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The Mississippi Flyway contains the most important
migration corridors for North American mallards (Anas
platyrhynchos), and the lower Mississippi Alluvial Valley
(hereafter LMAYV), USA, historically supported the largest
wintering concentrations of the species, averaging 1.6
million (Bellrose 1976, Bartonek et al. 1984). Landscapes
in the LMAV have been altered due to ood-control
projects and agricultural land drainage, causing extensive
wetland losses and degradation (Goldstein 1988). Frag-
mentation of remaining forested wetlands has been wide-
spread, and <25% of native bottomland hardwood forests
remain in the LMAV (Wolf et al. 1986). Consequently,
considerable habitat restoration efforts have been under-
taken in this region, and acreage of timberland has increased
recently in some portions of the LMAYV (Forsythe and Gard
1980, Reinecke et al. 1989, Faulkner et al. 1995, King and
Keeland 1999). The Wetlands Reserve Program (WRP) has
provided incentives for increased restoration and reforesta-
tion of habitats in the LMAYV, but evaluations of WRP
program impacts on wildlife populations are limited (King
et al. 2006). Little information is available regarding mallard
use of this highly fragmented, altered, and dynamic
landscape in the LMAYV. Similarly, little information is
available regarding mallard use of closed areas. Areas closed
to hunting (by statute or governmental authority) may
reduce disturbance by humans and provide opportunities for
information sharing by waterfowl (Ydenberg et al. 1983).

Further, little is known about nocturnal habitat use of
mallards, although habitats used nocturnally may serve as
important feeding and roosting areas for dabbling ducks
(Guillemain et al. 2002).

Waterfowl habitat management within the LMAV has
focused on agricultural and moist-soil habitats (Reinecke et
al. 1989, Kross et al. 2008). However, information is lacking
regarding use of these habitats relative to that of forested



collect nocturnal data during SPLIT in 2005 2006. There-
fore, we examined variations in proportional use of habitats
and proportional use of CLOSED due to effects of age (ad
or immature), winter (2004 2005 or 2005 2006), time
period (SECOND or POST), individual female, and
potential interactions of these effects, using locations
recorded during the latter 2 time periods. Tests for effect
of individual female were a test of the null hypothesis that
the random factor that in uences a measurement in a subject
has no effect on a subsequent measurement in the same
subject. Mean locations per female by age, time period, and
winter ranged from 3.4 to 28.8 and 1.0 to 10.0 during
diurnal and nocturnal sampling periods, respectively (Davis
2007).

Use of habitats. For our rst analysis, we calculated
diurnal proportional use of each female in every habitat
during SECOND and POST. We replaced zero values with
0.002 (an order of magnitude lower than the lowest nonzero
proportion of a habitat used by any female diurnally;
Aebischer et al. 1993). To remove the unit sum constraint
(Aitchison 1986), we constructed 4 log ratios by dividing
proportional use of FOREST, REFOR, MSIDLE, and
OTHER by proportional use of RICE and used Napierian
logarithms of these ratios as response variables in our
analysis. Choice of habitat to use as a denominator does not
alter results (Aebischer et al. 1993) but allows direct
comparison of each habitat with the habitat used as a
denominator. Because rice agriculture is widespread in the
LMAYV, and because waste grain from rice agriculture may
provide an important food resource for wintering waterfowl
(Manley et al. 2004, Stafford et al. 2006), we chose RICE as
the denominator for our analyses. We used split-plot,
repeated measures, multivariate analysis of variance
(IMANOVA], PROC GLM; SAS Institute, Cary, NC)
to test for overall effects of age (ad or immature), winter of
capture and tracking (2004 2005 or 2005 2006), time
period (SECOND or POST), individual female, and all
potential interactions of these effects on response variables.
We used variation due to individual females as the error
term to test for effects due to age, winter, and their
interaction, and we used residual error to test for individual
female and time period effects and all other interactions. We
initially analyzed full models and then used backward,
stepwise procedures to eliminate nonsigni cant (P > 0.050)
terms, beginning with the highest order interactions
(Wol nger 1992).

