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Abstract

Little information is available concerning surviyvhhbitat use, and movements of
mallards Anas platyrhychos) wintering on the Gulf Coast Chenier Plain (GCCRuantitative
data on these parameters would be useful in mahegtive management decisions by GCCP
waterfowl managers. Accordingly, | radio-marked I8male mallards during winters 2004-
2005 and 2005-2006 in southwestern Louisiana. $fiynated survival rate for both winters
combined was 0.68 + 0.06 and did not differ by fename. Hazard ratios indicated that radio-
marked females were 21-24 times more likely toddieng hunted time periods than during non-
hunted time periods. Estimated hunting and nortthgmortality rates were 0.27490.062 ¢
SE) and 0.06% 0.029 & SE), respectively, and did not differ between etiat Estimated
product limit survival rates were 0.810.05 ¢ SE) and 0.54 0.09 & SE) for HIGH and LOW
condition birds, respectively. | found that didroae of areas closed to hunting was greater
during hunted time periods in winter 2005-2006 thrawinter 2004-2005. Nocturnally, use of
areas closed to hunting was greater during SHUMM thuring POST, and immatures used
CLOSED lands more so than did adults. Diurnalsge of MARSH was 3.3 times greater than
that of other habitats during both winters. Us®UEZE and IDLE appeared to be related to
availability of these habitats within the core stadea. RICE acreage and use was greater in
winter 2004-2005 than in winter 2005-2006, whel@d<s acreage and use was greater in
winter 2005-2006 than in winter 2004-2005. Fermaddlards used freshwater marsh habitats
extensively; brackish or salt marsh was used mesh frequently. Diel movements of female
mallards generally were short £SE = 5.0+ 0.2 km) and mean flight distances of individual
females (n = 141) ranged from 3-15 km. My ressiliggest that mallards wintering in this area

would benefit from programs and activities thag&rfreshwater marsh for restoration and



management. Management activities that increaglanthdraging habitats on areas closed to

hunting may decrease hunting mortality rates arssipty increase female body condition.

Xi



Chapter 1. Introduction

One-fourth of the North American dabbling duck plagion (Palmisano 1973) and two-
thirds of the Mississippi Flyway waterfowl poputati historically wintered in coastal marshes of
Louisiana (Bellrose 1980)However, Louisiana coastal marshes are disappeatiag alarming
rate; Gagliano et al. (1981) reported marsh loas@§0 kni/yr.

The primary goal of the Gulf Coast Joint Ventur&iprovide winter habitat for
waterfowl and ensure that they survive and retadoréeding areas in good condition (Eslinger
and Wilson 2001). Other than northern pintailegs acuta), little is known about winter
survival of Gulf Coast Chenier Plain (GCCP) dabpltucks (Cox et al. 1998). Consequently,
current estimates of hunting and non-hunting mitytedtes for mallards on the GCCP would be
useful in making effective management decision&BCP waterfowl managers.

Current habitat objectives for the GCCP largelylmsed on diurnal observations of
waterfowl (Wilson 2003). However, the importandeertain diurnal habitats may be
overestimated without information concerning noctihabitat use. Other than northern pintail,
use of habitats by dabbling ducks has receivdd Btudy on the GCCP (Cox and Afton 1997).

Distribution and movements of wintering waterfovitem are influenced by the
juxtaposition of sanctuary and hunted lands (Rageli978, Frederick and Klaas 1982, Humburg
et al. 1985, Fleskes et al. 2002). Understandiaogament parameters of waterfowl is crucial to
managing winter habitats, especially along the G@@Pre hunting pressure is high (Cox et al.
1998). Except for northern pintails (Cox and Aftt#06), little is known about diel movements
of dabbling ducks wintering on the GCCP.

Hurricane Rita, the most intense tropical cycloner@bserved in the Gulf of Mexico

(Johnson 2006), came ashore in southwestern Loaisia 24 September 2005 as migrating



waterfowl began arriving on the GCCP. The ensstogn surge greatly affected the quantity
and quality of freshwater marsh (Neyland 2007) agaicultural habitats (LSU AgCenter 2005).
Thus, my study allowed a comparison of survivabited use, and movements of mallards
between pre- and post hurricane winters.

| used radio telemetry to estimate survival rateditat use, and movements of female
mallards wintering in southwestern Louisiana. udstd females because males outnumber
females and hence do not limit production (JohreswhSargeant 1977, Johnson et al. 1987). In
Chapter 2, | estimate winter survival of adultéafbhatch year) and immature (hatch year) female
mallards and test for variation in survival rateselation to female age, winter, body condition
at time of capture, and hunt periods. In Chaptéd@scribeproportional use of areas closed
and open to hunting, and also quantify habitatsl bgefemale mallards wintering in
southwestern Louisiana. In Chapter 4, | estimlggatfdistance between paired diurnal and
nocturnal locations within a 24-hr period. Chapt2#4 are organized as separate scientific
manuscripts; thus, some duplication occurs in sardp and methods sections.
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Chapter 2. Survival and Cause-Specific Mortality of Female Mallards Wintering in
Southwestern Louisiana

Introduction

One-fourth of the North American dabbling duck plagion (Palmisano 1973) and two-
thirds of the Mississippi Flyway waterfowl poputati historically wintered in coastal marshes of
Louisiana (Bellrose 1980)However, Louisiana coastal marshes are disappeatiag alarming
rate; Gagliano et al. (1981) reported marsh loas@80 kni/yr.

Relative to other wintering areas (e.g., Texas#laakes Region, Smith and Sheeley
1993; Mississippi Alluvial Valley, Reinecke et 4B88), coastal marshes are predictable habitats
and may encourage winter philopatry in waterfowdljBrtson and Cooke 1999). If mallards
exhibit high winter fidelity, similar to other watew! species (e.g., nhorthern pintaifnas
acuta; Hestbeck 1993, Rienecker 1987), low winter stalcould negatively impact regional
populations.

Hurricane Rita, the most intense tropical cycloner@bserved in the Gulf of Mexico
(Johnson 2006), came ashore in southwestern Loaisia 24 September 2005 as migrating
waterfowl began arriving on the Gulf Coast Chekin (GCCP). The ensuing storm surge
greatly affected the quantity and quality of fresibev marsh (Neyland 2007) and agricultural
habitats (LSU AgCenter 2005). Thus, hurricanea$feould have affected survival of mallards
and other wintering ducks during winter 2005-20068outhwestern Louisiana.

Adult mallards wintering in Arkansas and Mississipad higher survival than did
immatures (Reinecke et al. 1987), whereas surweal similar between age classes of mallards
wintering in Texas (Bergan and Smith 1993) andlssagtern Arkansas and northeastern
Louisiana (Davis 2007). Survival estimates aneptial age variation in survival have not been

examined for mallards wintering on the GCCP.



The winter period can be energetically demandimgviaterfowl. Reinecke et al. (1982)
hypothesized that wintering black duckes rubripes) decreased the size of protein reserves to
lower daily energy requirements. Lima (1986) sisgge that energy reserves maintained by
wintering birds were a compromise between the dkstarvation and predation. Heavier birds
have a higher probability of surviving severe weattonditions; however, lean birds have lower
maintenance costs and also may be more profigieatoiding predators (Lima 1986). Ducks in
poor condition generally have lower survival ratesn do those in better condition (Bergan and
Smith 1993, Conroy et al. 1989, Haramis et al. 198§p et al. 1986; but see Cox et al. 1998,
Migoya and Baldassarre 1995, and Miller 1986) aiag ive more mobile as they search for
more suitable habitats, thus increasing their expo® hunters (Hepp et al. 1986).

The primary goal of the Gulf Coast Joint Venturéigrovide winter habitat for
waterfowl and ensure that they survive and retadoréeding areas in good condition (Eslinger
and Wilson 2001). Other than northern pintails@ad Afton 1998), little is known about
winter survival of GCCP dabbling ducks. Conseglyecurrent estimates of hunting and non-
hunting mortality rates for mallards would be us@funaking effective management decisions
by GCCP waterfowl managers.

| used radio telemetry to estimate survival rates$ @etermine cause-specific mortality of
female mallards wintering in southwestern Louisiahatudied females because males
outnumber females and hence do not limit produdilmmnson and Sargeant 1977, Johnson et al.
1987). | estimated winter survival of adult (aftettch year) and immature (hatch year) female
mallards and tested for variation in survival rateeelation to female age, winter, body

condition at time of capture, and hunt periods. $Wydy also allowed comparison of mallard



survival before and after Hurricane Rita. Basegh@vious studies, | hypothesized that: (1)
adult survival would be greater than that for imanes, (2) survival would be higher during
winter 2004-2005 (pre-Rita) than during winter 26 (post-Rita), (3) individuals in poor
condition would have lower survival than those @ttér condition, and (4) survival would be
lower during hunted versus non-hunted time periods.
Study Area

| studied female mallards in southwestern Louisiané assumed that this area was
representative of the GCCP. The Chenier Plaimoftsvestern Louisiana extends 60 to 110 km
inland from the Gulf of Mexico and encompasses ntioa@ 2.5 million ha (Chabreck et al.
1989). The two primary waterfowl habitats of tlegion are coastal marshes and rice
agriculture, which is located immediately inlandrfr coastal marshes (Chabreck et al. 1989).

My core study area in winter 2004-2005 (hereaftemté¥ 1) included all lands within 80
km of 2 capture sites: Pool 8 of Cameron Prairigdval Wildlife Refuge (2956°N, 93°02"W)
and Amoco Pool (Z%0°N, 92°34°W, Figure 2.1). | planned to use thme capture sites in
winter 2005-2006 (hereafter Winter 2), but hurrieaffects required that | capture mallards
elsewhere on moist soil units on Cameron PrairigoNal Wildlife Refuge (2958°N, 93°04"W)
and Lacassine Pool of Lacassine NWR°BZON, 92°55"W). | maintained the same core study
area in Winter 2 despite changing trapping locatimom Amoco Pool to Lacassine NWR. The
GCCP and Amoco Pool were described in detail byb@¥ek et al. (1989).

My extended aerial search area extended from Meadagsland, Texas inland 80 km,
across the southern one-half of Louisiana, to Gisled Louisiana (Figure 2.1). | searched the
extended area as often as necessary4ximes per month) to locate birds emigratirayfrthe

core study area. Bruce Davis, who marked a congpitary sample of mallards in northeast



Figure 2.1.

Study area in which radio-markeddknmallards were monitored during winters
2004-2005 and 2005-2006 in southwestern Louisidree primary study area is
denoted by a solid line and extended aerial sesneh by a dashed line; shaded
polygons are mallard capture locations (CameroniPfdWR, Lacassine NWR,
and Amoco Pool from left to right, respectively).



Louisiana during the same period, searched foringdsrds north of my extended search area.
These flights helped distinguish radio failuresrirbirds that emigrated from my core study
area.

Methods

| selected potential trapping sites based on cdretgrns of mallards in areas that were
approved for bait-trapping by federal law enforcatregents. All trapping sites were located on
areas closed to hunting and were > 1.6 km to theasé hunting blinds. | baited sites with
various combinations of unmilled rice, corn, barleyllet, sorghum, soybeans, sweet potatoes,
crushed oyster shells, and sand. | captured rdallasing portable rocket-net platforms (Cox
and Afton 1994) and deployed nets using a remadtendéor (Sharp and Lokemoen 1980).

