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EXECUTIVE SUMMARY

Aerial (helicopter) line-transect (LT) methodology was
employed at three study areas to estimate breeding wood duck (Aix
sponsa) populations in bottomland forests of the Illinois River
valley. The wood duck indicated breeding pair (IBP) density
estimated from the LT surveys at the Sanganois study site ranged
from 0.039 to 0.116 IBPs/acre for each spring, 1996-1998.
Breeding wood duck densities estimated at the Princeton
(0.015-0.058 IBPs/ac) and the Meredosia (0.008-0.055 IBPs/ac)
sites were smaller than densities estimated at Sanganois and were
also less precise. The costs of the helicopter surveys with
three observers averaged $55.69/mi?, or $236.31/observer/survey.

The density of natural cavities suitable for nesting by wood
ducks (suitable cavities) at the Sanganois Conservation Area (CA)
in 1994 (0.86 suitable cavities/ac) and 1997 (0.76 suitable
cavities/ac) were similar, indicating that cavity densities
remained unchanged as a result of losses from tree mortality
associated with the 1993 and 1995 floods, and increases from

decay and pileated woodpecker (Dryocopus pileatus) activity.

Raccoons (Procyon lotor) were the primary users of suitable

cavities. Evidence of raccoon use was found in 29.3 to 35.3

percent of cavities. Fox squirrels (Sciurus nigerxr) were the

other primary inhabitants and occupied 5.2 to 11.8 percent of the
monitored cavities. A large number of suitable cavities
(43.2-46.6%) were not used during the springs of 1996-1998;
therefore, cavity availability does not appear to be limiting

wood duck production at the Sanganois CA.



No differences in wood duck nest densities were detected
during springs of 1994-1998, suggesting that the breeding wood
duck population remained stable over the 5-yr study. Wood duck
nest success rates varied from 0.0 to 100.0 percent during these
springs. A combined sample of 26 nests from 1994, 1997, and 1998
provided a simple estimate of wood duck nest success of 57.7
percent at the Sanganois CA.

IBP estimates of wood ducks from LT surveys in 1997 for each
observer ranged from 39.8 to 73.5 percent of the wood duck nest
densities obtained from inspections of natural cavities; in 1998
IBP estimates were 43.9 to 70.4 percent of nest density values.
Variability in the IBP density estimates prevented precisely
defining breeding populations. The high variability in nest
density estimates in both 1997 and 1998 limited the ability to
detect differences between the LT and cavity inspection methods
of estimating wood duck densities.

We recommend further research evaluating the LT methodology
for estimating densities of breeding wood ducks in.bottomland
forests. LT surveys should employ transect lengths long enough
to provide 200-300 wood duck observations. Surveys incorporating
this number of sightings should provide precise (coefficient of
variation [CV] < 10%) estimates of wood duck densitiegs. Flights
should not be initiated when winds exceed 15-20 mph to facilitate
the pilots abilities to strictly adhere to transect lines.
Additionally, excessive winds create ripples on the water surface
that increase the difficulty of identifying flushing locations of
wood ducks. Multiple surveys should be flown in spring to assess
the chronology of migration and the emergence of tree foliage
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that hinders detection of wood ducks. Researchers should
consider the possible disturbance effects of low-altitude aerial

surveys on nontarget species, such as bald eagles (Haliaeetus

leucocephalus), great blue herons (Ardea herodias), great egrets
(Casmerodius albug), and double-crested cormorants {(Phalacrocorax
auritus), in bottomlands.

Artificial wood duck nest boxes were monitored during
June-July each year from 1996 to 1998 at the Sanganois CA. Only
a small percentage (6.2-16.3%) of the boxes were used for nesting
by wood ducks. Simple estimates of nest success in the boxes
ranged from 57.1 to 100.0 percent. Metal boxes received the
highest use (16.7-27.0%) each year, while only 1.5 to 9.1 percent
of the plastic boxes were used during the springs of 1996 to
1998. An estimate of the density of wood duck nests derived from
boxes was 0.001-0.003 nests/ac of bottomland forest for each
spring.

The mortality of 61 trees containing potentially suitable
wood duck nest cavities (potential cavities) was monitored
subsequent to the Great Flood of 1993. Tree mortality at
Sanganois CA appeared to have peaked after 1996 when 55.7 percent
of the monitored trees had perished. Sixty-five natural cavities
were examined annually beginning in the winter and spring of
1993-1994. By July 1998, 40 of these 65 cavities (61.5%) had
become unsuitable for nesting by wood ducks. The daily survival
rate for suitable cavities was 0.99942 with an annual

survivorship of 80.8 percent (75.5-86.4 [95%CI}).



SUMMARY OF ACCOMPLISHMENTS

STUDY I AERIAL HELICOPTER SURVEYS OF BREEDING WOOD DUCKS IN
BOTTOMLAND FOREST

JOB I-1 Potential Population Estimate for Breeding Wood
Ducks in Bottomland Forest in Illinois.

We evaluated the feasibility and cost for using
helicopters to aerially census wood duck populations in
bottomland forests during springs, 1996-1998. Two
aerial line-transect surveys were flown each spring at
three locations in the Illinois River valley. BRreeding
wood duck densities were estimated for each year. Costs
of aerial surveys were compared with previous studies
in other locations.

JOB I-2 Comparison of Aerial Surveys with Densities of
Wood Ducks Nesting in Natural Cavities.

The density of breeding wood ducks estimated in
JOB I-1 was compared with the density of nesting wood
ducks estimated from ihspections of natural cavities
the same year. Suitable nesting cavities were
monitored for vertebrate use and wood duck nest
success, 1996 to 1998. Natural cavities suitable as
wood duck nest sites were surveyed during winter
1996-1997 to increase the sample of suitable cavities
for monitoring. Tree mortality was estimated from a

sample originally identified in 1992-1993.
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FINAL REPORT
Wood Duck Investigations
Federal Aid in Wildlife Restoration
W-118-R~-4-5-6
1 July 1995 through 30 June 1998

STUDY I: AERIAL HELICOPTER SURVEYS OF BREEDING WOOD DUCKS IN
BOTTOMLAND FOREST

OBJECTIVES:

Study objectives were to: 1l)estimate breeding wood duck

populations in bottomland forests by evaluating an aerial

(helicopter) census technique, and 2) compare aerial

population estimates of breeding wood ducks in bottomland

forests with population densities of wood ducks nesting in

natural tree cavities.

INTRODUCTION

A major challenge in wood duck management is the inability
to estimate population sizes because of its secretive nature and
inhabitation of forested wetlands. BRellrose (1980) stated that
the wood duck is the most difficult of ducks to census and that
aerial population estimates are inadequate. However, helicopter
surveys have been used for estimating breeding populations since
1990 in association with the Black Duck Joint Venture of the
North American Waterfowl Management Plan in Maine and eastern
Canada. Wood ducks are detected on these surveys, but estimates
of precision are not reported. Likewise, helicopters are
currently used in Wisconsin to survey a variety of waterfowl in
marsh habitats. Sherman et al. (1992) used helicopters to census
wood duck populations in forested habitat, but they suggested

further evaluation was needed to produce reliable populatibn

estimates.



Information on the breeding population size of wood ducks is
necessary to enhance management of this endemic North American
species. Sampling theory and design used for aerial surveys of
wildlife populations in other habitats have been defined and need
only slight modifications for use in bottomland forests. Aerial
surveys have been used to monitor many species including:

manatees (Trichechus manatus) (Packard et al. 1985), kangaroos

(Macropus spp.) (Choguenot 1995), seabirds (Briggs et al. 1985),

finless porpoise (Neophocaena phocaenoides) (Yoshida et al. 1998),

harbor porpoise (Phocoena phocoena) (Laake et al. 1997), pronghorn

antelope (Antilocapra americana) (Johnson et al. 1991; Pojar et

al. 1995), African ungulates (Norton-Griffiths 1978), white-

tailed deer (Odocoileus virginianus) (Pietsch 1954), mule deer (Q.
hemionus) (White et al. 1989), northern bobwhite (Colinus
virginianus) (Shupe et al. 1987), and waterfowl (Havera 1998).

Bateman (1970) reported that helicopters were a reliable

method of censusing mottled ducks (Anas fulvigula) in Louisiana

coastal marshes. Johnson et al. (1989) used helicopters to
survey mottled ducks in salt marshes and found they were superior
to fixed-wing aircraft. Helicopter surveys of waterfowl in the
boreal forest produced similar results to more costly ground
counts on the same areas (Ross 1985). Likewise, aerial observers
identified more wintering American black ducks (A. rubripes) than
did ground observers (Heusmann 1990). Helicopters provide
increased visibility over fixed-wing aircraft because of slower
air speeds and more associated noise, which induces birds to

flush. Thus, helicopters are a reasonable alternative to fixed-



wing aircraft for use in surveying wood ducks (Bateman 1970,
Broome 1985) .

In 1993, states in the Atlantic and Mississippi flyways
along with the U.S. Fish and Wildlife Service developed a wood
duck management strategy to outline databases needed to
effectively manage wood duck populations (Kelley 1997). One goal
identified in this strategy was to assess ways to monitor wood
duck breeding populations. However, the preseason banding and
roadside survey data used to achieve this goal generally have
been inadequate. Therefore, this study was designed to evaluate
the feasibility of using helicopters to estimate breeding numbers

of wood ducks in selected bottomland forests in Illinois.
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JOB NO. I.1. Potential Population Estimate for Breeding Wood
Ducks in Bottomland Forest in Illinois.

Obijectives:

To evaluate the feasibility and cost for using helicopters
to aerially census breeding wood ducks in bottomland forest.

To compare aerial helicopter estimates of breeding wood
ducks in bottomland forest at varying geographic locations.
STUDY AREA

Three study sites were classified as bottomland forests of
the Illinois River (Fig. 1) including: 1) portions of the
Sanganois CA and nearby private lands (Sanganois) at
Chandlerville; 2) the Meredosia National Wildlife Refuge (NWR) of
the Illinois River National Wildlife and Fish Refuges and
adjacent private lands (Meredosia) at Meredosia; and 3) the
Princeton Game and Fish Club and surrounding bottomlands
(Princeton) at Hennepin. Habitats on the study areas were
considered representative of other palustrine forested wetlands
(Cowardin et al. 1979) in the Illinois River valley and were
selected because of their vast expanses of bottomland forest.
Habitats included at Sanganois were sloughs, backwater lakes,
forested ponds, and bottomland forest (IL Dept. Cons. 1975).
Major tree species on the area included: silver maple (Acer

saccharinum), eastern cottonwood (Populus deltoides), willow

(Salix spp), red ash (Fraxinus pennsylvanica), and American elm

(Ulmus americana) (Yetter et al. 1999). A forest inventory of

the Meredosia NWR in 1985 indicated that silver maple (84%) and
eastern cottonwood (13%) represented 97 percent of the tree basal

area (Haley 1985). Site visits demonstrated that forest and tree



species composition at Meredosia and Princeton were similar to
Sanganois.

The Sanganois study site encompassed portions of southwest
Mason, northwest Cass, and east Schuyler counties and represented
8,150 ac of bottomland habitat (Fig. 2). Study area boundaries
were marked on the north and south by the Illinocis and Sangamon
rivers, respectively. Longitude lines defined east (90° 18" 39")
and west (90° 21" 57") boundaries. Meredosia encompassed portions
of southwest Cass and northwest Morgan counties and consisted of
4,800 ac of bottomland habitat (Fig. 3). Study area boundaries
were marked on the west and east by the Illinois River and the
Meredosia Lake Drainage and Levee District, respectively.
Latitude lines designated north (39° 55 00") and south (39° 51’
26") boundaries. Princeton consisted of 4,150 ac of bottomland
habitat and was located in southeast Bureau County (Fig. 4).
Study area boundaries were marked on the east by the Illinois
River and by the Chicago Rock Island and Pacific Railrcad tracts
on the west. North and socuth boundaries were identified as

latitude lines 41° 17 00" and 41° 14" 38", respectively.

MATERIALS AND METHODS
Surveys
Study area boundaries and size were determined from National
Wetlands Inventory (NWI) maps and measured using a digitizing
board and Measugraph 2.1 software. NWI data were obtained from
aerial photographs dated spring 1984 and spring 1986. Parallel
transects were systematically spaced (White et. al. 1989) every

12" of latitude or longitude (Figs. 2-4). Seventeen, 13, and 18



transect lines were selected at Sangancis, Princeton, and
Meredosia, respectively.

Aerial surveys of wood ducks at each study site were
conducted twice each year during April, 1996-1998. The timing of
aerial surveys corresponded with nesting activities of wood ducks
in Illinois. Aerial surveys were initiated after the peak spring
migration of wood ducks in central Illinois but before leaf
emergence (Bellrose 1980, Heitmeyer and Fredrickson 1990, Yetter
1992, Bellrose and Holm 1994, Ryan et al. 1998, Havera 1998).

All surveys were flown using a Bell Long Ranger helicopter with 1
pilot and 3 observers (left front [LF], left rear [LR], and right
rear [RR]). Helicopters and pilots were contracted from the
Division of Aeronautics, IDOT, Springfield, Illinois, USA.
Helicopters were flown at an altitude of 150 ft above ground
level (AGL) to provide sufficient clearance above bottomland
timber and at ground speeds of 50-64 mph (Sherman 1990, R.M.
Kaminski, Mississippi State Univ., pers. commun.). Helicopters
were equipped with LORAN-C to aid in the navigation of transect

lines and a radar altimeter to malntain a constant altitude.