We compared use of each habitat to use of RICE, within
levels of signi cant explanatory variables in  nal models, by
testing whether least-square means of log ratios differed
from zero as in Cox and Afton (1997; see also Aebischer et
al. 1993). We used orthogonal contrasts to compare use of
each habitat relative to RICE for various combinations of
explanatory variables when MANOVA indicated a signi -
cant interaction (SAS Institute 2004).

We present estimates of proportional use of each habitat,
averaged across females, from the untransformed data to
facilitate biological interpretation within levels of signi cant

(P + 0.050) explanatory variables from our nal tted
model. We treated each female as a sampling unit and
weighted all sampling units equally. We also estimated
proportional use for all levels of signi cant explanatory
variables, although we could not formally test some levels
within our model due to missing cells in the data.

In the second analysis, we calculated nocturnal propor-
tional use of each female in the same manner as for our
diurnal analysis. We tested for effects of the same
explanatory variables after replacing zero values with 0.008
and constructing log ratios as described above.

Use of areas closed to hunting. For our third analysis,
we calculated diurnal proportional use of CLOSED and
OPEN areas for each female during SECOND and POST.
We replaced zero values with 0.003. We constructed log
ratios by dividing the proportional use of CLOSED by the
proportional use of OPEN and then used the Napierian
logarithm of this ratio as a response variable in our models.
We used mixed model, repeated measures analysis of
variance with maximum-likelihood estimation (PROC
MIXED; SAS Institute) to test for xed effects of female
age, winter of study, time period, and all potential
interactions of these effects, as well as the random effect
of individual female. We t models and summarized data
using error terms and procedures as outlined for our
previous analyses. In the presence of signi cant interactions,
we tested for differences in least-squares means among levels
of explanatory variables using Fishers least signi cant
difference (SAS Institute 2004).

In our fourth analysis, we calculated nocturnal propor-
tional use of CLOSED and OPEN areas for each female
during SECOND and POST. We tested for effects of the
same explanatory variables as above, using identical
procedures to those used in our examination of diurnal use
of areas closed to hunting, after replacing zero values with
0.009 and constructing log ratios.

RESULTS

Diurnal Use of Habitats

Our nal tted MANOVA indicated diurnal use of habitats
varied inconsistently among time periods and winters (time
period X winter interaction; Wilks k 0.684; F4o; 11.18;
P < 0.001) and among females (Wilks k  0.005; Fs76,390.82

1.95; P < 0.001). We failed to detect effects of other
interactions and age (Ps = 0.710). Proportional use of
FOREST ranged from 0.475 to 0.816 during the SEC-
OND and POST periods for the 2 winters of our study
(Table 1).

We detected signi cant differences between several
habitats and RICE (P + 0.018; Table 1), and we detected
signi cant differences of several habitats relative to RICE
among winters and time periods (P + 0.019). In each
winter, use of FOREST was x 27% greater than use of
RICE during SECOND and POST. Use of RICE was
10% greater than use of OTHER during SECOND in
2004 2005 and * 5% greater than use of MSIDLE and
OTHER during SECOND and POST in 2005 2006. In
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Table 1. Diurnal proportional use of habitats for radiomarked female mallards by time periods during winters 2004 2005 and 2005 2006 in the lower

Mississippi Alluvial Valley, USA.

FOREST® MSIDLE® OTHER® REFOR® RICE®

Winter Time period® n° H SE H SE H SE H SE & SE
2004 2005 SECOND 84 0597 0039  0.064 0.017 0000 0000 0237 0034 0102  0.022
POST 75  0816° 0036  0.037 0.011  0.040 0.017  0.058 0.020  0.048  0.016

2005 2006 FIRST® 56 0.464 0.067  0.018 0.018  0.000 0.000  0.054 0.030  0.464  0.067
SPLIT® 76 0.583 0.046  0.013 0.009  0.057 0.018  0.029 0.017 0318 0041

SECOND 51 0798 0039  0015° 0006  0.045° 0016  0.044 0.013 0097  0.026

POST 38 0475 0055 0069 0021 009 0020  0.158 0.041 0202  0.045

®FIRST 1 4 Dec 2005, SPLIT 5 16 Dec 2005, SECOND 18 Dec 2004 30 Jan 2005 or 17 Dec 2005 29 Jan 2006, and POST 31 Jan 10 Apr

2005 or 30 Jan 4 Apr 2006.
P No. of radiomarked F tracked in each time period.
¢ FOREST
poundments, REFOR

forested wetlands, MSIDLE  moist-soil units or idle agricultural lands, OTHER
areas replanted with trees or enrolled in the Wetlands Reserve Program, and RICE

agriculture fields other than rice or open water im-
rice fields.