Upon capture, female mallards were removed fromg, qg@iced in catch boxes, and then
transported to a temporary structure (screenedpgarior processing. | provided food and water
ad libitumto captured birds during the banding and markiggss (LSU Institutional Animal
Care and Use Committee Protocol #04-108 and U.8lo@eal Survey Banding Permit #
08810). | determined age (adult [after hatch yearinmature [hatch year]) and sex from wing
plumage characteristics (Carney 1964). | weighkehl ) and measured 0.1 mm) culmen,
total tarsus, middle toe, and wing cord lengthasftefemale (Dzubin and Cooch 1992).

When numbers of females captured exceeded the mwhheailable transmitters, |
randomly selected immatures and adults so thatl eguabers of each age were radio-marked. |
fitted female mallards with a 21-g, harness-typasmitter (Dwyer 1972; Advanced Telemetry
Systems, Inc., Isanti, MN) with an expected lifel6D days. | tightened neck and body loops
such that an index finger would fit under each laog preened feathers around the harness

(Houston and Greenwood 1972). | used alligatqsalvhile adjusting harness tension, tied



double overhand knots on the final harness loog used purple primer and all-purpose cement
(Oatey, Cleveland, OH) on attachment points.

Each transmitter pulsed at 50 beats per minutenasdcoded to pulse double on every
tenth beat to distinguish it from other transmgten similar frequencies. Transmitters were
equipped with mercury-type mortality switches whaztused the pulse rate to double if
motionless for > 4 hours. Transmitters were latbele the underside with reporting information
and an offer of a reward (pencil-sketch art primd a non-functional replacement transmitter).

| released radio-marked females in groups at capiies from 4-14 h after capture
(overnight for birds captured at dusk). | monitbradio-marked females daily for survival and
investigated mortality signals immediately upornedéibn. | inferred cause specific mortality
from evidence collected on-site such as trackevery location (e.g. at a boat launch or in a
nest or building), by diagnostic necropsy, or obisey a predator at the carcass (e.g., Conroy et
al. 1989, Cox et al. 1998, Reinecke et al. 1987).

My technicians and | tracked radio-marked birdd wehicles equipped with 4-element,
null-peak antenna systems, GPS units, and laptoypeters (Cochran 1980:517-518; Cox and
Afton 1997, 1998). | used LOAS (Location of a Saihrsoftware to estimate locations on site
(LOAS 2003). I constructed 2, 13-m permanent teyweach tower supported a single 9-element
unidirectional antenna to reduce aircraft time et locate birds in Amoco Pool, which was
inaccessible by truck. | used aerial telemetripbégues to locate missing birds (Gilmer et al.
1981). Flights were conducted at altitudes (Ran860 m to 3050 m) such that all radio-

marked birds present on the core study area caulddated.



Statistical Analysis

Because | monitored the extended search areartzpsehtly than the core study area, the
probability of detecting mortalities outside theestudy area probably was lower. Thus, |
estimated survival and cause-specific mortalitggainly within the core study area.

| excluded the first 4 days post-capture from asialyo minimize effects of capture and
handling on survival (Cox et al. 1998). | rightasered birds who left the core study area and
included them again if they returned. When thecegate that a female left the core study area
was unknown, | randomly selected a date from thernal between the last date the bird was
located on the core study area and the first datedacould not be located on the core study area
or was known to be outside the core study area @axAfton 1998). When inclement weather
prevented some radio-marked birds from being latdtassumed that their status remained
constant throughout the unmonitored time periochewthe exact date of death was unknown, |
selected the midpoint between the last date tltbvielis known to be alive and the first date of
mortality detection (Cox et al. 1998).

| calculated size-adjusted body mass at captuam &sdex of body condition (hereafter
condition). | first indexed structural size of baadio-marked female using principle
components analysis (PROC PRINCOMP; SAS Inst.2007) of the correlation matrix of the 4
morphological measures taken from capture (CoxAdtwh 1998). | then used the first principle
component score (PC1) as a measure of structamafai each female (SIZE, Alisauskas and
Ankney 1987). | regressed (PROC GLM; SAS Inst. B07) female body mass on PC1 and
subsequently adjusted each female’s body massdiggthe overall mean body mass of all
females to her residual from the regression (Ankarey Afton 1988). | used 2-way ANOVA

(PROC GLM; SAS Inst. Inc. 2007) to test for diffeces in condition in relation to female age,
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winter, and their interaction. Once the final mioglas determined, | used an ESTIMATE
statement in PROC GLM (SAS Institute, 2007) to carepand estimate mean condition between
years and ages.

Annual duck hunting seasons in southwest Louisvee split into 2 periods during my
study. | divided hunt periods into 4 time peritidsed on hunting season: (1) first hunting
period ([FHUNT]; 12 Nov 2005-4 Dec 2005), (2) tirnetween hunting periods ([SPLIT]; 5 Dec
2005-16 Dec 2005), (3) second hunting period ([SHji24 Dec 2004-23 Jan 2005 and 17 Dec
2005-22 Jan 2006), and (4) post hunting seasonS[R(rost-24 Jan 2005 and post-23 Jan
2006). Winter comparisons were limited to SHUNT &OST because | was unable to capture
and radio-mark birds during FHUNT or SPLIT in Winte given the later arrival of mallards on
areas approved for bait trapping. Mallards wedsoranarked during 21 Dec-10 Jan in Winter 1
and during 22 Nov-16 Dec in Winter 2.

| tested for differences in survival in relationfemnale age, winter, hunt period, and
condition using Cox (1972) proportional hazardgesgion (PROC PHREG; SAS Institute
2007) as described by Cox and Afton (1998). kmsthether my response variable, survival,
differed among the following explanatory variablEsnale ages, winters, hunt periods, and
condition, including all 2-way interactions. Cotidin was a continuous covariate in my survival
analysis (Cox and Afton 1998). | used backwargwise procedures to eliminate non-
significant (P > 0.05) terms, beginning with interans.

| calculated product-limit survival estimates (Kapland Meier 1958) for significant (P <
0.05) effects in the final model. To summarizeabserved effect of condition on survival, |

partitioned birds into a HIGH condition class iethwere greater than the median condition of
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all birds in the sample and into a LOW conditioasd if they were below the median condition
(Conroy et al. 1989).

| conducted 2 other analyses, in which | estimataating mortality by censoring non-
hunting mortality observations, and alternatelgtirmated non-hunting mortality by censoring
hunting mortality observations. | conducted sefgaamalyses because hunting mortality and
non-hunting mortality cannot be summed to estimadetality from both sources (1 - survival
rate, Cox and Afton 1998). | tested for variatiomunting and non-hunting mortality rates
using the same explanatory variables and proce@usreseviously described, to identify
important sources of variation related to differemtises of mortality of females.

Results

| radio-marked a total of 149 females and exclutiédemales from analysis, which died
(n = 10 from avian predation, n = 2 from mammapaadation) or emigrated from the core
study area (n = 2) during the 4-day adjustmenpefCox and Afton 1998). Thus, my final
sample size for the survival analysis was 135 femahd included 8483 exposure days.
Condition

In the principle component analysis, PC1 explaib2®@% of the overall variation among
the 4 morphometric variables. All factor loadinvgsre positive and ranged from 0.28 (culmen
length) to 0.61 (middle toe length). Female bodssshowed a positive relationship to SIZE (F

=3.34; 1, 134 df; P = 0.07/°R 0.02). The equation was:

Mass= 1172.2 + 12.8 (SIZE)
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Two-way ANOVA indicated that female condition vatibetween winters (F = 742.95;
1, 134 df; P < 0.0001) and between ages (F = 391,51134 df; P < 0.0001), but the winter by
age interaction was not significant (F = 0.09; 34 dif; P > 0.76). Condition of females was
higher (P < 0.0001) in Winter 2 &SE g = 1215.3 1.6) than in Winter 1 (* SE g = 1130.9
1.8). The mean difference in condition betweentersiwas 84.4 g and the 95% CIl was 79.6 to
89.2 g. Condition of adults (& SE g = 1208.9 1.5) was higher (P < 0.001) than that of
immatures (x- SE g = 1137.2 1.9). The mean difference in condition betweessagas 71.7 ¢
and the 95% CIl was 66.8 to 76.6 g.
Cause-Specific Mortality

Following the 4 day adjustment period (Cox and Afi®98), | observed 28 (21%)
mortalities during the study: 23 (82%) were atttdzlito hunting (16 retrieved by hunters, 6
unretrieved with evidence of being shot, and 1 sosga hunter discard) and 5 (18%) were
inferred as due to avian predation. Of those dibg avian predators, | surmised that 3 were
killed by great horned owl€8(bo virginianus) (2 carried to the same nest), 1 was observed
being eaten by a crested carac&arécara cheriway), and 1 was killed by an unknown avian
predator.
Survival

My final model indicated that condition (Wayd = 8.51, P = 0.0035) and hunt period
(Waldx?=9.72, P = 0.0078) were important explanatoryakdes. | found no evidence that
survival differed between female ages or wintemnsl @one of the interactions were significant

(all Ps > 0.3). My product-limit survival estimdta Winters 1 and 2 combined was 068.06

(= SE, Figure 2.2). Estimated product limit surviketles were 0.8% 0.05 ¢ SE)
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and 0.54t 0.09 & SE) for HIGH and LOW condition birds, respectiv@iygure 2.3). Hazard
ratios indicated that radio-marked females wer8 p86% CI = 18.0-23.7) and 24.4 (95% CIl =
22.4-26.4) times more likely to die in FHUNT and\3NIT, respectively, than during POST.
Hunting and Non-hunting Mortality Rates

The estimated hunting mortality rate was (28062 ¢ SE) and did not vary
significantly in relation to winter, female age helition, or hunt period none of the interactions
were significant (Ps > 0.06). The estimated nonting mortality rate was 0.07 0.029 ¢ SE)
and also did not vary significantly in relationwnter, female age, or hunt period and none of
the interactions were significant (Ps > 0.9); hogrewnon-hunting mortality varied significantly
in relation to condition (P = 0.011). Hazard ratioom the non-hunting mortality analysis
indicated a 1.0% decrease in survival for everydkgrease in condition (95% CI = 0.2 — 1.8).

Discussion

Despite dramatic impacts of Hurricane Rita on fvegier marsh in Louisiana (Neyland
2007) and high use of that habitat by female madldChapter 3), | found that female condition
was higher in Winter 2 than in Winter 1. | radi@rked female mallards 1 month earlier in
Winter 2 than in Winter 1, and mallard body coratitis known to decline through winter in
some areas (Whyte and Bolen 1986, Loesch et aR)19khus, condition may have been higher
in Winter 2 due to earlier marking of females.