Density Estimates

Densities of breeding wood ducks along transect lines were
estimated by employing a LT approach (Burnham et al. 1980) using
grouped, perpendicular distance classes and analyzed with Program
DISTANCE version 2.1 (Buckland et al. 1993, Laake et al. 1994).
The LF observer monitored the proper course and altitude of the
aircraft and also recorded all wood ducks within 450 ft and five

distance classes (0-75[1], 76-150[2], 151-225([3], 226-300[4], and



301-450[5] ft) on the left side of the aircraft in 1997 and 1998
(Fig. 5). In 1996, the LF observer only monitored distance
classes 1 and 2. Wood ducks recorded by the LF observer in 1996
were used to determine visgibility of birds under the aircraft,
but no density estimates were generated. The rear observers
could not see the 150-ft wide path directly below the aircraft
fuselage; therefore, distance classes for the rear observers were
offgset 75 ft on either side of the transect line (Fig. 5)
(Johnson and Lindzey 1990, Buckland et al. 1993). The rear
observers recorded wood ducks within a 375-ft strip on their side
of the aircraft and placed the birds intoc four distance classes
(0-75(1), 76-150(2], 151-225[3], and 226-375[4] ft). Wood ducks
flushing from underneath the aircraft were recorded by the rear
observers but were not used to calculate density estimates.

We established the orientation of line transects to satisfy
independence relative to the distribution of wcod ducks on the'
study sites. Ground elevation was used to identify a density
gradient of wood ducks on sites because lower elevaﬁions were
more likely to be inundated during high water periods in spring.
Because the scuthern edge of Sanganois and the western edges of
Meredosia and Princeton were at higher elevations above mean sea
level (MSL), we established transect lines perpendicular to this
inferred density gradient (White et al. 1989, Buckland et al.
1993:298-299, Yoshida et al. 1998). Transects were oriented in a
north-south direction at Sanganois and an east-west direction at
Meredosia and Princeton (Figs 2-4).

A ground observer was placed near the halfway point along 10
transects at Sanganois during a survey on 20 April 1997. This

7



observer recorded the number of ducks that flushed before the
arrival of the helicopter in order to determine if wood ducks
were leaving transects prior to detection by aerial observers.
After the passage of the aircraft, the ground observer moved via
all terrain vehicle (ATV) to the next transect location.

All observers recorded wood ducks detected on transects with
hand-held tape recorders. During the second survey of each study
site in 1997 and all surveys in 1998, the LR observer estimated
the percentage of the transect inundated with water by denoting
when the aircraft was over wet or dry ground. The time needed to
complete each transect, as measured from the audio tapes, was
used to determine the average velocity of the aircraft along
transect lines.

Observers recorded wood ducks in distance classes as they
were detected (pairs, mixed sex flocks, single sex flocks, single
sex, and unknown sex). To avoid confusion, only observations of
wood ducks and not other species were recorded in distance
classes. Surveys were conducted on days with‘good visibility and
with winds < 25 mph (U.S. Fish Wildl. Serv. and Can. Wildl. Serv.
1987) .

In order to place a wood duck observation (cluster) into its
respective distance class, reference lines were marked on the
helicopter windows using wax pencils. A second set of reference
marks were made on a string mounted from the door to the ceiling.
Aligning the reference marks and lines insured that the
observers’ heads were in the proper position when a wood duck
cluster was sighted (Norton-Griffiths 1978, Johnson et al. 1989,
Johnson and Lindzey 1990, Buckland et al. 1993, and Yoshida

8



1998). Upon reaching a right angle to the sighting location, the
observer would assign the cluster to its respective distance
class. Reference marks were generated mathematically and
validated prior to LT surveys using ground measurements (Norton-
Griffiths 1978).

The total number of IBPs of wood ducks identified in
distance classes by each observer was determined by summing
observations of segregated pairs, trios (pair and extra male),
lone males, males in bachelor groups < 4, and lone females
(Hammond 1969, Stewart and Kantrud 1972, U.S. Fish Wildl. Serv.
and Can. Wildl. Serv. 1987, Yetter 1992, Bellrose and Holm 1994).
Groups of unknown wood ducks were classified as IBPs according to
the minimum number they could represent. For example, one
unknown wood duck was classified as one IBP because it was either
a lone male or lone female, both of which represented a pair. A
cluster of two unknown wood ducks was grouped as one IBP because
they may have been a pair as opposed to two males or two females.
A cluster of three unknown wood ducks was considered as one IBP
because they were likely a trio. Four unknown wood ducks were
considered as two IBPs because they could have been two pairs
rather than four males or females. However, observations of four
unknown wood ducks were rare and only occurred on 11 occasions

over the 18 individual surveys.

Data Analysis
Data were computerized and analyzed using the Statistical
Analysis System (SAS) version 6 (SAS Inst. Inc. 1988) and Program

DISTANCE version 2.1 (Laake et al. 1994). A Pearson product-



moment correlation (Proc CORR, SAS Inst. Inc. 1988) was used to
identify any buildup of wood ducks observed on transects as
surveys progressed from one side of a study area to the other.
Tukey/Kramer post hoc multiple comparison tests (Proc GLM, SAS
Inst. Inc. 1988) were emplbyed to determine if differences
existed in the mean cluster size of wood ducks recorded among the
distance classes by each observer in 1997 and 1998. All tests
were considered significant when P<0.05.

The density of wood duck IBPs along transect lines was
calculated using program DISTANCE. DISTANCE generated densities
based on the number of IBPs observed in each distance class along
transects. The wood duck IBP density was estimated for each
survey and observer using the formula: g:n?(O)/2L, where n was
the number of IBPs observed, L was the total length of all
transects sampled, and ?(O) was the estimated probability
density function of perpendicular distance classes from the
transect line evaluated at distance zero. Density estimates were
calculated for each observer because of the varying detection
probabilities among observers. IBP densities and standard errors
were doubled for each observer and survey because observers only
viewed one side (¥) of each transect.

Two models were fitted to the perpendicular distance data to
estimate f£(0): 1) the uniform key function with a cosine series
expansion (Fourier Series model); and 2) the half—normal key
function with a cosine series expansion. The model that best fit
the shape criterion outlined by Burnham et al. (1979) and

Buckland et al. (1993) with the smallest CV (Johnson and Lindzey
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1990) and/or smallest Akaike Information Criterion (AIC) value

(Buckland et al. 1993) was selected.

RESULTS
Survey Chronology and Wood Duck Movement
Observers noted the numbers of Canada geese (Branta

canadensig), mallards (Anas platyrhynchos), blue-winged teal (A.

discors), green-winged teal (A. crecca), American coots (Fulica
americana), and double-crested cormorants identified incidentally
to wood ducks during aerial LT surveys. Discussions after the
flights by observers were used to assess the chronology of the
spring waterfowl migration on that day and location. The large
number of migrant waterfowl and waterbirds observed on surveys
conducted on 15-16 April 1996 indicated that the spring waterfowl
migration was not yet complete, even though ground surveys
condﬁcted at Chautaugua NWR, approximately 20 miles northeast of
the Sanganois CA, suggested that the wood duck migration was
essentially over by 9-12 April 1996-1998 (Fig. 6). Because of
these late migrants, the first survey of each area in 1996 was
not used to calculate wood duck IBP densities. Similarly, the
second survey at each location was used in 1997 to prevent
inclusion of migrant wood ducks. In 1998, the first survey at
each location was used to estimate wood duck IBP densities
because of the limited visibility resulting from leaf emergence
encountered during the second surveys.

Aerial LT surveys were systematically designed to begin on
one side of a study area (east boundary at Sanganois and south

boundary at Princeton and Meredosia) and proceed west or north to
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the opposite side with transects spaced every 12" of latitude or
longitude. To determine whether wood ducks were being moved or
herded from one side of the study area to the other, a
correlation analysis was used to compare the total number of wood

ducks observed by each observer on each transect with the

transect number. A significant correlation was identified in
only one of 54 tests (3 yr x 6 surveys/yr x 3 observers). A
correlation (r,, = 0.582, P = 0.037) was identified in the RR

xy

observer’'s data for the 23 April 1998 survey at Princeton, and
was likely the result of the low number of wood ducks detected
during this survey (Table 1). Consequently, correlation analyses
did not substantiate that wood ducks observed on one transect
were recorded again on subsequent transects.

The ground observer at Sanganois did not detect any movement
of waterfowl prior to the arrival of the aircraft on eight of the
ten transects monitored during 20 April 1997. The ground
observer noted on three occasions that as the helicopter passed,
flushing ducks immediately returned to the water near their
original departure location. Although we acknowledge some wood
ducks avoided detection by aeriai observers, we believe the
number of ocbservations missed because of early flushes was

minimal.

1996

Surveys and Obgerver Comparisons.--Six LT surveys were

conducted during April between 9:00 a.m. and 5:00 p.m. CST (Table
1) . The number of transects at each location varied somewhat

from the number planned due to fuel constraints and availability
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of the aircraft. Fifteen and 16 transects at Sanganois, 12 and
13 transects at Princeton, and 16 and 18 transects at Meredosia
were flown during the first and second surveys at each location,
respectively (Table 1). The number of wood ducks detected by
rear observers during surveys varied from 79 to 438 and the
number of IBPs varied from 42 to 210.

Originally, it was thought that all wood ducks located
directly below the aircraft would flush so that the rear
observers could identify wood ducks flying into the first
distance class. This possibility was tested by comparing the
observations of the LF observer with the simultaneous
observations recorded by the LR observer. Comparisons of
observationg along transect lines indicated that not all wood
ducks observed directly below the aircraft flushed, and of those
that flushed, not all were identified by the LR obsgserver. Some
birds flushed to the right while others flew parallel to the
transect either in front or behind the aircraft. Those wood
ducks that did not flush directly to the left or at an angle
ahead and to the left of the approaching aircraft could not be
obsexrved by the LR observer.

The LF observer recorded 55 wood duck observations in the
second distance class (76-150 ft) during the second survey of all
study sites combined. Of these 55 observations, the LR observer
recorded 46 (83.6%). The LR observer recorded 25 additional wood
duck observations in this distance class that were not recorded
by the LF observer. These additional records provided a total of
80 wood duck observations, of which the LR observer detected 71

(88.8%). The varying number of wood duck observations recorded
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by the front and rear seat observers was attributed to
differences in visibility from these positions. As a result, the
150-ft strip under the aircraft was excluded from analyses for
rear observers, and density estimates were generated for each

observer because of differences in sighting probabilities.

Princeton.--The number of wood duck IBPs detected by each
observer during the 27 April survey at Princeton was low (Table
1) . Consequently, output statistics provided by Program DISTANCE
were affected. Models fit the data poorly for the LR observer
(Fig. 7), and AIC values were the same for each model (Table 2).
However, the uniform model provided the smallest CV value (26.9%)
and provided a mean of 0.039 IBPs/ac. The wood duck IBP data for
the RR observer was best represented by the uniform model (Fig.
7). This model also provided the smaller AIC and CV values,

yielding a density of 0.025 IBPs/ac (Table 2).

Meredosia.--A limited number of wood duck IBP observations
were detected by rear seat observers during the 27 April survey
at Meredosia (Table 1). The half—nérmal model (Fig. 8) was used
for the LR observers data; however, neither model provided a good
fit to the data. The density estimate for the LR observer was
0.055 IBPs/ac (Table 3). The uniform cosine model (Fig. 8) fit
the data obtained by the RR observer and indicated a density of

0.026 IBPs/ac, but the CV was 28.9 percent (Table 3).

Sanganois.--Rear observers identified a greater number of
wood duck IBPs (99-111) during the 22 April survey at Sanganois

than for the second surveys at both Princeton and Meredosia
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(Table 1), and Program DISTANCE achieved a better fit to each
observers data (Fig. 9). The half-normal model best fit the
detection curve for the data generated by both rear observers.
IBP density estimates for the LR and RR observers were 0.116 and
0.084 IBPs/ac, respectively (Table 4). Density estimates for
both observers had CV values below 20 percent, indicating better
levels of precision when compared with density estimates for

Princeton and Meredosia (Tables 2 and 3).

1997

Surveys and Cluster Sizes.--Six LT surveys were completed

during April 1997 and were flown between 8:50 am and 3:06 pm CST

(Table 1). The second survey at Sanganois was interrupted near
the halfway point because of mechanical difficulties. That
survey was completed the following afternoon. The number of wood

ducks recorded by observers ranged from 99-439 wood ducks, and
the number of IBPs ranged from 55-242 (Table 1).

Habitat conditions were drier at Princeton (39% of the
transect area was inundated) than Meredosia (76% inundated) and
Sanganois (68% inundated) during the second survey of each site
in 1997. The estimate from Meredosia was misleading because much
of this coverage was from open water portions of transects over
Meredosia Lake. The majority of the bottomland forest at
Meredosia was dry, which was similar to Princeton, and subsequent
wood duck observations were low.

The comparison of the mean cluster sizes between distance
classes revealed only minor discrepancies (Tables 5-7). We

identified a difference in cluster size between the distance
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classes in only one instance across all surveys and observers.
The mean cluster size observed by the LR observer during the 13
April survey at Sanganois was smaller in distance class three
than in distance class four (Table 7). This difference was in
part caused by two large groups of wood ducks (six and eight)
observed in the outermost distance class. When these two
observations (outliers) were omitted from the data set, no
significant differences were detected. Therefore, IBPs rather
than clusters were used to estimate populations of locally

breeding wood ducks.