9 Transformed values of proportional use of a habitat differ (P > 0.050) from transformed values for RICE within a row.
¢ We fit models without FIRST and SPLIT due to missing data during the first winter of the study (see Methods).

2004 2005, use of REFOR was 14% greater than use of
RICE during SECOND. Use of FOREST relative to
RICE was approximately 7 times greater during POST in
2004 2005 than during POST in 2005 2006. Use of
FOREST relative to RICE approximately tripled between
SECOND and POST in 2004 2005 but decreased
approximately 72% between SECOND and POST during
2005 2006. Use of OTHER relative to RICE increased
approximately 83% between SECOND and POST during
2004 2005. Use of REFOR relative to RICE was
approximately 5 times greater in SECOND during 2004

2005 than in SECOND during 2005 2006. In 2004 2005,
use of REFOR relative to RICE decreased approximately
52% between SECOND and POST. Use of MSIDLE
relative to RICE was approximately 2 times greater during
POST in 2004 2005 than during POST in 2005 2006. Use
of MSIDLE relative to RICE increased approximately 22%
between SECOND and POST during 2004 2005.

Nocturnal Use of Habitats

Our nal tted MANOVA indicated nocturnal habitat use
varied inconsistently among time periods and winters (time
period X winter interaction; MANOVA; Wilks k 0.827;

Fss3 278, P 0.036) and among females (Wilks k

0.006; F452'214_81 1.23; P 0041) We failed to detect
effects of other interactions and age (all P x 0.097).
Proportional use of FOREST ranged from 0.428 to 0.764
during SECOND and POST for the 2 winters of our study
(Table 2).

We detected signi cant differences between several
habitats and RICE (P + 0.045; Table 2), and we detected
signi cant differences of several habitats relative to RICE
among winters and time periods (P = 0.024). In each
winter, use of FOREST exceeded use of RICE by * 28%
during SECOND and POST. In 2004 2005, use of
REFOR exceeded use of RICE by 9% during SECOND.
In 2004 2005, use of RICE was * 7% greater than use of
OTHER during SECOND and POST. Use of FOREST
relative to RICE decreased approximately 43% from
SECOND to POST in 2005 2006. Use of REFOR relative
to RICE was approximately 9 times greater in 2004 2005
than in 2005 2006 during SECOND. Use of REFOR
relative to use of RICE increased approximately 6 times
from SECOND to POST in 2005 2006.

Diurnal Use of Areas Closed to Hunting
Our nal tted mixed model indicated that diurnal use of
CLOSED varied inconsistently among time periods and

Table 2. Nocturnal proportional use of habitats for radiomarked female mallards by time periods during winters 2004 2005 and 2005 2006 in the lower

Mississippi Alluvial Valley, USA.

FOREST® MSIDLE® OTHER® REFOR® RICE®
Winter Time period® n° H SE H SE ® SE H SE & SE
2004 2005 SECOND 73 0.708¢ 0.044 0.025 0.012 0.014¢ 0.010 0.174¢ 0.035 0.080 0.027
POST 26 0.6541 0.095 0.038 0.038 0.000¢ 0.000 0.154 0.072 0.154 0.074
2005 2006 FIRST® 25 0.280 0.092 0.000 0.000 0.000 0.000 0.000 0.000 0.720 0.092
SECOND 37 0.764° 0.062 0.047 0.027 0.047 0.021 0.027 0.016 0.115 0.039
POST 37 0.428° 0.063 0.122 0.042 0.093 0.024 0.208 0.041 0.149 0.040

®FIRST 1 4 Dec 2005, SPLIT 5 16 Dec 2005, SECOND 18 Dec 2004 30 Jan 2005 or 17 Dec 2005 29 Jan 2006, and POST 31 Jan 10 Apr

2005 or 30 Jan 4 Apr 2006.
® No. of radiomarked F tracked in each time period.
¢ FOREST
poundments, REFOR

forested wetlands, MSIDLE  moist-soil units or idle agricultural lands, OTHER
areas replanted with trees or enrolled in the Wetlands Reserve Program, and RICE

agriculture fields other than rice or open water im-
rice fields.