Harness-type backpack transmitters (Dwyer 197 2)ideorelatively unbiased survival
estimates (Fleskes 2003) and are widely used diestwf wintering waterfowl (Table 2.1). |
observed no abnormal behavior or movement pattdrresdio-marked birds after the 4-day

adjustment period. Furthermore, in following yedmsnters reported harvesting radio-marked
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Table 2.1. Estimated survival, hunting mortalagd non-hunting mortality rates of female dabbtiongks during winter, based on

harness-type radio transmitters (Dwyer 1972).

Hunting  Non-hunting

Survival Rate Mortality Mortality
Specied Region  Days Age X SE Rate Rate Reference
ABDU ME-NB 76 Imm 0.593 0.06 - 0.306 Longcore et al. 1991
ABDU NJ-VA 59 Ad 0.729 0.058 0.149 0.143 Conroy et al. 1989
Imm 0.599 0.048 0.165 0.282
MALL AR-LA 138 Ad, Imm° 0.542 0.101 0.177 0.342 Davis 2007
MALL AR 30 Ad, Imm® 0.993 0.014 - 0.007 Dugger et al. 1994
MALL CA - Ad 0.71-0.83 0.07-0.08 - - Fleskes et al. 2007
Imm  0.49-0.68 0.08-0.09 - -
MALL LA 134 Ad, Imm® 0.68 0.06 0.28 0.07 This study
MALL MS-AR 70 Ad 0.84 - 0.12 0.04 Reinecke et al. 1987
Imm 0.7 - 0.19 0.011
MALL TX 100 Ad, Imm° 0.777 0.04 0.018 0.21 Bergan and Smith 1993
NOPI LA 146 Ad 0.714 0.045 0.165 0.145 Cox and Afton 1998
Imm 0.55 0.068 0.315 0.196
NOPI CA 216 Ad 0.756 0.034  0.199-0.249 0.078-0.1 Fleskes. 2002
Imm 0.654 0.042 - -
NOPI CA 215 Ad 0.88-0.93 0.02-0.03 - - Fleskes et al. 2007
NOPI CA 180 Ad 0.874 0.03 0.041-0.087 0.013-0.076 Millealetl 995
NOPI MX 107 Ad, Imn? 0.911 - 0.048-0.103 0-0.019 Migoya and Baldassarre 1995

®Species abbreviations follow AOU nomenclature.

PSurvival rates were similar between adults (Ad) emchatures (Imm).
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birds up to 3400 km north (Saskatchewan) of myysaréa. Thus, | assume that effect of
transmitterson my survival estimates generally were small.

My estimate of winter survival could be biased hiigsurvival of birds marked on areas
closed to hunting is higher than for birds markadaceas open to hunting. Blohm et al. (1987)
reported that mallard recovery rates usually weweel for those banded on refuges than those
banded off refuges; however, their results werenctusive for females due to the small number
of recoveries. As in all telemetry studies, mystal estimate may be biased high due to right
censoring unreported hunter killed birds, transmitailures, and when predators render the
transmitters inoperable.

My overall product-limit survival estimate for radmarked female mallards in
southwestern Louisiana was lower than for thosdesimg in Mississippi and Arkansas
(Reinecke et al. 1987), Texas (Bergan and Smitl3)126d Arkansas (Dugger et al. 1994), but
was higher than those wintering in northeast Lamaiand southeastern Arkansas (Davis 2007).
My 134- day interval was markedly longer than mahthe other studies (e.g., 70 days, 101
days, and 50 days, Reinecke et al. 1987, Bergasanth 1993, and Dugger et al. 1994,
respectively); however, it extended later in thateiing period when survival generally was
high (Table 2.2).

Contrary to my prediction, | found no evidence thatvival differed between female
ages (P =0.96). Mallards wintering in southwestasuisiana probably have experienced
considerable hunting exposure prior to arrival,chhinay have removed naive birds and
improved hunter and predator avoidance behavionofatures that survived to migrate to

Louisiana.
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Table 2.2. Estimated survival, hunting mortalagd non-hunting mortality rates by hunt period
for female mallards during winters 2004-2005 an@522006 combined in
southwestern Louisiana.

Hunting Non-Hunting
Hunt Survival Rate® Mortality Rate Mortality Rate
Period  Days® n° X SE X SE X SE
FHUNT® 9 19 0.933 0.062 0.067 0.062 - -
SPLIT 12 38 1 - - - - -
SHUNT 39 67 0.759 0.043 0.227 0.043 0.024 0.017
POST 74 52 0.956 0.024 - - 0.044 0.0244
OVERALL 132 135 0.677 0.062 0.279 0.062 0.067 0.029

Maximum number of exposure days per hunt peridabith winters.
PMaximum number of radio-marked female mallards.

‘Hunting mortality and non-hunting mortality ratemaot be summed to estimate mortality from
both sources (1 - survival rate).

dEstimate for winter 2005-2006 only; all other pelsaare estimates during winters 2004-2005
and 2005-2006 combined (see Methods).
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My estimated hunting mortality rate of female mialkin southwestern Louisiana was
0.28+ 0.062 & SE) and did not differ between female ages (P$§)0. This rate is the highest
on record for adult female dabbling ducks, and stapassed only by the hunting mortality rate
of immature northern pintails (0.320.053 [ SE]) in southwestern Louisiana (Table 2.2). My
estimated non-hunting mortality rate of radio-makkemale mallards was low (0.@70.029 [
SE]) and similar to those wintering in Mississippid Arkansas (0.01-0.07, Reinecke et al.
1987), but much lower than those wintering in neatstern Louisiana and southeastern Arkansas
(0.34+ 0.119 [ SE], Davis 2007).

As predicted, | found that body condition at tinfeeapture had a significant effect on
survival. Birds in LOW condition survived at a nuower rate than did those in HIGH
condition. Additionally, | recorded mortalitiestef the hunting season for LOW condition
females, but not HIGH condition females (Figure)2.Bloreover, condition had a strong effect
on non-hunting mortality (P = 0.011) and weakeee&fion hunting mortality (P = 0.06). Thus,
mallards in lower condition are relatively moremnetlable to both hunting and non-hunting
mortality than are those in higher condition.

Finally, | found no evidence that survival differeetween winters (P = 0.30). |
hypothesize that the mobility and adaptability allewrds enabled them to locate and exploit
suitable habitats (Bellrose 1988).

Management I mplications and Resear ch Needs

My results indicate that survival of radio-markedllards in southwestern Louisiana was

highly dependant on female condition and genexatlg low compared to mallards in other

wintering areas (Table 2.2). If mallards are pbeitvic to this wintering area, the observed low
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survival may be a concern with regard to regiomgdysations. If increasing winter survival is an
objective, waterfowl managers may want to focusemucing hunting and non-hunting mortality
of females. Increased efforts to provide mallanéd§ing habitats on areas closed to hunting may
decrease hunting mortality rates and increase teowidition. My results indicate that avian
predators were responsible for all non-hunting alityt Preston (1980) reported that
availability of perch sites influenced foraging fiabuse of avian predators. Thus, managers
may consider discouraging raptors from areas ugeatlibks by removing perches, such as
shelterbelts and burying telephone and electrinasl
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Chapter 3. Use of Habitats by Female Mallards Wintering in Southwestern L ouisiana
Introduction

One-fourth of the North American dabbling duck plagion (Palmisano 1973) and two-
thirds of the Mississippi Flyway waterfowl poputati historically wintered in coastal marshes of
Louisiana (Bellrose 1980). However, Louisiana talanarshes are disappearing at an alarming
rate; Gagliano et al. (1981) reported marsh loas@80 kni/yr. Threats to coastal marshes
include saltwater intrusion from channel dredgiRguge 1982), hurricanes, subsidence, sea level
rise, and loss of sediment and freshwater inpots flevee construction (Chabreck et al. 1989).
Current wetland conservation efforts aim to redoes, restore, enhance, and create new marsh
habitats within the region (Esslinger and Wilso®20 Agricultural lands in southwestern
Louisiana also provide habitat for wintering wabsvf (Esslinger and Wilson 2001) and
primarily are dependant upon government programs.

Winter habitats and weather conditions may playrgsortant role in sustaining
waterfowl populations (Heitmeyer and Fredrickso81)9 This seems likely because mallards
(Anas platyrhychos): (1) arrive on the breeding grounds with muchhef endogenous reserves
necessary to produce a clutch of eggs (Krapu 1981have a large first clutch of eggs (Krapu
and Doty 1979), and (3) early hatching broods Hagbker survival (Dzus and Clark 1998,

Krapu et al. 2000).

Current habitat objectives for the Gulf Coast CkefRllain (GCCP) largely are based on
diurnal observations of waterfowl (Wilson 2003)erfal surveys often are used to estimate
waterfowl populations and habitat use (PalmisarkB81®einecke et al. 1992). However, aerial
surveys alone provide biased estimates of numbfdrsds using habitats with low visibility

rates (Smith et al. 1995). Additionally, the imfamrce of certain diurnal habitats may be
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overestimated without information concerning nogtihabitat use. Other than northern pintail
(Anas acuta, hereafter pintail), use of habitats by dabblingld has received little study in the
GCCP (Cox and Afton 1997).

Tamisier (1976) concluded that green-winged téah$ crecca) and pintails gathered in
large flocks on non-hunted areas as “more of adaorehtal requirement” of wintering ducks
than as a response to hunting pressure or disttebadowever, radio-marked pintails in
California (Fleskes 2002), southwestern Louisiddax(and Afton 1997), and Mexico (Migoya
et al. 1994) shifted from hunted to non-hunted freaesponse to hunting pressure.
Information is lacking on use of hunted and nonthdrareas by mallards wintering in the
GCCP.

Chabreck et al. (1989) reported that freshwatesmaas the most important waterfowl
habitat among coastal habitats of Louisiana, Msggfs, and AlabamaThe quantity and quality
of freshwater marsh (Neyland 2007) and agricultbedditats (Table 3.6) varied markedly
between winters of my study. Hurricane Rita, thestintense tropical cyclone ever observed in
the Gulf of Mexico (Johnson 2006), came ashoreutlsvestern Louisiana on 24 September
2005 as early migrating waterfowl were arrivingtbea GCCP. Thus, impacts of Hurricane Rita
on available habitat could have affected habitatafanallards and other ducks.

Radio-marked birds provide an unbiased assessrhbabdat use and thus can improve
the accuracy of modeled habitat objectives withem&CCP (Wilson 2003). Additionally,
guantitative information on habitat use of mallandsuld be useful in guiding refuge
management and assisting in the prioritizationogfussition, protection, and management of
habitats for wintering waterfowl. Accordingly, $ed radio-telemetry techniques to assess

proportional use of areas closed and open to hyiremd to quantify habitats used by female
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mallards wintering in the GCCP. | studied femdlesause males outnumber females and hence
do not limit production (Johnson and Sargeant 19@Anson et al. 1987). My specific
objectives were to: (1) quantify diel use of arepsn and closed to hunting, (2) quantify diel use
by general habitat types, (3) quantify diel usspécific marsh types, and (4) test for variation in
use of areas open or closed to hunting, by gehatatat types, and by specific marsh type in
relation to female age, winter, and hunt periodfiwiwinter.
Study Area

My study area was located within the GCCP in soe8tern Louisiana (Figure 3.1) and
included all lands within Cameron, Calcasieu, Jstia Davis, Acadia, and Vermillion Parishes.
| assume that the study area was representative @CCP. The Chenier Plain of southwestern
Louisiana spans 60 to 110 km inland from the GtiMexico and encompasses more than 2.5
million ha (Chabreck et al. 1989). The two primamgterfowl habitats of the region are coastal
marshes and rice agriculture, which is located idhiately inland from coastal marshes
(Chabreck et al. 1989).

| collected habitat use data within 80 km of thikofwing capture sites: 1) Cameron
Prairie National Wildlife Refuge (296°N, 93°02°W), 2) Amoco Pool (280°N, 92°34"W), and
3) Lacassine National Wildlife Refuge (B¥ N, 92°55"W). The GCCP and Amoco Pool were
described in detail by Chabreck et al. (1989).

