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Winler flooding harvesled rice fields benefits waterfowl, other waterbirds,
subscqueni agnculture, and soil-water conservation. I conducted experiments in 6
Arlcansas rice fields during winlers 2004-2005 and 2005-2006 to evaluate effects of
differen{ posi-harvest, stubble-manapement practices and flocding cn densitics of birds
and wasle rice. During both winlers, rolled rice paddies contained the pgreatest density of
mallards (Anays pletyriynchos; X = 4.18 birds/ha/survey, SE = 0,36); bumed paddies
atiracted the most other dabbling ducks (x = 2.29 birds/ha/survey, SE = .46} and geese
(X = 2.8B birds/ha/survey, SE = 0.97). Paddics with standing stubble contained the most
waste rice (¥ = 96.83 kg/ha, SE = 17.99), but pecse may have depleied fields of rice by
lale December. Nonetheless, waterfowl continued using rice fields during winter. I
rccommend managers bum and floed rice fields to provide atiraclive habilal for

waterfowl and ciher walerbirds and reduce stubble economically before spring planting.
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CHAPTER I
WATERFOWL AND WATERBIRD USE OF POST-HARVEST MANAGED

RICE FIELDS TN ARKANSAS DURING WINTER

The ecology and management of wintering walerfowl have become increasingly
imporiant research and conservation issues since the 1980s (Reinecke 1981, Smith ct al.
1989, Baldassarre and Bolen 2006). Previously, most research emphasis and
conservation efTorts were focused on the breeding grounds of waterfowl because research
sugeesied that breeding szason evenls influenced annual recruitment morc than those
occurring during other periods of the annual cyele {Heitmeyer and Fredrickson 1981,
Kaminski and Gluesing 1987, Batt el al. 1992, Hoekman et al. 2002), Indeed, researchers
identified gaps in our knowledge about winlering ecology of waterfowl, including the
conlribution of winter habilat and inirinsic resources 1o nulritional requirements,
physiological and behavioral processes, survival, and regruitmend, and il winler habitats
and [ood resources aclually limil walerfowl populations {e.g., Hellmeyer and Fredrickson
1981, Anderson and Bati 1983, Kaminski and Gluesing 1987, Hoekman et al. 2002,
Heilmeyer 2006). Allhough our underslanding of ecolopical relationships between
walerfowl and winter seasonal phenomena are incomplels, the North American
Walerfowl Management Plan (WAWMP) was established in 1986 and remains the
primary ecosystem management plan to conserve critical habitats for Nearclic waterfowl

and other wetland-dependent wildlife




{Canadian Wildlife Service and U.5. Fish and Wildlife Service 1988), Under the
NAWMP, there are 12 habitat-bascd ccoregional iniliabives in the Uniled Siales, The
Lower Mississippi Valley Joint Venture (LMWVIV) is one such miliative implemented to
conserve and manape important habitats for migraling and winlenng walterlowl pnimanly
in the Lower Mississippi Alluvial Valley (MAV; LMVIV Management Board 1990).
The MAY 15 a continenlally important region [or migraling and wintering
walerfow] in North America (Reinecke et al. 1989). The NAWMP and several other
conservation programs, including the North American Bird Conservation Initiative and
Ducks Unlimited’s Conservation Plan (2001), have stressed the importance of the MAY
as winlering grounds for Morth American waterfowl and other birds. Historically, the
MAY was a vast bottomland-hardwood ecosystem {510 million ha) that extcnded from
gouthern Illinois to southern Louisiana (Fredrickson et al. 2005). Overflows of the
Mississippi River and its tributaries repularly flooded the MAY during winler and spring
{Reinceke el al. 1989). This bottomland ccosyslem provided diverse habitat and oiher
resources for waterfowl as well as resident and migratory wetland wildlife (LMVIY
Managemeni Board 1920). Flood-management projects daling from ihe lale 19205 to the
present have reduced the exient and changed other dynamics of seasonal Mlooding n the
MAY. Additionally, Aood managemeni has facilitated forest cleanng and conversion of
the MAY from largely lowland [oresis lo croplands (Bomney et al. 1999), Despite
conversion of most of the MAYV forests to apricultural land, it remains a critical ecoregion

for migrating and wintering waterfowl. Indeed, waterfowl have adapted 1o use




agricultural and natural foods in the MAY (o fulfill physiological needs during winter
{Delnicki and Reinecke 1986},

Availability and quality of foraging habitat arc central to waterfow] research and
conscrvation planning and Implementation i the MAY because scientists and managers
assume food availability influences camrying capacily and thereflore walerfow] abundance
m the MAY during winler (Reinecke et al. 1989, LMVIV Management Board 1520).
The LMV IV recognizes Lhe importance of flooded agncullural lands as [oraging babitats
for walerfowl and incorporales estimales of availabiliy of wasie agricullural seeds (i.e,,
seeds inadvertently nol collected by combines during harvest) to deletmine [omging
habital needed to support winter waterfowl population goals of the LMVYJV. Rice is an
impertant crop and food for migrating and winlering waterfewl in the MAV (Delnicki
and Reinecke 1986). However, Manley et al. (2004) reported sipnificant declines (79-
99%5) in wasle rice in Mississippi rice ficlds between harvest and early winter.
Subsequently, Stafford et al (2008) reporied thal waste rice deelined, on average, 71% in
the MAY from 271 kg/ha at harvest to 78 kg/ha in lale autumn mostly from
decomposition. This significant reduction in availabilily of wasie rice potentially has
decreased waterfowl carrying capacity of harvested rice ficlds nearly six-fold in the MAY
(Stafford et al. 2006).

The LMVJV recommended integraled habilal eonservation, management, and
rescarch on public and private lands in the MAV to accomplish (he following objectives:
1} conserve and increase area of foresied wetlands, 2) create or reslore wetlands on

former agricultural lands, 3) provide adequale wetland habial on public and private lands
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to support waterfow! and other wetland-dependent wildlife, and 4) eslablish and mainlain

partnerships between public and privale conscrvation groups Lo achieve habitat goals
{(LMV]Y Management Board 1990). Indeed, opportunities exist within inle-gmled
agriculture and wildlife conservalion programs Lo ereale complexes of eropland and
natural wellands in the MAVY {e.g., Wellands and Conservation Reserve Programs;
LMVIV Management Board 1990), Laegsch el al, {1994) concluded thal inlegrating
walerfow] habilal managemeni with traditionzl fammng praciices was necessary to mest
foraging requiremenis of winlering walerfowl.

The LMVIV cbjectives that embrace the most acreage are wetland restoration and
cnhancement on privale lands. These objeclives capitalize on opportunities to integrale
agriculturc and walerfow! management on private lands to sustain or improve farm
profits, waler quality, soil conscrvalion, and availability of winter food for waterfowi
(Locsch el al. 1994). Because of the importance of waste rice as food for waterfowl and
scienlific evidence of its current decreased availability in the MAY, Siafford ct al. (2005)
and Kross (2006:1} evaluated the potential of common post-harvest practices used in the
MAV (i.E;., burning, disking, mowing, rolling, or no treatmeni [control] of rce siubble) Lo
conserve wasie nee during fall for wintering waterfowl. They reported leaving rice
stubble standing or burning il resulied in the grealesl mean abundance of waste rice in
lale fall. Additionally, leaving sianding siubble also derived agronomic, economic, and
crivironmenltal benefits (Manley 1999:536, Manley et al. 2005). However, lo my
knowledge, no investigators have evaluated walerfowl and other walerbird use ol rice

fields during winter after rice fields were managed in lhese ways alter harvest.
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Therefore, my objeclives were lo estimale and compare densities of waterfowl and other

watcrbirds in general and, specifically, densities of mallards (dras platyrhynchos)
engaged m different behavioral activities among experimenial post-harvest treatments of
buming, disking, mowing, rolling, or no manipulation of rice stubble on a private rice
production farm in Arkansas. [ conducted my sludy to determine if waterfow! and
waterbird responses to post-harvest management siralegles were consistent with
strategics to conserve waste rice and generale informalion beneficial to rice producers
and wildlife managers whese goal is to manage harvested fields for winfering walerfowl

and other walerbirds.