9 Transformed values of proportional use of a habitat differ (P > 0.050) from transformed values for RICE within a row.
¢ We fit models without FIRST time period due to missing data during the first winter of the study (see Methods).
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Table 3. Diurnal proportional use of CLOSED (lands closed to duck
hunting by statute or local regulation during the entire regular duck seasons
in Louisiana or Arkansas) for radiomarked female mallards by time periods
during winters 2004 2005 and 2005 2006 in the lower Mississippi Alluvial
Valley, USA.

Use of CLOSED®

Winter Time period® n° & SE
2004 2005 SECOND 84 0.423 0.041
POST 75 0.183 0.031

2005 2006 FIRST 56 0.732 0.060
SPLITY 76 0.447 0.045

SECOND 51 0.207 0.044

POST 38 0.262 0.052

® FIRST 1 4 Dec 2005, SPLIT 5 16 Dec 2005, SECOND 18 Dec
2004 30 Jan 2005 or 17 Dec 2005 29 Jan 2006, and POST 31 Jan
10 Apr 2005 or 30 Jan 4 Apr 2006.

® No. of radiomarked F tracked in each time period.

¢ Proportional use of OPEN (lands not classified as CLOSED) is 1-
proportional use of CLOSED, and SE are equal to SE for use of
CLOSED.

9 We fit models excluding FIRST and SPLIT time periods due to
missing data for these periods during the first winter of the study (see
Methods).

winters (time period X winter interaction; Fy 00 11.08; P

0.001) and among females (P < 0.001). We failed to
detect effects of the 3-way interaction, age X winter or age X
time period interactions, and age (all P % 0.225). Propor-
tional use of CLOSED ranged from 0.183 to 0.423 among
SECOND and POST during the 2 winters of our study
(Table 3). Diurnal use of CLOSED decreased by 24% from
SECOND to POST in 2004 2005 (P < 0.001) but did not
differ between time periods in 2005 2006 (P  0.449).
Diurnal use of CLOSED was 21% greater during 2004
2005 than 2005 2006 for SECOND (P  0.008) but did
not differ between winters during POST (P 0.263).

Nocturnal Use of Areas Closed to Hunting
Our nal tted mixed model indicated that nocturnal use of
CLOSED varied inconsistently among ages and time
periods (age X time period interaction; Fy;ss  8.88; P
0.004) and among ages and winters (age X winter
interaction; Fy 419, 3.96; P 0.049). We failed to detect
effects of other interactions or xed effects (all P « 0.088).
Nocturnal proportional use of CLOSED ranged from 0.211
to 0.800 among ages and time periods (Tables 4 and 5).
Immature females increased nocturnal use of CLOSED by
23% from SECOND to POST (P < 0.001), but use of
CLOSED by adult females did not differ between time
periods (P 0.895). Use of CLOSED by immature females
was 20% greater than for adult females during POST (P
0.007), but did not differ between ages during SECOND (P
0.311). In 2004 2005, use of CLOSED by immature
females was 10% greater than for adult females (P 0.011),
but use of CLOSED did not differ between ages in 2005
2006 (P 0.722). Use of CLOSED by immature females in
2005 2006 was 6% greater than in 2004 2005 (P 0.024),
but did not differ between winters for adults (P 0.736).

Table 4. Nocturnal proportional use of CLOSED (lands closed to duck
hunting by statute or local regulation during the entire regular duck seasons
in Louisiana or Arkansas) for radiomarked female mallards by age
(Immature  hatched during yr of capture and Ad  hatched prior to yr
of capture) and time period for winters 2004 2005 and 2005 2006
combined in the lower Mississippi Alluvial Valley, USA.

Use of CLOSED®

Time period® Age n° & SE
FIRSTY Ad 15 0.667 0.126
Immature 10 0.800 0.133
SECOND Ad 67 0.256 0.043
Immature 43 0.211 0.052
POST Ad 37 0.246 0.059
Immature 26 0.445 0.082

FIRST 1 4 Dec 2005, SECOND 18 Dec 2004 30 Jan 2005 or 17
Dec 2005 29 Jan 2006, and POST 31 Jan 10 Apr 2005 or 30 Jan 4 Apr
2006.