Princeton.--Dengity estimates from this study site may be
biased due to the limited number of wood duck observations (14-25
IBPs) recorded during each survey (Table 1). Models poorly fit
the detection curve for the LF observer’s data (Fig. 105 from the
second survey at Princeton. The density estimate generated by
the uniform-cosine model was 0.015 IBPs/ac for the 22 April
survey (Table 2). Despite smaller percent CV and AIC values for
the uniform model (Table 2), the half-normal model best fit the
data recorded by the LR observer during the second survey (Fig.
10). The estimated density by the LR observer was 0.018 IBPs/ac.
The fit of the detection curve and the AIC value suggested the
half-normal model best represented the data recorded by the RR
observer (Fig. 10, Table 2} even though the percent CV values
were smaller for the uniform model. The density estimate

generated for the RR observer by the half-normal model was 0.023

IBPs/ac.
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Meredosia.--The low number of wood duck observations (16-30
IBPs) limited the reliability of LT surveys at Meredosia (Table
1) (Burnham et al. 1980). Both models yielded similar results
using data collected by the LF observer (Table 3). The half-
normal model (Fig. 11) generated a density estimate of 0.045
IBPs/ac. Analysis of the LR observer’s data from 21 April with
the half-normal model provided a density estimate of 0.035
IBPs/ac (Fig. 11, Table 3). Data collected by the RR observer
was best represented by the half-normal model (Fig. 11, Table 3).
A density estimate of 0.040 IBPs/ac was obtained during the 21

April survey at Meredosia by the RR observer.

Sanganois.--Both models fit the LF observer’s data for the
20-21 April survey (Fig. 12, Table 4). Percent CV values varied,
but AIC values indicated that the half-normal model best
represented the data. The density estimate for the LF observer’'s
data was 0.039 IBPs/ac. The half-normal model achieved a
reasonable fit of the detection curve to the LR observer’s data
during the second survey (Fig. 12). The AIC value also suggested
a better fit of the half-normal model, and the estimated density
was 0.066 IBPs/ac (Table 4). Data collected by the RR observer
provided a good fit of the detection curve from both models, but
the AIC value indicated the half-normal model better represented
the data (Fig. 12, Table 4). The corresponding density estimate

generated for the RR observer was 0.072 IBPs/ac.

1998

Surveys and Cluster Sizes.--Six LT surveys were flown in

April between 9:02 am and 4:57 pm CST. The number of wood ducks
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recorded by observers during each survey ranged from 50-340, and
the number of IBPs ranged from 33-203 (Table 1).

Princeton (64-75% of transect area was inundated) was drier
than Meredosia (97-100% inundated) and Sanganois (93-95%
inundated) during both surveys, but all three study areas hosted
higher river stages than in 1996 and 1997. However, fewer
numbers of wood ducks were recorded (Table 1) by observers in
1998 than in 1996 and 1997.

The comparison of the mean cluster sizes between distance
classes revealed only minor discrepancies (Tables 8-10).
Observed cluster sizes of wood ducks between the distance classes
did not vary during either survey at Sanganois (Table 10).
Differences were detected for the LF and RR observer during
surveys at Princeton and Meredosia; however, a limited number of
wood ducks were detected during these surveys by all observers,
and no wood ducks were detected in some distance classes (Tables
8-9). Therefore, IBPs rather than clusters were used to estimate

populations of locally breeding wood ducks.

Princeton.--The half-normal model best fit the data for each
observer during the 15 April survey (Fig. 13). The limited
number of wood duck observations (Table 1) again hampered
estimates of wood duck densities (Table 2). Estimates for the LF
and LR observers were similar; 0.057 and 0.058 IBPs/ac,
respectively. However, estimates were more precise for the LF
observer (CV = 21.0%) than for the LR observer (CV = 30.0%) (Table
2). The density estimated for the RR observer was 0.040 IRPs/ac,

and it had a higher CV value (35.2%).
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Meredosia.--The low number of IBP observations (4-15 IBPs)
recorded limited the reliability of LT surveys at Meredosia
(Table 1). The half-normal model best fit the data for each
observer although the fit for the RR observer’s data was poor
(Fig. 14). Density estimates for all observers ranged from
0.008-0.025 IBPs/ac, and precision was lacking with CV values

ranging from 34.9-54.9 percent (Table 3).

Sanganois.--The half-normal model again provided the best
fit of the detection curve for all observers data during the 14
April survey (Fig. 15), and AIC values for the half-normal models
were smaller than the uniform models for each observer (Table 4).
The density estimate of wood ducks obtained by the LF observer
during the 14 April survey was 0.056 IBPs/ac with a CV value of
15.6 percent. Program DISTANCE generated a similar density for
the LR observer (0.069 IBPs/ac) and had a small CV value (17.7%).
The RR observer detected a smaller number of wood ducks (Table 1)
than the LF and LR observers, and the corresponding density
estimate was lower (0.043 IBPs/ac) with a higher CV value (22.3%;

Table 4).

Costs

In order to evaiuate the cost of conducting aerial LT
surveys of bottomland habitat, we rented a helicopter and pilot
including fuel from the IDOT for a cost of $85/passenger/hr. The
average cost for the six surveys each year was $2,976. The area
of the three study sites totaled 26.72 mi’. Because each study

site was flown twice each spring, the total area inventoried was
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53.44 mi®’. Bottomlands of the Illinois River valley were
surveyed with three observers for a cost of $55.69/mi?, or
$18.56/mi’/observer. The Sanganois area represented 12.73 mi?
and it was inventoried for $55.69/mi?, or $708.93/survey and

$236.31/observer/survey.

DISCUSSION
Feasibility and Chronology

Aerial LT sampling of wood ducks during spring may generate
population estimates in bottomland forests. However, bottomland
forests in Illinois large enough to inventofy with this method
are limited. Observations of wood duck clusters at Princeton and
Meredosia were not numerous enough to provide the precise density
estimates required for management recommendations; nevertheless,
they may depict trends.

Although Meredosia, Princeton, and Sanganois were among the
largest tracts of bottomland forests remaining in the Illinois
River valley, the minimum number of wood duck observations (> 40;
Burnham et al. 1980) needed to estimate population densities with
LT models was only achieved at Sanganois. When selecting study
sites, spring inundation and habitats avoided by wood ducks (ie.,
open water) should be considered. For example, the forests at
Meredosia and Princeton were flooded just during the 1998 surveys
whereas Sanganois generally contained water. In addition, the
low number of wood ducks observed at Princeton and Meredosia as
compared with Sanganois (Table 1) resulted from their smaller
size (i.e., smaller transect lengths). Sanganois contains a

myriad of historic stream beds, swales, ponds, and sloughs that
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hold water during lower river stages and provide loafing and
foraging sites for wood ducks. Waterfowl management units at
Sanganois CA contained water and overall conditions at Sanganois
provided habitat more conducive to LT surveys than either the
Princeton or Meredosia sites.

Aerial LT sampling should be evaluated elsewhere in areas
containing vast expanses of flooded bottomland forests(> 6,000
ac) where observations of wood duck clusters can exceed the
minimum needed to estimate densities using LT methodology.
Burnham et al. (1980) recommended a minimum of 40 observations
for LT surveys and suggesﬁed 60-80 would be preferable. White et
al. (1989) indicated that = 200 observations of mule deer were

-
needed to achieve a < 10 percent ievel of precision during aerial
helicopter surveys in northwestern Colorado. Based on data
collected during the 22 April 1996, 20-21 April 1997, and 14
April 1998 surveys at Sanganois, total lengths of transects on
each survey should be increased from 3-7 times to achieve CV
values of 10 percent (Burnham et al. 1980:35-36, Kelley 1996:33).
This level of precision is not possible because this entire study
area was systematically covered by the transects. We suggest
that an even greater number of observations (~300) are necessary
_to achieve a 10 percent level of precision during aerial LT
surveys of wood ducks in palustrine forested wetlands.

The chronology of surveys was c¢ritical because leaf
emergence was rapid and visibility to the forest floor was
reduced within a few days. On 14 April 1998, visibility was
adequate; however, observers noted that by 22 April leaf-

emergence severely limited visibility. Kelley (1996) noted
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decreased visibility associated with leaf-out while conducting

ground LT surveys of wood duck populations in Missouri.

Validity of Assumptions
Several assumptions have been established to ensure unbiased
estimates of density when using LT sampling theory (Burnham et

al. 1980:14,30; Buckland et al. 1993:29-37; Guthrey 1988).

Assumption 1.--All objects on the transect line are

detected, g(0) = 1. This assumption was violated because the LR
observer only identified 46 of 55 (83.6%) wood duck clusters
recorded by the LF observer in the first distance class during
the second survey of all study sites in 1996. Therefore, density
estimates for the LR observer weré potentially biased and
approximately 16 percent low due to these missed observations
(Buckland et al. 1993:30). This situation could be corrected by
having 2 observers collectively view the same side of the

transect line to increase sightings in the first distance class,

thus ensuring g(0) = 1.

Assumption 2.--Objects do not move prior to detection. We

presume this assumption was satisfied because wood ducks that
flushed upon arrival of the helicopter could be placed in their
original location via ripples on the water. Buckland et al.
(1993:32) suggested recording the flushing location in this
instance because it is the flush that leads to the detection.
The speed of the helicopter as well as our low altitude (in some
instances < 25 ft above the canopy) allowed observers to detect

clusters before substantial movement by wood ducks occurred. The
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ground observer during the 20 April 1997 survey at Sanganois also
substantiated our conclusion that wood duck movement prior to the
arrival of the aerial observers was minimal.

Movement of wood ducks in response to the aircréft varied in
direction. Some flushed a few feet and landed, some flushed away
from the transect, some flew towards the transect, others flew
parallel with the helicopter, and still others dove beneath the
water only to resurface within a few feet. Many wood ducks
remained in their original location while swimming rapidly in a
tight circle. Buckland et al. (1993:34) suggested bias would be
trivial if incorrect distances were recorded < 5 percent of the
time due to animal movement in response to the observer. We
concluded that undetected wood duck movement was minimal during

our surveys.

Assumption 3.--Distance measurements are exact. We believe

this assumption was satisfied because data were gathered in
grouped perpendicular distance classes; therefore, violations of
this assumption should have occurred only near the distance class
borders. Our method of determining distances by aligning two
sets of reference marks minimized errors in distance
determinations (Norton-Griffiths 1978, Johnson et al. 1989,
Johnson and Lindzey 1990, Buckland et al. 1993, and Yoshida
1998) . Reference marks were validated prior to each survey using
known distances on land. Helicopters were equipped with radar
altimeters so that transects could be flown at the proper
altitude at all times, and pilots navigated transect lines using

LORAN-C. The LF observer monitored the radar altimeter and
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LORAN-C unit to ensure transects were flown at the proper
altitude and adherence was maintained to the transect line. The

LR observer also spot-checked the altitude during each survey.

Assumption 4.--Sightings are independent events. The mean

cluster size of wood ducks detected during LT surveys in 1997 and
1998 was generally <2 (Tables 5-10), which indicated that most
observations were either single males or pairs of wood ducks. 1In
a few instances, groups of IBPs flushed at the same time;
however, in these infrequent situations the IBPs usually fled in
separate directions, thus increasing the probability of the
flushes being independent events. Mixed-sex groups of wood ducks
that did not separate into pairs upon flushing were considered
migrants and were not counted as IBPs. We surmise that this

assumption was not violated.

Assumption 5.--Individual animals are not counted more than

once. We identified a buildup of IBPs on successive transects in
only one of the surveys and by only one observer; however, a
limited number of wood ducks were sighted during this survey.

The ground observer during the 20 April 1997 survey at Sanganois
also indicated that flushed wood ducks immediately returned to
théir original location after the helicopter had passed. We

think violation of this assumption was minimal.

Assumption 6.--Guthrey (1988) suggested that the probability

of sighting a cluster of animals should be independent of group
size. This assumption was tested using a comparison of the mean

cluster sizes among the distance classes for individual observers
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during each survey in 1997 and 1998 (Tables 5-10). We detected
significant differences in only a few instances, most of which
occurred when a limited number of wood duck observations were

recorded. We conclude that this assumption was met.

Costs

We estimated populations of breeding wood ducks in
bottomland forests of the Illinois River valley with helicopters
and three observers for a cost of $55.69/mi?, considerably less
than the $290/mi? for helicopter surveys of bottomland timber
with one observer and $259/mi’ for ground LT surveys in flooded
bot tomland forests in Mississippi (Sherman et al. 1992). Shupe
et al. (1987) reported a somewhat similar cost of $27.20/mi? for
helicopter surveys of northern bobwhite with two observers in
Texas rangeland. These researchers reported that helicopter
surveys were less expensive than using a Lincoln Index (mark-
recapture; $101.01/mi?) . If we used two observers instead of
three, costs for aerial surveys would be reduced to $37.12/mi?,
which more closely resembled estimates from Texas (Shupe et al.
1987). Fixed-wing aircraft with one observer have been used to
survey mallards and wood ducks in forested wetlands for a cost of
$32.38/mi® (Sherman et al. 1992). However, helicopters offer
advantages (decreased velocity, increased visibility, and
maneuverability) over fixed-wing aircraft for waterfowl surveys
in emergent and forested wetlands (Johnson et al. 1989, Sherman

et al. 1992).
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JOB NO. I.2. Comparison of Aerial Surveys with Densities of Wood
Ducks Nesting in Natural Cavities.

Cbijectives:

To examine whether helicopter surveys of breeding wood ducks
relate with nesting densities of wood ducks determined from
natural cavity surveys at Sanganois Conservation Area.

To continue monitoring natural tree cavities suitable for
use by nesting wood ducks at Sanganois Conservation Area.