STUDY AREA

I conducled my experiment in 6 dilferent harvesied rice fields on (he Monsanto
Farmm and Wildlife Management Cenier. [ used 3 independeni fields in each of winters
2004-2003 and 2005-2006, The Monsanto property is a 1,214-ha farm in the Arkansas
Grand Prairie, approximaiely 8 km south of Stutigart, Arkansas (Arkansas County; 34
307N, 917 33° 4™ W) I selected this site because of the area’s importance for rice
production, winter waierfow] abundance, and Monsanto's mierest and willingness Lo
cooperale in the sludy. The primary purposc of the farm and center Is to demonsirate
profilable coexistence of agriculture, forestry, and wildlife management. The farm
annually produces com, rice, soybean, and wheal, Wiih about 364 ha of winter flooded
hardwood bottomland and 200 ha of winter flooded croplands, the farm attracts a
diversity of waterfow] and other wetland wildlife. The remaining 650 ha is not flooded

during winier. Walerfow] hunting was allowed in the boltomland-hardwood forest during




moming hours only and in a few scleeted croplands during momings or afternoons bult

never in my experimental rice ficlds.

METHODS

Experimental Design and Field Methods

I used a randomized complete block design for my experiment and desipnaled
individual rice fields as blocks. In falls 2004 and 2005, the managper at the Monsganto
farm provided 3 separate rice fields for my study. LEach of the 6 ficlds was typical ol
production agriculture rice fields with contour levees in the Arkansas Grand Prairie. [
used levees between ad)jacent paddies within fields to separate randomly assigned posi-
harvest reatmenits {Kross 2006:5). Because treatmenlts were applied Lo paddies, [
designated paddies as experimenial units for data analysis. Monsanto farm staff
harvested rice ficlds with a conventional combine and applied treatmenis o the enlire
area of experimental paddies (0.4-4.2 ha) < 2 weeks afler harvest in September 2004 and
2005. I measured the area of each treatment or control paddy using a Garmin™ GPS 12
Personal Mavigalor and marked edges of experimenlal paddies with stems of giant cane
(Arundinaria giganiean} to designate boundanes of paddies. Farm staff applied 5 post-
harvesi lreatm::nls- {1.e., burning, disking, mowing, rolling, and no treatment of rice
shubble [eontrol]) to each of 3 fields in 2004 (Kross 2006:5) and 3 treatmenis (i.c.,
burning, rolling, no treatment [contrel]) to each of 3 fields in 2005. I did not apply
disking and mawing in 2005 because walerfowl and walerbird responses (o these

ireatmenls were low ot inlermediale in 2004 (see results), and Monsanto farm manapers




did nof routinely use these prachices becanse they either damaged equipment (i.¢.,
mowers) or were costly (ie., mowing and disking). Farm sialf used a levee disk o
construct a firebreak arcund paddies receiving the burned irzatment Lo contain fire In
desipnated treatment areas. Famm staff ignited Ares with drip lorches and monitored fres
unlil they burned across paddies. Farm staff was unable to burn one paddy in a field in
2004 duc to a fire ban (Kross 2006:6). For disked paddies, farm siaff tilled paddies twice
wilh a disk Lo ensure rice slubble was flattened and partially incorporated into the soil.
For mowed paddies, farm staff cut rice stubble aboul 15 em above pround with a rolary
mower, For rolled paddigs, farm staff pulled a smooth roller over paddics unlil rice
stubble was (laltened on the ground. Farm staff flooded paddics in mid-November 2004 -
2005 {o provide habilal for winlenng waterfow] and other waterbirds.

Using & medified scan sampling technique (Altmann 1974) and a spoftting scope, [
conducted diurnal observalions of walerfowl and other waterbirds (o quaniify their
densities while using experimenizl paddies during winlers 2004-2005, T completed 4
observational sampling days in December 2004 and 2005, 3 days in January 2005 and 4
days In January 2006, and one day each In February 2005 and 2004. The inlerval
between sucecssive sampling days ranged from 6-14 days depending on wealher and
averaged 8.5 days (SE = 0.61, n= 15 intcrvals). I compleled only cne cbservalional day
m February 2005 and 2006, because farm staff drained rice fields for spring planting
immedialely alier these sampling days. 1observed birds from Pot-Belly Blinds™ resting
alop 3.05-m lowers positioned at Lhe edpe of each rice field. 1 made cbservalions through

windows elevated 1-m above the fowers, providing an above-ground vantage o[ 4.05 m.




Alcng hield edges, I positioned blinds Lo avoid looking directly into the sun in early
moming and late afternocn.

To pencrale cstimales of diurnal use, [ observed waterfow! and walerbirds using
treated and conlrol paddies in each of 3 fields each year for one hour in the moming
(0700-1200) and one hour in the aficmoon (1200-1700) of cach sampling day (i.e, 3
fields x 2 hr/day = 6 hr/sampling day). 1scanncd cach paddy 3 (imes during each
moming and aflernoon sampling period, T calculaled the mean densily of walerfowl and
waterbirds by species (or ather laxa, e g,, shorebirds, wading birds, ele,) as the » birds/ha
per sampling day. As T scanned birds, T used a lape recorder lo revord species (or other
taxa) and current activily of each bird observed using treatment or control paddies. [
categorized activities as feeding {(e.z., lipping-up, surface feeding), locomotion (e.g.,
alighting on or flushing from a paddy, swimming, walking), resting {(c.p., slezping,
loafing), maintenance (e.g., preening, scratching}, alert {e.p., mised head), courtship (e.p.,
head pumping, copulation), and aponistic behavior (e.g., chasing, bill threats; Paulus
1984). To ensure my observations were distributed equally across diumal time periods
and experimental paddies, 1 randomly ordered fields for observation on the first sampling
day of cach winter and rotated the starting field In the sequence for each consecutive
sampling day during the remainder of winter sampling. I allowed a minimum “sefiling
time™ of 15 minutes from my arrival time inside a blind to my first scan, so 1 could

assume birds presenl were not disturbed by my presence.




Slatistical Analvscs

Density of Waterfow! and Waterbirds

I analyzed data on densily (i.e., birds/ha/survey} of mallards, other dabbling
ducks, geese, and other waterbirds combined regardless of aclivily, using a factorial
repeated-measures analysis of variance (ANOVA). I tesled the null hypothesis that
variation in densily was not influenced by field treatment, survey number during winter
(herealler, survey), or the inlcraction of treatment and survey {PROC MIXED; SAS
Institute 1999). I used multiple surveys throughout winters 2404-2005 and 2005-2006 Lo
conduel the repeated-measurcs ANOVA and the small-sample version of Akaike’s
Information Criterion (AIC.) to select the compound symmelry temperal covariance
struclure {(Burnham and Anderson 2002).