® No. of radiomarked F tracked by age within each time period.

¢ Proportional use of OPEN (lands not classified as CLOSED) is 1-
proportional use of CLOSED, and SE are equal to SE for use of
CLOSED.

9 We fit models excluding FIRST time period due to missing data for
this time period during the first winter of the study (see Methods).

DISCUSSION

We observed high proportional use of FOREST during all
combinations of time periods and winters, for both diurnal
and nocturnal sampling periods (Tables 1, 2). Differences in
habitat use among time period and winter combinations
may have re ected changing habitat conditions during the
study. Precipitation varied markedly in the LMAYV during
the 2 years of our study; cumulative precipitation (after 1
Aug of each yr) was well above the 30-year average in 2004

2005 but <50% of the 30-year average near the beginning
of our tracking activities in 2005 2006 (Davis 2007).
Extremely dry soil conditions and little precipitation during
autumn and early winter of 2005 2006 likely resulted in
little natural ooding of MSIDLE, RICE, or REFOR. In
some years, these habitats are arti cially enhanced by

Table 5. Nocturnal proportional use of CLOSED (lands closed to duck
hunting by statute or local regulation during the entire regular duck seasons
in Louisiana or Arkansas) for radiomarked female mallards by age for
winters 2004 2005 and 2005 2006 in the lower Mississippi Alluvial Valley,
USA.

Use of CLOSED®

Winter Age? n° i SE¢
2004 2005 Ad 46 0.248 0.050
Immature 28 0.348 0.072
2005 2006 Ad 31 0.283 0.057
Immature 22 0.284 0.068

# Immature  hatched during yr of capture and Ad  hatched prior to yr

of capture.

® No. of radiomarked F tracked by age within each winter during
SECOND (18 Dec 2004 30 Jan 2005 or 17 Dec 2005 29 Jan 2006) and
POST (31 Jan 10 Apr 2005 or 30 Jan 4 Apr 2006; see Methods).

¢ Proportional use of OPEN (lands not classified as CLOSED) is 1-
proportional use of CLOSED, and SE are equal to SE for use of
CLOSED.

9 Proportions and SE are from data collected during the SECOND and
POST only.
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pumping from groundwater sources or reservoirs, but these
capacities are limited. During 2005 2006, high fuel costs
likely reduced pumping efforts, and water conditions in
most habitats were ooded only by precipitation. By late
winter in 2005 2006 suf cient precipitation had fallen to
inundate some MSIDLE, RICE, and REFOR habitats
with water and likely resulted in increased use of these
freshly ooded habitats.

Our diurnal habitat use estimates contrast with previous
estimates for the LMAV, which were based solely on aerial
surveys. For example, Dell et al. (1987) reported high
densities of mallards using wet agricultural and open-water
habitats and low densities of mallards in ooded timber
habitats in northeast Louisiana. These differences may
re ect differences in methodology between the studies,
changes in habitat use over time, or both. Smith et al. (1995)
reported that detection of decoy groups differed among
habitats and recommended that use of aerial transects to
estimate abundance be restricted to years when x 70% of
the population is likely to be distributed in open wetlands.
Visibility correction for surveying mallards in forested
habitats may be possible (Pearse et al. 2008), but data to
develop accurate correction models would be dif cult to
obtain. Diurnal proportional use of open wetlands by
radiomarked females was well below the 70% threshold
during SECOND and POST in each year of our study; in
fact, use of FOREST and REFOR, combined, comprised
* 63.3% of diurnal proportional habitat use during each of
these time periods. Habitat use estimates based on aerial
transects would be biased similarly to abundance estimates.
Thus, use of aerial transects to estimate use of habitats by
female mallards may lead to biased habitat use estimates.

In portions of the mallard wintering range, females pair by
mid-December or January, and paired females are observed
in smaller ocks (Heitmeyer 1988, Johnson and Rohwer
1998). Scrub habitats, which are a component of FOREST,
may provide areas where small ocks can remain isolated.
We hypothesize that mallards in these habitats may be less
in uenced by nearby disturbance from humans. Forested
habitats may provide suf cient visual barriers such that
females are less affected by disturbance than they would be
at similar distances in more open landscapes.