To determine nesting success of wood ducks in natural tree

cavities at Sanganois Conservation Area.

The number of suitable cavities identified in sample plots
in 1993-1994 decreased due to extensive tree mortality caused by
the extreme flooding in 1993 and 1995 of the Illinois and
Sangamon rivers (Yetter et al. 1999). Conseguently, bottomland
forest at the Sanganois CA was resurveyed for cavities during
December 1996-April 1997, and another density of suitable
cavities was generated. Nest success and other information were
derived from the entire sample of suitable cavities identified

during both the 1993-1994 and the 1996-1997 cavity surveys.

STUDY AREA

The natural cavity study area encompassed portions of
southwest Mason, northwest Cass, and east Schuyler counties
(Fig. 16) and included 9,476 ac of the Sanganois CA. Sanganois
CA lies at the confluence of the Illinois and Sangamon rivers and
is a state-owned refuge and public hunting area. Sanganois CA
was created in 1948 when the state of Illinois purchased several
private duck clubs. The largest of these clubs was the Sanganois
Gun Club from which the area received its name (Ill. Dept. Cons.

1975). Over the years, other land purchases have expanded
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Sanganois CA to its current size of approximately 10,300 ac.
Habitats on the area were consistent with the Sanganois study

site described in Job I.1.

MATERIALS AND METHODS
Habitat Classification

Wetland and upland habitats on the study area were
classified using NWI data stored on the Illinois Geographic
Information System (IGIS), IDNR, Springfield, Illinois, USA. NWI
data were obtained from aerial photographs dated spring 1986.
NWI data were ground-truthed for accuracy and identification of
tree species within various habitat types.

Wood duck nesting habitat was defined as any palustrine
forested wetland within the Sanganois CA regardless of water
regime and/or special modifiers. Forested/scrub-shrub,
forested/emergent, scrub-shrub, and scrub-shrub/emergent wetland
habitats were excluded from sampling because the dominant trees
growing in these habitats (determined from ground truthing) were
willow saplings that were not large enough to produce cavities

suitable for nesting wood ducks.

SurQeys

Natural cavities suitable as wood duck nest sites were
initially identified in 1993-1994 when 86 suitable cavities were
located (Yetter et al. 1999). This sample of cavities decreased
to 43 by spring 1996 due to tree mortality caused by extensive
flooding in 1993 and 1995. Therefore, further sampling of
bottomland timber was conducted in 1996-1997, to increase the

sample size of suitable cavities. The same techniques and
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criteria were used to inspect and identify suitable cavities
(Yetter et al. 1999) so that direct comparisons could be made
between the two cavity density estimates.

Ninety-seven and 58 sample points were selected for tree
cavity investigations (Figs. 17-18) during 1992-1993 and
1996-1997, respectively. Study area boundaries were drawn on NWI
maps and placed on a digitizer. Latilong coordinates were
randomly selected and located on a digitizing board using
Measugraph 2.1 software. Only those coordinates selected within
desired habitats (palustrine forested wetland) were utilized.
Approximately two percent and one percent of the palustrine
forested wetlands at Sanganois CA were surveyed for suitable wood
duck nest cavities in 1992-1993 and 1996-1997, respectively.
Sample points were located in bottomland timbexr with a global
positioning system (GPS) and NWI maps. ATVs and a jon boat were
used for transportation.

Circular plots (1.24 ac) (Bookhout 1986) centered on each
sample point were marked using orange tree paint. All trees
within the 1.24-ac plots wexre searched by two observers with
binoculars. Ground surveys were conducted at Sanganois CA for
potential cavities after leaf fall in 1992 and 1993 and again in
1996-1997. Trees containing potential cavities were marked with
tree paint and a numbered aluminum tag. Tree and cavity
variables enabling observers to relocate potential cavities for
subsequent inspection were recorded including: tree species,
dbh, status {(dead or alive), height, and location within the plot
and entrance orientation and height. All trees having potential

cavities were ascended in 1993-1994 and 1996-1997 to determine if
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the cavities were actually suitable as wood duck nest sites. All
suitable cavities were inspected after the nesting season each
spring to determine their use by wood ducks and other vertebrates

(Gigstead 1938, Bookhout 1986, Bellrose and Holm 1994).

Cavity Inspection

Natural cavities were examined for suitability using a
modified version of the single rope, rope-walking system
(Montgomery 1982, Meredith and Martinez 1986, Nadkarni 19288,
Warild 1990, Padgett and Smith 1992, Stanback and Koenig 1994)
and with climbing spikes and safety belt. Various methods of
placing a climbing rope over a support branch in the cavity tree
were employed. The best method was utilizing a compound bow
equipped for bow fishing (Weier 1966, Greenlaw and Swinebroad
1967). After shooting a fish arrow over a support branch above
the cavity, a heavy nylon string was tied to the fishing line
(Munn 1991). Following the removal of the arrow, the fishing
line was retrieved thereby pulling the heavier nylon string over
the branch. The nylon string was then tied to a climbing rope
and pulled over the branch and anchored.

Natural cavities were considered suitable as wood duck nest
sites if they had entrance dimensions at least 2.5 x 3.5 in
(Grice and Rogers 1965), platform dimensions at least 5 x 7 in,
and were not more than 197 in deep (Bellrose et al. 1964,
Bookhout 1986). Cavities were classified as unsuitable if they
held water, contained excessive debris, were too shallow to

conceal the incubating hen (Robb and Bookhout 1995), or were
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hollow tc the ground (F.C. Bellrose, Ill. Nat. Hist. Surv., pers.
commun. ) .

An instrument for cavity inspection wag constructed from two
6 in sections of 2 in PVC pipe and a right angle PVC couplexr. A
mirror was attached inside the right angle coupler, and a small
flashlight was attached to one end of the device. With this
instrument, researchers could inspect cavities for internal
dimensions and evidence of use. Cavities, whose platforms were
not visible or difficult to inspect for evidence of nesting
activity, were examined by lowering adhesive tape on a weighted
string (Nagel 1969, Bookhout 1986, Robb and Bookhout 1995).
Thus, any nest material from the platform would adhere to the
tape and could be examined. Nests were considered successful if
they hatched at least one egg, and nest success was determined
from eggshells and membranes (Stewart 1957, Bellrose and Holm
1994). Vertebrate use of suitable cavities was determined by the

presence of hair, feathers, or scats.

Data Analysis

All data were computerized using Lotus 1-2-3 software
Release 5.0 for Windows, and analyzed using SAS (SAS Inst. Inc.
1988). The estimated wood duck IBP density obtained from spring
LT surveys at Sanganois (Job I.1l.) was compared to the wood duck
nest densities obtained from natural cavity investigations at
Sanganois CA with two sample t-tests (Hinkle et al. 1988:259, Zar
1996:129). A two sample t-test (Proc TTEST, SAS Inst. Inc. 1988)
was used to compare the 1994 and 1997 densities of suitable

cavity, and a X° goodness-of-fit test was used to compare wood
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duck nest success rates (Proc FREQ, SAS Inst. Inc. 1988). We
tested for differences in wood duck nest densities among the
years (1994-1998) using Tukey/Kramer post hoc multiple comparison
tests. All statistical tests were considered significant when
P<0.05.

The Mayfield method was used to determine the annual
longevity of suitable cavities (Mayfield 1975). Cavity mortality
(a suitable cavity becoming unsuitable for wood duck nesting) was
assumed to be the midpoint between our cavity visits. Cavity
exposure was defined as the number of days between visits. A 95%
confidence interval for the estimated annual cavity survival rate

was calculated according to Johnson (1979).

RESULTS
1996

Cavity Availability and Vertebrate Use.--Of the 86 original

suitable qavities, 14 (16.3%) were no longer available to wood
ducks prior to the 1996 nesting season, 15 (17.4%) trees with
cavities were no longer climbable during inspections in spring
1996, and 14 (16.3%) cavities were classified as not suitable
after the 1996 inspections. The remaining 43 (50.0%) cavities
were located in stable trees and available for use by wood ducks.
Late spring flooding by the Illinois River inundated 9 of
the remaining 43 cavities, further reducing the sample to 34
suitable cavities. Of these 34 suitable cavities, 15 (44.1%) had
no evidence of vertebrate use, 12 (35.3%) had been occupied by
raccoons prior to inspection, and 4 (11.8%) had evidence of fox

squirrel use. Only 3 (8.8%) cavities were used for nesting by

31



wood ducks, yielding a density of 0.025 nests/ac (SE = 0.014,
CI,s + 0.029) of bottomland forest. All three nests were
successful, and all were located in cavities excavated by

pileated woodpeckers.

Density Comparisons.--The wood duck IBP density estimated

from the LT surveys at Sanganois on 22 April 1996 by the LR
observer (X = 0.116 IBPs/ac, CV = 18.0%, n = 45, Job I.1.) was
significantly greater than the 1996 wood duck nest density (% =
0.025 IBPs/ac, SE = 0.014, n = 97, Job I.2.) observed during
natural cavity investigations (£ = 6.22, 105 df, P = 0.05) (Fig.
19) . IBP densities generated by the RR observer (X = 0.084
IBPs/ac, CV = 17.2%, n = 23) were also greater than the 1996 wood

duck nest density (£ = 4.04, 104 df, P < 0.05).

1997

Cavity Availability and Vertebrate Use.--Thirty-eight

suitable cavities were identified in the 58 sample plots yielding
a suitable cavity density of 0.76 cavities/ac of bottomland
forest (SE = 0.13, CI, + 0.26), which was similar to the 0.86
cavities/ac (SE = 0.09, CIy + 0.19) found in 97 sample plots in
1993-1994 (t = 0.631, 153 df, B = 0.529).

In 1993-1994, 86 suitable cavities were identified (Yetter
et al. 1999). This number steadily decreased every spring

through 1997. Only 34 (39.5%) of the original 86 suitable

cavities were inspected during June and July of 1997. The other
cavities and/or trees were no longer climbable (20.9%), fallen or
logged (8.1%), or no longer suitable (26.7%) . Two cavities
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(2.3%) were discarded due to inaccessibility, and two cavities
(2.3%) could not be located, presumably a result of tree fall.

Two additional suitable cavities were identified during the
reinspection of potential cavities in two sample plots initially
surveyed in 1993. These cavities were not included in suitable
cavity or nest density estimates in order to maintain
independence among the data sets. However, these additional
cavities were included in the sample available to wood ducks
during spring 1997. Therefore, a total of 74 suitable cavities
was monitored during June/July 1997.

Evidence of vertebrate use was found in 56.8 percent of the
74 suitable cavities. Raccoons were the primary users (32.4%) of
the inspected cavities (not including 1 cavity containing a wood
duck nest destroyed by a raccoon). Wood ducks nested in 10.8
percent of the suitable cavities, and fox squirrel evidence (hair
or nesting material) was identified in 6.8 percent of cavities.
The density of wood duck nests at Sanganois CA was 0.098 nests/ac
of bottomland forest (SE = 0.035, CIs,s + 0.070).

Five of the wood duck nests were located in cavities created
by pileated woodpeckers, two wood ducks nested in cavities formed
by limb rot, and one hen nested in a hollow snag with both a top
entrance (bucket) and a pileated woocdpecker entrance. Six of the
wood duck nests were successful (75%) and two were depredated

(25%), one each by a raccoon and possibly a fox squirrel.

Density Comparisons.--The wood duck IBP densities estimated
from LT surveys varied from 0.039 IBP/ac to 0.072 IBP/ac (Table

4) and were similar (P > 0.05) to the 1997 wood duck nest density
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(X = 0.098 nests/ac, SE = 0.035, n = 58) observed during natural
cavity investigations (Fig. 20). Whereas no differences were

found between the aerial LT and cavity inspection estimates, the
high variability in the nest density estimate may have prevented

the detection of any differences.

1998

Cavity Availability and Vertebrate Use.--Thirty-one of the

38 cavities (81.6%) identified in the 58 sample plots in
1996-1997 were still suitable as wood duck nest sites. Two
cavities (5.3%) were no longer climbable, two cavity trees (5.3%)
had fallen, one cavity each was full of debris (2.6%), held water
(2.6%), or had an exposed platform (2.6%).

Twenty-five of the 86 cavities (29.1%) identified in
1993-1994 remained suitable as wood duck nest sites during spring
1998. The other cavities and/or trees were no longer climbable
(19.8%), fallen or logged (12.8%), or no longer suitable (33.7%).
Four cavities (4.7%) were discarded due to inaccessibility.

Two additional suitable cavities were identified during the
reinspection of potential cavities in two sample plots initially
surveyed in 1993. These cavities were not included in suitable
cavity or nest density estimates in order to maintain
independence among the data sets but were included in the sample
available to wood ducks during spring 1998. Therefore, a total
of 58 suitable cavities were monitored for vertebrate use during
June~July 1998.

Evidence of vertebrate use was found in 31 (53.4%) of the 58

suitable cavities. Raccoons were the primary users of 17 (29.3%)
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inspected cavities (three cavities with wood duck nests destroyed
by raccoons and one cavity containing a hatched wood duck nest
with evidence of raccoon use were not included). Wood ducks
nested in nine (15.5%) suitable cavities, fox squirrel hair or
nesting material was identified in three (5.2%) cavities, one
cavity was used by an unknown mammal, and one cavity was occupied
by a nesting screech owl (Otus asio) with 5 chicks. The density
of wood duck nests at Sanganois CA was 0.098 nests/ac of
bottomland forest (SE = 0.035, CIs + 0.070). This density was a
minimum estimate because of the large number of suitable cavities
that were located in trees no longer stable for climbing and the
availability of artificial wood duck nest boxes on the area.