Because only 3 fields were available in each year of my experiment, I expected
slalistical power wonld be low 1o delect differences among treatmenis. Therefore, [
chose (a priori) a Type T error rate of « = 0.10 similar to olher management-oriented
experiments with small sample size (Tacha et al. 1982). To test homogeneity of
variances, | performed a2 Levene’s tesl on each response variable (PROC GLM; SAS
Institute 1999). This lest indicated variances were equal for geese and other waterbirds o
winlers 2004-2006, but unequal for mallards and olher dabbling ducks in winter 2005-
2006 and rnallards in winters 2004-2005 and 2005-2006. Neither log. nor square-rool
Lransformalions yielded equal variances, so I conducted ANOVAs on non-transformed
data. Alihough my data sels did nol meel the assumplions of normality and equal

variances, [ assumed ANOVA was robusi to these violations of assumption (Freund and
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Wilson 2003:237). When [ detecled a treatmenl effect (£ <0.10), [ performed all pair-

wise comparisons of means using a Tukey’s test (I'reund and Wilson 2003:256).

Density of Maflards Exhibiting Different Activities

I analyzed dala on density of mallards observed feeding, in locomotion, or resting
using a faclorial, repealed-measures ANCVA. I resiricied analyses to mallards, because
they were the most abundanl species, comprising nearly 50% of all waterfowl and
walerbirds observed in winlers 2004-2005 and 2005-2006, Additionally, I restricled
analyses lo feeding, locomotion, and resting because these aclivilies comprised 87-97%
ol all mallard activities. Itesled the null hypothesis that vanaticn in activity-specific
densilies of mallards {e_z., feeding mallards/ha/survey) was nol mfuenced by treatment,
survey, or their interaction (PROC MIXED; SAS Institute 1999). 1used multiple
sampling days throughout winters 2004-2005 and 2005-2006 to conduct the repeated-
measures ANOVA. Because mallard aclivity-specific density dala were a subset of Lthe
mallard density data, I also conducted analyses on non-transformed data. When [
detected a treatment cffect (P = 0.10), I performed all pair-wise comparisons of means

using a Tukey's test (Freund and Wilson 2003:256).
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RESULTS

Density of Walerlowl and Other Waterbicds

Mallards

I found thal density of mallards varied among surveys in winter 2004-2005 (F7 7
= 3.00, P =0.002), but I did not detect an effect of post-harvest field treatments (Fy 7=
1.GB, P =0.165) or an inferaclion between treaiment and survey effects (Fag 0= 0,60, P=
0.932). Mallard density was relatively low (i.e., < 0,50 birds/ha/survey) unltil early
January 2003, then increased 1o a maximum In late January (X = 6.13 birds/ha/survey),
and subsequently declined on the last survey (¥ = 4.06 birds/ha/survey; Table A.1). In
winter 2005-2006, density of mallards again varted emong surveys (Fy 5= 1.96, P =
0.074), bul was influenced by post-harvest treatment (£ 46=4.35, P = 0,019). 1did not
dctect an interaciion of treatment am:i survey effects (I 45= 0.62, P =0.851). In Mallard
density was rclalively high from mid-December 2005 (o early January 2006 (T = 5.06-
8.07 birds/ha/survey), then declined n mid-January (¥ < 0.95 birds/ha/survey) and
remained low subsequently {Table A.2). Mallard use of rolled paddics ( ¥ = 6.07
birds/ha/survey, SE = 1.27) was 4.6 limes grealer (fas = 2.83, £ = 0.019) than that of
untrealed paddies with standing stubble {X = 1,32 birds/ha/survey, SE=1.27) and 2.5
times greater than that of burned paddies (¥ = 2.46 birds/ha/survey, SE = 1.27; f15=-
2,14, P = 0.092), but I did noi detect a difference in mallard densily between burncd and
standing stubble paddics {f15=0.68, P = {]—'.??'5)- When [ combined al] data for

experimenlal treatments applied in boih winters (i.e., bumed, rolled, or no treatment, [
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detected an interaction of lreatment and year effects (533 = 3.52, £ =0.033). In both

winters, use by mallards of burned or rolled paddies was 3.9-4.2 limes greater than that of

paddies with standing stubble (Figure 1.1).

Other Dabbling Ducks

In bolh winters, I observed the [ollowing dabbling ducks exclusive of mallards:
American wigeon (Anas americena), gadwall (4. strepera), American green-winged teal
(A. carolinensis), northem pintail {4. acwta), and northern shoveler (4. clypeata). For
winter 2004-2005, I did not detect effects of surveys (Fro=1.37, P =0.230; Table A.3),
post-harvest trealments (£ 7p= 1.18, P = 0.325), or an interaclion of these elfects (fy70=
0.92, P = 0.585) on variation in density of these other dabbling ducks as a group, In
winter 2005-2006, density of other dabbling ducks varied among post-harvest reatments
{Fa46=11.06, P =0.001), but 1 neither detecled an effecl of surveys (Fras=1.59, P =
0.153; Table A 4) nor an interaction of Lreatment and survey (g4 =1.12, P = 0.363).
Usc of rolled paddies in winler 2005-2006 by other dabbling ducks {(x = 0.89
birds/ha/survey, SE = 0.20) was 6.8 times greater {f45 = 4.27, P < 0.001) than ihal of
untreated paddies conlaining standing stabble (¥ =0.13 birds/ha/survey, SE = 0.20) and
4.2 limes grealer than that of burned paddies {x =0.21, SE=0.20; fus = -3.84, P =
{.001), but T did not detecl a difference between burned and standing stubble paddies {f4s
=044, P =0.901). When I combined dala on other dabbling duck density for both
winters, ] delecled an inleraction of Lreatment and year effects (% 11 = 5.86, P =0.004),
In both winlers, [ found that nse by other dabbling ducks in rolled or burned paddies was

2.9-6.7 limes greater than Lhal of paddies with standing stubble.
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(Feese

In both winlers, I observed snow geese (Chen caerulescens) and white-fronied
peese {Anser albifrons) using my experimental paddies, Goose use was sporadic;
therefore, I combined data for (hese species for analysis, T found that densily of geese
varied among surveys m winler 20042003 (F770=2.78, P = 0.013; Table A.5), but I did
not detect an effecl of post-harvest treatments (Fy 70=1.06, P = 0.384) or an inleraction
of treatment and survey effects (Fag 0= 0.53, P =0.970). 1 did not observe use of
experimental rice paddies by geese in winler 2004-2005 until late December 2004 (x =
16,94 bards/ha/survey). Goose density was relabively low [rom early o mid-January 2005
{i.e., < 0.03 birds/ha/survey) but increased in late January 2005 (x = 4.44
birds/ha/survey). Density of geese in winter 2005-2006 also varied among surveys (F g
=238, P=0.031; Table A.6), but I did not detect an effecl of post-harvest trealmenis
(F246=0.16, P = 0.854) or an inieraclion of treatment and survey effecis (Figq=0.20, P
= 1.000). I observed peese using experimental paddies from early December 2005 to
carly January 2006. | found thal maximum density of geese occurred in early Decamber
2005 (¥ = 12.58 birds/ha/survey} but then decreased to <1 hird/ha‘survey by mid-
December 2005 and did not increase subscquently. When I combined data for both
winters, [ [ound thal density of geese varied among post-harvest Lrealmenls {73 32, = 2,56,
£ =0.081}, but I did nol detect an inleraction of treatment and year effects (57,37 = 1.35,
P =0.264). Goose use of burned paddies ( x = 2.88 birds/ha/survey, SE =0.97) in
winlers 2004-2006 was 2.9 limes grzater (f13, = 2.05, P = 0.105) than that of rolled

paddies { ¥ = 0.98 birds/ha/survey, SE = 0.88), but 1 did not deleet a difference in poosc
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use between bumed and slanding stubble paddies (¥ = 1.03 birds/ha/survey, SE = 0.88;

fi;1 = 1.9, P =0.119) or between rolled znd standing stubble paddics (#13;=-0.06, P =