Methods

Trapping, Marking, and Radio-tracking

| selected potential trapping sites based on olbsiens of concentrated mallard use in
areas approved for bait trapping by federal lavoex@ment agents. All trapping sites were

located on areas closed to hunting and were >rh.6kthe nearest hunting blinds. | baited sites
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Figure 3.1. Location of core study area in so@$tern Louisiana. Hatched polygons are
mallard capture locations (Cameron Prairie NWR dsstne NWR, and Amoco
Pool from left to right, respectively). Inset dgsates hunted portions (shaded
areas) and non-hunted portions of Cameron PralWkNind Lacassine NWR in
2004-2005. Hunting was prohibited on both refuge2005-2006 and on Amoco
Pool during both winters.
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with various combinations of unmilled rice, corayley, millet, sorghum, soybeans, sweet
potatoes, crushed oyster shells, and sand. |mptnallards using portable rocket-net platforms
(Cox and Afton 1994) and deployed nets using a terdetonator (Sharp and Lokemoen 1980).

Upon capture, female mallards were removed from, qg@iced in catch boxes, and then
transported to a temporary structure (screenedpgarior processing. | provided food and water
ad libitum to captured birds during the banding and markiggss (LSU Institutional Animal
Care and Use Committee Protocol #04-108 and U.8lo@eal Survey Banding Permit #
08810). | determined age (adult [after hatch yearinmature [hatch year]) and sex from
plumage characteristics or cloacal examination (tHacm 1942, Carney 1964). | weigheoh(

g) and measured: (0.1 mm) culmen, total tarsus, middle toe, and vaogl length of each
female (Dzubin and Cooch 1992).

When numbers of females captured exceeded the mwhbransmitters, | randomly
selected immatures and adults so that equal nurobeesch age were radio-marked. | fitted
female mallards with 21-g, harness-type transnsittBwyer 1972) with an expected life of 160
days. Itightened neck and body loops such thatdex finger would fit under each loop and
preened feathers around the harness (Houston aeh®ood 1993). | used alligator clips while
adjusting harness tension, tied double overhantslomthe final harness loop, and used purple
primer and all-purpose cement (Oatey, Cleveland) @tHattachment points. | released radio-
marked females in groups at capture sites 4-14en edpture (overnight for birds captured at
dusk).

Each radio pulsed at 50 beats per minute and wdeddo pulse double on every tenth

beat to distinguish it from other transmitters anikr frequencies. Transmitters were equipped
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with mercury-type mortality switches which causkd pulse rate to double if motionless for > 4
hours. Transmitters were labeled on the undessittereporting information and an offer of a
reward (i.e., pencil-sketch art print and a norefional replacement transmitter).

My technicians and | tracked radio-marked birdd wehicles equipped with 4-element,
null-peak antenna systems, GPS units (GPS 76, @G&@orporation, Olathe, KS), and laptop
computers (Cochran 1980:517-518; Cox and Afton 19998, Cox et al. 2002). Vehicle
tracking systems were equipped with electronic caseps (Azimuth® 1000R, KVH Industries,
Inc., Middletown, RI) and were empirically calibedtto within 0.5 degrees. | used LOAS
(Location of a Signal) software to estimate locasion site (LOAS 2003) and used the
Universal Transverse Mercator coordinate systenalfdocation estimations. Prior to radio-
tracking mallards, | trained technicians with beat@ansmitters, placed at locations unknown to
them, until each was able to maintain a bearingdstal deviation of < 3 degrees. | constructed
2, 13-m permanent towers; each tower supportedgesd-element unidirectional antenna to
reduce aircraft time needed to locate birds in AmBool, which was inaccessible by truck. My
technicians and | collected a minimum of 3 azimddnseach female or until error ellipses were
restricted to one habitat or marsh type. | usehlatelemetry techniques to locate birds (11% of
all locations) that could not be located by velsabe towers (Gilmer et al. 1981). Flights were
conducted at altitudes (Range = 300 m to 3000 i) that all radio-marked birds present on the
core study area could be located. | also monitiyed complementary sample of female
mallards radio-marked in northeast Louisiana bycBrDavis, and included them in my habitat

use analysis immediately upon detection.
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Habitat Use Within Core Area

| examined variation in diurnal and nocturnal habitse by radio-marked females in
relation to individual birds, female age, winte®(2-2005 and 2005-2006), and hunt periods
within winter. In 2004-2005 (hereafter Winter Lglassified 2 hunt periods based on hunting
season: (1) second hunting season ([SHUNT]; 2420€d-23 Jan 2005) and (2) post hunting
season ([POST]; post-24 Jan 2005). In 2005-2086&:éiter Winter 2), | classified 4 hunt
periods based on hunting season: (1) first hurgeagon ([FHUNT]; 12 Nov 2005-4 Dec 2005),
(2) time between hunt periods ([SPLIT]; 5 Dec 2a@bec 2005), (3) second hunting season
([SHUNT]; 17 Dec 2005-22 Jan 2006), and (4) posttimg season ([POST]; post-23 Jan 2006).
For analysis, comparisons between winters werddohtio SHUNT and POST because birds
could not be captured during FHUNT or SPLIT in VéinlL due to later arrival of mallards on
capture sites.

| classified each location as either CLOSED or OR&Runting. CLOSED included
Amoco Pool and portions of Cameron Prairie NWR bachssine NWR (Figure 2.1). OPEN
areas included all privately owned lands and huptations of Cameron Prairie NWR (units
11A, 14A, and 14B) and Lacassine NWR (units B,,H, F1, F2, and F3) in Winter 1. Cameron
Prairie NWR and Lacassine NWR were closed enthelyunting in Winter 2 due to hurricane
impacts.

When possible, my technicians and | identified tedbiused by radio-marked birds on
site; otherwise | obtained this information usimgund surveys, aerial photography, satellite
imagery, FSA records, or mail out questionnaireamolowners. | classified habitats as: (1)
MARSH, (2) tillable lands planted in rice (RICE})(DLE (including: 1] moist soil, e.g.

agricultural land in which water was intentionaltained, either by pumping or runoff and 2]
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idle cropland, e.g. fallow agricultural land noapted to a commodity crop and not flooded); (4)
tillable lands planted to native or tame grasseksmaintained dry (PASTURE); and (5) OTHER
(forested wetlands, soybeans, and sugarcane}thefuclassified MARSH locations into
FRESH, INTERMEDIATE, BRACKISH, or SALT (Chabreck @hinscombe 1988). | also
obtained annual acreages of RICE, IDLE, and PASTUREn the core study area from parish
FSA offices.
Statistical Analysis

| excluded locations from the first 4 days posttaep for all females to minimize effects
of capture and handling on habitat use (Cox €t38). | performed separate models for diurnal
and nocturnal locations in each of the followinglgees: (1) use of closed and open lands, (2)
use of general habitats, and (3) use of specifismiypes.
Use of CLOSED and OPEN L ands

| compared proportional use of OPEN and CLOSEDddnd each bird within the core
area during each hunt period (SHUNT and POST) itmndl and nocturnal locations separately.
| calculated log-ratios by dividing the proportibnige of CLOSED by the proportional use of
OPEN, and then taking the napierian logarithm (&eler et al. 1993a) to normalize the data
and remove the unit sum constraint (Aitchison 1986gplaced zero values with 0.002 (an
order of magnitude smaller than the lowest non-batutat recorded for any bird in any hunt
period [Aebischer et al. 1993b]). | then usedtthasformed proportional use of OPEN and
CLOSED data in split-plot ANOVAs (PROC GLM, SAS titste 2007) to test for differences in
use among the following explanatory variables:vidlial female, female age (adult or
immature), winter (Winter 1 or Winter 2), and hypetriod within winter (SHUNT or POST). |

used variation due to individual females as therdarm to test for effect of female age, winter,

33



and their interaction, and residual error to testfffect of individual female, hunt period, and al
other interactions. | began with full models (umaihg all possible interactions) and used
backward, step-wise procedures to eliminate non{#gignt (P > 0.05) terms, beginning with
highest order interactions. Once final models vaetermined, | compared relative use of OPEN
and CLOSED among explanatory variables using Fish&D (SAS Institute 2007) as
described by Cox and Afton (1997).
Use of General Habitats

| compared proportional use of habitats for eactl Within the core area during each
hunt period (SHUNT and POST) for diurnal and natélitocations separately. | calculated
proportional habitat use of the 5 general habyga¢$ (MARSH, RICE, IDLE, PASTURE, and
OTHER) for each female in each hunt period, andtranted 4 log-ratios by dividing the
proportional use of each habitat by proportion& oSIDLE, then taking the napierian
logarithm. | replaced zero values with 0.007 (eseo of magnitude smaller than the lowest non-
zero habitat recorded for any bird in any huntqefiAebischer et al. 1993b]). | then used the
transformed proportional habitat use data in ggot-MANOVAs (PROC GLM, SAS Institute
2007) to test for differences in use of habitaey/yjpamong individual female, female age, winter,
and hunt period within winter. | used variatioredo individual females as the error term to test
for effects of female age, winter, and their intéi@n, and residual error to test for effects of
individual females, hunt period, and all other iat#ions. | began with full models (including
all possible interactions) and used backward, stisp-procedures to eliminate non-significant
(P > 0.05) terms, beginning with highest orderratéons. Once final models were determined,
| compared use of habitats relative to IDLE byitegstvhether least-square means of log-ratios

differed (P < 0.05) from zero (Aebischer et al. 38Pas described by Cox and Afton (1997).
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Use of Specific Marsh Types

Brackish and salt marsh received little use (< 2 taace, respectively); thus, | pooled
them (BRALT) for statistical analysis (see below)rder to eliminate a large number of zero
values (Aebischer et al. 1993b). Accordingly,dsdified all MARSH locations and calculated
proportional use of the 3 types (FRESH, INTERMEDBRTnd BRALT) for each female in
each hunt period (SHUNT and POST) for diurnal ancturnal locations separately, and
constructed 2 log-ratios by dividing the proporibnse of each marsh type by proportional use
of INTERMEDIATE, then taking the napierian loganith | replaced zero values with 0.003 (an
order of magnitude smaller than the lowest non-neacsh type recorded for any bird in any
hunt period [Aebischer et al. 1993b]). | then udeatransformed proportional MARSH use
data in split-plot MANOVAs (PROC GLM, SAS InstituB®07) to test for differences in use of
marsh types among individual females, female aggew and hunt period within winter. | used
variation due to individual females as the erromtéo test for effects of female age, winter, and
their interaction, and residual error to test fibe&s of individual female, hunt period, and all
other interactions. | began with full models (uming all possible interactions) and used
backward, step-wise procedures to eliminate non{#gignt (P > 0.05) terms, beginning with
highest order interactions. Once final models va&termined, | compared use of marsh types
relative to INTERMEDIATE by testing whether leasfyaire means of log-ratios differed (P <
0.05) from zero (Aebischer et al. 1993a) as desdrliy Cox and Afton (1997).