Seven of the nine wood duck nests were located in cavities
created by pileated woodpeckers, one wood duck nested in a cavity
formed by limb rot, and one hen nested in a hollow snag with both
a top entrance (bucket) and a pileated woodpecker entrance. Six
of the wood duck nests were successful (66.7%) and three were

destroyed by raccoons.

Density Comparisons.--The wood duck IBP densities estimated

from LT surveys during 14 April 1998 varied among observers from
0.043 IBP/ac to 0.069 IBP/ac (Table 4) and were similar (P >
0.05) to the 1998 wood duck nest density (X = 0.098 nests/ac, SE
= 0.035, n = 58) resulting from natural cavity investigations
(Fig. 21). The high variability (272% CV) in the nest density

estimate may have limited the ability to detect any differences.
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Negt Density and Success, 1994-1998

No differences (F = 1.72; 4,406 df; P = 0.146) in wood duck
nest densgsities were identified during springs, 1994-1998,
indicating the breeding wood duck population remained stable over
the 5-yr study. Wood duck nest success rates varied from 0.0 to
100.0 percent during the springs and a X° goodness-of-fit test
indicated that nest success rates differed among years (X° =
11.92, 4 df, P = 0.018). However, the number of monitored
suitable cavities was lower in 1995 and 1996 when only three and
five wood duck nests were found in natural cavities. If these
two yvears were omitted from analyses, no differences resulted in
the wood duck nest success rates for 1994, 1997, and 1998 (X* =
3.47, 2 df, P = 0.177). Therefore, a combined estimate of nest

success during these three years was 57.7 percent (n = 26).

Artificial Nest Boxes

From 98 to 113 artificial wood duck nest boxes were
inspected during June-July each year from 1996 to 1998 at the
Sanganois CA (Table 11). Only a small percentage (6.2-16.3%) of
the boxes were used by wood ducks each spring. 1In 1996, nest
success in the artificial boxes was at least 68.8 percent with
one hen still incubating when last inspected. Nest success in
nest boxes fell to 57.1 percent (4 of 7 nests hatched) in 1997,
but was 100 percent in 1998 when all 7 nest attempts were
successful. Nest boxes were constructed mainly of plastic (Ducks
Unlimited, Inc.) and metal with a few wooden boxes. Metal boxes
received the highest use by wood ducks (16.7-27.0%) each year,

while only 1.5 to 9.1 percent of the plastic boxes were used
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during the springs of 1996 to 1998. A simple estimate of wood
duck nest density derived from nest boxes was 0.001-0.003

nests/ac of bottomland forest during the springs of 1996-1998.

Cavity Tree Mortality and Natural Cavity Loss

The mortality of 61 trees containing potentially suitable
wood duck nest cavities was monitored after the Great Flood of
1993 (Fig. 22). 1In early (January-April) 1994, only 1.6 percent
of the trees were dead; however, many were showing signs of
stress. By July 1994, 11.5 percent of the cavity trees had
perished. A record flood in the spring of 1995 exacerbated
mortality when 50.8 percent of the monitored trees were dead.
Mortality in the bottomland forest at Sanganois CA appeared to
have reached a plateau after 1996 when 55.7 percent of the
monitored trees were dead.

Survival of the original 86 suitable cavities was determined
in 1998 from 65 cavities that were located in trees still stable
enough to climb and that were monitored annually since the winter
and spring 1993-1994. Forty of the 65 natural cavities (61.5%)
became unsuitable for nesting by wood ducks. The daily‘survival
rate for suitable cavities was 0.99942 with an annual

survivorship of 80.8 percent (75.5-86.4 [95%CI]).

DISCUSSION
Natural Cavity Densities
The natural cavity density estimates obtained at Sanganois
CA in 1994 (0.86 suitable cavities/ac; Yetter et al. 1999) and
1997 (0.76 suitable cavities/ac) were similar indicating that

cavity densities have not changed from tree mortality associated
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with the 1993 and 1995 flood, decay, and pileated woodpecker

activity.

Nest Success

Success rates from the combined sample of 26 nests in 1994,
1997, and 1998 was 57.7 percent; this value was comparable to the
63.6 percent estimate of success from a sample of upland and
bottomland nesting wood ducks in southern Illinois (Ryan et al.
1998) but was greater than that previously found in central
Illincis (39.9% [Bellrose et al. 1964]; 31.3% [Shake 1967]).
Nest success at Sanganois was greater than studies reported for
Georgia (44.4% [Almand 1965]), Missouri (33.3% [Weier 1966]), and

southcentral Indiana (36.4% [Robb and Bookhout 1995]).

Raccoons and Fox Squirrels

Raccoons were the primary users of suitable natural
cavities. Evidence of raccoon use was found in 29.3 to 35.3
percent of suitable cavities. Fox squirrels were the other
primary inhabitant of cavities; however, use by squirrels was
lower (5.2-11.8%). Similar rates of raccoon and fox squirrel use
were observed in 1994 and 1995 in natural cavities at Sanganois
CA (Yetter et al. 1999). Robb and Bockhout (1995) observed lower
cavity use rates by raccoons (18.5%) but higher rates for fox
squirrels (22.7%) in southcentral Indiana. However, because 43.2
to 46.6 percent of suitable cavities were not used during the
springs of 1996 to 1998, the number used by raccoons, fox
squirrels, and other vertebrates does not appear to be limiting

wood duck production.
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Artificial Nest Boxes

Wood duck use of artificial nest boxes was low and ranged
from 6.2 to 16.3 percent. This value was comparable to occupancy
rates in the northern-tier states of the Mississippi Flyway,
which averaged 16.1 percent, but was lower than the 43.3 percent
use rate by wood ducks in central states (including Illinois) of
the Mississippi Flyway (Soulliere 1990). The percentage of
natural cavities occupied by wood ducks each year at Sanganois CA
ranged from 8.8 to 15.5 percent, indicating an abundance of
suitable natural cavities on the area. The percentage of
preferred but unused pileated woodpecker cavities (50-69%) each
yvear also suggested that natural cavities were not limiting wood
duck production at Sanganois CA. Nest box programs on the area
appear unjustified because of the comparable wood duck nest
success rates in artificial nest boxes (75.9%) and natural
cavities (57.7%), the high cost ($25-5120) of producing a
flighted juvenile wood duck from a nest box (Soulliere 1986), and

the abundance of natural cavities.

Tree Mortality and Cavity Survival

Estimates of tree mortality in 1995 at Sanganois CA were
42.7 percent (Yetter et al. 1999). Continued monitoring of a
sample of these trees indicated mortality resulting from the 1993
and 1995 floods reached a peak of 55.7 percent in 1996. Yin et
al. (1994) found mortality rates of 37.2 percent on Pool 26 of
the Upper Mississippi River the year following the Great Flood of
1993; mortality increased to 45.6 percent by August of 1995

(Robert J. Cosgriff, INHS, personal communication). Some short-
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term effects of flooding on tree mortality at Sanganois CA have
been realized; however, the extent of long-term effects may not

be known for several decades.

Comparison of Line Transect and Nest Density Estimates

Wood duck IBP densities obtained from LT surveys in 1997 and
1998 by all three observers were similar to nest densities
obtained from natural cavity inspections. IBP density estimates
obtained by rear seat observers in 1996 were greater than nest
densities determined from natural cavities. The lower nest
density observed in 1996 compared with IBP densities from LT
surveys was likely the result of the reduced sample of natural
cavities rather than an actual difference in estimates from these
two methods.

IBP estimates of wood ducks from LT surveys in 1997 for each
observer ranged from 39.8 to 73.5 percent of wood duck nest
densities obtained from natural cavities; in 1998 IBP estimates
were 43.9 to 70.4 percent of nest density values. Variability in
the IBP density estimates from LT surveys precluded defining
populations precisely, even though CV values were below 20
percent for 5 of the 6 estimates in 1997 and 1998. Also, the
high variability in nest density estimates in both years (CV =
272%) limited detection of differences between these methods of
estimating wood duck density.

We expected IBP densities from LT surveys to be greater than
nest densities observed from cavities because of the inclusion of
possible late migrants, upland nesting wood ducks loafing in

bottomlands, and male-biased sex ratiocs (Bellrose and Holm 1994).
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Ryan et al. (1998) reported 82 percent of nests attempted by
radio-collared hens in southern Illinois were located in upland
forests. Nests>in uplands were found as far as 2.3 miles from
capture sites and 0.9 miles from the nearest wetland (Ryan et al.
1998). However, we found IBP densities to be larger than nest
densities only in 1996 when the sample of suitable cavities
monitored was small (n = 34). Post hoc multiple comparison tests
indicated that wood duck nest densities in cavities were similar

during springs of 1994 through 1998.

MANAGEMENT RECOMMENDATIONS

We recommend further research evaluating LT methodology to
estimate the densities of breeding wood ducks in bottomland
forests. Multiple observers should cooperatively monitor the
same side of transect lines to guarantee that all wood ducks in
the first distance class are detected (ie., ensuring g(0) = 1).
Surveys should be conducted in areas where the length of transect
lines allows the detection of 200 to 300 wood duck clusters.
Flights should not be initiated when winds exceed 15-20 mph so
that pilots can strictly adhere to transect lines. Additionally,
excessive winds create ripples on the water surface which
increases the difficulty of correctly identifying flushing
locations. Observers need to speak loudly and clearly into tape
recorders to overcome excessive engine noise in the helicopter
fuselage. Multiple surveys should be flown in spring to assess
the chronology of the migration and the emergence of tree foliage
that hinders the detection of wood ducks. Finally, researchers

should consider the possible negative effects of low-altitude
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helicopter surveys on nontarget species, such as bald eagles,
great blue herons, great egrets, and double-crested cormorants.

These species were incubating or brooding their nestlings during

our surveys.

LITERATURE CITED

Almand, J.D. 1965. A contribution to the management
requirements of the wood duck (Aix sponsa) in the Piedmont
of Georgia. M.S. Thesis, University of Georgia, Athens.
58 p.

Bateman, H.A. 1970. An evaluation of the helicopter for
censusing waterfowl in Louisiana’s coastal marshes and
ricelands. Proc. Annu. Conf. Southeast. Assoc. Game and
Fish Comm. 24:90-103.

BRellrose, F.C. 1980. Ducks, geese, and swans of North America.
3rd ed. Stackpole Books, Harrisburg, PA. 504p.

, and D.J. Holm. 1994. Ecology and management of the wood
duck. Stackpole Books, Mechanicsburg, PA. 588p.

, K.L. Johnson, and T.U. Meyers. 1964. Relative value of
natural cavities and nesting houses for wood ducks. J.
Wildl. Manage. 28:661-676.

Bookhout, T.A. 1986. Best management practices for creating and
maintaining wood duck habitat on National Wildlife Refuges
in Region 3: a workshop. Ohio Coop. Fish and Wildl. Res.
Unit, Ohio State Univ., Columbus. 13 p.

Briggs, K.T., W.B. Tyler, and D.B. Lewis. 1985. Aerial surveys
for seabirds: methodological experiments. J. Wildl.
Manage. 49:412-417.

Broome, L.S. 1985. Sightability as a factor in aerial survey of
bird species and communities. Aust. Wildl. Res. 12:57-67.

Buckland, S.T., D.R. Anderson, K.P. Burnham, and J.L. Laake.
1993. DISTANCE sampling: estimating abundance of biological
populations. Chapman & Hall, London. 446p.

Burnham, XK.P., D.R. Anderson, and J.L. Laake. 1979. Robust
estimation from line transect data. J. Wildl. Manage.

43:992-996.

, , and . 1980. Estimation of density from line
transect sampling of biological populations. Wildl. Mono.
72. 220p.

42



Chogquenot, D. 1995. Species- and habitat-related visibility
bias in helicopter counts of kangaroos. Wildl. Soc. Bull.
23:175-179.

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979.
Clagsification of wetlands and deepwater habitats of the
United States. U.S. Dept. Inter., Fish and Wildl. Serv.
FWS/0OBS-79/31. 103p.

Gigstead, G. 1938. Wood ducks in the Illinois River bottoms.
Trans. N. Amer. Wildl. Conf. 6:603-6009.

Greenlaw, J.S8., and J. Swinebroad. 1967. A method for
constructing and erecting aerial-nets in a forest. Bird-
Banding 38:114-119.

Grice, D., and J.P. Rogers. 1965. The wood duck in
Massachusetts. Massachusetts Div. of Fisheries and Game.
Final report, Federal Aid in Wildlife Restoration Project
No. W-19-R. 96 p.

Guthrey, F. S. 1988. Line transect sampling of bobwhite density
on rangeland: evaluation and recommendations. Wildlife
Society Bulletin 16:193-203.

Haley, G. 1985. Forest inventory of Meredosia Naticnal Wildlife
Refuge. Unpublished Report to U.S. Fish Wildl. Serv.
Illinois Dept. Cons. 26p.

Hammond, M.C. 1969. Notes on conducting waterfowl breeding
surveys in the north central states. Pages 238-254 in
Saskatoon Wetlands Seminar. Can. Wildl. Serv. Rep. Ser. 6.

Havera, S. P. 1998. Waterfowl of Illinois: status and
management. Illinois Natural History Survey Special
Publication No. 21, Champaign, Illinois, USA. In Press.