(.298; Figure 1.2),

Waterbirds

I calegorized all mails, shorebirds, and wading birds collecltively as waterbirds,
Waterbirds were composed of American coot (Fuiica americanda), common snipc
{(Gailinage gallinago), great blue heron (drdea herodius), great egret (Ardea alba),
orcater yellowlegs (Tringa meianoleuca), killdeer (Charadrius vociferus), and “peeps”
(Family: Scolopacidae). Densily of walerbirds varied among surveys (F70=2.18, P =
0.046) in winter 2004-2005, bul I did not detect an effect of posi-harvest ireatments (£ 7
={.98, P =0.423) or an inleraction of (realmenl and survey effects (Fog 7= 0.90, P=
0.537). Density of waterbirds in winter 2004-2005 was rclatively low (i.e., <0.04
birds/ha/survey) until it maximized im mid-December 2004 { ¥ = 3.09 birds/ha/survey)
and remained low (i.e., < 0.24 birds/ha/survey) subsequently (Table A.7). In winlcr
2005-2006, density of waterbirds varned among post-harvest treatments (F745=4.52, P =
0,016), but I did not detecl an effect of surveys (Fy 4= (.76, ' = 0.643; Table A.8) oran
inleraction of lreatment and survey on vartalion in density of walerbirds (#1545 = 0.86, P
=0.618). Waterbird use of rolled paddics (¥ = 0.67 birds/hafsurvey, SE =0.19) was
33.5 times grealer (f4 = 2.83, P = 0.018) than that of untreaied paddies with standing
stubble (¥ < 0.02 birds/ha/survey, SE = 0.19) and was 5.6 limes greater (f35 =-2.29, P =
0,068) (han that of burned paddies (¥ =0.12 birds/hafsurvey, SE = 0.19). WhenI

combined data for winters 2004-2006, I found thal density of walerbirds varied among
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post-harvest treatmenls (75,15 = 3.49, 2= 0,033}, bul [ did not deie:t an interaction of

treatment and year effects (753, =0.21, P =0.815). Waterbird use of rolled paddies (x
= 0.99 birds/ha/survey, SE = 0,29} in winters 2004-2006 was 33.0 limes greater (f13, =
2.60, P = 0.028) than that of untreated paddies with slanding stubble { ¥ = (.03
birds/ha/survey, SE = 0.29), but I did not detect a difference in waterbird use beiween
rolled and burned paddies (X = (.34 birds/ha/survey, SE =0.33; 1,3, =-1.63, P = 0.235)

or between bumed and standing stubble paddies (f1y, = 0.75, P = 0.732; Fipgure 1.3}

Density of Mallards Exhibiling Different Aclivities

Feeding

Densily of feeding mallards varied among surveys (Fz70=3.37, £ = 0.004) in
winter 2004-2005, but 1 did not detect an effect of post-harvest treatmenis (Fazo=057, P
= (.682) or an nteraction of irealment and survey cffecls (Faew=0.62, P=0216). In
winter 2004-2005, density of [keding mallards was relalively low (i.c., < 0.43
birds/ha/survey) unlil early January 2005, peaked in late January (¥ = 4.07
birds/ha/survey), and [hen declined on the last survey (¥ = 1.76 birds/ha/survey; Table
A.9). In winter 2005-2006, density of feeding mallards varicd among post-harvest
treatments (F5 40 = 5.78, F = 0.006), but [ did not detect an effecl of surveys {(f546=1.43,
P =0.210; Table A 10), or an interaction of reatment and survey ellects (F1546=0.65 P
= 0.827). Feeding in rolled paddies by mallards { ¥ = 4.04 birds/ha/survey, SE = .86)
was 10.4 limes greater ({45 = 3.30, F = 0.005) (han that In untreated paddies with standing

stubble (¥ = 0.39 birds/hafsurvey, SE = 0.86) and was 2.8 times greater than thal of
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bumed paddies { ¥ = 1.42, SE = 0.86; 46 = -2.37, P = 0.057), but I did not detecla

difference beiween burned and sianding stubble paddies (1= 0.93, P=0.625}. When[
combined data on density of feeding mallards for winiers 2004-2006, [ delected an
interaction of treatment and year cffects (55 13) = 2.45, P =10.090). Across winters, [
observed 4.2-6.6 1limes more {eeding mallards using burned or rolled paddies than

untreated paddies with standing stubble (Fig 1.4).

Resting

Density of resting mallards varied among surveys (F70=2.96, F = 0.009) in
winter 2004-2005, but I did not detect an effect of post-harvest treatmenls {(Fy70=1.74, F
={).151) or an interaction of treatment and survey cffects (Fag70=1.11, P =0.357). In
winter 2004-2005, density of resting mallards was relatively low (i.e., <020
birds/hafsurvey) until laie January 2003, then increased (o 2 maximum {x = 1.63
birds/ha/survey; Table A.11)} on the last survey. In winter 2005-2006, [ did not detect an
elfect of surveys (#315= 0.94, P = 0,493; Table A.12), post-harvest realments (% 45 =
0.98, P =0.382), or an interaction of ihese effecls on variation in densily ol resting
mallards (Fig46= 0.74, £ = 0.740). When I combined data for winters 2004-2006,
density of resting mallards varied among posi-harvest treatments (F2 13, =2.38, P =
0.080), but 1 d_id nol delect an interaclion of realmenl and year effects (F7;:=1.25, P =
0.291). Density of resling mallards in rolled paddies { ¥ = (.57 birdstha/survey, SE =
(0.18) was 8,1 limes preater {1y = 2,10, P = 0.094) than thal in unirealed paddics with
standing stubble (¥ =0.07 birds/ha/survey, SE = 0.18), bul [ did nol delect a u:lliff'ercncc

in resting mallards between rolled and bumed paddies (¥ = 0.52 birds/ha/survey, SE =
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0.20; 15 =-0.20, P = (0.978) or belween burned and standing stubble paddies (13 = 1.74,

£ =0.195; Figure 1.5).

Locomotion

In winter 2(04-2005, T detecled an interaction of ireatment and survey effects
' (Fze70=1.35, P=0.073; Table A.13) for mallards engaged in locomotion. Use of rolled
or burned paddics by mallards engaged in locomolion was 4.4-24.0 times greater than
paddies conlaining slanding stubble. In winter 2005-2006, density of mallards engaged
in locomotion varied among surveys (Fz46= 2.53, P = 0.023), but [ did not deiect an
effcet of post-harvest reatments (§% 4= 0.05, P = 0.947), or an intcraction of treatment
and survey efects (Fig46= 0.58, P = 0.881), In winter 2005-2006, density of mallards
enpaged in locomotion was rclativr:l];r high in mid-December 2005 (x =2.25
birds/ha/survey), late December 2005 (X = 2.29 birds/ha/survey), and early January 2006
{x = 2.13 birds/ha/survey), bul then declincd subsequently (Table A.14). When I
combimed data for winlers 2004-2006, densily of mallards engaged in locomotion varied
among post-harvest treatments (Fz,13; = 2,35, P = (.099), but ] did noi detecl an
inleraciion of treatment and year effecis (72,3, = 1.17, P =10.315). Denstly of mallards
engaged in locomolion in burned paddies (X =1.11 birds/ha/survey, SE = (1.33) was 2.8
times greater (f3; = 2.17, P = 0.081) than that in unireated paddies with standing stubble
{ ¥ = 0.40 birds/ha/survey, SE = {}.BU),-butI did not detect a diflerence in mallards
engaged in locomotion between bumed and rolled paddies (X = (.66 birds/ha/survey, SE
=0.30; 113, = 1.35, P = 0.371} or between rolled and standing stubble paddies {13, =0.89,

P =0.649),
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DISCUSSION

The Mgmsanio Farm and Wildlife Manapement Center is a production famm; thus,
slandard agricultural practices were used on all experimental rice ficlds before winlers
2004-2006. Regionally common rice vatielies were planted, and cntire ficlds were
harvested using conventional combines. Posl-harvest field manipulations were applied to
experimental paddies in the same manner that rice farmers apply these lo entire ficlds.
Therefore, my experimenial ficlds and avian responses within them were represenialive
of rice fields on the Monsanto fanm and perhaps the surrounding locale of the Grand
Prairie of Arkansas, However, my results may not broadly apply o (he scale of the
MAV.