Forested wetlands also may provide important food
resources for female mallards. For example, Dabbert and
Martin (2000) reported that only 4% of mallards collected
in their study contained agricultural seeds even though
agriculture elds were in close proximity to their collection
sites in forested wetlands. Heitmeyer (2006) reported that
during oods of forested landscapes, mallards increased their
energy intake levels substantially. Female mallards were
unlikely to move away from forested habitats (Davis 2007),
suggesting these habitats were used for foraging as well as
roosting.

We captured and marked all females in nonforested areas
that were closed to hunting; thus, any potential biases
associated with capture site should in ate estimates of use of
nonforested habitats and areas closed to hunting. Accord-

ingly, our estimates for proportional use of FOREST may
be minimum estimates of these proportions. Moreover,
because we captured all females on CLOSED, estimated use
of CLOSED may be a maximum estimate for females
wintering within our study area. Despite these potential
sampling biases, our estimated proportional use of FOR-
EST was high, whereas use of CLOSED was low.

Radiomarked female mallards did not increase use of
CLOSED in response to hunting seasons as did northern
pintails (Anas acuta) in Mexico and on the Louisiana coast
(Migoya et al. 1994, Cox and Afton 1997). In 2005 2006,
use of CLOSED increased after all hunting seasons had
ended. Dry conditions in 2005 2006 may have precluded
use of many CLOSED areas for much of the winter on
several areas with intensively managed vegetation (i.e.,
Wildlife Management Areas and NWRs); however, by late
winter these areas accumulated suf cient water to make
them available to female mallards.

Diurnal use of CLOSED by female mallards did not
decrease coincidentally with the end of hunting seasons as
would be expected if hunting were the primary factor
in uencing use of CLOSED areas. High use of areas open
to duck hunting suggests that CLOSED areas, as managed
during our study, were not overly important for wintering
mallards on our study area, and that speci ¢ habitat types
may be more important to wintering mallards than is the
amount of CLOSED available. We recognize that restric-
tion of hunting activities, as may occur on privately owned
lands, also may in uence habitat use by female mallards in
the LMAV, but restricted our de nition of CLOSED to
include only lands closed by statute or governmental
authority. Better understanding of factors in uencing use
of areas closed to hunting would require widespread
manipulations of CLOSED area boundaries and season
dates, which were beyond the scope of our study.

Winter habitat use and availability may in uence mallard
populations. Heitmeyer and Fredrickson (1981) speculated
that abundance and quality of winter wetlands affects
subsequent recruitment. Further, Kaminski and Gluesing
(1987) suggested the importance of both wintering and
breeding habitat conditions for mallard recruitment. Con-
versely, Hoekman et al. (2002) demonstrated that adult
female winter survival, given low variability, only accounted
for 9% of the change associated with population growth.
However, current survival estimates for female mallards
suggest that winter survival may be considerably lower and
more variable than previously estimated (Davis 2007, Link
2007). Consequently, winter habitat use and subsequent
survival could have more in uence on recruitment than
previously thought.

Monitoring marked females throughout the entire annual
cycle could improve understanding of the relationship
between winter habitats and recruitment. Until recently,
technological limitations of radiotransmitters precluded
investigation at this temporal and spatial scale, but such
large-scale investigations now may be possible. Also, further
investigation of factors in uencing use of areas closed to
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hunting may be bene cial to managers in the LMAV.
Detailed investigation of responses to disturbance patterns
on private and public lands may provide useful information
to managers.

MANAGEMENT IMPLICATIONS

Our results document the importance of forested wetlands
to female mallards in the LMAV. Increased long-term
enrollment in the WRP or other programs that protect or
restore forested wetlands in the LMAV may provide useful
habitats for mallards wintering in this area. Considering the
tremendous food resources that ooded rivers provide to
mallards, protection and restoration of oodplain habitats
and their natural ooding regimes should be highly
bene cial to LMAV mallard populations and receive
consideration as a high-priority management option. In
areas where restorations of natural ood regimes are
incompatible with current land uses, arti cial ooding of
managed landscapes could augment available habitats for
mallards during winter. If managers deem legally mandated
closure to hunting an important management tool for
mallard populations, closed area boundaries could be shifted
or habitats could be altered to provide more forested
wetlands in these areas and potentially attract mallards.
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