.1 2.5

Intermediate 1.97 1.8 2.2

Dense 1.77 1.6 1.9

Shallow No vegetation 3.28 3.0 3.6
Sparse 3.46 3.1 3.8

Intermediate 3.02 2.8 3.3

Dense 2.70 2.5 2.9

Intermediate No vegetation 2.69 2.4 3.0
Sparse 2.83 2.5 3.2

Intermediate 2.47 2.2 2.7

Dense 2.21 2.0 2.4

Deep No vegetation 2.43 2.2 2.7
Sparse 2.56 2.3 2.9

Intermediate 2.24 2.0 2.5

Dense 2.00 1.8 2.2

Backtransformed estimatedeanspecies richness (wetland bird species/survey) for
wetland bird§ and 95% confidence intervals (LCL, UCL) from linear mixed models by
water depth and vertical vegetation density for the average wetland size of 17.9 ha, in
ricelands in th&sulf CoastPrairies of Louisiana and Texas during Augudarch 2010
2013.

2Blanks denote sameater depth.

b Saturated (<1 cm); Shallowi(15 cm);Intermediatg16i 30 cm); Dee(>30 cn).

°No vegetation; Spars&i(20 cm); Intermediatg21i 40 cm); Densg>40 cn).

dWaterfowl, wading bird, and shorebird species combined.
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Table 3.4  Results of zeranflated regressiomodels explaining variation iduck abundance iGulf Coast Prairigicelands,

August March 2010 2013.

ModeP AlICc Al C w K LL

Vegetation height + Water depth + Wetland s 8505.2 0.0 0.75 17 -4233.8
Vegetation height + Water depth 8509.6 4.3 0.09 15 -4238.4
Vegetation density + Water depth 8533.2 27.97 0 15 -4250.2
Vegetation density + Water depth + Wetland - 8533.3 28.1 0 17 -4247.8
Month + Water depth 8548.6 43.4 0 23 -4247.9
Water depth + Wetland size 8594.3 89.07 0 11 -4285.4
Water depth 8595.0 89.8 0 9 -4288.0
Vegetation density + Wetland size 10672.32167.04 O 11 -5324.4
Vegetation height + Wetland size 10709.9 2204.7 0 11 -5343.2
Wetland size 10757.8 2252.6 0 5 -5373.7
Vegetation density 10686.1 2180.8 0 9 -5333.5
Vegetation height 10746.2 2241.0 0 9 -5363.6
Year+ Month 10701.3 2196.1 0 23 -5324.2
Month 10754.9 2249.7 0 17 -5358.6
Year 10743.8 2238.5 0 9 -5362.4
Null 10792.0 2286.8 0 3 -5392.9

Results of zeranflated negative binomial regressiordels explaining variation imeanduck abundance in tHeulf Coast

Prairies of Louisiana and Texas during Augudarch 2010 2013. Models were a n k e d

by

Akai ke ds

corrected for sample size (AICc), including and model weight fumber of estimable parameters (Khd deviancel().
Parameterizations were identical in count and zero componerngsaihflation models.
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Table 3.5 Estimatedneanduck abundance iGulf Coast Prairigicelands, August
March 2010 2013.

95% Confidence interval

Water dept®  Vegetationheighf Count LCL UCL
Saturated None 19.59 9.4 40.7
Short 50.96 23.0 113.0

Intermediate 14.56 7.0 30.5

Tall 19.48 9.5 40.0
Shallow None 138.38 84.8 225.9
Short 360.04 216.8 597.9
Intermediate 102.89 65.4 161.8
Tall 137.61 92.0 205.9
Intermediate None 171.90 93.1 317.5
Short 447.26 264.0 757.7
Intermediate 127.81 68.9 237.1
Tall 170.94 99.4 293.9

Deep None 28.17 15.1 52.6
Short 73.30 39.4 136.4

Intermediate 20.95 12.3 35.6

Tall 28.01 171 46.0

Estimatedneanduck abundance and 95% confidence intervals (LCL, UCL) from-zero
inflated negative binomial regression models by water depth and vegetation height for the
average wetland size of 17.9 ha, in ricelands indhk CoastPrairies of Louisiana and

Texas duringAugust March 2010 2013.

2Blanks denote sameater depth.

b Saturated<1 cm); Shallow (i 15 cn); Intermediatg16i 30 cn); Deep(>30 cn).