Although harvested rice fields left in standing stubble during [all in the MAY
conserved the greatest abundance of waste rice (Kross 2006:10), I observed the grealest
densities of waterfowl and waterbirds in paddies that were bumed or rolled after harvest
and flooded in late fall. I also observed the grealest densitics of feeding and resiing
mallards in burned and rolled paddies, suggesting thesc paddies may be more attraclive lo
mallards than flooded paddies with standing stubble. Waterfowl and waterbirds may
have been atiracted 1o burned and rolled paddies in part by the siructural inlerspersion of
tice slubble and open watcr following flocding.

Inlerspersion of rice stubble and open waler may be a proximate cue aftracting
walerfowl and walerbirds Lo burned or rolled and flooded rice [ields analopgous to
walerfowl and other waterbirds being attracted 1o nalural wellands with inlerspersion of

emergent vegetalion and open water (Weller and Fredrickson 1973). Proximale cues are




1%
slimuli from the environment thal attract birds or other animals to habitat and may reflect

aspecls of habilat quality {(e-g., availabilily or accessibility of food resources), but need
not be essential elements for individual survival and reproduction unlike ultimale faclors
(Hilden 1965). Experiments in nalural wellands on walerfowl breeding (Kaminski and
Prince 1981) and wintering grounds {Smith et al. 2004) demonstraied that waterfowl
werc most attracted to manipulated siles thai had relatively equal coverage ratios of
emergenl vegelalion and open water {i.e., “hemi-marshes™; Weller and Fredrickson
1973). 1did not measure the ratios of rice stubble and open water in my experimenial
paddies; therefore, 1 cannot infer any causal relationship between waterfowl] and
walerbird use of paddies and interspersion of rice stubble and open walter. Nonetheless,
my resulis suggesi (hal the palchy distribution of burned, rolled, cr otherwise manipulaied
and flooded stubble in rice fizlds may have attracled waterfowl and waterbirds, and the
open waler areas may have facililaled birds alighling and moving through paddies in
search or acquisition of food or engaging in cther activities {e.p., resl, courtship, etc.). In
contrast, dense standing stubble may have impeded bird access and movement within
flooded rice paddies, but the stubble nonetheless may have provided cover for the birds.
In both winlers, I observed litile or no use by mallards and other dabbling ducks
in all expenmenial paddies until after peese (mostly snow geese) used paddics. Prior to
goose use, [ observed regenerated green shools of rice protruding through the water
surface, reducing the surface arca of open water in the paddies. When geese began using
paddies, they toppled both dead and preen rice shoots and crealed open water areas. Use

cf rice lields by geese may provide open water and facilitale use by mallards and other
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dabbling ducks, Furthermore, the presence of geese and their physical effect on rice

paddies enhancing tce-stubble and open-water interspersion may have becn proximale
cues for ducks. However, geese also apparcently had a negalive elfecl on abundanec of
wasle rice in my experimental paddics in winter 2004-2005, depleling wasle rice in late
December 2004 before most ducks began using the paddies in early January 2005
(Chaptcr 2). In contrast, walerbird density in winter 2004-2005 appeared Lo be
unaflected by disturbance of rice paddies from geese, perhaps because walerbirds [orage

on invertebrates rather than waste rice (Elphick and Qring 1998).

MANAGEMENT AND RESEARCH IMPLICATIONS

1 recommend burning rice fields in the MAY because this practice conserved
more waste rice (han rolling or disking stubble {Kross 2006:10), was more economical
than mechanical treatments {(Kross 2006:16), attracted walerfowl and other walerbirds
(this study), and remains a legal practice in the MAY. When burning rice stubble is not
an option (e.g., burn bans due Lo drought or proximily of smoke-sensilive arcas), L
recommend rolling rice paddies, Managers may desire to roll entire flelds or paddies or
merely roll strips of stubble and then compare walerfowl use amoeng these strategics. 1
base this sugpestion on knowledge thal waterfowl and waterbirds in this sindy were
attracled lo rice paddies having an inlerspersion of stubble and open water and thal
slanding stubblc contained the grealesl abundance of waste rice (Kross 2006:10). 1do
not recommend mowing cor disking rice siubble because of the expense of implemenling
these ireatments {(Kross 2006:16} and (he decreased bird responses T ebserved in mowed

and disked paddics. Also, Manley (1999:37) demonsirated that disked rice fields
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promote suspension and exportalion of soil particles and nuinents from fields (hrough

runolf, and Manley et al. (2005) reported that disking can bury “red rice™ (i.e., 2 noxious
plant for rice producers) in the s¢il and causc risk of germination in subsequent growing
seasons. I also recommend investigalion of watcrfowl and waterbird use of post-harvestl
managed rice fields at a large spalizl scale i¢ develop gencral prescriptions for posi-
harvest rice field management in the MAV_ Other related variables for possible research
include oplimal interspersion ratios and configuralions of apen water and rice stubble,
waterfow| food/energy inlake rates in differently managed rice paddies and Lhose
exploited by geese, noctumal use of locded rice fields by walerfowl, exploitation of
wasle nice by peese In harvested and flocded fields, management stralegics to deter goose
use, and walerfowl use of ricc fields afler “giving-up™ densilies of food have been

exceeded.
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Tigure 1.1. Mean {x) indices (and SE bars) of diurnal use by mallards (A#ay
platyripmchos) of different posi-harvesl managed rice fields on the
Monsanto Farm and Wildlife Management Cenler, Stuktgarl, Arkansas,
winters 2004-2006.
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Figure 1.2.
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Mean { X ) indices (and SE bars) of diurnal use by snow peese (Chen
caerufescens) and while-lronled peesc (Anser albifrons) combined of
different post-barvest managed rice fields on the Monsanto I'arm and

Wildlife Management Ceater, Stutigart, Arkansas, winters 2004-2006.
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Figure 1.3. Mean (¥) indices (and SE bars) of diurnal use by walerbirds of different
posl-harvest managed rice fields on the Monsanle Farm and Wildlifc
Management Center, Stuilgart, Arkansas, winters 2004-2006. Waterbirds
consisted of American cool {(Fulica Americana), common snipe (Galfinago
galiinago), preat blue heron {4rdea herodius), great egrel (Ardea alba),
greater yellowleps (Tringe melanoleuca), killdeer (Charadrius vociferus),
and “pceps™ {family Scolopacidag).
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Figure 1.4, Mean (3} indices {and SE bars) of diurnal usc by feeding mallards (Anas
platyraynchos) ol diflerent post-harvest managed rice {ields on the
Monsanto Farm and Wildlife Management Cenler, Siultgart, Arkansas,
winlers 2004-2006.
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Figure 1.5. Mean { ¥) indices (and S bars) of diurnal use by resting mallards (Anes
platyriynchos) of different post-harvest managed rice fields on the
Monsanto FFarm and Wildlife Management Cenler, Stuttpart, Arkansas,
winters 2004-2006. '