Results

Use of CLOSED and OPEN L ands

Diurnal: This analysis included 6,067 diurnal lbeas on 133 females (n = 80 adults, n

=53 immatures). My final fitted model containedlividual female (F = 2.36; 131, 102 df; P <
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0.0001), winter (F = 14.34; 1, 102 df; P = 0.00@8)d a hunt period-by-winter interaction (F =
71.24; 1, 102 df; P < 0.0001) as significant exatary variables. All other explanatory
variables and interactions were not significant (®08). Use of CLOSED lands was greater
during SHUNT in Winter 2 than during SHUNT in Winte (P = 0.013, Table 3.1).

Nocturnal: This analysis included 2,358 noctutoehtions on 130 females (n = 78
adults, n = 52 immatures). My final fitted modehtained individual female (F = 2.62; 124, 98
df; P <0.0001), hunt periods (F = 12.94; 1, 98RJ§ 0.0005), and age (F =12.38; 1, 98 df; P =
0.0007) as significant explanatory variables. diHer explanatory variables and interactions
were not significant (P > 0.09). Use of CLOSEDdsiwas greater (P = 0.0005) during SHUNT
(x = 20.9% =+ 2.9 [+ SE]) than during POST=#%6.8% + 1.9 [+ SE]; Table 3.2). Immatures<(x
20.6% + 3.6 [+ SE]) used CLOSED lands more so thidradults (x= 11.1% + 2.0 [+ SE], P <
0.0006).

Use of General Habitats

Diurnal: This analysis included 6,067 diurnal lboas on 133 females (n = 80 adults, n
=53 immatures). My final fitted model containedlividual female (F = 2.09; 395, 524 df; P <
0.0001), winter (F = 5.4; 4, 98 df; P = 0.0006)d &unt period (F = 9.36; 4, 98 df; P < 0.0001)
as significant explanatory variables. All othepkatory variables and interactions were not
significant (P > 0.19). Use of RICE (P = 0.003)ARISH (P = 0.006), and PASTURE (P = 0.01)
relative to IDLE was greater during Winter 1 thamidg Winter 2 (Table 3.3). Use of MARSH
relative to IDLE was greater (P = 0.007) during S¥Uthan during POST, whereas use of
RICE relative to IDLE was greater (P = 0.02) dur@ST than during SHUNT (Figure 3.2).

Nocturnal: This analysis included 2,358 noctutoahtions on 130 females (n = 78

adults, n = 52 immaures). My final fitted modehtained individual female (F = 1.98; 367, 504
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Table 3.1. Diurnal use (perc&nof CLOSED and OPEN by radio-marked female matidog
hunt period for winters 2004-208%nd 2005-2006 in southwestern Louisiana.

2004-2005 2005-2006

CLOSED OPEN CLOSED OPEN
Hunt Period A X SE X SE P X SE % SE
FHUNT - - - - - 14 69.4 109 306 10.9
SPLIT - - - - - 37 653 6.2 347 6.2
SHUNT 63 36.0 4.0 64.0 4.0 69 523 3.6 477 3.6
POST 55 16.6 3.8 834 3.8 49 136 2.4 86.4 2.4

4Computed by calculating the percentage use of CLID&k] OPEN for each female in each
hunt period, and then averaging over females. [@ata transformed for the ANOVA and
comparisons are from SHUNT and POST only.

PNo data collected during FHUNT and SPLIT in 200020

‘Sample size represents number of radio-marked &snmabnitored.
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Table 3.2. Nocturnal use (perc®mif CLOSED and OPEN by radio-marked female matidrg

hunt period for winters 2004-2008nd 2005-2006 combined in southwestern
Louisiana.

CLOSED OPEN
Hunt Period A X SE X SE
FHUNT 14 375 12.5 62.5 12.5
SPLIT 37 36.5 7.9 63.5 7.9
SHUNT 129 20.9 2.9 79.1 2.9
POST 96 6.8 1.9 93.2 1.9

%Computed by calculating the percentage use of CLID&#] OPEN for each female in each

hunt period, and then averaging over females. date transformed for the ANOVA and
comparisons are from SHUNT and POST only.

®No data collected during FHUNT and SPLIT in 200920

‘Sample size represents number of radio-marked &snmabnitored.
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Table 3.3. Diurnal use (perc&nof habitats (MARSH = marsh, IDLE = tillable landt planted
into a cash crop and moist soil, RICE = rice, PA®HBE cattle pasture, and OTHER

= forested wetlands, soybeans, and sugarcane)imgldemallards for winters 2004-
2005 and 2005-2006 in southwestern Louisiana.

2004-2005 2005-2006
Habitat Type X SE X SE
MARSH 0.594 0.033 0.562 0.029
IDLE 0.086 0.017 0.140 0.019
RICE 0.199 0.025 0.148 0.020
PASTURE 0.092 0.016 0.086 0.016
OTHER 0.029 0.010 0.065 0.015

dComputed by calculating the percentage use of eabltat for each female in each winter, and

then averaging over females. Data were transforioreithie MANOVA and comparisons are
from SHUNT and POST only.
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Figure 3.2. Diurnal use of habitats (MARSH = airiDLE = tillable land not planted into a
cash crop and moist soil, RICE =rice, PASTURE tegasture, and OTHER =
forested wetlands, soybeans, and sugarcane) byktod for winters 2004-2005
and 2005-2006 combined in southwestern Louisiana.
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df; P <0.0001), female age (F = 2.78; 4, 123 df;®03), winter (F = 2.18; 4, 123 df; P =
0.075), hunt period (F = 3.7; 4, 91 df; P = 0.0@8)d an age-by-winter interaction (F = 4.41; 4,
91 df; P = 0.003) as significant explanatory vdeab All other interactions were not significant
(P's > 0.11). Use of MARSH relative to IDLE wasegter (P = 0.05) during SHUNT than
during POST, whereas use of RICE, PASTURE, and (R'ir#ative to IDLE did not differ
between hunt periods (Ps > 0.1, Figure 3.3). Aduged MARSH (P < 0.03) and RICE (P <
0.0001) relative to IDLE more so in Winter 1 than//inter 2 (Table 3.4).
Use of Specific Marsh Types

Diurnal: This analysis included 3,005 diurnal lboas on 133 females (n = 80 adults, n
=53 immatures). My final fitted model containedlividual female (F = 2.16; 262, 182 df; P <
0.0001) and winter (F = 137.95; 2, 91 df; P < 0085 significant explanatory variables. All
other explanatory variables and interactions wetesignificant(P > 0.08). Use of FRESH
relative to INTERMEDIATE was greater in Winter Zathin Winter 1 (P = 0.0001 (Table 3.5).

Nocturnal: This analysis included 656 diurnal lbmas on 95 females (n = 53 adults, n =
42 immatures). My final fitted model containedindual female (F = 2.18; 186, 86 df; P <
0.0001) and winter (F = 15.13; 2, 92 df; P < 0.084 significant explanatory variables. All
other explanatory variables and interactions wetesignificant (P's > 0.12). Use of FRESH
relative to INTERMEDIATE was higher in Winter 2 than Winter 1 (P = 0.0001, Table 3.5).

Discussion

My estimates of the proportional use of CLOSEDJ&nould be biased high if birds
marked on CLOSED tend to use closed areas moteasodo those marked on open areas (c.f.
Blohm et al. 1987). Diurnal use of CLOSED durintgUBNT in Winter 1 was relatively low

(36%). My radio-marked mallards did not shift gitty from OPEN to CLOSED (Table 3.1) in
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Figure 3.3. Nocturnal use of habitats (MARSH argh, IDLE = tillable land not planted into a
cash crop and moist soil, RICE =rice, PASTURE tdegasture, and OTHER =
forested wetlands, soybeans, and sugarcane) bypkuod for winters 2004-2005
and 2005-2006 combined in southwestern Louisiana.
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Table 3.4. Nocturnal use (perc®mif habitats (MARSH = marsh, IDLE = tillable landt planted into a cash crop and moist soil,

RICE = rice, PASTURE = cattle pasture, and OTHERrested wetlands, soybeans, and sugarcane) btyaaatul
immature female mallards for winters 2004-2005 20@5-2006 in southwestern Louisiana.

2004-2005 2005-2006

Habitat Type Adult Immature Adult Immature

X SE X SE X SE X SE
MARSH 31.7 4.1 36.2 7.0 15.0 3.2 36.0 4.9
IDLE 13.5 2.7 19.7 5.8 34.3 4.3 23.6 4.0
RICE 35.1 4.0 30.6 6.8 31.7 4.7 26.0 4.4
PASTURE 17.6 2.9 10.0 4.2 17.6 3.8 12.9 3.2
OTHER 2.1 0.8 3.5 1.3 14 0.7 15 0.6

dComputed by calculating the percentage use of kealhat for each female in each hunt period, ard Hveraging over females.
Data were transformed for the MANOVA and comparssare from SHUNT and POST only.
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Table 3.5. Diurnal and nocturnal use (perQesitmarsh habitats by female mallards during
winters 2004-2005 and 2005-2006 in southwesternsizna.

2004-2005 2005-2006
X SE X SE
Diurnal
FRESH 64.6 3.7 99.8 0.1
INTERMEDIATE 34.5 3.6 0.2 0.1
BRALT® 0.9 0.5 0.0 0.0
Nocturnal
FRESH 66.1 5.0 99.2 0.8
INTERMEDIATE 31.9 5.0 0.8 0.8
BRALT® 1.9 1.4 0.0 0.0

%Computed by calculating the percentage use of ewekh type for each female in each hunt
period, and then averaging over females.

P Brackish and Salt marsh types were combined (BRALJAta were transformed for the
ANOVA and comparisons are from SHUNT and POST only.
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response to hunting in Winter 2 as reported fotgimin California (Fleskes 2002)puisiana
(Cox and Afton 1997), and Mexico (Migoya et al. 499

The higher use of CLOSED in Winter 2 may have ldento effects of Hurricane Rita
rather than hunting. Lacassine Pool was one ofnfiansh areas that sustained minimal storm
damage and my radio-marked females concentrateel ith&Vinter 2. For example, proportional
use of Lacassine Pool increased from 0.026 to Gr2W%inter 1 and Winter 2, respectively.
Additionally, 18 of 28 females captured on Camdpoairie NWR in Winter 2 subsequently
were located on Lacassine Pool. The high use cddsine Pool by radio-marked mallards may
be partially explained by the capture of 67% of sample there in Winter. However,numbers
of mallards surveyed on Lacassine Pool during medddnber increased nearly 300% from
Winter 1 to Winter 2 (W. Syron, Lacassine NWR, upipdata).