°None (0 cm); Shortlf 15 cnj; Intermediatg16-40 cm); Tall(>40 cnj.
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Table 3.6  Estimatedmeanprobability of measuring a false negative fducks inGulf
Coast Prairigicelands, August March 2010 2013.

95% Confidence interva

Water depth®  Vegetation heiglit Probability LCL UCL
Saturated None 0.92 0.87 0.95
Short 0.84 0.75 0.91

Intermediate 0.89 0.83 0.94

Tall 0.97 0.95 0.98

Shallow No None 0.34 0.21 0.50
Short 0.20 0.09 0.39

None 0.28 0.15 0.47

Tall 0.57 0.45 0.68

Intermediate None 0.45 0.30 0.61
Short 0.29 0.14 0.49

Intermediate 0.39 0.23 0.57

Tall 0.68 0.58 0.76

Deep None 0.43 0.27 0.60
Short 0.27 0.13 0.47

Intermediate 0.37 0.21 0.56

Tall 0.66 0.54 0.76

Estimatedmeanprobability of measuring &lse negative foducks and 95% confidence
intervals (LCL, UCL) from zeranflated negative binomial regression models by water
depth and vegetation height for the average wetland size of 17.9 ha, in ricelands in the
Gulf CoastPrairies of Louisiana and Texas during Augugtarch 2010 2013.

2Blanks denote sameater depth.

b Saturated<1 cm); Shallow (i 15 cn); Intermediatg16i 30 cn); Deep(>30 cn).

¢ None (0 cm); Shortlf 15 cn); Intermediatg16-40 cm); Tall(>40 cn).
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Table 3.7 Results of negative binomial Hurdheodels explaining variation inaterbird abundance @ulf Coast Prairie
ricelands, AugustMarch 2010 2013.

ModeP AlICc ATl ¢ w K LL
Vegetation density + Water depth + Wetland <€ 18942.0 0.0 0.88 17  -9453.9
Vegetation height + Water depth + Wetland si. 18946.0 3.9 0.12 17  -9455.9

Vegetation density + Water depth 18966.2 24.2 0 15 -9468.0
Vegetation height + Water depth 18974.2 32.2 0 15 -9472.0
Month + Water depth 18977.6 35.5 0 23  -9465.6
Water depth+ Wetland size 18982.5 40.5 0 11  -9480.2
Water depth 19008.1 66.1 0 9 -9495.0
Vegetation density + Wetland size 22841.6 3899.5 0 11  -11409.%
Vegetation height + Wetland size 22847.2 3905.2 0 11 -11412.¢
~ Wetland size 22879.1 3937.1 O 5 -11434.¢
Vegetation density 22877.8 3935.8 0 9  -11429.(
Vegetation height 22893.8 3951.8 0 9  -11437.¢
Year + Month 22850.5 39085 O 23  -11402..
Month 22872.7 39306 O 17 -11419.C
Year 22898.2 3956.1 O 9 -11440..
Null 22917.9 39759 O 3 -11455.¢
Results ohegative binomial Hurdle regression models explainingatian in meanwaterbird abundance in the Gulf Coastal
Prairies of Louisiana and Texas during Augivarch 20102 0 1 3 . Model s were ranked by Akaik

corrected for sample size (AICc), including and model weight lumber of estimable parameters,(Khd deviancel().
Parameterizations were identicaldount and zero components afrble models.
2 Shorebirds and wading birds combined.



Table 3.8 Estimatedneanwaterbird abundance Bulf Coast Prairigicelands,
August March 2010 2013.

95% Confidence interval

Water dept® Vegetation densify ~ Count LCL UCL
Saturated No vegetation 32.25 23.4 44.4
Sparse 45.77 30.6 68.4

Intermediate 30.17 20.3 44.8

Dense 17.27 12.4 24.0

Shallow No vegetation 58.66 41.8 82.3
Sparse 83.25 56.4 122.9

Intermediate 54.89 36.7 82.0

Dense 31.42 23.1 42.8

Intermediate No vegetation 44.93 29.3 68.9
Sparse 63.77 41.4 98.3

Intermediate 42.04 27.6 64.0

Dense 24.06 16.6 34.8

Deep No vegetation 42.66 27.4 66.3
Sparse 60.55 37.9 96.7

Intermediate 39.92 27.4 58.2

Dense 22.85 15.2 34.2

Estimatedneanwaterbird abundance and 95% confidence intervals (LCL, UCL) from
negative binomial Hurdle regression models/bgetation density and water defith

the average wetland size of 17.9 ha, in ricelands itiieCoastPrairies of Louisiana
and Texas during Augudtlarch 2010 2013.