Heitmeyer, M.E., and L.H. Fredrickson. 1990. Abundance and
habitat use of wood ducks in Mingo Swamp of southeastern
Missouri. Pages 141-151 in L.H. Fredrickson, G.V. Burger,
S.P. Havera, D.A. Graber, R.E. Kirby, and T.S. Taylor, eds.
Proc. 1988 North Am. Wood duck Symp., St. Louis, MO.

Heusmann, H.W. 1990. Evaluation of air/ground count comparisons
for wintering American black ducks. Wildl. Soc. Bull.
18:377-381.

Hinkle, D.E., W. Wiersma, and S.G. Jurs. 1988. Applied
statistics for the behavioral sciences. 2nd ed. Houghton
Mifflin Co., Boston, MA. 682p.

Illinois Department of Conservation. 1975. Sanganois
Conservation Area. Ill. Dep. of Conserv. Pamphlet No.
25M~-5~-75.

43



Johnson, B., and F. Lindzey. 1990. Guidelines for estimating
pronghorn numbers using line transects. Unpublished report.
Wyoming Game and Fish Dept. and Wyoming Coop. Fish and
Wildl. Res. Unit. 38p.

, , and R.J. Guenzel. 1991. Use of aerial line
transect surveys to estimate pronghorn populations in
Wyoming. Wildl. Soc. Bull. 19:315-521.

Johnson, D. H. 1979. Estimating nest success: the Mayfield
method and an alternative. Auk 96:651-661.

Johnson, F.A., K.H. Pollock, and F. Montalbano III. 1989.
Visibility bias in aerial surveys of mottled ducks. Wildl.
Soc. Bull. 17:222-227.

Kelley, J.R.,Jr. 1996. Line-transect sampling for estimating
breeding wood duck density in forested wetland. Wildlife
Society Bulletin 24:32-36.

1997. Wood duck population monitoring initiative: Final
Report. Atlantic Flyway Council, Mississippi Flyway
Council, and U.S. Fish and Wildlife Service. Administrative
Report. Laurel, Maryland. USA. 248pp.

Laake, J.L., J. Calambokidis, S.D. Osmek, and D.J. Rugh. 1997.
Probability of detecting harbor porpoise from aerial
surveys: estimating g(0). J. Wildl. Manage. 61:63-75.

, S.T. Buckland, D.R. Anderson, and K.P. Burnham. 1994.
DISTANCE user’s guide V2.1l. Colorado Fish & Wildl. Res.
Unit, Colorado State Univ., Fort Collins, CO. 84p.

Mayfield, H.F. 1975. Suggestions for calculating nest success.
Wilson Bull. 87:456-466.

Meredith, M., and D. Martinez. 1986. Vertical caving. 2nd ed.
Lyon Equipment Co., Dent, Sedbergh, Cumbria. 80 p.

Montgomery, N.R. 1982. Single rope techniques: a guide for
vertical cavers. 3rd ed. The Sydney Speleological
Society, Sydney, Australia. 120 p.

Munn, C.A. 1991. Tropical canopy netting and shooting lines
over tall trees. J. Field Ornithol. 62:454-463.

Nadkarni, N. 1988. Use of a portable platform for observations
of tropical forest canopy animals. Biotropica 20:350-351.

Nagel, R.E. 1969. Predation on eggs in simulated nests and tree
cavity abundance in wood duck nesting habitat. M.S. Thesis.
Iowa State Univ., Ames. 94 p.

Norton-Griffiths, M. 1978. Counting animals. African Wildl.
Found., Nairobi, Kenya. 139p.

44



Packard, J.M., R.C. Summers, and L.B. Barnes. 1985. Variation
of visibility bias during aerial surveys of manatees. J.
Wildl. Manage. 49:347-351.

Padgett, A., and B. Smith. 1992. On rope: North American
vertical rope techniques for caving, search and rescue, and
mountaineering. National Speleological Society, Huntsville,
AL. 341 p.

Pietsch, L.R. 1954. White-tailed deer populations in Illinois.
I1l. Nat. Hist. Surv. Biol. Note. No. 34. 22pp.

Pojar, T.M., D.C. Bowden, and R.B. Gill. 1995. Aerial counting
experiments to estimate pronghorn density and hexrd
structure. J. Wildl. Manage. 59:117-128.

Robb, J.R., and T.A. Bookhout. 1995. Factors influencing wood
duck use of natural cavities. J. Wildl. Manage. 59:372-383.

Ross, R.K. 1985. Helicopter vs. ground surveys of waterfowl in
the boreal forest. Wildl. Soc. Bull. 13:153-157.

Ryan, D.C., R.J. Kawula, and R.J. Gates. 1998. Breeding biology
of wood ducks using natural cavities in southern Illinois.
J. Wildl. Manage. 62:112-123.

SAS Institute, Inc. 1988. SAS/STAT User’s Guide Release.
Version 6. SAS Inst. Inc., Cary, NC. 1,028p.

Shake, W. 1967. Starling-wood duck interrelationships. M.S.
Thesis. Western Illinois Univ., Macomb. 46 p.

Sherman, D.E. 1990. Line-transect sampling and indices to
estimate wintering wood ducks and mallards in Mississippi
green-tree reservoirs. M.S. Thesis, Mississippi State
Univ., Starkville, MS. 122p.

, R.M. Kaminski, and B.D. Leopold. 1992. Potential indices
of mallard and wood duck abundance in forested wetlands
during winter. Wildl. Soc. Bull. 20:148-156.

Shupe, T.E., F.S. Guthery, and S.L. Beasom. 1987. Use of
helicopters to survey northern bobwhite populations on
rangeland. Wildl. Soc. Bull. 15:458-462.

Soulliere, G. J. 1986. Cost and significance of a wood duck
nest-house program in Wisconsin: an evaluation. Wildlife
Society Bulletin 14:391-395.

1990. Review of wood duck nest-cavity characteristics.
Pages 153-162 in L.H. Fredrickson, G.V. Burger, S.P. Havera,
D.A. Graber, R.E. Kirby, and T.S. Taylor, eds. Proc. 1988
North Am. Wood Duck Symposium, St. Louis, MO.

45



Stanback, M.T., and W.D. Koenig. 1994. Techniques for capturing
birds inside natural cavities. J. Field Ornithol. 65:70-75.

Stewart, P.A. 1957. The wood duck, Aix sponsa and its
management. Ph.D. Dissertation. Ohio State Univ.,
Columbus. 353 p.

Stewart, R.E., and H.A. Kantrud. 1972. Population estimates of
breeding birds in North Dakota. Auk 89:766-788.

U.S. Fish Wild. Serv., and Can. Wildl. Sexv. 1987. Standard
operating procedures for aerial waterfowl breeding ground
population and habitat surveys in North America. U.S. Fish
Wildl. Serv., Washington, D.C.; and Can. Wildl. Serv.,
Ottawa, Ontario. 93p.

Warild, A. 1990. Vertical: a technical manual for cavers.
Speleological Research Council Ltd., Broadway, Australia.
128 p.

Weier, R.W. 1966. A survey of wood duck nest sites on Mingo
National Wildlife Refuge in southeast Missouri. M.S.
Thesis. Univ. of Missouri, Columbia. 78 p.

White, G.C., R.M Bartmann, L.H. Carpenter, and R.A. Garrott.
1989. Evaluation of aerial line transects for estimating
mule deer densities. J. Wildl. Manage. 53:625-635.

Yetter, A.P. 1992. Population densities and use of palustrine
wetlands by breeding waterfowl in northeastern Illinois.
M.S. Thesis, Southern Illinocis Univ., Carbondale, IL. 196p.

, S.H. Havera, and C.S. Hine. 1999. ©Natural cavity use by
wood ducks in Illinois. J. Wildl. Manage. 63:in press.

Yin, Y., J.C. Nelson, G.V. Swenson, H.A. Langrehr, and T.A.
Blackburn. 1994. Tree mortality in the Upper Mississippi
River and floodplain following an extreme flood in 1993.
Pages 39-60 in National Biological Service, Illinois Natural
History Survey, Iowa Department of Natural Resources, and
Wisconsin Department of Natural Resources. Long Term
Resource Monitoring Program 1993 Flood Observations.
National Biological Service, Environmental Management
Technical Center, Onalaska, WI, Dec. 1994. LTRMP 94-S011.

Yoshida, H., K. Shirakihara, H. Kishino, M. Shirakihara, and A.
Takemura. 1998. Finless porpoise abundance in Omura Bay,
Japan: estimation from aerial sighting surveys. J. Wildl.
Manage. 62:286-291.

Zar, J.H. 1996. Biostatistical analysis. 3rd. ed. Prentice-
Hall, Inc., Upper Saddle River, NJ. 899 p.

46



Meredosia

Figure 1. Study areas for aerial line transect surveys of breeding
wood ducks in Illinois during April, 1996-1998.
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Figure 2. The Sanganois study site near Chandlerville, Illinois,
depicting transect lines that were flown with a helicopter to
estimate breeding populations of wood ducks during April, 1996-1998.
The study site included portions of Sanganois Conservation Area

and adjacent private lands.
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depicting transect lines that were flown with a helicopter to
estimate breeding populations of wood ducks during April, 1996-1998.
The study site included portions of the Meredosia National Wildlife
Refuge and adjacent private lands.
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breeding populations of wood ducks during April, 1996-1998. The study
site included portions of the Princeton Game and Fish Club and
surrounding bottomlands.
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survey at the Princeton study site on 27 April 1996.

the uniform key function with cosine adjustment for both observers.

Graphs represent
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Figure 8. Distribution of indicated breeding pair (IBP) observations
of wood ducks in perpendicular distance classes obtained by the left
rear (LR) and right rear (RR) aerial observers and the fit of key
function models to data generated during the aerial line transect
survey at the Meredosia study site on 27 April 1996. Graphs
represent the half-normal key function with cosine adjustment for the
LR observer and the uniform key function with cosine adjustment for
the RR observer.
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Figure 9. Distribution of indicated breeding pair (IBP) observations
of wood ducks in perpendicular distance classes obtained by the left
rear (LR) and right rear (RR) aerial observers and the fit of key
function models to data generated during the aerial line transect
survey at the Sanganois study site on 22 April 1996. Graphs represent
the half-normal key function with cosine adjustment for the LR and RR
observers. '
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Figure 10. Distribution of indicated breeding pair (IBP) observations
of wood ducks in perpendicular distance classes obtained by the left
rear (LR), right rear (RR), and left front (LF) aerial observers and
the fit of key function models to data generated"during the aerial
line transect survey at the Princeton study site on 22 April 1997.
Graphs represent the half-normal key function with cosine adjustment
for the LR and RR observers and the uniform key function with cosine
adjustment for the LF observer.
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Figure 11. Distribution of indicated breeding pair (IBP) observations

of wood ducks in perpendicular distance classes obtained by the left
rear (LR), right rear (RR), and left front (LF) aerial observers and
the fit of key function models to data generated during the aerial
line transect survey at the Meredosia study site on 21 April 1997.
Graphs represent the half-normal key function with cosine adjustment
for each observer.
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Figure 12. Distribution of indicated breeding pair (IBP) observations
of wood ducks in perpendicular distance classes obtained by the left
rear (LR), right rear (RR), and left front (LF) aerial observers and
the fit of key function models to data generated during the aerial
line transect survey at the Sanganois study site on 20-21 April 1997.
Graphs represent the half-normal key function with cosine adjustment
for each observer.
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Figure 13. Distribution of indicated breeding pair (IBP) observations
of wood ducks in perpendicular distance classes obtained by the left
rear (LR), right rear (RR), and left front (LF) aerial observers and
the fit of key function models to data generated during the aerial
line transect survey at the Princeton study site on 15 April 1998.
Graphs represent the half-normal key function with cosine adjustment
for each obsexver.
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Figure 14. Distribution of indicated breeding pair (IBP) observations
of wood ducks in perpendicular distance classes obtained by the left
rear (LR), right rear (RR), and left front (LF) aerial observers and
the fit of key function models to data generated during the aerial
line transect survey at the Meredosia study site on 14 April 1998.
Graphs represent the half-normal key function with cosine adjustment

for each observer.
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Figure 15. Distribution of indicated breeding pair (IBP) observations

of wood ducks in perpendicular distance classes obtained by the left
rear {(LR), right rear (RR), and left front (LF) aerial observers and
the fit of key function models to data generated during the aerial
line transect survey at the Sanganois study site on 14 April 1998.
Graphs represent the half-normal key function with cosine adjustment
for each observer.
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Figure 16. The Sanganois study area in Mason, Cass, and Schulyer

counties in west-central Illinois.
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Figure 17. Distribution of 97 sample plots at the Sanganois Conser-
vation Area for the investigation of natural cavities identified
during 1992-1994.
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Figure 18. Distribution of 58 sample plots at the Sanganois Conser-
vation Area for the investigation of natural cavities identified
during 1996-1997.
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Figure 19. Estimates of wood duck nest densities at Sanganois
Conservation Area from 1996 cavity inspections with 95% confidence
interval (dashed lines) and indicated breeding pair (IBP) densities
from aerial surveys with 95% confidence intervals (solid lines).
Aerial data are presented for each observer; left rear (LR) and right
rear (RR). Aerial data were collected on 22 April 1996 and evaluated

using the uniform (uni) and half-normal (hn) key functions of
Program DISTANCE.
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Figure 20. Estimates of wood duck nest densities at Sanganois
Conservation Area from 1997 cavity inspections with 95% confidence
interval (dashed lines) and indicated breeding pair (IBP) densities
from aerial surveys with 95% confidence intervals (solid lines) .