Paulus (1984%uggested that waterfowl could afford to expendigneenergy avoiding
disturbance when using high-quality habitats. félatively low diurnal use of CLOSED by
mallards in SHUNT during Winter 1 (Table 3.1) mawh occurred because high quality habitat
was more abundant on OPEN lands in that winter.

Diurnal use of OPEN increased from SHUNT to POSWinter 1 and throughout
Winter 2. Additionally, mean use of CLOSED washagduring the day than at night during all
hunt periods. These results suggest that maltaedsbe responding to common diurnal
disturbances such as duck hunting, agriculturaViies, and bird watching. Greater nocturnal
use of CLOSED during SHUNT than during POST suggeéstrnal disturbance, such as duck
hunting, precludes mallards from using habitatseatenight.

The difference in diurnal proportional use of RI@&d IDLE may have been influenced

by availability within the core study area (Tablé)3RICE acreage and proportional use was
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Table 3.6. Summary of RICE, IDLE, and PASTURE éag¢by parish and winter in southwestern Louisiana.

RICE®

IDLE®

PASTURE®

Parish 2004-2005 2005-2006 9% Change  2004-2005 2005-2006 % Change  2004-2005 2005-2006 % Change
Acadia 90,600 82,600 -8.8 92,000 138,000 +50.0 25,000 22,000 -13.6
Calcasieu 17,400 15,800 -9.2 90,000 128,000 +42.2 125,000 200,000 +60.0
Cameron 14,300 13,400 -6.3 55,000 63,000 +14.5 215,000 220,000 + 2.3
Jeff Davis 86,000 82,400 -4.2 82,200 116,700 +42.0 44,500 42,000 - 6.0
Vermilion 83,200 76,400 -8.2 95,200 125,200 +32.0 63,500 76,100 +20.0
Combined 291,700 270,600 -7.2 414,400 570,900 +37.8 473,000 560,100 +18.4

http://www.Isuagcenter.com/NR/rdonlyres/C68D058B84239-849C-0D4BC0053E47/19225/2005Summary. pdf

PData provided by FSA offices in each parish.
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greater in Winter 1 than in Winter 2, whereas IDddfeage and proportional use was
greater in Winter 2 than in Winter 1 (Table 3.3).

Hurricane Rita directly affected habitat acreagetsveen winters by causing high
soil salinities, breached levees, and damaged ifaptements. Indirect affects of
Hurricane Rita also affected habitat acreages atwanters, such as preventing
freshwater pumping, displacing farm operators, iaoteasing fuel prices (USDA 2005).
The most significant hurricane effect was salt bamd vegetation scouring of freshwater
marsh (Neyland 2007). Despite the marked redudtiauality and quantity of
freshwater marsh in Winter 2, diurnal use of MARBEE used at over twice the
proportion as was the next selected habitat duratg winters, thus, clearly emphasizing
the importance of MARSH to wintering mallards. Greck et al. (1989) reported that
freshwater marsh was the most important waterf@abitat among coastal habitats of
Louisiana, Mississippi, and Alabama. Of the 3 s/pémarsh, freshwater marsh was the
most highly used by mallards (64.6-99.8% of prapodl marsh use) in my study. In
conclusion, my telemetry results are consistertt witservations of Chabreck et al.
(1989), suggesting that freshwater marsh is an itapbhabitat for wintering mallards in
southwestern Louisiana.

My results also indicate that nocturnal MARSH ugentallards was high during
both winters and hunt periods and use was relgtiyedater than that reported for
northern pintails (Cox and Afton 1997). Nocturoak of MARSH may have declined
from Winter 1 to Winter 2 due to negative impadt$larricane Rita on the quality and

guantity of freshwater marshes.
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Management I mplications

| found that freshwater marsh (65-99% proportiarsd) received the highest use by
radio-marked female mallards, despite the factftieshwater marsh comprises only 27% of
northern Gulf Coast marshes (Chabreck et al. 198%hus, | conclude that freshwater marsh is
an important habitat of mallards wintering along Gulf Coast. Given that Gulf Coast marshes
are disappearing at an alarming rate (Gagliant @881), my results suggest that mallards
wintering in this area would benefit from prograamsl activities that target freshwater marsh for
restoration and management.

Literature Cited

Aebischer, N. J., V. Marcstrom, R. E. Kenward, &hdKarlbom. 1993a. Survival and habitat

utilisation: a case for compositional analysigag&s 343-3581J. D. Lebreton and P. M.

North, eds. Marked individuals in the study ofdgnopulation. Birkhauser Verlag Basel,

Switzerland.

Aebischer, N. J., P. A. Robertson, and R. E. Kedwd993b. Composition analysis of habitat
use from animal radio-tracking data. Ecology 743:-3325.

Aitchison, J. 1986. The statistical analysis @hpositional data. Chapman and Hall, London,
U. K. 416 pp.

Bellrose, R. C. 1989. Ducks, geese, and swahwdh America. Third ed. Stackpole Books,
Harrisburg, PA. 540 pp.

Blohm, R. J., R. E. Reynolds, J. P. Bladen, J. ihdls, J. E. Hines, K. H. Pollock, and R. T.
Eberhardt. 1987. Mallard mortality rates on kegdaling and wintering areas.
Transactions of the North American Wildlife and tfal Resource Conference 52:246-
257.

Bregnballe, T., J. Madsen, and P. A. F. Rasmus2604. Effects of temporal and spatial
hunting control in waterbird reserves. Biologi€ainservation 119:93-104.

Carney, S. M. 1964. Preliminary keys to waterfag and sex identification by means of wing
plumage. U.S. Fish and Wildlife Service, Specizkstific Report Wildlife 82.

Chabreck R.H. and G.A. Linscombe. 1988. Louisiavastal marshes vegetative type map.
Louisiana Department of Wildlife and Fisheries,@aRouge, LA.

48



Chabreck, R. H., R. Joanen, and S. L. Paulus. .198@thern coastal marshes and lakes. Pp.
249-277in L. M. Smith, R. L. Pederson, and R. M. Kaminskis eHabitat management
for migrating and wintering waterfowl! in North Amea. Texas Tech University Press,
Lubbock, TX.

Cochran, W. W. 1980. Wildlife telemetry. Pagé3520in S. P. Schemnitz, ed. Wildlife
Management Techniques. Fourth ed. The Wildlifei&y, Inc., Washington, DC.

Cox, R. R., Jr., and A. D. Afton. 1994. Portablatforms for setting rocket nets in open-water
habitats. Journal of Field Ornithology 65:551-555.

Cox, R. R., Jr. and A. D. Afton. 1997. Use of itatis by female northern pintails wintering in
southwestern Louisiana. Journal of Wildlife Managat 61:435-443.

Cox, R. R., Jr., A. D. Afton, and R. M. Pace, 1998. Survival of female northern pintails
wintering in southwestern Louisiana. Journal ofdlife Management 62:1512-1521.

Cox R. R., Jr., f. D. Scalf, B. E. Jamison, andSRLutz. 2002. Using an electronic compass to
determine telemetry azimuths. Wildlife Society Btih 30:1039-1043.

Dwyer, T.J. 1972. An adjustable radio-packagedtacks. Bird-Banding 43:282-285.

Dzubin, A. and J. P. Gallop. 1972. Aspects oflandlbreeding ecology in Canadian prairie and
parkland. Bureau of Sport Fisheries and WildMéldlife Research Report 2:113-152.

Dzubin, A., and E. G. Cooch. 1992. Measuremehgeese. General field methods. California
Waterfowl Association, Sacramento, CA. 20pp.

Dzus, E. H. and R. G. Clark. 1998. Brood survasadl recruitment of mallards in relation to
wetland density and hatching date. Auk 115:311-318

Esslinger, C. G. and B. C. Wilson. 2001. Northexivan Waterfowl Management Plan, Gulf
Coast Joint Venture: Chenier Plain Initiative. toAmerican Waterfowl Management
Plan, Albuquerque, NM. 28 pp. + appendix.

Fleskes, J. P., D. S. Gilmer, and R. L. JarviSO220Distribution of female northern pintails in
relation to hunting and location of hunted and honted habitats in the Grassland
Ecological Area, California. California Fish andu@Ge 88:75-94.

Fruge, D. W. 1982. Effects of wetland deteriamaton the fish and wildlife resources of coastal
Louisiana. Pp. 99-10in D. F. Boesch, ed. Proceedings of the conferenamastal
erosion and modification in Louisiana: causesseguences, and options. U.S. Fish and
Wildlife Service, Washington, D. C.

49



Gagliano, S. M., K. J. Meyer-Arendt, and K. M. Wick 1981. Land loss in the Mississippi
River Deltaic Plain. Transactions of the Gulf Goassociation of Geological Societies
31:295-300.

Gilmer, D. S., L. M. Cowardin, R. L. Duval, L. M. &thlin, C. W. Shaiffer, and V. B. Kuechile.
1981. Procedures for the use of aircraft in widkdbiotelemetry studies. U. S.
Department of Interior, Fish and Wildlife Servié&gsource Publication 140.

Heitmeyer, M. E. and L. H. Fredrickson. 1981. Wetland conditions in the Mississippi Delta
hardwoods influence mallard recruitment? Transastiof the North American Wildlife
Natural Resource Conference 46:44-57.

Hochbaum, H. A. 1942. Sex and age determinatiovaterfowl! by cloacal examination.
Transactions of the North American Wildlife Confece 7:299-307.

Houston, R. A. and R. J. Greenwood. 1993. Effettadio transmitters on nesting captive
mallards. Journal of Wildlife Management 33:10@8-1.

Johnson. D. L. 2007. Hurricane Katrina Servicegssment. U. S. Department of Commerce.
http://www.weather.gov/om/assessments/pdfs/Katpifa.

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

Krapu, G. L. and H. A. Doty. 1979. Age-relategpess of mallard reproduction. Wildfowl
30:35-39.

Krapu, G. L., P. J. Pietz, D. A. Brandt, and R(Rx. 2000. Factors limiting mallard brood
survival in prairie pothole landscapes. JournaMifllife Management 64:553-561.

LOAS. 2003. Ecological Software Solutions, vens#0.4. Schwagalpstrasse 2, 9107 Urnasch,
Switzerland.

Migoya, R., G. A. Baldassarre, and M. P. Losit®@94. Diurnal activity budgets and habitat
functions of northern pintafnas acuta wintering in Sinaloa, Mexcio. Wildfowl 45:134-
146.

Neyland, R. 2007. The effects of Hurricane Ritalwe aquatic vascular flora in a large
freshwater marsh in Cameron Parish, Louisiana.tafiaa 72:1-7.

Palmisano, A. W. 1973. Habitat preference of viated and fur animals in the northern Gulf
Coast marshes. Pp. 163-18@R. H. Chabreck, ed. Proceedings of the Secondté&loas
Marsh and Estuary Management Symposium Louisisat@ $niversity, Baton Rouge,
LA.