CHAPTER I
WINTER ABUNDANCE OF WASTE RICE IN POST-HARVEST MANAGED

RICE FIELDS IN ARKANSAS

Historically, the Mississippi Alluvial Valley (MAY) was a vast bottomland-
hardwood ecosyslem (10 million ha) extending from southem Illinois and southeast
Missouri to the coastal plain of Lonisiana (Reinecke et al. 1989, Fredrickson el al. 2005).
Qverflows from the Mississippi River and its tributaries repularly flooded the MAY
during winler and spring (Reinceke el al. 1938). This ecosystem provided diverse hatniat
and other resources (c.p., food) for resident and migraiory waierfow! and olher species of
wetland wildlife (Reinecke el al, 1989, Heitmeyer el al, 2005), Flood-management
projecis daling from the lale 1920s 1o the preseni have reduced the exlenl and dynamics
ol seasonal Nooding in the MAV (Remecke el al. 1988). Additionally, flocd
management has lacilitaled forest cleanng and conversion of the MAY from largely
lowland forests to croplands (Bonney el al. 1999}, Despile conversion of most of the
forested MAY (o apricullural [and, it lras remained a critical ecoregion for migrating and
wintering walerfow] wherein waterfowl have adapted to forape on agricultural seeds,
such as rice (Delnicki and Reinecke 1986, Reinecke et al. 1989,

Rice is an imporianl crop and food for waterfowl in the MAYV (Reinecke ct al.
1989, Stafford et al. 2006). In 2006, producers planted 874,930 ha of rice in Arkansas,

Mississippi, Louisiana, and Missouri, accounling for 76% of the rice production in the

a0
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United Siales (Nalional Agriculture Statistics Service 2006). Rice fields are used by

walerfowl and other waterbirds (Delnicki and Reinecke 1986, Reinecke el. al. 1989), and
rice field infrastructure {i.e., levees, pumps) and assoclaled rice agricultural practices
facililate creating flooded cropland habitat for these birds during winter {Twedl and
MNelms 1999, Manley etal. 2004). Rice provides 3.34 keal/g (dry mass) in truc
melabolizable energy for mallard ducks {4ras plafyriymehos) which is sliphtly less than
corn (3.67 keal/g) but greater (han soybean (2.65 keal/z; Reinecke et al. 1989, Kaminski
etal. 2003). Addilionally, rice resisls decomposilion when ficoded; 74% of Lhe rice in
samples placed in wetlands during winler persisied after 120 days of flooding whereas
soybeans ncarly deteniorated after 90 days (~86%; Neely 1956, Shearer et al, 1969,
Nelms and Twedt 1996), Tn short, flocding harvested rice ficlds during winler is a
valuable management practice to provide foraging and resling areas for migrating and
wintering waierfowl and other waterbirds, derive agronomic and economic benefils for
(armers through straw decomposition, winler-weed conirol, and waterfowl hunting leascs,
and improve waler quality through sediment filtration and runoiT reduction (Nelms and
Twedl 1996, Manley 1999, Manley ct al. 2004).

Rice that falls to the ground before or during harves{ operalions {i.e., waste ricc)
i a primary forage compenent used by the Lower Mississippi Valley Joinl Venture
(LMVIV) 1o estimate carrying capacity of winlering waterfowl habilat in the MAY
{Reinccke el al. 1989, Loesch et al. 1994). Manley el al. (2004) documented significant
loss of waslc rice in Mississippi fields rom 492 kg/ha afier harvest to < 60 kg/ha in carly

December. Subsequently, in a landscape-scale sample survey of wasle rice in the MAY,
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Stafford et al. (2006) documenited a 71% decline in waste-rice abundance from time of

harvest {271 kg/ha; mid-late September) through early winter (78.4 kp/ha; early
December) when walerlowl arrive in significant numbers, These published early winter
abundances of wasle rice were less than half of the estimate used previously by the
LMVIV (i.e., 180 kp/ha) for conservation planning (Reinecke and Loesch 1996).
Increased harvest efficiency and earlier planiing and harvesl of contemporary rice
producers are likely respensible for this decline in waste nice during {all. Earlier planling
and harvesting of rice increase the number of autumn exposure days and losses 1o post-
harvest germinalion, decomposition, and granivory {Stafferd el al. 2006).

Faced with increasing evidence of decreased waste rice in winter, Rutka
{2004:17) conducled an experiment to cvaluate a preliminary threshold value of rice
availabilily believed Lo limit foraging efficiency and ullimalely resull in abandomment of
rice fields by ducks and geese (50 kg/ha; Reinecke et al. 1989). Rutka (2004:33) reported
the “giving-up" density of rice for walerfowl was 48.7 kg/ha in Arkansas rice fields. Her
estimate did nol dilier [rom the hypothesized threshold. The relatively small difference
(i.c., buffer) in waste-rice abundance and waterfow! “giving up” density (i-c., ~30 kg/ha)
underscored the importance of examining (he dynamics of waste rice and waterfowl use
of harvesled rice ficlds flocded during winier.

Manley et al. (2004) and StafTord el al, (2006) recommended evaluation of post-
harvest treatments of rice fields 1o determine if difTerent pracilices would differentially
conscrve waste rice between harvest and early winter, Kross (2006) compared

abundance of waste rice among 5 post-harvest management practices used in the MAY
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(i.e., burning, disking, mowing, rolling, and no manipulation [control]) and found that

leaving rice stubble standing yiclded the greatest amount of wasie rice in lale autumn, T
extended Kross’s (2006) study and conducted an experimeni lo examine variation in
winter abundance of waslc rice in relalion to these post-harvest management practices
and diuwrnal waterfowl nse (i.e., density) in experimental rice paddies on a production
farm in Arkansas. My specific objeclive was to test the null hypothesis that abundance of
wasle rice would not vary during winler in relalion (o post-harvest ficld Lreatments while
accounting for varialion in waterfow! density m the same experimenlal paddies. 1
assumed that waterfow] would forape on wasle rice and reducc its abundance in the
paddies during winter, hence my use of walerfowl density as a covariate of waste rice

dynamics,

STUDY AREA

T conducted my experiment m 3 harvested rice ficlds on the Monsanto Farmm and
Wildlife Management Center during winter 2004-2005. The Monsanto property is a
1,214-ha farm in the Arkansas Grand Prairie, approximately 8 km south of Stuttgart,
Arkansas (Arkansas County, 34” 30° N, 91" 33° 4 W), T selected his sile becanse ol the
area’s importance for rice production, winfer waterfowl abundance, and Monsanios
interesl and willingness lo cooperale in the study, The goal of the farm and center is to
demonstrate profitable coexistence of apriculture, forestry, and wildlife management.
The farm annually produces corn, rice, soybean, and wheal. With about 364 ha of winler
Aooded hardwood botiomland and 200 ha of winter flooded croplands, the farm aitracts a

diversity of waterfowl and other wetland wildlife, The remaining 650 ha is not Mooded
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during winter. Waterfow] hunling was allowed in Lhe boliomland-hardwood forest during
morming hours only and in a few selected croplands during momings or afiemoons but

never in my expedmental fee fields.

METHODS

Experimenlal Desien and Field Melhods

. Tused a randomized complele block design for my experiment and designated
individual rice fields as blocks. Tn Jall 2004, the manager of the Monsanto farm provided
3 scparate rice fields for my study. Each of the 3 fields was typical of production
agriculture rice fields with contour levees in the Arkansas Grand Prairie. I nsed levecs
between adjacent paddies Lo separate randomly assigned posl-harvest treatments to
paddies (Kross 2006:5). Because treatments were applied Lo paddies, I designated
paddies as experimental units for data analyses. Monsanio [arm stafl harvesied rice fields
with a convenliona! combine and applied treatments (o the enlire area of selecled paddies
(0.4-4.2 ha) from [0-24 Scplember 2004. I'arm staff applied 5 pest-harvest treatmenls
(1.e.,, butning, disking, mowing, rolling, and no treatment of rice ?mbblc [control]) lo each
field (Kross 2006:5), Farm staftf used a levee disk in constructing a firebreak around
paddies receiving the burned treaiment lo conlam fire in designaled trealment areas.