Aerial data are presented for each observer; left front (LF), left

rear (LR) and right rear (RR). Aerial data were collected on 20-21

April 1997 and evaluated using the uniform (uni) and half-normal
(hn) key functions of Program DISTANCE.
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Figure 21. Estimates of wood duck nest densities at Sanganois
Conservation Area from 1998 cavity inspections with 95% confidence
interval (dashed lines) and indicated breeding pair (IBP) densities
from aerial surveys with 95% confidence intervals (solid lines).
Aerial data are presented for each observer; left front (LF), left
rear (LR), and right rear (RR). Aerial data were collected on

14 April 1998 and evaluated using the uniform (uni) and half-normal
(hn) key functions of Program DISTANCE.
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Figure 22. Mortality of 61 trees containing natural cavities
potentially suitable for nesting by wood ducks at the Sanganois
Conservation Area, 1992-1998.



TTT LSZ g
66 18T AT 9T wdog:y -wdgQ:g TTady zz
L8 9LT Pops
LTIT €€ qJI ST wdrT:¢ -wdos:T TTady ST stouebues
vz ZL g
LY 88 a1 8T wetTy:6 -wegdy:g TTady L2
LZ 1874 Pops
ST 8¢ a1 9T WeQS: 0T-Wess: 6 TTady 9T BTSOPaIdN
91 0% q$d
o€ 85 qT €T Weey: TT-WeQo:TT T1ady Lz
s¢ 98 Pops
9z €9 AT ZT wdgy:T -wdrTr:T Ttady 971 uolsdutad
966
sd9g1I peAI®SgOo  LIDAIDSJOD sJ]DasueI] swT, 23ed 83TS Apnas
Telorn J0 IsqunN
"866T-966T
1Tady ’‘seaxe Apnis sTourbuesS puer ’‘BISOpPaisj 'U03L8DUTIAd 8yl 3B SASAINS 3D9sued] SUTT [erIse

butanp xeaxssqgo yoes 103 pojewrtiss (sddI) sated Burpesag peledTpul Jo Isqunu buriinsaa

oyl pue

‘POAISSUO SYONP POOM JO ISqUNU Te3ol

‘sapasuea]l JO Jsgqunu

‘2wt

'@3eq T ST19EL



S0T €971 qg

€9 ZET AT wdzo:z -wdge:T Ttady 1g

YL iA7A Qi LT wegg:6 -wey9sg:g qITady 02

€9 zzT qA

99 LET AT

L6 9LT QI LT WegT:QT-weps: s TTady €T stouebues

LT T€ A

vz 6% AT

0¢g TS Qi 8T wdgo:¢ -wdpz:g Ttady 12

LT z¢g A

9T 0s AT

vz €9 a7 8T werg:6 -wWe9p:s TTady %1 BTSOpaIs8l

A 82 qA

8T z¢ AT

€2 6¢€ QI €T WeGgz:0T-Weey: 6 Ttady zz

zZ vS qA

8T €€ AT

¥4 4% AT €T wdgQ:zT-wepe:TT TT1xdy #T uo380UTIg

66T
sddI psAISsSqo  ,I3AI9Sd0 sj3Dssuevxl] SWT,I, 23eq 831s Apnas
Te30L Jo Isquny

‘penuTiuO0D T STJEL



"S9TITNOTIITP TeOTuRUODSW JO 9SNED3q uUoouialJe BuTMoTTOoF syl polstdwod

sem Asaang

"SISAISSCO (YY) IJeSs aesx JUYBTI pur ‘ (¥YI) Ieaax 3IIST ‘ (4T) 2IUOoaI 2IOT .
LE 89 qAd
TS 16 a1
8L ZET q1 9T wdog:zT-weze: 1T Ttady zz
47 S$9 kel
YL TZ1 a1
L8 vST AT LT wdzz:g -wdgg:T TT2dv %1 sTouebues
e v Jd
S¢ 43 a1
| 4 1743 AT 8T uegy:0T-wees: 6 TTady 22
14 9 sl
7T 144 a1
ST 9Z a7 8T wdrg:y -wdot: v TTady v1 BTSOPSISN
€T 6T sl
L 6 a1
Ia" e AT €T wegz:0T-wesgy:6 1Tady ¢¢
LT 8¢ qd
8¢ 9% a1
9¢ 85 a1 €T wezyie -Wezo:s TTadvy ST uo313DUTIg
866T
sddgr1 pPaAISSO IBAISDSJO sjoasueil swTL 21eq 21Ts Apnis
B30l JO IaqunN

‘penutiuo) T @TdelL



SY0° 0 210" 0 26 €€ €20°0 66°9¢  9UTSOD TewIou-JTey

8¢0°0 TT0°0 Z6°6¢C TZ20°0 e Le 9SUTS00 wIoJjTun Iesl ybtx

€e0"0 0T0°0 eV 0¢ 8T0°0 6L°0S BUTSOD Tewiou-JTey

020°0 0T0°0 € LT ¥T0 0 Z9° 6% SUTSOD urojtun Iesd 1I9T

€e0’0 110°0 8¢ LC 6T0°0 06" VL BUTSOD TewIou-J ey

120°0  0T0°0 $0°LT  STO"O 0T ¥L SUTS0D wIioyTun  jJuoxy 31397 Trady e

9L0°0 €200 05°6¢C Zvo"0 ¥v- €9 SUTS0D Tewxou-JTeY

65070 6T0°0 9% °9¢ ¥e0°0 69° %S SUTS0D wxoJjtun Ieal ybtx

00T°0 ¥20°0 ASIECEY 6¥0°0 89 ¢¢ BSUTSOD TewIou-J ey

8L0°0 8T0"0 89°9¢ LE0"0 6T LE SUTS00 wIoJjTun Iesx 31397

¢TT"0 0¥0°0 9Z°4¢ 890°0 LT 97 DUTS0D Tewxou-3zTey

LZT"0 8€0° 0 €9°0€ 6900 z5° 0§ SUTS0D wrogTun  juoxg 3787 TTIAV ¥T
L66T

Lv0°0 €107 0 0V " T¢ G20°0 v vv QUTS00 Tewxou-JyTey

Z¥0°0 ¥TI0°0 ¥¥°9c YA 8L Y SUTS0D uirojytun Ie8l1 JYybtx

ZL0°0 €200 Lt 8¢ T¥0° 0 8% ¢8 9UTS0D Tewxou-JTey

890°0 €20°0 98°9Z  6€0°0 8% 8 SUTSOD wxogTun zeax 3397 TTadv L2

880°0 T¢0°0 9L°GC Zs0°0 0L"G6 BUTS0D Tewxou-JTeY

€80°0 T€0°0 S6°€Z  0S0°0 SL°S6  BUTIS0D wrojtun  Ieax 3ybra

0¢T"0 LE0 0 S6°0¢ 690°0 8799 SUTSO0D TewIou-3zTey

ZeT 0 T¢0°0 TE€"9¢ ¥90°0 62°65 SUTSOD wIrojtun Tesax 31gsT TTtadv 9T
966T

o) q(%)AD a DIY 3Juswisnlpy  uotrjoung I8AI38C0 a3edg
paseq boT M Aoy

"866T-966T TTady ‘eaxe Apnils uUO3Is8dUTIJ

8yl 10J SASAINS 109SULI] SUTT TETIISE WOIJ SOTISTIRIS UOTIDB[IS Topow Hulpuodssrrod

pue s3onp poom JO (2Ide/SddI=a) sajewrdss A3Tsusp (ddI) ATed burpssiq pajedTpul
v

‘¢ STdeL



"TeAIS3UT SDUIPTIUOD

"UOTIRTIRA JO JUSTOTIIS0D 4
"UOTIS]TI) UOTIBWIOIUT DTNV .

L90°0 STO0'0 96°9¢ ze0" 0 ST LT SUTSOD Tewiou-JTey

850°0 ¢T0'0 297 8¢ L2000 £eE " 6C SUTSOD uxojTun Iesal Jybtx

G90°'0 L00°0 TC LS TZ0" 0 L8°CT SUTSO0D TeWwIou-JTeYy

9%0°0 S§00°0 68°8S ¥TO0 0 70°9T QUTSO0D wIojtun Jead 1397

290°0 9T0°0 29 ¢t Te0" 0 LL TE SUTSOD Teuxou-3Tey

L%0°0 ZT0°0 €57 ¢t ¥20°0 99°'¥¢ QUISOD uIojtun juoxj 3397 TTadvy €<

Z280°0 0c0°0 "Gt 0¥0°0 LY 9¢ SUTS0D Tewaou-JTeYy

€L0°0 LTO 0 067 9¢ Ge0°0 ¥ 8¢ QUTSO0D wrojtun Iesx 3ybta

90170 2e0°0 00°0¢ 850°0 2 CL SUTS0D TewIou-JyTeYy

690°0 ¥20°0 66" ¥C T%0°0 TZ ¢l 9UIs0oD WwIroJTun Ieal 1I9T

880°0 L€0°0 70" TC LS0°0 TL 00T SUTS0D Tewxou-JjTey

890°0 Te0°0 ST 8T 9%0° 0 96 ' TOT QUTSO0D wIojtun juox3y 3397 TTady GT
866T

) (%) AD a DIY  Jusuwisnlpy uoT3oung IaAdesdo °3ed
paseq bor v A2

‘panutiuo) ‘gz 91gel



L80°0 6T0"0 e8¢ 0¥0°0 GC'T¢ SUTSO0D Tewxou-JTey

990°0 $10°0 S¥ 6¢ 0e0°0 I8 vt SUTS0D wxoJTun Iesax jybta

¥90°0 6T0°0 TE°0¢ G€0°0 8% 19 SUTSOD TewIou-JTey

S50°0 8T0°0 TG L2 Te0 0 £0° 29 SUTSO0D wxoztun Aeax 3IST

080°0 S20'0 99°8Z S¥0°0  ¥Z°08 SuTSOD TewIOU-JTOY

6L0°0 SZ0°0 96°8Z S¥0°0  86°08 8UTSO0D wIoFTun  Juox3 313eT TTady T¢

T80°0  €20°0 TV IE€  €%¥0°0  6G°WE SUTSOD TeWIOU-JTRY

2800 8T0°0 TV " 8¢ 8¢0°0 YO Lt SUTSO0D uIojyTun aesx Jybta

¥¥0°0 €100 L9°0¢ ¥20°0 8T ¢V SUTSO0D Tewxou-JTey

9¢0°0 £T0°0 LT 9¢ Tc0"0 S0°¢cv SUTSO0O wIxoJTun Aesx 3397

0¥0°0 STO'0 0S'¥Z %200 02 GL SUTSOD TewIOU-JTeY

9€0°0  STO0'O 1S°TZ €20°0 6€°SL SUTSO0D wrotun 3uoxy 33eT Trady ¥T
L66T

LY0° 0 ¥TI0°0 99°0¢ 9¢0°0 99° LY SUTS0D Tewaou-Jj1ey

9%0°0 STO'O0 L8 8¢ 9¢0°0 G9° LS SUTS0D WIoJTun Ieax jybtax

S60°0 ZE€0'O0 96°LZ  SS0°0 LT 92T SUTSOD TewIou-3TeY

990°0  920°0 zO"€Z  2TV¥0'0  S6°LZT SUTSOD wroJTun Tesx 3791 T11advy LT

L8000 £20°0 8 ¢t ¥¥0°0 80°04L SUTSO0D Tewaou-JyTey

L0 O TZ20°0 S$6°0¢ 6¢0°0 £V 69 SUTS0D wIojTun Iesa Jybtx

650°0 ZT0°0 SE6¢ L20°0 8T LE SUTISOD TeWIOU-J TRy

S%0°0 0T0'0 L0 9¢ Zc0°0 Z6° Lt SUTS0D WIOoJTUN Teax 33eT TTady 971
966T

T ($)AD a DIV Juswisnlpy uoT3loung IBATSSAQ a73eq
peseq bor M EY

pue s3donp poom JO (2aoe/SddI=a) sojewrlss A3Tsusp (dgI) aTted burpssiq psiedIpul
Y

"866T-966T TTxdy ‘eoxe Apnis eISOpaIap

943l 103 sAsAInsS 3D9SURI] SUTT TRTIASL WOIJ SOTISTILIS UOTJIDSTSS T[opow burtpuodsaaxod

"¢ oTqeL



*TRAIDIUT SDJUSPIIUOD ,

"UOTIBRTIRA JO JUSTDTIISOD 4
"UOTISITID UOTIPWIOIUI SHNTENY .