2Blanks denote same field classification.

b FH-first harvest, NRno ratoon, HRharvested ratoon, S&anding ratoon, Sstanding
idle, DI-disked idle.

¢ Saturated<1 cn); Shallow (i 15 cn); Intermediatg16i 30 cnj; Deep(>30 cn).
dShorebirds and wading birds combined.
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Table 3.9  Estimatedmneanprobability of waterbirds usinGulf Coast Prairie
ricelands, August March 2010 2013.

95% Confidence interval

Water dept® Vegetation densify Probability LCL UCL
Saturated No vegetation 0.61 0.69
Sparse ¥ F(;)!.;63 0.57 0.69

Intermediate 0.57 0.52 0.63

Dense 0.56 0.52 0.61

Shallow No vegetation 0.76 0.72 0.80
Sparse 0.75 0.69 0.79

Intermediate 0.70 0.65 0.75

Dense 0.69 0.65 0.72

Intermediate  No vegetation 0.69 0.63 0.75
Sparse 0.67 0.60 0.74

Intermediate 0.62 0.56 0.68

Dense 0.61 0.55 0.66

Deep No vegetation 0.69 0.62 0.74
Sparse 0.67 0.60 0.73

Intermediate 0.61 0.55 0.67

Dense 0.60 0.55 0.66

Estimatedmeanprobability of waterbirds usinGulf Coast Prairigiceland and 95%
confidence intervals (LCL, UCL) from negative binomial Hurdle regression models by
vegetation densitgnd water depth for the average wetland size of 17.9 ha, in ricelands in
the Gulf Coas Prairies of Louisiana and Texas during Augudarch 2010 2013.

2Blanks denote same field classification.

b Saturated<1 cm); Shallow (i 15 cn); Intermediate 16i 30 cn); Deep(>30 cn).
¢Shorebirds and wading birds combined.
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Table 3.10 Estimatedneanduck abundance iGulf Coast Prairigiceland by rice
seed variety, AugusMarch 2010 2013.

95% Confidence interval

Seed variety Count LCL UCL
Clearfield® 65.39 42.8 99.8
Conventional 73.14 43.8 122.1

Estimaed meanduck abundance and 95% confidence intervals (LCL, UCL) from-zero
inflated negative binomial regression models by rice seed variety, in riceland<Gnlthe
CoastPrairies of Louisiana and Texas during Augudarch 2010 2013.
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Table 3.11 Estimated meanrpbability of measuring a false negative fducks inGulf
Coast Prairigicelands by rice seed varietpugust March, 20102013

95% Confidence interval

Seed variety Probability LCL UCL
Clearfield® 0.51 0.35 0.68
Conventional 0.49 0.31 0.67

Estimated meanrpbability of measuring a false negative fiucks and 95% confidence
intervals (LCL, UCL) from zeranflated negative binomial regression models by seed
variety, in ricelands in th&ulf CoastPrairies of Louisiana and Texas duridgigusi
March, 20102013
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Figure 3.1 Mean wetland bird species richness (wetland bird species/survey) and 95%
confidence intervals, by vertical vegetation derisityd wetland size for ricelands
with saturated soifs

Backtransformednean wetind bird species richness (wetland bird species/survey; indicated by
solid lines) and 95% confidence intervals (dashed lines) from linear mixed models by vegetation
density and wetland size for ricelands with saturated %ditstheGulf CoastPrairies o

Louisiana and Texas, Augiistarch, 20102013.

2No vegetation; Sparséi(20 cm); Intermediatg21i 40 cm); Densg>40 cn).

b\Water depth<l cm
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Figure 3.2

Backtransformed estimates nfean wetland bird species richness (wetland bird species/survey;
indicated by sodl lines) and 95% confidence intervals (dashed lines) from linear mixed models

Estimated raan wetland bird species richness (wetlaind species/survey) and
95% confidence intervals, by vertical vegetation defaity wetland size for
ricelands for shallowR/flooded ricelands.

by vegetation densityand wetland size for shallowl§looded ricelands, in th&ulf Coast

Prairies of Louisiana and Texas, Augubktarch, 20102013.