Farm staff ignited fires wilh drip lorches and monilored fires until they burned across
paddics. Farm slaff was not able to burn one paddy in a ficld duc fo a fire ban (Kross
2006:6). For disked paddies, farm stalT tilled paddies twice with a disk to ensure rice

stubble was flattened and partially incorporated inlo the soil. I'or mowed paddies, farm
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staff ¢ul rice stubble about 15 ¢m above ground with a rotary mower. For rolled paddies,

farm stalf pulled a smoolh roller aver paddies unlil rice slubble was flattened on the
ground. Farm staff flooded paddies in mid-Nevember 2004, creating rice-field wetlands
that varied in depth from 3.9-18.6 cm.

I collected 10 soil core samples (10 cm diameter and depth; 785 .4 cm®) from
random poinis in each treated and control paddy of each ficld. 1sampled fields in late
November 2004 Lo establish a baseline abundance of waste rice in experimental paddies
and again in late December 2004, late January 2005, and mid-February 2005. I selected
sampling periods (o encompass the ime-frame when rice fields were flooded and could
polentially be used by winlering waterfow! and olher waierbirds. Farm staff drained
lields immediately after the mid-February sampling event {o ready ficlds for spring

planting.

Labomtory Methods

Tollowing procedures of related studies (Manley et al. 2004; Stafford et al. 2005,
2006; Kross 2006:6), I stored core samples in a freezer al -10°C unlil processed. 1
thawed and soaked samples in a mixture of < 250 em” of baking soda and ~ 1 liter of
waterlo oxidize clays. Irinsed samples with water through a series ol 3 graduated sicves
(sizes 4 [4.75-mm aperture), 18 [1,0-mm aperture], and 50 |300-pm aperture]) to scparate
seeds from rice straw and scdimenis and used a 3% solution of hydrogen peroxide (H,05)
Lo further oxidize and wash clay particles away from seeds (Bohm 1979:117). 1 assumed
this processing mixture did nol afTeci the mass of rice sceds in samples, because

Reinecke and Hartlke (2005) found (hat mass of barnyardgrass (Echinochioa crusgalii)
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seeds were not aflected by similar techniques. However, if these agenis did affect mass

of rice seeds, T assumed the effecis would be similar among trcatments and control
samples, and contend that 2 measure of mean abundance ol wasle rice was adequate for
my experimental purposes. | removed rice seeds from each sample, dried them to a

consiant mass at 87°C for 24 hours, and welghed seeds io the nearest 0.0001 g,

Sialistical Methods

I caleulated mean dry mass (kg/ha) of wasle rice based on 10 core samples
extracled [rom each of 5 experimenial paddies in 3 ficlds over 4 sampling periods. 1used
a factorial repealed measurcs analysis of covariance (ANCOV A} to test the null
hypothesis (hal mean abundance of wasle rice al the paddy level was nol influenced by
field Lreatment, sampling period, or their interactions (PROC MIXED; SAS Instilute,
1999). I designated (he previous month’s abundance of waste rice and the current |
month’s combined diumal duck and goosc density as covariales. [ also included the
interaction of reatment and each covariate to test if the efTect of the covariale varied
among treatments (Gotelli and Ellison 2004). When model elTects and their interactions
were not significant (P > 0.10), T deleted them from subsequenl analyses.

[ also performed statislical analyses of the percentage change in mean abundance
of waste rice in experimenial paddies belween successive sampling perieds. Itested the
null h}f-]:lﬂl;hesis that percentage change in mean abundance of wasle rice was not
influenced by field ireatment, sampling period, or thelr interactions (PROC MIXED; SAS

Institute, 1599). I designated the current month’s combined diurnal duck and goosc
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density as a covariale and followed the same protocel as described above lor the lesi of

treatment-covariate interactions and significance level,

Because only 3 fields were available for my experiment and estimates of waste
ricc were often imprecise {Stafford et al. 2006), T expected slalistical power would be low
lo deteci differences among treatments. Thereforc, 1 chosc (a priori) a Type I error ratc of
¢ = 0.10 similar Lo other management-oriented experiments with small sample size
(Tacha el al. 1982). To lest homogeneily of varances, I used a Levene’s lest for cach
response vanable (PROC GLM; SAS Instiniie 1999). I was unable to reject the null
hypothesis (hat the variances were equal among treaiments and sample periads separately
for mean abundance of wasie nce and percentage change in waste-nice abundance (Fy 5=
1.62, P=0.189; F435=10.62, P = 0.54] [wasle-rice abundance];, Fya5= 1.37, P =0.263;
Fya5=1.47, P =0.242; [percentage change in waste-tice abundance]};, hence, [ assumed
homogencous variances existed among treatments and sampling peniods. Althcugh my
data sets did not mect the assumption of normality, I assumed ANOVA and ANCOVA
were robust lo viclalion of this assumption, and did not ransform my data owing to this
assumplion and lack of evidence of heterogeneous variances (Ifreund and Wilson
2003:237). T used the small-sample version of Akaike’s Information Criterion (AIC,) 1o
select the autorepressive lemporal covanance stnucture (Burnham and Anderson 2002).
When [ detecled a treatment effect (P <0.10), I performed all pair-wise comparisons of

means using 2 Tukey’s lest (Freund and Wilson 2003:256).
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RESULTS

Waste-Rice Abundance

I lested for significance of 2 covariales simultanecusly (i.c., the previons month’s
abundance of wasle rice and the current month’s diurnal mean density of all walerlowl),
along walh the main effects of post-harvesl treatment, sampling period, and their
interactions on variation in monthly abundance of waste rice. [ neither detecled an eilecl
of previous month’s abundance of waste rice (#) 14 = 1.3, P =(.258) nor an inleraclion
of treatment and this covariate (7414 =2.14, P = 0.130). Additionally, T did not detect an
effect of the current month's diurmal walerfow] densily {F) 14 = 0.00, P = 0.96%), an
interaction of treatment and this covarniale (Fy 14 = 0,88, P =0.499), or an interaction
between both covanales (£ 34 = 0.00, P = 0.960).

Subsequenily, T analyzed each covanale individually with the main effects of
lreatment and sampling period and their interactions. I did not detect an effect of the
previous month’s abundance of wasie rice (Fyzp =147, P =0.239) or an interaclion of
Lreatment and iins covariate (Fy a0 = 160, P =0.214). Additionally, I did not delcet an
effect of the current month’s diumal waterfowl density (5120 = 0.59, £ =0.453) or an
inleraclion of reatment and Lhis covariate {3 25 = 0.49, F = 0.742). Therefore, I deleted
both covariates from subsequent analyses and Iested main effects of treaiment and
sampling period and their interaction.

For winter 2004-2005, [ delecled an inleraclion of post-harvest trealmenlt and
sampling period on varialion in waste-rice abundance (25 = 2.05, # = 0.081).

Averaged across sampling periods, waste-rice abundance in paddies with standmg
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stubble was 1.3-2.0 times preater (han (hat in other treatments (Table 2.1). Averaged

across treatments, abundance of wasle rice in late November was 4.9-7.1 limes greater

than that in December 2004 and January and February 2005 (Table 2.1).