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

50



Pease, M. L., R. K. Rose, and M. J. Butler. 20Bfects of human disturbance on the behavior
of wintering ducks. Wildlife Society Bulletin 333-112.

Reinecke, K. J., M. W. Brown, and J. R. Nassar9219Evaluation of aerial transects for
counting wintering mallards. Journal of Wildlifeavlagement 56:515-525.

SAS Institute. 2007. SAS/STAT user’s guide, 9dd8gion. SAS Institute, Cary, NC.

Sharp, D. E. and J. T. Lokeman. 1980. A remotdrotied firing device for cannon net traps.
Journal of Wildlife Management 44:896-898.

Smith, D. R., K. J. Reinecke, M. J. Conrowy, M. BYown, and J. R. Nassar. 1995. Factors
affecting visibility rate of waterfowl surveys iha Mississippi Alluvial Valley. Journal
of Wildlife Management 59:515-527.

Tamisier, A. 1976. Diurnal activities of greenaged teal and pintail wintering in Lousiana.
Wildfowl 27:19-32.

USDA. 2005. A preliminary assessment of the eé$fe¢ Hurricane Rita on U.S. agriculture.
http://www.usda.gov/oce/newsroom/Ritadamage_1_1.pdf

Wilson, B. C. 2003. North American Waterfowl Maeagent Plan, Gulf Coast Joint Venture:
Chenier Plain Initiative. North American WaterfoMbnagement Plan, Albuquerque,
NM. 48 pp.

51



Chapter 4. Diel Movements of Female Mallards Wintering in Southwestern L ouisiana
Introduction

Distributions and movements of wintering waterfaiten are influenced by the
juxtaposition of sanctuary and hunted lands (Rageli978, Frederick and Klaas 1982, Humburg
et al. 1985, Fleskes et al. 2002). Understandiogament parameters of waterfowl is crucial to
effective management of winter habitats, especaltiyng the Gulf Coast where hunting pressure
is high (Cox et al. 1998). Except for northerntgils (Anas acuta, hereafter pintailsCox and
Afton 1996), little is known about diel movementdabbling ducks wintering on the Gulf
Coast Chenier Plain (GCCP).

Cox and Afton (1996, 1997) reported distinct moveta®f pintails from diurnal roost
sites to nocturnal feeding sites (i.e., diel movetsewithin the GCCP. Other studies have
reported increased flight distance from concerdrasireas over time as nearby food resources
became limiting (refuging theory; Hamilton and WH70, Cox and Afton 1996). If mallards
exhibit similar patterns in their movements, idBmtig critical habitats and the role and
distribution of sanctuary lands could facilitate meffective management and acquisition
efforts.

Diurnal habitat types used by mallards and otheksl@also could affect diel movements.
Pintails spent 18% and 21% of the diurnal timequeforaging on non-hunted rice fields (Miller
1985, Rave and Cordes 1993, respectively), wheretails spent only 5% of the diurnal time
period foraging on non-hunted marsh habitats (Temi®976). Additionally, waterfowl habitats
differ in the quantity of energy per unit area proed and in the number of waterfowl they can

support (Fredrickson and Taylor 1982, Miller 198Thus, foraging intensity and distances

52



traveled between diurnal and nocturnal sites magé upon the type of habitat and availability
of food resources at diurnal sites.

Areas closed to hunting may differ in proximityagricultural fields, which may serve as
nocturnal foraging areas (Cox and Afton 1997). SiHiexamined variation in flight distances
from diurnal locations on areas closed (CameroniPidWR, Lacassine NWR, and Amoco
Pool) and open to hunting.

Cox and Afton (1996) reported that flight distanbeswveen diurnal roost sites and
nocturnal feeding sites varied by female age fotgiis. Thus, | also examined effects of age on
movement distances of female mallards.

The quantity and quality of waterfowl habitats earmarkedly between winters of my
study (Neyland 2007, Chapter 3). Hurricane Rita,rmost intense tropical cyclone ever
observed in the Gulf of Mexico (Johnson 2006), castere in southwestern Louisiana on 24
September 2005 as early migrating waterfowl weneiag on the GCCP. Thus, impacts of
Hurricane Rita on available habitat also could haffected mallard movement distances.

Accordingly, | used radio-telemetry to investigdiel movements of female mallards in
southwestern Louisiana. My objectives were to ¢gjfiaflight distance between diurnal and
nocturnal locations, including comparisons amodagyir{dividual females, (2) diurnal habitat
types used, (3) birds originating on areas closedogen to hunting during diurnal periods, (4)
female age, (5) winter (2004-2005 hereafter Witte2005-2006, hereafter Winter 2), and (6)
date within winter.

Study Area
| studied female mallards wintering in southwestesnisiana and assumed that this area

was representative of the GCCP. My study areaided all lands within Cameron, Calcasieu,
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Jefferson Davis, Acadia, and Vermillion Parisheg\Fe 4.1). The Chenier Plain of southwest
Louisiana extends 60 to 110 km inland from the Gi@illexico and encompasses more than 2.5
million ha (Chabreck et al. 1989). The two primagterfowl habitats of the region are coastal
marshes and rice agriculture, which is located idhiately inland from coastal marshes
(Chabreck et al. 1989).

| monitored diel movements within 80 km of captsites (Cameron Prairie National
Wildlife Refuge, 2956°N, 93°02"W, Amoco Pool, 290N, 92°34"W, and Lacassine National
Wildlife Refuge, 2957°N, 92°55"W). The GCCP and Amoco Pool were dlesdrin detail by
Chabreck et al. (1989).

Methods

| selected potential trapping sites based on obsiens of concentrated mallard use in
areas that were approved for bait-trapping by f@daw enforcement agents. All trapping sites
were located on areas closed to hunting and wéré &m to the nearest hunting blinds. | baited
sites with various combinations of unmilled ricerrg, barley, millet, sorghum, soybeans, sweet
potatoes, crushed oyster shells, and sand. |mptnallards using portable rocket-net platforms
(Cox and Afton 1994) and deployed nets using a terdetonator (Sharp and Lokemoen 1980).

Upon capture, female mallards were removed fromg, qg@iced in catch boxes, and then
transported to a temporary structure (screenedpgarior processing. | provided food and water
ad libitumto captured birds during the banding and markiggss (LSU Institutional Animal
Care and Use Committee Protocol #04-108 and U.8lo@eal Survey Banding Permit #
08810). | determined age (adult [after hatch yearinmature [hatch year]) and sex from body

and wing plumage characteristics (Carney 1964).
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Figure 4.1. Location of core study area in so@$tern Louisiana. Hatched polygons are
mallard capture locations (Cameron Prairie NWR dsame NWR, and Amoco
Pool, from left to right, respectively). Inset dggtes hunted portions (shaded
areas) and non-hunted portions of Cameron PralW&Nind Lacassine NWR in
2004-2005. Hunting was prohibited on both refuge&005-2006 and on Amoco
Pool during both winters.
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When numbers of females captured exceeded the mwhbeailable transmitters, |
randomly selected immatures and adults so thatl eguabers of each age were radio-marked. |
fitted female mallards with a 21-g, harness-typasmitter (Dwyer 1972; Advanced Telemetry
Systems, Inc., Isanti, MN) with an expected lifel6D days. | tightened neck and body loops
such that an index finger would fit under each laog preened feathers around the harness
(Houston and Greenwood 1972). | used alligat@saoivhile adjusting harness tension, tied
double overhand knots on the final harness loog,used purple primer and all-purpose cement
(Oatey, Cleveland, OH) on attachment points

| radio-marked a total of 149 females (n = 91 adaltd 58 immatures) and excluded 14
females from analysis that died (n = 10 from apeaedation, n = 2 from mammalian predation)
or emigrated from the core study area (n = 2) duan initial 4-day adjustment period (Cox and
Afton 1998). | released radio-marked females mugs at capture sites from 4-14 h after
capture (overnight for birds captured at dusklsb included 6 female mallards (n = 5 adults
and 1 immature) using my study are that were raaoked in northeast Louisiana by Bruce
Davis. Thus, my final sample size was 141 femé@les 87 adults and 54 immatures).

My technicians and | tracked radio-marked birdd wehicles equipped with 4-element,
null-peak antenna systems, electronic compass,BRS(GPS 76, Garmin© Corporation,
Olathe, KS), and laptop computers (Cochran 1980518, Cox and Afton 1997, 1998, Cox et
al. 2002). Vehicle tracking systems were equippild electronic compasses (Azimuth®
1000R, KVH Industries, Inc., Middletown, RI) and meeempirically calibrated to within 0.5°. |
used LOAS (Location of a Signal) software to estarlacations on site (LOAS 2003). | used

the Universal Transverse Mercator coordinate sy$terall location estimations.
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Prior to radio-tracking mallards, | trained techaits, using hidden beacon transmitters,
until each technician was able to maintain a bgastandard deviation of < 3 degrees. |
constructed 2, 13-m permanent towers; each towmyasted a single 9-element unidirectional
antenna to reduce aircraft time needed to locatks lm Amoco Pool, which was inaccessible by
truck. | used aerial telemetry techniques to leeaissing birds (Gilmer et al. 1981). Flights
were conducted at altitudes (Range = 300 m to 3@68uch that all radio-marked birds present
on the core study area could be located.

| located all birds present on the core study desly or as often as permitted by weather
and pilot availability. All movement distances wendirectly estimated from diurnal and
nocturnal locations collected within the same 24+hmeriod. | defined diurnal and nocturnal
locations as those collected 0.5 hour before semoi®).5 hour after sunset and 0.5 hour after
sunset to 0.5 hour before sunrise, respectivelyx &hd Afton (1997) reported that pintails
infrequently made additional flights at night ahdttindirect methods could be used to collect
reliable estimates of movement distance.

To test for possible effects on movement distadcesto diurnal use of areas open or
closed to hunting, | classified each diurnal lomat&ccording to land management category as
either OPEN or closed to hunting. | further tedtadndividual location effects on movement
distance for each of the following areas closedusting: Amoco Pool (AMOCO) and portions
of Cameron Prairie NWR (CAM) and Lacassine NWR (LA@Qure 4.1) in Winter 1 and the
entire acreage of CAM and LAC in Winter 2. Huntpprggrams were cancelled on CAM and
LAC during Winter 2 following Hurricane Rita. OPEMeas included all privately owned lands
and hunted portions of Cameron Prairie NWR (unlt&,114A, and 14B) and Lacassine NWR

(units B, H, 1, J, F1, F2, and F3) in Winter 1.
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When possible, my technicians and | identified teibiused by radio-marked birds
immediately on site; otherwise | used ground susyagrial photography, satellite imagery, or
FSA records and mail out questionnaires to landosvneclassified diurnal habitats as: (1)
MARSH,; (2) tillable lands planted in rice (RICERB)(IDLE (including: 1] moist soil, e.g.
agricultural land in which water was intentionaltained, either by pumping or runoff and 2]
idle cropland, e.g. fallow agricultural land noapted to a commodity crop and not flooded); (4)
tillable lands planted to native or tame grassesmaintained dry (PASTURE); and (5) OTHER
(forested wetlands, soybeans, and sugarcane).