I80°0 0€0°0 0% ¥¢ 0S0°0 66°09 2UTSO0D TewIou-JITey

TS0 0 TZ0°0 Y497 9¢C 9¢0°0 GL°2S 9UTS0D wIxogyTun Iesx Jybtx

T60°0 0¢£0°0 88 LC Zs0°0 0719 SUTSO0D Tewxou-JjTey

6L0°0 qz0’0 L6°8¢ ¥¥0°0 g8 €9 2UTS0D wrojTun Iesax 37197

Zs0°0 6T0°0 L 7T T¢0°0 LS %9 BUTSO0D TeuIou-JTey

6€£0°0 LTO 0 €8°0¢ YA 0] T8°99 SUTS0D wIiogyTtun 3juoxj 33sT TTadv zg

SYAN¢ €00°0 98" %9 800°0 $0°0T SUTS0D Teuwxou-JTey

€T0°0 Z00°0 Z9° 9% S00°0 T6°0T SUTS0D wrojTun  Iesx 3ybta

T50°0 €T0°0 8T Gt gzZ0°'0 SR ANAY BUTSO0D Tewxou-JTey

g0’ 0 0100 LY T¢ 6T0°0 6€°P¢ SUTSOD wIxozTun Iesx 3397

T50°0 €T0°0 I6°7¢ G20° 0 T9° Lt SUTSOD Tewaou-JTey

Y¥0°0 TIT0°0 98 ¥¢ Zz0°0 97 6¢ SUTS0D wIoTun  juoxj 33sT Trady T
866T

o) (%) AD a DIV Juswisnlipy uoT3lduUNng IDAIDSCQ Sli=lq
paseq bor M A3

‘psnuriuo) ¢ STgeL



90T 0 6%0°0 86°8T Z2L0°0 02" ¥9¢ SUTS0D Tewxou-JTey

£60°0 S%0°0 6% LT G90°0 €L°v9C SUTSO0D wIojTun Ixesx 3ybta

960°0 S¥0°0 9¢ 6T 990°0 LE 08T SUTSOD Tewxou-JTey

Z80°0 LEO'O TE 0C §50°0 80°¢GT QUTSOD wIojtun IJeax 3397

Z¢s0°0 0e0°0 EePYT 6€0°0 L870¢C¢C SUTSO0D Tewrou-JTey

LY0° 0 6¢0°0 8T°CT LEO"O0 29°1¢¢ SUTSO0D WIOJTUn 3Juoxj 3397 1Tady 12-02

880°0 L¥0°0 98°ST ¥90°0 €97 LET QUTSOD Tewxou-3jyTey

T60°0 €%0°0 L6°8T T90°0 WL 6ET SUTSOD WIOFTUn Ieax 3ybra

860°0 0€0°0 05" 91 Zv0° 0 9L TLT SUTSOD Tewxou-JTey

2S0°0 620°0 69°%T  6€0°0 6% ZLT SUTSOD WIOFTUN JIedI 3IST

6TT 0 090°0 TL 9T G80°0 Lz e€ve QUTSOD Tewaou-JTey

PTIT O 960°0 GG LT 080°0 Y0°9%¢ SUTS0D WIoJTun 3Juoxj 339T TTady €1
L66T

6TT°0 650°0 LT LT ¥80°0 L8 9LT SUTS0D Tewxou-JTey

T0T"0 ZS0°0 0T'9T 2L0°0  €€°9LZ UTSOD wrojtun Iesx 3ybta

99T°0 I80°0 Z0°8T 9TT°0 6v"v2c SUTSO0D Tewxou-JTey

BET" 0 990°0 €L 8T G60°0 S¥°0¢c SUTSOD WIOFTUTL JIeax JI9T Ttady zz

%80 0 £€0°0 00°%¥2 2S0°0 IS Z€T SUTSOD  TeWwIoU-3Tey

080°0 0¥0°'0 e 9T L5070 86°¢C¢tC SUTS0OD wIrojTun Iesx Jybta

TZT°0 29070 8T°9T L80°0 T6°96T  SUISOD  TeRWIOU-JTEY

60T 0 8G0°0 Z0°ST 080°0 69°L6C SUTSO0D wIiojtun Jesx 3I9T Ttady st
966T

) (%) AD a DIV Juswasnipy uoT3ouUNnyg IBAISS]0 ?3eq
paseq boT M Aoy

pue SIONP POOM JO (dIde/sSdqdI=a) so3ewTlss A3JTsusdp (dgr) ated Burpssiq paiedIpul
v

"866T-966T TTady ‘eaxe Apnis stouebues
89Ul I03J sAoaIns 3D9sSUBI] SUIT TRTISE WOIJ SOTISTIL]S UOTIDSTSS T[opow Burpuodssirod

" oTdeL



" TeAIS3UT SDUSIPTIIUOD
"UOTIBTIRA JO QUSTOTIIS0D
"UOTIDITID UOTJRWIOIJUT SATeNY .

¥S0°0 €20°0 2s°0¢ S¢0°0 99°8L SUTS0O Tewxou-3TeyYy
050°0 T20°0 05°T¢ 2e0° 0 6608 SUTSO0D wrogtun xesx 3ybra
T60°0 T%0°0 8¢ 6T T90°0 8T " T6 QUTSOD TewIOouU-JITeY
960°0 6¢0°0 £€9°2¢ 19070 89 %6 3UTSO0D wIojTun Iesx 1197
9L0°0 T¢0°0 £€6°2¢ 6%0°0 88°90¢ SUTS0D Tewxou-3jT1ey
9L0°0 0%0 "0 2T 9T 95070 06°80¢ UTS0D wIojTun Juoxy 13IST TTady 22
L3900 L2000 Le-zce £€v0°0 86 08 SUTSOD TewIOoU-JITeY
550°0 Zz0°0 80°€Z  SE€0°0 8% ¥8 SUTS0D wIrojyTun Iesx IYybrx
860°0 8%0°0 89 LT 690°0 82°69T QUTSOD TewIou-3JTey
T80° 0 T%0°0 88 9T 850" 0 2T ILT SUTSO0D wIoFTuUn Iesx 3397
LLO' O I%0°0 €9°9T 960°0 ¥z 8¢ee SUTSOD Tewxou-3JT1eY
LLO"O 0%¥0°0 Y191 SS0°0 ZT°0%C SUTS0D WIOFTUN Juoxjy 33I9T Trady $T
866T
o) 4(2)AD a DIV Juswasnlpy — uoTaoung I9AI2S]0 a3eq
psseq boTg Y Aay
‘panuTiuo)y 'y STdEL



Table 5. Number of wood duck clusters (groups) and mean cluster

size observed during aerial surveys at the Princeton study site,

spring 1997. Cluster sizes with different letters within surveys
and observers were significantly different, Tukey/Kramer post hoc
multiple comparisons (P < 0.05).

Distance Number of Mean
Observer class clusters cluster size SE
14 April
Left front 1 12 2.17a 0.47
2 8 2.00a 0.19
3 0 0.00a -
4 1 2.00a -
5 0 0.00a -
Left rear 1 12 1.75a 0.18
2 4 1.50a 0.29
3 2 2.00a 0.00
4 0 0.00a -
Right rear 1 7 2.57a 0.43
2 6 3.33a 0.42
3 2 6.00a 4.00
4 2 2.00a 0.00
22 April
Left front 1 8 1.50a 0.19
2 3 1.67a 0.33
3 2 2.00a 0.00
4 4 1.75a 0.25
5 5 2.20a 0.58
Left rear 1 7 1.71a 0.19
2 2 2.00a 0.00
3 3 l1.67a 0.33
4 5 2.20a 0.20
Right rear 1 7 2.14a 0.51
2 5 1.60a 0.24
3 1 1.00a -
4 2 2.00a 0.00




Table 6. Number of wood duck clusters (groups) and mean cluster
size observed during aerial surveys at the Meredosia study site,
spring 1997. Cluster sizes with different letters within surveys
and observers were significantly different, Tukey/Kramer post hoc

multiple comparisons (B < 0.05).
Distance Number of Mean
Observer class clusters cluster size SE
14 April
Left front 1 11 1.73a 0.14
2 6 3.00a 1.41
3 2 1.50a 0.50
4 4 1.75a 0.25
5 4 3.50a 2.17
Left rear 1 8 2.00a 0.73
2 4 1.50a 0.29
3 4 1.75a 0.25
4 2 8.00a 7.00
Right rear 1 11 1.36a 0.28
2 5 2.80a 0.92
3 1 1.00a -
4 1 2.00a -
22 April
Left front 1 S 2.00a 0.29
2 6 2.67a 0.88
3 9 1.67a 0.17
4 1 2.00a -
5 0 0.00a -
Left rear 1 8 l1.63a 0.18
2 10 2.70a 0.58
3 1 1.00a -
4 3 1.67a 0.33
Right rear 1 9 2.22a 0.28
2 6 1.50a 0.22
3 1 2.00a -
4 0 0.00a -




Table 7. Number of wood duck clusters (groups) and mean cluster

size observed during aerial surveys at the Sanganois study site,

spring 1997. Cluster sizes with different letters within surveys
and observers were significantly different, Tukey/Kramer post hoc
multiple comparisons (P < 0.05).

Distance Number of Mean i
Observer class clusters cluster size SE
13 April
Left front 1 42 2.19%a 0.19
2 28 1.71a 0.13
3 7 2.00a 0.65
4 3 2.00a 0.00
5 7 2.29%a 0.64
Left rear 1 26 1.96a 0.20
2 18 2.17a 0.44
3 11 1.45ab 0.16
4 7 3.57ac 0.97
Right rear 1 34 2.06a 0.25
2 15 2.07a 0.32
3 7 2.14a 0.67
4 3 2.00a 0.00
20-21 April
Left front 1 24 1.92a 0.37
2 25 2.08a 0.21
3 8 2.25a 0.41
4 10 1.60a 0.22
5 6 1.83a 0.17
Left rear 1 34 2.00a 0.20
2 8 2.25bka 0.25
3 9 1.56a 0.18
4 8 1.88a 0.13
Right rear 1 38 1.58a 0.09
2 29 1.86a 0.16
3 16 1.63a 0.15
4 9 1.89a 0.20




Table 8. Number of wood duck clusters (groups) and mean cluster

size observed during aerial surveys at the Princeton study site,

spring 1998. Cluster sizes with different letters within surveys
and observers were significantly different, Tukey/Kramer post hoc
multiple comparisons (P < 0.05).

Distance Number of Mean
Observer class clusters cluster size SE
15 April
Left front 1 10 1.70a 0.30
2 16 1.56a 0.13
3 4 1.75a 0.48
4 4 1.75a 0.48
5 1 2.00a -
Left rear 1 15 1l.60a 0.27
2 5 1.80a 0.20
3 4 1.50a 0.29
4 3 2.33a 0.88
Right rear 1 10 1.50a 0.17
2 4 1.50a 0.29
3 3 1l.67a 0.33
4 0 0.00a -
23 April
Left front 1 6 1.50a 0.22
2 6 1.83ab 0.17
3 2 1.00a 0.00
4 0 0.00ac -
5 0 0.00ac -
Left rear 1 4 1.50a 0.29
2 3 1.00a 0.00
3 0 0.00a 7 -
4 0 0.00a -
Right rear 1 6 1.00a 0.00
2 6 2.00b 0.00
3 1 1.00a -
4 0 0.00c -




Table 9. Number of wood duck clusters (groups) and mean cluster

size observed during aerial surveys at the Meredosia study site,

spring 1998. Cluster sizes with different letters within surveys
and observers were significantly different, Tukey/Kramer post hoc
multiple comparisons (P < 0.05).

Distance Number of Mean
Observer class clusters cluster size SE
14 April
Left front 1 4 1.75a 0.14
2 8 1.63a 1.41
3 3 2.00a 0.00
4 0 0.00b -
5 0 0.00b -
Left rear 1 8 1.50a 0.19
2 4 2.00a 0.00
3 1 2.00a -
4 1 2.00a -
Right rear 1 3 1.67° 0.67
2 0 0.00 -
3 1 1.00 -
4 0 0.00 -
22 April
Left front 1 9 1.33a 0.17
2 8 1.75a 0.1le6
3 3 1.33a 0.33
4 2 1.00a 0.00
5 1 2.00a -
Left rear 1 16 1.38a 0.15
2 3 1.67a 0.33
3 2 2.50a 1.50
4 0 0.00a -
Right rear 1 12 1.75a 0.18
2 6 2.33a 0.33
3 1 2.00a -
4 2 2.00a 0.00

© Post hoc multiple comparison test not possible because of small
sample size.



Table 10. Number of wood duck clusters (groups) and mean cluster
size observed during aerial surveys at the Sanganois study site,
spring 1998. Cluster sizes with different letters within surveys
and observers were significantly different, Tukey/Kramer post hoc
multiple comparisons (P < 0.05).

Distance Number of Mean
Observer class clusters cluster size SE
14 April
Left front 1 34 1.88a 0.07
2 26 1.73a 0.09
3 16 1.81a 0.16
4 6 1.83a 0.17
5 3 l.67a 0.33
Left rear 1 39 1.74a 0.11
2 18 1.83a 0.09
3 9 1l.44a 0.18
4 5 1.40a 0.24
Right rear 1 24 1.58a 0.16
2 12 1.67a 0.14
3 4 1.75a 0.75
4 0 0.00a -
22 April
Left front 1 19 1.26a 0.10
2 38 1.84a 0.17
3 10 2.40a 0.64
4 5 2.00a 0.32
5 2 2.00a 0.00
Left rear 1 33 1.91a 0.22
2 10 2.00a 0.37
3 4 1.75a 0.25
4 1 1.00a -
Right rear 1 19 1.84a 0.19
2 11 2.00a 0.00
3 4 2.25a 0.25
4 1 2.00a -




Table 11. Number of wood duck nests (% of boxes) and number of
successful nests (% of nests) in artificial nest boxes at
Sanganois Conservation Area in springs, 1996-1998.

Nest box Number of Number of nests
type n nests (%) hatched (%)

1996
Plastic 55 5 (31.3) 4 (36.4)
Metal 37 10 (62.5) 6% (54.5)
Wooden 6 1 ( 6.3) 0 (0.0)
Total 98 16 " 11

1997
Plastic 68 ‘ 1 (14.3) 0 (0.0)
Metal 33 6 (85.7) 4 (100.0)
Wooden 6 0 ( 0.0) 0 (0.0)
Total 107 7 4

1998
Plastic 78 2 (28.6) 2 (28.6)
Metal 30 5 (71.4) 5 (71.4)
Wooden 5 0 ( 0.0) 0 (0.0)
Total 113 7 7

* Does not include one hen still incubating on 27 June.
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