Percentage Change in Wasie Rice

I lested for significance of the covariale {j.¢., current month's diurnal mean
density of all waterfowl) wilh the main effects of tfreatment, sampling period, and their
interactions. Ineither detected an efTect of the covariate (F) 24 =0.20, P =0.661) nor an
interaction of lreatment and the covariate (Fy 35 = 1.67, P = 0.195). Therefore, I deleted
the covariale from subsequent analysis and tesied the main efTects of treatment, sampling
period, and their interaction. For winier 2004-2005, percentage change in wasle-rice
abundance varied among sampling periods {F5 35 = 10.67, P < 0,001}, but neither delecled
an eflect of posl-harvest ireatment {Fy 35 = 0.84, P = 0.515) nor an interaclion of lreatment
and sampling period (#yz5=1.66, P = (1.15%). Among periods, wastc-rice abundance
declined 79.8 % from 180.5 kg/ha (SE = 18.38) in November 2004 to 36.5. kg/ha (18.38)
in Jale December 2004, then it declined further Lo 29.7 kg/ha (18.38) in lale Janvery 2005

and lo 25.3 kg/ha (18.38) in mid-February 2005 (Figure 2.1A).

DISCUSSION
The Monsante Farm and Wildlile Management Cenler is a production agriculture
famm; therefore, siandard farming and land management practices were used on all
experimenlal rice fields. Regionally common rice varieties were planted, and entire

fields were harvesied using conventional combines. Post-harvest field manipulations
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were applied o experimental paddies m ithe same manner that rice farmers apply Lhese

practices 1o entire fields. Therefore, my experimenial fields were representative of rice
fields on the Monsanto Farm and in Lhe surrounding Grand Prairie of Arkansas.
However, my results may not broadly apply o the scale of the MAV.

I recorded a sipnificant decline in abundance of wasie rice during winter 2004-
2005. Inlale December 2004, 1 observed great demsilies ol snow geese (Chen
eaerufescens) and white-fronted geese (Arser afbifrons) using experimental paddies (X =
16.94 birds/hafday, Chapter 1). The significani decline in waste-rice abundance may
have been due 1o depredation of the grain by geese. Following heavy use of experimental
paddies by geese, bul before most ducks began using paddies (¥ < 1 duck/ha/day;
Chapter 1), waste-rice abundance declined in lale December 2004 nearly 80% from the
late November value and was 27% below the “giving-up” density of 5¢ kg/ha for
foraging waterfowl! (Figures 2.1A and B). Reinecke ¢t al. (1989) and Rutka (2004:17)
reported that ducks cease foraging in rice fields when the densily of grain falls below this
apparcnt threshold value.

Neims and Twedi (1996) concluded that rice is the cereal grain mosl resistanl fo
decomposition during winter flooding. Sevenly-four percent of rice seed mass persisted
after submersion [or 120 days while 50-60% of com remained afier 100 days and
soybean almosl completely deteriorated after 90 days (Nelms and Twedt 1996).
Persistence of rice seeds was comparable to that of 6 species of natumal plant seeds
commonly censumed by waterfow! (i.e., 50-70% of seed mass remained after 120 days of

inundation; Nelms and Twedl 1996). This suggesis that the decline in waste-tice
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abundance during December 2004 may have been linked to goose granivory. Although 1

did not delect a significani ellect of waterfowl density on varialion in wastc-rice
abundance or percenlage change In wasle rice, tolal waterfow! density in winter 2004-
2005 was grealesl in burned paddies and lcast in paddies with standing stubble {Chapler
1), whereas wasie-tice abundance for winler 2004-2005 was greatest in paddies with
standing stubble and least in burned paddies, Relatively high densilies of waterfowl
using bumed paddies may have contributed lo the relatively low abundances of wasle rice
found in these paddies. Additionally, the relatively high abundances of waste rice found
in slanding stubble paddies may have been a result of relatively low densities of
waterfowl using these paddies.

[ did not ohserve ;valerfuwl abandonment of experimental paddies after waste-rice
abundance declined below the “giving-up* density for foraging walerfowl (Reinecke el
al. 1989, Rutka 2004:17). Specifically, 1 observed that all walerfowl used experimental
paddics and mallards continued lo forape in treated and control paddies afier wasle-rice
abundancc declined below the “giving-up™ density (Chapier 1). In addition to foraging, 1
obscrved mallards exhibiting alert behavior, chasing and defending mates, courting,
cngaging in locomotion, preening, and resting n experimental paddics before and afier

reaching Lthe “giving-up” densiby.

MANAGEMENT AND RESEARCH 1MPLICATIONS
I recommend winter management of rice fields on the Monsanio Farm and
Arkansas Grand Prairie reflect knowledge aboul 1ate-autumn abundance of wasie rice at

the scale of the MAV (Kross 2006:10) and my information on diurnal nse ol rice fields
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by walerfowl on ihe Monsanto Farm (Chapter 1). Specifically, ] recommend manapers

burn rice fields after harvest, because this “natural™ stralegy (sensy Weller 1981)
conserved more waste rice than mowing, rolling, or disking stubble (Kross 2006:10), was
more economical than mechanical treatments (Kross 2006:16), was attractive Lo
walerlowl and other walerbirds (Chapier 1), and remains an accepted and legal practice in
the MAV. Although ricc ficlds lefi in standing stubble in the MAV conserved (he
greaiest abundance of wasie rice {Kross 2006:10) and accruc cnvironmenlal and
agronomic benefits (Manley el al. 2005), mallards used burncd or rolled paddies more
than paddics lefi in standing siubble (Chapter 1). When burning rice fields js nol feasible
or desired, 1 reeommend rolling rice stubble I:-a-l:ause waterfowl and other waterbirds in
this study were atiracied most lo rolled paddies in winter 2005-2006. Burning and rolling
resulied mn an inlerspersion of emergent rice stubble and open water attractive to
waterfowl {Chapter |, Kaminski and Prince 1981, Smith et al, 2004). I do not
recommend disking or mowing rice stubble becanse of the expense of implemeniation
{Kross 2006:16) and decreased abundance of wasle rice and avian use (Kross 2006:24,
Chapler 13.

Because abundance of wasle rice in the MAV generally decreases greatly during
fall before waterfowl armve in large numbers (Stafford et al. 2006}, 1 recommend
increasing acreage of aclively managed moisi-scil wetlands in the MAYV (Fredrickson and
Taylor 1982). This managemeni praclice has potenlial in the MAY Lo preduce, on
average, over 500 kg/ha (dry mass) of natural seeds and tubers as well as other plant and

animal foods for waterfowl and olher walerbirds (Penny 2003:60, Kross 2006:36). Thus,
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moisl-soil seeds can mitigate decreased availability of wasle agricultural seeds (Kaminski

et al 20035, Stafford ct al. 2006}. I also recommend further invesligation of “giving-up™
densilies for walerfow| [ood resources in cropland and natural wetlands (e.g., moist-50il,
hardwood botiemlands). Other related areas for future research include determination of
(1) waterlowl aciivities 1n harvested and flooded rice fields and other wetlands relative to
"giving-up™ food densities, (2) rice varietics and other crops (e.g., grain sorghum)
capable of producing a second crop (1.e,, raloon) afier inilial harvest (Livingsion and
Coffman 1997, Muzzi 2005), (3) iming of fal! flooding fields and impacis on winter
waste-grain abundance, (43 habitat management (o altracti ducks while deterring goose
use (i.e., waler depth, flooding crops less prefemed by geese [e.g., grain sorghum]}), and
{5} differential effecliveness of goose delerrent echniques (e.g., mghiening devices,

hunting, lure erops; YerCauteren el al. 2003).
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Mean abundance (X} and standard errors (SE) of waste rice in post-harvest
mamnipulated rice ficlds (A) and meun indices { ¥) of diurnal use by
waterfowl {13} and standard errors (SE) of posl-harvest manipulated rice
fields on the Monsanto Farm and Wildlife Management Cenler, Stuttgart,
Arkansas, winter 2004-2005, Horizonlal line at 50 keg/ha in Figure 2.1A
represents the hypothesized “giving-up™ density at which waterfowl cease
foraging in rice ficlds (Reinecke et al. 1989, Rutka 2004).
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