Statistical Analysis

| excluded the first 4 days post-capture from allgses to minimize effects of capture
and handling on movement distances (Cox et al. 1998sed the Pythagorean theorem to
calculate movement distances (x 1 m) between diamdnocturnal coordinates obtained within
a 24-hour period. | normalized movement distausésg a natural-log transformation and used
the transformed data as a response variable ipeated-measures, mixed model ANCOVA
(PROC MIXED, SAS 2007) with maximum likelihood esttion to evaluate relationships of the
transformed distances. | considered winter (Wititer Winter 2), female age (immature or
adult), land management category (CAM, LAC, or OREMd diurnal habitat (MARSH, RICE,
IDLE, PASTURE, or OTHER), including all 2-way intetions, as fixed effects in the model.
Individual females were included in the model aaralom effect and date within wintering
period as a covariate. | defined date within wingg period as days since 26 Nov, the first date
that movement data were collected (hereafter datajalyzed AMOCO movement distances in

a separate model because dates that movement ele@aegorded differed markedly from that of
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other areas. | also excluded habitat as an exjolgneariable from this model because all
AMOCO locations were in marsh.

| used minimum AIC model selection procedures (kkal981) with residual likelihood
estimation to assess the matrix structure of reyle@easures as either simple, compound, or
first order autoregressive and maintained the gp@ate structure throughout model fitting
(Wolfinger 1992). | began with a full model (inding all 2-way interactions) and used
backward, step-wise procedures to eliminate non{#gignt (P > 0.05) terms, beginning with
highest order interactions. Once final models va&termined, | compared least-square means
of significant (P < 0.05) effects using Fisher'stected LSD (PDIFF option PROC MIXED;
SAS 2007). | tested significant interactions i) date by testing whether slopes of
regression lines differed from zero and compareded among levels of fixed effects (NOINT
and SOLUTIONS options PROC MIXED; SAS 2007).

Results

CAM, LAC, and OPEN analysis

For this analysis, | analyzed 2,380 observation$2infemales (n = 76 adults and 49
immatures). | used first order autoregressiAIC = 182.7) for final model fitting. My final
model indicated that movement distances from th®wa land management categories were not
consistent by date (date-by-land management irtera& = 5.74; 2, 2242 df? = 0.003) or by
winter (winter-by-land management interactiéns 9.65; 2, 2242 df? < 0.0001). All other
explanatory variables and interactions were natiiaant (Ps > 0.06). Flight distances from
LAC increased with datd’(= 0.006), whereas flight distances from CAM andEQIRJid not
vary significantly by dateRs > 0.11, Figure 4.2). Flight distances from CAMidg Winter 1

were greater than those from OPEN during Wintd? £ 0.0001) and CAM during Winter P(
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Figure 4.2. Movement distances (natural log ynjléte (days since 26 Nov) for each land
management category (CAM, LAC, and OPEN). Fligktahces from LAC
increased with date; the regression line depicdxhsed on the estimated intercept
(8.1301) and slope (0.01307) from the final mixeadel ANCOVA.
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=0.02; Table 4.1). Flight distances from LAC wgreater in Winter 2 than in Winter B €
0.01; Table 4.1). Flight distances from LAC in W&n2 were markedly greater than those from
CAM (P < 0.0001) and OPENP(< 0.0001; Table 4.1).
AMOCO Analysis

For this analysis, | analyzed 75 observations (@it n = 69; Winter 2 n = 6) on 24
females (n = 16 adults and 8 immatures). The smptrix structure fit the data better than did
compound or first order autoregressia\(C = 2.0). | failed to detect effects of any
explanatory variables on movement distances fromQ&END Ps > 0.08). Flight distances from
AMOCO ranged from 0.06-26.4 km, with a mean (x 8£)1.3 £ 0.9 km, and median of 13.2
km.

Discussion

Mean flight distances of individual females varadong land management categories,
ranging from 3.1 to 15.0 km. These are minimunmeses of flight distances because
occasional monitoring of radio-marked females iatkd that they were in flight for 20 to 90
minutes post sunset (P. Link, personal observati®uyring this time (within an hour after
sunset), females rarely remained in one locatiag EEenough for my technicians and I to
triangulate their location. Occasional monitoringmy technicians and | indicated that after
settling, female mallards rarely made additionghtis until pre-dawn hours, as reported for
pintails (Cox and Afton 1996).

My results from AMOCO should be viewed with cautgimen the small numbers of
females and flights observed as well as the variyadgtat conditions there between winters.
Levee maintenance on AMOCO in Winter 1 mandatetttiteaannual spring draw down

occurred later than normal in that winter. As sute forage production and subsequent
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Table 4.1. Numbers of female mallards (n), flighibserved (Flights), and distances (+ 1 km) flovamf diurnal sites by land
management category each winter in southwesterisiama. Natural-log transformations were usechéVANCOVA.

Distance Flown

Winter Land Mgt n Flights X SE Median Range
2004-2005 CAM 25 171 4.564 0.415 1.928 0.046-21.526
LAC 6 24 4.387 1.371 0.776 0.082-25.790
OPEN 62 887 3.112 0.169 1.053 0.010-42.684
2005-2006 CAM 22 179 3.442 0.312 2.222 0.005-32.579
LAC 50 220 14.974 0.949 14.242 0.020-65.448
OPEN 58 899 4.349 0.273 1.165 0.002-100.830
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waterfowl use was lower than in most previous y§afsLamair, White Lake Wetlands
Conservation Area, pers. comm.). Hurricane Ritedated AMOCO with 2.5 m of storm surge,
which was retained throughout Winter 2 (R. HelmM.B, pers. comm.).

Mallard flight distances varied inconsistently beam winters and land management
categories. Surprisingly, females originating cdMChad greater flight distances during Winter
1 than Winter 2, despite much of CAM being inundatéth saltwater storm surge from
Hurricane Rita and the inability to pump freshwdtermoist soil management (M. Hoff,
Cameron Prairie NWR, pers. comm.). The refugeihgmirogram and the auto tour route was
closed during Winter 2, which probably reduced homisturbance and thus may have increased
diel use of CAM during Winter 2.

Flight distances from birds originating on LAC weyeater during Winter 2 than during
Winter 1, and in Winter 2 were markedly greatentiagere flights from CAM or OPEN (Table
3.1). Additionally, female mallards originating bAC increased flight distance throughout
winter, which is consistent with refuging theorydgrevious observations for radio-marked
pintails (Hamilton and Watt 1970, Cox and Afton 699

Numbers of mallards surveyed on LAC during mid-Deber increased nearly 300%
from Winter 1 to Winter 2 (W. Syron, Lacassine NWRpubl. data) and proportional use of
Lacassine Pool increased from 0.026 to 0.202 int&/ih and Winter 2, respectively (Chapter 2).
Cox and Afton (1996) hypothesized that huntingdsaend habitats managed for waterfowl
hunting adjacent to LAC are flooded earlier in winthan are more distant areas. Additionally,
late winter rains create additional foraging habifarther from refuge areas (Cox and Afton
1996). Thus, Cox and Afton (1996) suggested thaeased flight distances of birds from LAC

may be in response to newly flooded habitats ratrear food depletion. However, female
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mallards originating on AMOCO, CAM, or OPEN did notrease flight distance through
winter. Thus, flight distances seemingly vary agngears, waterfowl species, and specific
refuges in southwestern Louisiana.

| failed to detect effects of diurnal habitat tygoe movement distances. Mallards are
highly adaptable in their use of habitats (Bellrt@888) and appear to use some habitats in
relation to availability in the GCCP (Chapter 2%everal studies have reported that agricultural
fields produce greater energy per unit area thamadioral wetlands (Fredrickson and Taylor
1982, Miller 1987); however, the amount of wastaigravailable to wintering waterfowl has
declined in recent years (Manley et al. 2004, 8tdfet al. 2006). While agricultural fields may
provide more food resources for a short periodynahfoods are more nutritionally balanced
than are those consisting of waste grains (HauR84)land also provide essential nutrients that
are not available from waste grains (Loesch andiKskn1989). Thus, despite non-agricultural
habitats having lower energy per unit area tharcaljural habitats, mallards may be able to
acquire most of their energetic requirements franm@lose proximity to non-agricultural
habitats (e.g., marsh, pasture).

In conclusion, female mallards moved relativelyrshitsstances between diurnal and
nocturnal sites as compared to female pintailbénsame area (Cox and Afton 1996), suggesting
that mallards are able to meet their daily eneegyirements within a relatively small area, and
thus minimize transit energy costs. Flight disemnearied inconsistently among land
management categories and between winters, whigtbmeelated to differences in food
resources, proximity to foraging habitats, numlzérsoncentrated waterfowl, or a combination

of factors.
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Chapter 5. Conclusion

| used radio-telemetry techniques to estimate satyvhabitat use, and movements of
mallards wintering in southwestern Louisiana. Miall survival estimate for radio-marked
female mallards in southwestern Louisiana was (tpter 2), which was lower than reported
for those wintering in Mississippi and Arkansasi(feeke et al. 1987), Texas (Bergan and Smith
1993), and Arkansas (Dugger et al. 1994), but hit/ren those wintering in northeast Louisiana
and southeastern Arkansas (Davis 2007). My estdnatinting mortality rate of female
mallards in southwestern Louisiana was 0.28 andsivagar between female ages (P = 0.96).
This rate was the highest on record for adult fendabbling ducks, and was surpassed only by
the hunting mortality rate of immature northerntpils (0.315) in southwestern Louisiana. |
found that body condition at time of capture hagaificant effect on survival; birds in low
condition survived at a much lower rate than dmsthin high condition. Additionally, |
recorded mortalities after the hunting seasondaordles in low condition at time of capture, but
not for females in high condition at time of cajgtuMoreover, condition had a strong effect on
non-hunting mortality (P = 0.011) and weak effecthmnting mortality (P = 0.06). If increasing
winter survival is an objective, waterfowl manageray want to consider management activities
to reduce female hunting and non-hunting mortalltycreased efforts to provide mallard
foraging habitats on areas closed to hunting mayedse hunting mortality rates and help to
increase female condition.

Diurnal use of areas closed to hunting generally loa in the absence of hurricane
effects (Chapter 3). Mean use of areas closedrtiig was higher during the day than at night,
which suggests that mallards are responding to camutrurnal disturbances such as duck, small

game and deer hunters, agricultural activities, l@radiwatchers. Diurnal use of MARSH was >
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2 times higher than that of the next selected habitring both winters, thus, clearly
emphasizing the importance of MARSH to winterindlards. Freshwater marsh received
highest use of all marsh types by female mallaMyg.results suggest that mallards wintering in
this area would benefit from programs and actisitieat target freshwater marsh for restoration
and management.

Finally, female mallards moved relatively shorttdmces between diurnal and nocturnal
sites within a 24-hr period (Chapter 4), suggestinay are able to meet their daily energy
requirements within a relatively small area, thusimizing transit energy costs. Flight
distances varied inconsistently among land manageoagegories and between winters, which
may be related to differences in food resourcessiprity to foraging habitats, numbers of
concentrated waterfowl, or a combination of factors
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