2No vegetation; Sparséi(20 cm); Intermediatg21i 40 cm); Densg>40 cn).

b \Water deptHli 15cm.
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Figure 3.3

Backtransformed estimates nfean wetland bird species richness (wetland bird species/survey;
indicated by solid lines) and 95% confidence intervals (dashed lines) from linear migets mo

by vegetation densityand wetland size for intermediatefooded ricelands, in th€ulf Coast
Prairies of Louisiana and Texas, Augubktarch, 20102013.

Estimated reaan wetland bird species richness (wetland bird species/survey) and
95% confidence intervals, by vertical vegetation defaity wetland size for
ricelands for intermediatelflooded ricelands.

2No vegetation; Sparséi(20 cm); Intermediatg21i 40 cm); Dens€>40 cn).

b \Water deptH.5i 30 cm.
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Figure 3.4

ricelands for deepfflooded ricelands.

Backtransformed estimates nfean wetland bird species richness (wetland bird species/survey;
indicated by solid lines) and 95% confidence intervals (dashed lines) from linear mixed models
by vegetation densityand wetland size for deeplffooded ricelands, in th&ulf CoastPrairies

of Louisiana and Texas, Augisfarch, 20102013.
2No vegetation; Sparséi(20 cm); Intermediatg21i 40 cm); Densg>40 cn).

b\Water depth>30cm.
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Figure 3.5 Estimated mmanduckabundance and 95% confidence intervals by vegetation
heighfand wetland size foligelands with saturated sdils

Backtransformed estimates ofe@n duck abundance (indicated by solid lines) and 95%
confidence (dashed lines) intervals from zertated negative binomial regression models by
vegetation heightand wetland size for ri¢ends with saturated sdilsn theGulf CoastPrairies
of Louisiana and Texas, Augisdarch, 20102013.

aShort vegetationl 15 cnj; Intermediate vegetation (480 cm) Tall vegetation(>40 cn).
b\Water depth<l cm
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Figure 3.6 Estimated maan duck abundance a@8% confidence intervals by vegetation

heighfand wetland size for ricelands wihallowwater depths

Backtransformed estimates of mean daddundance (indicated by solid lines) and 95%
confidence (dashed lines) intervals from zartated negative inomial regression models by
vegetation heightand wetland size for ricelands for shalloHooded ricelands, in th&ulf

CoastPrairies of Louisiana and Texas, Auguktarch, 20102013.

2 Short vegetationlf 15 cnj; Intermediate vegetation (4480 cmy) Tall vegetation(>40 cn).

b\Water deptHi 15 cm
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Figure 3.7 Estimated raan duck abundance and 95% confidence intervals by vegetation
heighfand wetland size for ricelands with intermediate water d&pths

Backtransformed estimates of mean daddundance (indicatieby solid lines) and 95%
confidence (dashed lines) intervals from zertated negative binomial regression models by
vegetation heightand wetland size for ricelands for intermediatelgoded ricelands, in the
Gulf CoastPrairies of Louisiana and as, AugustMarch, 201020132 Short vegetationl§ 15
cm); Intermediate vegetation (480 cm) Tall vegetation(>40 cn).

b \Water deptHl6i 30 cm
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Figure 3.8 Estimated raan duck abundance and 95% confidence intervals by vegetation

heighfand wetland size faticelands with deep water depths

Backtransformed estimates of mean daddundance (indicated by solid lines) and 95%
confidence (dashed lines) intervals from zertated negative binomial regression models by
vegetation heightand wetland size foraelands for deeplyflooded ricelands, in th&ulf Coast
Prairies of Louisiana and Texas, Augubktarch, 201020132 Short vegetationl 15 cnj;
Intermediate vegetation (440 cm) Tall vegetation>40 cnj.
b \Water depth>30cm
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Figure 3.9 Estimated meaprobabilityof measuring a false negative for ducks and 95%
confidence intervals byegetatiorheightaand wetland size for ricelands with
saturated soifs

Backtransformed estimated mean probabitifymeasuring a false negative for ducks (indicated
by solid lines) and 95% confidence intervals (dashed lines) frormiiéated negative binomial
regression modelsy vegetation heightand wetland size ricelanagth saturated soifsin the

Gulf CoastPrairies of Louisiana and Texa8ugust March, 20102013

2 Short vegetationlf 15 cnj; Intermediate vegetation (4480 cm) Tall vegetation(>40 cn).
b\Water depth<l cm
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